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Background. Breath holding during swallowing enables safe transport of bolus from the oral cavity to the
esophagus without threat of aspiration into the lower airways. Inter-deglutition apnea elongation needed
for the performance of several swallows supporting non-efficient lower pharynx emptying in the patients
after oral cavity neoplasm excision, may be the cause of the peripheral blood saturation decrease.
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Results. After neoplasm excision, desaturation was indicated by time percentage of saturation lower than
95% increase and pulse rate acceleration. We recorded improved saturation 4 weeks after surgery and after
the rehabilitation of swallowing; there was an increase in the lowest saturation value and a decrease in
time percentage of saturation lower than 95%. Post-deglutition retention correlated most with the saturation. Time percentage of saturation lower than 95% for post-deglutition retention was a sensitive test in
82%, and a specific test in 70%.
Conclusions. The course of act swallowing improves in patients subjected to swallowing rehabilitation
after oral cavity neoplasm excision as time passes by after surgery. Desaturation during swallowing in patients after oral cavity excision improves as time passes by in patients subjected to swallowing rehabilitation. Post-deglutition retention indicating that inefficient swallowing and aspiration threat are present is
a feature of disturbed swallowing act which correlates the most with desaturation, especially with time
percentage of saturation lower than 95%.
Key words: deglutition disorders, saturation, oral cancer excision, post-deglutition retention
Słowa kluczowe: zaburzenia połykania, nasycenie tlenem, wycięcie raka jamy ustnej, zaleganie po
połknięciowe

14

Breathing, one of the most important life functions,
may be temporarily restricted during phonation and swallowing. In proper deglutition the larynx closure lasts from
0.4 to 0.6 s and generally does not lead to desaturation1,
except for in older patients.2–5
Oral neoplasm excision changes the anatomy and functions of organs responsible for swallowing, speech creation and breathing. A decrease in the organ mass, movement limitation and limited sensory efficiency disturb
swallowing by preventing patients from feeding themselves orally. Reconstruction of excised structures, even
if performed in one-step surgical procedure, does not
guarantee the recovery of efficient swallowing and eligible
speech6. Teaching patients saliva swallowing, especially
long breath-holding, creates a new pattern of swallowing.
Such an elongated, mid-swallowing apnea can lead to reduced peripheral blood saturation. The level of desaturation and its duration may indicate the necessity of some
changes in planned swallowing reeducation.
The aim of this study was to assess saturation as one
of the significant conditions in swallowing rehabilitation
after oral cavity neoplasm excision.

Material and methods
One hundred fifty-six patients were treated surgically due to oral cavity neoplasm: 110 men aged 22–86
years (mean age 56.7), and 46 women aged 37–77 years
(mean age 57.35). The criterion of inclusion into the study
group was histopathologically diagnosed primary squamous cell carcinoma of its origins in oral cavity mucosa.
Patients with cancer recurrence or with respiratory, heart
or blood vessels diseases were not included into the study
group. The patients were not diagnosed nor treated due
to breathing or swallowing disturbances before surgery.
Neoplasm, the range of excision, and reconstruction data
are presented in Table 1.
Pulse oximetry of the peripheral blood saturation was
performed in patients with oral cavity cancer before surgery, and 2 and 4 weeks post-surgically. All patients were
advised to learn how to swallow their saliva freely; in the
early post-surgical period they were asked for planned
saliva swallowing every hour. Two weeks after surgery,
patients considered their saliva swallowing as effortless.
Before surgery, saturation assessment was performed
in the early hours, between 9 and 10 a.m. For the first
15 min, peripheral blood saturation was examined in patients during their usual daily activities; a further part of
examination was performed as the patient drank 25 mL
of still mineral water; another 15 min of the examination
was performed during patients’ usual daily activities. Two
and 4 weeks after surgery, saturation assessment began
15 min before video fluoroscopic swallowing examination, continued during the examination, and finished
15 min after video fluoroscopic swallowing examination.

L. Halczy-Kowalik, et al. Swallowing vs SaO2 after oral cancer excision

The index finger of a patient’s right hand was placed
in the pulse oximeter sensor. The measurement was performed with the use of Pulse Oximeter Palmsat® 2500
(Plymouth, USA) and based on the assessment of the
red and sub-red light absorbance by the red blood cells
flowing through a blood vessel. The result was diversified accordingly with oxyhemoglobin content in the red
blood cell. The changes in the light absorbance produced
by the blood pulse in a blood vessel were used to assess
the pulse rate. The recording of examination was stored
in the Pulse Oximeter device memory, and then entered
into a database created by the manufacturer. The database was able to gather any number of examination results. We chose 5 scores from the gathered data: basal
saturation, minimum saturation, the average number of
pulse rate per min, the minimum number of pulse rate
per min, and the percentage of time period with saturation lower than 95%.
Saturation and pulse rate were examined before surgery
in 75 patients, 2 weeks post-surgically in 133 patients,
and 4 weeks post-surgically in 66 patients. Saturation assessment in the group of 156 patients was possible due to
the following reasons: 1) only 75 patients spent the night
before surgery in the hospital; 2) 23 patients with oral nutrition left hospital no later than 2 weeks after surgery;
3) 90 patients decided for oral nutrition no later than
4 weeks after surgery.
Two weeks after surgery, 133 patients fed with nasogastric tube who did not start oral feeding, were subjected
to the swallowing rehabilitation. It was preceded by video
fluoroscopic examination performed as in Dodds, Logeman and Steward’s research.7,8 The examination showed
aspiration, leakage into the larynx vestibule, post-deglutition retention in the lower pharynx, and oral cavity outflow apart from jaws occlusion. The examination verified
the compensatory mechanisms applied spontaneously
by patients during swallowing, enabled checking the effectiveness of new maneuvers recommended during the
examination such as changing the posture, apnea elongation, epiglottal and supra-epiglottal swallowing. Each patient was provided with their swallowing recording with
the information on the causes of swallowing disturbances
and rehabilitation recommendations. Peripheral blood
saturation assessment performed during video fluoroscopic swallowing examination facilitated the observation
and recording of saturation of which parameters were
changing during swallowing.
Four weeks after surgery, 66 patients still fed through
nasogastric tube were subjected to video fluoroscopic examination of swallowing. The examination enabled us to
check the effectiveness of previous swallowing rehabilitation and possible changes which could be applied in the
further course of rehabilitation. The changes were discussed with every patient during watching the recorded
swallowing act. The assessment of saturation completed
the observation made during the examination 3.
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Table 1. Characteristic of squamous oral cavity cancer; treatment
Tumor localization, clinical advancement,
treatment
Tumor
localization

Clinical
advancement

Treatment

The range of
oral cavity
tissues excision

Number of patients

tongue
tongue root
floor of the mouth
mandible, lower gingiva
retromolar trigone
others

48
16
42
21
19
10

I
II
III
IV

32
40
58
26

surgical (only)
surgical + radiotherapy
surgical + radiotherapy
+ chemotherapy

1) front of part of tongue,
floor of mouth, mandible
2) lateral part of tongue,
floor of mouth, mandible
3) a half of mandible and
half of tongue along
4) together as in 1 and
3 group
5) whole tongue
6) a half of the tongue
along
7) ramus of mandible,
lateral pharynx part, root
of tongue

28
44
84

23

reconstruction
yes  no
14    9

58

24   34

7

  5    2

2

  2    0

4
11

  4    0
  4    7

51

16   35

Statistical methods
Pulse oximeter recordings were gathered in a database,
and after compiling them with the parameters of features
of the disturbed swallowing act, analyzed with the use of:
zz Student’s t-test of the dependent variables or the Wilcoxon test of 2 related samples from the same patient
in 2 examinations.
zz Analysis of variance (ANOVA) or Kruskal-Wallis test.
zz Student’s t-test for independent variables or the MannWhitney U test.
zz The Kolmogorov-Smirnov test.
zz Spearman’s rank correlation test.
The results were described with the use of the correlation coefficient r and p value. P < 0.05 was considered as
statistically significant in all of the aforementioned tests.

Results
Pulse oximetry assessment
In the study group of 156 patients, there were no statistically significant correlations between peripheral blood
saturation and the patient’s age or gender. However, we

reported statistically significant differences (p = 0.0001)
in the rate of the slowest pulse. In post-surgical examinations, the rate was on average 10 beats per min higher in
women than in men.
During examination 1, before the surgery performed on
73 patients, we reported that the neoplasm localization
in the front part of the oral cavity was statistically significantly correlated (p = 0.0053) with the lowest peripheral
blood saturation during swallowing. Neoplasm infiltrating the tongue was statistically significantly correlated
(p = 0.0315) with longer lasting time of peripheral blood
saturation lower than 95% during swallowing compared to
patients with other localizations of the neoplasm. Table 2
presents the medium values of saturation and pulse rate
measurements from examinations performed in patients
with oral cavity neoplasm, and after 2 and 4 weeks postsurgically.
In examination 2, performed on 133 patients 2 weeks
after surgery, we reported the percentage elongation
of saturation time lower than 95% (p = 0.0374), as well
as a statistically significant increase in the pulse rate
(p = 0.0075) in comparison with the pre-surgical examination recorded. Moreover, we observed a minor and
statistically insignificant decrease in basal and minimum
saturation.
In the examination 3, performed on 66 patients 4 weeks
after surgery, we reported a statistically significant improvement in measurements concerning the saturation in
comparison with the examination 1; the lowest saturation
increased (p = 0.0027), and the percentage of saturation
time was lower than 95% decrease (p = 0.0047).

Video fluoroscopic examination
In the examination conducted 2 weeks after surgery we
reported a disturbance of bolus formation in the oral cavity, inefficient oral bolus transport, premature bolus entry
in the pharynx, post-deglutition retention in the oral cavity and pharynx, ineffective lower airways closure during
swallowing, leakage into the laryngeal vestibule, and aspiration. Table 3 presents the chosen features of disturbed
act of swallowing recorded in patients after 2 and 4 weeks
following oral cavity neoplasm excision. The number of
patients with disturbances in examination 3 was lower in
comparison to examination 2.
The most serious swallowing disturbance, aspiration,
did not correlate in a statistically significant manner with
the age or gender of patients. Aspiration correlated statistically significantly with the range of tumor excision, i.e.,
it was recorded more often after the excision of more than
a half of the movable part of the tongue (p = 0.00585) –
group 4, and after the excision of the root of the tongue
(p = 0.00785) – group 7. Aspiration correlated with postdeglutition retention in the lower larynx (p = 0.00001).
The number of patients with aspiration decreased from
10 to 7 during a 4-week observation.
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Table 2. Chosen values of saturation measured during swallowing in patients after oral cavity neoplasm excision
Variable

Examination

Compared

p

Mean 1

Mean 2

N1

N2

Basal O2

1

2

0.1187

96.21

95.74

73

133

1

3

0.1719

96.21

95.77

73

66

min. O2

avg. p.r. (bpm)

low p.r. (bpm)

% of swallowing time when saturation < 95%

2

3

0.9140

95.74

95.77

133

66

1

2

0.0562

90.22

88.00

73

133

1

3

0.3616

90.22

91.11

73

66

2

3

0.0083

88.00

91.11

133

66

1

2

0.0075

80.98

86.41

73

133

1

3

0.0007

80.98

89.50

73

66

2

3

0.1646

86.41

89.50

133

66

1

2

0.6247

60.36

61.33

73

133

1

3

0.0775

60.36

64.53

73

66

2

3

0.1512

61.33

64.53

133

66

1

2

0.0374

17.21

26.43

73

133

1

3

0.7804

17.21

16.09

73

66

2

3

0.0215

26.43

16.09

133

66

Examination 1 – before surgery, examination 2–2 weeks post-surgically, examination 3–4 weeks post-surgically; basal O2 – basal peripheral blond saturation
min. O2 – minimal peripheral blood saturation; avg. p.r. – average number of pulse beats per min; low. p.r. – lowest number of pulse beats per min; % of time
O2 < 95% – time percentage when saturation is lower than 95%; N – number of patients in study group; p – level of statistic significance of differences

Table 3. Chosen swallowing disturbances in patients after oral cavity
neoplasm excision diagnosed in a video fluoroscopic examination
Examination 2:
2 weeks postsurgically

Examination 3:
4 weeks postsurgically

Oral cavity outflow

15*–11%

11–17%

Post-deglutition retention

38–28%

28–43%

Leakage into laryngeal
vestibule

26–20%

12–18%

Aspiration

10–8%

7–11%

133

66

Features of disturbed
swallowing act

Number of patients

* the number of patients representing a feature.

Disturbed swallowing features
vs saturation
In examination 3, oral cavity outflow, post-deglutition
retention in the lower pharynx, leakage into the laryngeal
vestibule and aspiration were present in fewer patients,
but the frequency of disturbances (except the leakage into
the laryngeal vestibule) was higher. The aforementioned
features of the disturbed swallowing act were juxtaposed
with the measurements of its saturation (Table 4). Postdeglutition retention was accompanied with statistically
significant saturation in terms of basal saturation, minimal saturation, and lasting time percentage of peripheral
blood saturation which was lower than 95%. Outflow
from the oral cavity and leakage into the laryngeal vestibule were accompanied by statistically significant per-

centage of lasting time of peripheral blood saturation
lower than 95%.
Time percentage of saturation lower than 95% was the
most differentiating value of peripheral blood saturation
during swallowing in patients with outflow from the oral
cavity, leakage into the laryngeal vestibule, and post-deglutition retention, from the patients in whom the aforementioned disturbances were not present.

Nutrition of patients’ choice
or recommended by the doctors
Before 2 weeks passed after the surgery, 23 patients
were able to start oral nutrition with a liquid diet. These
patients belonged to group 2 due to the range of surgery
(their tumor was excised along with the lateral part of the
tongue, floor of mouth, and a segment of mandible of full
thickness); in all of these cases the continuity of mandibular arch was reconstructed in one stage with neoplasm
excision.
Two weeks after surgery and a video fluoroscopic examination, 67 patients started oral nutrition, and 66 of the
patients were further subjected to the nasogastric tube
feeding and then swallowing rehabilitation was applied
to them. Four weeks after surgery and video fluoroscopic
examination, another 39 of the patients started oral nutrition. Feeding through the nasogastric tube or temporary
gastrostomy with further swallowing rehabilitation were
suggested in 27 of the patients.
Saturation values of patients who were able to return to
oral nutrition were compared with the adequate values of
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Table 4. Disturbed features of swallowing act vs. chosen values of saturation in examination performed 4 weeks post-surgically
Disturbed
swallowing features
Outflow
Retention
Leakage
Aspiration

Chosen values of saturation

The number
of patients

basal O2

p

min. O2

p

yes 11

95.02

0.1002

89.64

0.1172

no 55

95.92

yes 28

94.49

no 38

96.72

yes 12
no 54

95.15
95.90

0.1878

yes 7

95.75

0.5493

no 59

96.60

91.44
0.0000

% of time with
sat. < 95%

p

32.48

0.0029

12.75

88.46

0.0000

93.07

33.30

0.0000

13.06

90.09

0.3367

91.32

27.45

0.0072

13.77

91.10

0.9101

91.50

11.50

0.8792

16.23

p – the level of statistically significant differences.

patients who needed nutrition through nasogastric tube
or gastrostomy. Saturation time lower than 95% was reported in patients who, according to a video fluoroscopic
examination of swallowing assessment, were able to return to oral nutrition, and a higher percentage of lasting time of peripheral blood saturation which was lower
than 95%, was reported in patients who needed to be fed
through a nasogastric tube or gastrostomy. The difference
was clear in examination 2 and highly statistically significant in examination 3. Table 5 includes the comparison
of time percentage of saturation lower than 95% during
swallowing in particular examinations and suggested way
of nutrition on the basis of video fluoroscopic examination complemented by pulse oximetry.
We complied the range of surgery, time percentage of
saturation lower than 95% in examination 3, and the recommended method of nutrition. Minimum differences
between the compared time percentages of saturation
lower than 95% in patients with maintained nasogastric
tube and patients who were able to start oral nutrition
amounted to 6.1% in the group 3 (after resection of half
of mandible and the tongue); the greatest differences of
30.35% were recorded in the group 7 (after the resection
of mandibular ramus, lateral wall of pharynx and a part of
root of the tongue). Statistically significant differences of
the compared values concerned group 2 (the excised lat-

eral part of the tongue, floor of the mouth, and mandible),
where the level of statistical significance was p = 0.0015,
and group 7 (excised ramus of mandible, lateral part of the
pharynx, and a part of root of the tongue), where the level
of statistical significance was p = 0.0002. Fig. 1 shows the
comparison of percentage of lasting time of saturation to
be lower than 95% in patients who were fed naturally and
in patients with a maintained nasogastric tube, considering the range of surgery; groups 3, 4 and 5 (the range of
surgery concerned more than a half of the tongue) were
joined into one group to facilitate the compilation.
Additionally, we performed a comparison of distribution of dependent variables with the KolmogorovSmirnov test for outflow, retention and leakage. ROC
curves analysis was performed for the variables which in
the Kolmogorov-Smirnov test were significant to achieve
the cut-off point which differentiates the distributions the
best. The best cut-off (≥ 12.2%) was chosen for the maximum value of the defined difference on the basis of ROC
curves; sensitivity array was 82%, and specificity array was
70%. For the percentage of lasting time of measurements
equal or higher than 12.2%, sensitivity array of retention
was 82%, i.e. in 82% of patients with retention lasting time
of saturation lower than 95% was equal or greater than
12.2%, and only 30% of patients without retention showed
such time.

Table 5. Time percentage of saturation lower than 95% during swallowing vs. recommended way of nutrition in patients after oral cavity neoplasm excision
Examination

The way of nutrition

The number of patients

Mean time percentage
of saturation < 95%

1

oral

73

16.84

2

planned oral

87 (out of 133)

22.78

feeding tube maintained

46 (out of 133)

33.24

planned oral

39 (out of 66)

11.97

feeding tube maintained

27 (out of 66)

26.12

3

* in comparison to the results of patients who took part in both examinations.

Statistical significance
of differences
0.0836*
0.0000
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percentage of time lasting of peripheral
blood saturation lower than 95%
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Fig. 1. The necessity for nasogastric tube feeding
and the possibility of oral nutrition vs time
percentage of saturation lower than 95% in patients
after oral cavity neoplasm excision concerning the
range of tissues excision

Mean values of percentage of lasting time of peripheral blood saturation
lower than 95% depending on the range of the surgery

groups

Discussion
The role of pulse oximetry in diagnostics of swallowing
disturbances is highly valued, especially in bedridden patients.9–11 A decrease in the peripheral blood saturation
during swallowing, known as the aspiration index, is not
only highly appreciated in diagnosing and treating swallowing disturbances, but also significant in aspiration diagnosis.10,12,13 The significance of desaturation in aspiration
recognition in patients with swallowing disturbances after
cerebrovascular accidents and nasopharyngeal cancer postradiation was assessed by Wang, after performing statistical
anylysis which did not show to be a test of high sensitivity (58.3%), nor specificity (66.7%).14 However, Collins et al.
reported that a decrease in saturation stands for a sensitive array for aspiration in patients after a stroke, therefore, the decrease in saturation was present in 81% of the
patients with aspiration.15 The authors emphasize the need
for careful interpretation of pulse oximetry results in elderly
patients, smokers, or patients affected by chronic lung diseases.
Lack of time synchronization between the activities of
oral and pharyngeal swallowing phase, which is present
after oral cavity neoplasm excision, is one of the causes of
swallowing disturbances. Long-lasting apnea, which begins long before the swallowing trial and lasts even several
seconds, is an aspiration that prevents auto-regulatory
mechanism applied by the majority of patients. It is accompanied by desaturation, which may be assumed to be
an aspiration sensitive array (especially important in cases
of ‘silent aspiration’), and it is present in the patients who
expect to aspirate.7,12,16,17
In our study group of patients after oral cavity neoplasm
excision, aspiration was not accompanied by the lowest
value of peripheral blood saturation during swallowing.
The measurements show post-surgical time-dependent
variability of the peripheral blood saturation in the patients with oral cavity neoplasm, a significant decrease in

tube
feeding
no
yes

the saturation after neoplasm excision, and improvement
after 2 weeks of swallowing rehabilitation. The value which
changed the least was basal peripheral blood saturation; its
fluctuations were less than 3%. The value which changed
more (increasing) was the pulse rate; differences between
the mean pulse rate in examination 1 and 2 was almost
6 beats per minute, and between examination 2 and 3 it
was more than 3 beats per minute. The differences between the mean peripheral blood saturation which was
decreased, in examination 1 and 2 during swallowing exceeded 2%, and in examination 2 and 3 they exceeded 1%.
The mean percentage of lasting time of saturation lower
than 95% decreased of more than 10% during swallowing
rehabilitation, and it was increased of 9% after the surgery.
Higher values of minimal saturation, lower percentage of lasting time of saturation lower than 95%, and
accompanying pulse rate acceleration were recorded in
the examination 4 weeks post-surgically. Certainly, the
saturation increase is associated with an improvement of
a patient’s general condition, but also with putting their
swallowing act in order of its course. Video fluoroscopic
examination of swallowing plays a key role in enabling the
physician and the patient to assess the threat of aspiration, the best position to lower the aspiration risk, and
the time of essential mid-swallowing apnea. Providing the
patient with a recording of their swallowing act course
enables us to determine the moment of apnea and first
after-swallow breathe-in with the patient. Deliberate and
conscious breathing prevention during swallowing, which
lasts long enough to push the bolus into the esophagus
but no longer than it is needed, shortened the time of peripheral blood saturation lower than 95%.
Reports on the unfavorable influence of the activities
which improve the inefficient swallowing on the circulatory system (e.g. elongated apnea) called for some additional caution as far as their application in the elderly
patients and in patients with heart and vessels diseases
is considered.1,4,16,17 The possibility of saliva aspiration as
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well as ‘silent saliva aspiration’ reported by Takahashi in
the elderly patients discourages from creating a situation
in which a patient makes decision on how to swallow on
his/her own, especially when there may be other diseases
co-existing with the oral cavity neoplasm which may complicate swallowing rehabilitation if the rehabilitation is
not monitored.18 The results of Colodny’s research show
different general diseases as the cause of desaturation, and
negate the advanced age importance in low peripheral
blood saturation.1,12 Morton et al. finding, based on their
research performed in patients with neurologically conditioned oral phase disturbances, that there is a need for
research on the influence of breathing control improvement on aspiration reduction in the patients makes the
relationship between saturation and oral nutrition possibility worth considering.19
Despite the fact that our patients were not diagnosed
nor treated due to any cardiovascular system disease, the
need for determination of saturation and pulse rate changing during swallowing is justified. Saturation decrease of
62%, pulse rate acceleration to 128 beats per minute, and
saturation lower than 95% and lasting for over 50% of examination time recorded during swallowing are the unfavorable conditions for oral nutrition. The aforementioned
conditions support the idea of changing the current compensatory maneuvers which make the swallowing more
efficient, as well as performing the video fluoroscopic examination of swallowing once again.
Pulse oximetry as a complementing method for the
video fluoroscopic examination of swallowing in patients
after oral cavity neoplasm excision yielded more information to the examination in our patients. Pulse oximetry
showed decreased peripheral blood saturation and increased pulse rate in the examination performed 2 weeks
post-surgically in comparison with the pre-surgical examination, and the lack of statistically significant correlation between the decrease in peripheral blood saturation
and aspiration. The examination enabled us to emerge
3 features of disturbed swallowing in the examination
performed 4 weeks post-surgically; post-deglutition retention, leakage into the laryngeal vestibule, and oral cavity outflow were accompanied by significant saturation
decrease. The feature which had the greatest correlation
with desaturation was post-deglutition retention accompanied by the highest percentage of lasting time of saturation lower than 95%.
Shortening the time of saturation lower than 95% during swallowing after oral cavity neoplasm excision was
only possible thanks to achieving full understanding of
the patients swallowing act recording, as well as teaching
patients when to hold breath and perform the first breathin after swallowing.

19

Systematic recording and an analysis of the swallowing acts disturbances in patients after excising the advanced oral cavity neoplasm and accompanying changes
in peripheral blood saturation will facilitate monitoring of
swallowing rehabilitation.
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Abstract
Background. According to ICD-10 classification, animal related injuries may result from being bitten or hit,
not to mention being stung or crushed by an animal.
Objectives. The aim of the study is to analyze and characterize animal related injuries.
Material and methods. 35 patients (13 men and 22 women) treated at Craniomaxillofacial and Oncological Surgery Department in MU of Lodz between 2004 and 2012 due to animal related injuries were
enrolled into the study. The age of patients ranged between 15 and 75 years. A retrospective analysis focusing on medical documentation enabled us to collect data concerning the following: age of patients, gender
of patients, animal that caused the injury, the site of the accident, alcohol consumption by the injured
individual prior to the incident, as well as the period of hospitalization. Additionally, the FISS scale (Facial
Injury Severity Scale) was used to evaluate the severity of facial injuries.
Results. Results lead to observations making it possible to declare that men suffered from injuries reported
as severe according to the FISS scale much more frequently than women. More severe injuries also occurred
significantly more often in agricultural farms. Injuries caused by large home animals are related with the
incidence of the so-called high-energy injuries and stand as frequent multi-organ and multi-site injuries.
Conclusions. Animal related injuries are often multi-organ and multi-site injuries that require specialist
treatment. More severe injuries were observed both in the masculine group and within the area of agricultural farms. The greater value of the FISS scale was associated with a longer period of hospitalization.
Alcohol consumption is emphasized as a factor prompting the attack of the animal, as well as animal aggression against a human being.
Key words: animal related injuries, face trauma, Facial Injury Severity Scale
Słowa kluczowe: urazy odzwierzęce, uraz twarzy, Skala Ciężkości Urazów Twarzy
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According to ICD-10 classification, animal related injuries may result from being bitten or hit, not to mention being stung or crushed by an animal. The frequency and type
of animal related injuries differ depending on the region of
the world, which is related with the occurrence of specific
fauna within a given area. In the United Arab Emirates frequently reported injuries include the ones caused by camels (212 such traumas have been reported during the years
2003–2012), whereas in Kashmir bear attacks seem to be
the most problematic issue (on average, causing about 50
injuries a year).1,2 In the USA, where statistical information
associated with animal related injuries has the best documentation, about 1.3 million animal related injuries are
reported annually, where the most common reasons why
injured people report to physicians include traumas caused
by arthropods – 50%, dogs – 24% of all injuries. It has been
calculated that about 200–500 people die every year due
to animal related injuries. As far as the global perspective
is concerned, we can observe an increasing number of dog
bites, and in the USA about 9,500 patients are hospitalized
for longer than one day because of being bitten by a dog,
and what is more, in the USA and Canada more than 500
deaths are reported due to the above.3–5
According to the data provided by the Agricultural Social Insurance Fund (pol. Kasa Rolniczego Ubezpieczenia Społecznego – KRUS), more than 2,800 people were
treated in Poland in 2012 as a result of being hit, bitten or
crushed by animals.6 Literature indicates a slight percentage of deadly dog bites – several cases each year.7 Such
injuries constituted from about 2.5 to 8% of all reasons
underlying traumas in Poland.7,8
The aim of this study was to analyze and characterize
animal related injuries.

Table 1. Facial Injury Severity Scale

Materials and methods
35 patients (13 men and 22 women) treated at Craniomaxillofacial and Oncological Surgery Department in MU
of Lodz between 2004–2012 due to animal related injuries
were enrolled into the study. The age of patients ranged
between 15 and 75 years of age – the average age in the
whole group equaled 38.56 years ± 16.6, whereas in the
group of women the average age was 40.14 years ± 16.62
and in the male group it reached 25.92 years ± 16.01.
A retrospective analysis focusing on medical documentation enabled us to collect data concerning the following: age of patients, gender of patients, animal that caused
the injury, the site of the accident, alcohol consumption
by the injured individual prior to the incident, as well as
the period of hospitalization. Additionally, the FISS scale
(Facial Injury Severity Scale) was used to evaluate the severity of facial injuries, as it enumerates 4 main groups
covering certain traumas: soft tissue injuries, upper face
height injuries, middle face height injuries and lower face
height injuries (Table 1).9

Parameter

Points

Soft tissue injuries (facial laceration)
≤ 10 cm

0

> 10 cm

1

Upper face height injuries
Fracture of orbital roof/rim
Fracture of frontal sinus/bone

1
displaced

5

nondisplaced

1

Le Fort I

2

Le Fort II

4

Le Fort III

6

Middle face height injuries
Maxillary fracture

Unilateral maxillary fracture are appointed half of points
Dento-alveolar injury

1

Naso-orbital-ethmoid complex
fractures

3

Zygomatico-maxillary complex
fractures

1

Isolated nasal bone fracture

1

Lower face height injuries
Dento-alveolar injury of mandible

1

Fractures of mandible body, ramus/
symphysis

2 x number of
fracture fissures

Fracture of mandibular subcondyle,
condyle or coronoid process

1

Statistical analysis
In order to verify statistical dependencies, all collected
results were analyzed with a c2 test. P < 0.05 value was
assumed as a predetermined significance level.

Results
The group of hospitalized patients suffered injuries
caused by the following animals: dog (26 cases), horse
(8 cases) and a bull (1 case). The majority of traumas
caused by animals resulted in the occurrence of bite
wounds (26 people) (Fig. 1 and 2). Facial bone fractures
were diagnosed in the case of 9 individuals. 4 patients
with facial bone fractures also suffered from facial wounds
(Fig. 3).
The majority of people, namely 27 (0.77 fraction), experienced light injuries that were evaluated as 0–1 on the
FISS scale. Facial wounds dominated within this group of
patients (21 people), and they most commonly covered
more than just one area of the face. No concomitant injuries were reported in this group of patients. As far as
8 people are concerned, traumas were classified as points
2–6 on the FISS scale. Men dominated this group. 3 pa-
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Fig. 1. Woman, 37 years old. The wounds of the lower lip with tissue loss caused by dog bites. Reconstruction of the lower lip

Fig. 2. Man, 36 years old. Numerous facial wounds of all facial regions

tients had concomitant soft tissue injuries, whereas 5 individuals suffered from injuries covering other areas of
the body. The most frequently observed concomitant injuries include chest injuries (including rib and collarbone
fractures).

Within the whole examined group, 18 patients were intoxicated. From among 22 examined women, 12 of them
(0.55 fraction) suffered from injury after alcohol consumption. As far as masculine group is concerned, 7 men (0.54
fraction) were sober, whilst 6 people (0.46 fraction) were
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Fig. 3. Man, 54 years old – patient was hit by the horse’s head. The wounds of the upper lip, nose, the mucous membrane of the oral cavity. Fracture of
tooth crowns 14, 15. The total dislocation of teeth 12–26. The comminuted fracture of the nose, maxilla, left orbital floor fracture, zygomatico-maxillo-orbital
fracture on the left side and fracture of left zygomatic arch

Fig. 4. Severity of the injuries according to the FISS
scale in relation to alcohol consumption before the
accident

intoxicated at the moment when the incident happened.
Nevertheless, no statistically significant dependence between alcohol consumption and the severity of the injury
was stated (only 2 people suffered from injuries evaluated
between 2 and 6 points on the FISS scale following alcohol consumption). Observations revealed that men experienced more severe injuries, as far as the FISS scale is concerned, significantly more often than women (Fig. 4).
The statistical significance between alcohol consumption and the animal responsible for the injury was declared (p < 0.05). It was observed that significantly more
intoxicated people than sober individuals suffered dog
bites (0.89 fraction vs 0.59 fraction) (Table 2).

What was also observed is the fact that intoxicated
people tended to have more than one area covered by the
injury when compared with sober patients (fractions: 0.78
and 0.59) (Table 3). This difference did not prove statistically significant (p > 0.05).
Analysis focusing on the dependence between the severity of the trauma and the site of the accident revealed
statistical significance (p < 0.01). It was proved that men
were much more often injured in accidents taking place
on agricultural farms than women (fraction 0.54 vs 0.09).
On the other hand, women more often suffered from injuries in sites other than agricultural farms, such as: streets
and households (0.91 vs 0.46). It was also observed that
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Table 2. Alcohol consumption and the animal that caused the injury
Animal that
caused the
injury

Table 4. Severity of trauma in relation with the site of the accident (based
on the pie chart)

Alcohol
yes

no

Total

N

fraction

n

fraction

2

0.11

6

0.35

Horse

–

–

1

0.06

1

Dog

16

0.89

10

0.59

26

Total

18

1,00

17

1.00

35

p < 0.05.

Table 3. Number of injured facial areas depending on alcohol
consumption
Alcohol
yes

no

Total

n

fraction

n

fraction

1

4

0.22

7

0.41

11

>1

13

0.78

6

0.59

19

Total

17

1.00

13

1.00

30

c2 = 2.915; p > 0.05.

injuries of greater severity were significantly more frequently associated with agricultural farms (Table 4).
Observations focusing on the subgroup of patients with
facial wounds revealed that intoxicated people had more
than one area injured when compared with sober patients
(fractions: 0.78 and 0.59). However, this occurred only
slightly more frequently and this difference did not prove
statistically significant (p > 0.05).
As far as the study group is concerned, the average hospitalization period in the case of patients treated for animal
related injuries lasted 5 days (standard deviation reaching
7.92 days). The length of the hospitalization period depended on the severity of the trauma. In the case of more
severe injuries (FISS 2–6), the period of patients’ hospitalization was considerably longer (z = 3.928; p < 0.001)
than it was the case among patients, whose injuries were
evaluated as 0–1 on the FISS scale. Respective averages
equal 14.6 ± 12.8 days vs 2.2 ± 1.96 days. Half of the patients with more severe injuries stayed in the hospital for
longer than 9 days, whereas individuals suffering from
0–1 FISS injuries were hospitalized for 1 day.

Discussion
There is not a considerable number of titles in literature related to the topic of animal related injuries – especially as far as injuries of the head and neck are concerned.
This seems to be a result of the noticeable prevalence of
such injuries, which only involve epidermal abrasions and

Severity of trauma
FISS 0-1

FISS 2-6

Total

n

fraction

n

fraction

Agricultural farm

0

0

8

0.23

8

Other sites where
accidents happen:
city, streets, home

26

0.74

1

0.03

27

Total

26

0.74

9

0.26

35

8

Bull

Number
of injured
facial areas

Site of the
accident

slight wounds that do not require surgical intervention.
Chomel et al.state that up to 37.5 people per 100,000 will
suffer from animal related injuries.10 On the basis of the
available literature, it is essential to emphasize that the
kind of animals causing injuries depends on the environmental and demographic factors. Depending on the climatic zone, as well as the scope of urbanization within the
given region, authors tend to write about injuries caused
by animals such as camels, snakes or scorpions in their
research.11,12 When injuries that city dwellers suffer from
are taken into consideration, other animals are cited as
the cause of injuries – the most commonly mentioned animals in this case include home animals, such as dogs and
cats, etc. Quite different animals cause injuries among rural inhabitants, which is due to the prevalent dominance
of larger animals (farm animals such as horses, cows,
etc.).13 The literature also covers injuries associated with
human migration.13
The majority of research, similarly to our study, mentions dogs as being the animal that most frequently causes
injuries to people (amounting up to more than 80% of all
cases).13–18 This is due to the popularity of dogs as home
animals – according to studies, there are more than
77.5 million dogs registered only in the USA. This is also
the country where about 9,500 incidences of hospitalization exceeding 1-day period due to dog bites is observed.
Dogs mainly cause slight injuries. Despite this fact, we can
see alarming data reported in North America, where until
the year 2006 more than 500 deaths related to dog bites
were noted.4,5,19
Slightly more than a half of injuries among patients
from the discussed group involved intoxicated people.
A noteworthy majority of injuries caused by dogs happened to people who drank alcohol prior to the accident.
The studied group revealed a tendency indicating that alcohol consumption was related to the occurrence of more
severe injuries, next to a greater number of injured areas.
Certain authors emphasize that repeatedly; the attack
of the animal was preceded by certain factors evoking
animal aggression. Circumstances favoring the attack of
the animal include: feeding, taking care of the offspring,
playing, as well as protecting against another animal.20
Patronek emphasizes that, apart from the lack of proper
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behavior in human-animal relation, abuse of psychoactive drugs, including alcohol, by the animal owner or bite
victims, stand as important factors underlying deadly dog
bite related injuries.21 The available literature lacks proper
research concerning the dependence between the severity of animal related injuries and the fact that the victim
drank alcohol before the accident.
In most of our patients, we introduced antibiotic prophylaxis with the use of amoxycillin with clavulanic acids
and we did not observe any inflammation complication.
However, the literature data on this topic is not consistent. Some authors indicate that there is no statistical
evidence that antimicrobial prophylaxis is effective.22,23
Others, recommend such therapy for older patients and
patients with comorbidities, high-risk injuries like cats,
horses, and birds bites, puncture wounds, extensive injuries, trauma in babies and infants and in the case of delayed surgical treatment of animal related wounds.22,24–27
Some authors strongly contraindicate antibiotic prophylaxis in case of scratch wounds and excoriations.28 Others state that prophylaxis should be administered to all
bite wounds after primary closure.29,30 Based on abovementioned articles, it seems also that there is a great variety of antibiotics chosen for prophylaxis. All clinically
infected wounds should be cultured.31 From the studies
that have examined bacterial isolates from bite wounds it
is known that cat and dog bite infections are polimicrobial.32,33 Pasteurellae and Bacteroides spp. predominate
in early wounds, and, in those presenting after 24 h after
the event, staphylococci or anaerobes are frequently present.34,35 Therefore, the prophylactic antibiotic should be
a broad spectrum antibiotic, in which case co-amoxiclav
seems to be a drug of choice.36 The alternative prophylaxis for patients allergic to penicillin include tetracyclines,
a second generation of cephalosporin with anaerobic activity, or combination therapy with clindamycin and fluoroquinolone.31
In the case of bite wounds, there is a threat of inflammatory complications, so careful debridement of necrotic
tissue and wound toilet are always required.37–40 Primary
closure seems to be the method of choice. The more complicated soft tissue injuries should be reconstructed with
local flaps, mucosa advancement, full thickness grafts.41
In some cases, microvascular reconstructions with free
flaps are good treatment options.42,43
Results of this report lead to observations enabling us to
declare that men suffered from injuries reported as severe
according to the FISS scale much more frequently than
women. More severe injuries also occurred significantly
more often in agricultural farms. The obtained data are
compliant with those presented by other authors. It was
also observed that a greater risk of animal caused injury and death relates to men than to women.44,45 Injuries
caused by large home animals are related with the incidence of the so-called high-energy injuries and stand as
frequent multi-organ and multi-site injuries.13,45–48

Conclusions
Animal related injuries are often multi–organ and
multi–site injuries that require specialist treatment. More
severe injuries were observed both in the masculine group
and within the area of agricultural farms. The greater value of the FISS scale was associated with a longer period
of hospitalization. Alcohol consumption is emphasized
as factor prompting the attack of the animal, as well as
animal aggression against a human being.
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Abstract
Background. The aim of this work is to prepare a dental diagnostic standard that would enable us to
distinguish patients with chronic odontogenic sinusitis (COS) from patients with sinusitis of other origin. We
also wanted to determine a realistic number of COS in the Polish population.
Objectives. The diversity of symptoms presented in COS does not differ from chronic sinusitis of other
origin. However, the microbiological and pathophysiological differences extort a specific diagnostic approach and treatment. This is why odontogenic sinusitis is considered to be an independent disease. The
basic method used to diagnose odontogenic foci is an orthopantomogram (OPM), but CB-CT is currently
becoming a more common option. A proper diagnostic route enables correct problem identification and
implementation of the best treatment method. Endoscopic sinus surgery (ESS) is an effective way of treating up to 85% of patients. Postoperative lack of success may be associated with odontogenic foci, which is
why it is highly important to exclude this infection focus in the preliminary qualification for surgery.
Material and methods. Our study group consisted of 72 patients preliminary qualified for ESS on the Otolaryngological Unit of the 4th Military Teaching Hospital in Wroclaw because of chronic sinusitis. Patients after initial
qualification were referred to dental surgery outpatient clinic for exclusion of potential odontogenic changes.
The evaluation was performed by a group of qualified doctors and based on a clinical examination and radiological imaging (sinus CT, ortopantomogram, other radiograms). Acquired data was analyzed statistically.
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Results. Odontogenic foci were found in 86.1% patients (62 cases) with chronic sinusitis. Lack of odontogenic foci was stated only in 13.9% patients (10 cases). There were no statistical differences in the number
of inflammatory foci between men and women.
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Conclusions. The lack of treatment standards in COS forces us to create good interdisciplinary preoperative
cooperation between head and neck surgeons, radiologists and chronic sinnsitis
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The sinonasal mucosa constitutes a morphological and
functional whole. Paranasal sinusitis is a disease with
a complex etiology; however, bacterial biofilm and the
obstruction of the ostiomeatal complexes constitute the
main pathogenic factors. Untreated local inflammatory
process in one space begins to spread, eventually encompassing the remaining structures. Of all the sinuses, the
maxillary sinuses are the largest and they are most commonly affected by inflammation. Possible etiology includes both local and systemic factors.
Sinusitis may be acute, subacute or chronic. The first
two types are usually related to an infection or nasal allergy, though the growing role of odontogenic infections
is frequently mentioned among the etiological factors of
chronic sinusitis.1 The division and treatment of individual inflammatory states are presented in numerous papers, prepared by groups of rhinologists. In Poland, EPOS
is used, the last version of which dates back to 2012.2
Chronic paranasal sinusitis is an inflammatory state of
the nasal mucosa and paranasal sinuses characterized by
the presence of two or more symptoms, one of which is
defined as nasal obstruction or runny nose and the other
as the lack of the sense of smell, lasting for more than 12
weeks. Moreover, X-ray images and endoscopic examinations should also reveal changes.
The impact of odontogenic periapical lesions on inflammatory changes in the maxillary sinus was described
in 1943 by Bauer.3 During the microscopic examination
on corpses, tooth samples as well as samples of sinuses
and alveolar processes were investigated. It has been
proven that odontogenic inflammatory changes related
to the mucous membrane may appear regardless of the
damage inflicted to the cortical plate of the floor of the
sinus. Odontogenic sinusitis is described as a reactive inflammatory process of the maxillary sinuses, secondary to
tooth infection, tooth and alveolar process damage, tooth
extraction, procedures carried out within the area of the
alveolar process or endodontic treatment, which may affect the integrity of the Schneiderian membrane.
Maillet et al.4 have recently defined radiological criteria
for odontogenic changes within the maxillary sinus as “local thickening of the maxillary sinus mucosa related to extensive tooth decay or dental filling, with co-existing periapical change, or a tooth, whose condition precludes the
implementation of a dental treatment.” Based on a CB-CT
analysis, Maillet et al.4 assessed that almost 50% of changes
in the maxillary sinus area are related to odontogenic foci.
Odontogenic maxillary sinusitis (OMS) is one of the
earliest detected causes of paranasal sinusitis, which
is completely different in etiology from the remaining
types.1 For almost 100 years, it has been estimated that
odontogenic sinusitis constitutes approximately 10% of all
inflammatory diseases.5 The advancement in X-ray and
endoscopic technology has led to a situation in which
odontogenic etiology is identified as the main cause of sinusitis in almost 40% of all cases.5
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Odontogenic infections spread either directly from the
oral cavity, once the maxillary sinus floor is damaged, or
indirectly by the alveolar process of the jaw, through the
Haversian and Volkmannian canals.6 The inflammation
starts in the alveolar recess of the maxillary sinus and
then progresses, causing consequently an obstruction of
the ostiomeatal complex and the involvement of the anterior ethmoidal sinuses, together with the frontal sinuses,
at the side where the lesion occurs.
Wanyura et al. suggested dividing the odontogenic sinusitis into two types: primary and secondary.7 The primary type included complications from tooth decay, pulp
necrosis and impacted teeth. The secondary type encompassed oro-antral communications, odontogenic cysts
and other causes, such as foreign objects in the sinuses,
root-related inflammatory processes and periodontal diseases. Some papers divide the tooth-related inflammatory states into iatrogenic and non-iatrogenic. The most
common iatrogenic infections include post-implantation
sinusitis.8 The remaining ones are related to the mechanical damage inflicted to the mucous membrane of the
maxillary sinus, occurring as a post-effect of the root canal treatment, dental material being forced into sinuses or
improper augmentation of the sinus.
Longhini et al. noted that in the literature devoted to
paranasal sinusitis, published after 2010, odontogenic
maxillary sinusitis (OMS) is being omitted as the cause
of paranasal sinusitis.9 It also seems that oroantral communications, as well as post-extraction complications,
including post-extraction alveolitis, are more and more
often viewed as the underlying causes of acute sinusitis. In the remaining cases, odontogenic lesions lead to
chronic sinusitis. The literature on this topic is inconclusive and the general access to the CT scan technology
forced rhinologists to revise the well-established schemes
concerning the etiopathogenesis that have been in use for
numerous years. Therefore, the paper presented below
refers primarily to the literature published within the last
7 years.
It is difficult to diagnose a tooth-related sinusitis, since
the progression of the infection often takes place in a very
slow manner, with few visible clinical signs and without
any tooth pain experienced by the patient. Moreover,
dental clinical examination may exclude the presence of
odontogenic inflammation.
CT scans are most useful when assessing odontogenic
sinusitis; however, radiologists do not always describe
dental pathologies. Meanwhile, errors made during establishing the etiology of a mucosal inflammation and paranasal sinusitis lead to errors in the treatment – patients
are qualified for endoscopic sinus surgery without the
implementation of causal treatment.
Even though odontogenic sinusitis is a relatively common disease, its pathogenesis remains unclear. Until now,
no consensus has been reached concerning the clinical
approach, treatment and preventive actions that could be
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taken to avoid the disease. The treatment of odontogenic
paranasal sinusitis focuses on causes.
An odontogenic inflammatory process is a condition,
the prevention and treatment of which should depend on,
above all, dentists, especially given the fact that within the
available literature, dental treatment complications constitute the main cause of OMS.
In light of the fact that the treatment is different from the
one applied in other cases, odontogenic sinusitis is a separate disease. The treatment of chronic odontogenic sinusitis
consists in a causal therapy, the goal of which is to eliminate
odontogenic foci in the first instance. When pharmacotherapy is applied, one should remember that odontogenic sinusitis, as any odontogenic infection, is usually a heterogenous
infection, in which both anaerobic as well as aerobic bacteria
are involved. Antibiotic therapy is recommended mainly in
the cases when the underlying disease flares up and when
odontogenic abscesses appear.10 It may also be considered
when the causal dental treatment is completed, to accelerate
the recovery process. The available literature lacks in standards related to the period, throughout which antibiotics
should be administered to patients with OMS.
As regards the odontogenic infections treated in a hospital, the parenteral use of penicillin is still the preferred
method, with doses reaching even 20 million units per
day. In the case of patients who are allergic to penicillin,
clindamycin is a valid alternative.10 As far as surgical treatment is concerned, the Caldwell-Luc procedure should be
considered. This would provide the surgeon with better access to changes present within the maxillary sinuses. In the
case of oroantral communication, it is possible to perform
the revision of the sinus cavity and its drainage, from the
side of the oral cavity, with subsequent surgical procedure,
aimed at closing the fistula. In some cases, endoscopic sinus
surgery may be required. This would enable us to control
and monitor all sinuses and to clean them under direct vision, with a low percentage of complications and relapses (if
the underlying dental cause of the disease is eliminated).11
In most patients who underwent treatment in the Department of Otorhinolaryngology of the 4th Military
Teaching Hospital, the decision about an endoscopic sinus surgery had been based solely on a certificate issued
by regional dental clinics, until the cooperation with an
oral surgery unit started.
A vast number of relapses during the first several months
following the surgeries impelled the doctors of the 4th Military Teaching Hospital to create standard dental preparation for sinus surgery. A group of doctors and dentists was
properly trained to be able to assess odontogenic foci.

Material and methods
The sample group consisted of patients who were sent
from regional ENT outpatient clinics to the Otorhinolaryngological Unit of the 4th Military Teaching Hospital in
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Wroclaw. Based on the initial diagnosis and radiological
examination patients were preliminary qualified for the
endoscopic sinus surgery under general anaesthesia.
Prior to the planned procedure, all patients were directed
to the Oral Surgery Unit of the 4th Military Teaching Hospital to exclude the presence of odontogenic foci. Orthopantomography (panoramic radiography) was performed in all
cases. The doctors also carried out thorough clinical and radiological examinations (CT scan of the paranasal sinuses).
From September 2014 to October 2016, the aforesaid
procedures were performed on 147 patients. The group
consisted of 73 women and 74 men aged 19–77, with lesions in the paranasal sinuses area visible on the CT scans
of the paranasal sinuses, and with symptoms of chronic
paranasal sinusitis. Following the initial otolaryngological examination, they were qualified for endoscopic sinus
surgery. The patients also underwent dental examination,
both clinical and radiological. Odontogenic foci were
identified by means of panoramic X-ray images, as well as
a detailed assessment of teeth, alveolar process and sinus
cavity, based on a CT scan and clinical examinations.
The following aspects were considered during the assessment: periodontal inflammatory states, periapical
changes, teeth that were subject to improper endodontic
treatment, impacted teeth, and cysts related to teeth within the jaw. Next, the results underwent a statistical analysis, performed with the use of GraphPad Prism 7. The
normality of distribution was measured by D’AgostinoPearson test. The difference between groups was tested
by Mann-Whitney test for quantitative variables and
Fisher’s exact test for qualitative variables. Correlation of
selected parameters was tested by the Spearman test.
All patients without ostiomeatal complex obstruction
and with odontogenic foci present in the alveolar process
of the maxilla were offered surgical treatment via an intraoral approach in the Oral Surgery Unit of the 4th Military
Teaching Hospital. Prior to surgical treatment all patients
underwent oral cavity sanitation.

Results
The average age of the patients was determined as 47.78
years (standard deviation ± 14.55). Women constituted
49.7% of the sample group (73 out of 147), whereas 50.3%
of the subjects (74 out of 147) were men.
Odontogenic foci were detected in the case of 85.7% of
the patients, i.e. 126 subjects. They were present in 82.2%
of male and 89.2% of female patients. The lack of odontogenic foci was shown in the case of 14.3%. No significant
differences in the number of odontogenic foci between
male and female patients were found. 32.7% of the sample
group had full dental arch. Dental profile of the group is
presented on Fig. 1 and 2.
The results of the clinical and radiological examinations
were as follows: 48.9% of all odontogenic foci were teeth
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Fig. 1. Dental profile of the sample group – right maxilla

Fig. 2. Dental profile of the sample group – left maxilla

after improper endodontic treatment; 17.3% were roots remaining in the alveolar processes of maxilla; 9.1% showed
inflammatory states in periodontium, visible on X-ray and
in clinical tests. 7.4% of all odontogenic foci were impacted teeth that could potentially institute odontogenic foci
(Fig. 3). 4.2% of foci consisted of endodontic material present in maxillary sinus lumen. In the case of two patients,
dental roots were present inside the maxillary sinus and
one 1 patient was diagnosed with an oroantral fistula.
A radiological examination revealed that only 26.8% of
all endodontically treated teeth have shown signs of proper endodontic treatment.
The relationship between the patients’ age and the number of absent teeth exists in a positive correlation (r = 0.708).
The older the patient, the fewer teeth remain. In the case of
the subjects’ age and the presence of odontogenic foci, no
positive correlation was determined. The situation changes
if we consider the fact that the absent teeth may have been
extracted as an active odontogenic focus that may have
caused sinusitis in the past. Then the age and the amount of
odontogenic foci increased by the number of removed teeth
stay in a positive relationship with one another (r = 0.67).

Another positive correlation exists between the amount
of odontogenic foci, extracted teeth and teeth after endodontic treatment (r = 0.674). Endodontic treatment was
usually performed also because the tooth is a dental focus.
In the entire group of 147 people, 16 patients (10.9%) underwent an endoscopic sinus surgery more than once. 15 patients were diagnosed with multiple odontogenic foci after
a detailed clinical and radiological examination of the oral
cavity. 30 patients (20.4%) were treated in the Oral Surgery
Unit of the 4th Military Teaching Hospital. In this group, 10
subjects underwent maxillary sinus surgery via an intraoral
approach. This has proven to be the only treatment needed
in this group. All other patients underwent or await an endoscopic sinus surgery under general anesthesia in the Otorhinolaryngological Unit of the 4th Military Teaching Hospital.

Discussion
To our knowledge, there are no publications that would
present a similar group of patients, so it is difficult to refer
to results obtained by other authors.
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Fig. 3. Distribution of patients
according to odontogenic foci

The existing literature shows that the presence of inflammatory changes on the X-ray image is indicative of
odontogenic aetiology, present in approximately. 70% of
all cases.12 In a group of 172 patients, Troeltzsch et al.13
diagnosed the underlying odontogenic causes in 92.5% of
all cases, whereas the most common cause was post-dental treatment complications (75% of all cases). The fact
that the disease involved one or both maxillary sinuses
cannot be the main diagnostic criterion since in most
cases, the inflammatory process develops and affects the
remaining paranasal sinuses.14
Bomeli et al. noted that 79% of all cases of acute maxillary sinusitis may be related to the presence of an odontogenic focus.15 The development of the X-ray technology,
as well as the availability of CT scans led to a situation
in which it is currently estimated that almost 86% of all
cases of sinusitis may have an odontogenic character.16
These results correspond with the percentage shown in
our sample group – 86.1%.
Longhini et al.indicated a group of patients with acute
sinusitis who received surgical treatment.17 The treatment was ineffective until odontogenic foci were removed. They also noted that in some cases, dentists who
performed clinical tests and OPG excluded the potential
presence of teeth-related pathologies. The changes were
confirmed only by CB-CT scans.17
Obayashi et al.noted that 71.3% of tooth infections
related to the jaw were associated with changes in the
maxillary sinus.16 What is important, in most cases, the
clinical tests ruled out the presence of odontogenic infections. These were only diagnosed with CT scans. Wang
et al. carried out a retrospective analysis of 55 patients,
where chronic odontogenic sinusitis was diagnosed and
teeth-related pathologies were recorded and confirmed
by computer tomography.18 These authors noted that in
65% of all cases, the radiological description did not consider odontogenic pathologies. Longhini et al.17 noticed
a similar problem in 67% of cases.
While reviewing the literature on chronic odontogenic
sinusitis, Lechien et al. stated that almost 67.5% of cases
have an iatrogenic background.19 Etiological meta-anal-

ysis developed by Arias-Irimia et al., performed on 770
patients with odontogenic paranasal sinusitis, described
in 41 articles written between 1986 and 2007, showed
that women constitute 57.7% of all patients suffering from
odontogenic paranasal sinusitis.20 55.97% of patients presented odontogenic changes of an iatrogenic profile. Periodontal disease was detected in 40.38% of the patients,
while 6.66% of the patients exhibited odontogenic cysts.
Because the qualification of odontogenic foci was based
mostly on X-ray techniques, which are not currently recommended, we may assume that the above results are
understated. However, the results concerning the sex are
virtually identical to those of patients treated in the 4th Military Teaching Hospital (with 53% of cases with a iatrogenic
aetiology). Nonetheless, the statistical analysis shows that
there are no significant differences in the number of foci
between men and women in the sample group. A reduced
sensitivity of X-ray techniques could have an impact on
significant discrepancies between the percentage of iatrogenic changes that were detected (ranging from 57.7% in
the Arias-Irimia et al. study to 83.87% in the case of the
research carried out at the 4th Military Teaching Hospital).
The available literature lists complications after the
insertion of dental implants as the most common cause
of odontogenic maxillary sinusitis (OMS).8 However, the
sample group did not include any patients who underwent the aforesaid procedure. It is also quite difficult to
assess the actual percentage of the oroantral communications, since patients suffering from this condition are usually directly sent to a maxillofacial surgery unit and not to
the otorhinolaryngological departments.
Rodrigues et al. notes that the lack of teeth in the maxilla
does not rule out odontogenic changes as the cause of sinusitis.21 Endodontic materials, fragments of tools left after
root canal treatment or even root fragments may all provide
favorable conditions for the sinus inflammation to develop.
Recently, it has been agreed that the obstruction of the
ostiomeatal complex is an essential factor in the pathogenesis of sinusitis. This led to a situation in which endoscopic sinus surgery, which helps to both cleanse the
sinuses and widen the ostiomeatal complex, has a signifi-
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cant advantage over other surgical methods used in the
treatment of chronic sinusitis. Endoscopic treatment and
the significance of nasal septum, tonsils and adenoids,
which is related to the patency of the ostiomeatal complex, led to the marginalization of the role of maxillofacial
surgeons who use, above all, the classic access point, located within the front wall of the maxillary sinus. When
the qualification for a surgical treatment is carried out
properly, patients with sinusitis secondary to oroantral
fistula and odontogenic sinus cysts are referred to maxillary surgeons. Patients showing symptoms of acute sinusitis, for whom a sinus puncture supported by antibiotics is
the preferred treatment, are usually attended in an accident
and emergency pathway. A similar situation may be observed in the case of patients suffering from chronic sinusitis, who are treated in the 4th Military Teaching Hospital.
Thus, based on this group of patients, it is only possible to
determine the scale of the problem related to odontogenic
infections in patients suffering from chronic sinusitis. The
real percentage of cases with sinusitis may be, in fact, decisively larger than the one described in this paper.
In the case of advanced changes in numerous sinuses, it
is very difficult to determine whether the dental condition
constitutes the primary etiologic factor. However, there is
no doubt that the presence of odontogenic foci intensifies
the inflammatory processes, contributing to the loss of
the effectiveness of both preventive and surgical methods
of treatment, which results in relapses.
Regardless of this, the scale of the problem shows the key
role dentists play both when it comes to the prevention and
treatment of acute sinusitis. Meanwhile, a consistent lack
of diagnosis of odontogenic foci in the studies devoted to
the treatment of sinus problems, published in papers recommended by rhinologic associations, seems to have an
influence on the low success rate of the treatment administered to patients with sinusitis, which constitutes a social
problem. Low efficiency of endodontic treatment indicates
that not only diagnostic but also dental treatment quality
has to be improved and controlled on X-rays periodically.
Incorrect interpretations of CT scans by dentists and of
pantomograms by laryngologists expose patients to ineffective treatment of sinusitis.

Conclusions
Bearing in mind that there are no standards for the treatment of chronic odontogenic paranasal sinusitis, it seems
that it would be a good solution to establish a pre-surgical,
inter-disciplinary cooperation between the hospitals (maxillofacial surgeons, laryngologists, radiologists) and outpatient clinics (dentist practices), covering crucial areas, mainly raising awareness among dentists and patients regarding
the significance of odontogenic foci in the aetiology of recurrent chronic sinusitis. Establishing a diagnosis of odontogenic foci based only on a clinical examination should no

longer be recommended. Dentists must be trained in the
assessment of odontogenic changes in OPG and CT scans.
The standard examination to qualify a patient for sinus surgery should be CT, which makes it possible to review the
condition of the teeth and paranasal sinuses.
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Abstract
Background. The method of using panoramic radiographic images to obtain numerical data on the condylar guidance angle has been described in the literature.
Objectives. The aim of the study was to verify the reproducibility of this technique.
Material and methods. One panoramic radiographic image was randomly chosen from a group of 191
images. The digital image was converted to analog and printed. The study involved 21 dentists, who positioned 4 dots on each side of the image (the orbitale and the porion, as well as the most superior and the
most inferior points of the jaw’s articular surface). The points on each side were connected with 2 lines,
A and B. To evaluate the accuracy of the lines, the equation of the straight lines was calculated and their
slopes compared. The condylar guidance angle between the lines was calculated.
Results. The spread of the results for the condylar guidance angle on the right side was 30 degrees; on the
left side it was more than 40 degrees. The SD for the slope of line A was 0.01 on both sides. The slope of
line B varied from 0.25 to 0.34.
Conclusions. The use of panoramic images to obtain the condylar guidance angle is not recommended
in clinical use.
Key words: reproducibility, guidance angle, panoramic image, condylar guidance
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The definition of condylar guidance that appears in The
Glossary of Prosthodontic Terms has two parts.1 The first
is anatomical, and is expressed in terms of the glenoid fossae, which are bone parts of the skull. The second part
focuses on the mechanical relationship between the parts
of the articulator. This clearly shows the application of
clinical data to prosthetic laboratory procedures with the
aim of duplicating jaw function and the occlusal relationship of the teeth.
Different clinical procedures have been used to obtain
the numerical data for individual condylar guidance values. Some of these require intraoral wax records or extraoral measurements using pantographic equipment.2–8
The study by Gilboa et al. introduced the method of using
panoramic images in a clinical setting to provide the anatomical incline of the auricular eminence.9 This method
generated much interest and was encouraged on account
of its simplicity and availability. Panoramic images are
among the most frequently made radiographic examinations before the treatment is planned.10–12 Using this
method, Gilboa et al. obtained a mean difference in the
inclination of the condylar guidance angle of 7 degrees.13
In the molar area, such a discrepancy could lead to a difference in position of the mandible of 0.25 to 0.5 mm. The
pilot study of Tannamala et al. compared the condylar
angles set in the semi-adjustable articulator using an intraoral protrusive record to those from the panoramic radiographic image, and showed that the method is a simple
and easy way to program the articulators and is capable of
producing clinically acceptable restorations.14 The study
was performed on a group of 10 patients who were free
of the signs and symptoms of temporomandibular disorders, and who also possessed intact dentition. The study
involved different individuals, with specific anatomy, and
each image was examined only once; the condylar angles
were compared, with results being received after intraoral
registration. The results for the condylar angles vary with
the patients’ sides and the methods of calculation. Some
results were greater on both sides in the radiographic
method, some were greater on one side, and some were
smaller. The reproducibility of the radiographic method
was not evaluated here, and the authors suggested that
further studies should be carried out. We conducted
a study to evaluate the reproducibility of that method in
a group of final-year dental students. Using the described
method, these students analyzed a single radiographic
image.9 The results proved inadequate from the clinical
point of view.15 To verify the method in the group of more
experienced dental practitioners, the present study was
implemented.
The aim of the study was to compare the condylar guidance angles obtained by different dentists from the same
panoramic radiographic image, and to investigate the
problems of the method where discrepancies were found
in the results.
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Material and methods
One panoramic radiographic image was randomly
chosen from a group of 191 images produced during examinations of volunteers who had participated in a larger
research project. These volunteers were free of the signs
and symptoms of temporomandibular disorders, as determined by the Polish version of the Research Diagnostic
Criteria for Temporomandibular Disorders (RDC/TMD)
questionnaire; they also possessed intact dentition.16,17
All the participants expressed their unforced consent to
participate in the study and signed the appropriate statement. The examination was performed in accordance
with the Declaration of Helsinki and Good Clinical Practice (GCP). The consent of the Bioethics Committee of
the Jagiellonian University, Kraków, Poland, was obtained
(number KBET/89/B/2009).
The panoramic radiographic image was taken with
the Frankfurt horizontal plane parallel to the floor of the
mouth; a cephalostat was used to align the head in that
position, as in Tannamala et al.14 The radiograph was
made using a ProMax radiographic unit (Planmeca,
Helsinki, Finland 2005) at 74 kVp and 10 mA.9,14
The method was the same as that described previously
by Loster et al.15 The chosen digital image was converted
to analog and printed on A4 size (ISO 216) paper using
an Epson Stylus Photo 1400 (Seiko Epson Corporation,
Japan, 2007) inkjet printer; the resolution used was 2880
× 1440 dots per inch. One copy was provided to each of
the participants, who were recruited from the Prosthodontic Department of the Jagiellonian University. All
the departmental members gave their verbal voluntary
consent to participate in the study. The prosthodontists
(SP), trainees (T), and general dental practitioners (GDP)
who contributed to the study were asked to place dots in
4 places on both sides of the printed standardized panoramic radiographic image. Prior to this, definitions of
the expected points (the orbitale and porion) were presented to the participants. Afterwards, an image from
Gilboa et al. was presented to illustrate the differences between the position of the zygomatic arch and the auricular eminence on the panoramic radiographic image.9 The
participants were then asked to mark the most superior
point of the mandibular fossa and the most inferior point
of the curvature of the articular tubercle, following the
procedure of Tannamala et al.14 The study was conducted simultaneously with all participants. The annotated
photographs were numbered and scanned (Digital Photo
Scanner Epson Perfection V370 Photo, Seiko Epson Corporation, Japan, 2012) to produce a digital image. A scanning resolution of 1440 dots per inch was used. The coordinates of the measuring points were then determined.
The zero (0.00) point was set to the left-upper corner of
each image. Using Adobe Photoshop CS2, the orbitale
O(XO, YO) and porion P(XP, YP) points were connected
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Fig. 1. Example of a radiographic
image marked with four dots (in red)
and connected by lines A and B

by a line marked A to the Frankfurt horizontal plane. The
most superior point, W(XW, YW), and the most inferior
point, N(XN, YN), of the curvatures were connected with
the mean curvature line (that is, the mean condylar path
inclination) by line B, following Tannamala et al.14 This
procedure was carried out on both sides of each image
(see Fig. 1 for an example).
To evaluate the accuracy of each line, the equation of
the line, y = ax + b, was used, with “a” representing the
slope and “b” the y-intercept. We calculated the slope
of each line in order to compare the repeatability of the
points. The points O and P were thus on the same line A,
and the equations of these lines A can be written as:
YO = aOP XO + bOP and YP = aOP XP + bOP
where the slope of A is:
aOP = (YP – YO)/(XP – XO)
and the slope of B (which passes through points N and W) is:
aWN = (YN – YW)/(XN – XW).
A discrepancy between the slope values would be significant for the reproducibility of the pairs of analyzed
points.
The condylar guidance angle between the lines A and
B was calculated using the equation:
tanj =

aOP – aWN
1 + aOP × aWN

and then the angle:
aOP – aWN
j = arctan
1 + aOP × aWN

Statistical analysis
All the data was analyzed using Statistica data analysis
software v. 10 (StatSoft, Inc., 2011; www.statsoft.com).
Data normality was tested using the Shapiro-Wilk test.
Homogeneity was tested using Levene’s test. The descriptive statistics and ANOVA test were used, and the
multiple independent samples were compared using the
Kruskal-Wallis U-test. The results are shown in the tables
and charts. The level of statistical significance was set at
5% (p = 0.05).

Results
Twenty-one dentists participated in the study; of these,
7 were specialists in prosthodontics (SP), 8 were trainees
(T), and 6 were general dental practitioners (GDP). The
marks from 1 trainee were excluded from the analysis due
to outlying results. The average value, median, standard
deviation, minimum, and maximum for the slopes of the
line A on both sides are presented in Tables 1 and 2. In
Tables 3 and 4, the same data is shown for the slopes of
line B. The slope values for both lines and for both sides
did not significantly differ between the groups of participants. The dispersion in the slopes of lines A and B,
separately on both sides, is graphically presented for all
participants in Fig. 2. The minimum and maximum values
of the condylar guidance angle determined by each group
of participants are presented in Fig. 3.

Discussion
The results show that the method developed by Gilboa
et al.9 of using panoramic images to obtain the condylar
guidance angle is unacceptable in dental practice. In each
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Table 1. Slope of the line A (right side)
Average

Median

SD

Min

Max

SP

0.14

0.14

0.02

0.11

0.15

T

0.14

0.14

0.01

0.12

0.16

GDP

0.14

0.14

0.02

0.11

0.16

Mean

0.14

0.14

0.01

0.11

0.16

Kruskal-Wallis
U-test; p = 0.9349
SP – specialists in prosthodontics; T – trainees; GDP – general dental practitioners; SD – standard deviation.

Table 2. Slope of the line A (left side)

SP

Average

Median

SD

Min

Max

–0.13

–0.13

0.01

–0.14

–0.11

T

–0.14

–0.14

0.01

–0.15

–0.12

GDP

–0.13

–0.13

0.01

–0.15

–0.12

Mean

–0.13

–0.13

0.01

–0.15

–0.11

Kruskal-Wallis
U-test; p = 0.3505
SP – specialists in prosthodontics; T – trainees; GDP – general dental practitioners; SD – standard deviation.

Table 3. Slope of the line B (right side)

SP

Average

Median

SD

Min

Max

0.84

0.86

0.20

0.58

1.14

T

0.92

0.94

0.13

0.70

1.06

GDP

0.93

0.92

0.40

0.42

1.46

Mean

0.89

0.92

0.25

0.42

1.46

Min

Max

Kruskal-Wallis
U-test; p = 0.7446
SP – specialists in prosthodontics; T – trainees; GDP – general dental practitioners; SD – standard deviation.

Table 4. Slope of the line B (left side)
Average

Median

SD

SP

–0.70

–0.85

0.39

–1.25

–0.11

T

–0.98

–0.93

0.20

–1.23

–0.65

GDP

–0.81

–0.93

0.40

–1.23

–0.08

Mean

–0.83

–0.89

0.34

–1.25

–0.08

Kruskal-Wallis
U-test; p = 0.3735
SP – specialists in prosthodontics; T – trainees; GDP – general dental practitioners; SD – standard deviation.

group of participants in this investigation, the standard
deviation (SD) of the angular value was above 4 degrees.
The clinical use of this method would, therefore, seem to
be not indicated. The spread of the values of the condylar
guidance angle in the results on the right side was 30 degrees, while on the left side it was more than 40 degrees.
There were no significant statistical differences between
the groups of dentists. In clinical use, this means that the

difference in the molar region would be more than 1 mm,
following Craddock’s results, which showed that a positive 10 degree change in the condylar guidance angle
would move the molars 0.5 mm further, while a negative 10 degree change would bring the mandible 0.5 mm
closer.13 In Weinberg’s results, a 9-degree decrease in the
condylar guidance angle resulted in a 0.2 mm reduction
in the nonworking cusp height.18 Such differences, which
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Fig. 2. Average value of slopes of lines A and B on both
sides, all participants. AR: slope of line A on the right side;
BR: slope of line B on the right side; AL: slope of line A on
the left side; BL: slope of line B on the left side

Fig. 3. The range of condylar guidance
angles (minimum and maximum
values) obtained by each group of
participants on both sides. Yellow
line – line A; blue lines: SP condylar
guidance angle range of values;
green lines: T condylar guidance
angle range of values; red lines: GDP
condylar guidance angle range of
values; T: trainees; SP: specialists in
prosthodontics; GDP: general dental
practitioners

were indeed found in this study, may lead to occlusal
disturbances in prosthetic restorations in an articulator
setting.
The cause of this imprecision in the angle value was
the lack of accuracy in drawing one pair of the examined
points. After analyzing the slopes of the lines that subtend the condylar guidance angle, it was shown that the
inaccuracy in the results arose from the nonrepeatable
designation of the points on line B, presented in Fig.
1 and explained in Fig. 2. These are the most superior
and the most inferior points of the curvatures that create the jaw’s articular surface, temporal eminence, and
fossa. These structures are not very visible on the panoramic radiographic image. Even the study by Gilboa et
al.9 showed the localization of the articular tubercle very
well, compared to the zygomatic arch; the most superior

point, located in the mandibular fossa, is not easy to recognize in the panoramic image. The standard deviation
in the slope of line A in the present study was 0.01 on
both sides, which can be compared with the slope of B,
which varied from 0.25 to 0.34 (Tables 1–4). Very similar results were presented in our previous investigation,
where much less experienced final-year dental students
were included.15
In the research of Prasad et al. the values for the condylar guidance angle obtained from the panoramic image
were compared with those from the semi-adjustable articulators by using the protrusive interocclusal records of 69
patients.19 The average of 2 examiners’ results was taken
as the condylar guidance angle. These examiners calculated the angle using the same method described above.
Interexaminer reliability was very high. The examiners
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concluded that this method of calculating the condylar
guidance angle from a radiographic image may have clinical relevance in setting the condylar guidance settings for
semi-adjustable articulators. Going by our results, their
results were too optimistic and it would be interesting to
see the results of the panoramic radiography evaluated by
more researchers.
On the other hand, the average value for the condylar
guidance angle obtained using the method described here
was about 30 degrees. It may be that this method would
be useful for population screening studies. Further investigations in this field are also recommended.
On the basis of our results, the use of panoramic images
in calculating the condylar guidance angle is not recommended in clinical use due to lack of repeatability of its
results.
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Abstract
Background. The cohort study revealed a relationship between chronic periodontitis and the risk of developing coronary heart disease (CHD) and myocardial infarction.
Objectives. The aim of the study was to evaluate the influence of periodontal treatment on periodontal
status in patients with past history of acute myocardial infarction.
Material and methods. The study comprised 45 patients with chronic periodontitis hospitalized due to
acute myocardial infarction treated with coronary angioplasty. The patients were randomized to the group of non-surgical periodontal treatment (group 1; 25 individuals) or the group of periodontal prophylactics (group 2; 20 individuals). The following aspects were evaluated in clinical study: plaque index (PI), approximal plaque index (API), bleeding on probing (BOP), probing depth (PD) and clinical attachment level
(CAL). The study was carried out 1–2 weeks following discharge from hospital and 6, 7 and 12 months
after the initial examination.
Results. High values of PI, API and BOP were observed in both groups, which indicated poor oral hygiene
and a considerable percentage of inflamed pockets. Those values significantly decreased with further control examinations, yet the obtained values were still very high. No significant changes in time were observed
in PD and CAL in both groups. A significant PD reduction in the examinations performed 7 and 12 moths
from the baseline was detected only in the group of younger patients who underwent non-surgical periodontal treatment.
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Conclusions. The patients with past history of acute myocardial infarction show an abnormal periodontal
status which does not significantly change due to constant hygienic negligence despite prophylactic-therapeutic intervention.
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Periodontitis is a chronic multifactor inflammatory disease which involves progressive damage to the periodontium resulting in the loss of teeth. It constitutes a serious
issue in public health, the origin of social inequality, lower
quality of life, reduced chewing function and esthetic defects. Moreover, it is related to increased cost of dental
treatment and general health condition.1,2
Numerous research has shown a relationship between
chronic periodontitis and the risk of developing cardiovascular disorders regardless of other known risk factors.3–5 According to the analysis of epidemiology data,
the incidence of coronary heart disease increases by 25–
72% depending on the age of the persons with periodontal disease. The risk of developing coronary heart diseases
in periodontal patients increases by 25% compared with
the individuals with a healthy periodontium, while in the
group of men under 50 years of age this risk increases to
72%. In the case of smokers with advanced periodontal
disorder, the risk of developing cardiovascular disease
increases 8 times.3,6,7 Meta-analysis by Bahekar et al.8
showed a correlation between the presence of deep periodontal pockets and the occurrence of cardiovascular episode. Patients with periodontal disease show 1.14–1.59
fold higher risk of developing atherosclerotic diseases
compared to healthy individuals.
According to the outcomes of intervention research,
effective periodontal treatment may have a positive influence on the primary and secondary prophylactics of
cardiovascular diseases. D’Aiuto et al. and Matilla et al.
showed that treatment of periodontitis is related to the
decrease in C-reactive protein concentration (CRP), improvement in endothelial function and thus decreased
risk of developing myocardial infarction.9–11 However, no
intervention studies providing the data on the impact of
treatment of periodontitis on the incidence of cardiovascular incidents (myocardial infarction) in a long term observation can be found. Also, no data on the effectiveness
of periodontal therapy in coronary disease patients can
be found.
The aim of the study was to evaluate the influence of
periodontal treatment on the periodontal status in patients with a past history of acute myocardial infarction.

Material and methods
The research comprised 45 patients including 10 women and 35 men aged 35–64 years (mean 54.022 ± 5.87)
hospitalized in the Department of Cardiology of the
Medical University of Białystok due to acute myocardial
infarction treated with coronary angioplasty.
The inclusion criteria comprised: acute myocardial infarction, diagnosed chronic periodontitis, age under 65
years, coronary angioplasty treatment and patient’s informed consent (consent for participation in the study,
consent for processing personal data).
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The exclusion criteria comprised: cancer, rheumatoid
disease, autoimmune disease, chronic hepatic disorder,
chronic renal disease in 4th and 5th stage, past cerebral
stroke, disorders accompanying the increase in the inflammatory indexes and terminal diseases.
When discharged from the Department of Cardiology,
the patients (n = 124) were referred to the Department
of Periodontal and Oral Mucosa Diseases, Medical University of Białystok, where the first periodontal examination was carried out in order to evaluate the periodontal
status and to possibly diagnose periodontitis. The examination was carried out 1–2 weeks after discharge from
hospital. The following aspects were assessed: number of
teeth, hygiene – plaque index (PI) according to O’Leary,
approximal plaque index (API) according to Lange et al.,
bleeding on probing (BOP) according to Ainamo & Bay,
probing depth (PD) and clinical attachment level (CAL) at
4 measuring points.12–14 Also, the number and percentage
of pockets of PD ≥ 4 mm were established. The study was
performed with the use of a periodontal probe PCPUNC
15 (Hu-Friedy, USA).
Only the patients diagnosed with periodontitis at the
initial examination were qualified to the study. Next, the
patients were randomized into 2 groups and were asked
to report for an appointment in 6 months. All the 124
patients having undergone initial test were diagnosed
with periodontitis. Only 45 individuals reported for the
examination after 6 months, although multiple phone
interventions were done. Group 1 comprised 25 persons
(mean age 55.95 ± 4.37 years), while group 2 comprised
20 persons (mean age 52.64 ± 6.81 years). At the second appointment (6 months after the initial examination) after a periodontal examination, the study group
(group 1) was given non-surgical periodontal treatment
which involved oral hygiene education and scaling with
root planing (SRP). During the procedure the patients
were administered antibiotics (amoxicillin 2.0 g 1 h before the procedure or in the case of allergy to penicillin
– clindamycin 600 mg 1 h before the procedure). Moreover, modified full mouth disinfection (FMD) was performed: double rinsing with 0.2 chlorhexidine solution
for 1 min and 3 subgingival pocket irrigations for 10 min
using a gel with chlorhexidine. Periodontal examination
and oral hygiene education were conducted in patients
from the control group (group 2). Oral cavity sanitation
was also recommended to patients from both groups.
Further control periodontal examinations were carried
out 1 and 6 months following SRP/hygiene education
appointment, which are 7 and 12 months following the
initial examination.
The study was carried out in accordance with the Helsinki Declaration of 1975, as revised in 2008. All the patients gave their written informed consent for the clinical examinations. The study was approved by the Ethical
Committee of the Medical University of Bialystok (R-I002/516/2011).
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Statistical analysis was performed with Statistica 10
software (StatSoft, Tulsa USA). A U Mann-Whitney test
was used to carry out a non-parametric comparison between groups. For the statistical evaluation of the changes
from baseline to 12 months the paired t-test was used.
A p-value below 0.05 was considered statistically significant.

Results
The results indicate the poor condition of the oral cavity in patients with a past history of myocardial infarction
and the diagnosis of periodontitis. According to the initial
examination, the approximate number of teeth was 18.78
± 6.1 and decreased during a 12-month observation to
18.53 ± 5.99. 11 teeth were extracted including 6 in group
1 and 5 in group 2.
It was shown that oral hygiene was poor, which was
confirmed by the high mean initial values of hygiene indexes: PI – 81.33% and API – 98.46%. Those values were
slightly higher in group 1 (PI – 85.12%, API – 99.12%)
compared to group 2 (PI – 77.83%, API – 97.82%). The
index values significantly decreased after the second visit
in both groups and remained at a similar level during the
next 6 months. High hygiene index values were accompanied by high BOP values which oscillated at the level

of 70% during the first two examinations. In further tests,
the values of this index significantly decreased to approximately 50% regardless of the applied prophylactic-therapeutic procedure (Table 1).
According to the initial examination, 466 sites with PD
≥ 4 mm were observed. The total number of pockets with
PD ≥ 4 mm in the study conducted 12 months later was
444. A decrease by 31 sites with PD ≥ 4 mm (by 4.37%)
was observed in group 1, while in group 2 the number of
those sites increased by 9 (by 4.37%) (Table 1).
In the group of patients who underwent SRP, a significant reduction of PD in two further control examinations
was observed (p = 0.0027). According to the analysis of
changes in this parameter, a significant reduction of PD
occurred only in people ≤ 55 years of age. In the case of
older patients, the improvement in this parameter was
statistically insignificant. In the group which received
only oral hygiene education, the changes in PD were statistically insignificant and were independent of the patient’s age.
In both studied groups no statistically significant
changes in time in CAL values were observed. Only
an increase in this parameter was detected in both the
study and the control group. No statistically significant
differences were observed in the mean PD and CAL depending on gender. Detailed data of PD and CAL is presented in Table 2.

Table 1. Changes in the number of teeth, PD ≥ 4 mm, API, PI and BOP in subsequent clinical examinations
Group
Total

Group 1

Group 2

Parametr

Baseline

6 month from
baseline

PBaseline vs
6 month

7 month from
baseline

P6 month vs
7 month

12 month
from baseline

P7 month vs
12 month

number
of teeth [n]

845 ± 4.61

843 ± 4.54

0.39

841 ± 4.49

0.39

834 ± 4.38

0.38

PD ≥ 4 mm [n]

466 ± 3.79

472 ± 3.72

0.39

450 ± 3.25

0.35

444 ± 3.28

0.32

PD ≥ 4 [%]

55.14

55.84

53.25

52.54

API [ %]

98.46 ± 11.64

88.19 ± 12,56

0.0

68.28 ± 14.68

0.0

71.894 ± 13.42

0.0

PI [%]

81.33 ± 18.23

61.17 ± 21.24

0.0

45.28 ± 18.21

0.0

44.89 ± 20.17

0.0

BOP[ %]

73.21 ± 18.52

72.83 ± 19.28

0.39

52.97 ± 16.29

0.0

48.08 ± 19.06

0.0

number
of teeth [n]

465 ± 5.07

464 ± 4.97

0.39

462 ± 4.92

0.39

459 ± 4.77

0.38

PD ≥ 4 mm [n]

246 ± 3.47

250 ± 3.25

0.38

227 ± 2.56

0.26

215 ± 2.42

0.14

0.0

73.35 ± 10.46

0.0

73.48 ± 11.68

PD ≥ 4 [%]

52.79

53.0

API [%]

99.12 ± 6.82

90.21 ± 7.37

50.44

48.42
0.0

PI [ %]

85.12 ± 16.41

63.73 ± 18.39

0.0

44.94 ± 19.12

0.0

43.08 ± 21.92

0.0

BOP [ %]

74.89 ± 18.04

73.48 ± 18.35

0.38

51.26 ± 19.03

0.0

49.05 ± 20.03

0.0

number
of teeth [n]

380 ± 4.1

379 ± 3.99

0.39

379 ± 3.99

0.39

375 ± 3.85

0.38

PD ≥ 4 mm

220 ± 4.15

222 ± 3.74

0.39

223 ± 2.12

0.38

229 ± 3.58

0.36

PD ≥ 4 [%]

47.21

47.0

49.56

51.58

API [%]

97.82 ± 15,68

87.48 ± 14.73

  0.008

61.81 ± 16.42

0.0

67.76 ± 16.98

0.0

PI [ %]

77.83 ± 20,11

66.17 ± 19.64

  0.029

46.82 ± 18.96

0.0

45.54 ± 18.45

0.0

BOP [%]

70.35 ± 19,52

68.86 ± 18.33

0.74

53.68 ± 19.46

  0.003

47.83 ± 19.83

0.0

Number of teeth [n]; PD ≥ 4 mm [n]; PD ≥ 4 [%], API [w%], PI [w%], BOP [w%] – mean ± standard deviation.
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Table 2. Mean values, standard deviation and significance level (p) of the examined variables – PD and CAL in both groups considering time factor and
patients’ age
Group

Age

Group 1

total

≤ 55

> 55

Group 2

total

≤ 55

> 55

Examination

PD

CAL

mean

standard deviation

p

mean

standard deviation

p

baseline

3.59

0.817

3.99

1.407

6 months from
baseline

3.61

0.832

0.35

4.01

1.427

0.42

7 months from
baseline

3.37

0.871

0.005

3.93

1.469

0.25

12 months
from baseline

3.36

0.879

0.003

3.92

1.470

0.24

baseline

3.66

0.782

3.895

0.987

6 months from
baseline

3.65

0.83

0.42

3.96

0.989

0.29

7 months from
baseline

3.37

0.862

0.009

3.84

1.048

0.38

12 months
from baseline

3.35

0.861

0.007

3.802

1.049

0.30

baseline

3.57

0.856

4.15

1.771

6 months from
baseline

3.65

0.849

0.17

4.12

1.814

0.39

7 months from
baseline

3.44

0.862

0.10

4.10

1.848

0.34

12 months
from baseline

3.43

0.871

0.05

4.13

1.842

0.45

baseline

3.61

0.585

4.05

1.253

6 months from
baseline

3.65

0.592

4.055

1.207

7 months from
baseline

3.60

0.606

0.47

4.09

1.264

0.41

12 months
from baseline

3.63

0.608

0.26

4.15

1.303

0.31

0.05

0.48

baseline

3.4

0.542

3.76

1.545

6 months from
baseline

3.44

0.579

0.22

4.03

1.493

0.12

7 months from
baseline

3.39

0.597

0.42

4.03

1.547

0.11

12 months
from baseline

3.45

0.575

0.21

4.01

1.583

0.16

baseline

3.77

0.565

4.29

0.883

6 months from
baseline

3.83

0.524

0.07

4.07

0.908

0.23

7 months from
baseline

3.78

0.557

0.47

4.14

0.969

0.32

12 months
from baseline

3.78

0.593

0.45

4.28

1.002

0.48

There were no statistically significant differences in the
examined parameters with respect to the patient’s gender.
This may result from the participation of only 10 women
in the study (22.22% of the patients). However, it ought
to be emphasized that 10 out of 13 randomized women
reported for control visits.

Discussion
Our obtained results indicate poor oral hygiene in patients with a past history of myocardial infarction. This
observation was confirmed by the diagnosis of periodontitis in all the 124 hospitalized patients. Another concerning fact is that those patients neglect the necessity of
applying periodontal treatment. During the first appoint-
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ment each patient was educated about the relationship
between periodontitis and the development of myocardial infarction.4,5 Also, the patients were informed that
non-surgical periodontal treatment decreases the level
of inflammatory mediators including cardiovascular diseases.11,15,16 However, the patients showed negligence of
these scientific reports as only 37.5% of the qualified and
randomized persons participated in the study. A similar
problem was also observed by Offenbacher et al., who
suggested the need to recruit patients from cardiology
departments.17 The authors observed the patients’ low interest in oral health in terms of the experienced myocardial infarction (death risk). Among the recruited patients,
303 volunteers participated in the first study and only 37
individuals reported for the examination after 1 year.
Dietrich et al. showed that the number of maintained
teeth is a predictor of the risk of developing ischemic
heart disease.5 According to these authors, such a risk is
considerably higher in edentulous men compared to those
with maintained dentition. Lack of maintained teeth indicates the severity of periodontal disease. According to
our results, none of the patients had less than 7 teeth and
their approximate number at the first visit (1 examination) was 18.78 ± 6.1. The initial number of teeth was 845
and decreased to 834 during a 12-month observation.
The patients agreed for extraction as the first appointment involved not only motivating and educating them in
oral hygiene but they were also recommended sanitation
of the oral cavity. 11 teeth were extracted, yet many more
were qualified for extraction due to poor prognosis. The
patients failed to report for extraction due to fear of losing teeth as well as, according to the history, due to the
doctors’ concerns about performing extraction in patients
right after myocardial infarction. The guidelines by Dental and Cardiology Societies indicate that the majority of
dental procedures are safe and do not require the need
to discontinue dual antiplatelet therapy carried out in the
first year after myocardial infarction.18 Patients’ awareness is also reflected by the fact that 3 (27.27%) out of 11
lost their teeth during a 12-month observation.
The obtained high values of oral hygiene indexes (PI
– 81.33%, API – 98.46%) reflect poor oral hygiene in patients with the history of myocardial infarction. According to the medical history, the majority of patients reported to have brushed their teeth twice a day, yet as many
as 35.55% (16 individuals) claimed not have brushed their
teeth more than once a day. The research by de Oliveira
et al. revealed a correlation between insufficient oral hygiene and the increased risk of developing cardiovascular
diseases.19 The patients who never or/and rarely brushed
their teeth showed an increased concentration of both
CRP and fibrinogen.
In the presented protocol, the third control examination was carried out in a short, 1-month interval after the
second one. The highest reduction in oral hygiene indexes
in both groups was obtained at that point, which indicates
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the necessity of frequent check-ups and constant re-motivation of patients. This observation is concordant with
the literature data which suggests that decreased bacterial
potential is considerably more effective by keeping normal oral hygiene as well as intense non-surgical periodontal treatment at numerous sessions than at 1 session.11
Most of the studies carried out so far evaluated systemic
and vascular consequences of the inflammatory process,
evaluated the influence of periodontal treatment at indirect final points of cardiovascular diseases, and observed
numerous benefits of periodontal treatment.17,20,21 What
is interesting, the type of therapy showed no significant
impact on the results. Importantly, patients undergoing
any periodontal treatment experienced more benefits
compared to patients without periodontal therapy. Beck
et al. and Desvarieux et al. observed a stronger correlation between infectious measurements (in serum, crevicular fluid) and cardiovascular disease compared to the
evaluation of periodontal therapy effectiveness based on
clinical periodontal measurements.22,23 This is a probable
cause of a small number of publications concerning the
evaluation of periodontal parameters following non-surgical periodontal treatment in patients with past history
of myocardial infarction.
The high initial mean values of BOP, PD and CAL obtained in own study as well as the percentage of teeth with
PD ≥ 4 mm reflect poor condition of periodontal tissues
in both groups. It may be assumed that proper periodontal care and active treatment of periodontal diseases may
decrease the risk of cardiovascular incidents. Therefore,
proper periodontal care ought to be an integral element
of medical care in patients with a past history of acute
coronary syndrome and in risk groups (all patients with
diagnosed ischemic disease). Every patient with a history
of myocardial infarction should be referred for a dental
consultation as secondary prevention. According to the
available data, in the case of detecting periodontal disease
in ischemic patients and/or after myocardial infarction as
well as after cerebral stroke, active dental and periodontal
treatment ought to be applied, which may lead to better
prognosis.24
In our research, a significant reduction of probing
depth (p = 0.0027) after non-surgical periodontal treatment (SRP) was obtained. These outcomes are confirmed
in the study by Offenbacher et al., who observed a significant PD decrease in the group undergoing periodontal therapy compared to the group receiving social care
only.17 Analogically to the obtained results, the authors
observed a reduction in the number of pockets over 4 and
5 mm. Our research showed a decrease in the number of
22 pockets with PD ≥ 4 mm. In group 1 a reduction by 31
sites with high probing value was observed while in group
2 this number increased by 9. These changes undoubtedly result from SRP therapy. According to the study by
Bahekar et al.,8 the reduction of the pockets with PD ≥
4 mm reduces the risk of developing coronary heart dis-
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ease by 1.14–1.59, and thus the aim of periodontal therapy ought to be elimination of the pockets over 4 mm.8 In
group 2, only a short, 1-month interval after control visits
(between 2nd and 3rd appointment) led to an insignificant
PD reduction, which most probably resulted from the hygiene education. According to other authors, longer intervals between the appointments resulted in the increase
in PD value, which confirms the necessity of frequent and
numerous control visits.11
According to the analysis of age, a significant PD improvement was observed only in younger patients randomized to group 1. Probing depth in the younger group
(≤ 55 years) decreased by 0.31 mm, while in the older
group (> 55 years) the reduction was only 0.14 mm and
failed to reach statistical significance. The results may be
concordant with the research by other authors, who noticed a strong relationship between periodontal disease in
young male patients and the development of cardiovascular disorders.3,5,11,25,26 According to authors’ observations,
this correlation constantly decreases with age and becomes close to zero between 60–65 years of age. Dietrich
et al. suggest that at a younger age periodontium is an excellent marker of periodontal disease sensitivity.5 Therefore, conducting studies on the group of male patients
below 50 years of age would be of great benefit. However,
our research, as well as other studies, have been limited to
age groups below 65 years as cardiovascular incidents at
the age below 50 are considerably rare.
The scope of inflammatory process tested at the first
visit and expressed as BOP was extremely high. The value of this parameter decreased statistically significantly
(p = 0.0000002) during a 1-year observation in both groups
amounted to 49.05% and 47.83%, respectively. The final outcomes are insufficient and indicate a large number of still
active pockets. The largest BOP reduction (25.84%) compared to the baseline value was observed in the group 1,
which is undoubtedly related to the mechanical removal
of biofilm (SRP). Offenbacher et al. carried out a 6-month
observation and obtained a statistically insignificant decrease in BOP value in the actively treated group (SRP).17
The proven relationship between development of periodontal diseases and cardiovascular disorders indicates
the necessity to prevent and treat inflammation in periodontal tissues. Basic periodontal treatment is mechanotherapy, which is scaling and root planing.27–29 SRP is
aimed at breaking the structure of bacterial biofilm and
thus at the reduction of pathogens in periodontal pockets. Maintenance of hygiene regimen by the patient is an
indispensable element of the therapy. SRP effectiveness is
well documented and expressed by the reduction of probing depth, gain in clinical attachment level as well as reduced bleeding of probing.30–33 According to own study,
no above mentioned benefits were observed apart from
PD reduction. The failure may be explained by a single
SRP procedure and lack of patients’ cooperation. Chapple
et al. showed that treatment effectiveness depends not

only on the doctor but to a great extent on the attention
of patients who should limit risk factors (smoking tobacco) and maintain good oral hygiene at all times.34 Oral
hygiene education comprises demonstration of brushing
method with the recommendation of suitable duration
and number of the procedures during the day. The dentist
expects that providing patients with information would
change patients’ habits and cause the improvement of oral
hygiene. Unfortunately, this method has a limited impact
on patients’ behavior and shows short-term effects.35–37
Therefore, frequent control visits, education and re-motivation are fundamental for successful therapy. In the
case of lack of everyday dental care, a single professional
procedure fails to provide benefits. According to the current understanding of care of periodontal cases, patients
are responsible for the course and effect of treatment.38
Patients with their needs, requirements, expectations and
values are at the center. Prevention activities evolve towards more complex educational programs based on psychological methods.39,40 This means that patients play an
active role in treating their disease and they partly take responsibility for treatment effectiveness. Thus, the dentist
becomes the counselor who supports patients in taking
the right pro-health decisions.
The obtained results are indicative of the need of nonsurgical treatment in the group of patients with a past history of myocardial infarction. Continuation of randomized research on a larger group of patients is necessary
to obtain a reliable evaluation of therapy effects on the
periodontal status.
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Dental pathologies account for a great deal of the medical emergencies encountered by the deployed military
personnel. It has been demonstrated that as many as 22%
of all emergency health visits during field training exercises were attributable to dental problems.1
Dental emergencies can significantly affect the mission of
the deployed unit with the following repercussions2: A decreased level of the soldiers’ individual performance, inability
of the soldiers to accomplish their mission, unavailability of
the soldiers with dental problems in case of a visit to a dental
care facility is necessary, unavailability of the soldiers who escort a patient to a dental care facility and the potential risks
associated to the movements in theaters of operations.
During military operations, there is no notion of seriousness or need for urgent care in the definition of a dental emergency. This study uses a consensus definition:
“A condition of oral disease, trauma or loss of function,
or other concern that causes a patient to seek immediate
dental treatment”.3
The mission of the military dentists will be to preserve
the operational capability of troops by avoiding time losses due to a dental issue.
So far, there have been many studies concerning dental
emergency rates of soldiers in theaters of operations.4–8
The most recent, by Gunepin et al.,6 was conducted in
Mali, as is this study.
Our study aims to assess the impact of dental problems
on the operational capability of Burkina Faso armed Forces by counting the reasons for dental emergencies.

Material and methods
The present study investigated the rate of dental emergency visits from a patient population of 850 Burkina
Faso soldiers deployed as part of the United Nations Multidimensional Integrated Stabilization Mission in Mali
(MINUSMA) from February 2015 to January 2016.
The register of clinical activities from the dental clinic of
Timbuktu level 1 hospital served as a basis for data collection.
Only the causes of dental emergencies in Burkina Faso
soldiers have been taken into account.
The rate of dental emergencies per 1,000 soldiers was
calculated by dividing the total number of initial emergency visits by the total number of deployed soldiers and
then multiplying by 1,000.
The values were analyzed using Epi Info v. 3.5.3 software. The statistical test was Mantel-Haenszel Chi-square
and the corresponding odds ratios were presented with
p < 0.05.

Results
The frequency of each cause of the dental emergency is
presented in Table 1.

Table 1. Frequency of reasons for dental emergencies (DEs)
Frequency

Percentage
(n = 155)

Caries

73

47.1

Infections

11

7.1

Lost crowns

15

9.7

Cause of DEs

Pericoronitis
Periodontal diseases
Fractured teeth no caries
Fractured teeth caries
Others

3

2

30

19.3

2
14
7

1.3
9
4.5

One hundred fifty-five (155) dental emergency visits
were recorded. This accounts for 182 per 1,000 soldiers
per year. Most of the emergencies (47.1%) were due to
caries.
Periodontal diseases were the second most common
reason for visiting the dental clinic (19.3%), followed by
lost crowns (9.7%). Fractured teeth caries accounted for
9% of emergencies and 7.1% of emergencies were attributed to infections. The remaining combined visits for dental
emergencies accounted for 7.8%.

Discussion
Caries appear as the main dental problem of deployed
military personnel, accounting for 47.1% of causes of dental emergencies.
Data from our study shows that caries, periodontal diseases and lost crowns are the 3 most common causes of
dental emergencies in Burkina Faso Army. The results of
American, English, Australian and French studies6,9–12 are
different; with caries, fractured teeth and/or crowns without caries and pulpitis as the most common reasons for
the dental emergency.
A dental literature review shows that caries are the
main cause of dental emergency regardless of the nationality of soldiers, the theater of operations and the deployment time (Table 2).
The dental emergency rate expressed the difference between armies opposite to the percentage of each cause of
dental emergencies.
The literature reported rates from 293 to 700 per 1,000
soldiers per year for French Army,2,4,6,13 and from 86 to
259 per 1,000 soldiers per year for U.S., Canadian and
British Forces.9–12,14 So Burkina Faso soldiers have the
same dental problems than the other armies, but in small
number comparatively to the French Forces.
Studies by Chaffin et al.7 and Moss8 supported these
findings, as caries were responsible for more than 1/2 of
all dental emergencies, if the defective restorations are included in the caries category.
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Table 2. Rate of the dental emergency (DE) at the operations and frequency of caries in Armies
Authors

Army

Place

4

Duration

Supported population

Number of DE

DE rate

Gunepin et al

FR

Gunepin et al.6

FR

Dunn15

US

Bationo et al.

BFA

Afghanistan

2 months

3,750

210

293

43

Mali

10 months

NR

556

NR

44.6

Oman

6 months

1,972

137

NR

38.4

Mali

12 months

850

155

182

47.1

Our frequency of caries in dental emergencies (47.1%)
is not significantly different from the results observed in
the French Army in Mali (44.6%) (p = 0.71).6
Every effort is made to give deployed military personnel
a dental examination to identify correctable conditions or
disease before their arrival to theaters of operations.
The objective of the examination is to assess for each
soldier their oral condition and the risk of a dental emergency occurrence during the next 12 months.16
After a fitness examination, soldiers with dental pathologies must undergo dental care prior to their deployment.
In theaters of operations, dental emergencies for carious reasons are related to preexisting lesions may worsen
during missions because of the deterioration of living
conditions (decrease of oral hygiene).
All soldiers must have access during missions to oral
hygiene commodities that can contribute to the improvement of their oral health.
These commodities can be available as a dental kit
included in a field hygiene kit. The U.S. Army uses the
Health and Comfort Pack (HCP) type I.17
The individual combat pack for each deployed soldier from
Burkina Faso Armed Forces includes 1 toothbrush with toothpaste. This is very insufficient for a 12-month long mission, so
the renewal of this mini kit is the soldier’s responsibility.
Dental care was only given to soldiers who came for a visit.
It would therefore be desirable for a dentists to schedule routine visits at least every 6 months so as to allow them to treat
dental pathologies and also perform routine teeth cleaning.
Unfortunately, in Burkina Faso the oral health program
does not take into account the strategy of fluoride application on the teeth. Thus, it would be beneficial for the
Armed Forces to adopt this strategy for the prevention of
caries in deployed military personnel.
The use of xylitol in addition to daily oral hygiene can
also help reduce the frequency of dental emergencies
among soldiers in operations. Finland and the USA have already incorporated this molecule in their Armed Forces.18

Conclusions
Dental emergencies of soldiers have a direct effect on
the capability of a deployed Force to accomplish its assigned mission.
The dental emergency rate for Burkina Faso Army
peacekeeping operation in Mali was determined to be 182

% of caries

per 1,000 soldiers per year. This statistic is lower than reports of French Forces. The primary etiologic factor in the
current study was caries (47.1%).
To prevent the occurrence of these emergencies, all
soldiers must have access during missions to oral hygiene
commodities. The military dentists must provide soldiers
with emergency and non-emergency care prior to their
deployment and also schedule routine visits during operations.
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Streszczenie
Wprowadzenie. Resorpcja zęba jest jedną z chorób prowadzących do utraty twardych tkanek zęba. Proces zachodzi z udziałem specyficznych interakcji między komórkami układu odpornościowego a tkankami
twardymi. Rozpoznanie najczęściej jest przypadkowe, dzięki zdjęciom rentgenowskim. Leczenie jest ukierunkowane na zatrzymanie procesu resorpcyjnego i w miarę możliwości na odtwarzanie utraconych tkanek zęba. Najstarszym materiałem używanym do tego celu jest amalgamat. Dzięki rozwojowi materiałoznawstwa powstały nowe materiały, które ze względu na swoje właściwości coraz częściej są stosowane do
uzupełniania utraconych tkanek zęba. Obecnie, ze względu na swoje właściwości, a zwłaszcza dużą biozgodność, najbardziej polecane jest MTA.
Cel pracy. Określenie, który z najczęściej stosowanych materiałów do wypełnień jam resorpcyjnych zapewnia najlepszą szczelność.
Materiał i metody. Do badań użyto 50 usuniętych zębów ludzkich. W każdym zębie w części środkowej korzenia wykonywano 4 nacięcia imitujące jamy resorpcyjne, które następnie wypełniano: amalgamatem GS-80, IRM®, ProRoot® MTA oraz Fuji® IX. Ocenę szczelności tych materiałów badano metodą penetracji barwnika, posługując się czterostopniową skalą Mayera.
Wyniki. Najmniejszą penetrację barwnika, a tym samym najlepszą szczelność, uzyskano w przypadku ubytków wypełnionych ProRoot MTA, a największy przeciek barwnika, prawie dwukrotnie większy,
dla Fuji IX. Uzyskane wyniki poddano analizie statystycznej.
Wnioski. Ze względu na dużą szczelność brzeżną MTA, amalgamat oraz IRM mogą być z powodzeniem
stosowane do wypełnienia ubytków poresorpcyjnych.
Słowa kluczowe: MTA, resorpcja korzenia, szczelność brzeżna, test penetracji barwnika
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Abstract
Background. Tooth resorption is a disease which can lead to the loss of dental hard tissue. The process of
resorption is mediated by specific interactions between immune cells and hard tissues of the tooth. Recognition
of this process is mostly random thanks to an x-ray examination, and the treatment involves stopping the process and restoring the lost tissues of the tooth if possible. Amalgam is the oldest material used for this purpose.
Currently, the MTA is the most recommended material, due to its properties, especially high biocompatibility.
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Objectives. The aim of the study is to evaluate which of the most commonly used materials for filling postresorption cavities provides the best seal.
Material and methods. 50 extracted human teeth were used in the study. Four cuts imitating postresorption cavities were performed in the middle part of the
root of each tooth and were further filled with: amalgam GS-80, IRM®, Pro-Root® MTA and Fuji® IX. The evaluation of leakage of these materials was tested by the
dye penetration method using the four-level Mayer scale.
Results. The lowest dye penetration, and thus the best sealing, was obtained using ProRoot MTA. The largest leakage of dye-almost double-was obtained using
Fuji IX. The results were statistically analyzed.
Conclusions. MTA, amalgam and IRM can be successfully used to fill postresorption cavities due to their high marginal integrity.
Key words: MTA, root resorption, marginal integrity, dye penetration test

Jedną z patologii stomatologicznych, która może przyczynić się do utraty zęba, jest resorpcja korzenia. W jej
wyniku zębina korzeniowa zostaje zastąpiona ziarniną
resorpcyjną lub w szczególnych przypadkach tkanką podobną w swojej strukturze do kości. Do dzisiaj resorpcja
korzenia stanowi poważny problem dla stomatologa, a leczenie nie zawsze kończy się pełnym sukcesem. Częstość
występowania resorpcji szacuje się na około 3,79% w całej populacji.1 W większości przypadków jest to resorpcja
zewnętrzna i w 82,44% dotyczy okolicy wierzchołka korzenia zęba. Częściej występuje w zębach szczęki (55,1%)
i u kobiet (59,04%). Na zjawisko resorpcji najbardziej podatne są zęby osób w wieku 21–30 lat, co stanowi 28,4%
wszystkich przypadków, najrzadziej jest obserwowana
u dzieci (5,51%).1
Bezobjawowy przebieg choroby powoduje, że objęte
procesem resorpcji zęby są osłabione w swojej strukturze, a w wyniku zmniejszonej powierzchni przyczepu
więzadeł ozębnej słabsze jest również ich umocowanie
w zębodole.
Proces resorpcji zęba zachodzi z udziałem specyficznych interakcji między komórkami układu odpornościowego: zapalnymi, resorpcyjnymi a tkankami twardymi.
Aby resorpcja zaistniała, konieczne jest działanie czynników patogennych w dwóch fazach. Po mechanicznym
lub chemicznym uszkodzeniu tkanek jest niezbędna faza
przewlekła, w której to długotrwale działający bodziec
zapalny lub ucisk stymuluje resorpcję. Dynamika zjawiska jest różna i zależy od rodzaju czynnika i przebiegu
wzajemnie antagonistycznych procesów destrukcji i nowotworzenia tkanek.
Głównymi komórkami odpowiedzialnymi za resorpcję
są osteoklasty. Te wielojądrzaste komórki kościogubne są
rodzajem makrofagów. Powstają w wyniku łączenia makrofagów jednojądrowych pod wpływem działania cholekalcyferolu.
Resorpcje najczęściej rozpoznaje się przypadkowo,
głównie dzięki zdjęciom rentgenowskim, a ich leczenie
polega na zatrzymaniu procesu i w miarę możliwości odtworzeniu utraconych tkanek zęba.
Leczenie resorpcji wewnętrznych polega na całkowitym
usunięciu ziarniny resorpcyjnej z jamy zęba, a następnie

jej szczelnym wypełnieniu. Skutecznym zabiegiem jest
chemomechaniczne opracowanie kanału korzeniowego
z zastosowaniem do płukania 5,25% roztworu podchlorynu sodu. Tak duże stężenie NaOCl najlepiej rozpuszcza
części organiczne, włączając w to komórki resorpcyjne.2,3 Pomiędzy wizytami poleca się wypełnianie kanałów
preparatem na bazie nietwardniejącego wodorotlenku
wapnia, który zmniejszając pH środowiska, wpływa na
zahamowanie czynności osteoklastów oraz działa litycznie, ułatwiając późniejsze usunięcie resztek tkanek ziarninowych z jamy zęba.4,5
Leczenie resorpcji zewnętrznych jest bardziej skomplikowane i powinno rozpocząć się od ustalenia przyczyny, która spowodowała ten proces. W pierwszym etapie
niezbędne jest wyeliminowanie czynnika wywołującego
resorpcję. Następnie po dokładnym oczyszczeniu powierzchni jamy resorpcyjnej wypełnia się ją odpowiednim
materiałem.
Wypełnianie ubytków resorpcyjnych w środkowym
odcinku korzenia sprawia największy kłopot – z powodu ich umiejscowienia. Trudność jest głównie spowodowana utrzymaniem optymalnej suchości i czystości pola
operacyjnego. Z uwagi na środowisko szczególnie ważny
jest dobór odpowiednich materiałów wypełniających.
Należy zwrócić również uwagę na ich właściwości fizykochemiczne i wpływ na tkanki otaczające i cały organizm. W związku z tym materiały te powinny: szczelnie
przylegać do ścian ubytku (tkanek zęba), zachować kształt
i wymiar, co wiąże się z jego odpornością na rozpuszczanie i wypłukiwanie, być elektrochemicznie obojętne i odporne na korozję, hamować wzrost organizmów patogennych, być dobrze tolerowane (nie powodować odczynów
zapalnych otaczających tkanek) i nietoksyczne dla organizmu, stymulować odbudowę tkanki ozębnej, dawać cień
na zdjęciach rentgenowskich, dorównywać wytrzymałością odbudowywanym tkankom, być łatwe w przygotowaniu i zakładaniu.
Biorąc pod uwagę powyższe właściwości, do wypełnień
ubytków resorpcyjnych najczęściej stosuje się następujące
materiały: amalgamat, cementy tlenkowo-cynkowo-eugenolowe (ZnOE), cementy szkło-jonomerowe i agregat
trójtlenków metali (MTA).
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Celem pracy było określenie, który z najczęściej stosowanych materiałów do wypełniania jam resorpcyjnych
zapewnia najlepszą szczelność.

Materiał i metody
Do badań użyto 50 usuniętych ludzkich zębów wielokorzeniowych. Podczas całego badania zęby przechowywano w cieplarce w temperaturze 37oC i 95% wilgotności.
Aby zapobiec przesuszeniu zębów, czas niezbędny do
preparacji jam imitujących resorpcję oraz ich wypełnienia starano się ograniczyć do minimum. W każdym zębie
w środkowym odcinku korzenia wykonano wiertłem diamentowym na turbinę (Φ = 1,8) cztery zagłębienia wzdłuż
korzenia o wymiarach 2 × 3 mm i głębokości 2 mm.
Przed wypełnieniem ubytki przemywano fizjologicznym
roztworem chlorku sodu i osuszano jałową watką.
Amalgamat GS-80® (firmy SDI) rozrabiano we wstrząsarce, zakładano i kondensowano w ubytku z użyciem
upychadła do amalgamatu. Po odczekaniu około 2 minut uwolniano zarys wypełnienia za pomocą nakładacza
i przenoszono ząb do cieplarki.
IRM® (Dentsply DeTrey) rozrabiano z użyciem łopatki metalowej na szorstkiej powierzchni płytki szklanej,
mieszając płyn i proszek w proporcjach zalecanych przez
producenta. Materiał przenoszono do ubytków na nakładaczu, kondensowano i zbierano nadmiary kuleczką z jałowej waty. Po odczekaniu około 2 minut zęby umieszczano w cieplarce.
Cement szkło-jonomerowy Fuji IX® (firmy GC Corporation) rozrabiano na papierku załączonym do opakowania, mieszając proszek z płynem plastikową łopatką
w proporcjach zalecanych przez producenta. Nakładano
do ubytku nakładaczem i kondensowano wilgotną kuleczką z jałowej waty. Następnie po odczekaniu 2 minut
zęby umieszczano w cieplarce.
Pro Rot MTA® (Dentsply DeTrey) rozrabiano na gładkiej powierzchni płytki szklanej, łącząc proszek z wodą
destylowaną za pomocą metalowej łopatki. Zawiesinę
przenoszono na nakładaczu, kondensację wykonywano
kuleczką z jałowej waty, usuwając jednocześnie nadmiary
materiału, a następnie umieszczano zęby w cieplarce.
Sposób przygotowania ubytków i materiałów oraz postępowanie podczas wypełniania, jak również przetrzymywanie materiału badawczego było zoptymalizowane
pod kątem możliwego odtworzenia warunków in vivo.
Przed założeniem cementu szkło-jonomerowego odstąpiono od zalecanego przez producenta kondycjonowania
zębiny. Zmiana procedury była podyktowana zbliżeniem
postępowania do trudnych warunków panujących w polu
operacyjnym podczas zabiegu klinicznego.
Ocenę szczelności wypełnień badano metodą penetracji barwnika. W tym celu powierzchnię zębów pokrywano dwukrotnie lakierem do paznokci, pozostawiając milimetrowy margines wokół zarysu wypełnionego ubytku.
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Po 12 dniach zęby zanurzano na 48 h w 2% roztworze
błękitu metylenowego. Następnie płukano je pod bieżącą
wodą i szlifowano poprzecznie w miejscu wypełnienia.
Każdy szlif zęba oglądano pod mikroskopem endodontycznym, określając, na jakiej szacunkowej głębokości jest
widoczne zabarwienie między materiałem a zębiną. Do
oceny przecieku brzeżnego metodą penetracji barwnika
posłużono się czterostopniową skalą Meyera:
– 0 – brak przecieku,
– 1 – barwnik penetruje do 1/3 głębokości ubytku,
– 2 – barwnik penetruje głębiej od 1/3 do 2/3 głębokości
ubytku,
–
3 – barwnik penetruje głębiej niż 2/3 głębokości
ubytku.6
W wyniku przeprowadzonych pomiarów uzyskano
dane zebrane w tabeli 1 i na rycinie 1.
Metoda i liczba pomiarów pozwala na statystyczną ocenę otrzymanych wyników. Badania dla czterech różnych
materiałów przeprowadzono na jednym zębie, dlatego
też do analizy statystycznej zastosowano testy dla zmiennych zależnych. We wstępnym etapie analizy porównano
jednocześnie wyniki dla wszystkich czterech materiałów,
stosując test Friedmana. Uzyskano prawdopodobieństwo
p < 0,0005 (przy założonym poziomie istotności testu
= 0,05), co oznacza, że dla niektórych z zastosowanych
materiałów głębokości przecieków były inne niż w pozostałych. Ponieważ dla testu Friedmana nie istnieją testy
porównań wielokrotnych, przyjęto w pojedynczym porównaniu każdych dwóch materiałów konserwatywny poziom istotności w teście Wilcoxona równy 0,05/6 = 0,008,
(gdzie 6 stanowi liczbę kombinacji dwuelementowych
zbioru czteroelementowego). Szczegółowe wyniki tych
porównań przedstawiono w tabeli 2.

Wyniki
Analizując uzyskane wyniki, można stwierdzić, że najmniejszą penetrację barwnika uzyskano w przypadku
ubytków wypełnionych MTA, gdzie w 43 przypadkach na
50 nie stwierdzono przecieku. Nieco gorsze właściwości
posiadają: IRM (36 przypadków) i amalgamat (34 przypadki). Dwukrotnie gorszy wynik uzyskano dla Fuji IX
(18 przypadków). Wyniki analizy najgłębszych przecieków (2 i 3 w skali Meyera) wynoszą odpowiednio:
5 (amalgamat), 4 (MTA), 2 (IRM). Otrzymany wynik 14
dla Fuji IX jest średnio trzykrotnie gorszy w porównaniu
z pozostałymi materiałami.
Materiałem, dla którego występują istotnie różne wyniki, jest cement szkło-jonomerowy Fuji IX. W porównaniu z amalgamatem głębokość przecieku była większa
przy wypełnieniu cementem szkło-jonomerowym w 50%
obserwacji, w 40% przypadków głębokość przecieku jest
porównywalna z amalgamatem, a jedynie w 10% cement
szkło-jonomerowy okazał się lepszy. W porównaniu
z IRM również głębokość przecieku była większa w 50%
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Tabela 1. Wyniki pomiaru głębokości penetracji barwnika według
czterostopniowej skali Meyera
Table 1. Results of dye penetration method using the four-level Mayer scale
Nr zęba

Amalgamat

Fuji IX

IRM

MTA

1

1

0

1

0

2

0

1

1

0

3

2

1

0

0

4

2

2

2

0

5

0

2

0

0

6

0

3

2

0

7

1

3

1

0

8

0

0

1

1

9

0

0

0

0

10

0

0

0

0

11

2

3

0

0

12

0

3

1

2

13

0

1

0

0

14

0

0

0

0

Tabela 2. Analiza statystyczna głębokości przecieku testem Wilcoxona

15

0

1

0

0

Table 2. Statistical analysis of the leakage depth by the Wilcoxon test

16

0

0

0

0

17

1

2

0

0

18

0

3

0

0

19

0

1

0

0

20

1

1

0

0

21

0

0

0

0

22

0

1

0

0

23

0

1

0

0

24

1

0

0

0

25

0

1

0

0

26

0

1

0

0

27

0

0

0

0

28

0

0

0

0

29

0

1

0

0

30

0

0

0

0

31

1

3

0

0

32

0

1

0

0

33

0

0

0

0

34

3

2

0

1

35

0

1

1

0

36

1

1

0

0

37

0

0

0

0

38

2

0

0

0

39

0

1

1

2

40

0

3

1

0

41

1

2

0

3

42

0

1

1

0

43

1

2

0

0

44

0

0

0

0

45

1

1

1

0

46

1

1

1

2

47

0

0

0

1

48

0

0

1

0

49

0

0

0

0

50

0

2

0

0

Ryc. 1. Głębokość penetracji barwnika w zależności od materiału: 0 – brak
przecieku, 1 – przeciek do 1/3 głębokości ubytku, 2 – przeciek od 1/3 do
2/3 głębokości ubytku, 3 – przeciek powyżej 2/3 głębokości ubytku
Fig. 1. The depth of dye penetration depending on the material: 0 – no
leakage, 1 – leakage to 1/3 of the depth of the cavity, 2 – leakage from 1/3
to 2/3 of the depth of the cavity, 3 – leakage above 2/3 of the depth of the
cavity

Porównywane
materiały

Liczba

%

Prawdopodobieństwo

Fuji IX vs amalgamat
Fuji IX < amalgamat
Fuji IX > amalgamat
Fuji IX = amalgamat

5
25
20

10
50
40

< 0,0005

IRM vs Amalgamat
IRM < amalgamat
IRM > amalgamat
IRM = amalgamat

11
9
30

22
18
60

0,37

MTA vs amalgamat
MTA < amalgamat
MTA > amalgamat
MTA = amalgamat

14
6
30

IRM < Fuji IX
IRM > Fuji IX
IRM = Fuji IX

25
3
22

28
12
60

0,18

IRM vs Fuji IX
50
6
44

< 0,0005

MTA vs Fuji IX
MTA < Fuji IX
MTA > Fuji IX
MTA = Fuji IX

29
5
16

58
10
32

< 0,0005

MTA vs IRM
MTA < IRM
MTA > IRM
MTA = IRM

10
6
34

20
12
68

0,41

obserwacji i tylko w 3 przypadkach (co stanowi 6%) jest
odwrotnie. Odsetek pomiarów głębszej penetracji barwnika w wypełnieniach z cementu szkło-jonomerowego
w porównaniu z MTA wynosił 58%, a tylko w 32% głębokości penetracji są porównywalne. W 10% badanych zębów przeciek okazał się większy w wypełnieniach z MTA
niż z Fuji IX. We wszystkich omówionych powyżej porównaniach prawdopodobieństwo uzyskania mniejszej
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penetracji przez Fuji IX było mniejsze od 0,0005, co oznacza, że była to różnica statystycznie istotna.
Porównując pozostałe materiały, w około 60% zaobserwowano podobną penetrację barwnika, a pomiędzy
IRM i MTA nawet w 68% obserwacji. Mimo że podczas
zastosowania MTA barwnik w najmniejszej liczbie przypadków był obserwowany między wypełnieniem i zębiną
(7 przypadków), to nie jest to wartość świadcząca o istotnej statystycznie różnicy w porównaniu z IRM lub amalgamatem. W piśmiennictwie za prawidłowe uznaje się
wypełnienia z przeciekiem brzeżnym 0 i 1.6 W związku
z tym przeprowadzono analizę statystyczną, biorąc pod
uwagę te dwie wartości jako akceptowalne dla wypełnienia oraz stopnie 2. i 3. według skali Meyera jako nieakceptowalne. Do tych obliczeń zamieniono wartości z tabeli 1 na kod zero-jedynkowy.
Obliczenia wskazują również istotną statystycznie
różnicę między wypełnieniem z cementu szkło-jonomerowego a pozostałymi materiałami na niekorzyść tego
pierwszego. Pozostałe materiały podobnie jak we wcześniejszej analizie wykazują zbliżoną szczelność.

Omówienie
Otrzymanie znacząco gorszych wyników szczelności
w przypadku cementu szkło-jonomerowego Fuji IX może
być spowodowane niestosowaniem się do zaleceń producenta podczas przygotowywania próbek. Podobnie jak
postępuje się w trudnych warunkach panujących w polu
operacyjnym, celowo odstąpiono od kondycjonowania
zębiny przed założeniem cementu oraz zaniechano pokrycia izolatorem powierzchni wypełnienia.7 Pokrycie
izolatorem z użyciem pędzelka lub wacika jest mało precyzyjnie, a podczas rozdmuchiwania w czasie suszenia
płyn izolujący zostaje przemieszczony na otaczające tkanki, co może zaburzać gojenie w tej okolicy.8
Brak uzdatnienia zębiny i odstąpienie od pokrycia materiału izolatorem przyczyniły się do gorszego przylegania
wypełnienia i zwiększonego przecieku brzeżnego, co potwierdzają i inni autorzy.9,10 De Bruyne et al.8 porównując
cementy szkło-jonomerowe z uzdatnianiem zębiny i bez
niego, jak również z MTA i cementami ZnOE, uzyskali
podobne wyniki. Mikroprzeciek w wypełnieniach bez zastosowania uzdatniacza zębiny był znacząco większy niż
w analogicznych wypełnieniach po jego użyciu. Zwracano także uwagę na wpływ powstałego w wyniku trawienia
kwaśnego środowiska na otaczające tkanki i późniejsze
procesy gojenia. Chong i Ford11 opisali jednakowo dobre
efekty lecznicze po zastosowaniu cementu szkło-jonomerowego i amalgamatu. Są one porównywalne z wynikami
uzyskanymi dla MTA i IRM. Autorzy ci nie podali jednak
szczegółów dotyczących sposobu wypełniania i przygotowania materiału. Porównania wybranych materiałów
dokonywano również w okolicy wierzchołka korzenia
zęba jako wsteczne wypełnienie kanału korzeniowego po
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zabiegu resekcji.12–14 Szczelność i wpływ tych materiałów
na tkanki okołowierzchołkowe były porównywalne lub
różniły się tylko nieznacznie.
Wypełnienie wsteczne kanału korzeniowego po resekcji
wierzchołka pod względem umiejscowienia i postępowania jest podobne do wypełnienia ubytku resorpcyjnego
na powierzchni korzenia. Z tego powodu stosuje się takie same materiały. W większości badań materiały te były
porównywane pod względem przydatności do wypełnień
wstecznych kanału, a otrzymane wyniki potwierdzały
skuteczność tylko wybranych preparatów. Na uwagę zasługuje MTA, który w badaniach własnych wykazywał
najlepszą szczelność. Autorzy badający szczelność w wypełnieniach wstecznych kanałów również potwierdzali
mniejszy przeciek dla MTA niż amalgamatu lub IRM.15,16
Różnica ta bywa czasami statystycznie istotna, czego nie
potwierdzono w badaniach własnych. Szczelność tego
preparatu nie zależy również od sposobu przygotowania
ubytku przed wypełnieniem. Płukanie 17% EDTA, 35%
kwasem fosforowym lub 24% żelem EDTA daje takie same
wyniki w uzyskaniu szczelności jak płukanie ubytku fizjologicznym roztworem chlorku sodu.17 Powyższe właściwości w połączeniu z odpornością na wilgoć i największą
biozgodnością spowodowały, że MTA stał się materiałem z wyboru w leczeniu ubytków w obrębie korzenia
zęba.18 Odnosi się to zarówno do resorpcji, wstecznych
wypełnień kanałów po resekcji, jak też perforacji furkacji
lub korzenia zęba. Używane dawniej do tego celu amalgamaty zostały zastąpione właśnie przez MTA, cementy
ZnOE i szkło-jonomerowe. Wielu autorów porównywało
wymienione materiały z amalgamatem. Wyniki wskazują,
że MTA i cementy tlenkowo-cynkowo-eugenolowe, do
których jest zaliczany IRM, mają lepszy wpływ na otaczające tkanki niż amalgamat, ale jest to różnica statystycznie
nieistotna.11,19
Cementy szkło-jonomerowe w badaniach porównawczych z amalgamatem wykazują mniejszy przeciek brzeżny i są dobrze tolerowane przez tkanki otaczające. Występowanie istotnych różnic nie jest pewne. Mimo że
odsetek wypełnień amalgamatowych, w przypadku których stwierdzono przeciek, jest większy niż w porównywanych cementach, to badana liniowo głębokość przecieku jest mniejsza. Zjawisko to tłumaczy się zwiększaniem
objętości podczas twardnienia amalgamatu, co zmniejsza
szczelinę brzeżną.20 Cement szkło-jonomerowy wykazuje dobrą adhezję do ścian ubytków, jednak jest bardziej
wrażliwy na wilgoć i czynniki zewnętrzne podczas zarabiania i w trakcie wiązania.20 Podczas zabiegów chirurgicznych trudno utrzymać idealne warunki potrzebne do
wypełnienia i wiązania. Część badań potwierdza skuteczność wypełnień z cementów szkło-jonomerowych, które
pod względem szczelności ustępują jedynie MTA, zachowując lepsze przyleganie od IRM i amalgamatu.15,16
Obserwacje te powinny być poddane pogłębionej analizie, gdyż istnieją prace potwierdzające skuteczność leczenia po zastosowaniu wszystkich wymienianych ma-
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teriałów.6,11,15,21 Większe zainteresowanie amalgamatem
w dużej mierze było podyktowane bardziej względami
ekonomicznymi i związanymi z łatwością zarabiania niż
wpływem na proces zdrowienia.
Ze względu na dobrą szczelność brzeżną MTA, amalgamat oraz IRM mogą być z powodzeniem stosowane do
wypełniania ubytków poresorpcyjnych, jednak ze względu na swoje właściwości (w szczególności dużą biozgodność) to MTA powinien być materiałem z wyboru w leczeniu resorpcji.
Piśmiennictwo
1. Opacić-Galic V, Zivković S. Frequency of the external resorption of
the tooth roots. Arh Celok Lek. 2004;132:152–158.
2. Ledzion S, Markowski R, Pawlicka H. Resorption, causes and treatments. Stomatol Współ. 2005;12,1:8–12 [in Polish].
3. Lindskog S, Pierce AM, Blomlof L. Chlorhxidine as a root canal
medicament for treating inflammatory lesions in the periodontal
space. Endod Dent Traumatol. 1998;14:186–190.
4. Ford GS, Baisden M, Haen M, Quigley N, Camp J. A case of severe
external resorption. J Can Dent Assoc. 1994;60:503–510.
5. Postek-Stefańska L, Brzoza M, Kalacińska J. Applying of calcium
hydroxide in dentistry – literature review. Stomatol Współ. 2004;11,
2:50–55 [in Polish].
6. Jodkowska E. Evaluation of marginal sealing composite Filtek
Supreme 3M-ESPE. Stomatol Współ. 2004;11, 2:21–24 [in Polish].
7. Barkhordar RA, Pelzner RB, Stark MM. Use of glassionomers as retrofilling materials. Oral Surg Oral Med Pathol. 1989;16:734–743.
8. De Bruyne MAA, De Bruyne RJE, De Moor RJG. Long-term assessment of the seal provided by root-and filling materials in large cavities trough capillart flow porometry. Int Endod J. 2006;39:493–501.
9. Ansari SR, Qayym Z, Khitab U. A comparison of sealing capabilities
of amalgam, GIC and zinc oxide eugenol cement when used as retrograde filling materials (in vitro study). J Ayub Med Coll Abbottabed.
2003;15:43–49.

R. Markowski, S. Ledzion, H. Pawlicka. Szczelność brzeżna wypełnionych resorpcji

10. Titley KG, Torneck CD, Smith DC, Applebaum NB. Adhesion of
glassionomer cement to bleached and unbleached bovine dentin.
Dent Traumatol. 1989;6:132–135.
11. Chong B, Ford T. Root-end filling materials: Rationale and tissue
response. End Topics 2005;11:114–130.
12. Gondim EJr, Kim S, de Souza-Filho FJ. An investigation of microleakage from root-end fillings in ultrasonic retrograde cavities with
or without finishing: A quantitative analysis. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2005;48:755–760.
13. Pereira CL, Cenci MS, Demarco FF. Sealing ability of MTA, Super
EBA, Vitremer and amalgam as root-end filling materials. Pesqui
Odontol Bras. 2004;18:317–321.
14. Xavier CB, Weismann R, de Oliveira MG, Demarco FF, Pozza DH.
Root-end filling materials: Apical microleakage and marginal adaptation. J Endod. 2005;31:539–542.
15. Adamo HL, Buruiana R, Schertzer L, Boylan RJ. A comparison of MTA,
Super-EBA, composite and amalgam as root-end filling materials
using a bacterial microleakage model. Int Endod J. 1999;32:197–203.
16. De Bruyne MA, De Moor RJ. The use of glassionomer cements
in both conventional and surgical endodontics. Int Endod J.
2004;37:91–104.
17. Kubo CH, Gomes AP, Mancini MN. In vitro evaluation of apical sealing in root apex treated with demineralization agents and retrofiled with mineral trioxide aggregate through marginal dye leakage. Braz Dent J. 2005;3:187–191.
18. Koh ET. Celluar response to Mineral Trioxide Aggregate. J Endod.
1998;24:543–547.
19. Pistorius A, Willershausen B, Marroquin B. Effect of apical rootand filling materials on gingival fibroblasts. Int Endod J. 2003;36:
610–615.
20. Gladys S, Van Meerbeek B, Lambrechts P, Vanherle G. Microleakage
of adhesive restorative materials. Am J Dent. 2001;14:170–176.
21. Felippe WT, Felippe MCS, Rocha MJC. The effect of mineral trioxide
aggregate on the apexification and periapical healing of teeth with
incomplete root formation. Int Endod J. 2006;39:2–9.

Original papers

Evaluation of the incidence of gingival recession
in the citizens of a large urban agglomeration of the Podlaskie Province
in the chosen age groups of 35–44 years and 65–74 years
Ocena występowania recesji dziąseł
u mieszkańców dużego miasta województwa podlaskiego
w wybranych grupach wiekowych 35–44 oraz 65–74 lat
Magdalena Sulewska1, B–D, Jan Pietruski2, C–F, Renata Górska3, A, Edyta Sulima4, B, Rafał Świsłocki5, B, Agnieszka Paniczko6, B,
Elżbieta Sokal7, B, Małgorzata Pietruska3, C, E, F
1
2
3
4
5
6
7

Department of Periodontology and Oral Mucosa Diseases, Medical University of Białystok, Białystok, Poland
Private Dental Office, Białystok, Poland
Department of Periodontology and Oral Mucosa Diseases, Medical University of Warsaw, Białystok, Poland
Private Dental Practice, Wasilków, Poland
Private Dental Practice, Dobrzyniewo Duże, Poland
Agmed Non-Public Healthcare Institute, Białystok, Poland
Private Dental Practice, Ełk, Poland

A – research concept and design; B – collection and/or assembly of data; C – data analysis and interpretation;
D – writing the article; E – critical revision of the article; F – final approval of article

Dental and Medical Problems, ISSN 1644-387X (print), ISSN 2300-9020 (online)

Address for correspondence
Małgorzata Pietruska
E-mail: mpietruska@wp.pl

Funding sources
none declared

Conflict of interest
none declared

Received on October 26, 2016
Revised on October 31, 2016
Accepted on November 23, 2016

DOI

10.17219/dmp/67323

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/)

Dent Med Probl. 2017;54(1):59–65

Abstract
Background. Gingival recession is a condition affecting all of society. Epidemiological studies on recession incidence in the population are difficult to conduct and interpret due to the complex etiology of this abnormality.
Objectives. The aim of the study was to establish the incidence of gingival recession in adult citizens of
a large urban agglomeration of the Podlaskie Province.
Material and methods. The study was carried out on randomly selected citizens of Białystok in 2 age
groups. 115 individuals aged 35–44 years and 72 aged 65–74 years were examined. The clinical trial involved an evaluation of the following aspects: recession incidence, extent (depth) and localization. Additionally, Plaque Index (PI) and Bleeding on Probing (BOP) were analyzed.
Results. Gingival recession was observed on at least one surface in about 79.14% of the individuals analyzed. The most common recession localization was the buccal surface in both the group of 35–44 years
(5.29 ± 5.23) and of 65–74 years (6.24 ± 5.40). The lesions were statistically significantly more common
on the lower teeth (mandible 7.38 ± 5.7 vs maxilla 4.75 ± 4.67) and lingual surface (lingual surface 3.47
± 3.11 vs buccal surface 1.77 ± 2.39) in the older group. In patients aged 35–44 years, the mean recession
depth was 1.54 ± 0.55, while in the case of patients aged 65–74 years, it was 2.28 ± 0.9.
Conclusions. Gingival recession is a common abnormality in the population of adult citizens of large urban agglomerations in the Podlaskie Province.
Key words: epidemiology, gingival recession, adult population
Słowa kluczowe: epidemiologia, recesje dziąsła, populacja osób dorosłych

60

Apical displacement of the soft tissue margin in relation
to the cemento-enamel junction (CEJ), called gingival recession, is a frequently observed abnormality in persons
with various oral cavity hygiene. The individuals who excessively care about hygiene show gingival recession (GR)
mainly on the buccal surface of teeth while people with
poor oral hygiene and/or untreated periodontitis show
recession on every tooth surface. Exposed cement surfaces lead to root caries, non-carious lesions and increased
dentine sensitivity. Unfavorable gingival morphology may
lead to the accumulation of dental plaque and inhibits
preservative and prosthetic treatment. Gingival recession
located within the front teeth is the most problematic, especially in the times of aesthetic dentistry.1–4
Gingival recession develops for many reasons which include: an abnormal, traumatizing way of brushing teeth,
plaque and calculus, anatomical conditions (abnormal
setting of a tooth in the arch, thin gingival phenotype,
bone dehiscence, high muscle and frenulum attachment)
and iatrogenic factors (periodontal procedures, orthodontic treatment, improper preservative and prosthetic
treatment).5–14 Exposure of the root surface may result
from a localized inflammation caused by dental plaque
or a generalized form of periodontal inflammation.9,15
Zucchelli and Mounssif indicate that GR may be related
to a healthy periodontium with lack of bone loss in the
interdental spaces or may develop in the course of periodontal inflammation accompanied by the loss of bone of
the alveolar process.15 In both cases, the etiologic factor
related to its development may be the lack of buccal bone
of the alveolar process at the site of the recession, which
may have an anatomical origin or be acquired (pathological or physiologic).16 As regards anatomical causes of
a lack of the bundle bone of the alveolar process, Alldritt
suggested the following aspects: presence of fenestration
and dehiscence of the alveolar process, abnormal setting
of a tooth in the arch, individual tooth shape and atypical tooth eruption.17 Zucchelli and Mounssif15 defined the
acquired pathological causes as: improper brushing and
flossing, intraoral and perioral piercing, direct trauma related to malocclusion, partial dentures, presence of dental
plaque, subgingival cavity margin and prosthetic fillings
as well as herpes. The major acquired physiological cause
is orthodontic tooth movement beyond the alveolar process which leads to bone dehiscence and constitutes locus
minoris resistentiae for the development of gingival recession.15 Dominiak and Gedrange report that in today’s classification, there are 5 groups of etiological factors leading
to development of GR, which are: primary morphological
conditions, functional factors, inflammation factors, age
and sex, as well as general diseases.18
The outcomes of epidemiology research on the incidence of gingival recessions indicate that this condition
affects all of society. The frequency of GR fluctuates between 6.3 and 100% depending on age and increases with
age.2,3,4,9,19–21 According to a study on a large population
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of over 30 thousand American people, these changes are
present in approximately 23% of individuals with 10%
frequency in the age group of 30–39 years and over 60%
in the group of 80–90 years.22 Due to the complex etiology of gingival recessions, it is very difficult to perform
and interpret epidemiology studies evaluating recession
incidence in the population. So far, the epidemiological
studies performed consider selected etiological aspects
or a coincidence of many factors through the creation of
multiple regression models and the introduction of independent variables which can influence the occurrence
and number of recessions.3,4,6,9,23–28 An analysis of these
models proves that they are inadequate and the knowledge on recession-causing factors is still insufficient.29
The aim of this study was to evaluate the incidence of
gingival recession in adult citizens of a large urban agglomeration of the Podlaskie Province.

Material and methods
The study was carried out in the city of Białystok on
randomly chosen citizens aged 35–44 years and 65–74
years. The invitation to the study was sent to 1000 individuals from each age group. 115 persons aged 35–44 including 60 women and 55 men as well as 72 persons aged
65–74 years including 51 women and 21 men reported for
the examination. The clinical study was carried out with
the use of a periodontal probe (PCPUNC 15, Hu-Friedy
Mfg., Chicago, USA) calibrated every 1 mm. The examiners (doctors, dentists) had undergone training in standard
calibration.
The study was performed under a program financed by
the Ministry of Health, the ‘Evaluation of the health condition of the oral cavity and its conditioning in the Polish
population aged 35–44 and 65–74 years’, approved by the
Bioethics Commission of the Medical University of Bialystok (R-I-002/266/2009).
The physical examination comprised the evaluation of
gingival recession localization (buccal surface, palatal/lingual surface) and depth, Plaque Index (PI, by O’Leary) and
Bleeding on Probing (BOP). PI and BOP were assessed in
4 aspects: buccal, palatal/lingual, mesial and distal). Third
molars were not taken into consideration in the study. Recession height was measured from CEJ to gingival margin.
In the case of teeth with reconstructions, the gingival edge
of the reconstruction was taken as the point of reference.
The obtained values were expressed in an approximation
to the nearest millimeter. The clinical data was also evaluated depending on the patient’s level of education.
The statistical analysis was performed with use of Statistica 12.0 (StatSoft, Tulsa, USA) software. For comparison between groups, the non parametric U Mann-Whitney test was used. The Spearman’s rank order correlation
coefficient was also determined. The results were considered statistically significant at p < 0.05.
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Results
Gingival recessions were diagnosed in 91 patients aged
35–44 and in 57 patients aged 65–74. In the younger
group, recessions were detected in 20.5% of teeth (608
surfaces) while in the older group in 44.8% (449 surfaces).
In the group of younger women, recessions were found in
21.7% of teeth (335 surfaces), while in men in 19.2% (273
surfaces). In the group of older women, recessions were
observed in 40.3% of teeth (268 surfaces), while in older
men in 47.8% (181 surfaces).
The analysis of the 2 age groups demonstrated that GR
is more common on mandibular teeth (5.76 ± 5.24), predisposed to the localization on the buccal surface (3.34 ±
3.22). Recession depth was greater in the mandible (1.82 ±
0.87) compared to the maxilla (1.73 ± 0.74).
Also, apical displacement of the gingival margin was
more advanced in lower teeth in both the buccal surface
(lower teeth – 18.0 ± 0.87 vs upper teeth – 1.76 ± 0.76)
and lingual surface (lower teeth – 1.95 ± 1.05 vs upper
teeth – 1.82 ± 1.01). The values indicating oral hygiene
suggest quite poor hygiene in the studied population. PI
was 35.88 ± 23.22 while was BOP 36.92 ± 27.18. The values of the evaluated variables are presented in Table 1.
In the group aged 65–74 years, a statistically significantly higher number of tooth surfaces affected by gingival recession (p = 0.012) and mean gingival recession
extent (p = 0.000) were observed in comparison with the
group aged 35–44 years.
The most common gingival recession (GR) localization
was the buccal surface in both the group aged 35–44 years
(5.29 ± 5.23) and the group aged 65–74 (6.24 ± 5.40). The
differences between the groups were insignificant. A significant difference (p = 0.000) was observed in the case
of lesions localized on palatal/lingual surfaces, affecting
a smaller number of surfaces of the upper teeth (2.50 ±
3.09) compared to the lower teeth (4.53 ± 3.61). GR on
the lingual surface of the lower teeth was significantly
more common in the older group (3.47 ± 3.11) than in the
group aged 35–44 years (1.77 ± 2.39).

Table 1. Localization and advancement of gingival recession as well
as PI and BOP in the 2 examined age groups of Bialystok citizens
(mean ± standard deviation)
Gingival recessions

Maxilla

Mandible

Total

Number of tooth surfaces

3.17 ± 3.82

5.76 ± 5.24

8.94 ± 7.88

Buccal surface

2.31 ± 2.78

3.34 ± 3.22

5.65 ± 5.36

Lingual surface

0.86 ± 1.51

2.42 ± 2.81

3.28 ± 3.43

Depth (in mm)

1.73 ± 0.74

1.82 ± 0.87

1.82 ± 0.79

Buccal surface

1.76 ± 0.76

1.80 ± 0.87

1.82 ± 0.82

Lingual surface

1.82 ± 1.01

1.95 ± 1.05

1.87 ± 0.93

PI (%)

35.88 ± 23.22

BOP (%)

36.92 ± 27.18

In the group aged 65–74, a greater advancement of the
lesions was observed. Statistically significantly (p < 0.05)
higher values of mean gingival recession depth compared
to the younger group were observed regardless of the localization of the analyzed pathology in the oral cavity.
Also, significant differences between the groups were
found in terms of PI and BOP values. A statistically significantly higher PI (p = 0.001) was found in the group
aged 35–44 years, 40.51 ± 23.59%, compared to the older
population where PI was 28.47 ± 20.7%. Analogically,
the BOP value was higher in the group aged 35–44 years
(45.03 ± 28.45%) compared to the older group (23.96 ±
18.95%). Detailed data is presented in Table 2.
A statistically insignificant increase in the number of
gingival recession surfaces in relation to education was
found. The lowest number of GR was noted in persons
with basic education (5.55 ± 6.01) while the highest was
in persons with higher education (9.64 ± 8.1). However,
the analysis of the number of recessions in the maxilla
indicated a statistically significant (p = 0.0294) increase
in their number in persons with higher education (3.82
± 4.04) compared to the individuals with basic education (1.09 ± 1.70). A statistically significant increase (p =
0.0474) in the number of gingival recessions was also
observed in higher education persons in comparison to
people with secondary education (2.64 ± 3.59).
The comparison of gingival recession extent suggested
a reverse dependency – the individuals with basic education showed significantly (p = 0.0035) more extensive gingival recessions (2.27 ± 1.60 mm) compared to higher educated persons (1.65 ± 0.57). The most extensive lesions
were observed on mandibular teeth on lingual surfaces in
persons with basic education (2.58 ± 1.85 mm) while the
smallest gingival recessions (1.33 ± 0.58 mm), localized
on palatal surfaces of upper teeth, were also observed in
the individuals with basic education. Detailed data is presented in Table 3.

Discussion
The studies on gingival recession epidemiology most
commonly take into consideration frequency, which is
the percentage of persons with gingival recessions in the
examined population, scope (range), which corresponds
to the number of surfaces (alternatively the number of
teeth), severity (intensity, advancement), indicating the
scope of exposed root surfaces (vertical extent of recession in mm), gingival recession localization in particular
teeth and Miller’s classification.9,23–26,30–32 Despite frequent observation of gingival recession in adults, epidemiology outcomes suggest great differences depending on
the population studied.30 According to our own research,
gingival recession was observed on at least one surface in
about 79.14% of the individuals and in 20.5% of teeth in
the group of 35–44 year olds and in 44.8% of teeth in the

M. Sulewska, et al. Gingival recessions

62

Table 2. Localization and advancement of gingival recession as well as PI and BOP depending on age (mean ± standard deviation)
Gingival recession
Number of surfaces
with gingival
recession

Gingival recession
depth (in mm)

Maxilla buccal surface

2.30

Adult population

Adult population

age 35–44

age 65–74

±

2.87

2.32

±

p
2.65

0.971

Maxilla palatine surface

0.74

±

1.43

1.06

±

1.63

0.165

Mandible buccal s.

2.98

±

3.10

3.92

±

3.34

0.053

Mandible lingual s.

1.77

±

2.39

3.47

±

3.11

0.000

Total buccal surface

5.29

±

5.32

6.24

±

5.40

0.239

Total palatine/ling. s.

2.50

±

3.09

4.53

±

3.61

0.000

Total maxilla

3.04

±

3.75

3.38

±

3.94

0.565

Total mandible

4.75

±

4.67

7.39

±

5.70

0.001

Total

7.79

±

7.43

10.76

±

8.27

0.012

Maxilla buccal surface

1.59

±

0.63

2.00

±

0.87

0.005

Maxilla palatine surface

1.53

±

0.75

2.16

±

1.18

0.009

Mandible buccal s.

1.49

±

Mandible lingual s.

1.56

±

0.53
   0.8

2.23

±

1.06

0.000

2.41

±

1.13

0.000

Total buccal surface

1.56

±

0.57

2.22

±

0.99

0.000

Total palatine/ling. s.

1.53

±

0.69

2.32

±

1.01

0.000

Total maxilla

1.55

±

0.61

2.01

±

0.84

0.001

Total mandible

1.49

±

0.57

2.31

±

1.01

0.000

1.54

±

0.55

2.28

±

0.90

0.000

PI (%)

PI

Total

40.51

±

23.59

28.46

±

20.70

0.001

BOP (%)

BOP

45.03

±

28.45

23.96

±

18.95

0.000

group aged 65–74 years. The outcomes obtained are consistent with the epidemiological study carried out in the
USA by Gorman, who detected GR in 78–100% of middleaged individuals.33 The lesions affected 22–53% of the examined teeth. In Finland, gingival recession was observed
in 68% of the examined individuals present in 11% of the
examined teeth.5 In Norway (Oslo), a lower frequency
of lesions, 51%, in adults was observed,34 while in New
Guinea this percentage was even smaller and referred to
11–40% of adults.35
Marini et al. showed a higher frequency of lesions compared to our research.30 The authors examined 380 persons over 20 years of age and detected GR on at least one
surface of teeth in approximately 89% of persons. In the
group aged 30–39 years, the pathology developed in 96%
of the population while in the group older than 50 years,
98.8% of the individuals.
According to the comparison of gingival recession presence (% of persons) in persons aged 30–50
years,2,3,5,10,21,25,30,32 the highest frequency was observed in
the Brazilian research. Susin et al. showed the presence of
lesions in 97.3% of patients aged 30–49 years, while Marini et al. showed in 96% of patients aged 30–39 years.10,30
A high (85%) frequency of lesions was also shown in
Norwegians aged 34–45 years in the study by Löe et al.2
In France, Sarfati et al. reported 75.6% while in Sweden,
Serino et al. reported 75% of gingival recession cases in
this age group.32,3 The last 2 studies correspond with our

results, which showed a similar incidence amounting to
79.13%. According to Khocht et al., gingival recession in
the USA develops in 69.6% of persons aged 30–40 years,
which is consistent with the study by Zawada et al., who
observed this abnormality in 69.9% of Wrocław citizens
aged 35–44 years.25,29 Previous research published in 1989
and 1999 involving similar age groups indicates a lower
frequency of lesions – 55.1% and 56.5%, respectively.5,21
According to cohort research, this phenomenon is caused
by a constant increase in both the occurrence and number of gingival recessions.3 Therefore, observations conducted at the same time are of the highest comparative
value.
According to the observations, the majority of the epidemiological studies indicated that the frequency, scope
and severity of gingival recession gradually increase with
age.2,5,21,30,33 The influence of age on GR frequency increase
should probably be explained by the accumulation of numerous recession-contributing factors in time.6,21,30,33,36,37
According to our research, a higher frequency of gingival recession and greater lesion advancement were observed in the older age group (65–74 years). Statistically
significantly higher values of gingival recession depth
compared to the younger group were obtained regardless
of the localization of the analyzed pathology in the oral
cavity. In the case of the younger age group (35–44 years),
mean recession depth was 1.54 ± 0.55 mm, while in patients aged 65–74 years, it was 2.28 ± 0.55 mm. These out-
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Table 3. Localization and advancement of gingival recession depending on level of education (mean ± standard deviation)
Education

Gingival recession
Number of
surfaces with
gingival recession

Gingival recession
depth (in mm)

basic – 1

p

secondary – 2

higher – 3

p1 vs 2

p1 vs 3

p2 vs 3

Maxilla buccal surface

0.73 ± 1.35

1.68 ± 2.29

2.97 ± 3.06

0.1828

0.0183

0.0026

Maxilla palatine surface

0.36 ± 0.67

0.96 ± 1.61

0.85 ± 1.51

0.2304

0.2953

0.6369

Mandible buccal s.

2.55 ± 3.01

3.29 ± 3.21

3.46 ± 3.28

0.4715

0.3765

0.7243

Mandible lingual s.

1.91 ± 2.77

2.62 ± 2.93

2.35 ± 2.74

0.4529

0.6110

0.5395

Total buccal surface

3.27 ± 3.85

4.97 ± 4.77

6.43 ± 5.82

0.2623

0.0821

0.0775

Total palatine/ling. s.

2.27 ± 3.0

3.58 ± 3.49

3.20 ± 3.44

0.2427

0.3916

0.4764

Total maxilla

1.09 ± 1.70

2.64 ± 3.59

3.82 ± 4.04

0.1627

0.0294

0.0474

Total mandible

4.45 ± 4.59

5.91 ± 5.65

5.82 ± 5.02

0.4182

0.3907

0.9118

Total

5.55 ± 6.01

8.55 ± 7.79

9.64 ± 8.10

0.2234

0.1075

0.3737

Maxilla buccal surface

1.42 ± 0.38

1.99 ± 0.85

1.63 ± 0.67

0.2521

0.5869

0.0128

Maxilla palatine surface

1.33 ± 0.58

2.09 ± 1.20

1.60 ± 0.78

0.2869

0.5647

0.0469

Mandible buccal s.

2.36 ± 1.76

2.00 ± 0.99

1.60 ± 0.59

0.4456

0.0160

0.0060

Mandible lingual s.

2.58 ± 1.85

2.18 ± 1.17

1.73 ± 0.82

0.5255

0.0721

0.0226

Total buccal surface

2.3 ± 1.72

1.99 ± 0.92

1.64 ± 0.59

0.4842

0.0346

0.0082

Total palatine/ling. s.

2.18 ± 1.58

2.1 ± 1.02

1.67 ± 0.74

0.8563

0.1518

0.0086

Total maxilla

1.35 ± 0.41

1.99 ± 0.88

1.60 ± 0.59

0.1618

0.4221

0.0052

Total mandible

2.32 ± 1.61

1.99 ± 0.99

1.64 ± 0.64

0.4777

0.0321

0.0127

2.27 ± 1.60

2.02 ± 0.897

1.65 ± 0.57

0.5431

0.0319

0.0035

PI%

PI

Total

21.02 ± 16.99

33.87 ± 22.09

38.60 ± 23.72

0.0682

0.0188

0.1798

BOP%

BOP

25.65 ± 23.89

40.46 ± 28.69

35.82 ± 25.98

0.1068

0.2174

0.2649

comes clearly correspond to French studies. Marini et al.
observed mean GR depth of 2.16 ± 0.79 mm in the group
older than 50 years of age.30 The analyzed pathology was
detected in over 60% of the examined teeth.
The most common gingival recession localization in
our study was found on the buccal tooth surface in both
age groups. According to the analysis of lesion development depending on the localization in the upper or lower
dental arch, a more common localization was observed
within the lower teeth. Moreover, the number of lower
tooth surfaces affected by recession in patients aged 65–
74 years old was statistically higher compared to patients
aged 35–44 years (7.39 ± 5.7 vs 4.75 ± 4.67, p = 0.001).
Marini et al. also observed the most common (56.33%)
gingival recession localization in mandibular teeth, which
was also previously observed by Vehkalahti.30,5 A similar (56%) frequency of GR development was observed by
Gorman on upper teeth which, according to the author,
is caused by the presence of dehiscence and/or fenestration of buccal bone.33 Kozłowski et al. and Zawada et al.
also noticed a more frequent GR development on upper
teeth.4,29
The common development of gingival recession on
mandibular teeth is probably related to the characteristics
of keratinized gingiva which is wider and probably thicker
in the maxilla than in the mandible.38 Mendonça observed
a high correlation between the depth and quality of gin-

giva and gingival recession development.4 According to
other authors, the areas with gingival deficit in terms of
thickness are more susceptible to GR development due
to a smaller amount of connective tissue in this site and
thus a faster inflammation progression due to the factors
that induce and contribute to gingival recession development.36,37,39 This data may also explain more frequent GR
development on the lingual surfaces of bottom teeth at
older age. According to our research, a significantly higher frequency of gingival recession on lingual surfaces in
older individuals was observed. Also, a significantly higher presence of this pathology was observed in patients
aged 65–74 years (4.53 ± 3.61) compared to patients aged
35–44 years (2.5 ± 3.09). It ought to be emphasized that
the distribution of gingival recession is related to other
etiologic factors. The gingival recession present on lower
incisors is mostly connected with poor oral hygiene, while
on premolars it is with traumatic brushing.9,20
Despite the discrepancies related to the main tooth affected by gingival recession, the literature provides unanimous indications that buccal surfaces are the most commonly affected site.21,30,33 This correlation was also found
in our research. Gingival recession development on buccal surfaces is most of all related to an improper (traumatizing) habit of brushing teeth while on the lingual and
approximal surfaces it has mostly to do with poor oral
hygiene.2
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Although the distribution pattern may be a vital indication of the major etiologic factors, the cause of the development such changes has not yet been clearly identified.
Final diagnosis and interpretation ought to be preceded
by correlating a number of variables, which is often difficult and involves the exclusion of potentially predisposing
factors.18 Due to the multifactorial gingival recession etiology, it is difficult to establish which combination of recession-contributing factors reflects the displacement of
the gingival margin below the cemento-enamel junction
and the progression (or not) of the vertical extent of gingival recession. Most commonly, an interaction of predisposing (anatomical) and precipitating (acquired) factors
occurs leading to gingival recession as a final result.18,29
In order to show the relevance of the interaction of the
numerous factors on recession development, multiple
regression models were constructed and independent
variables were introduced. Khocht et al. explained 19%
of gingival recession number changeability on a multiple
regression model taking into consideration only age and
gender.25 The changeability of 31% was explained by age,
brushing frequency, gender and the time of using a hard
toothbrush. Also, Checchi et al. used multiple regression
in a study on dentistry students and demonstrated that
education level in terms of pro-health behaviors may be
a crucial factor of developing gingival recession.6
Serino et al. reported that 58% of gingival recession
number changeability on buccal surfaces may be explained by a loss of clinical attachment level on interproximal surfaces and the increased severity of inflammation
on buccal surfaces as a result of improper hygiene in the
entire oral cavity.3 Dominiak et al. calculated that 29% of
gingival recession number changeability depends on the
influence of 10 variables.27 Matas et al. showed that an increase in GR depth within 10 years was 21% dependent
on 4 variables including the presence of dental plaque.26
The model of a multiple regression proposed by Wawrzyn-Sobczak explains 41% of gingival recession number
changeability while a study by Kozlowski et al. explained
18% of this changeability.28,4
According to many authors’ observations, there is
a clear correlation in the relationship between improper
or excessive oral hygiene and gingival recession development.3,4,6,25–28 Although they are significant factors, they
constitute only a part of the etiopathologic factors. The said
relationship is presented by our research. A significantly
higher PI value was observed in patients aged 35–44 years
(40.51 ± 23.59%) compared to older patients who showed
a PI value of 28.47 ± 20.7%. Despite this frequency of developing dental plaque in the younger group of patients,
the presence and advancement of lesions displayed lower
values compared to the population aged 65–74 years. The
study by Kozłowski et al. demonstrated that a very good
oral hygiene in first- and fifth-year students of the Medical
Academy in Wroclaw (PI – 21%) failed to prevent gingival
recession development.4 The frequency of gingival reces-

sion in students, amounting to almost 35%, ought to be
considered high. Excessive hygiene in this group indicated
the necessity of reeducation in pro-health behaviors.
In the study by Zawada et al. on Wroclaw citizens aged
35–44 years, no impact of education on gingival recession
development was observed.29 According to our research,
the analysis of GR number in the maxilla showed a statistically significant increase in persons with higher education (3.82 ± 4.04) compared to the individuals with basic
education (1.09 ± 1.70). A statistically significant increase
(p = 0.0474) of GR number was also observed in persons
with higher education compared to patients with secondary education (2.64 ± 3.59). In the comparison of gingival recession extent, a reverse dependency was observed.
Persons with basic education showed significantly (p =
0.0035) more extensive gingival recession (2.27 ± 1.60
mm) compared to persons with higher education (1.65
± 0.57 mm). The greatest changes were observed on the
lingual surfaces of mandibular teeth in persons with basic
education – 2.58 ± 1.85 mm. The smallest (1.33 ± 0.58
mm) GR, localized on the palatine surfaces of upper teeth,
was also observed in persons with basic education.

Conclusions
Gingival recession is a common abnormality in the
population of adult citizens of large urban agglomerations
in the Podlaskie Province. Due to the complex etiology of
gingival recession, epidemiology studies evaluating recession incidence in the population are difficult to carry out
and interpret.
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Oral hygiene in children with epilepsy:
Effect of interleukin-1β and VEGF levels in gingival crevicular fluid
Higiena jamy ustnej dzieci chorych na epilepsję
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Abstract
Background. The biochemical parameters in gingival crevicular fluid (GCF) are affected by some systemic
diseases and poor oral hygiene.
Objectives. The aim of this study was to evaluate the total amounts of Interleukin-1β (IL-1β) and vascular
endothelial growth factor (VEGF) in GCF in children with epilepsy.
Material and methods. Eighty children with epilepsy in a seizure-free period (the test group) and 80
healthy children (the control group) were evaluated. The children with epilepsy were taking valproic acid
(VPA), carbamazepine, phenobarbital, and the combinations of these drugs. Gingival index (GI), plaque index (PI), probing depth (PD) and clinical attachment level (CAL) were measured. GCF was collected and its
volume was measured. The total amounts of IL-1β and VEGF in the GCF were analyzed in the Biochemistry
Laboratory at Ataturk University.
Results. The biochemical (IL-1β and VEGF) and clinical parameters (GI, PI, PD and GCF volume) were significantly higher in children with epilepsy compared to healthy children (p < 0.0001). When the epilepsy
patients were divided into groups according to the drug used in this study, there were no significant differences in the GCF levels of IL-1β and VEGF among the drug groups. Also, a significant gingival enlargement
in the patient population was not recorded.
Conclusions. According to these results, it may be suggested that patients need optimal oral care in epilepsy.
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The World Health Organization estimates that 0.8% of
the world’s population are affected by epilepsy, which is
a brain disorder.1 In 35% of the cases, epilepsy is due to an
identifiable central nervous system (CNS) injury, whereas
in the rest of the cases, it is a result of either genetic or
unknown causes.2
For preventing seizure, different drugs are used in the
treatment of epilepsy. But there are some side effects of
these medications. For example, in 30–50% of the cases,
phenytoin develops a significant gingival overgrowth. Although the reason of the gingival overgrowth is not fully
understood, some studies have shown that inflammatory
cytokines and growth factors may play an important role
in the pathogenesis of gingival changes.3,4
IL-1β, 17-kDa glycoprotein is a potent proinflammatory cytokine. It is produced predominantly not only by
monocytes/macrophages, but also by fibroblasts and bone
cells.5 Its production may be induced by microorganisms,
microbial products, inflammatory agents and antigens.6
Several clinical studies have addressed the change of
IL-1β levels in the blood and cerebrospinal fluid (CSF)
of patients with focal epilepsy.7,8 It has been found that
IL-1β plays a role in the development of a neuronal cell
death after traumatic, ischemic, excitotoxic and seizureinduced brain injuries.8,9
Gingival crevicular fluid (GCF) is an exudate that is
originated from gingival crevices or periodontal pockets around teeth with inflamed gingiva. GCF contains
a variety of materials, including leukocytes (mainly neutrophils), antibodies, complement proteins, various enzymes, and cytokines.10–12 Therefore, GCF component or
constituent measurements are useful to show the alterations in gingival tissues. Additionally, in the oral cavity,
poor oral hygiene and gingival and periodontal diseases
without gingival enlargement can also modify the contents of GCF. In some studies, poor oral hygiene, gingivitis, periodontitis or a gingival injury increases IL-1β and
VEGF values in GCF.13–15
IL-1β has an important role in regulating and increasing the inflammatory response in periodontal diseases.
IL-1β levels in periodontal tissues and GCF have been
closely associated with periodontal disease severity and it
has been found that they significantly increase in diseased
sites, compared to healthy sites.15
A vascular endothelial growth factor (VEGF), 45-kDa
homodimeric glycoprotein, is an angiogenesis and vascular permeability factor that increases microvascular
permeability, stimulates endothelial cell (EC) proliferation, and induces proteolytic enzyme expression and the
migration of ECs, monocytes and osteoblasts, all of which
are essential for angiogenesis.16
An increase in VEGF in GCF affects the periodontal
vasculature profoundly during periodontal disease progression.13,14 The increased concentration of VEGF in
periodontitis may be one of the reasons for the increased
vascularization and permeability, and it may be consid-

ered as a sign of severe periodontitis.13,17,18 VEGF is detectable in periodontal tissues within endothelial cells,
plasma cells and macrophages, in junctional, sulcular and
gingival epithelium, and in GCF.18 Moreover, VEGF expression may be induced by IL-6, IL-1 and PGE2. VEGF
also appears to be regulated by the oxygen concentration
that cells are exposed to, with hypoxia inducing its expression.19
In this study, we aimed to investigate the total
amounts of IL-1β and VEGF in GCF in epileptic patients in a seizure-free period and focused on the relationship between oral hygiene and these biochemical
parameters.

Material and methods
Patient selection
This study was performed in the Department of Pediatric Neurology, Faculty of Medicine and Department
of Pedodontics, Faculty of Dentistry of Ataturk University in 2012. The samples were analyzed in the Biochemistry Department. A total of 160 subjects, 80 pediatric
patients (36 girls, 44 boys) with epilepsy, the test group,
and 80 systemically healthy children (46 girls, 34 boys),
the control group, aged 4–11, participated in this study.
The study was approved by the local ethics committee of
the Medical School of Ataturk University and performed
in accordance with good clinical practice guidelines. Informed consent was obtained from the parents of patients. Children were excluded from the study if they had
any systemic diseases, periodontal diseases, dental caries
or filling in the maxillary anterior teeth, and had taken
antibiotics or anti-inflammatory drugs in the previous
one month. The children in the test group had no other
systemic diseases except epilepsy and they had had no seizures in the past month.

Clinical measurements
Periodontal examinations were carried out and recorded by the same investigator. None of the study patients
had gingival overgrowth. Four points (mesio-buccal,
mesio-oral, disto-buccal and disto-oral) of per maxillary
anterior primary teeth were selected for clinical measurements. If there were no maxillary anterior primary teeth,
permanent maxillary anterior teeth were selected. The
selected teeth were caries-free and unfilled. The gingival
conditions of the patients were evaluated using the Silness-Loe plaque index (PI), Loe gingival index (GI), clinical attachment loss (CAL) and probing pocket depth (PD)
to the nearest millimeter with a Williams probe (Aesculap, Inc., Center Valley, USA).20,21 The obtained scores
were calculated by dividing the total score by the total
number of scored surfaces.
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GCF collection
The selected tooth sites were mesiobuccal sites of maxillary central or lateral in primary or permanent dentition
for collecting GCF. A total of 160 GCF samples were obtained, 80 from epilepsy patients and 80 from a healthy
group. The upper anterior teeth were included in the
study to improve access and to reduce the risk of salivary
contamination during these processes. To avoid the blood
contamination and the possible stimulation of GCF flow
during clinical measurements, samples were collected before any other clinical recordings except PI. Prior to sampling, each selected site was carefully isolated using cotton rolls. A Periopaper strip (Oraflow, Plainview, USA)
was placed in the pocket until a mild resistance was felt
and then left in place for 30 s. In the case of visible contamination with blood, the strips were removed. To eliminate the risk of vaporization, the paper strips with GCF
were immediately carried to a previously calibrated electronic gingival fluid measuring device (Periotron 8000;
Oraflow, Plainview, USA) for volume calculation. After
the volume calculation, Periotron scores were converted
from mL to microliters (μL) via a computer conversion
program. The samples were put into Eppendorf tubes in
300 μL phosphate buffered saline (PBS), containing 100 μL
of 2% bovine serum albumin in PBS and immediately frozen at –80°C until the day of the laboratory analysis.

®

®

IL-1β and VEGF assay

®

The level of IL-1β (eBioscience Platinum ELISA, NY,
USA) and VEGF (RayBio , NY, USA) in GCF was measured by ELISA and the analysis was performed according
to the manufacturer’s instructions using human recombinant standards in the Biochemistry Laboratory of Ataturk
University. The results were reported in pg/mL per sample.
The sensitivity was 0.3 pg/mL for IL-1β ELISA while it was
10 pg/mL for VEGF ELISA. The samples with IL-1β levels
below the limits of the assay’s detectability were scored 0.
The IL-1β results were multiplied by the dilution factor (×2).
The results were converted to µL by being divided by
1000. GCF volumes were added to the dilution factor and
multiplied by IL-1β and VEGF levels.

®

Statistical analysis
Data analysis was performed using the statistical package SPSS 16 (2008, SPSS Inc., Chicago, USA). The results
were expressed as mean ± standard deviation. The data
was firstly analyzed for normal distribution with a Kolmogorov-Smirnov test. The biochemical parameters between the groups were compared with Student’s t-test,
while the clinical parameters between the groups were
compared with a non-parametric Mann-Whitney U test.
The non-parametric Kruskall-Wallis test was used to
evaluate the differences among the drug groups.

The Pearson correlation test was used to verify the
correlations between the biochemical parameters, while
Spearman’s Rank correlation test was used between the
clinical parameters. Spearman’s Rank correlation test was
used to evaluate the relationship between the clinical and
biochemical parameters.
The qualitative non-parametric variable of CAL was
not analyzed because the CAL of both healthy children
and children with epilepsy was ≤ 2 mm.

Results
In the epilepsy group, the clinical and biochemical parameters were significantly higher than in the control
group (p < 0.0001 for all) (Table 1).
Looking at the distribution of the drugs used in the epilepsy patients, in 46, 12, 10 and 12 of the 80 cases, they
were taking valproic acid (VPA), carbamazepine, phenobarbital, and the combinations of these drugs, respectively. These patients had been using their respective drugs
for at least 6 months. When the patients were divided
into groups according to the drug used in this study, there
were not any significant differences in the clinical and biochemical parameters among the drug groups (p > 0.05).
There was a statistically significant positive correlation between total IL-1β and VEGF in both groups
(p < 0.0001). Correlations between IL-1β and GI (r = 0.292,
p = 0.009), IL-1β and PI (r = 0.359, p = 0.001), VEGF and GI
(r = 0.419, p = 0.0001), VEGF and PI (r = 0.347, p = 0.002),
GI and PI (r = 0.466, p = 0.0001) and PD and GCF volume
(r = 0.662, p = 0.0001) were found in the healthy children.
Regarding the children with epilepsy, correlations were
found between IL-1β and GI (r = 0.651, p = 0.0001), IL-1β
and PI (r = 0.481, p = 0.0001), VEGF and GI (r = 0.635,
p = 0.0001), VEGF and PI (r = 0.534, p = 0.0001), GI and
PI (r = 0.676, p = 0.0001) and PD and GCF volume (r =
= 0.319, p = 0.004).

Discussion
The present study has shown that in epilepsy patients,
the total amounts of IL-1β and VEGF in GCF were significantly higher than in healthy children. To our knowledge,
this is the first report measuring GCF levels of IL-1β and
VEGF in epilepsy patients.
In our study, all patients were taking anti-epileptic drugs
in a seizure-free period. Researchers have found that IL-1β
and VEGF production increases in the blood and brain
during an epileptic seizure.9,22 Vezzani et al. reported that
cytokine levels approximate to the normal values in brain
tissue in the next 3–7 days after the seizure.7 In this study,
an increase in biochemical parameters in GCF couldn’t be
attributed to the epileptic seizures because all the epilepsy
cases were seizure-free.
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Table 1. The mean ± SD of total amounts of IL-1β and VEGF and clinical parameters of both groups
Parameters
Biochemical parameters
Clinical parameters

Healthy

Epilepsy

p values*

Statistically used tests
Student’s t-test

total IL-1β (pg)

4.02 ± 0.89

17.15 ± 6.90

0.0001

total VEGF (pg)

48.46 ± 10.92

124.06 ± 35.57

0.0001

GI

0.26 ± 0.13

0.81 ± 0.14

0.0001

PI

0.35 ± 0.20

0.75 ± 0.14

0.0001

PD

0.82 ± 0.24

1.78 ± 0.17

0.0001

GCF volume (µL)

0.06 ± 0.02

0.17 ± 0.08

0.0001

Mann-Whitney U test

* The p values show the comparison of the values in the same row.

Moreover, increased total amounts of IL-1β and VEGF
in GCF may be due to some other causes in epilepsy patients. Gingival enlargement may be one of the factors that
increases IL-1β and VEGF to damage the integrity of the
gingiva. Some anti-epileptic drugs (especially phenytoin)
have side effects such as gingival enlargement. This situation was found to be rare in patients taking other antiepileptic drugs such as phenobarbital, valproic acid, carbamazepine, and levetiracetam. In our study, none of the
patients with epilepsy was taking phenytoin. Besides, we
couldn’t find significant gingival enlargement in the patient population. The authors reported that valproic acid
prevented an inflammation, and carbamazepine could
cause an inflammation and hepatic injury as a result of
this.23,24 We couldn’t find any information about possible
anti-inflammatory effects of phenobarbital. But, in our
study, when patients were classified according to the use
of the drug, no differences were found in IL-1β and VEGF
levels of GCF among the drug groups.
We thought that the cause of the increased total
amounts of IL-1β and VEGF in GCF may be from different factors rather than seizure, drugs or gingival enlargement. IL-1β is one of the most important inflammatory
cytokines in the oral cavity and plays a major role in gingivitis and periodontitis,15 while VEGF is one of the primary mediators of neovascularization in chronic inflammation, including periodontal disease and wound repair,25
and plays a major role in periodontal diseases to increase
vascularization and permeability and help the passage of
inflammatory cells, and it may be considered as a sign of
the severity of periodontitis.8,18,19
There are various bacterial species embedded in a matrix of bacterial products and host-derived factors in dental biofilm or dental plaque. This biofilm can stimulate
an inflammation in gingival tissue. The increase of GCF
volume is an indication of inflammation and subsequent
clinical signs of gingivitis.26 Studies show that plaque increases crevicular IL-1β and VEGF.14,15 Pathogenic bacteria in subgingival plaque cause a subepithelial infiltration
by inflammatory cells, which produce and release IL-1β,
thus an IL-1β concentration in GCF increases in periodontal tissue with gingivitis or periodontitis.15 VEGF
is increased by gingival fibroblasts in response to vesicle

and outer membrane protein from periodontopathic bacteria.16 In our study, it was found that total amounts of
IL-1β and VEGF in GCF had a positive correlation with
plaque-induced gingivitis in both groups (PI, GI). This result may indicate that oral hygiene may be one of the factors increasing IL-1β and VEGF in GCF that is unrelated
to epilepsy.
Many systemic diseases may adversely affect oral health
due to the changes in metabolism and drug use. In some
studies, which support our study, it was shown that epilepsy cases have poor oral hygiene and it has been found
that GI and PI scores are higher in epileptics than in
healthy children.27,28
Guneri et al. investigated the VEGF concentration in
GFC in patients with periodontal diseases.17 Some of
these patients (group I) had diabetic diseases, while the
others (group II) were healthy without any systemic diseases. The differences of VEGF levels were found statistically insignificant between the periodontally healthy sites
of these two groups and the negative control group. But
they found statistically significant differences between
periodontally healthy and unhealthy sites of these two
groups, which is similar to Booth et al.18 Guneri’s study
indicated that the oral situation is more important than
systemic disease for GCF mediators, because the VEGF
levels in GCF were not different between periodontally
healthy sites of diabetic patients and the control group.17
This result indicates that oral hygiene may be one of the
factors increasing VEGF that is unrelated to epilepsy.
Sandalli and Wade recorded a positive correlation between PD and GCF volume in the gingiva of 3–5 year old
children.29 The correlation was more statistically significant in a gingivitis region than in healthy gingiva. Yucel et
al. reported higher GCF volumes in a deep pocket compared to a shallow pocket.30 In our study, in addition, we
found a positive correlation between PD and GCF volume in both groups.
In this study, we found that the children with epilepsy were more likely to have a periodontal disease than
healthy children. We could not give any exact reasons that
this situation may be an immune system problem caused
by epilepsy or neglected oral hygiene. In our study, there
was a limitation that blood specimens were not taken
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from the patients. Thus, we could not compare these biochemical parameters in serum and GCF. Further studies
are needed to clarify the effect of epileptic drugs on the
immune system.
If this situation is not a problem originating from the
immune system, further research should be focused on
why these children care less about oral hygiene than
healthy children. They spend most of their lives in a hospital and constantly have to take medication. For all these
reasons, oral care may be difficult and tedious for them.

Conclusions
Our study revealed that IL-1β, an inflammation indicator, and VEGF, an angiogenesis mediator, increase in the
GCF of epilepsy patients and we can say that epilepsy patients may be at risk of periodontal disease in their future
lives.
Further longitudinal clinical studies are required in order to study the oral health of children with epilepsy and
the probable diagnostic value of combinations of inflammatory mediators.
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Streszczenie
Wprowadzenie. Według danych z piśmiennictwa lęk stomatologiczny, który w różnych populacjach dotyczy od 16 do 24% dorosłych, może mieć wpływ na zachowania prozdrowotne związane z leczeniem dentystycznym oraz na stan uzębienia.
Cel pracy. Ocena wpływu poziomu lęku przed leczeniem stomatologicznym na stan uzębienia dorosłych
pacjentów z regionu łódzkiego.
Materiał i metody. Do badania zakwalifikowano 140 losowo wybranych dorosłych zgłaszających się do
Centralnego Szpitala Klinicznego UM w Łodzi od stycznia do maja 2015 r. Badanie składało się z części
ankietowej i radiologicznej. Kwestionariusz zawierał pytania dotyczące danych socjodemograficznych oraz
oceny lęku przed leczeniem dentystycznym za pomocą skali MDAS (Modified Dental Anxiety Scale). Radiologiczna część badania polegała na analizie zdjęć pantomograficznych. Oceniano liczbę zębów usuniętych,
z próchnicą, z wypełnieniami koronowymi, leczonych endodontycznie i ze zmianami zapalnymi w tkankach okołowierzchołkowych.
Wyniki. Wiek badanych zawierał się w przedziale 18–81 lat (średnia 44,5 ± 17,8). U większości ankietowanych stwierdzono mały (47%) lub umiarkowany (24%) poziom lęku. Wysoki poziom lęku odnotowano u 29% badanych, w tym dentofobię u 9%. W ocenianej grupie średni poziom lęku według skali MDAS
wynosił 11,0 ± 5,3. W grupie osób z wysokim poziomem lęku wykazano istotnie większy odsetek zębów z próchnicą (21,9 vs 10,4%; p = 0,003) i ze zmianami zapalnymi w tkankach okołowierzchołkowych
(13,7 vs 8,6%; p = 0,035) niż w grupie osób z niskim poziomem lęku. W ocenianych grupach nie zaobserwowano istotnych różnic w procentowym udziale zębów z wypełnieniami (27,4 vs 34,4%; p = 0,114),
usuniętych (25 vs 17,2%; p = 0,114) oraz leczonych endodontycznie (10,2 vs 10,8%; p = 0,786).
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Wnioski. Wysoki poziom lęku przed zabiegami stomatologicznymi jest skorelowany z gorszym stanem
uzębienia. Lęk powinien być uwzględniany jako jeden z możliwych czynników ryzyka występowania
próchnicy i jej powikłań.
Słowa kluczowe: lęk przed leczeniem stomatologicznym, zmodyfikowana skala oceny lęku dentystycznego (MDAS), stan jamy ustnej, próchnica zębów, zapalenie przyzębia okołowierzchołkowego
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Abstract
Background. According to the literature, dental anxiety, which affects from 16 to 24% of patients in different populations, can influence dental health behavior
and dental status.
Objectives. The aim of the study was to assess the influence of dental anxiety on the dental status of adult patients in the Lodz region.
Material and methods. The survey included 140 randomly selected patients who were referred to Central Clinical Hospital Medical University of Lodz from
January to May 2015. The questionnaire included questions about socio-demographic data and the level of dental anxiety using the Modified Dental Anxiety Scale
(MDAS). The radiological part included an analysis of pantomographs. The number of decayed, filled, missing, endodontically treated teeth was evaluated. The presence of apical periodontitis was assessed as well.
Results. The age of the patients ranged from 18 to 81 years (mean 44.5 ± 17.8). The majority of respondents demonstrated low (47%) or moderate (24%) level of
anxiety. A high level of anxiety was observed in 29% of subjects including 9% with dentophobia. The mean MDAS value in the study group was 11.0 ± 5.3. Patients
with high levels of dental anxiety had a significantly higher percentage of decayed teeth (21.9 vs 10.4%; p = 0.003) and teeth with apical periodontitis (13.7 vs 8.6%;
p = 0.035) than in the group with low level of dental anxiety. In both groups there was no significant difference in the percentage of filled (27.4% vs 34.4%;
p = 0.114), missing (25% vs 17.2%; p = 0.114) and endodontically treated teeth (10.2 % vs 10.8%; p = 0.786).
Conclusions. A high level of dental fear is correlated with poor dental status. Dental anxiety should be considered as one of the possible risk factors for caries and
its complications.
Key words: dental anxiety, Modified Dental Anxiety Scale (MDAS), oral health, dental caries, apical periodontitis

Strach i lęk należą do najczęściej przeżywanych stanów
emocjonalnych. Chociaż terminy te różnią się definicją,
często są używane zamiennie.1,2 Lęk to stan psychiczny
związany z poczuciem zagrożenia, którego nie można do
kładnie określić. Strach występuje w obliczu rzeczywiście
występującego niebezpieczeństwa.3 Silniejszym uczuciem
jest fobia. Określa się ją jako irracjonalny strach, którego
natężenie nie jest adekwatne do okoliczności i prowadzi
do unikania sytuacji, które ją wywołują.1
Lęk przed leczeniem stomatologicznym jest częstym
zjawiskiem i dotyczy od 16 do 24% dorosłych w różnych
populacjach,4–8 a od 12 do 16% z nich cierpi z powodu
dentofobii, która obok lęku wysokości należy do najczę
ściej diagnozowanych fobii.5–7,9–11 Jej występowanie za
leży od wieku, płci, wykształcenia i statusu socjoekono
micznego. Częściej dotyczy kobiet8 i osób do 30. r.ż.6
Badania przeprowadzone wśród pacjentów cierpią
cych na dentofobię wykazały, że u 85% z nich rozpoczęła
się ona w dzieciństwie na tle negatywnych doświadczeń
związanych z leczeniem stomatologicznym.12 Wśród in
nych przyczyn wymienia się także zniechęcającą posta
wę rówieśników i członków rodziny oraz występowanie
dentofobii na tle innych zaburzeń psychicznych.13,14 Ir
racjonalny strach może pojawić się z obawy przed utra
tą kontroli nad sytuacją podczas wykonywania procedur
stomatologicznych. Dla pacjenta sama obecność w gabi
necie czy też ułożenie w pozycji leżącej w otoczeniu in
strumentarium może być przyczyną uczucia naruszenia
strefy intymnej.15,16 Badania pokazują, że bodźcem wy
zwalającym największy lęk jest podanie znieczulenia za
pomocą igły i strzykawki oraz maszynowe opracowanie
ubytku.12,17
Lęk stomatologiczny może niekorzystnie wpływać na

inne dziedziny życia, co pokazują obserwacje duńskiej
populacji cierpiącej na dentofobię. Według obserwacji
Vermaire et al.18 27 na 30 pacjentów podających lęk przed
leczeniem odczuwa zakłopotanie z powodu stanu swoje
go uzębienia, rzadziej się uśmiecha, co obniża pewność
siebie i utrudnia kontakty społeczne.
Stan zdrowia jamy ustnej pacjentów odczuwających
duży lęk przed leczeniem dentystycznym był przedmio
tem badań różnych populacji.9,19–22 W Polsce w ostatnich
latach oceniano wpływ lęku na stan uzębienia młodzieży
szkolnej,2,23 natomiast publikacje dotyczące tego zagad
nienia w odniesieniu do ogólnej populacji są rzadkie.
Celem pracy była ocena wpływu poziomu lęku przed
leczeniem stomatologicznym na stan uzębienia dorosłych
pacjentów z regionu łódzkiego.

Materiał i metody
W badaniu wzięło udział 158 losowo wybranych do
rosłych zgłaszających się do Centralnego Szpitala Kli
nicznego UM w Łodzi. Badana grupa stanowiła próbę
systematyczną z populacji pacjentów przyjętych w okre
sie od stycznia do maja 2015 r. Badanie składało się
z części ankietowej i radiologicznej. Osoby poniżej 18.
roku życia, pacjenci bezzębni oraz ankietowani, którzy
nie udzielili odpowiedzi na więcej niż jedno pytanie na
skali oceniającej lęk przed leczeniem dentystycznym, zo
stali wykluczeni z udziału w eksperymencie. Ostatecz
nie analizie statystycznej poddano dane 140 dorosłych,
którzy wyrazili pisemną zgodę na udział w badaniu. Ba
danie uzyskało pozytywną opinię Komisji Bioetycznej
nrRNN/24/14KE.
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Metody analizy statystycznej
Do opisu uzyskanych wyników użyto podstawowych
miar statystycznych, takich jak minimum, maksimum,
średnia, mediana, dolny i górny kwartyl, odchylenie stan
dardowe, błąd standardowy średniej (SEM) oraz wskaź
nik struktury.
Do porównania średnich w grupach wykorzystano
test t-studenta. W przypadku niespełnienia założeń te
stu parametrycznego stosowano ich nieparametryczny
odpowiednik, tj. test U Manna-Whitneya. Na wykresach
ramkowych przedstawiono średnią ± błąd standardowy
z wąsami oznaczającymi 95% przedział ufności dla śred
niej. Za poziom istotny statystycznie przyjęto p < 0,05. Do
analizy statystycznej użyto programu Statistica 12.5 PL
(Statsoft Inc., USA).

Wyniki
Wiek badanych osób zawierał się w przedziale 18–81 lat,
średnia wieku wynosiła 44,5 ± 17,8. Wśród ankietowa
nych przeważały kobiety – 58,57% (82), mężczyzn było
41,43% (58).

35
30

liczba pacjentów

Kwestionariusz zawierał pytania dotyczące danych so
cjodemograficznych (wiek, płeć) oraz lęku przed lecze
niem dentystycznym. Poziom lęku oceniono za pomocą
skali Modified Dental Anxiety Scale (MDAS),24 która
składa się z pięciu pytań jednokrotnego wyboru na temat
samopoczucia pacjenta w sytuacjach związanych z le
czeniem:
1) przed zaplanowaną wizytą,
2) w czasie oczekiwania na wizytę w poczekalni,
3) na fotelu przed rozpoczęciem zabiegu polegającego
na maszynowym opracowaniu ubytku,
4) podczas usuwania kamienia nazębnego,
5) podczas znieczulenia nasiękowego podawanego
z użyciem igły i strzykawki.
Na każde z pytań ankietowany miał do wyboru jedną
z pięciu możliwych odpowiedzi, którym zostały przypi
sane odpowiednie wartości punktowe: nie ma to wpływu
na nastrój – 1 pkt, czuję się lekko zaniepokojony – 2 pkt,
zaniepokojony – 3 pkt, zdenerwowany – 4 pkt oraz spara
liżowany strachem – 5 pkt.
Zgodnie z założeniem skali MDAS zastosowano na
stępującą punktację oceny lęku: niski poziom – 5–9 pkt,
umiarkowany – 10–14 pkt i wysoki – 15–25 pkt. Wynik
powyżej 19 punktów oznaczał dentofobię.24
Radiologiczna część badania polegała na ocenie zdjęć
pantomograficznych pacjentów. Radiogramy wykona
no cyfrowym aparatem firmy GendexOrthoralix 9200.
Oceniano liczbę zębów usuniętych, z próchnicą, z wy
pełnieniami koronowymi, leczonych endodontycznie i ze
zmianami zapalnymi w tkankach okołowierzchołkowych
(okw.).
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Ryc. 1. Rozkład badanych z poszczególnymi wartościami skali MDAS
Fig. 1. The number of the respondents with the respective MDAS values
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Ryc. 2. Struktura pacjentów ze względu na poziom lęku w skali MDAS
Fig. 2. The structure of patients according to the anxiety level on the MDAS

Średnia wartość skali MDAS badanych pacjentów wy
nosiła 11,0 ± 5,3. Dominującymi wartościami były war
tości z dolnej części skali. Połowa wyników miała wartość
nie większą niż 10 punktów (mediana), natomiast 25%
wyników znajdowało się powyżej 15 punktów na ska
li MDAS (górny kwartyl). Ilustracją rozkładu wyników
w skali MDAS jest rycina 1.
Podział pacjentów na grupy ze względu na uzyskane war
tości skali MDAS przedstawiono na rycinie 2. U większości
uczestników badania stwierdzono niski (47%) lub umiarko
wany (24%) poziom lęku przed leczeniem stomatologicz
nym. Osób z wysokim poziomem lęku było 29%, w tym
charakteryzujących się dentofobią – 9%. Dalszej analizie
statystycznej poddano dwie grupy ankietowanych: z wyso
kim poziomem lęku – grupa I (≥ 15 pkt w skali MDAS)
i niskim poziomem lęku – grupa II (≤ 9 pkt w skali MDAS).
W dwóch badanych grupach na radiogramach ocenio
no 2391 zębów. Średnia liczba zębów w grupie I (wyso
ki poziom lęku) wynosiła 21, a w grupie II (niski poziom
lęku) – 23, natomiast średnia liczba zębów brakujących
odpowiednio: 7 i 4,9.
Porównanie procentowego udziału zębów objętych pro
cesem próchnicowym, z wypełnieniami koronowymi, le
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Tabela 1. Porównanie w badanych grupach średnich odsetków zębów objętych procesem próchnicowym, wypełnionych, usuniętych, leczonych
endodontycznie i ze zmianami w tkankach okołowierzchołkowych
Table 1. A comparison of average percentages of decayed, restored, missing, endodontically treated teeth and teeth with apical periodontitis in studied groups
Oceniany parametr

Pacjenci z wysokim poziomem lęku (grupa I)

Pacjenci z niskim poziomem lęku (grupa II)

średni odsetek (± SEM)

średni odsetek (± SEM)

21,9% (± 3,5%)

10,4% (± 1,2%)

Zęby z próchnicą

p
0,003

Zęby z wypełnieniami

27,4% (± 3,5%)

34,4% (± 2,7%)

0,114

Zęby usunięte

25,0% (± 4,2%)

17,2% (± 2,6%)

0,114

Zęby leczone endodontycznie

10,2% (± 2,1%)

10,8% (± 1,3%)

0,786

Zęby ze zmianami zapalnymi
w tkankach okołowierzchołkowych

13,7% (± 2,1%)

8,6% (± 1%)

0,035

pie z wysokim poziomem lęku wynosił on 13,7%, nato
miast z niskim poziomem lęku – 8,6%. Zależność tę zilu
strowano na ryc. 4.
W badanych grupach zaobserwowano natomiast brak
statystycznie istotnych zależności w ocenie odsetków zę
bów: z wypełnieniami, usuniętych i leczonych endodon
tycznie.

Ryc. 3. Udział procentowy zębów objętych próchnicą w badanych grupach
Fig. 3. The share of decayed teeth in the studied groups

Ryc. 4. Udział procentowy zębów ze zmianami zapalnymi w tkankach
okołowierzchołkowych w badanych grupach
Fig. 4. The share of teeth with apical periodontitis in studied groups

czonych endodontycznie, ze zmianami zapalnymi w tkan
kach okołowierzchołkowych oraz usuniętych w badanych
grupach przedstawiono w tabeli 1, a zależności różniące
się statystycznie zilustrowano również na rycinach 3 i 4.
Jak wynika z danych przedstawionych w tabeli 1 i na
rycinie 3, wśród pacjentów przyznających się do strachu
przed leczeniem dentystycznym odsetek zębów z próch
nicą był istotnie wyższy (p = 0,003) niż u osób z niskim
poziomem lęku (21,9 vs 10,4%).
Stwierdzono statystycznie istotną różnicę (p = 0,035)
w wartości odsetków zębów ze zmianami w tkankach
okołowierzchołkowych w wyróżnionych grupach. W gru

Omówienie
Badanie zostało przeprowadzone w Centralnym Szpi
talu Klinicznym UM w Łodzi, który zapewnia dostęp
do podstawowej i specjalistycznej opieki stomatologicz
nej mieszkańcom miasta i regionu. Pacjenci zgłaszający
się do placówki stanowią zróżnicowaną populację pod
względem wieku, wykształcenia, miejsca zamieszkania
oraz potrzeb leczniczych. Szpital umożliwia komplekso
we leczenie osób z różnych grup społecznych i w związku
z tym był odpowiednim miejscem do przeprowadzenia
niniejszego badania.
W badaniu wykorzystano zdjęcia pantomograficzne,
które wykonuje się w celach diagnostycznych przed roz
poczęciem leczenia stomatologicznego. Dostarczają one
między innymi informacji o twardych tkankach zębów,
obecności próchnicy i wypełnień, leczeniu kanałowym
oraz stanie zdrowia przyzębia wierzchołkowego. Ich za
letą jest stosunkowo niska dawka napromieniowania,
szybkość i łatwość wykonania oraz uwidocznienie na jed
nym zdjęciu wszystkich zębów. Dlatego, mimo pewnych
ograniczeń wynikających z powiększenia obrazu oraz
nakładania się struktur anatomicznych, zdjęcia pantomo
graficzne25 znalazły szerokie zastosowanie w badaniach
epidemiologicznych.19,26,27
Według danych z piśmiennictwa strach przed lecze
niem stomatologicznym może mieć wpływ na zachowa
nia prozdrowotne związane z terapią oraz na stan uzębie
nia.2,9,19–22
Wielu pacjentów z powodu strachu nie zgłasza się re
gularnie na wizyty do dentysty, co skutkuje brakiem
systematycznego leczenia. Kiedy po długiej przerwie
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odwiedzają gabinet, wymagają skomplikowanego i inwa
zyjnego leczenia, które dodatkowo potęguje niechęć i po
woduje utrwalenie postawy unikającej w przyszłości.1,28
W piśmiennictwie taka sytuacja określana jest mianem
„błędnego koła”. Termin ten po raz pierwszy został użyty
przez Berggrenai Meynerta12 w 1984 r., ale jak pokazują
badania z ostatnich lat, jest nadal obecny w wielu publi
kacjach.1,15,28 Arfmield et al.15 odnotowali, że 39% osób ze
średnim i wysokim poziomem lęku znalazło się w „błęd
nym kole”. Ankietowani odwiedzali dentystę tylko w przy
padku bólu, a gdy dolegliwości ustępowały, rezygnowali
z dalszej opieki stomatologicznej. W grupie pacjentów
pozbawionych strachu taki model zachowania dotyczył
tylko 1% osób.
Lęk dentystyczny z użyciem skali MDAS oceniano
w różnych populacjach na całym świecie. Średnia wartość
skali MDAS w obecnym badaniu wyniosła 11,0. Uzyskane
wyniki są zbliżone do obserwowanych w innych krajach.
Nieco wyższą wartość średniej stwierdzono w Hiszpanii
(11,87)7 i Iranie (12,34),8 a niższą w Grecji (10,48).29 We
dług danych własnych wysoki poziom lęku dotyczył 29,3%
ankietowanych, co sugeruje, że mimo coraz doskonal
szych metod leczenia problem pozostaje ciągle aktualny.
Z przeprowadzonych badań wynika, że u osób z wy
sokim poziomem lęku odsetek zębów z próchnicą był
dwukrotnie wyższy i wynosił 21,9%, podczas gdy u osób
z niskim poziomem – 10,5%. Jest to zgodne z obserwacja
mi Hakeberga et al.,21 którzy badali szwedzką populację
i zauważyli, że średnia liczba powierzchni zębów objętych
próchnicą była zdecydowanie wyższa u ankietowanych
odczuwających strach przed leczeniem dentystycznym
niż w grupie osób pozbawionych lęku (19,5 vs 7,9). Wenstromm et al.19 oceniając zdjęcia pantomograficzne ko
biet w wieku 38 i 50 lat pod kątem występowania próch
nicy zębów, stwierdzili gorszy stan uzębienia u pacjentek
odczuwających lęk stomatologiczny. Coolidge et al.7 za
uważyli również częstsze występowanie zaawansowanej
próchnicy o ostrym przebiegu u osób cierpiących na den
tofobię.
Kolejnym ocenianym parametrem była obecność wy
pełnień koronowych. Jak wynika z przeprowadzonego
przeglądu, odsetek zębów z wypełnieniami nie różnił
się istotnie w porównywanych grupach. Odmienne dane
podali szwedzcy autorzy, których badanie ankietowe i ra
diologiczne 180 pacjentów ujawniło, że osoby z wysokim
poziomem lęku miały średnio mniej wypełnionych po
wierzchni zębów w porównaniu z tymi, którzy nie bali
się stomatologa: średnie wyniosły odpowiednio 8,1 i 13,1
i różniły się istotnie. Ich zdaniem większa liczba wypeł
nień świadczy o regularnym leczeniu, które pozwala
na zachowanie własnego uzębienia. Pacjenci odczuwa
jący strach przed wizytą u dentysty częściej natomiast
zgłaszali się z zaawansowanym procesem chorobowym
i w obawie przed skomplikowanym leczeniem decy
dowali się na najszybszą i jednocześnie najbardziej ra
dykalną metodę postępowania, jaką była ekstrakcja.21
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W opinii autorów opisane zachowania były przyczyną
stwierdzonej również u tych pacjentów większej liczby
brakujących zębów.
Obserwacje dotyczące tego zagadnienia nie są jedno
znaczne, bowiem Coolidge et al.7 po zbadaniu hiszpań
skiej populacji nie znaleźli podobnej zależności. Badanie
własne również nie potwierdziło związku między pozio
mem lęku a odsetkiem usuniętych zębów, chociaż u pa
cjentów lękowych wartość tego odsetka była wyraźnie
większa (25,0 vs 17,2%).
Na zdjęciach pantomograficznych ocenie poddano tak
że częstość leczenia endodontycznego. Odsetek zębów
z wypełnionymi kanałami nie różnił się u osób z wysokim
(10,2%) i niskim poziomem lęku (10,8%). W piśmiennic
twie nie znaleziono publikacji, które badałyby tę zależ
ność. Można jednak dodać, że według wcześniejszych
danych dotyczących łódzkiej populacji odsetek zębów
leczonych endodontycznie był porównywalny i wyno
sił 9,7%.26
W badaniu oceniano także wpływ poziomu lęku na
obecność przewlekłych stanów zapalnych w tkankach
okołowierzchołkowych, które najczęściej są skutkiem
zakażenia miazgi przez bakterie pochodzące z ogniska
próchnicowego.22 Nasza analiza ujawniła korelację mię
dzy częstością występowania zmian zapalnych przyzębia
wierzchołkowego a wysokim poziomem lęku. Odsetek
zębów ze zmianami w grupie I był istotnie większy niż
w grupie II i wynosił odpowiednio: 13,7 i 8,6%. Jest to
zgodne z obserwacjami Hakeberga et al.13, według któ
rych osoby z wysokim poziomem lęku miały średnio
4 zęby ze zmianami, a osoby nieobawiające się stoma
tologa – 1,2. Takiej zależności nie potwierdzają bada
nia Friska i Hackeberga,22 którzy ocenili stan przyzębia
wierzchołkowego 844 kobiet w wieku 38–78 lat i nie za
uważyli związku między lękiem przed leczeniem a czę
stością występowania stanów zapalnych w przyzębiu
wierzchołkowym.
Zróżnicowane obserwacje dotyczące tego zagadnienia
wyjaśniają w pewnym stopniu badania Kirkevang et al.,30
którzy zbadali grupę szwedzkich pacjentów pod kątem
identyfikacji czynników ryzyka utraty zębów. Autorzy
podczas dziesięcioletniej obserwacji zębów ze zdia
gnozowanym na początku badania zapaleniem przyzę
bia wierzchołkowego zauważyli, że część z nich została
w tym czasie usunięta, nie podlegając tym samym dal
szej ocenie.
Przeprowadzone badania pokazały, że wysoki poziom
lęku przed zabiegami stomatologicznymi jest skorelowa
ny z gorszym stanem uzębienia. U pacjentów z wysokim
poziomem lęku zaobserwowano istotnie więcej zębów
objętych procesem próchnicowym i ze zmianami zapal
nymi w tkankach okołowierzchołkowych. Z tego powodu
lęk obok nieprawidłowej higieny, diety czy też niskiego
statusu socjoekonomicznego powinien być uwzględniany
jako jeden z możliwych czynników ryzyka występowania
próchnicy i jej powikłań.

78

K. Sopińska, N. Olszewska, E. Bołtacz-Rzepkowska. Lęk stomatologiczny a stan uzębienia osób dorosłych

Piśmiennictwo
1. Beaton L, Freeman R, Humphris G. Why are people afraid of
the dentst? Observations and explenations. Med Princ Pract.
2014;23:295–301.
2. Kaczmarek U, Grzesiak I, Kowalczyk-Zając M, Bader-Orłowska D.
The level of dental anxiety and the dental status in 18-year-olds.
J Stoma. 2008;61:81–87 [in Polish].
3. Siwy-Hudowska A, Kieszkowska-Grudny A. Machiavellian personality and its factors in gender comparisons: The role of emotional
intelligence and anxiety. Psychol Społ. 2010;5:27–41 [in Polish].
4. Smith TA, Heaton LJ. Fear of dental care: Are we making any progress? J Am Dent Assoc. 2003;134:1101–1108.
5. do Nascimento DL, da Silva Araújo AC, Gusmão ES, Cimões R. Anxiety and fear of dental treatment among users of public health services. Oral Health Prev Dent. 2011;9:329–337.
6. Kirova DG, Atanasov DT, Lalabonova CK, Janevska S. Dental anxiety
in adults in Bulgaria. Folia Med. 2010;52:49–56.
7. Coolidge T, Hillstead MB, Farjo N, Weinstein P, Coldwell SE. Additional psychometric data for the Spanish Modified Dental Anxiety
Scale, and psychometric data for a Spanish version of the Revised
Dental Beliefs Survey. BMC Oral Health 2010;10:2.
8. Saatchi M, Abtahi M, Mohammadi G, Mirdamadi M, Binandeh ES.
The prevalence of dental anxiety and fear in patients referred to
Isfahan Dental School. Iran. Dent Res J. 2015;12:248–253.
9. Kanaffa-Kilijanska U, Kaczmarek U, Kilijanska B, Frydecka D. Oral
health condition and hygiene habits among adult patients with
respect to their level of dental anxiety. Oral Health Prev Dent.
2014;12:233–239.
10. Schuller AA, Willumsen T, Holst D. Are there differences in oral
health and oral health behavior between individuals with high and
low dental fear? Community Dent Oral Epidemiol. 2003;31:116–121.
11. Armfield JM. Australian population norms for the Index of Dental
Anxiety and Fear (IDAF-4C). Aust Dent J. 2011;56:16–22.
12. Berggren U, Meynert G. Dental fear and avoidance: Causes, symptoms, and consequences. J Am Dent Assoc. 1984;109:247–251.
13. Hakeberg M, Hägglin C, Berggren U, Carlsson SG. Structural relationships of dental anxiety, mood, and general anxiety. Acta Odontol Scand. 2001;59:99–103.
14. Locker D, Poulton R, Thomson WM. Psychological disorders and
dental anxiety in a young adult population. Community Dent Oral
Epidemiol. 2001;29:456–463.
15. Armfield JM, Heaton LJ. Management of fear and anxiety in the
dental clinic: A review. Aust Dent J. 2013;58:390–407.

16. Crego A, Carrillo-Díaz M, Armfield JM, Romero M. From public
mental health to community oral health: The impact of dental anxiety and fear on dental status. Front Public Health. 2014;16:1–4.
17. Kaczmarek U, Mysiak-Dębska M, Dębska K, Grzebieluch W. Dental
anxiety in students of the first years of the study of dentistry and
medicine faculties. Dent Med Probl. 2010;47:343–349 (in Polish).
18. Vermaire JH, de Jongh A, Aartman IH. Dental anxiety and quality of
life: The effect of dental treatment. Community Dent Oral Epidemiol.
2008;36:409–416.
19. Wennström A, WideBoman U, Stenman U, Ahlqwist M, Hakeberg M.
Oral health, sense of coherence and dental anxiety among middleaged women. Acta Odontol Scand. 2013;71:256–262.
20. Armfield JM, Slade GD, Spencer AJ. Dental fear and adult oral health
in Australia. Community Dent Oral Epidemiol. 2009;37:220–230.
21. Hakeberg M, Berggren LJ, Grondahl HG: A radiographic study of
dental health in adult patients with dental anxiety. Community
Dent Oral Epidemiol. 1993;21:27–30.
22. Frisk F, Hakeberg M. Socio-economic risk indicators for apical periodontitis. Acta Odontol Scand. 2006;64:123–128.
23. Hajto-Bryk J, Dobroś K, Zarzecka J. Dental anxiety level and dental
status in 18-year-old patients in Poland. J Stoma. 2015;68:669–680.
24. Humphris GM, Morrison T, Lindsay SJ. The Modified Dental Anxiety Scale: Validation and United Kingdom norms. Community Dent
Health. 1995;12:143–150.
25. Whaites E. Zdjęcia pantomograficzne. W: Podstawy radiodiagnostyki stomatologicznej. Redakcja wydania polskiego T.K. Różyło.
Sanmedica, Warszawa, 1994;137–151.
26. Bołtacz-Rzepkowska E, Łaszkiewicz J. Endodontic treatment and
periapical health in patients of the Institute of Dentistry in Łódź.
Przegl Epidemiol. 2005;59:107–115 [in Polish].
27. Różyło TK, Szczepanik-Barczewska E, Kalinowski P, Barczewski Ł.
Radiological comparative evaluation of dental and oral status on
panoramic radiographs of diabetics and health controls. Magazyn
Stomatol. 2014;24:5, 28–32 [in Polish].
28. Boyle CA, Newton T, Milgrom P. Who is referred for sedation for
dentistry and why? Br Dent J. 2009;206:322–323.
29. Coolidge T, Arapostathis KN, Emmanouil D, et al. Psychometric
properties of Greek versions of the Modified Corah Dental Anxiety
Scale (MDAS) and the Dental Fear Survey (DFS). BMC Oral Health.
2008, 30, 8, 29.
30. Kirkevang LL, Ørstavik D, Wenzel A, Vaeth M. Prognostic value of
the full-scale Periapical Index. Int Endod J. 2015; 48:1051–1058.

Reviews

The use of fractal analysis in medicine: A literature review
Zastosowanie analizy fraktalnej w medycynie – przegląd piśmiennictwa
Przemysław LeszczyńskiB–D, F, Jerzy SokalskiA, E, F
Department of Dental Surgery, Poznan University of Medical Sciences, Poland
A – research concept and design; B – collection and/or assembly of data; C – data analysis and interpretation;
D – writing the article; E – critical revision of the article; F – final approval of article

Dental and Medical Problems, ISSN 1644-387X (print), ISSN 2300-9020 (online)

Address for correspondence

Przemysław Leszczyński
E-mail: przemo.leszczynski@gmail.com

Funding sources
none declared

Conflict of interest
none declared

Received on August 16, 2016
Revised on November 23, 2016
Accepted on February 2, 2017

Dent Med Probl. 2017;54(1):79–83

Abstract
In many areas of science, there is a need to assess the complexity of the analyzed objects. One instrument
used to assess this complexity can be fractal analysis, which provides a quantitative measure in the form of
a fractal dimension. A fractal dimension is a quantitative parameter used for measuring the complexity of
the examined objects. Fractal analysis is the process of information processing, where the input data is an
image. The generated information is stored in the form of numbers, an array of numbers, the decision of
the text etc. The implementation of the image processing requires a computer system. In the publications
of recent years, there is increasing interest in the potential use of fractal analysis in many fields of science,
including medicine. Fractal analysis expands the capabilities of the diagnosis of systemic diseases, facilitating and accelerating their examination. In dentistry, the calculation of the fractal dimension can be a tool
for early detection of a periapical lesion on the basic X-rays. Fractal analysis can also be a helpful indicator in
predicting the primary stability of an implant. On the basis of the literature and own experience, the authors
sum up the use of fractal analysis in accordance with current medical knowledge.
Key words: fractal analysis, fractal dimension, fractals, dentistry
Słowa kluczowe: analiza fraktalna, wymiar fraklany, fraktale, stomatologia
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Many areas of science require the assessment of the degree of complexity of the analyzed areas. The tools used to
assess this complexity include fractal analysis, which provides a quantitative measurement in the form of a fractal
dimension.1 The word fractus means “broken” or “partial”.
Fractals are objects made of an irregular shape, characterized by self-similarity, which means that they look alike,
regardless of the magnification used. A fractal dimension
is a quantitative parameter used for measuring the complexity of the examined objects.2
Fractal analysis allows for a comparison between images for the presence of self-similarity.1 Fractal analysis
is the process of information processing, where the input
data is in the form of an image. The generated information is stored as numbers, an array of numbers, the decision, the text and the like. The implementation of the
image processing requires a computer system.
The quality of the compressed images becomes an important factor, and a considerable compression ratio determines the effective image compression. Compressing
an image reduces the amount of redundant data from the
image. The objective of quality measures is to reflect the
approximate quality of the decoded images. The signalto-noise ratio is a quality measure which is frequently
used to measure the deviation between an original and
a coded image.3
The most important feature of the fractal dimension
lies in the possibility of being a fractional number. A computer representation of a radiological image is the image
matrix, where shades of gray correspond to the elements
with coordinates x and y, and create a more or less complex surface whose shape is far from being smooth. In the
case of medical images, the values of the fractal dimension are in the range of 2.00 < D < 3.00.4
Image analysis is used in areas such as materials science
(evaluation of porosity, grain size), medicine, forensics
(comparison of fingerprints), remote sensing (satellite
and aerial images), quality control, automatic sorting of
correspondence and others.5

Cardiological applications
The studies of Lawrence et al. showed the usefulness
of fractal analysis in cardiology.6 They took advantage of
the new marker Gel Point in patients after myocardial infarction and evaluated its therapeutic usefulness. Fractal
analysis measured the changes in the microstructure of
blood clots. They proved that this method makes it possible to evaluate the effectiveness of therapeutic interventions by measuring changes in the microstructure of the
clot.6 Beckers et al. analyzed the nonlinear heart rate variability.7 They obtained information about the autonomic
control of the heart rate. It turned out that the fractal
dimension changes reflect physiological and pathophysiological changes taking place in the myocardium.7
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Recent studies also suggest that fractal analysis describing the nonlinear dynamics of heart rhythm can provide
stronger prognostic information than conventional indexes of heart rate variability. In particular, short-term fluctuation analysis can predict the risk of fatal cardiovascular
events in different populations.8 This is also confirmed by
the study by Tapanainen et al.9 Their prospective, multicenter study evaluated the prognostic significance of fractal analysis and traditional parameters of variability of the
heart rate of patients after acute myocardial infarction.
They showed that the fractal analysis of heart rate variability is a strong predictor of mortality among patients
who survived acute myocardial infarction.9

Oncological applications
A recent study indicates that fractals can be used to diagnose cancerous lesions. This fact is not surprising, because, due to the irregular structure, cancer cells can be
interpreted as fractals.
Fractal analysis is widely used in oncology. It enables
objective classification of complex patterns of tumor tissue by examining the distribution of nuclei. Changes in
fractal dimension are important in a system of classification of tumors. In addition, fractal analysis makes it possible to compare with each other the complexity of increase
and intercellular interactions in tumor tissues.10
Daye et al. investigated the potential of mammographic
parenchymal texture as a phenotypic imaging marker of
endogenous hormonal exposure.11 They concluded that
mammographic texture patterns may reflect the effect of
endogenous hormonal exposure on the breast tissue and
may capture such effects beyond mammographic density.
Differences in texture features between pre- and postmenopausal women are more pronounced in the canceraffected population, which may be attributed to an increased association to breast cancer risk.11
Zheng et al. have developed a fully automated software
pipeline based on a novel lattice-based strategy to extract
a range of parenchymal texture features from the entire
breast region.12 They conclude that a lattice-based strategy for mammographic texture analysis makes it possible
to characterize the parenchymal pattern over the entire
breast. As such, these features provide richer information
compared to currently used descriptors and may ultimately improve breast cancer risk assessment.12
Heymans et al. examined the differences of micro vessels
in malignant melanoma using the fractal method.13 They
found that it is possible to distinguish the quantitative profile
of blood vessels. They have demonstrated the usefulness of
the above method as a predictor of disease progression.
An analysis of fractal dimensions is ancillarily used in
setting a definitive diagnosis. It helps to distinguish the
normal structure images of histological tissue from the
tissue with characteristics of malignancy.14
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Use in ophthalmology
Available publications indicate the particular utility of
fractal analysis in the examination of the surface of the
retina. The research of Frydkjaer-Oslen et al. has shown
the relationship between early vascular changes and neurogenic changes in patients with type 2 diabetes.15 They
considered retinal fractal analysis an effective method
for early identification of neurodegenerative disorders.15
Fractal analysis is also used in studies of macular vessels.
It allows for reliable, accurate analysis of the structure of
the retina in macular degenerations – diabetic maculo
pathy.16
A Talu study confirmed the multifractal nature of the
network of tiny blood vessels in the retina.17 Their analysis allows for a non-invasive way to measure various aspects of the topography of the blood vessels. He showed
that image analysis can be used as a potential marker for
early detection of diseases of the retina.
Pathological lesions in the microcirculation of the retina
may reflect microvascular processes in the brain. Quantitative analysis of the small blood vessels on the capillary level opens a new era of microcirculation research in
small cerebrovascular diseases.18

Use in radiology
The mathematical nature of fractal analysis is widely
used in radiology. There are two types of image compression: ‘Lossless’ compression and Lossy compression.
‘Lossy’ compression always produces an image which is
not an exact copy of the original data. It removes redundancy and creates an approximation of the original. Lossy
compression are required to apply on those data where
reproduction of original data is not required.
The following diagrams show the processing of radiological images for the purpose of fractal analysis proposed
by White.19 Processing of radiological images deliver a binary image.

Fig. 1. Processing radiological images using the S.C. White method19
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A fractal dimension using e.g. the method of boxcounting can be calculated from a binary image.
These studies suggest that the bone tissue is of a fractal construction. Bone strength depends on the mass
and structure of bone tissue. Research by Sindeaux et al.
confirmed that the fractal dimension values of cortical bone are lower in women with osteoporosis.20 They
proved that fractal analysis can be considered a pre-test
to measure bone density, normally used in the diagnosis
of osteoporosis.20 The study by Bianciardi et al. shows that
the results obtained from the analysis of the fractal images of X-rays of bones directly correlate with the results
obtained with ultrasound methods in patients suffering
from osteoporosis.21 Attempts have been made to develop an automatic testing system of trabecular bone using
fractal analysis. Selected areas were tested in tension and
compression condition. Preliminary results show that the
above method may have significant clinical application.22
Luo et al. transformed 3D images of bones obtained
through CT to flat, 2-dimensional X-ray images. Using
a fractal analysis of the obtained radiographs, they
showed that using this method can evaluate the architecture of bone tissue.23 They proved that the fractal dimension increases as bone density decreases. Fractal analysis
of conventional radiographs may become an alternative to
costly and specialized imaging tests.23,24

The use in dentistry
Currently, the literature provides relatively few reports
on the use of fractal analysis in dentistry. Its use is based
on the finding that bone tissue has a fractal construction.
Thus the calculation of the fractal dimension can be a tool
for the early detection of periapical lesion on basic X-rays.
This hypothesis was confirmed using artificial, chemically-generated lesions.25 Fractal analysis can also be used to
evaluate the periapical area after endodontic treatment.26
Sobolewska-Siemieniuk et al. assessed the quantitative
changes in the bone tissue regions of reincluded teeth.4
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They found that, in the case of reincluded teeth, bone tissue of the alveolar part exhibits a high degree of irregularity, and fractal analysis expands the evaluation of radiological images.4 Studies also suggest that comparing the
fractal dimension is a promising tool for detecting changes in the bone tissue associated with the patients receiving
bisphosphonates.27
Kąkolewska’s research aimed to determine whether
there is a relationship between the dimension of implant
stability and a fractal dimension of radiological images of
bone tissue.28 She obtained a correlation between the implants primary stability and the fractal dimension, making it possible to draw the conclusion that the smaller
the fractal dimension of the bone, the higher the primary
stability obtained can be. The results of this study show
that the fractal dimension can be a helpful indicator in
predicting the primary stability of an implant.28
Kozakiewicz et al. analyzed how different implanted
materials affected the healing of alveolar defects using
fractal dimension computation taken from radiographs.29
Studies suggest that a fractal dimension varied with different biomaterials throughout the time of observation
and reflected the individual character of bone remodeling.
Visible changes in the structure emerge earlier in places of
implantation of bovine bone mineral and beta-tricalcium
phosphate in comparison to the group of biomaterials
constituting more stable patterns of radiotexture: algae
derived hydroxyapatite, biological active glass, synthetic
hydroxyapatite. The authors conclude that fractal techniques can be a descriptor of bone substitutes.29
However, an examination of the fractal dimension is not
a suitable method to be used in each case. In order to obtain reliable data, the image resolution and the exposure
time must be appropriately chosen.30

Summary
The publications of recent years show increasing interest in the potential use of fractal analysis in many fields
of science, including medicine. Fractal analysis expands
the diagnostic capabilities regarding systemic diseases
by facilitating and accelerating their diagnosis. However,
fractal analysis also has its drawbacks as it is sensitive to
image processing and the phenomenon of noise. This suggests the desirability of undertaking further research into
the use of fractal analysis to be used in medicine.
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Abstract
Oral cancer is the sixth-most common cancer globally; nevertheless, there is a wide geographical variation
in its incidence all over the world. In India, it accounts for about 30% of all new cases annually and the
gingival-buccal complex (alveolar ridge, gingival-buccal sulcus, buccal mucosa) forms the most common
subsite for cancer of the oral cavity, in contrast to cancer of the tongue that is more common in the Western
world. There is a trend towards increasing incidence and delayed presentation of oral cancer as approximately 50% of patients present at stage III or IV. Although, oral cancer is a disease of the older age groups,
many patients contract it at an early age (< 40 years of age), especially in high incidence countries such as
India where the lower socioeconomic strata of society plays a vital role. Despite improvement in diagnostic
and management techniques, the age-standardized mortality rates in oral cancer are constant, which is
attributable to a failure to detect potentially malignant lesions and early stage oral cancer which precludes
successful treatment.
This article describes three cases of oral squamous cell carcinoma occurring at an early age, with more
emphasis on the clinical aspects of squamous cell carcinoma and measures for the prevention and early
detection of oral cancer.
Key words: tobacco, squamous cell carcinoma, oral cancer
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Oral cancer is the sixth-most common cancer in the world
and in India oral cancer ranks in the top 3 of all cancers.1
Amongst all oral cancers, more than 90% are squamous cell
carcinomas (OSCC) while the remaining 10% of the cases
are mainly melanomas, sarcomas, minor salivary gland carcinomas and metastatic cancers.2 OSCC is asymptomatic
in the early stage and thus ignored by the patient, but it is
known to produce high mortality and serious disturbances
or discomfort in the patient as a consequence of either the
tumor itself or of the treatment in the advanced stage. The
incidence of OSCC is age related, which may reflect the time
for the accumulation of genetic changes and duration of exposure to initiators and promoters, cellular aging, and decreased immunologic surveillance with aging.3
OSCC presents different clinical aspects which are related to the etiology, location of the tumor, evolution time,
origin from precancerous lesion or condition and various
risk factors. Even though the frequent clinical presentation of OSCC is a painless, rapidly increasing growth or
a non-healing ulcer, it may occur in various clinical forms
such as a white lesion, red lesion, mixed lesion (combination of red and white), vegetans, verrucous, and mixed
forms such as ulcerous-vegetans.4 In India, ulcero-proliferative and ulcero-infiltrative presentation is quite common. This article focuses mainly on the etiology, clinical
presentation and diagnostic delay of OSCC.

Case presentation
Case 1

casional bleeding from the same site. There was no history
of pus discharge, trauma, anesthesia or paresthesia in the
associated area. He had a habit of paan chewing and quid
keeping in the lower left buccal vestibule for 30–35 min,
8 to 10 times a day for 20 years. Oral examination revealed
an ulcero-infiltrative lesion on the gingival margin in tooth
34, 35, 36 and 37 with everted edges (Fig. 1). On palpation,
the lesion was tender, firm, indurated and showed mild
bleeding on manipulation. Teeth in the vicinity were tender
and mobile. Extraoral examination revealed the presence
of a single submandibular lymph node on the same side of
approximately size 1 × 1.5 cm, firm, non-tender and mobile. Based on the clinical features, the diagnosis was malignancy involving the gingiva and alveolus (TNM staging
– T4 N1 M0). Computed tomography showed evidence of
a well-defined, enhancing soft tissue density in the gingivobuccal sulcus which was eroding the outer cortex of the
body of the mandible on the left side. The features were
suggestive of malignancy, supporting the clinical diagnosis
(Fig. 2). Histopathological confirmation of the disease was
done by performing an incisional biopsy. He was treated
by surgical excision of the lesion followed by plastic surgery. The skin graft, tissue flap was used to restore tissues
removed from the surgical site. An H&E stained tissue
section from the surgical specimen showed the presence
of neoplastic epithelial cells in the outer connective tissue
capsule. The inner stroma also showed the presence of neoplastic epithelial cells arranged in the form of sheets along
with a keratin pearl formation. The features were diagnostic of moderately-differentiated squamous cell carcinoma.

A 38-year-old male reported with the complaint of loosening of teeth and pain in the mandibular left posterior
region of the jaw for 4 months. He gave a history of ocFig. 1. Case
1 – an ulceroinfiltrative
lesion on the
gingiva and
vestibule on
the left side

Fig. 2. Case 1 – CT scan – axial view, showing a well-defined enhancing
soft tissue mass in the gingivobuccal sulcus, eroding the outer cortex of
the body of the mandible on the left side
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Fig. 3. Case 2 –
an exophytic
growth on
the left buccal
mucosa

Fig. 4. Case 2 – post-operative photograph after six months following
surgery

Case 2
A 36-year-old male reported with the complaint of
a painless growth on the left buccal mucosa for 2 months.
There was no history of discharge or paresthesia in the associated area. He had a habit of keeping tobacco lime quid
in the same region 10–15 times a day for 18 years. On
intraoral examination there was the presence of a single,
sessile, exophytic, cauliflower-like growth on the left buccal mucosa of approximately 3 × 2 cm, which was white
in color with distinct borders (Fig. 3). Palpation revealed
that the growth was non-tender and firm. There was no
regional lymphadenopathy. Considering the habit history
and clinical features, the diagnosis was malignancy of the
left buccal mucosa (TNM staging – T2 N0 M0). Histopathological confirmation of the disease was done by performing an incisional biopsy. He was treated by doing wide
local excision of the lesion. An H&E stained tissue section
from the surgical specimen was diagnostic of moderatelydifferentiated squamous cell carcinoma. Clinical examination after 6 months following the surgery revealed uncomplicated recovery and no recurrence (Fig. 4).

Case 3
A 34-year-old male reported with the complaint of
a non-healing ulcer on the right lateral border of the
tongue for 3 months. The patient stated that he was
healthy 3 months prior, but one day he had experienced
discomfort on the right side of his tongue for which he
had performed self oral inspection and noticed a small ulcer of a few millimeters in the same region. He reported

Fig. 5. Case 3 – malignant ulcer on the right lateral border of the tongue

to the physician in his home town for the problem but
didn’t get relief with the medications prescribed. The intraoral ulcer increased rapidly in the course of 3 months.
He also gave a history of mild pain and difficulty in mastication on the right side due to the large ulcer and repeated tongue biting. There was no history of bleeding, pus
discharge or paresthesia in the associated area. He had
a habit of chewing paan and tobacco 4–5 times a day for
15 years. Oral examination showed the presence of a single, large (4 × 5 cm in size) ulcer with everted edges. The
base of the ulcer was indurated and covered with necrotic
slough (Fig. 5). Lymph node examination revealed lymphadenopathy with submental and right submandibular
groups. All lymph nodes were tender, hard and partially
fixed. The clinical features were diagnostic of tongue malignancy (TNM staging – T3 N2b M0). He was treated by
a combination of surgery and radiotherapy after undergoing all the necessary examinations for local and distant
metastases and confirmation by incisional biopsy. The
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histopathological features of the postoperative specimen
were suggestive of moderately-differentiated squamous
cell carcinoma.

Discussion
Oral cancer is considered a serious public health problem that causes a great deal of morbidity and mortality
in the population. It is often painless or asymptomatic,
so the patient usually reports for treatment at the advanced stage of the disease. Nonetheless, a diagnosis of
early OSCC with a presentation of just a white lesion, red
lesion, in-situ or micro-invasive carcinoma represents
a real challenge for the oral diagnostician. The clinical
presentation of OSCC as a white lesion with an uneven
granular surface or red lesion with superficially eroded
areas may be misdiagnosed as a premalignant lesion. The
oral diagnostician should be aware of the initial carcinomatous changes that may take place in a premalignant lesion, as they do not respond to local treatments.
Oral cancer is a disease of increasing age, with an average age at diagnosis of about 60 years and usually the
etiology is deleterious habits.3 The patients described in
the present article are less than 40 years of age but according to the habit history given by them, the presence
of adverse habits can be considered a probable cause for
the development of cancer in them. Few previous studies
have reported about the occurrence of OSCC in a younger age group (< 40), especially in high incidence countries
such as India, Pakistan and Sri Lanka.5,6 However, a number of additional factors such as genetic susceptibility, viral infection and hormone and immune modulation are
to be considered responsible for the occurrence of OSCC
in young individuals, especially in females.7,8 According to
Fabiana Vargas-Ferreira et al., nearly 20% of OSCC cases
have unknown etiology and thus it is important to investigate other possible factors associated with the occurrence
of OSCC, enabling appropriate clinical management and
monitoring.9
The location of the OSCC directly correlates with the
etiological factors in a particular patient. In central India,
a common site for the occurrence of OSCC is the gingivobuccal vestibule. But in Western countries, the tongue
is the commonest site. These site-wise differences in the
incidence of oral cancer between Western countries and
India may be due to a difference in the habit of tobacco
usage. Tobacco smoking (cigarette) is more prevalent in
Western countries while tobacco chewing, smoking (bidi)
and snuffing, along with other ingredients like betel nut,
Gutkha, lime, catechu, etc., are the most prevalent habits
in India. The first two cases described in this paper have
shown similar presentation. Due to these major etiological factors and the increasing incidence rate, it is suggested that oral cancer in India should be considered a “new
epidemic”.4
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For lip carcinoma, the etiology is usually chronic exposure to sunlight. Meanwhile, chronic trauma due to
various factors, such as a fractured tooth, sharp edged
teeth, root pieces or improper denture, is the most typical reason for carcinoma of the lateral border and ventral
surface of the tongue.3,10 In the present article, in case 3,
it is difficult to guess the probable etiology for OSCC of
the lateral border of the tongue because, even though the
patient has teeth with sharp cusps, he had a history of an
adverse habit for 15 years.
In most cases, OSCC is asymptomatic, and pain appears only when muscles or nerves are invaded in the advanced stages of the disease.10 The common symptoms of
OSCC are a painless growth, painless ulcer, loosening of
teeth, exfoliation of teeth, discomfort, difficulty in swallowing, etc.
The most deadly aspect of oral cancer, like any other
cancers, is its ability to spread, or metastasize. In OSCC,
the spread of tumor to regional or cervical lymph nodes
take place by lymphatic route usually in a sequential manner. About two-thirds of OSCC are already of substantial
size and will have clinically detectable metastases to cervical lymph nodes at the time of diagnosis.11 The metastases to regional lymph nodes can be ipsilateral, contralateral or bilateral. Ipsilateral metastases are frequently
associated with early stage of tumor while bilateral is often seen in advanced stage of disease, tumors of midline
and posterior part of oral cavity. The higher incidence of
regional metastases at the time of diagnosis is noted in
OSCC involving the posterior areas of oral cavity. The tumor spread is influenced by its size. Lesions classed as T1
may show regional spread in 10 to 20% of cases, T2 lesions
in 25 to 30% of cases and T3 to T4 tumors in 50 to 75%.3
The presence of extracapsular lymph node spread is associated with a high rate of local and regional recurrence,
distant metastasis and mortality.11 Patients with metastasis need more-aggressive treatments such as combination
of surgery and radiotherapy or combination of surgery
and chemotherapy. It is therefore important to assess as
reliably as possible whether a patient has metastases or
not.
Early diagnosis is a foremost step for reducing cancer
mortality, but approximately 50% of cases are diagnosed
in the late stages (stages III or IV), either due to ignorance
or the inaccessibility of medical care. The diagnostic delay
in OSCC can be considered in three categories:4,12,13
1. Patient delay or primary delay – a delay in the time
from the onset of symptoms to the initial visit to a dental or medical professional,
2. Professional delay or secondary delay – the time between the visit to a dental or medical professional and
a final diagnosis, that is histological confirmation of the
disease,
3. Patient and professional delay or total delay – the period of time between the final diagnosis and the beginning of treatment.

Dent Med Probl. 2017;54(1):85–89

The time period to consider as a delay in receiving
treatment ranges from 21 days to 3 months according
to various studies.12 In the 1st case of the present article,
there was a delay on the patient’s side, but the 3rd case can
be considered a total delay, as the patient had reported to
the local physician who probably could not do a correct
diagnosis and thus resulted in a worsening of the disease.
The overall information affirmed in this article points
to the rising prevalence of oral cancer all over the world,
including India, which is attributable to diagnostic delays by both parties, the patient and the professional, and
thus prevention and diagnosis of early oral cancers becomes an area of great concern.

Prevention and diagnosis
of oral cancer
One of the methods for the prevention of oral cancer is
to conduct a survey to evaluate the attitude of the population regarding addiction to various adverse habits and their
knowledge about the causative role of habits in the development of oral cancer. With reference to this, programs
should be conducted to impart awareness amongst the
population related to the harmful effects of adverse habits,
and also periodic de-addiction programs should be carried
out especially for the rural public. Another cost-effective
and feasible method to reduce overall cancer prevalence is
to screen the population for early cancer and presence of
precancer or potentially malignant disease.
Sankaranarayanan et al. have reported a sensitivity of
67.4% for a visual examination in detecting oral cancer in
their study.14 Screenings should basically focus on the people of the high risk group such as people having a history of
habit, immuno-compromised patients, elderly males, and
people in a low socioeconomic group. Oral self-examination can be helpful in detecting oral cancers early.12,13
Dentists are in a unique position to promote primary
preventative measures to high risk groups, and to aid in
the early diagnosis and referral of suspicious oral lesions.
There should be a policy to conduct regular continuing
education programs for dentist, especially budding dentists, to impart knowledge about the warning signs that
will aid in the diagnosis of early oral cancer.
Shwetha et al. have mentioned the objectives referring
to the early diagnosis of oral cancer and various comprehensive diagnostic modalities that can be used for early
detection of oral cancer like PCR, genomics and proteomics, microarrays, nanodiagnostics, etc.15 Also, they
have stated the limitations in performing these methods
routinely. Last but not the least is that patients must be
encouraged to visit their dentist regularly, which will help
to increase the rate of early detection of oral cancer.
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Conclusions
The oral physician plays a vital role in the prevention
of oral cancer by inducing healthy life styles and detecting the potentially malignant conditions. They can reduce
oral cancer related morbidity and mortality by diagnosing an early stage oral cancer. But, to achieve this goal,
they should have in-depth knowledge about the clinical
aspects of oral cancer. The Indian oral cancer scenario is
relatively different from other parts of the world in terms
of its etiology, clinical presentation, sociology, economy
and diagnostic delay.
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A dentigerous cyst in a patient treated
for an odontogenic myxoma of the maxilla: A case report
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Abstract
Tumors of the oral cavity are of various origins and can be signs of non-invasive cysts or malignant neoplasms.
The paper describes the case of a 9-year-old boy with a tumor in the right side of the maxilla. Having been
treated for an odontogenic myxoma at the age of 3, the patient was included in a national program assessing the health of children who had undergone anticancer treatment. The boy remained under oncological
supervision, and the tumor was found again in the same region a few years later. It was diagnosed as
a dentigerous cyst and surgically excised. In addition, when the patient was 9 several changes in dentition
were found that were typical following anticancer therapy: no tooth germs were observed for teeth 13, 35
and 45, and microdontic teeth 25 and 47 were noted. These changes could be attributed to the chemotherapy performed in early childhood. Tumors appearing in the oral cavity always require an in-depth assessment
of their nature and origin. Chemotherapy elicits late complications in tooth development in children.
Key words: child, myxoma, dentigerous cyst
Słowa kluczowe: dziecko, śluzak zębopochodny, torbiel zawiązkowa
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A cyst is defined as a pathological space within soft tissues or bones that contains a liquid and is lined with an
epithelial lining. The most common odontogenic cysts
are radicular cysts (62%), dentigerous cysts (31%) and primordial cysts (3%). They are more common in the mandible (52% of cases) than in the maxilla (46% of cases),
with the remaining cases (2%) found in both jaws.1 In an
analysis of the incidence of cysts among patients treated
between 1996 and 1999 in the Department of Dental Surgery in Warszawa, Kozarzewska et al. found 340 such cases, 174 (51.2%) in women and 166 (48.8%) in men, with
developmental cysts in 9.5% of them.2
Kramer and Pindborg propose that dentigerous cysts
are epithelial odontogenic cysts that arose from the dental
lamina following disturbances in the process of odontogenesis.3 They are accompanied by impacted, embedded
or otherwise unerupted teeth.4,5 The cysts may have an
inflammatory origin from a source such as periapical inflammation from non-vital teeth.6 They also appear during the course of some genetic disorders, such as Gorlin
syndrome or cleidocranial dysplasia.5,7
The clinical symptoms of dentigerous cysts include
expansion of dento-alveolar bone, facial asymmetry, divergence of adjacent tooth roots, dislocation of teeth,
disturbances in teething, malocclusion or local inflammation.2,5,9 The cysts are typically found accidentally during
routine radiographic examinations as well-defined unilocular or multilocular radiolucent lesions.8
The treatment of cysts is surgical. According to traditional terminology, Partch I refers to total excision of
the cyst with its follicle and the tooth germ inside, while
Partch II refers to a 2-step method of marsupialization
or cystotomy.8 In cases of larger lesions, several modifications can be used, mostly based on decompression by
fenestration of the tumor, leading to a gradual reduction
of the cyst before its final excision.4
While the prognosis for surgical treatment is good,
a cyst can recur if many epithelial cells remain. During
surgery, the tooth germ is also removed from inside the
cyst. A lack of treatment can lead to bone perforation or
metaplasia of the cyst to the neoplasm.9–12
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CWS protocol. By the time the diagnosis was verified,
3 full cycles of chemotherapy had been completed. After
gaining a final histopathological diagnosis from the international Sarcoma Coordinator for Cancer Treatment,
the diagnosis was changed from sarcoma to myxoma, and
the invasive treatment was suspended. The boy remained
under observation by the Clinic of Oncology with regular
magnetic resonance imaging (MRI) examinations; no sign
of relapse was found in the right maxillary sinus.
A few days before the January 2015 visit, the patient, now
aged 9, had reported a change in the shape of the alveolar process of the upper right side of the maxilla. An MRI
was performed in the Clinic of Oncology using T1/T2-weighted imaging with a Fast Spin Echo (FSE) sequence,
a T1-weighted FLAIR sequence with fat suppressed (FS)
and a T1-weighted FS sequence following intravenous infusion of the contrast medium. The MRI revealed no relapse of myxoma, and showed that the paranasal sinuses
were also free from changes. However, in the region of
tooth 12, a 11 × 6 mm tumor was noticed with no inflammatory changes in the surrounding bone (Fig. 1). Digital
palpation indicated that the submandibular and cervical
lymph nodes were not enlarged, and that a small polyp of
mucous membrane, about 7 mm in diameter, with no neoplastic traits, was present in the apex of the left maxillary sinus. The polyp had been visible during earlier MR imaging.
An initial diagnosis of odontogenic cyst was made, and
the patient was directed to the Department of Pediatric
Dentistry of the Medical University of Łódź for further
diagnosis and treatment.
The patient was admitted to the Department of Pediatric
Dentistry for an urgent procedure in February 2015. A clinical investigation revealed the presence of a non-painful

Case report
In January 2015, a 9-year-old boy (F.T.) was admitted to the Clinic of Pediatrics, Oncology, Hematology
and Diabetology at the Medical University of Łodź (Poland). He had been under regular supervision since 2009
as part of a national program supported by the National
Health Ministry assessing the health of children following anticancer treatment. In 2009, at the age of 3, the
boy was treated for a tumor of the right maxillary sinus.
The tumor was totally excised in July 2009; the initial
histopathological diagnosis of rhabdomyosarcoma led
to a recommendation of chemotherapy according to the

Fig. 1. CT of the head of the 9-year-old boy
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Fig. 2. Intraoral view of the tumor in the nine-year-old boy

Fig. 4. Intraoral view of the nine-year-old boy’s dentition two months after
surgery

Fig. 3. Panoramic radiograph taken before treatment of the nine-year-old
boy: cyst with the crown of tooth 12 on the right side

Fig. 5. Panoramic radiograph taken two months after treatment of the
nine-year-old boy; the absence of tooth germs for teeth 13, 35 and 45 and
microdontic teeth 25 and 47 can be noted

tumor with unchanged mucous membrane in the region of
teeth 52, 53 and 54 (Fig. 2). The teeth were not tender to
percussion, and the reaction of their pulp was correct. In
addition, a retained tooth 52 was noticed, while permanent
tooth 22 had already fully erupted on the opposite side of
the arch. A panoramic radiograph was performed, and an
impacted tooth 12 was observed inside the tumor (Fig. 3);
the root of tooth 11 was displaced. On the basis of the radiograph, a dentigerous cyst was diagnosed (cystis follicularis). The patient was directed to the Department of Oral
Surgery of the Medical University of Łódź, where the cyst
was excised. During the procedure, teeth 52, 53, 54 and 12
were removed under general anesthesia (Figs. 4 and 5). The
histopathological results confirmed the clinical diagnosis.
The radiograph also revealed several dental anomalies.
The dentition lacked germs for teeth 13, 35 and 45, and
microdontic teeth 25 and 47 were found.

cancer treatment. The inflammatory condition caused by
the tumor, or mechanical damage to the dentigerous lamina connected with surgery, may have initiated the cyst.
On the other hand, several studies have reported a connection between the occurrence of odontogenic cysts and
neoplasms, and various authors have noted that lesions
which appear as dentigerous cysts may have a component of ameloblastic changes in their lining.9,13,14 Mucussecreting cells or even a mucoepidermoid carcinoma may
arise in the wall of a cyst.8 It has also been documented
that a dentigerous cyst may transform, or be a predictor
of odontogenic keratocysts in later years.8,15 These observations might indicate that a connection exists between
various pathological processes which share similar origins
in the same part of the bone.
In the present case, the decision to perform total enucleation of the dentigerous cyst followed a heated discussion
in which the authors compared the use of total incision
with a 2-stage treatment. The 2-stage treatment seemed
to be more favorable, as many studies stress the advantages of more conservative treatment, preserving the tooth
inside the cyst, especially in patients of developmental
age.1,4 In addition, the patient already lacked a few teeth,
including an adjacent upper canine. However, in the light

Discussion
The occurrence of a dentigerous cyst in the same region as a neoplasm may suggest that the presence of the
neoplasm is related to the inception of the cyst following
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of the aforementioned link between different pathological
processes and the fact that the boy had already suffered
from cancer, it was decided to remove all the cells of the
cyst by more invasive treatment. It should be noted that
the diagnosis was not certain until the histopathological
verification.
The odontogenic myxoma (OM) found in the patient at
the age of 3 is a benign neoplasm that represents around
3–6% of all odontogenic tumors. It can be locally invasive
and can be found in both jaws with similar incidence.10,12,16
It originates from odontogenic ectomesenchyme or undifferentiated mesenchymal cells in the periodontal ligament.8 In a Polish population, Stypulkowska found myxoma to be present more commonly in the mandible than
the maxilla, and more frequently in males than females
(1 : 0.7).17 The majority of cases are found in the second
or third decades of life, but are also occasionally found in
those below the age of 10 (5–7% of cases).8,18 While the
initial recognition of the tumor is mostly based on radiographs, this is followed by computer tomography (CT) or
MRI. The final diagnosis is based on histological results.
McDonald-Jankowski et al. reported that the likelihood
of perforation and the pattern of the septa in the myxoma
are better displayed by CT, while the tooth displacement
and root resorption are more reliably observed on conventional radiographs.19
In the present case, both tumors were initially diagnosed
by MRI. In the case of the cyst, a relapse of myxoma was
excluded during MR imaging. However, the dentigerous
cyst with a tooth inside was visible only in a conventional
radiograph. It is difficult to distinguish odontogenic myxomas from similar tumors, and a number of diagnostic errors have been described.20 Myxomas might be mistaken
for dentigerous inflammation or a malignant neoplasm;
for example, Basile and Lin described a case of odontogenic myxoma mimicking a fibro-osseous process.21 On the
other hand, Kali et al. reported a gnathic desmoplastic fibroma mimicking a dentigerous cyst.22
The patient described in the present study had received
3 rounds of chemotherapy before the final, more favorable
diagnosis of the tumor was made, and several dental anomalies were found in the panoramic radiograph taken a few
years after anticancer treatment. The missing upper right
canine (tooth 13) was probably a complication of myxoma
excision from the upper right sinus. However, the lack of
premolars 35 and 45 and the microdontia of teeth 25 and
47, not directly connected with the site of the tumor, might
have been a complication of chemotherapy. In an examination of the impact of chemotherapy on the incidence of dental anomalies like hypodontia, microdontia or short roots,
Proc et al. noted a significantly higher incidence of missing
teeth in patients who had undergone chemotherapy in early
childhood than in the controls (31.14% vs 9.21%), as well as
a greater incidence of microdontic teeth (36.06% vs 2.87%).23
Although hypodontia is most often attributed to genetics, in the present case an interview with the immediate
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family members excluded this possibility. The etiology of
microdontic teeth is not well evidenced; however, microdontia is believed to be mostly caused by harmful factors
disturbing odontogenesis.23 The patient in the present
study had received anticancer treatment at the age of 3,
which is known to be a critical age for the development
of premolar and second molar teeth. While microdontic
premolars are most often found in patients treated within
the age range of 19–24 months, the 31–42 month period
is also known to be one of increased risk for premolars.23
Microdontic second molars are most often found in patients treated in the 31–36 month age range, which includes the age at which the patient in this study underwent chemotherapy.

Conclusions
Tumors appearing in the oral cavity always require an
in-depth assessment of their nature and origin.
Chemotherapy elicits late complications in tooth development in children.
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Peripheral giant cell granuloma is an inflammatory hyperplastic lesion that commonly occurs on peripheral
tissues like gingiva, periodontal ligaments or alveolar mucosa. Clinically it is only seen in gingiva, particularly between the first permanent molars and incisors. It manifests itself as a benign tumor consisting of
multinucleated giant cells.

David Kadakampally
E-mail: david_mahe2005@yahoo.co.in

none declared

Conflict of interest
none declared

Received on October 1, 2016
Revised on October 24, 2016
Accepted on November 4, 2016

This article reports a case of peripheral giant cell granuloma in the left mandibular premolar region in
a 34-year-old man. The lesion was excised and sent for histopathological examination, and was diagnosed
as peripheral giant cell granuloma. The lesion was recurrent. This case report shows the importance of
confirming the diagnosis of the lesion by histopathological examination. Peripheral giant cell granuloma
is a reactive lesion that shows a rapid growth rate and can cause minor tooth movement. As the name
suggests, there is no bony involvement and the enlargement is a soft tissue extension. Early conservative
management will reduce the risk of tooth loss.
Key words: peripheral giant cell granuloma, multinucleated giant cells, local trauma
Słowa kluczowe: nawrotowy nadziąślak olbrzymiokomórkowy, wielojądrowe komórki olbrzymie, uraz
miejscowy

DOI

10.17219/dmp/66759

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/)

98

Peripheral giant cell granuloma (PGCG) is among the
benign tumors of peripheral origin. It is also referred to
as giant cell epulis, peripheral giant cell tumor, osteoclastoma, giant cell hyperplasia or giant cell reparative
granuloma. It is an inflammatory hyperplastic lesion that
commonly occurs on peripheral tissues like gingiva, periodontal ligaments or alveolar mucosa. As the name indicates, it does not represent a true neoplasm, but rather
a reactive hyperplastic lesion secondary to local trauma
or irritation. The exact etiology is, however, unknown.1
Clinically PGCG is only seen in gingiva, particularly between the first permanent molars and incisors; it presents
as a smooth surface, either sessile or pedunculated, bluish
red in color. It is asymptomatic, seen as red mass of gingiva composed of fibroblasts and multinucleated giant cells
with more nuclei and amorphilic cytoplasm. The giant cells
appear to be non-functional in terms of phagocytosis and
bone resorption. When it occurs in edentulous areas (which
is rare) it produces a cup-shaped radiolucency. It occurs in
all age groups, but more commonly in 30- to 40-year-old
patients; females have a greater predilection than males. It
cannot be clinically separated from pyogenic granuloma.2,3
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Fig. 1. Pre-operative image showing the intra-oral lesion

Case report
A systemically healthy 34-year-old male patient presented with a chief complaint of swelling in the lower left
back region for 6 months. His history revealed that the
swelling started after chewing on a fish bone 6 months
previously and started increasing in size, gradually attaining the present size. There was occasional bleeding from
the lesion while brushing. The patient was asymptomatic.
Extra-oral swelling was not seen.
On intra-oral examination, an intra-oral swelling was
present in the lower left back region, which is illustrated in
Fig. 1. A swelling measuring 3 × 2 cm was seen adjacent to
tooth number 21 (universal tooth numbering system). It was
reddish pink in color, with a firm consistency, well defined
and non-fluctuant; it was tender on palpation extending
along both the buccal and lingual sides of the same tooth.
The tooth was vital; it was slightly mobile, but there was no
evidence of endodontic pathology associated with it.
A radiological examination revealed horizontal bone
loss at tooth 21 but no evidence of bony involvement.
Routine blood tests including a complete hemogram,
bleeding time and clotting time and erythrocyte sedimentation rate (ESR) were found to be normal.

Treatment of the lesion
Scaling and root debridement were performed as Phase I
therapy. The patient was recalled after one week for a reevaluation. The lesion was excised under local anesthesia
(Fig. 2) and sent for histopathological examination.

Fig. 2. Post-operative image after excision of the lesion

A routine histological examination with hematoxylin revealed the presence of areas of multinucleated giant cells
with 6 to 8 nuclei and amorphilic cytoplasm in a background of plump ovoid and spindle shaped mesenchymal
cells. Deposition of hemosiderin pigments along with collagen fibers intermixed with chronic inflammatory cell infiltrate (chiefly lymphocytes and plasma cells), blood vessels
engorged with RBCs and areas of hemorrhage were also
seen. The zone of giant cell proliferation was delineated
from the overlying hyperplastic parakeratinized stratified
squamous epithelium by a zone of normal lamina propria.
The histological picture is shown in Fig. 3.
The diagnosis was suggestive of peripheral giant cell
granuloma. A characteristic feature of PGCG is recurrence, which is seen in 5–11% of cases.4 Recurrence of
peripheral giant cell granuloma was observed in the present case after 3 months.
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Fig. 3. Histological picture showing multinucleated giant cells and foci of
hemorrhage

Discussion
Peripheral giant cell granuloma is the most common lesion in both jaws. The etiology of PGCG is still not clear.
The literature indicates that PGCG has a female predilection, although the present case report concerns peripheral giant cell granuloma in a male patient, which is similar
to the study by Bhaskar et al.5
Radiographic features in an edentulous area include
cup-shaped resorption of alveolar bone that is called
a “levelling effect”; and in a dentate region there will be
widening of the periodontal ligament space and resorption of the alveolar crest in the interdental region.6
Bischof et al. reported a case of peripheral giant cell
granuloma associated with implants.7
The observed recurrence of this lesion is from 5% to 11%.
In the present case, recurrence was seen after 6 months,
which coincides with a case report by Prabhat.8 To prevent recurrence, the excision of the lesion should be performed down to the periosteum. In the present case, total
excision and complete removal of the remnants of the lesion was advised to prevent recurrence.
Rodrigues et al. reported that the presence of lesions
may cause mobility or displacement of neighboring
teeth.1 In the present case, increased mobility of the tooth
was noted after excision of the lesion. It was painless and
it did not interfere with occlusion, hence it was not affected by traumatic forces. Rodrigues et al. also stated that
the consistency of a PGCG lesion depends on its age: with
time, there is an increase in collagen fibers, so a mature
lesion is firm in consistency.1 In the present case, the consistency was firm.
El Mofty et al. stated that these giant cells are derived
from bone marrow mononuclear cells and are present
in the stroma only in response to an unknown stimulus.9 The giant cells are short-lived and disappear early in
cultures, in contrast to the stromal cells, which show active proliferation.9
Willing et al. reported that factors that are secreted by
stromal cells, such as monocyte chemo attractant pro-
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tein-1 (MCP1), osteoclast differentiation factor (ODF)
and macrophage-colony stimulating factor (M-CSF), are
monocyte chemo attractants and are essential for osteoclast differentiation. This suggests that the stromal cells
stimulate the immigration of monocytes from the blood
into the tumor tissue and enhance their fusion into osteoclast-like, multinucleated giant cells.2 As Abe et al. wrote,
“the recently identified membrane-bound protein family,
a disintegrin and metalloprotease (ADAM), is considered
to play a role in the multinucleation of osteoclasts and
macrophage-derived giant cells from mononuclear precursor cells”.10
There are no pathognomic clinical features that differentiate the peripheral giant cell granuloma from pyogenic
granuloma, peripheral ossifying fibroma or giant cell fibroma. Along with clinical examinations, radiographic
and histological examinations are needed to confirm the
diagnosis. 11–13

Conclusions
Even though the etiology is unclear, poor oral hygiene
could be a predisposing factor in PGCG. Early diagnosis
and conservative management is important in such lesions, since they can become more destructive over time.
Peripheral giant cell granuloma can manifest as gingival enlargement, which is a reactive lesion with a rapid
growth rate and involvement of soft tissue above underlying bone, without any central bony lesion. This could
cause minor to moderate tooth movement because of
resorption of underlying alveolar bone. Therefore, early
management of these lesions can prevent the risk of tooth
loss.
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Abstract
Dental impressions are mainly used to record the geometry of hard and soft tissue and the relations between
teeth and the adjacent tissues. In implantology, precise implant impressions are necessary to obtain the best
possible detailed reproduction of the implant site and the passive intraoral fit of the implant framework.
However, ensuring those necessities in the interdisciplinary treatment of orthodontic patients requires revised impression techniques and materials. In this study a modified one-stage putty-wash pick-up implant
impression procedure was used, incorporating the use of two additional silicone materials and modeling
wax. Additionally, an Er:YAG laser was used to obtain a better emergence profile for implant restorations and
an immediate impression, which shortened the prosthodontic stage in patients undergoing orthodontic
treatment. The technique described here for taking the impression and creating the emergence profile offers
dental practitioners additional options in implantoprosthodontic treatment of orthodontic patients, as the
method is characterized by simple preparation and satisfactory implant site reproduction.
Key words: dental implants, orthodontic treatment, Er:YAG laser, prosthetic impression, laser surgery
Słowa kluczowe: implanty stomatologiczne, leczenie ortodontyczne, laser Er:YAG, wycisk protetyczny,
chirurgia laserowa

DOI

10.17219/dmp/66363

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/)

102

The use of endosseous titanium implants has been successfully implemented in the treatment of patients with
edentulism of various extents.1–3 Nowadays, implants are
extensively used in several disciplines of dentistry. Patients affected with malocclusion and partial edentulism
frequently insist on being treated as quickly as possible.
Therefore, an interdisciplinary approach and precise planning are needed to obtain satisfactory results. Orthodontic treatment can contribute to the successful use of implants through vertical development of the peri-implant
site (using tooth extrusion) and the creation of space for
implant restorations.1 In addition, osseointegrated dental
implants have been used for a variety of purposes in orthodontics. The placement of dental implants can provide
a good quality of anchorage control, as well as a method
to reposition the natural teeth.1–3
However, interdisciplinary treatment can entail some
difficulties. If the implant placement takes place during
orthodontic treatment and before its finalization, a satisfactory impression is hard to obtain. Elements of orthodontic appliances (wires, brackets, bands) can trap and
damage the impression material. Usually the wires can be
pulled out without problems prior to taking the impression, but removing brackets would be time-consuming
and could disturb the treatment process. To overcome this
problem, clinicians have come up with different methods
to facilitate impressions of orthodontically banded teeth.
The most widely used method is to cover the orthodontic brackets. Consequently, when the impression tray is
removed the material tearing is minimized, or even eliminated in some cases. Maeda et al. proposed the use of
a tube as block-out material for orthodontic brackets and
arch wire while taking the impression for the production
of a mouthguard.4 Rilo et al. suggested using small portions of utility wax; Croll and Castaldi proposed strips of
utility wax; while Lorton recommended the use of strips of
occlusal indicator wax compressed over bonded brackets
prior to alginate impression.5–7 Sukotjo and Bocage proposed the use of an implant surgical template.8 However,
all of these procedures involved the use of irreversible hydrocoloid as impression material, which cannot yield satisfactory impression results for implant procedures.
Another challenge the clinician can encounter during implant-supported restoration treatment of an orthodontic patient is the emergence profile. Multiple methods have been described that utilize direct, indirect or
combined techniques.9 Tarlow, as well as Macintosh and
Sutherland, formed the emergence profile on the master
cast by trimming or burring the overabundance of the soft
tissue substitute before the final crown framework was
made.10,11 Reike suggested surgically repositioning a split
flap and overcontouring the soft tissue around the healing
abutment.12 Other methods incorporate the use of interim
restorations made of an autopolymerizing resin or direct
composite.13–17 Ntounis and Petropoulou proposed the
use of a screw-retained provisional restoration that was
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adjusted regularly.15 Azer combined the method of using
a rotary instrument to reshape the stone cast with the use
of a provisional autopolymerizing resin crown that was
gradually built up each week by adding more resin to the
external gingival contours.17
One technique that offers the possibility of executing
the impression immediately after implant exposure is the
use of the Er:YAG laser, widely employed in surgical procedures. Identifying the patients’ periodontal biotype is
fundamental to the optimal planning of therapeutic management, especially in implantology.18 Matys et al. proposed the use of erbium lasers only in cases with sufficient
keratinized tissue thickness.19 Hence, when the attached
gingiva around the implants are insufficiently thick, the
implants should be covered with subepithelial connective
tissue grafts (SCTG) or free gingival grafts (FGG).20
To the best of the present authors’ knowledge, the laser
instant implant impression method (LIIIM) developed by
the authors has not previously been described in literature. The method incorporates the use of two silicone impression materials and a modeling wax strip as block-out
material for orthodontic brackets. An optimal emergence
profile is obtained with the direct use of an Er:YAG laser.

Case presentation
A 20-year-old female patient was referred to one author’s private practice (in Wschowa, Poland) from a general dentist, with the aim of restoring her missing teeth
12 and 22 (FDI notation system used), in which the germs
had been missing from birth due to hereditary agenesis. It
was decided that implantation would be the best course
of action; however, as the patient wished to align her
teeth in the process, she was referred to an orthodontist
for assessment. Complete fixed orthodontic treatment
was planned for the correction of crowding and a lack
of space for future implants 12 and 22. The tooth alignment process meant that implant treatment would have
to be staged. Six months before the planned termination
of the orthodontic treatment, two implants (Superline,
Dentium, Suwon, Korea), 4.0 mm in diameter and 10
mm in length, were inserted under local infiltrative anesthesia with articaine hydrochloride 4% plus epinephrine
1:100000 (Orablock , Pierrel Group, Capua, Italy) and
cover screws were fitted immediately.
After half a year, during which the adjacent bone
healed, the patient came back to continue her implantoprosthodontic treatment. However, it is difficult to obtain
accurate impressions before the completion of orthodontic treatment, since (as noted earlier) the brackets of orthodontic devices trap and tear the impression material. To
bypass these problems, a modified one-stage putty-wash
pick-up impression technique was used, with open tray
(direct) procedure and an application of modeling wax for
undercut coverage.

®
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Fig. 1. Implants exposure and emergence profile was aquired using the
Er:YAG LiteTouch™ laser

Prior to taking the impression, the orthodontic upper
arch-wire was removed. To shorten the time of final crown
cementation, the implants were exposed using an Er:YAG
LiteTouch™ laser (Syneron™ Dental Lasers, Syneron Medical Ltd., Yokneam, Israel) (Fig. 1) with the following settings:
pulse energy 300 mJ, pulse frequency 18 Hz, energy density per pulse 38.2 J/cm2, mode for soft tissue (ST), cooling
spray 5 mL/min, angle of the working tip 70o, size of the tip
1.0 × 17 mm, distance from the soft tissue 2 mm. The use of
the laser allowed fast homeostasis of the wound. An immediate impression for the final prosthodontic restoration was
possible thanks to the lack of postoperative bleeding. Additionally, the use of the Er:YAG laser resulted in an emergence
profile without any visible thermal damage (Fig. 2).
After this, direct transfer abutments were screwed onto
the implants (Fig. 3). To facilitate access to the implant
transfer, the open tray method was used; a custom impression tray was perforated (before the impression was
taken, the hole was adjusted to line up with the position
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Fig. 3. Placement of the implant transfers

Fig. 4. View of the custom tray adjustments – inner side

of the transfer) (Fig. 4). The undercuts around the brackets were blocked with a strip of Vertex™ Modelling wax
(Vertex-Dental, Soesterberg, The Netherlands); the material was heated to obtain the necessary shape and then
folded three times (Fig. 5). It is very important to leave
the space near the implants and adjacent teeth free to allow the impression material to enter. Light-bodied addition silicone material (Variotime Medium Flow, Heraeus
Kulzer, Hanau, Germany) was placed around the implant
with an injection tip. At the same time, putty-bodied addition silicone material (Variotime Dynamix Monophase,
Heraeus Kulzer, Hanau, Germany) was loaded onto the
tray by a dental assistant, using the Variotime Dynamix
Speed System (Heraeus Kulzer, Hanau, Germany). This
allowed a full-arch impression with the transfer screws
protruding through the tray (Fig. 6). Subsequently, with
the tray still in place, the retaining screws were removed.
In consequence, when the tray was taken out of the patient’s mouth (using a swaying motion), the transfers

®

®

Fig. 2. Intraoral view of the emergence profile of the implant in position 22

®
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Fig. 5. The under cuts around the orthodontic brackets are blocket using
the modeling wax strips – patient’s right side view

Fig. 7. Close-up of the implant analogs in impression material

Fig. 6. View of the impression with the transfer screws protruded through
the tray

Fig. 8. Implant analog in position 22

were captured in the impression material. The presence
of the wax prevented the impression material from tearing, and its thickness and ductility allowed easier tray removal. The implant analogs were then connected to the
transfers in the impression material (Fig. 7–9). After the
impressions were taken, temporary healing screws were
placed onto the implants (Fig. 10). Healing screws with
a diameter matching the implant emergence profile made
with the laser were used, and after 7 hours the final screwretained crowns were made by a dental laboratory and cemented onto the implants (Fig. 11).

Discussion
Implant impressions during fully-banded orthodontic
treatment can cause many difficulties for dental practitioners, as elements of the orthodontic appliances (brack-

Fig. 9. Implant analog in position 12
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Fig. 10. Intraoral view of interim healing screws

Fig. 11. View of the final screw retained crowns in position 12 and 22 –
without the orthodontic wire

ets, wires) can trap and tear the impression material. The
easiest proven method to overcome these difficulties is to
block the undercuts around the brackets with additional
material. Maeda et al. proposed a use of a tube, while Sukotjo and Bocage recommend the use of an implant surgical template.4,8 However, those solutions are time consuming. The use of dental wax is a quick and inexpensive
method that can accommodate orthodontically banded
patients. The plasticity of the wax depends on the temperature. Due to its ductile nature when warmed, it allows easy shaping and molding. When cooled, however, it
stays in the impression material and does not change its
shape without extra applied force. The material has the
added advantage of attaching well to brackets, in addition
to peeling off easily. Consequently, it results in minimized
material damage when the impression tray is removed.
The first author to use this material was Lorton, who advised the use of strips of occlusal indicator wax.7 Rilo et al.,
along with Croll and Castaldi, proposed a cheaper material: utility wax.5,6 Rilo et al. suggested using small portions
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of the material, whereas Croll and Castaldi suggested using strips.5,6 Forming small portions of wax takes a little
more time than the use of strips. The method proposed by
the current authors incorporates the best of both of these
techniques: folded strips of modeling wax are a faster and
cheaper solution. Additionally, the thickness of the folded
strip of wax allows simple tray removal even when using
rigid A-silicone material.
The properties of the impression material (rigidity, accuracy) can influence the accuracy of the implant impression, cast and framework.21 The most frequently applied
material for implant impressions is polyether; however,
studies have shown that the use of A-silicon, as in the current study, yields comparable accuracy.21 The use of two
A-silicone materials allows improved dimensional accuracy and less deformation22, compared to alginate material that most clinicians use for orthodontic patients.2–8
It also permits better detail reproduction and adhesion
between the impression materials, compared to irreversible hydrocolloid material or an alginate and silicone combination.22
Studies assessing the prosthetic impression quality of
an implant emergence profile using the Er:YAG are scarce
in the scientific literature. Matys et al. used a 3-point
prosthetic impression scale (PIS) to visually assess the
accuracy of the prepared soft tissue using an erbium laser.19 They found an ideal projection of the soft tissue (no
bubbles or scratches: PIS1) in 4 cases; a satisfactory projection of the soft tissue (small bubbles, scratches: PIS2)
in 19 cases; and an inaccurate projection of the soft tissue
(cavities, large cracks in the impression material: PIS3) in
7 cases. They concluded that in 70% of the cases (21/30)
the quality of the implant emergence profiles prepared
using an Er:YAG laser allowed a prosthetic impression to
be taken immediately, without utilizing healing screws,
which reduced the overall treatment time.19
The indirect techniques proposed by Tarlow or Macintosh and Sutherland require cast and/or soft tissue substitute modification, which prolongs the treatment and often
requires excellent communication with the dental technician.10,11 The result depends mainly on skills of the technician. Direct techniques are easier to carry out. However,
the surgical intervention in soft tissue proposed by Reike
entails extended impression waiting time due to the need
for local anesthesia and the postoperative bleeding.12 Solutions that incorporate the use of interim restorations
very often do not ensure the ideal shape of the emergence
profile (prefabricated abutments) or are dependent on the
technician’s skills (custom abutments).13–17 Nevertheless,
the addition of an Er:YAG laser introduces a fast and easy
method for obtaining an optimal emergence profile. The
use of a laser excludes postoperative bleeding (optimal
hemostasis), the need for suturing and local anesthesia.23
Laser intervention significantly reduces postoperative
pain, discomfort and swelling, and causes only a minimal
thermal rise in the bone around the implant.24–26 The ab-
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sence of bleeding permits immediate implementation of
impressions for restorations, while other methods require
healing time for the soft tissue.19

Conclusions
Regarding the new method presented here, the authors
suggest that further comparison studies of the influence
on implant collar height and crestal bone loss using LIIIM
and traditional mucoperiosteal flap development are necessary. Furthermore, a long term randomized clinical
trial should be performed to assess the emergence profile
quality obtained using an Er:YAG laser.
Within the limitations of this single case study, the outcomes could indicate that the technique described here
for taking the impression and creating the emergence
profile offers dental practitioners additional options in
the implantoprosthodontic treatment of orthodontic patients, as the method is characterized by simple preparation and satisfactory implant site reproduction.
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Abstract
Supernumerary teeth often cause tooth retention. The presence of supernumerary teeth, depending on their
shape, number and location, can create unfavorable conditions for the development of the dental arches
and occlusion, resulting in significant functional and esthetic disorders.
The article presents clinical cases of patients with hyperdontia and tooth retention. Each case involves a thorough patient examination and an individual approach to the choice of treatment. The authors’ experience
in treating retention caused by hyperdontia allowed a range of treatment methods to be used, depending
on the functional state of occlusion, the patient’s age and the characteristics and location of the impacted
and supernumerary teeth. In two patients with dentition in the early transitional period, the central incisors erupted without a doctor’s intervention within three months after the extraction of supernumerary
teeth. In both cases, the subsequent orthodontic treatment aimed at correcting the torsiversion the incisors
displayed upon eruption. Another case demonstrates a method of treatment that provides minimal loss of
bone tissue: the supernumerary tooth were initially shifted to the alveolar bone surface and then removed.
The last case describes a complete surgical-orthodontic treatment. Bone grafting was performed after the
extraction of a supernumerary tooth, and an impacted tooth was moved to the newly created bone tissue.
All these methods of treatment have their specific indications and can be implemented after a thorough
examination of the patient.
Key words: hyperdontia, impacted teeth, tooth retention
Słowa kluczowe: nadliczbowość zębów, zęby zaklinowane, zatrzymanie zęba
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Tooth retention is an abnormality that requires attention for both scientific and practical reasons. Usually,
this anomaly is accompanied by disturbances in the tooth
eruption sequence, by tooth crowding, diastema and cyst
formation. Among other causes, tooth retention is often caused by supernumerary teeth (ST), which occur as
single, multiple, unilateral or bilateral anomalies in the
maxilla, mandible or both jaws.1 A statistically significant
association has been found between unerupted incisors
and other inherited dental anomalies, in particular hyperdontia.2 The presence of supernumerary tooth is the
most common cause of maxillary incisor eruption failure.
Delayed eruption of associated teeth has been reported in
28–60% of Caucasians with supernumerary teeth.3
The clinical manifestations of hyperdontia can vary
widely and depend on many factors: the number of
supplemental teeth, their size, shape and location in the
jaws.1,4 The presence of a supernumerary tooth or teeth
often causes upper midline deviation, space loss, disturbed eruption or rotated central incisors.5,6 Supernumerary teeth located in the anterior region of the maxilla
are usually palatally located.7
The location of supernumerary teeth plays a major role
in the diagnosis and treatment, especially in determining
the necessity of surgical intervention.8 The clinical diagnosis can be confirmed by radiographic examination.
Anthonappa et al. reported that panoramic radiographs
are not sufficient to reliably identify supernumerary
teeth.9 Different radiographs are necessary to diagnose
ST location. Widely used techniques for determining the
location of supernumerary teeth include vertical tube
shift and horizontal tube shift. In 2013, Toureno et al.
proposed “a guideline to locate and identify supernumerary teeth in two and three dimensions, which may reduce
treatment errors and improve communication among
health care providers and third-party administrators”.10
Surgical removal of impacted teeth requires great accuracy in the diagnosis and the localization of the teeth.
Because of its 3D images, cone-beam computed tomography (CBCT) has a greater potential than conventional
radiography for providing precisely detailed information,
so the possibility of surgical errors is greatly reduced.11,12
Each case of tooth retention, especially when caused by
hyperdontia, requires an individual approach considering
the patient’s age and the location and topography of the
teeth.13 This article presents some solutions to these issues.

Among 94 patients with tooth retention treated at the
authors’ departments, 24 cases were identified as involving retention of the upper central incisors. In 18 of these
cases (75.0%) the condition was caused by supernumerary
teeth (Table 1).
The number of male patients with supernumerary teeth
preventing the incisors from erupting was 3.5 times higher than the number of females. The primary therapeutic
approach for patients with hyperdontia causing failure of
incisor eruption is extraction of the supernumerary teeth.
In two patients with dentition in the early transitional period, after extraction of supernumerary teeth, the
central incisors erupted within three months without
a doctor’s intervention. The orthodontic treatment that
followed in both cases was aimed at correcting the torsiversion the incisors displayed upon eruption.
Below, examples of different clinical approaches to supernumerary tooth extraction are provided.

Case reports
Case 1
A nine-year-old girl was referred to the Department of
Orthodontics of Lviv National Medical University (Lviv,
Ukraine) with a lack of left central and lateral permanent
incisors in the upper jaw. Clinical examination revealed
the early period of primary occlusion, normognathic occlusion and a midline shift to the left; teeth 61 and 62
were present in the dental row. The intraoral radiograph
and panoramic x-ray (Fig. 1) revealed retention of the left
central and lateral incisors and supernumerary teeth that
projected into the crowns of the retained teeth.
A CT scan was made to update and specify the location
of the supernumerary teeth. To extract them, the decision
was made to establish access to them through the opening that was made after extracting a deciduous incisor.
The two supernumerary teeth were extracted (Fig. 2), and
tooth 21 erupted independently after two months.

Case 2
A nine-year-old boy with a lack of central maxillary incisors was referred to the Department of Orthodontics.
He was in the early period of primary occlusion. There
were no visible lesions in the mucous membranes of the

Table 1. The distribution of patients and the location of the supernumerary teeth (selfobservation)
Patient’s sex
Male
Female
Total

Hyperdontia was an obstacle to eruption

Hyperdontia wasn’t an obstacle to eruption

n

%

n

14

58.3

4

16.7

18

75.0

Total

%

n

%

2

8.3

16

66.6

4

16.7

8

33.4

6

25.0

24

100.0
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Fig. 1. A nine-year-old girl’s panoramic x-ray: retained teeth 21 and 22 and
supernumerary inclusion

Fig. 2. The
same nineyear-old
girl’s supernumerary
teeth which
were extracted

Fig. 4. The same seven-year-old boy’s panoramic x-ray: a supernumerary
tooth between central incisors, the left incisor in tortoanomalia

Fig. 5. Supernumerary teeth
which were extracted from the
seven-year-old boy

Fig. 6. The seven-year-old boy’s central incisors erupted (photo seven
months after treatment)
Fig. 3. A seven-year-old boy in the early period of primary occlusion;
retention of teeth 11 and 21 caused by hyperdontia

mouth. The child’s face was symmetrical and proportionate.
Clinical examination revealed the presence of a partially erupted conical tooth (Fig. 3). Radiological examination
showed a supernumerary conical tooth between the central incisors that was preventing them from erupting. The
left central incisor was rotated 45o (Fig. 4).
After the supernumerary tooth was extracted (Fig. 5),
the central incisors erupted independently within months,

but were torsiverted. A removable appliance with an activation arm was used to correct the position of the central
incisors. After five months positive functional and esthetic results were achieved (Fig. 6).
In patients with permanent occlusion, crown exposure
of the retained tooth is performed simultaneously with
the supernumerary tooth extraction, immediately followed by fixing the orthodontic element for its movement
into the dental arch.
The objective of this intervention is to gain access to the
crown of the retained tooth without damaging the mar-
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ginal edge of the gum. This provides a better esthetic effect in the area of the retained tooth that has been moved
to the dental arch. In all cases, the central incisors were
accessed from the vestibular side of the alveolar process.
If retention is caused by hyperdontia and after extraction of the supernumerary tooth/teeth the cavity in the jaw
bone prevents the retained tooth from initiating movement, staged surgery might decided upon in some cases.
The first stage is the exposure of the crown of the retained
tooth. Once the supernumerary tooth shifts closer to the
edge of the alveolar process as a result of the movement
of the retained tooth, the second stage of the surgery is
carried out: extraction of the supernumerary tooth, which
is less invasive and traumatic for the bone and considerably shortens the post-surgical treatment time.

Case 3
A 22-year-old female came to the Depertment of Orthodontics complaining that an absent right upper canine
caused an esthetic defect. Clinical examination revealed Angle’s class 1 malocclusion, left-sided cross bite, teeth 33 and
34 in a vestibular position, and tooth 23 was missing. X-ray
imaging (Fig. 7) showed the retained tooth 23 with a formed
root and correct anatomical structure, and a supernumerary
tooth causing the failure of tooth of 23 to erupt.
Non-removable Roth 0018 orthodontic appliance was
fitted for the patient and after five months of treatment
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with open springs enough space was created to move
tooth 23 into the dental arch.
An orthodontic button was fixed to the exposed surface of the retained 23 from the palatal side of the alveolar
bone (Fig. 8). The double-arch method was used to move
the retained tooth, using a 0.017” × 0.022” steel rectangular arch as the main stabilizing one and a 0.016” round
NiTi arch, which provides light continuous force on the
retained tooth.
After 5 months of tooth 23 movement, when the supernumerary tooth started emerging and visualized on the
vestibular surface of the alveolar bone, the second surgical procedure was performed: removal of the supernumerary tooth, after which the movement of the retained
tooth continued. The total duration of the treatment was
23 months. After the treatment a removable retainer was
made. In this case, the individual treatment plan and individualized approach allowed the retained tooth to be
successfully moved without significant loss of volumetric
bone density.
In some cases, when the supernumerary tooth is large
in size or when a retained tooth cannot be accessed without extracting the supernumerary one, a large cavity is
expected in the jaw bone. In this situation, orthodontic
treatment is preceded by bone grafting. The following is
a clinical example.

Case 4
A 21-year-old male came to the Department of Orthodontics complaining of the formation of a neoplasm on
the upper left jaw. Clinical examination and x-ray (Fig. 9)
led to a diagnosis of Angle’s class 1 malocclusion, insignificant crowding of the teeth in the anterior area of the
lower jaw, retention of tooth 23, hyperdontia between
teeth 22 and 23, and a follicular cyst.
In the Surgical Department under local anesthesia
a trapezoid mucoperiosteal flap above the location of tooth
23 was mobilized. The follicular cyst was extracted and the
crowns of the impacted 23 and the supernumerary tooth
were exposed. To reduce the trauma from extraction, the

Fig. 7. A 22-year-old female’s orthopantomogram
Fig. 8. The same 22-yearold female: surgical baring
of the crown of tooth 23
and supernumerary tooth
extraction
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Fig. 9. A 21-year-old male’s panoramic x-ray: impacted tooth 23 and
hyperdontia

supernumerary tooth was divided beforehand into two
parts with a bur and then extracted. Given the significant
defect of the osseous tissue of the upper jaw in the location of the extracted cyst and supernumerary tooth, it was
decided to place a bone graft. The cavity was filled with

Fig. 10. The same 21-year-old male: the surgical stages of the treatment
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1.5 g of Bio-Oss® (Geistlich Pharma, Wolhusen, Switzerland) and Bio-Gide® collagen membrane (Geistlich). The
mucoperiostal flap was closed and the wound was sutured
(Fig. 10). Postoperative instructions and the necessary prescriptions were given to the patient. The healing period
passed without any complications.
After 6 months a second x-ray was taken, and it showed
good osteointegration of the bone graft material (Fig. 11).
After 7 months the retained tooth erupted by itself, but
in a vestibular position and turned around its axis. A nonremovable Roth 0018 orthodontic appliance with open
springs was used to create sufficient space. The double
arch method was used to move tooth 23 into the dental
arch. Active treatment lasted for 7 months. The achieved
result was satisfactory and stable (Fig. 12). After removing
the braces the patient uses a removable retainer.
It is significant that in this situation the retained tooth
erupted through the newly formed bone made of bone
substitute. This way, full dentition was maintained, without extracting tooth 24.
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Discussion

Fig. 11. The 21-year-old male’s condition 6 months after osteoplasty; the
demarcation line between his own bone and the bone substitute is not visible

Fig. 12. The 21-year-old male’s tooth 23 has moved into the dental row

Retention of teeth in conjunction with hyperdontia is
a complex condition that requires a carefully planned approach to the treatment.14 The choice of treatment should
be individualized and based on a thorough examination.
As Alling et al. wrote, “Methods of management of crowding or impaction due to supernumerary [teeth] are: remove
supernumerary teeth or tooth only, remove supernumerary teeth and bone overlying impacted teeth, incision of fibrous tissue over the alveolar ridge to promote the eruption
with or without orthodontic traction”.15 To bring retained
teeth into the dental arch, surgical exposure or surgical repositioning can be used in some cases.16,17
The authors’ experience providing comprehensive care to
patients with retained teeth due to supernumerary teeth led
to the development of algorithms of orthodontic treatment
for such cases (Fig. 13). The decision of which treatment
plan to choose primarily depends on the physiological status
of the functional dentition (primary or permanent), and the
depth and location of the supernumerary tooth.
In a case of primary occlusion and both the retained tooth
and the supernumerary tooth are located close to the surface, it is sufficient to extract the supernumerary tooth and
wait for self-eruption of the retained tooth, if there is enough
space in dental arch. In case of a delay in its eruption the use
of a stimulating removable appliance is recommended.
In cases of patients with primary occlusion in which the
location of the retained and supernumerary teeth is deep,
it is appropriate to postpone treatment until the formation of permanent occlusion.

retention caused by а supernumerary tooth

transitional dentition

supernumerary tooth
is located close to surface

extraction
of the
supernumerary
tooth

self-eruption
of the retained
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supernumerary tooth
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of the crown of the
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retained tooth
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permanent dentition

supernumerary tooth
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of the crown of the
retained tooth
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orthodontic
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Fig. 13. The algorithm of action when retention caused by hyperdontia is discovered

stage 1: extraction
of the supernumerary
tooth followed
by osteoplastic
surgery of the bone
tissue defect;
stage 2: self-eruption
of the retained tooth
or its orthodontic
relocation

supernumerary tooth
is deep

stage 1: extraction
of the supernumerary
tooth with exposure
of the crown of the
retained tooth
stage 2: orthodontic
relocation of the
retained tooth

Dent Med Probl. 2017;54(1):107–113

In cases of permanent occlusion when the retained and
supernumerary teeth are located close to the surface, it is
enough to extract the supernumerary tooth, expose the
crown of the retained tooth and proceed with the orthodontic treatment scheme, which will depend on the
availability of space in the dental arch. This treatment approach can be applied in some cases in which both teeth
are deep but access to them and orthodontic relocation is
not complicated.
However, in some clinical situations of a deep supernumerary tooth, it is advisable to carry out the exposure
of the crown of the retained tooth and its orthodontic
movement in the first stage. The movement of the retained tooth towards the crest of the alveolar bone will
cause the relocation of the supernumerary tooth, which
can be extracted in the second stage, under less traumatic
conditions. Further orthodontic treatment is carried out
in accordance with normal practice.
Sometimes there are clinical situations where as a result
of removing a large supernumerary tooth, or several of
them, and/or the removal of follicular cysts near the retained
tooth, a large defect forms in the bone. In such cases, placing
a bone graft with bone substitute and wound closure by mucoperiosteal flap is advisable. The retained tooth may erupt
independently, or in the second stage (6–8 months later) it
might be necessary to expose the crown of the retained tooth
and move it with the help of orthodontic treatment.
With retained and supernumerary teeth, providing
comprehensive care can be achieved by the algorithms
described above, determined by the clinical situation: the
topographical location of the retained and supernumerary teeth, size, their shape and number, the presence of
follicular cysts, etc.
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Respected Editor,
I read with great interest the article by Bogusiak et al.1 entitled “Soft tissue
profile changes after mandibular setback surgery” published in issue 4, 2016
of the journal Dental and Medical Problems and I appreciate the effort of the
authors to propose changes in soft tissue profile of the patients after bilateral
sagittal split osteotomy vs vertical ramus osteotomy.
Presently, we have seen a transition from hard tissue to soft tissue paradigm
and now soft tissue drape serves as the basis for most of orthodontic and orthognathic surgeries.2 Cephalometric analysis helps us assess the profile of
a patient with various linear and angular measurements. Previous studies on
the effect of orthognathic surgery on the upper lip position demonstrate that
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Fig. 1. Linear measurements to assess
soft tissue profile changes
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the thicker the pretreatment tissue, the less prominent is
the post-treatment change3,4. Similarly, it could have an
influence on the outcome of the following lower lip position surgery. Therefore, in addition to the parameters
mentioned in the aforementioned study, it is important to
include a few linear measurements like lip thickness, lip
strain or measurements from true vertical line and to assess their changes post-surgery (Fig. 1). Clarification will
be highly appreciated.
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The evaluation of soft tissues is an integral part of orthodontic and maxillofacial diagnosis and treatment planning of patients with orthognathic defects.1
The forehead, nose, upper and lower lip, and chin are the anatomical structures
that create facial profile. Both corrective surgery and orthodontic treatment
affect the patients’ appearance and facial contours. Many authors emphasized
the significance of soft tissue analysis in the proper evaluation of skeletal discrepancy, which could be altered by individual differences in soft tissue thickness.2–4 Different cephalometric soft tissue analyses have been developed for
clinical and experimental purposes to quantitatively and more reliably evaluate
the facial morphology.5–12 Soft tissue assessment on lateral cephalograms is not
as straightforward and easy to reproduce as the analysis of hard tissue structures
of the face. Such quantification requires the curved surfaces of patients’ profile
to be reduced to distances, angles and ratios, which makes such a procedure less
precise.13 Soft tissue profile analyses are variable also because their measurements involve the construction of straight lines of facial contours between anatomic landmarks located along the soft tissue profile or by lines tangent to the
curved surfaces.13 These lines form the angles and distances of cephalometric
methods. There are also 3D cephalometric methods that include soft tissue
landmarks, angles and distances.14–18 McNamara’s analysis is well-established
and is believed to be a very practical cephalometric tool. Its norms have been
studied in various populations due to their optimal efficacy.19, 20 This method,
through the measurement of angles, describes the thickness of soft tissue facial
profile.
Data on the shift of the facial profile and on hard-to-soft tissue ratio after
surgical corrective procedures affects treatment planning and is of a great im-
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portance in predicting the aesthetic treatment outcome.
Orthognathic surgery affects lips positions. Ayoub indicated that the response of soft tissues of the upper lip
region to anterior maxillary osteotomy is related to their
thickness – the thicker they are, the lower is the postoperative change.21 After mandibular setback surgeries,
the position of the upper and lower lips is also changed.
The changes in the upper lip position after mandibular
surgery were explained by the contraction of the orbicularis oris muscle and soft tissue traction.22 Some authors
hypothesized that the thickness and posture of presurgical soft tissue may affect the post-treatment position
of the upper lip.23 The relation of incisors before the
surgery should also be considered. Several factors may
contribute to the postoperative position of the lower lip.
It should be emphasized that lower lip position is determined by upper and lower incisors, perioral muscles,
their thickness and tonicity.24–26 In our article, in the analyzed groups of patients (after EVRO and BSSO), men
and women did not differ significantly in terms of presurgical soft tissue profile assessed with Hwang, Kim and
McNamara analysis. The measurements were performed
with an anatomical-based method.27
We believe that more prospective studies are still needed that would stratify such confounding factors as the
magnitude of movement, method of osteosynthesis, sex,
age, race, quality and quantity of soft tissues with sufficient sample sizes.
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Journal of Esthetic and Restorative Dentistry

J Esth Restorative Dent

USA

6

1.231 (+ 0.43)

BMC Oral Health

BMC Oral Health

Great Britain

American Journal of Dentistry

Am J Dent

USA

6

1.194 (+ 0.34)

Journal of Public Health Dentistry

J Public Health Dent

USA

4

1.182 (– 0.47)

Acta Odontologica Scandinavica

Acta Odontol Scand

Denmark

8

1.171 (+ 0.14)

Journal of Applied Oral Science

J Appl Oral Sci

Brazil

4

1.117 (+ 0.19)

Dental Materials Journal

Dent Mater J

Japan

2

1.087 (+ 0.12)

International Journal of Periodontics & Restorative
Dentistry

Int J Periodontisc Restorative
Dent

USA

6

1.039 (– 0.38)

British Dental Journal

Brit Dent J

Great Britain

24

0.997 (– 0.08)

International Dental Journal

Int Dent J

Great Britain

6

0.967 (– 0.29)

Head & Face Medicine

Head Face Med

Germany

Brazilian Oral Research

Braz Oral Res

Brazil

4

0.859 (– 0.08)

Quintessence International

Quintes Int

USA

10

0.821 (– 0.13)

Journal of Oral Science

J Oral Sci

Japan

4

0.804 (– 0.12)

Journal of Dental Sciences

J Dent Sci

China

4

0.795 (+ 0.24)

International Journal of Dental Hygiene

Int J Dent Hyg

Sweden

4

0.791 (– 0.26)

Community Dental Health

Commun Dent Health

Great Britain

4

0.767 (+ 0.16)

Journal of Craniomandibular Practice & Sleep Practice

Cranio

USA

6

0.738 (+ 0.05)

Oral Health and Preventive Dentistry

Oral Health Prev Dent

Switzerland

6

0.69 (+ 0.19)

Swedish Dental Journal

Swed Dent J

Sweden

4

0.381 (– 0.35)

Journal of the Canadian Dental Association

JCDA

Canada

11

0.28 (– 0.07)

* Journal has entered the list in 2015

open access

open access

open access

1.538 (+ 0.31)

1.21 (+ 0.08)

0.916 (+ 0.06)

Impact Factor Listing for Journals on Dentistry (2015)
Second part: Journals on Specialist Dentistry (51 titles with IF: 0.052–4.949)
Journal title

Abbreviation

Country of
Frequency
the publisher in a year

IF (change
vs 2012)

Oral Surgery and Maxillofacial Surgery (8 titles)
Oral Oncology

Oral Oncol

USA

12

4.286 (+ 0.68)

Journal of Oral and Maxillofacial Surgery

J Oral Max Surg

USA

12

1.631 (+ 0.21)

Journal of Cranio-Maxillofacial Surgery

J Craniofac Surg

Germany

12

1.592 (– 1.34)

International Journal of Oral and Maxillofacial Surgery

Int J Oral Max Surg

Great Britain

12

1.563 (– 0.002)

British Journal of Oral & Maxillofacial Surgery

Brit J Oral Max Surg

Great Britain

6

1.237 (+ 0.16)

Cleft Palate-Craniofacial Journal

Cleft Pal-Craniofac J

USA

6

1.05 (– 0.15)

Oral and Maxillofacial Surgery Clinics of North America

Oral Max Surg Clin North Am

USA

6

0.67 (+ 0.09)

Reveu de Stomatologie et de Chirurgie Maxillo-faciale

Rev Stomatol Chir Max

France

6

0.248 (– 0.05)

Dentomaxillofac Rad

Germany

8

1.919 (+ 0.52)

Oral Radiol

Japan

3

0.449 (– 0.005)

USA

3

4.949 (+ 1.31)

Dental Radiology (2 titles)
Dentomaxillofacial Radiology
Oral Radiology

Periodontology and Oral Pathology (8 titles)
Periodontology 2000

Periodontol 2000

Journal of Clinical Periodontology

J Clin Periodontol

Great Britain

12

3.915 (– 0.1)

Journal of Periodontology

J Periodontol

USA

12

2.844 (+ 0.14)

Journal of Periodontal Research

J Periodontal Res

USA

6

2.474 (+ 0.1)

Oral Diseases

Oral Dis

Great Britain

8

2.0    (– 0.42)

Journal of Oral Pathology & Medicine

J Oral Pathol Med

Great Britain

10

1.859 (– 0.07)

Journal of Periodontal & Implant Science

JPIS

Korea

Medicina Oral Patologia Oral y Cirugia Bucal

Med Oral Pat Oral Cir Bucal

Spain

6
open access

1.108 (– 0.04)
1.087 (– 0.09)

Implant Dentistry (7 titles)
Clinical Implant Dentistry and Related Research

Clin Impl Dent Res

USA

Clinical Oral Implants Research

Clin Oral Impl Res

Australia

6

4.152 (+ 0.56)

12

3.464 (– 0.42)

European Journal of Implantology

Eur J Implant

Great Britain

4

2.328 (– 0.8)

International Journal of Oral & Maxillofacial Implants

IOMI

USA

6

1.859 (+ 0.4)

Journal of Oral Implantology

J Oral Implant

USA

6

1.432 (+ 0.42)

Implant Dentistry

Impl Dent

USA

6

1.023 (– 0.15)

Implantologie

Implant

Germany

4

0.052 (+ 0.01)

Cariology and Endodontics (6 titles)
Journal of Endodontics

J Endod.

USA

12

2.904 (– 0.47)

International Endodontic Journal

Int Endod J

Great Britain

12

2.842 (– 0.13)

Operative Dentistry

Oper Dent

USA

6

2.819 (+ 1.14)

Caries Research

Caries Res

Great Britain

6

2.278 (– 0.01)

Journal of Adhesive Dentistry

J Adhesiv Dent

Germany

6

1.594 (+ 0.28)

Australian Endodontic Journal

Austr Endod J

Australia

3

0.885 (+ 0.3)

Journal title

Abbreviation

Country of
Frequency
the publisher in a year

IF (change
vs 2012)

12

1.69 (+ 0.31)

Orthodontics (8 titles)
American Journal of Orthodontics and Dentofacial
Orthopedics

AJO-DO

USA

Orthodontics & Craniofacial Research

Orthod Craniofac Res

Netherlands

4

1.64 (+ 0.58)

Angle Orthodontist

Angle

USA

6

1.579 (+ 0.35)

European Journal of Orthodontics

Eur J Orthod

Finland

6

1.44 (– 0.04)

Korean Journal of Orthodontics

Kor J Orthod

Korea

Journal of Orofacial Orthopedics

J Orofac Orthod

Germany

Australian Orthodontic Journal

Austr Orthod J

Australia

Sem Orthod

USA

Seminars in Orthodontics*

6
open access
3
open access

1.162 (– 0.01)
0.789 (– 0.05)
0.451 (+ 0.02)
0.346

Pediatric Dentistry (4 titles)
International Journal of Paediatric Dentistry

Int J Paediatr Dent

Great Britain

6

1.303 (– 0.03)

Pediatric Dentistry

Pediatr Dent

USA

6

0.874 (– 0.9)

Journal of Clinical Pediatric Dentistry

JOCPD

Great Britain

6

0.562 (+ 0.21)

Eur J Paediatr Dent

Italy

4

0.421 (– 0.02)

European Journal of Paediatric Dentistry

Prosthetic Dentistry (6 titles)
Journal of Oral Rehabilitation

J Oral Rehabil

Denmark

Journal of Prosthodontic Research

J Prosthet Res

Japan

Journal of Prosthetic Dentistry

J Prosthet Dent

USA

12

1.926 (+ 0.24)

4

1.693 (+ 0.15)

12

1.515 (– 0.24)

International Journal of Prosthodontics

Int J Prosthodont

Canada

6

1.487 (+ 0.02)

Journal of Prosthodontics

J Prosthodont

USA

4

1.133 (+ 0.06)

J Adv Prosthodont

Korea

6

0.844 (+ 0.2)

12

0.83 (– 0.13)

4

0.784 (– 0.15)

Journal of Advanced Prosthodontics

Dental Education (2 titles)
Journal of Dental Education

J Dent Educ

USA

European Journal of Dental Education

Eur J Dent Educ

Great Britain

* Journal has entered the list in 2015

Dental
and Medical Problems

