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Abstract

Background. Screws used in open reduction and internal rigid fixation need a large amount of force to ef-
fectively stabilize the plate. Currently, there is no worldwide standard screw design and there are no publi-
cations available comparing the pullout strength of different maxillofacial osteosynthesis systems.

Objectives. The aim of the study was to compare the pullout strength of different screw types.

Material and methods. The study used 75 screws made by the main manufacturers (DePuy Synthes,
KLS Martin and Medartis). The screws were inserted into polyurethane up to 3.6 mm or 9.6 mm deep. The
1-100 kN Insight Material Testing System (MTS Systems Corporation), a twin-column floor-standing mo-
del for high-force applications, was used for the electromechanical measurement of the screws' axial pullo-
ut strength from the blocks of polyurethane. The method was based on the standard specification and test
methods for metallic medical bone screws (ASTM F543-07 and Annex A3).

Results. Among the self-tapping microscrews 6 mm in length and 1.5 mm in diameter, DePuy Syn-
thes screws had the greatest average pullout force (226.0 + 7.52 N; p < 0.05). Among the self-dril-
ling 6 mm > 1.5 mm microscrews, DePuy Synthes screws also had the highest score (253.6 & 4.39 N;
p < 0.05). Among self-tapping miniscrews 6 mm in length and 2.0 mm in diameter, Medartis screws atta-
ined the highest scores (228.8 +9.73 N; p < 0.05). Among self-drilling 6 mm > 2.0 mm screws, KLS Mar-
tin screws had the best results (320.8 + 9.09 N; p < 0.05).

Conclusions. There are significant differences in fixing force among screws of the same diameter but ori-
ginating from different manufacturers.

Key words: screw, maxillofacial surgery, bone fracture treatment, pullout strength

Stowa kluczowe: Sruba, chirurgia szczekowo-twarzowa, leczenie ztaman kosci, sita wyciagajaca
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Most maxillofacial traumas are attributed to traffic ac-
cidents; the runners-up are falls, sports-related injuries
and violence of various kinds. Condylar fractures make
up the preponderance (55%) of mandibular fractures that
are reported, but the symphyseal region, the mandibular
body and the angle of the mandible are also frequently in-
volved.! Fracture healing is a dynamic process in which
the masticatory forces slowly intensify and are taken over
by the healing bone. Facial skeleton fractures typically
require (closed or open) reduction. There are several as-
pects to be factored in when selecting the fixation type:
the patient’s age, the fracture site, the complexity of the
injury and the approach to fracture remediation.*?

The open reduction and internal fixation (ORIF)
method has been hailed as the gold-standard approach
for handling displaced fractures. It offers the possibility
of reconstructing the maxillofacial region in a stable and
3-dimensional fashion. Other factors contributing to its
success are better healing of the primary bone, a short
recovery time and the fact that it calls for no intermax-
illary fixation. To rigidly fix the material, monocortical
miniplate fixation appears foolproof, superseding the
somewhat obvious choice of bicortical plating for man-
dibular fractures.* The choice between these 2 fixation
methods determines the use of shorter or longer screws.
Either way, plate stabilization is achieved by fixing screw
anchorage in the bone.

High condylar neck fractures are a particularly chal-
lenging area for ORIF. Clinicians can use 2 types of
material: 1) 15-17 mm lag screws directed through the
distal neck fragment toward the mandibular head or
2) a dedicated plate and 6 mm screws.”® So far no stud-
ies have been published comparing the pullout strength
of different maxillofacial ORIF systems used for that
application.

The aim of this study is to compare 5 different screw
types for rigid maxillofacial bone fixation from 3 world-
wide manufacturers.

Material and methods

The study used 75 screws, 25 from each of 3 medical
companies. The first series of screws used were made
by KLS Martin GmbH & Co. (Tuttlingen, Germany):
5 self-drilling screws 1.5 mm in diameter and 6 mm in
length (Center-drive DFS 1.5 x 6 mm, ref. 25-668-06-09);
5 self-tapping screws 1.5 mm in diameter and 6 mm
in length (Center-drive micro screw 1.5 x 6 mm, ref.
25-665-06-09); 5 self-tapping screws 2.0 mm in diameter
and 6 mm in length (Center-drive mini screw 2 x 6 mm,
ref. 25-662-06-09); 5 self-drilling screws 2.0 mm in diam-
eter and 7.0 mm in length(Center-drive DFS 2 x 7 mm,
ref. 25-669-07-09); and 5 self-tapping screws 2.0 mm in
diameter and 17.0 mm in length (Center-drive mini screw
2 x 17 mm, ref. 25-662-17-09).

M. Kozakiewicz, P. Softysiak. Screw pullout force

pullout face
A(5:1) s __

3 2 [f' load cell

1. Grip [RND163.000/2011]

2.Tested screw

3.5leeve

4. Testing block (Polyurethane foam 40 pef)

Fig. 1. The test stand and a diagram of the experimental set-up

The second screw manufacturer tested was DePuy Syn-
thes (West Chester, USA): 5 self-drilling screws 1.5 mm
in diameter and 6 mm in length (Matrix MIDFACE
Screw 1.5 mm, self-drilling, L 6 mm, ref. 04.503.226.01C);
5 self-tapping screws 1.5 mm in diameter and 6 mm in
length (Matrix MIDFACE Screw 1.5 mm, self-tapping,
L 6 mm, ref. 04.503.206.01C); 5 self-tapping screws 2.0 mm
in diameter and 6 mm in length (Matrix MANDIBLE
Screw 2.0 mm, self-tapping, L 6 mm, ref. 04.503.406.01C);
5 self-drilling screws 2.0 mm in diameter and 6 mm in
length (Matrix MANDIBLE Screw 2.0 mm, self-drilling,
L 6 mm, ref. 04.503.506.01C); and 5 self-tapping screws
2.0 mm in diameter and 16.0 mm in length (Matrix
MANDIBLE Screw 2.0 mm, self-drilling, L 16 mm, ref.
04.503.416.01C).

The third screw manufacturer included was Medar-
tis AG (Basel, Switzerland): 5 self-drilling screws 1.5 mm
in diameter and 6 mm in length (SpeedTip Screw, cross
1.5 mm, L 6 mm, ref. M-5121.06); 5 self-tapping screws
1.5 mm in diameter and 6 mm in length (1.5 Cortical
Screw 06 mm, cross, ref. M-5122.06); 5 self-tapping screws
2.0 mm in diameter and 6 mm in length (2.0 Cortical
Screw 06 mm, cross, ref. M-5180.06); 5 self-drilling screws

Scraw bype
ra
(=
@
=

Fig. 2. The pullout strength of all tested screws. SDS: self-drilling screw;
STS: self-tapping screw; N: newtons.
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Fig. 3. The 6 mm-long self-drilling and self-tapping screws (2.0 mm and
1.5 mm in diameter) compared in the study. Below: screwdrivers

2.2 mm in diameter and 6 mm in length (Cortical Screw,
self-drilling, cross, 2.2 mm, L 6 mm, ref. M-5183.06); and
5 self-tapping screws 2.0 mm in diameter and 17.0 mm in
length (2.0 Cortical Screw 17 mm, cross, ref. M- 5180.17).

The 1-100 kN Insight Material Testing System (MTS
Systems Corporation, Eden Prairie, USA), a twin-col-
umn floor-standing model for high-force applications,
was used with TestWorks software (MTS Systems Cor-
poration) for the electromechanical measurement of
screw axial pullout strength from blocks of polyure-
thane (Fig. 1). A material similar to the human bone,
the solid rigid polyurethane foam used in this ex-
periment had a density of 40 pounds per cubic foot
(0.64 g/cc) and a thickness of 40 mm. ASTM F1839 speci-
fications for rigid polyurethane describe the material as
having a compressive strength of 31 MPa, compressive
modulus: 759 MPa; tensile strength: 19 MPa; tensile mod-
ulus: 1000 MPa; shear strength: 11 MPa; and shear modu-
lus: 130 MPa. The polyurethane blocks were prepared and
instrumented with one of the 25 screw types described
above. Any blocks with wall breach were discarded.

Prior to the insertion of self-tapping screws into the
polyurethane blocks, pilot holes were created in accord-

Fig. 4. A self-drilling screw after the pullout test. Note the polyurethane
within the threads

ance with the manufacturers’ instructions, using a 1.2 mm
drill for screws with a diameter of 1.5 mm and a 1.7 mm
drill for 2.0 mm screws. Self-drilling screws have a sharp
tip and thread that allows penetration with no need for
a drill or pilot hole to insert the screw. The manual inser-
tion method was used with all the screws, in accordance
with the manufacturers’ recommendations. Insertion was
perpendicular towards the anterior of the polyurethane
foam, up to 3.6 mm deep in the case of 6-7 mm screws
and up to 9.6 mm with 16—17 mm length screws (Fig. 3).

The mechanical pullout tests were undertaken at room
temperature (22°C). After aligning the Insight Material
Testing System and placing the polyurethane foam in
a pullout-holding device, pullout force (F) was applied
vertically to the screw at a rate of 5 mm per minute until
pullout was noted (Fig. 4). The strengths of the different
screws are presented in Fig. 2.

The statistical analysis, conducted using Statgraphics
Centurion XVI software (Statpoint Technologies Inc.,
Warrenton, USA), consisted of an analysis of variance
(ANOVA) with the screw manufacturers as the factors.
Next, comparisons between self-tapping vs self-drilling
screws were performed by t- test. A p-value below 0.05
was considered significant.

Results

None of the 1.5 mm or 2.0 mm diameter screws frac-
tured during the tests; in each case, failure of the polyure-
thane foam was observed before any evidence of damage
to the screw construction was noted. After the tests, the
screws were removed along with the surrounding poly-
urethane in the threads.

Table 1. Average (+ standard deviation) pullout strength (in newtons) for the screws investigated in the study

Micro-system (diameter 1.5 mm)

Mini-system (diameter 2.0 mm)

Manufacturer

DePuy Synthes 2536 +4.39 2260+ 7.52
‘ KLS Martin 2506 + 16.04 180.8 £ 14.25
‘ Medartis 211.2+9.88 188.6 £ 6.07
‘ Total 23847 £ 2251 19847 +22.40

6 mm self-drilling 6 mm self-tapping 6 mm self-drilling 6 mm self-tapping 16 mm self-tapping

2916+11.22 152.2 £ 14.58 4796 +21.64 ‘
3208 +9.09 213.2+7.79 4796 £ 2161 ‘
2932+683 2288+973 491.0£1259 ‘
301.87 £16.29 198.07 £35.72 4834 +1853 ‘
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The results of experiment are presented in Table 1.
Among the self-tapping 6 mm x 1.5 mm microscrews,
the DePuy Synthes screws had the highest average pullout
force (F = 29.53; p < 0.001). Among the self-drilling screws
6 mm x 1.5 mm screws, the KLN Martin and DePuy
Synthes screws both had an average score of F = 22.44,
which was significantly better than the Medartis screws
(p <0.001). Among the self-tapping 6 mm x 2.0 mm mini-
screws, Medartis achieved the highest scores (F = 66.77;
p < 0.001), but among the self-drilling 6 mm x 2.0 mm
screws the KLS Martin screws had the best results
(F = 15.84; p < 0.001). Finally, among the 16 mm x 2.0 mm
self-tapping screws for the lag technique, all 3 manufac-
turers’ screws were equal (F = 0.59; p = 0.578).

All the self-drilling 6 mm screws required higher pullout
force than self-tapping ones in both the 1.5 mm system
(t = 4.88; p < 0.0001) and the 2.0 mm system (t = 10.24;
p < 0.00001).

Discussion

The screws evaluated in this study can be used in most
cases of maxillofacial trauma, but are especially suitable
for condylar fractures. The results of this study demon-
strate superior screw types that offer doctors and clini-
cians opportunities to use less equipment and fewer pro-
cedures with no detriment to screw pullout strength. In
biomechanical test environments, human cadaver bone
can successfully be replaced with fixed polyurethane
foam, as they are almost identical in terms of the results.”
Clinical bone conditions have been simulated using arti-
ficial bone material to research dental implant stability.’

A screw’s insertion torque and the force of pullout con-
stitute the main determinants of how strong a screw is
(and can be) fixed.® Maxillofacial screws have been stud-
ied with regard to geometry and materials, focusing on
how each factor (the pitch, number of threads, fillet angle,
etc.) performs and how multiple factors interact.!® A dif-
ference in surface properties can have profound effects on
bone attachment. Aspects such as the quality, density and
number of bone structures (or, in this study, polyurethane
foam) play a role when measuring the pullout strength of
a screw,!! but it appears that the strength itself is com-
mensurate to the quantity of bone volume separating the
threads.'?

Self-drilling miniscrews do not have a long history, be-
ing a recent invention. Their tip is sharp and pointed, and
during insertion they follow the rotational axis and en-
ter the bone as far as the screw head without any drilling
whatsoever.!3 As Pitzen et al. noted, axial starting load is
very sensitive to the design of the screw tip.!* This is of ut-
most importance at the beginning of bone fixation, when
any wobbling of the screws can ruin open rigid fixation.'®

Self-drilling and self-tapping screws were initially devel-
oped for remediating damage to the maxillofacial region.

M. Kozakiewicz, P. Softysiak. Screw pullout force

The aim of introducing them was to reduce the necessary
equipment and doctor/clinician activities without nega-
tively impacting the pullout strength of screws.!? In this
study it was observed that self-drilling screws had higher
pullout strength than self-tapping screws. How screw an-
chorage is impacted depends directly on how the screw
thread surface and the adjacent bone interact: The higher
degree of interaction between the bone and the screw,
and denser bone adjacent to the thread, contribute to the
higher pullout strength of self-drilling screws.

This conforms with the findings of research into the
biochemistry and histomorphometry of self-drilling and
self-tapping screws used in maxillofacial surgical inter-
ventions.'® Should a pilot hole be used, and should it be
smaller than the internal screw diameter, there is a pos-
sibility of an increase in radial displacement and blockage
(impaction) of cancellous bone while the screw (especial-
ly the core) is driven into the bone itself. This, in turn,
involves more interaction between the screw and the ad-
jacent bone and more bone makes its way into the thread.
There is insufficient research into the histomorphometry
of screw—bone interaction, but pressure exerted on can-
cellous bone by the screw as it is driven into the bone
is regarded as a factor that increases density and pullout
strength, which purportedly explains why screw pullout
strength is higher in screws with cone-shape pedicles
than in the non-tapping equivalent.'” Self-drilling screws
necessitate more interaction with the bone than screws
that need drilling. More debris is transported and depos-
ited around a self-drilling screw, since its shaft is cone-
shaped.!® Research shows that self-drilling screws inter-
act with the adjacent bone to a high degree, but the bone
does not undergo significant thermal damage.!>!$' In
the present study, the comparative analysis of the pullout
strength of self-drilling and self-tapping screws revealed
higher strength in the former, which is due to the higher
degree of interaction between the bone and thread (or, in
the present study, the greater quantity of polyurethane
foam in the thread).! In clinical applications, self-drill-
ing screws should be used carefully, especially in 1.5 mm
diameter systems, due to the possibility of screw head
damage.

For mandible injuries, Medartis opted for the lag screw
technique, hence that manufacturer is the most reliable in
the 16 mm screw competition. On the other hand, DePuy
Synthes took on traditional rigid monocortical fixation in
the midface region, and achieved excellent results with
their 6 mm x 1.5 mm self-tapping screws. The superior
screw-bone interaction of self-drilling screws compared
to self-tapping screws and more actual bone in the threads
of screws driven without drilling corroborates the present
study’s findings that both screw’s holding strength is suf-
ficient in test environments. These results have consider-
able significance from the perspective of osteosynthesis in
regions with thin cortical bone, such as the central mid-
face region.!®
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The results of this study show that the 3 screw types are
each well suited for different skull regions. KLS Martin
6 mm x 2.0 mm self-drilling screws can be driven into the
bone without predrilling, which results in the highest sta-
bility. Inserting self-drilling screws is straightforward and
is recommended in the central midface region,'® making
6 mm x 1.5 mm DePuy Synthes screws the best choice.
Medartis 6 mm x 2.0 mm self-tapping screws are the ide-
al choice for mandible osteosynthesis, and in the lateral
midface. However, the use of self-drilling screws in the
mandibular angle region is not recommended.”

Cone-shaped screws perform best in cancellous bone in
all specifications?! thanks to their design: A conical self-
drilling screw has superior primary stability to its cylin-
der-shaped self-tapping equivalent.?? Self-tapping screws
in pre-drilled pilot holes achieved the best results when
used with high-thickness cortical bone, in contrast to self-
drilling and self-tapping screws, which behave best when
inserted into thin bone.?!

It appears that both self-tapping and self-drilling screws
offer a reliable level of anchorage. However, the superior-
ity of the self-drilling type stems from the reduction in
insertion time and effort, and the elimination of debris
and thermal damage. Self-drilling screws also entail less
morbidity, and eliminate the need for pre-drilling. Due to
these benefits, they can effectively supersede self-tapping
screws.?

To conclude, there is currently no universal screw for all
maxillofacial applications. Moreover, there are significant
differences in the fixing force among screws of the same
diameter but originating from different manufacturers.
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The assesment of the quality of postoperative pain
management in patients with maxillofacial injury
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Abstract

Background. Postoperative pain is acute pain. Its prevalence is associated not only with the course of the
disease but also with surgical damage to the tissue or the organs as well as the surgical wound.

Objectives. The aim of the paper is to evaluate the quality of perisurgical care in the aspect of postoperative
pain in patients with a maxillofacial injury.

Material and methods. The study involved 198 patients. The research included all the patients diag-
nosed with a maxillofacial injury who were admitted to the Clinical Ward of Maxillofacial Surgery.

Results. The average score in the clinical quality indicators in postoperative pain management was 47.89
and did not reach the minimal level of 63. A current intensification of pain amounted to 2.14 on average
+ 1.54. In the 24 h time period the most severe postoperative pain was 4.55 + 2.03, whereas the mildest
pain experienced came to 2.4 + 2.36. Satisfaction with the pain alleviation method was high, 7.71 + 1.97.
It has been proven that there is a correlation between the general score of the clinical quality indicators in
postoperative pain management and the pain level according to the VAS scale, which as evaluated during
the first 24 h after the surgery proved a significant dependency (p = 0.0000). The surveyed patients, who
gave higher notes to the quality of pain treatment experienced pain amounting up to 4 pts. (minor pain)
on the VAS scale.

Conclusions. Generally, the quality of the nursing care considering the postoperative pain management
received average notes. The level of experience in postoperative pain management is higher in younger pa-
tients, who are university graduates suffering from mild pain as well as the patients with upper face injury.

Key words: postoperative pain, perisurgical care, care quality

Stowa kluczowe: hdl pooperacyjny, opieka okotooperacyjna, jakos¢ opieki
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Postoperative pain treatment in Poland requires signifi-
cant improvement. The Polish Society for Pain Research
(PTBB) took certain steps to introduce a set of principles
regulating postoperative pain management. In 2001 a team
of experts at the PTBB along with the Polish Gynecological
Society laid down regulations concerning acute pain treat-
ment after gynecological procedures. In June 2008 PTBB
published: Alleviating postoperative pain — 2008 recom-
mendations. The regulations focused specifically on the
safety of administering analgetics, the necessity to moni-
tor postoperative pain and provide proper nursing educa-
tion for the personnel. Postoperative pain is not dependent
solely on the postoperative wound, but is conditioned by
many factors such as the patient’s psychological profile,
former experience with pain, cultural and environmental
elements (i.e. hospital conditions). In 2011 in Poland an
updated version of the publication: “2011 recommenda-
tions — acute and postoperative pain management” came
out, followed by the next one in 2014. Current regulations
include the basic issues of postoperative pain treatment as
formed in Evidence Based Medicine (EBM).'~* The reason
to evaluate the quality of postoperative pain treatment is
to gather information concerning the nursing care pro-
vided to the patients and to work out whether the existing
assumptions were accomplished as well as to define po-
tential areas which need improvement. It is believed that
every patient has the right to high quality medical care,
and it is the hospital employees’ duty to provide it.>® It is
stated that in many cases postoperative pain treatment is
inadequate. Some of those patients experience pain rang-
ing from moderate to severe. Klopfenstein et al. claim that
the reason for the low quality of postoperative pain treat-
ment is insufficient education and training on the part of
the workers as well as the patients, lack of communication
between the workers and the patients, varying methods
used to evaluate and treat pain, lack of systematic medi-
cal documentation, evaluating only the rest pain and lack
of social awareness.” Both nurses and doctors share a ten-
dency to under appreciate patients’ pain and to diminish
it.>71% The studies published indicate that 80% of the pa-
tients at surgical wards experience pain, 45% of them de-
scribe it as unbearable.!! Setting a pain management pro-
gram for each hospital unit has significant meaning in pain
management. Such guidelines would consider the unit’s
specificity and character.!! It is important to define how
nurses rank the quality of the postoperative pain treatment
and whether the result is in line with the patients’ evalu-
ation.>”12 Unrelieved pain may be a serious health prob-
lem; however, according to the literature it may be averted.
Very often the pain accompanying the patients’ treatment
is neglected due to the lack of effective pharmacological
or non-pharmacological therapies. Unrelieved pain causes
increasing reaction, which affects the immunological sys-
tem and delays wound healing.! Unrelieved pain is a risk
factor causing the development of chronic pain syndrome.
On the other hand, however, a proper postoperative an-
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algesia is associated with lower cardiopulmonary compli-
cations risk, fewer fatalities and lower treatment costs.!!
Hospitals do their best to introduce the established guide-
lines and to improve their practice. Many people imple-
mented projects to improve the quality of the system in
order to change structures and practices concerning the
patient’s care. Unfortunately, relatively few such projects
have been successful. As Dahl et al. claim, only a few pub-
lications indicate that the aforementioned efforts lead to
better results in treating patients.!!

The aim of the paper is to evaluate the quality of the
postoperative pain treatment in patients with a maxillofa-
cial injury treated surgically and to identify areas requir-
ing improvement concerning care quality.

Material and methods

The study included 198 patients admitted to the Clini-
cal Ward of Maxillofacial Surgery in the Regional Hospital
in Rzeszéw. The patients were qualified based on the in-
clusion criteria. The study group varied considering sex,
age, place of residence, education and financial status.
The choice of the patients for the study trial was purpose-
ful. The inclusion criteria included: hospitalization due
to injury; emergency or elective surgical procedure; no
cognitive disorders; written consent to participate in the
study, informing about the aim of the study and the time
needed to complete the questionnaire; minimum 18 years
old. The exclusion criteria were: life threatening situa-
tions and transferring the patient in an induced coma to
the ICU for further treatment. The dependency between
the evaluated treatment quality and pain intensity in the
postoperative period, the type of injury, demographic and
environmental factors were analyzed.

The research tools used were scales: Verbal Rating Scale
(VRS), Visual Analogue Scale (VAS), Strategic and Clini-
cal Quality Indicators in Postoperative Pain Management
(KWJPZBP) as adapted in Poland.

The VAS scale allows the patient to define the intensity
of pain as a variable subjective characteristic, which may
take a continuous value and cannot be directly measured
with other available tools. Patients define the intensity
of pain using VAS scale by marking a point on a 10 cm
(100 mm) line, where 0 is the absolute lack of pain and
10 c¢m is the most severe pain possible. The results are
interpreted as following: 1-25 mm means mild pain,
26—-50 mm — moderate pain, 51-75 — severe pain and
76—100 mm — maximal pain. VRS scale evaluates scale in
a descriptive way. The patient can describe pain by using
a scale from 0 to 5.13-1¢ The Polish version of Strategic and
Clinical Quality Indicators in Postoperative Pain Manage-
ment (KWJPZBP) was validated and culturally adapted by
the Department of Neurological and Psychiatric Nursing
at the Nursing Institute of the Poznan University of Medi-
cal Sciences. Authors of the Polish version consented to
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the use of this tool in the study.'” Strategic and Clinical
Quality Indicators in Postoperative Pain Management
consists of 14 statements organized in 4 subscales: com-
munication (statements 1, 11 and 14), action (statements
2, 3, 6 and 7), trust (statements 5, 8, 12 and 13) and en-
vironment (statements 4, 9 and 10). In the communica-
tion and environment subscales patients can gain 4-20
points. In Action and Trust subscales the point range is
3-15. The tool also contains 1 question concerning the
patient’s general satisfaction with pain treatment as well
as 3 complementary questions about the intensification of
postoperative pain. The respondents could rank the state-
ments on a 5-point Likert scale. One means definite dis-
agreement, whereas 5 definite agreement. According to
the authors, the theoretical range of the scale amounts to
14-70 points. In accordance with authors’ assumptions,
high quality care reaches 4.5 or more points obtained
in reference to each statement separately. If the score is
lower it is assumed that the level of care for a given is-
sue diverges from the demanded quality and should be
improved. Similarly, if the patient ranks a statement with
1 or 2 points he or she is put in a group of patients whose
care quality should be refined. The minimal general score
should amount to 63 points or higher. In reference to the
communication and environment subscales, the score
should reach 13.5 points, action and trust subscales — 18.0
points.>!? The intensity of the pain experienced has been
evaluated on the basis of independent questions using an
11-point scale, where 0 points meant lack of pain where-
as 10 points meant very severe pain. Psychometric val-
ues (alfa Cronbach coefficient) for the Polish version of
Strategic and Clinical Quality Indicators in Postoperative
Pain Management appeared to be satisfying, with the ex-
ception of Communication and Environment subscales,
where the values were lower (0.70). This fact could be
a result of a small number of statements included in the
subscales. They amounted to: entire scale — 0.90, com-
munication subscale — 0.64, action subscale — 0.69, trust
subscale — 0.80, environment subscale — 0.65.181

The study was conducted after obtaining consent of the
Bioethical Committee at the Poznan University of Medi-
cal Sciences (No 1239, Dec 18% 2008). Participation in the
study was voluntary. The patients were granted confiden-
tiality and were ensured that, although it would be pos-
sible to identify the patient based on the registry number
and the questionnaire number, the researchers would use
the data obtained in the poll only for scientific purposes.

The study group consisted of 198 patients hospital-
ized from January 1% 2009 to December 31% 2009. All
patients diagnosed with a maxillofacial injury and admit-
ted to the Clinical Ward of the Maxillofacial Surgery in
Rzeszéw took part in the study. All the patients under-
went a surgical procedure. The questionnaires were given
to 198 patients. Hundred percent of the forms were re-
turned, with incomplete ones. Hundred and ninety-five
questionnaires were qualified for further analysis, which

137

constituted 98.0% of the initial group. Population under
study consisted of 195 people, including 173 men (88.7%)
and 22 women (11.3%); 33.8% were patients aged 21-30.
Almost 1/3 (34.8) of the respondents were 31-50 years
old, 15.9% up to 20 years old, 8.7% — 51-60 years old and
6.6% 61 years old or older.

The biggest group among the respondent — 96 patients
(49.0%) were people living in the countryside, then 70 pa-
tients (36.0%) in a county town. The smallest group con-
sisted of people living in a voyevodship city — 29 (15.0%).
When asked about the source of income the respondents
listed: professional work — 85 patients (45.9%), pension/
retirement — 12 people each (6.5%), no regular income
— 16 people (16.2%), other sources — 24 people (24.9%).
Ten patients did not answer the question. Among the 195
respondents, 77 people (39.5%) presented a secondary ed-
ucation, 50 (25.6%) vocational education, 49 (25.1%) pri-
mary and 19 people (9.7%) higher education. For the sake
of the study the injuries were divided into 3 types. Types of
injury were defined as type I injury — upper face fracture/
forehead sinus/the bridge of nose/ethmoid bone, type II
injuries — mid face fracture including maxilla, the base of
the nose as well as malar bones and malar arches and type
III lower face fracture, mandible.?’ The injury in the facial
part of the cranium that was most common in the study
group was a mid-face fracture, including the maxilla, the
base of nose along with malar bones and malar arches
— 93 patients (44.28%). The next most common type of
injury was a lower face fracture, that is the mandible — 79
patients (37.61%). A part of the respondents (7.14%) suf-
fered from an upper face injury. 4 patients (1.90%) expe-
rienced both upper and mid face injury. Two patients had
a mid and lower face injury. During the study there was
only 1 case of an upper, mid and lower face injury.

Organization
and the process of data collection

The place for conducting the research was chosen based
on the unit’s specificity and innovativeness of the treat-
ment methods applied at the ward. The Clinical Ward for
Maxillofacial Surgery is the only ward in the Subcarpath-
ian region. Patients admitted to the ward are transferred
there directly from the emergency room and from other
hospitals when in need of hospitalization. The ward has
a third reference level. After obtaining the consent of the
hospital’s administration and the ward chief doctor, pre-
paratory steps were taken to complete the research doc-
umentation. The project began on January 1% 2009 and
took 12 months to complete.

Statistical analysis

The analysis was performed using the statistical package
STATISTICA v. 10, Polish version along with SPSS pro-
gram. The statistical analysis included basic measurement
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adjusted to the variables that is mean, standard deviation,
minimal and maximal values. The variables measured on
a quotient scale — age was described using an arithmetic
mean and standard deviation (SD). The variables mea-
sured nominally: sex, education, source of income were
presented as numerical data, quantity (n) and percentage
showing the share of a given variable in the study group.
The variables measured on an ordinal scale, such as: pain
level were presented with descriptive statistics including
median, minimal and maximal values. The following non-
parametric test was incorporated: Mann Whitney test,
Spearman rank correlation coefficient, Kruskal-Wallis
test, the Fischer test (for small groups). The following
rules were set: p < 0.5 — statistically significant dependen-
cy (marked by *); p < 0.01 — highly significant dependency
(marked by **); p < 0.001 — dependency of extremely high
significance (marked by ***).

Results

Assessment of the quality

of postoperative pain management

with the use of Polish version of the strategic
and clinical quality indicators

in postoperative pain management

The assessment of the care quality in reference to post-
operative pain and the exacerbation of pain were present-
ed as follows: the average result for the entire scale in the
group of patients was 47.89 points (range 14-70) and did
not reach the minimal value of 63. In regards to the sub-
scales, the minimal score (as recommended by the authors
of the original version) was not reached as well >1%18:21.22
In the communication subscale the lowest score applied
to the statement concerning information about possible
methods of pain relief was 2.87 points (range 1-5). The
majority of the respondents (54.1%) ranked those aspects
negatively giving them 1 or 2 points. Less than a half of the
patients in the study (36.8%) declared, however, that they
had come across a quantity evaluation of the pain intensi-
fication done by the medical personnel after the surgery.
In the action subscale, the score concerning the quantity
of pain evaluation done by the personnel amounted to
2.67 points. Low score, 2.80 applied to communication
concerning postoperative pain alleviation plan. In the
trust subscale, statement no. 13 got the lowest score, 3.43.
None of the 4 statements in the trust subscale obtained
the minimum of 4.5 points, which means that the level
of care terms of trusting the nursing personnel is insuf-
ficient. In the environment subscale the aspect with the
lowest score was connected to the hospital room — 3.59
points. Table 1 presents the scoring for the general result
and each subscale separately (Table 1).
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The assessment of the postoperative pain
on a strategic and clinical indicators

of quality of the postoperative pain
management scale

Pain intensity in patients at the moment of examina-
tion was 2.14 on average SD = 1.54. Pain experienced
during 24 h described as the most severe amounted to
4.55 SD = 2.03, whereas the mildest pain came to 2.34
SD = 2.36. Satisfaction with the applied method of pain
relief was relatively high, 7.71 SD = 1.97. The majority of
the patients (n = 136; 75.1%) stated the pain they experi-
enced after the procedure was in accord with what they
expected or milder. The rest of the patients (n = 45; 24.9%)
claimed the pain they felt was more severe than expected
(Table 2).

The dependency of the general strategic and clinical in-
dicators of quality of postoperative pain management re-
sult and the pain level on VRS scale evaluated in the first
24 h proved to be significant (z = 11.66; p < 0,001). The
respondents who ranked the treatment quality as high on
the strategic and clinical indicators of quality of the post-
operative pain management scale rated their pain up to
4 point (a mild pain) on VAS scale.

The influence of the chosen factors
on the assessment of the quality
of postoperative pain management

The value of test statistics in analyzing the dependence
between the age of the respondents and the general score
on the strategic and clinical indicators of quality of post-
operative pain management scale was z = 8.72; p < 0.001.
The highest score was given by people aged 20—30. There
were no statistically significant differences in the general
score between male and female groups and each of the
4 subscales: communication, action, trust, and environ-
ment. The impact of patients’ education on the general
score was analyzed. The value of the test statistic was
h = 12.37; p < 0.001. It marks a statistically significant
dependency between patients’ education and a general
score on the strategic and clinical indicators of quality of
postoperative pain management scale. The highest scores
regarding the quality of care were given by people with
secondary education. Both for the general score as well as
for particular subscales in reference to the place of resi-
dence no statistically significant differences were found.
When it comes to the dependency between the source of
income and the general strategic and clinical indicators of
quality of postoperative pain management score no statis-
tically significant dependencies were found. The analysis
concerning dependencies between the subscales results
and the type of injury showed statistically significant cor-
relations between the action subscale and type I injury
— upper face fracture/forehead sinus/bridge of nose/eth-
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Table 1. Patients'assessment of the quality of postoperative pain management with the use of Polish version of the strategic and clinical quality indicators in

postoperative pain management

Subscales Mean +SD N (%) score 1 or 2
1 2 3 4
COMMUNICATION (subscale range: 3-15) [13.5 pts*] 10.37 238 -
1. I was informed about the pain relief methods before the surgery 287 12 70 (36.8%)
11. When nurses start to come on duty they know everything about the pain | am experiencing 368 14 17 89%)
and the treatment | have received
14. The nurses and doctors cooperate in the pain management process 3.87 1.2 16 (8.4%)
ACTION (subscale range: 4-20) [18 pts*] 12.28 3.25 -
2. I talked to the nurses about the methods | wish the pain to be treated with after the surgery 2.80 1.36 46 (24.2%)
3. | received help in finding a comfortable position in bed, which would allow me to avert pain or minimize it 3.07 1.37 32 (16.8%)
6. The personne! asked me gpout the pain when they noticed | was uneasy, was breathing heavily 374 124 19 (10.0%)
or kept changing my position
7.The personngl asked me to describe the pain level on a scale from 1 to 10 at least once in the morning, 267 143 93 (48.9%)
at noon and in the evening
TRUST (subscale range: 4-20) [18 pts*] 14.57 3.26 -
5. Even if | did not ask for pain medication | always received it 3.81 122 14 (7.4%)
8. The nurses helped me to relieve pain until | did not feel better 3.65 142 52 (27 4%)
12. The nurses are knowledgeable about how to relieve my pain 3.66 1.35 6 (3.2%)
13. The nurses believed me when | told them that | am not in pain 343 138 19 (10.0%)
ENVIRONMENT (subscale range: 3-15) [13.5 pts*] 1067 3.26 -
4. 'was granted peace and quiet to sleep well 376 1.23 2 (1.1%)
9. The room was nice and comfortable 3.14 1.54 39 (20.5%)
10. The number of nurses during a shift has been sufficient enough to respond quickly to my request for pain relief 3.59 148 12 (58.9%)
General score (subscale range 14-70) [63 pts*] 4744 - -

[*] desired minimal score.

moid bone. The Spearman rank correlation coefficient
was 0.6; p < 0.001. In regards to communication, trust and
environment subscales and type II injuries, such as mid-
face fracture including maxilla, the base of nose as well
as malar bones and malar arches and type III injuries, the
lower face fracture, mandible there were no statistically
significant correlations found.

Discussion

Strategic and clinical indicators of quality of postopera-
tive pain management scale is a study tool used to mea-
sure the quality of the postoperative pain treatment. The
average result of the postoperative pain management in
the original study was 47.89 and did not reach the desired

minimal score of 63. Taking into consideration particular
areas, it was stated that in the communication subscale
the aspect of informing the patient about possible meth-
ods of pain alleviation obtained the lowest score. The per-
centage of patients who evaluated this aspect negatively
was 54.1. In the study Jaracz et al.’” this amounted to 40%,
whereas in the study Baczyk et al.?® and Juszczyk!'® — 35%,
and in Herrera-Espineira et al.?* Thirty-two percent of the
respondents were not satisfied with the information re-
ceived in the hospital. The above data indicates that there is
a need to provide the sick with more detailed information
concerning pain alleviation methods after surgery. In the
study by Sierpiniska and Dzirba, which evaluated the level
of satisfaction with nursing care by means of an original
questionnaire, the majority of respondents (99.3%) gave
a positive score to ‘explaining and informing the patients’?

Table 2. Postoperative pain and care satisfaction according to the patients on the strategic and clinical indicators of quality of postoperative pain

management scale

Assessment aspects

Current pain intensity
Pain exacerbation during the first 24 h after the procedure
The mildest pain during the first 24 h after the procedure

Level of satisfaction with the pain alleviation methods applied

Scale range
0-10 2.14 1.54 0-10
0-10 4.55 2.03 0-9
0-10 234 236 0-6
0-10 7.71 1.97 2-10
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Only 0.7% ranked the information given by nurses as neg-
ative and very negative. In the action subscale the lowest
scores were given to the statements concerning the pos-
sibilities of making joint decisions about the methods al-
leviating postoperative pain and measuring pain intensity.
In the trust subscale the score was close to the desired
one, which means that the care quality in this aspect is
quite high. In the environment subscale the place of stay
— the hospital room was ranked with the lowest score.
Twenty point five percent expressed their dissatisfaction
in this matter. The level of satisfaction with the pain al-
leviation method applied was 7.71 SD = 1.97. The highest
score was 10, and the lowest 2. Similar values were pre-
sented by Jaracz et al.'” — 8.64 and Baczyk et al.®® — 9.31.
The respondents assessed the treatment quality in the
first 24 h after the surgery with higher scores in the pain
range less than 4 (mild pain). It has been noted that there
is a dependency between the patients’ age and the general
score in the strategic and clinical indicators of quality of
postoperative pain management scale. The highest scores
were given by patients aged 20-30, which is not con-
firmed in the studies by Jaracz et al.', Baczyk et al.??, and
Juszczyk.'® No dependency was found between the sex,
place of residence or the source of income and the general
score as well as each of the 4 subscales. In the observa-
tions conducted by many authors no such dependency
was found as well. When it comes to the education and
its impact on the general score of the strategic and clinical
indicators of quality of postoperative pain management
scale, it has been shown that patients with secondary
level education evaluated the postoperative pain treat-
ment with the highest scores. The research by Zakowska
et al. shows that higher education predisposes patients to
higher scores.!* The statistical analysis showed that there
is a correlation between the score of Action subscale and
type I injury, upper face fracture. In the studies by Idvall
et al. the general score concerning the assessment of the
nursing care fluctuated from 2.8 to 4.7 points.?® The aver-
age results for the nurses varied from 3.3 to 54.8 points
for the same questions. The difference occurred in all of
the subscales. In 2 of them (communication and action)
the quality of care was evaluated both by the patients as
well as the nurses at lower scores than the level that was
defined as clinically realistic, for instance: “The personnel
asked me about the pain when taking deep breaths, get-
ting out of bed or moving” The difference in 2 other sub-
scales (trust and environment) indicated to higher results
for the quality provided in reality in comparison to the
level defined by the nurses as realistic. For example “I was
given an opportunity to rest peacefully so that I can sleep
at night” The average score for the question concerning
the sufficient number of nurses was 4.1 + 0.9.

Pain is the most common problem in adult patients
before surgery. It is an even bigger problem than the
fear of whether the surgery improves the clinical condi-
tion. There are a few significant aims in postoperative
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pain treatment for instance minimizing and eliminating
discomfort. It is unethical not to take proper actions to
relieve pain when patients are suffering. The nurses play
a key part in monitoring pain and are able to evaluate the
effectiveness of the treatment. The process of taking care
of the patient requires systematic and scientifically based
methods of conducting treatment. The intervention of
nurses may include procedures other than pharmacologi-
cal, observations, health education.?*? In Sweden, a con-
cept of specific care quality for the postoperative stage was
formed. It assumes that effective pain alleviation does not
only include tangible pain minimization but also focuses
on improving patient’s comfort and general satisfaction of
the postoperative care. Reaching those targets depends on
proper pharmacological therapy as well as factors associ-
ated with pharmacotherapy and pain monitoring and fac-
tors connected with information, nursing personnel work
quality along with factors concerning providing optimal
conditions for sleep and night rest. A study tool for evalu-
ating the quality of the postoperative treatment and pain
alleviation satisfaction was established on the basis of the
aforementioned concept.?” The researchers agree as to the
statement that the patient’s subjective assessment is one of
the most crucial indicators of the quality of health care.?

Conclusions

Generally, the quality of nursing care in regards to post-
operative pain management received average notes. The
level of experience in postoperative pain management is
higher in younger patients, who are university graduates
and suffer from mild pain as well as in patients with upper
face injuries.

Implications for practice

The studies conducted in Poland indicate that there is
a need to monitor the quality of postoperative pain treat-
ment and to promote constant improvement, specifically
in the areas such as: information about possible pain alle-
viation methods, analgesic treatment, possibilities of joint
decision making when pain alleviation is considered as
well as hospital conditions during the patient’s treatment.
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Abstract

Background. Mandibular cortical morphology (MCM) and mandibular cortical width (MCW) are 2 indices
related to the mandibular inferior cortex in panoramic radiography.

Objectives. The aim of the present study was to evaluate the relationship between serum calcium and
phosphorus levels and MCM and MCW in patients over 40 years old at the Department of Oral and Maxil-
lofacial Radiology at Isfahan School of Dentistry.

Material and methods. After the patients signed the consent form, blood specimens were collected and
serum calcium and phosphorus levels were determined. Fach patient’s MCM was determined by observing
the mandible distally from the mental foramen on both sides, and was categorized into one of 3 groups
based on the degree of erosion. The MCW was measured bilaterally on the radiographs of the mental fora-
men region.

Results. The examinations found that 63.3% of the patients had mildly to moderately eroded cortices, and
the mean MCW was 4.28 + 1.09. Unlike MCW, which did not differ between the genders, MCM was dif-
ferent in men and women. Also, MCM significantly correlated with age, while MCW did not show this cor-
relation. Neither MCW nor MCM were significantly different between premenopausal and postmenopausal
women. Moreover, neither MCW nor MCM were related to serum calcium or phosphorus levels. However,
MCW and MCM had a significant negative correlation with each other.

Conclusions. Based on the results of the present study, MCM and MCW were not related to serum calcium
or phosphorus levels. However, they had a significant negative correlation with each other. Further stud-
ies might clarify any possible relation between mandibular inferior cortex indices and serum calcium and
phosphorus levels.

Key words: mandible, cortical indices, panoramix radiography, serum, calcium, phosphorus

Stowa kluczowe: zuchwa, wskazniki korowe, pantomografia, surowica, wapn, fosfor
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The mandibular inferior cortex is one of the anatomical
landmarks of panoramic radiography. Mandibular corti-
cal morphology (MCM) and mandibular cortical width
(MCW) are two indices related to this landmark. MCM
was first classified by Klemetti et al., and is categorized
into 3 groups based on the degree of erosion.! MCW is
determinable in a line perpendicular to the tangent of the
inferior border of the mandible and intersecting the men-
tal foramen, as described by Taguchi et al.

Several studies have been carried out to investigate
possible relationships between mandibular inferior cor-
tex indices and bone metabolism markers. Deguchi et al.
concluded that increased serum bone-specific alkaline
phosphatase and urinary N-telopeptide crosslinks of type
I collagen are significantly associated with mandibular in-
ferior cortex erosion.? In another study by Taguchi et al.,
no significant relationship was found between MCW
and total serum alkaline phosphatase and N-telopeptide
crosslinks of type I collagen.* Nevertheless, Vlasiadis et al.
reported a significant correlation between serum bone al-
kaline phosphatase and MCW.> Moreover, a 9-year fol-
low-up study by Kiswanjaya et al. reported that increases
in erosion of the mandibular inferior cortex are signifi-
cantly associated with elevated total serum calcium.®

Serum calcium and phosphorus are 2 important markers
of bone metabolism.”~® There are several diseases and drugs
that change the levels of these minerals.®-1? Also, changes in
bone turnover appear in individuals over 40 years old, regard-
less of any pathological condition.!®* Based on the available
literature, there have been few studies investigating possible
relationships between these serum markers and mandibular
inferior cortex indices in both sexes in various age groups.
The aim of the present study was to evaluate the relationship
between serum calcium and phosphorus levels and MCM
and MCW in patients over 40 years old at the Department
of Oral and Maxillofacial Radiology at Isfahan School of Den-
tistry (Isfahan, Iran).

Material and methods

The subjects

This analytic cross-sectional study involved patients over
40 years old who came to the department to have panoram-
ic radiographs taken. Inclusion criteria for the study were:

P. Soltani, M. Mehdizadeh, M. Azimipour. Mandibular cortex and serum bone markers

a lack of systemic and metabolic diseases; a lack of congen-
ital disorders; no history of major mandibular surgery or
ovariectomy; not taking calcium, phosphorus or vitamin D
supplements, anti-acids, lithium, thiazide diuretics, thyrox-
in or steroids. Patients were excluded if they were unwilling
to participate in the study or if their panoramic radiographs
contained errors or lacked clarity in the desired region.
All the participants signed a consent form prior to enroll-
ment in the study. The Isfahan Regional Bioethics Commit-
tee approved the study (permit number 394440).

Data collection

The patients’ demographic information was recorded,
including age, sex, and the mentrual status of the females
(premenopausal or postmenopausal). All the panoramic
radiographs were taken using the Proline® XC digital pan-
oramic X-ray unit (Planmeca, Helsinki, Finland), with the
patient’s head positioned in the device with the midsag-
ittal plane perpendicular and Frankfurt plane parallel to
the floor. Blood specimens were then collected from each
participant and serum calcium and phosphorus levels
were determined.
The panoramic radiographs were displayed on a moni-
tor (Flatron®, LG Electronics, Seoul, South Korea) us-
ing the associated software. MCM was determined by
observing the mandible distally from the mental fora-
men on both sides and categorized in accordance with
Klemetti et al.* (Fig. 1):
1.Class 1 (normal cortex): The endosteal margin of the
cortex is even and sharp on both sides.
2.Class 2 (mildly to moderately eroded cortex): The end-
osteal margin has semilunar defects (lacunar resorp-
tion) or there are cortical residues on one or both sides.

3.Class 3 (severely eroded cortex): There are heavy end-
osteal cortical residues and the cortical layer is clearly
porous on one or both sides.

The MCW was measured bilaterally on the radiographs
in the mental foramen region. A line tangential to the
inferior border of the mandible was drawn. A line per-
pendicular to this tangent and intersecting the mental
foramen was drawn, and the MCW was measured along
this line (Fig. 2). The mean values of the MCW on both
sides was used for the statistical analysis.? The determina-
tion of the MCM and MCW for all the radiographs was
done by 2 observers: an oral and maxillofacial radiologist

Fig. 1. MCM classifications: a) class 1, b) class 2, and ¢) class 3
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and a trained dental student. Inter-observer agreement
was reported to be high for both MCM (kappa = 0.963,
p < 0.001) and MCW (ICC = 0.963, p < 0.001). Therefore,
the measurements of the first observer were recorded for
MCM, and the mean values obtained by the two observ-
ers were recorded for MCW.

Statistical analysis

The data were analyzed using IBM SPSS Statistics v. 22
software (IBM Corp., Armonk, USA). Pearson and Spear-
man correlation coefficients, the Mann-Whitney U test
and Student’s t-test were used for the statistical analysis.
The level of significance was set as a = 0.05.

Results

Out of the 90 participants in the study, 55 (61.1%)
were female and 35 (38.9%) were male. Among the fe-
male patients, 30 (54.5% of the females and 33.3% of all
the patients) were premenopausal and 25 (45.5% of the
females and 27.8% of all the patients) were postmeno-
pausal. The age of the patients ranged from 40.08 to 70.50
(mean = 51.26 + 7.55).

Most of the patients (63.3%) had mildly to moderately
eroded cortices (MCM Class 2), while 23.3% of them had
severely eroded cortices (MCM Class 3) and 13.3% had nor-
mal ones (MCM Class 1). MCW ranged between 0.85 mm
and 8.02 mm, with a mean value of 4.28 + 1.09 mm.

The statistical analysis revealed that MCW was not sig-
nificantly different between men and women (p = 0.666).
However, MCM was significantly different between men
and women (p = 0.05). Neither MCW (p = 0.645) nor
MCM (p = 0.75) were significantly different between

Table 1. Characteristics of the study subjects based on MCM classification

Patient groups MCM

mean age (years)
Premenopausal females calcium (mg/dL)
mean MCW (mm)

mean age (years)
Postmenopausal females calcium (mg/dL)

mean MCW (mm)

mean age (years)

Males calcium (mg/dL)

mean MCW (mm)

number of subjects

phosphorus (mg/dL)

number of subjects

phosphorus (mg/dL)

number of subjects

phosphorus (mg/dL)
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Fig. 2. Determination of MCW

premenopausal and postmenopausal women. MCM had
a positive correlation with age (r = 0.280, p = 0.008), while
MCW was not significantly associated with age (r = 0.019,
p = 0.862).

MCM was not significantly correlated with calcium
(r = -0.131, p = 0.219) or with phosphorus (r = -0.28,
p = 793). Similarly, MCW did not have any significant
relation to calcium (r = 0.122, p = 0.253) or phosphorus
(r=-0.166, p = 0.118). MCW and MCM had a statistical-
ly significant negative correlation (r = —0.346, p < 0.001):
Higher MCM classification levels were associated with
lower MCW. Tables 1 and 2 present the characteristics
of the study subjects based on MCM classification and
MCW quartiles, respectively.

Discussion

This study found that MCM classification differed
significantly between men and women. MCM also sig-
nificantly correlated with age, while MCW did not.

Class 1 Class 2 Class 3
7 20 3
47.88 47.61 46.05
9.64 9.39 8.50
3.11 293 3.17
4.73 4.26 346
3 15 7
50.14 54.14 57.86
940 9.88 9.67
3.20 297 3.20
3.92 4.50 3.58
2 22 1
45.71 50.75 55.69
10.05 9.06 9.30
2.65 276 275
6.39 4.60 345
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Table 2. Characteristics of the study subjects based on MCW quartiles
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number of subjects
mean age (years)
Premenopausal females
calcium (mg/dL)
phosphorus (mg/dL)
number of subjects
mean age (years)
Postmenopausal females
calcium (mg/dL)
phosphorus (mg/dL)
number of subjects
mean age (years)
Males
calcium (mg/dL)

phosphorus (mg/dL)

6 9 11 4

4492
9.27
3.50

6

55.55
9.58
3.12

52.26
9.00
287

46.90 5042 44.83
9.23 9.54 9.32
2.78 294 2.90

9 5 6

51.22 56.68 56.82
9.82 9.84 9.80
292 334 297

7 7 11

50.51 50.28 53.84
9.47 9.13 9.24
2.69 2.60 2.79

Moreover, neither MCM nor MCW were related to se-
rum calcium or phosphorus levels; however, they had
a significant negative correlation with each other.

In this study MCW did not show any significant differ-
ence between the genders; the mean MCW was 4.24 and
4.34 in women and men, respectively. In a study by Mir-
beigi et al. in an Iranian population, the mean MCW val-
ues were 3.72 in women and 4.74 in men, which was a sta-
tistically significantly difference.'* According to Vlasiadis
et al., the mean MCW in a Greek female population was
4.57 + 1.03.° These discrepancies might have resulted
from variable magnification factors for different radio-
graphic devices, as well as ethnic differences. A study per-
formed by Dutra et al. suggested that mean MCW values
are higher in men, especially in old age; they observed
a significant difference in the mean values of MCW be-
tween the genders in patients older than 75 years.!® In
the present study none of the patients were in this age
range, and this may be the reason that no gender differ-
ence was noted. However, a study of Polish patients aged
20 to 95 years by Kalinowski and Rézyto-Kalinowska con-
cluded that MCW is higher in males in all age groups.!”
The difference between the findings may be attributed to
the smaller sample size in the present study compared to
their study.

In the present study, class 3 MCM was more frequent
in men and postmenopausal women than premeno-
pausal women, while class 1 MCM was more frequently
observed in premenopausal women; however, these dif-
ference did not reach the level of statistical significance
Generally, mild to severe erosion of the mandibular cor-
tex was significantly more common in men than in wom-
en. As far as the authors know, no previous study of MCM
has included men, premenopausal women and postmeno-
pausal women and differentiated the findings in this re-
spect. A study by Gulsahi et al. in a Turkish population
failed to show any significant relationship between the
genders regarding MCM.!® Other studies concluded that

MCM is significantly different between men and women,
and that class 3 is higher in women than in men.!*? The
differences between the findings of these studies may be
attributed to different sample sizes and different ages of
the participants.

In this study MCW was not affected by age. In their
study on a group of females, Ledgerton et al. reported
that MCW is negatively correlated with age, especially
between the ages of 55 to 74 years, which is older than the
mean age of the participants in the present study.?!

MCM was significantly correlated with age in the pres-
ent study. This finding is consistent with a study by Vlasi-
adis et al. in which MCM class 2 and class 3 are associated
with increased age.!® Similar age-related trends have been
reported in studies by Gulsahi et al.,'® Ledgerton et al.,?!
and Knezovi¢ Zlataric¢ et al.??

In this study MCM and MCW were found to have a sig-
nificant negative correlation with each other. This finding
is in agreement with a study by Vlasiadis et al. in which
mild to severe cortical erosion was associated with de-
creased MCW.!> Moreover, this negative correlation was
also observed in studies by Govindraju et al.”® on an In-
dian population and by Khatoonabad et al. on an Iranian
population.?*

In the present study neither MCM nor MCW were sig-
nificantly correlated with serum calcium or phosphorus
levels. Similar findings were reported in a study by Johari
Khatoonabad et al.2* However, a 9-year follow-up study
on 70-year-old individuals by Kiswanjaya et al. concluded
that an increase in erosion of the mandibular inferior cor-
tex was associated with an elevated serum calcium level
only in women.® In the present study, the mean values of
serum calcium and phosphorus (presented in Table 1)
were all within the normal range. It seems that at least in
middle-aged patients, factors associated with the regula-
tion of serum minerals maintain calcium and phospho-
rus within normal limits even when bone is undergoing
resorption. However, in older patients these mechanisms
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may fail to precisely regulate serum calcium and phospho-
rus levels following remodeling and resorption changes in
bone. This could explain why significant correlations were
not observed between mandibular inferior cortex indices
and serum levels of calcium and phosphorus. Studies per-
formed on older patient populations may help to clarify
any association.

One of the limitations of the present study was that it
omitted to take into account the number of months past
menopause in postmenopausal women, as many of the
female participants did not give clear information regard-
ing the exact time of menopause. For further investiga-
tions, follow-up studies are suggested to monitor changes
in mandibular inferior cortex indices and bone turnover
markers over a longer period of time.

Conclusions

The results of the present study indicated that MCM
and MCW were not related to serum calcium or phos-
phorus levels. However, they had a significant negative
correlation with each other. While MCW did not show
any correlation with age or gender, MCM was significant-
ly associated with both age and gender. Further studies
might clarify any possible relation between mandibular
inferior cortex indices and serum calcium and phospho-
rus levels.
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Abstract

Background. Stress, fatigue and sleep disturbances are common among university students and they have
an impact on their personal health. The prevalence as well as the influence of these factors on oral health-
-related behaviors are likely to vary during the academic year.

Objectives. The objective of this study was to evaluate the prevalence of symptoms related to stress, fati-
gue and sleep disturbances among dental students during the academic year and to investigate whether
these symptoms are associated with oral health-related behaviors.

Material and methods. The prospective study surveyed dental students from Vilnius University, Institu-
te of Odontology at the beginning of the academic year (September) and during the examination period
(December). The questionnaire given was individually coded and consisted of Fatigue Assessment Scale,
Karolinska Sleep Questionnaire, Reeder Stress Assessment Scale and questions assessing self-reported oral
health-related behaviors. Out of 121 dental students, 92 students completed the questionnaire both times
and were included in the study (dropout rate — 8.9%, response rate — 76%).

Results. Correlations were found among disturbed sleep, insufficient amount of sleep, poor sleep quality and
several oral health-related variables: tooth brushing frequency, flossing frequency, the use of a single-tuft to-
othbrush and a tonque cleaner (p < 0.05). Compared to the beginning of the academic year, a significant in-
crease in the number of students suffering from difficulties waking up in the moming (from 52 (56.5%) to
63 (68.5%), p=0.027), daytime sleepiness (from 19 (20.7%) to 34 (37%), p = 0.008), sleep quality disor-
ders (from 9(9.8%) to 25 (27.2%), p=0.002) as well as perceiving fatique (from 22 (23.9%) t0 48 (52.2%),
p < 0.001) and stress (from 31 (33.7%) to 54 (58.7%), p < 0.001) was observed during the examination pe-
riod. Increased prevalence of these factors was related with insufficient oral health-related behavior.

Conclusions. This study revealed that oral health-related behaviors worsen when there is a higher preva-
lence of stress, fatigue and sleep disturbances.

Key words: fatigue, dental students, sleep disorders, psychological stress, oral hygiene
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Oral health is strongly affected by oral health-related
behaviors. Proper individual oral hygiene is necessary in
order to avoid various oral diseases, such as caries, gingi-
vitis, periodontitis, etc. Various individual and environ-
mental factors may have an impact on oral health-related
behaviors. Studies suggest that individual oral hygiene
correlates with emotions, physical and mental state.'?
A positive corelation was revealed between the sense
of humor, self-esteem, self-confidence, self-love and the
frequency of oral hygiene appliances usage.!* Moreover,
behavioral activity and fatigue were related to appropri-
ate and infrequent oral health-related behaviors respec-
tively.? Previous studies have shown that knowledge
about the etiology of oral diseases as well as an under-
standing the necessity of maintaining good oral hygiene
is an encouragement towards proper oral health-related
behaviors and correlates with better oral health status.>®
Consequently, a number of studies have been carried out
to evaluate the oral health of dental students and oral
health-related behaviors. Though dental students are
constantly educated on preventive dentistry, results indi-
cate that students’ oral health improves only after enter-
ing clinical training and might deteriorate until gradua-
tion.® It was shown that an average senior student’s oral
health was fairly good; however, a number of students
with very poor oral hygiene were recorded as well.®
In an attempt to explain this phenomenon, it is impor-
tant to consider the fact that the dental study program
is one of the most intense study programs requiring an
ability to memorize a lot of information as well as the
ability to handle emotional stress related to clinical ex-
perience. Individual capability to handle these environ-
mental challenges results in different levels of perceived
stress, fatigue or sleep disorders and is likely to influence
oral health-related behavior.

Some amount of stress might be desirable in order to
prevent under-stimulation; however, long-term stress
may cause insomnia, depression, substance misuse and
decreased learning efficiency.” Chronic stress is quite
common amongst university students, especially amongst
dental students. It is known that examination and a fear
of underperforming as well as limited time for relaxation
appear to be the most stressful elements for dental stu-
dents.®

Eventually, high levels of stress during the daytime may
lead to sleep disturbances. Sleep and sleeplessness-relat-
ed problems are a relevant issue in modern society as the
prevalence of insomnia-related symptoms among adults
is approximately 30%.° Inadequate duration and qual-
ity of sleep is associated with various somatic and psy-
chiatric disorders. These disorders include such serious
conditions as depression, anxiety, substance abuse and
cardiovascular disease.!® The most notable risk factors
for insomnia are: female sex, low levels of physical activity
and high levels of perceived stress.!! Consequently, both
sleep disturbances and stress may lead to fatigue, which is
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a major component of the Burnout syndrome and chronic
fatigue syndrome.1213

It is possible that stress, fatigue or sleep disturbance
might interfere with dental students’ daily oral health-
related behavior. Even though similar assumptions were
examined in previous studies, no study has investigated
how levels of stress, fatigue and sleep disturbances change
from the beginning of the academic year until the ex-
amination period and how it might relate to varying oral
health-related behaviors.

The primary aim of this study was to examine the asso-
ciations between oral health-related behaviors and symp-
toms of stress, fatigue and sleep disorders. Additional
aims of the study include investigating the prevalence of
stress, fatigue and sleep disturbances and evaluate chang-
es during academic year.

Material and methods

This study has been conducted in full accordance with
World Medical Association Declaration of Helsinki.
A questionnaire was given to all dental undergraduate
students at Vilnius University, Institute of Odontology,
along with an explanation of the study purpose. Written
consent was obtained from all participants who agreed
to participate in the study. A self-administered question-
naire was given 2 times: at the beginning of the academic
year (in September) and during the examination period
(in December). The questionnaire was individually coded
for matching purposes. The code did not include personal
details; therefore, all participants remained anonymous.
In September, 101 out of 121 dental students participat-
ed in the study. Students, who filled in the questionnaire
in September, were asked to repeat the questionnaire in
December. A total of 92 students, who completed the
questionnaire both times, were selected for the study
(response rate = 76%, dropout rate = 8.9%).

The questionnaire consisted of 4 different sections:
questions assessing oral health-related behavior, Fa-
tigue Assessment Scale (FAS)!, Karolinska Sleep Ques-
tionnaire (KSQ)' and Reeder Stress Assessment Scale
(RSAS).!* Demographic information was collected re-
garding gender, age and the year of undergraduate studies.
Questions, which examined oral health-related behavior,
were designed by the authors and took into consider-
ation previously performed research on similar topics.!-
These questions included the frequency of tooth brush-
ing, flossing, mouth rinsing, etc. The 10-question Fatigue
Assessment Scale was used to investigate symptoms of fa-
tigue. FAS was originally designed to reveal physical and
mental fatigue, yet the scale might also be used as a one-
dimensional questionnaire when a total score of FAS is
measured.!” Each item is scored on a 5-point Likert scale
with the total score ranging from 10 to 50. In the present
study FAS score was dichotomized and scores > 22 were
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considered as indication of fatigue.!® The scale’s valid-
ity and reliability of FAS were good.!® Karolinska Sleep
Questionnaire was used to reveal symptoms of difficulties
waking up in the morning, daytime sleepiness and sleep
quality disorders. Other questions assessed the partici-
pants’ opinion on their sleep quality, amount of sleep, nap
frequency, etc. Reeder Stress Assessment Scale was used
to investigate symptoms of stress. This one-dimensional
questionnaire was grouped according to instructions,
regarding total score: 21-28 — no symptoms of stress or
nervousness, 15-20 — symptoms of nervous strain, 7-14
— symptoms of stress.!® KSQ and FAS were translated in
Lithuanian using back translation methods. A measured
Cronbach’s alpha for the Lithuanian version of FAS and
various subscales of KSQ was good, with the score rang-
ing from 0.771 to 0.936. Reeder Stress Assessment Scale
was translated into Lithuanian language and adapted by
Gostautas in 1972." The scale’s Cronbach’s alpha is good
as well (o = 0.75).

Descriptive statistics and statistical analyses were per-
formed using statistical software (SPSS v. 21.0). Results
are shown for all 92 participants included in the study and
are grouped by sex and undergraduate study year. The in-
ternal consistency of FAS, KSQ and RSAS was examined
using Cronbach’s alpha. Fisher’s exact test was used to in-
vestigate categorical variables. To assess related samples’
changes of categorical variables Wilcoxon signed-rank
test was used. Other tests used in the study were Binary
logistic regression and McNemara test. P-values lower
than 0.05 were considered to be statistically significant.

Results

Out of 92 dental students, 69 (75%) were female and
23 (25%) were male. Mean age of participants was 20.72
(SD = 1.59) years. Participants’ distribution among study
years was similar, ranging from 16 to 20 students per un-
dergraduate study year. More than 97% of all dental stu-
dents brushed their teeth at least once a day in Septem-
ber as well as in December. The use of other oral hygiene
appliances is revealed in Fig. 1. Considering prevalence
of symptoms of stress, increased fatigue and sleep dis-
turbances were observed in December compared to data
collected in September (Fig. 2). McNemara test revealed
that the increase of mentioned symptoms was significant
(the significance level is represented in Fig. 2). In Septem-
ber significant differences were found in levels of stress
according to gender and study year: female compared to
male (p = 0.041) and first-year dental students compared
to other students (p = 0.007) perceived higher levels of
stress (Fig. 3). Moreover, first-year dental students were
more fatigued than others at the beginning of the aca-
demic year (p = 0.034). In December first-year dental stu-
dents were neither more stressed nor more fatigued than
other students (p > 0.05) while the levels of stress among
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female dental students compared to male students were
even more significant (p < 0.001). No other significant
differences among gender or study year were revealed in
oral health-related behaviours or the prevalence of stress,
fatigue and sleep disorders.

The matched coding applied in the present study al-
lowed for the analysis of data based on the individual lev-
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el. Wilcoxon signed-rank test revealed that the prevalence
of sleep quality disorders, daytime sleepiness, difficulties
waking up in the morning as well as symptoms of fatigue
and stress increased significantly in December compared
to September (Table 1). Oral health-related behavior was
also worse in December, as shown in Fig. 1, based on
population level data; however, on the individual level
data, only the usage of mouth rinse declined significantly
(p = 0.008).

Significant associations were found between sleep dis-
orders, symptoms of fatigue and oral health-related be-
havior. In September participants who rated their overall
amount of sleep as being sufficient were more likely to
use a tongue cleaner compared to those who rated their
amount of sleep as being insufficient (p = 0.008). More-
over, students who preferred to take naps regularly used
dental floss less often compared to other dental students
(p = 0.044). In December dental students’ negative opin-
ion towards their sleep quality was associated with the
use of a toothbrush: 40.7% of the students who rated their
sleep quality as being poor and 12.3% who claimed to sleep
well used toothbrush only once a day or less frequently
(p = 0.041). Moreover, the risk of using a toothbrush once
a day or less was 11 fold higher in students suffering from
sleep quality disorders (p < 0.001). No other associations
between various sleep disorders and oral health-related
behaviors were revealed. The present study revealed that
symptoms of fatigue had a significant influence on oral
health-related habits: fatigued dental students had a mul-
tiple times higher risk of neglecting the usage of various
oral hygiene appliances (Table 2). Binary logistic regres-
sion test did not reveal significant associations between
symptoms of stress and oral hygiene habits.
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Discussion

To the best of our knowledge, this study was the first
attempt to assess changes in oral health-related behavior
taking into account the levels of sleep disturbances, fa-
tigue and stress increase among dental students in Lithu-
ania. The longitudinal design of the study might add to
the understanding of stress, fatigue and sleep disturbanc-
es associations with oral health-related behaviors.

At the beginning of the academic year dental students
presented fewer symptoms of stress, fatigue and sleep
disorders compared to December when the examina-
tion period began. Symptoms of insomnia, fatigue and
perceived stress increased 2.8 times, 2.2 times and 1.7
times respectively. Stress, fatigue and sleep disturbances
are closely related to each other and might be induced by
various individual as well as environmental risk factors.
Despite numerous possible reasons, increased workload
during the examination period is seen as the most com-
mon and, therefore, the most important reason for the
increase of fatigue, stress and sleep disturbances in the
present study. This data is supported by other research
reporting that a heavy workload is related to impaired
sleep, increased fatigue and higher levels of stress.!! Not
only is the increase of symptoms during examination evi-
dent on population level data, but also significant on indi-
vidual level data according to Wilcoxon signed-rank test.
It is important to point out that even though the number
of students with symptoms of stress largely increased in
December, the base score in September was also high at
33.7%. The overall percentage of dental students perceiv-
ing stress in September was raised by first year dental stu-
dents, with 2/3 of freshman year participants experienc-

Table 1. The change in the prevalence of symptoms of stress, fatigue and sleep disturbances in December compared to September (negative ranks represent

increased prevalence of symptoms)

Variables Signed ranks N Mean rank Sum of ranks Z-value P-value
negative 20 1250 250.00 -3.266 0.001
Sleep quality positive 4 12.50 50.00
disorders ties 68
total 92
negative 16 11.00 176.00 —2.400 0.016
Awakening positive 5 11.00 55.00
difficulties ties 71
total 92
negative 22 15.00 330.00 -2.785 0.005
Daytime positive 7 15.00 105.00
sleepiness ties 63
total 92
negative 28 15.50 434.00 -4.747 0.000
Symptoms positive 2 15.50 31.00
of fatigue ties 62
total 92
negative 36 22.88 823.50 -4.515 0.000
positive 7 17.50 122.50
Stress )
ties 49
total 92

P-value - significance level for paired samples, Wilcoxon signed-rank test.
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Table 2. The risk of inappropriate oral health-related behaviours depending on symptoms of fatigue

Risk of using a toothbrush Risk of using a single tuft toothbrush
once a day or less once a day or less

Risk of using a tongue cleaner
once a day or less

Symptoms of fatigue 6.83 1.83-25.5 0.004

1.25-87.34 0.03 413 1.22-14.0 0.023

P-value - significance level for Binary logistic regression

ing symptoms of stress at that time. It might be the result
of leaving parents’ home and starting university. A period
of adaptation to the new environment among first year
dental and medical students is a known stress factor.?
Moreover, the assumption is supported by the fact that
first year dental students are the only ones whose levels of
stress decreased in December. Even though distribution
of symptoms of stress, fatigue and sleep quality disorders
was different according to study year and gender, no sig-
nificant differences in oral hygiene habits were revealed
among those groups.

The main finding of the study was that sleep disorders
and fatigue were associated with poor oral health-related
behavior, while no association with stress was revealed.
In September regular napping and negative opinion to-
wards self-reported sleep quality were associated with in-
sufficient use of auxiliary dental hygiene appliances: dental
floss and tongue cleaner. In September sleep disturbances
were more prevalent than stress or fatigue. Considering
the fact that in September dental students were well rest-
ed after a 3-month long summer break and had a mini-
mum amount of university related assignments, it is likely
that sleep disturbances and consequently insufficient oral
health habits were influenced by poor sleep hygiene —
32.6% took naps daily or every other day, 75.1% went to
sleep at midnight or later during working days while dur-
ing weekends 65.2% went to sleep at 1 am or later. Similar
results regarding university students’ poor sleep hygiene
knowledge and habits can be found in other studies.”
Assessing changes in December poor oral health-related
behavior were associated with sleep disturbances as well
as fatigue. A nearly 3-fold increase in the prevalence of in-
somnia correlated with declined use of a toothbrush. This
data lacks any directly comparable findings in previous
studies, but it is known that persistent insomnia increases
the risk of depression.?? An association between depres-
sion and oral health status or oral health-related behav-
ior has been revealed in previous studies.?*=2> Our study
did not aim to investigate symptoms of depression, even
though it is likely that some students might be experienc-
ing those symptoms, as depression is a comorbid disease
with insomnia, stress and fatigue.

The present study supports the findings of Dumitres-
cu et al. whose study revealed that fatigue was related to
poor oral hygiene habits.* However, this correlation was
revealed only during the examination period. It is likely
that fatigue is a consequence of long lasting sleep distur-
bances and stress, heavy workload and no recent vaca-

tion. Some of the mentioned factors were not present in
September; therefore, the prevalence of fatigue was sig-
nificantly lower and had no influence on the oral hygiene
habits at the beginning of the academic year.

Another important finding was that stress did not cor-
relate with oral health-related behavior among dental stu-
dents. Research suggests that chronic stress is associated
with deregulation of the neuroendocrine and sympathetic
nervous systems causing changes in the immune system and
consequently resulting in an increased risk of periodontal
diseases, recurrent aphthous ulcerations, herpes virus in-
fections, etc.2 Moreover, it is known that chronic stress can
mediate the risk of periodontitis through changes in health-
related behavior, such as oral hygiene, diet and smoking.?”?
There could be several explanations why the current study
failed to find an association between oral hygiene and stress.
First of all, our study did not aim to distinguish short-term
stress from chronic stress. It is likely that students experi-
enced short-lived stress related to the examination period.
Short-term stress, as opposed to chronic stress, has a stim-
ulating effect, possibly resulting in unchanged oral health-
related behavior. Secondly, stress is often associated with
perfectionist personality type.?’ A perfectionist person, es-
pecially in the field of dental studies, is self-conscious about
personal oral health status and, therefore, such a person is
likely to have sufficient oral hygiene habits.

It is important to point out that the dropout rate of the
present study was 8.9%. Nine dental students, who filled
in the questionnaire in September, did not complete it the
second time in December. Since the questionnaire was
distributed during the lectures, only students who did not
attend did not complete the form. In order to raise the
response rate, an electronic questionnaire form was put
on the Internet. It is likely that lecture truancy is a conse-
quence of fatigue, stress or sleep disturbances. Therefore,
9 students who dropped out of the study probably would
not have had a significant impact on the findings of the
study.

Study revealed that oral health-related behavior worsen
during examination period when higher prevalence of
stress, fatigue and sleep disturbances are observed.
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Abstract

Background. MTA cannot be used as a single restorative material due to poor esthetics and mechanical
properties. Resin-based composite is often placed on top of MTA. Optimal time of doing that and the most
effective bonding strategy have not been clearly determined.

Objectives. The aim of the study was to evaluate the bond strength of a composite to MTA at various time
intervals and with different adhesive strategies.

Material and methods. Composite material was bonded to MTA after different time intervals: directly
after the placement of MTA (group 1), after 24 h (group I1), after 72 h (group Ill). Each group was divided
into 2 subgroups (n = 15) in which a universal bonding system was used respectively: in subgroups A
as a total-etch adhesive (TE), in subgroups B as a self-etch (SE). The specimens were subjected to shear
bond strength test in a universal testing machine.

Results. Statistically significant differences were observed at all time intervals for both bonding protocols
TE/SE. In all groups shear bond strength values were higher when the bonding agent was used as a TE vs SE
(statistically significant differences in groups | and I11). Group Il demonstrated the highest bond strength
(TE 6.89 MPa; SE 3.82 MPa), followed by group 111 (TE 5.19 MPa; SE 2.74 MPa) and group | (TE 1.52 MPa;
SE0.74 MPa) where the bond strength was the lowest.

Conclusions. The shear bond strength of composite to MTA depends on both — time interval between
MTA placement and the application of an adhesive system and on the bonding strategy. The highest bond
strength was obtained when the adhesive was used after 24 h in a total-etch technique.

Key words: shear bond strength, composite materials, MTA, adhesive systems

Stowa kluczowe: wytrzymatos¢ potaczenia na scinanie, materiaty kompozytowe, MTA, systemy adhe-
z7yjne
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Mineral Trioxide Aggregate (MTA) is a hydraulic calci-
um-silicate cement which means that it sets and remains
stable in humid environment.! This feature distinguishes
it from other materials used in dentistry. MTA is also
considered biocompatible and bioactive.? It was initially
introduced as a root perforation repair material® and
a retrograde filling in apicoectomy.* Thanks to the com-
bination of unique and desirable properties, it has found
much wider application in the modern dentistry.”

MTA sets during hydration. This process takes place in
two steps, which can be divided into preliminary and final
setting. During the first stage the material hardens, but
complete setting takes much longer. The manufacturer
of the first commercially available material of this group
(ProRoot® MTA, Dentsply Tulsa Dental Specialties, John-
ston City, USA) recommends that the cement be covered
with a damp cotton pellet for 4 h after the application.
This is to ensure a sufficient amount of water to the prop-
er course of the reaction. The final setting, according to
the manufacturer, occurs within four weeks.

The need to use a moist cotton pellet in the initial phase
of the reaction is sometimes questioned because tooth tis-
sues are permeable to water. Budig and Eleazer filled root
canals of extracted teeth with dry MTA and found that in
90% of samples the cement set within 72 h.® According to
the researchers this was possible due to the absorption of
water from the root surface.

Clinically, MTA is often in direct contact not only with
the tooth structure, but also with restorative materials,
e.g. resin-based composites. In many cases, the contact
surface of the cement and composite is considerable and,
therefore, the bond strength between the materials can
substantially affect the final treatment outcome.

Thus far, studies have not given unequivocal answers
as to the best time to cover MTA with composite mate-
rial and the most effective kind of adhesive strategy. Some
authors recommended performing the final restoration
with a composite material after at least 72—96 h, which
is the time when the MTA gains optimal physical proper-
ties.”® Others believe that it is possible to cover MTA with
a composite immediately after its application.”

Table 1. Materials used in the study

Material Composition

Pro Root® MTA tricalcium silicate, bismuth oxide, dicalcium silicate,

tricalcium aluminate, calcium sulfate dehydrate or

gypsum
Single Bond MDP monomer (10-methacryloyloxydecyl
Universal dihydrogen phosphate), dimethacrylate resin, HEMA

(2-hydroksyethyl methacrylate), vitrebond copolymer,
filler, ethanol, water, initiators, silane

Filtek™ Ultimate  Bis-GMA (bisphenol A diglycidyl ether dimethacrylate),

TEGDMA (triethylene glycol dimethacrylate), reacted

nanofillers approx. 65 % wt (silane treated ceramic,
silane treated silica, ytterbium fluoride)

polycaprolactone polymer, substituted dimethacrylate,
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There is also no consensus as to the type of adhesive
strategy which would give the highest bond strength
between MTA and composite. Some researchers have
shown that the performance of self-etch (SE) is superior
to total-etch systems (TE)® contrary to others, who found
that TE systems gave higher bond strength than SE.%!!

The aim of the study was to evaluate the bond strength
of a resin-based composite to MTA at various time inter-
vals and with different adhesive strategies.

Material and methods

The materials used in the study are presented in Ta-
ble 1. The method of their application was consistent
with the manufacturer’s recommendations.

A total of 105 cylindrical acrylic blocks (Villacryl®
IT, Zhermapol, Warszawa, Poland) with a central hole
of 4 mm in both, diameter and depth, were prepared.
They were stored in distilled water for a week in order to
minimize potential subsequent sorption of water from
the MTA by the acrylic resin, which could disrupt the
setting of MTA. Before the MTA placement the blocks
were dried with a three-in-one syringe.

ProRoot MTA was mixed with water supplied by the
manufacturer in a 3 : 1 ratio on a glass slab with a metal
spatula. The holes in the acrylic blocks were filled with
the MTA with slight excess and then leveled with the
acrylic block surface with a metal flat plastic instrument.
The specimens were divided into 3 groups in which the
adhesive system and the composite were applied after
various time intervals: in group I — directly after the
placement of the MTA, in group II — after 24 h and in
group III — after 72 h.

Each group was further divided into two subgroups
— A and B (n = 15 each). In the subgroups a universal ad-
hesive (Single Bond Universal®, 3M ESPE, Neuss, Ger-
many) was applied in a TE strategy. The MTA was etched
with 36% orthophosphoric acid (Arkona, Nasutéw, EU)
for 15 s, rinsed with the triple syringe for 15 s and gently
air-dried leaving the MTA surface visibly moist. In sub-

Mode of application Manufacturer LOT No.
mix the powder contained in the pouch Dentsply Tulsa 13102906
with the liquid from the ampoule for Dental Specialities,
about one minute until a thick, creamy Johnston City,
consistency is obtained USA
rub in for 20 s; evaporate solvent with 3M ESPE, Neuss, 553960
gentle stream of air for 5 s until it no Germany
longer moves; light cure for 10's
apply in layers up to 2 mm trick; light 3M ESPE, St. Paul, N735291
curefor20s USA
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groups B, in which the adhesive system was used as a SE,
the MTA surface was also rinsed and dried in the same
manner except for the subgroup IB, in which the adhe-
sive was applied on the MTA directly after its placement.
In all subgroups Single Bond Universal was applied ac-
cording to manufacturer’s instructions and polymerized
through the canal ofanon-translucentcylindrical silicone
matrix with an internal diameter and height of 3 mm.
A light-emitting diode light-curing unit (Demi™ Plus,
Kerr, Orange, USA) with an intensity of 1200 mW/cm?
was used. The canal of the silicone matrix was filled
with two layers of flowable composite (Filtek™ Ultimate
shade A2, 3M ESPE, St. Paul, USA). The specimens were
covered with moist pre-cut cellulose swabs (Pur-Zellin®
4 cm x 5 cm, Paul Hartman AG, Heidenheim, Germany)
and stored at 37°C with > 95% relative humidity.

A control group, in which the composite was placed
on top of the MTA without the use of an adhesive, was
initially planned. Eventually, it was not included in the
study due to pre-test failure in most of the specimens.

The specimens were examined under an operating
microscope 24 h after preparation to ascertain no voids
or other defects were present at the composite-MTA in-
terface. They were subjected to the shear bond strength
(SBS) test by means of a universal testing machine
(Zwick/Roell Z020, Germany) at a crosshead speed of
2 mm/min.

The experiment was performed by 2 operators: the
first one was responsible for the specimen preparation,
the other for the testing. After the SBS test, the fractured
specimens were examined under a stereomicroscope
(Olympus BX51) to evaluate the type of failure (adhe-
sive, cohesive within one of the substrates or mixed).

During the statistical analysis, generalized estimating
equations accounting for repeated measurements and
with robust standard errors (due to the small sample
size) were fitted.

A level of p < 0.05 was considered statistically signifi-
cant. All computations were performed using the Stata®/
Special Edition, release 14 package (StataCorp LP, Col-
lege Station, USA).

Results

Shear bond strength values of the resin composite to the
MTA and the results of the statistical analysis are shown
in Table 2 and illustrated in Fig. 1.

Statistically significant differences were found in re-
lation to the time of composite application for both, SE
(p < 0.001) as well as, TE technique (p < 0.001). The two-
way analysis showed that the intensity of these differences
was more powerful for the specimens prepared with the
TE strategy as compared to SE (p < 0.001) (Fig. 1).

Based on the statistical analysis it was also found that in
all the groups the SBS was higher for TE technique than
SE. The highest SBS was observed in group II, wherein
the bonding agent was applied 24 h after the placement of
MTA, lower in group III, in which the adhesive was used
after 72 h and the lowest in group I, where it was applied
directly after preparation of MTA. In groups I and III, dif-
ferences between subgroups (TE and SE) were statistically
significant (Table 2).

The highest SBS (6.89 MPa) was observed in subgroup
IIA, in which the adhesive was applied 24 h after MTA
placement when the TE strategy was used.

(p < 0.001) p <0.007)
15+
L]

10+

T e [MPa]

AT

= -

< (p<0.001) >

self-etch total etch

[ directly after the application  [T] after 24 hours [ after 72 hours

Fig. 1. Shear bond strength [MPa] of composite to MTA

Table 2. Descriptive statistics for the shear bond strength values [MPa] in case of the bonding system applied upon the MTA by time after application and
adhesive strategy

Groups Subgroups M sD
standard
mean value o
deviation
Directly after IA (total-etch) 1515 1218
the application |8 (self-etch) 0.741 0.390
[IA (total-etch) 6.893 5249
After 24 h
IIB (self-etch) 3813 3.793
[IIA (total-etch) 5.190 3.656
After 72 h
1B (self-etch) 2.740 2.150

Statistical parameter Differences
between
SE 95% Cl cv groups, level
standard confidence coefficient of statistical
error interval of variation significance “p”
0315 0.840-2.190 80.44%
0.018
0.108 0.505-0.976 52.68%
1.355 3.986-9.800 76.16%
0.061
0.979 1.712-5913 99.47%
0.944 3.166-7.215 70.44%
0.023
0.555 1.549-3.930 78.49%
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Discussion

ProRoot MTA is the first bioceramic material approved
for the use in endodontics.!> Nowadays, there are many
other materials of similar composition and properties: hy-
draulic calcium silicate cements and calcium phosphate
silicate cements.’®> ProRoot MTA was chosen for this
study, as it still remains the material of choice for many
practitioners due to the availability of long-term clinical
observations.

Only a few studies have tested the shear bond strength
of resin composite to this material. They compared vari-
ous adhesive systems of different generations®>!11* Their
results show which of the bonding systems used is better
in comparison to the others, but it is hard to make a con-
clusion as to which adhesive technique is better. The dif-
ferences in bond strength among the tested groups could
have been caused by the bonding strategy as well as differ-
ent ingredients of the adhesives.”!!

To eliminate the composition of the bonding system as
a variable, we chose to use a universal adhesive, which ac-
cording to the manufacturer, may be used in the SE or TE
technique. Furthermore, a study by Thanaratikul et al.!®
shows that there were no statistically significant dif-
ferences in the SBS of a composite bonded dentin with
Single Bond Universal irrespective of prior etching of the
dentin, which proves that, at least in the case of bonding
to dentin, the adhesive is equally effective in both strate-
gies — SE and TE.

Even fewer studies investigated the influence of the
time interval between MTA placement and covering it
with composite on the SBS between these materials.®’
Atabek et al.® placed a composite over the MTA after 4,
24, 48, 72 and 96 h, Neelakantan et al.” — immediately, af-
ter 45 min and 24 h. According to Atabek at al. it is best to
postpone the final restoration for at least 96 h after mix-
ing MTA, although the SBS after 72 h and 96 h was simi-
lar.® Their recommendation seems to be based on previ-
ous study by Kayahan et al., who investigated the effect
of acid-etching of MTA 4, 24, and 96 h after the applica-
tion on its microhardness and compressive strength.” The
authors found that when MTA was etched 4 h after its
placement the compressive strength declined. There were
no statistically significant differences in the groups etched
after 24 and 96 h as compared to the control groups in
which MTA was not etched. In all the tested groups etch-
ing caused a decrease of the MTA microhardness. It was
relatively the highest in the group that was etched after
96 h which is the reason why the authors recommended
to continue restorative procedures after that time, to al-
low MTA ‘to achieve its optimum physical properties’’

On the contrary, Neelakantan et al., based on the results
of their study, claimed that composite might be placed
over MTA immediately.” This is when they achieved the
highest SBS values. From the clinical point of view, that
would be advantageous, as it would eliminate the neces-
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sity to prolong the treatment. It would also minimize the
potential risk of coronal leakage, which in turn could be
hazardous to the treatment outcome.

In our study, we chose the time intervals in a way that
would let us compare the results with the studies men-
tioned above.®® The results of our experiment did not
confirm that an immediate composite placement gives
high SBS values (SE — 0.74 MPa, TE — 1.52 MPa). The SBS
was considerably higher when the composite was applied
after 24 h (SE — 3.81MPa, TE — 6.89 MPa) or after 72 h
(SE — 2.74 MPa, TE — 5.19 MPa). The number of layers
of the adhesive used could have accounted for the differ-
ences between the studies of Neelakantan et al. and ours
(respectively, 3 layers of the adhesive and 1 were applied).’

We also found statistically significant differences be-
tween the time groups in which the bonding system was
applied after 24 or 72 h. The SBS was higher in the 24-h
group. This is inconsistent with the study of Atabek et al.,
in which the SBS after 72 h was approximately twice as
high as that after 24 h for the three adhesive systems used.®

Several elements could have caused these discrepancies.
Firstly, we used an adhesive that was not tested in other
studies. Among the factors connected with the composi-
tion of the bonding system, which are likely to affect the
SBS of a composite to MTA, the following are most often
considered: the type of solvent, the presence of HEMA,
the presence of mixture of hydrophilic and hydropho-
bic monomers in one-step systems (VII generation) and
the pH of SE adhesives. It seems that the effect of these
composition-related factors should be the same as for the
bonded tooth structure but in relation to MTA it has not
been confirmed yet.

Secondly, in the studies of Atabek et al.*and Neelakantan
et al.,’ contrary to our study, the MTA surface was neither
rinsed nor dried before the application of the bonding
system. Tsujimoto et al. observed the interface between
MTA and a composite with a scanning electron micro-
scope and they measured the microhardness of MTA
after composite placement.! In their study, after the ap-
plication of MTA they used a temporary filling which sub-
sequently had to be removed. In order to clean the MTA
surface of the remnants of the provisional cement they
used the air from the triple syringe. They noticed a nega-
tive influence of drying on the microhardness of MTA.
In our study, a temporary filling was not used, but clini-
cally, when a provisional restoration is removed a certain
amount of dust and particles of the material usually stays
in the treated tooth. The easiest way to remove the debris
is to rinse them out. That is the reason why we decided to
rinse and dry the MTA, while leaving the surface visibly
moist.

Rinsing of MTA may influence the material differently
depending on the stage of the setting reaction. It has been
reported that in the first 72 h the solubility and the risk of
dislodgement of MTA is increased.!®” Therefore, in our
experiment, we directed the stream of water on the acrylic
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block rather than straight on the MTA surface. We did not
observe dissolution of MTA even in the subgroup IA in
which the TE system was applied immediately. However,
it was visible that the surface of the MTA was disintegrat-
ing while the adhesive was being applied, especially in the
SE group (IB).

The third difference was the crosshead speed used.
In our study it was 2 mm/min while in the other studies it
was 1 mm/min. Some research shows that the crosshead
speed influences the results of the SBS tests, other does
not confirm that.'819

In the previous research on the changes in the bond
strength of composite to MTA, depending on the time of
composite placement, it was suggested that changes in the
porosity of MTA during its setting may have an impact on
the bond strength. Initially, the MTA is more porous so
there are more microretentions available for the adhesive
system. Consequently, the bond strength is also higher.
While setting, the porosity decreases as well as the bond
strength.® That could explain why the SBS after 72 h was
lower than after 24 h in our study.

On the other hand, the previous research, except for the
study by Neelakantan et al.%, reports a majority of cohe-
sive failures within the MTA in the specimens subjected
to SBS test.#221 One possible interpretation of this is that
the adhesion of composite to MTA is higher than the co-
hesion of MTA. During the setting process the mechani-
cal properties of MTA improve which may lead to the
growth in SBS.2!

In our study, most of the fracture modes observed were
cohesive within the MTA with only few mixed failures
and no adhesive. At the time when the specimens belong-
ing to group I (where the bonding system was applied im-
mediately after MTA placement) were tested, the physical
properties of MTA were not yet optimal. That is possibly
the reason why the results in that group were the lowest.

Considering the adhesive strategy, in all the groups of
our study, the SBS was higher when the TE technique was
used as opposed to SE. It is believed that orthophosphoric
acid and SE systems of low pH may weaken the structure
of MTA to a higher degree than those with a higher pH.*??
The pH of the bonding system used in our study is 2.7, so
it is a mild SE. Theoretically, if the pH were a determining
factor, the SBS would have been higher in the SE than in
TE subgroups. The results of our studies do not confirm
the presence of the correlation between the pH of an adhe-
sive used to bond composite with MTA and the SBS. It is
consistent with the observations of Bayrak et al., whose re-
sults also question the presence of such correlation.?

The fracture analysis revealed that most failures in our
study were cohesive within the MTA as we have already
mentioned. In such case the results of the SBS test are be-
ing questioned, because it seems that it is not really the
interface between the materials that is tested. On the oth-
er hand, the differences in the results among the groups
and subgroups are clearly visible. This may be explained
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in the following way. A fracture usually starts in a place
where a flaw of the material is present — it may be a poros-
ity or non-homogenous structure. When the adhesive is
used it penetrates the porosities of MTA and prevents the
propagation of the fracture to a different degree depend-
ing on the bonding technique.??* That would suggest that
the use of TE strategy guarantees deeper penetration of
the adhesive into MTA structure and strengthens it more
than when SE technique is used.

Within the limitations of our study;, it can be concluded
that the shear bond strength of composite to MTA de-
pends on both — time interval between MTA placement
and the application of adhesive system and on the bonding
strategy. The highest bond strength was obtained when
the adhesive was used after 24 h in a total-etch technique.
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Abstract

Background. Ideal direct pulp capping materials should be biocompatible, have antibacterial and anti-
inflammatory properties, promote dental pulp regeneration, provide appropriate sealing, be insoluble in
tissue fluids, and have sufficient mechanical properties.

Objectives. The purpose of this study was to observe time-related changes that occur in the pH values of
different pulp capping materials.

Material and methods. Nine materials were included in this study: Calcipulpe®, Calcipro®, Biopulp®,
Life®, Dycal®, ProRoot MTA Grey®, ProRoot MTA White®, MTA Angelus Grey® and MTA Angelus White®.
The pH values were recorded immediately after immersion (baseline) and after 1, 2, 3, 4, 24, 48, 72, 168,
336, and 504 h with a pH-meter, previously calibrated with solutions of known pH levels.

Results. All testing materials had an alkaline pH. Analysis of the pH changes as a function of time showed
a gradual rise in the pH of all the materials. Differences in pH values between the first and last experimen-
tal period were statistically significant (p < 0.001). The highest pH increase was observed for setting and
the lowest for non-setting calcium hydroxide preparations. Based on the obtained results, the preparations
were divided into groups relating to their alkaline abilities. The highest pH increase was observed for setting
and the lowest for non-setting calcium hydroxide preparations.

Conclusions. In conclusion, we can say that from the point of view of alkalizing properties, all the evalu-
ated preparations can be used in vital dental pulp treatment.

Key words: pH, mineral trioxide aggregate (MTA), dental pulp capping materials, calcium hydroxide

Stowa kluczowe: pH, konglomerat tréjtlenkéw metali (MTA), materiaty do pokrycia miazgi zeba,
wodorotlenek wapnia
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The aim of biological dental pulp treatment is to main-
tain its vitality and function. Preserving tooth vitality is
very important for physiological tooth growth and main-
taining the balance of the oral cavity environment. Direct
pulp capping and pulpotomy (partial and total) are used
nowadays. These methods are indicated in situations
when dentin and pulp are altered by caries, treatment
procedures, or traumatic injuries. The primary objec-
tive of the application materials in vital pulp therapy is to
stimulate the dentinogenic capabilities of pulp cells.! The
success of such therapy is determined by the location and
type of injury, the state of tooth development, the kind of
capping material used, and the sealing ability of the res-
toration.

A wide spectrum of dental pulp capping materials
has been developed. Over the last few decades different
preparations have been investigated. Calcium hydroxide
(non-setting and setting) and various MTA products are
commonly used in clinical practice.

Ideal direct pulp capping materials should be bio-
compatible, have antibacterial and anti-inflammatory
properties, promote dental pulp regeneration, provide
appropriate sealing, be insoluble in tissue fluids and
have sufficient mechanical properties.> The biological
activity of pulp capping agents is determined by the
release of hydroxyl and calcium ions. The presence of
hydroxyl ions delivered by the material may alter the
environmental pH to levels beneficial for cell division
and matrix mineralization.® High pH values induce the
secretion of proteoglycans, growth factors, and met-
alloproteinases from the dentin. These molecules may
indicate undifferentiated cells to migrate to the lesion
site, proliferate, differentiate into odontoblast-like cells
to release organic extracellular matrix, and activate min-
eralization.*~® Moreover, high pH contributes to the an-
tibacterial action of pulp capping preparations by having
a destructive effect on bacterial cell walls and proteins.’
For that reason, the effectiveness of the bioactive action
is directly proportional to the ability of hydroxide ions
to dissociate.

The purpose of this study was to observe time-related
changes that occur in the pH values of different pulp cap-
ping materials.

Material and methods

Sample preparation

The following 9 materials were tested in this study:

1.Non-setting calcium hydroxide pastes: Calcipulpe®
(CP) (Septodont, Saint Maur des Fosses, France), Cal-
cipro® (CR) (lege artis Pharma GmbH + Co, Detten-
hausen, Germany), Biopulp® (B) (Chema-Elektromet,
Rzeszow, Poland).

2.Setting calcium hydroxide pastes: Life® (L) (Kerr Ita-
lia S.rl., Salerno, Italy), Dycal® (D) (Dentsply DeTrey
GmbH, Konstanz, Germany).

3. Mineral trioxide cements (MTA): ProRoot MTA Grey®
(GPMTA), ProRoot MTA White® (WPMTA) (Dentsp-
ly Tulsa Dental Specialties, Dentsply International Inc.,
Johnson City, USA), MTA Angelus Grey® (GAMTA),
MTA Angelus White® (WAMTA) (Angelus Industria de
Produtos Odontologicos LTDA, Londrina-Parana, Brasil).
The materials were mixed immediately before the test,

according to the manufacturer’s instructions under asep-

tic conditions, except for Calcipulpe which was packaged
in a syringe, with no preparation needed pH assay.
Shortly after preparation, 0.1 g of each material was
placed into dialysis tubes (Sigma Aldrich Chemie, Stein-
heim, Germany) and transferred into separate plastic vials
containing 20 mL of deionized water (pH 6.6). A total of

6 samples were used for each material. The vials were her-

metically sealed and kept in an incubator at 37°C.

Before each measurement, the vials were shaken for

5 s to ensure uniform hydroxyl ion distribution. The pH

values were recorded immediately after immersion (base-

line) and after 1, 2, 3, 4, 24, 48, 72, 168, 336, and 504 h

with a pH-meter (ISE 710A, Orion Research Inc., Boston,

USA), previously calibrated with solutions of known pH

levels.8~1° Each sample was measured twice, and the mean

value was recorded. The experiment was performed in
static conditions (without changing the deionized water).1°

Statistical analysis

All statistical analyses were performed using the STA-
TISTICA 8.0 (StatSoft, Inc., Tulsa, USA) software pack-
age. One-way analysis of variance, ANOVA, was applied
to compare the pH levels of the materials at each time
point. If the difference was significant, individual com-
parisons were performed using Tukey’s multiple compar-
isons test. The level of significance was set at p < 0.05.

Results

Table 1 presents the means and standard deviations of
hydroxyl ion release from the materials at different peri-
ods of time. All testing materials used in our study had
alkaline pH. Most of the tested materials, besides those
marked at the bottom of Table 1, showed statistically sig-
nificant differences in terms of pH values (p < 0.05). Anal-
ysis of pH changes as a function of time showed a gradual
rise in the pH of all materials. Differences in pH values
between the first and last experimental period were sta-
tistically significant (p < 0.001).

Based on the results obtained, the preparations were di-
vided into groups relating to their alkaline abilities (Fig. 1).
The greatest similarity in pH was found in the following
groups: the first consisted of the most alkaline materials
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Table 1. Mean and standard deviation pH values evaluated over time periods of the experiment

Time (h) Statistical
Material analysis
2 3 4 24 48 72 336 504 1 h-504 h
CP mean 11.75 11.90 11.98 12.05 12.21 12.23 12.28 12.24 12.25 1231 <0.0001
(1) (SD) (0.10) (0.08) (0.07) (0.06) (0.04) (0.03) (0.01) (0.01) (0.02) (0.01) p<t
CR mean 11.68 11.81 11.89 11.96 1231 1247 1232 12.27 12.27 12.24 < 00001
) (SD) (0.14) (0.18) (0.19) (0.19) 0.11) (0.06) (0.05) (0.01) (0.01) (0.02) p<?
B mean 11.60 11.74 11.87 11.94 1225 12.35 12.20 12.15 1215 12,15 <0.0001
©)) (SD) (0.06) (0.03) (0.03) (0.02) (0.02) (0.02) (0.03) (0.02) (0.01) (0.01) p<t
GPMTA mean 11.50 11.63 11.69 11.70 11.86 11.91 11.93 12.00 12.05 1217 < 00001
4) (SD) (0.13) (0.10) (0.15) (0.15) (0.13) 0.12) (0.12) (0.11) (0.06) (0.01) p<t
WPMTA mean 1131 1148 11.58 11.62 11.76 11.78 11.84 11.88 11.95 12.06 < 00001
5) (SD) 0.12) (0.13) (0.15) (0.14) (0.14) 0.12) 0.12) (0.10) (0.09) (0.09) PSR
GAMTA mean 11.14 11.29 11.40 1144 11.67 11.70 11.75 11.81 11.82 11.95 <0.0001
©) (SD) (0.20) 0.19) (0.18) 0.18) 0.13) (0.09) (0.09) (0.10) (0.09) (0.10) p<b
WAMTA mean 10.94 11.12 11.20 11.27 11.50 11.57 11.69 11.86 12.00 12.15 < 00001
(7) (SD) (0.21) (0.19) (0.18) (0.20) (0.16) (0.15) (0.12) (0.08) (0.07) (0.07) p<t
L mean 10,15 10.35 1047 10.55 11.09 11.20 11.15 11.21 1135 1142 < 00001
(8) (SD) (0.15) (0.20) (0.24) (0.23) (0.13) 0.12) 0.12) 0.12) 0.12) 0.12) p<t
D mean 9.83 10.03 10.15 10.25 10.88 1.7 11017 11.25 11.55 11.73 <0.0001
©) (SD) (0.31) (0.33) 0.32) (0.31) (0.25) (0.20) (0.24) (0.15) (0.08) (0.09) p<t
1-2,3,4 1-2,3,4 1-23,4 1-2,3 1-23 1-3; 1-2,3; 1-2,3%  1-23 1-2
Statistical analysis 2 —4; 2-4,5; 2-4,5 2-4,5; 2-3; 2-3; 3-2; 2-3; 2-3; 2-3,4,7;
no statistically 3-2,4,5 3-2,45 3-2,45 3-2,45 4-5§6; 4-5,6; 4-5,6; 3-4; 3-4; 3-4,57;
significant 4-5; 4-5; 4-5,6; 4-5,6; 5-6; 5-6,7; 5-6,7 4-5,7; 4-5,7; 4-5,7;
differences 5-6; 5-6; 5-6; 5-6; 7-5,6; 6-7; 6-7; 5-6,7; 5-6,7 5-6,7
p > 0.05 6-7; 6-7; 6-5,7; 6-7; 8-9 8-9 8-9 6-7;
8-9 8-9 8-9 8-9 8-9

such as CP, CR and B; the second was composed of 2 MTA
groups: GPMTA, WPMTA and GAMTA, WAMTA. The 12.7 ]
third group contained setting calcium hydroxide prepara-
tions (L and D), which were the least alkaline.

The highest pH increase was observed for setting and
the lowest for non-setting calcium hydroxide preparations.

Discussion

Release of hydroxyl ions from different dental mate-
rials has been investigated by numerous authors.210-13
There are no uniform standards for pH assays. Two J
methods have been described for the evaluation of pH 100 |
changes: potentiometry and titration curves.>!11* The

pH

- e Calcipulpe

10.7 _ —#— Calcipro
investigators have also used 2 experimental models: with ! Biopulp
r without medium replacement after each time peri 105 |
or without medium replacement after each time period ==~ ProRoot MTA Grey

measurement.>31014-17 We applied the second method

in the present study. Only Liberman et al.'® used both 102 =@ ProRoot MTAWhIte ;
methods simultaneously. Additionally, the data obtained 10.1 =oh--MTA Angelus Grey |
in the studies was different and not directly comparable 09 | =®=-MTAAngelus White |
because of the various other methodological approaches —O— Life ]
employed (quantity of sample, time intervals, type of ac- 7 o - —{— Dyeal !
ceptor medium, method of extraction). 85 L— !
The main purpose of vital pulp therapy is to preserve 12 3 4 20 48 72 168 336 504
pulp integrity and functionality. Previous reports have time (hours)

suggested that ionic dissociation of hydroxyl ions from Fig. 1. pH changes of materials tested during the course of time of the
contemporary preparations used in dental pulp protec- experiment
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tion is a major factor in their therapeutic action. Authors
emphasize the importance of the vehicle in calcium hy-
droxide dissociation. Aqueous solutions enable better dis-
sociation and thus an increase in pH.!%13

In this study, we evaluated the long-term pH varia-
tions of materials used in vital pulp therapy. The mate-
rials tested were able to alkalize deionized water at all
the tested time periods and reached the maximum rate
of hydroxyl ion release at the final reading. The greatest
increase in pH was observed in setting calcium hydrox-
ide materials.

Just a few authors have examined different kinds of pulp
capping agents under similar experimental conditions as
those we applied in this study.!®!>! However, there are
no papers comparing non-setting and setting calcium hy-
droxide materials as well as MTA cements in a single trial.

We showed that the highest pH level throughout the
whole observation period was achieved for non-setting
calcium hydroxide preparations. Zmener et al.!* demon-
strated similar results in relation to that group of materi-
als, which had yielded a permanent increase in pH for up
to 30 days. In contrast, Tamburic et al. found maximum
release of hydroxyl ions at 8 h of the experiment.?’ More-
over, studies in other experimental conditions confirmed
an increase in the pH of these materials.!>2!

In the present study, all 4 MTA materials showed al-
kalizing abilities. Unfortunately, there are no reports
comparing these identical MTA products simultaneously.
Our results revealed no variations in hydroxyl ion release
between white and gray MTA from the same commer-
cial brand throughout the duration of the whole experi-
ment. In contrast, Chng et al. demonstrated a significantly
higher increase in the pH of white MTA in comparison
with gray MTA after 70 min.!® In addition, our findings
revealed significant differences between GPMTA and
GAMTA as well as between WPMTA and WAMTA. This
can probably be attributed to variations in the composi-
tion of different commercial MTA brands.

Setting calcium hydroxide cements exhibited continu-
ous hydroxyl ion release resulting in a rise in pH until the
end of our experiment. Liberman et al.!® and Gengay et
al.22 obtained similar results in shorter 2-hour and 7-day
studies. In contrast, Tamburi¢ et al. indicated maximum
pH of Dycal at 24 h with subsequent declines at 48 and
72 h.*® Liberman et al. examined the short-release rate
of OH" ions into aqueous solutions of 7 calcium hydrox-
ide-containing lining materials, with and without replac-
ing the medium.'® In the first group, a decline in pH val-
ues was recorded, and in the second one an increase in pH
values was observed, which caused accumulation of OH
ions in the unchanged medium. Maintaining an alkaline
pH of setting calcium hydroxide preparations, despite re-
placement of the medium in long-term evaluations, was
also noted by other authors.?%1223

It should be remembered that extrapolation of in vitro
investigations to a clinical situation has some limitations.

It is essential to emphasize the fact that there is a per-
manent exchange of tissue fluids at the material interface
that will reduce pH.? The buffering effect of dentin also
has clinical significance.?* However, we can assume that
the use of materials with a prolonged alkaline effect may
be more advantageous in terms of anti-inflammatory and
mineralization activity.

Conclusions

In conclusion, we can say that, from the point of view
of alkalizing properties, all of the preparations evaluated
can be used in vital dental pulp treatment, but in view of
the limitations of this study, further investigation into the
conditions that mimic clinical situations is required.
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Abstract

Background. The condition of oral health among Polish patients is poor. The number of edentulous pa-
tients or those requiring major surgical procedures is growing. Improper health habits may affect oral hy-
giene.

Objectives. The objective of the study was to evaluate the effect of tooth brushing and visiting dentist to
see if there are any pathological changes in the oral cavity.

Material and methods. Hundred and sixty-three patients underwent dental examinations comprised
of the following elements: intraoral and extraoral examination, radiographs and a questionnaire about da-
ily habits.

Results. Patients brushing teeth 3 times a day were mostly put in class 0—2 CPITN. API > 75% occur-
red most frequently in irreqular teeth brushing (85%, p = 0.07). CPITN index from 0 to 2 was found mo-
stly in patients attending the dentist once a year or more frequently (80 vs 64 vs 50%, p = 0.014). API
index > 70% was significantly more common in patients visiting dentist iregularly (69 vs 55 vs 29%,
p < 0.001). Most residual roots were also reported in patients who do not reqularly brush their teeth (33%).
Those patients have more frequent instances oral diseases requiring surgical treatment and suffer a greater
risk of odontogenic inflammatory foci.

Conclusions. Irregular follow-up visits and irreqular tooth brushing lead to the deterioration of oral health
status and can enhance the risk of the necessity of surgical treatment.

Key words: oral hygiene, health habits, periodontal heaith

Stowa kluczowe: higiena jamy ustnej, nawyki higieniczne, zdrowie przyzebia



168 A. Kalandyk-Konstanty, J. Konstanty-Kalandyk, J. Zarzecka, et al. Proper hygiene and oral cavity

Proper oral hygiene is an important element of main-
taining proper health. Many researchers emphasize the
connection between periodontal diseases and systemic
diseases.'? Unfortunately, the condition of oral health
among Polish patients is poor. Dental caries are still
a major problem not only in Poland but also in many
other countries. They concern a large number of adult
patients.>> The prevalence of periodontal diseases is sig-
nificantly different between countries,®® and they are still
a major problem especially in older groups.®> Advanced
periodontal disease, which can cause tooth loss is ob-
served in 5-15% of people 35-44 years old.” Among Eu-
ropean countries, the lowest percentages of edentulous
(below 20%) were found in Lithuania (14%), Austria and
Iceland (15%) and highest 40% in Finland (41%), Slovakia
(44%) and Bosnia and Herzegovina (78%). In Poland, we
observe an increase in the proportion of edentulous peo-
ple aged 35-44 years from 1.6 to 3.8%.1° The proportion
of edentulous people aged 65-74 years in our country has
reached 41.6%." The potential reason for this situation is
very poor oral hygiene.

Objectives

Epidemiological studies indicate that the majority
of older people in Poland, as well as in other Europe-
an countries and in the United States do not have the
proper habits that allow them to maintain proper oral
hygiene.12-1%

The aim of our study was to analyze the relationship be-
tween habits in maintaining proper oral hygiene and oral
health.

Material and methods

The study included 163 patients scheduled for cardiac
operations. Before the operation, patients underwent
a dental examination comprised of the following elements:
intraoral and extraoral examination and radiographs (the
review of the pantomographic image). Patients also com-
pleted a questionnaire on their daily health habits for
maintaining proper oral hygiene. The questionnaire fo-
cused on the frequency of tooth brushing and the number
of visits to the dentists. The average age of patients in the
study was 60 years. Thirty-four percent of patients were
over 65 years. In this intraoral study we evaluated: Com-
munity Periodontal Index of Treatment Needs (CPITN),
Approximal Plaque Index (API), the presence of gingival
pocket above 6 mm, indications for professional oral hy-
giene, indications for conservative, endodontic and surgi-
cal treatment.

In radiographic study we evaluated the presence of
periapical lesions (OKW), the presence of residual roots,
impacted teeth, vertical and horizontal alveolar bone at-

Table 1. Frequency of brushing teeth and the frequency of visits
to the dentists

: 3 times per day 1 or 2 times
Brushing teeth or more often BTy Irregularly
All group 12 84 4
< 65 years 14 82 4
Age
> 65 years 6 90 4
Control visits | Once a year, or Once every Ireaularl
to the dentist | more frequently 2-5 years 9 Y
All group 40 26 34
< 65 years 44 24 32
Age
> 65 years 33 31 36

All data are presented in percentages.

rophy, the presence of caries and indications for primary
and re-endodontic treatment and the indications for sur-
gical treatment. On the basis of all the completed stud-
ies, the authors assessed the presence of potential foci of
inflammation in the oral cavity.

Statistical analyses were performed using STATISTICA
v. 10. Categorical data was compared by the 2 test or the
Fisher exact test if the expected number of observations
in any cell was < 5. Continuous data is presented as mean
+ SD or median interquartile range and was compared
using the analysis of variance or Kruskal-Wallis test, as
appropriate. Values of p < 0.05 were considered to be sta-
tistically significant and all p-values are 2-sided.

Results

In the whole group, only 4% of patients do not brush
teeth regularly. Most patients brush their teeth 1 or
2 times per day (84%) (Table 1). Only 12% of respondents
in the age below 65 years of age brush their teeth more
than 2 times a day (14%).

Sixty-six percent of respondents declare regular visits
to the dentist. Most patients (40%) go to the dentist once
a year or more frequently. With age, the frequency of
regular visits decreases and in patients above 65 years the
frequency reaches the level of 33% (Table 1).

We also compared the impact of tooth brushing fre-
quency on oral hygiene. In the periodontal assessment we
used the CPITN index (Community Periodontal Index of
Treatment Needs). Patients brushing teeth 3 times a day
were mostly in class 0-2 (84%), while half of the patients

Table 2. CPITN depending on frequency of teeth brushing

The frequency of teeth brushing

Sl 1 or2timesada
often a day Y

not at all
0-2 84 65 50
‘ 3-4 16 35 50

p = 0.24. All data are presented in percentages.
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Table 3. Effect of teeth brushing frequency on oral hygiene

The frequency of teeth brushing

Variable
APl >75 32
The presence of inflammatory foci 63
Periradicular lesions 21
Gingival pockets > 6 mm 21
Residual roots 11
Professional hygienisation 58
Conservative treatment 16
Surgical treatment 32
Endodontic treatment 26

p-value
3 times or more often a day 1 or 2 times a day not at all

49 85 0.07
82 83 0.1
38 33 0.36
43 50 0.15
22 33 0.38
50 59 0.9
41 50 0.094
44 83 0.08
24 17 0.89

All data are presented in percentages.

who have declared that they do not brush their teeth reg-
ularly were in a class CPITN 3—4 (Table 2).

We evaluated the status of other parameters of oral hy-
giene such as API (Approximal Plaque Index). API > 75%
occurred most frequently in patients who do not regu-
larly brush their teeth (85%, p = 0.07) (Table 3). The dif-
ference in this parameter between the different groups
was large and approached statistical significance. In this
group, most patients had deep alveolar pockets above
6 mm (50%) and required professional oral hygiene pro-
cedures at dental office (59%). Most residual roots were
also reported in patients who do not regularly brush their
teeth (33%).

The lowest number of patients who experienced po-
tential foci of inflammation was in the group that brush-

Table 4. CPITN depending on the frequency of dental control visits

The frequency of control visits to the dentist

once every oo -

0-2 80 64 50

3-4 20 36 50

p =0.014. All data are presented in percentages.

Table 5. Effect of dental control visits frequency on oral hygiene

es their teeth 3 times a day (63%). The worst situation
was in patients who did not brush their teeth regularly.
Eighty-three percent of patients had potential foci of in-
flammation, half required urgent treatment in the field of
dentistry and 83% required urgent surgery (extractions
residual roots) (Table 3).

Also, the frequency of regular visits to the dental office
affects the state of oral hygiene. CPITN index from 0 to
2 most was found in patients visiting dentist once a year
or more frequently (80 vs 64 vs 50%, p = 0.014) (Table 4).
In patients not brushing their teeth regularly, CPITN in-
dex was 3—4. These relationships were statistically signifi-
cant (p = 0.014).

API index > 70 was significantly more common in pa-
tients visiting their dentist irregularly (69 vs 55 vs 29%,
p < 0.001) (Table 5).

Eighty-eight percent of patients who do not visit the
dentist regularly have the potential inflammation foci,
45% of patients have periradicular lesions and residual
roots 31% (Table 5). Statistically significant least residual
roots have patients going to the dentist once a year or
more often (6%, p = 0.001). Most patients requiring ur-
gent hygienic procedures (79%, p = 0.007) and urgent sur-
gery (55%) were in the group of patients who did not have
regular dental visits.

The frequency of control visits to the dentist

Variable
APl >75 29
The presence of inflammatory foci 77
Periradicular lesions 33
Gingival pockets > 6 mm 36
Residual roots 6
Professional hygienisation 48
Conservative treatment 30
Surgical treatment 30
Endodontic treatment 26

once every 3-5 years it is not attending

55 69 < 0.001
76 88 0.29
31 45 0.3
52 38 0.2
33 31 < 0.001
56 79 0.007
48 40 0.18
52 55 0.013
26 20 0.7

All data are presented in percentages.
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Discussion

Oral hygiene status depends mainly on 2 factors: regular
teeth cleaning (tooth brushing with fluoride toothpaste,
dental floss after eating, toothpicks, interdental brushes,
using liquid mouthwash) and the regular attendance for
follow-up visits to the dentist.

There are frequently repeated allegations during public
discussions such as “visits to the dentist are expensive”
and “private health care requires additional funding’, but,
according to research conducted in 2011 in Poland, only
22% of patients eligible for dental treatment reimbursment
benefit from this option in centers that have signed con-
tracts with the National Health Fund.!> Daily teeth clean-
ing habits are another factor. The price of toothpaste and
toothbrushes is not high; the frequency of tooth brushing
is not sufficient.

In a study conducted in Poland, in a group of over 600 pa-
tients older than 65 years, almost 80% brush their teeth 1 or
2 times a day. Only 3% brush their teeth three times a day,
and as many as 20% do not regularly brush their teeth.!*
However, in a study conducted in 2009, in the United King-
dom, 75% of patients brush their teeth twice a day or more
frequently and only 3% do not brush their teeth regularly.'®
In our study, 94% of patients brush their teeth at least once
a day, and only 4% brush their teeth regularly. The ratio of
patients brushing their teeth regularly depends on age. Ad-
ditional training for older adults in long-term care facilities
should be introduced into the everyday practice.!”

This data is comparable with the data from the Minis-
try of Health. According to available data, more than 97%
of Malopolska residents brush their teeth once a day or
more often. Compared to the data from all of Poland (90%
of people brush their teeth once or twice a day and more
than 8% do not brush regularly), patients in our region
take great care of their oral hygiene.!8

The regularity of brushing teeth has an influence on
good oral hygiene status. Among adults aged 35-44 years
in Poland, in recent years there has been an increase in
the proportion of people with healthy periodontium from
12.7% in 1998 to 14.1% in 2002.

However, in Sweden, the prevalence of moderate peri-
odontal disease fell from 44.8% to 15.7% in the overall
study population, while the percentage of patients with
advanced periodontal disease has remained almost the
same in 1983 and 2008 (7.4 and 9.2%).3 In our study, half
of the patients regularly brushing their teeth have an in-
dex CPITN 3 or 4. In the group of patients brushing their
teeth 3 times a day, only 16% had CPITN 3 or 4. It follows
that patients who less often brush their teeth have bigger
periodontal treatment needs.

The situation is similar when comparing the other
parameters of oral hygiene status. Patients brushing
their teeth frequently (3 times per day or more often)
have a better indicator of the API (only 32% of the API
is > 75%), fewer patients have pockets greater than 6 mm

(21%) and this group of patients has the least potential
for foci of inflammation in the oral cavity (63%). Irregular
brushing leads to poor oral hygiene status (API > 75 were
85% and 83% of patients in this group have the potential
foci inflammations in the mouth).

Also the medical needs are evaluated in these groups.
In patients not brushing their teeth regularly, half require
medical treatment while more than 80% of the patients
required surgical treatment. While those who brush their
teeth 3 times daily had significantly less need for mainte-
nance treatment (16 vs 50%, p = 0.094) and surgical (32 vs
83%, p = 0.08). Therefore, the majority of patients who ir-
regularly brush their teeth have infectious foci in the oral
cavity, which can affect the development of many system-
ic diseases. The correlation between oral pathologies and
systemic diseases has long been proven. In a study of the
English population, 64% of adults who at least twice a day
brushed their teeth have visible bacterial plate compared
with 94% of those patients who confess to teeth brush-
ing at least once a day, or not at all. Men are more likely
than women to have plaque (71 vs 61%) and also consti-
tute a higher percentage of patients requiring treatment
for their teeth (27 vs 20%).1° This is proof that irregular
brushing in many cases is not sufficient. The development
of lesions in the mouth causes the need for regular visits
to the dentist. Data from the Ministry of Health, includ-
ing more than 2000 patients, showed that in 2010 almost
60% of respondents visited a dentist at least once in the
last year.!® In our study, 40% of patients go to the dentist
once a year or more frequently and over a third do not
attend regular check-ups. This has an impact on the state
of oral hygiene. Half of the patients with CPITN 3 or 4 do
not regularly visit a dentist and every fifth examined visits
once a year. Patients who do not visit a dentist regularly
have frequent apical changes (45 vs 33%), significantly
more residual roots (31 vs 6%, p < 0.001) and significantly
more hygienic require treatment (79 vs 48%, p = 0.007)
compared to patients visiting the dentist once a year.
In this group, significantly more patients have APIs > 70
(69% vs 55% vs 2% vs 9%, p < 0.001) and a greater percent-
age of patients present potential inflammatory foci (88 vs
77%) and are significantly more likely to require surgical
treatment (55 vs 30 vs 52%, p = 0.013). In summary, we
conclude that the irregular dental visits cause the deterio-
ration of oral health and a statistically significant increase
in the number of patients requiring dental treatment.

In a study of 6,000 patients living in England, in 2009,
almost 2/3 (61%) of adults said that the reason for going to
the dentist is a check-up. Twenty-seven percent said they
visit only as a result of a toothache.!® Adult patients who
said they report to the dentist for a check-up visit rarely
had visible bacterial plate (61%) than those who report to
the dentist only when pain occurs (76%).

Oral health is a fundamental component of health and
physical and mental well-being; and therefore, great em-
phasis should be put on proper health habits.'?
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Summing up the results of our study, we can conclude
that irregular brushing promotes poor oral hygiene and,
consequently, increases the need for dental treatment,
especially surgical treatment. Patients brushing teeth
3 times a day or more often had the best oral hygiene. Ir-
regular follow-up visits to the dentist also affect the dete-
rioration of oral hygiene. Patients avoiding regular visits
have significantly greater medical needs, more often had
residual roots, needed surgery and exhibited a greater risk
of occurrence odontogenic inflammatory foci. Patients
who arrange for follow-up visits at least once a year have
lowest amount of potential foci of inflammation and the
best oral hygiene.

From an economic point of view, more frequent tooth
brushing and regular visits to the dentist reduce the need
for dental treatment in subjects, and thus reduce financial
spending on dental services for patients.

Therefore, it is important to conduct population-based
studies that will determine treatment needs of society and
identify the range of the most necessary educational cam-
paigns among patients.
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Abstract

Background. Routine epidemiology examinations of the periodontium in adults (regional and suprare-
gional) are necessary to evaluate their health and to undertake proper preventative actions (prophylactic
and therapeutic) pertaining to periodontitis.

Objectives. The aim of the study was to evaluate the oral hygiene and periodontal status of citizens aged
65—74 years residing in a big city in the Podlaskie province.

Material and methods. The study included 72 randomly chosen Biatystok citizens (51 women and
21 men). While recording the patients’ medical history, special attention was paid to cigarette smoking.
The condition of oral hygiene and periodontal status were evaluated. The following parameters were tested:
API (approximal plague index), PI (plaque index), BOP (bleeding on probing), PD (probing depth) and CAL
(clinical attachment level). Moreover, the mean number of preserved teeth, the percentage of persons with
at least 20 preserved natural teeth and the percentage of edentulism were evaluated.

Results. Mean APl was 66.16% = 47.33, PI — 57.82% + 49.39 while BOP — 26.74% + 44.27. PD was
estimated at 2.13 mm = 1.62, while the loss of CAL was found in 61.08 =+ 27.43 sites. The coefficient of
nicotine addiction was 675 + 475.13. The mean number of preserved teeth was 13.36 + 8.18, while main-
tained chewing function was found in 27.78% of the individuals and edentulism in 12.5% of the cases.

Conclusions. The periodontal status of Biatystok citizens aged 65—74 years is unsatisfactory. The percent-
age of persons with preserved chewing function is low and thus the need for periodontal treatment and
rehabilitation of the masticatory apparatus is high.

Key words: epidemiology, periodontal status, gerontology

Stowa kluczowe: epidemiologia, stan przyzebia, gerostomatologia
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Periodontitis may affect as much as 90% of the world
population and thus is considered a civilizational disease.!
Both the evaluation of periodontal disease incidence and
the presence of correlations between periodontal disor-
ders and general health condition are one of the main
objectives of epidemiological studies. Periodic examina-
tions on the individuals aged 65-74 years included in the
retired group are conducted in all developed countries.
The observations of both periodontitis and the number
of teeth in this age group reflect the outcomes of the pro-
phylactic actions and dental treatment performed so far,
but they may also explain the clinical course of a number
of civilization diseases, e.g. diabetes, atherosclerosis or
osteoporosis.?

Demographic data indicates that 15% of the world’s
population in 2025 will be over 60 years of age.® Accord-
ing to WHO, there will be 2 billion people over 60 years of
age in 2050, 80% of which will comprise the population of
developing countries.* In Poland in 1989, 10% of society
was over 60 years of age.” According to statistical data by
GUS (Central Statistical Office of Poland), in 2020, 22.4%
of Polish society will be over 60 years of age and 1/3 of this
amount will be over 75 years of age.® The ageing of soci-
ety will be accompanied by the increase in health needs,
including those pertaining to the oral cavity. Therefore,
monitoring the status of oral health is extremely impor-
tant for establishing pro-health activities aimed at im-
proving the health of the oral cavity.

Due to the increasing ratio of seniors, every gerostoma-
tologic examination, which includes the number of pre-
served teeth, the percentage of persons with at least 20
natural teeth and the percentage of edentulism, is of great
value.” The comparison of current monitoring outcomes
with earlier results allows us to evaluate the changes in
dental status.®

The 65-74 years age group in Poland was first included
in epidemiology studies in 1998. Further national research
was carried out in 2002 and 2009.%° The presented re-
search constituted a part of a national project conducted
in the years 2013-2014 and was aimed at the evaluation of
the oral cavity health status as well as periodontal status
in a large urban agglomeration in the Podlaskie province.

Material and methods

The study was conducted in the area of Bialystok city
and included randomly chosen citizens aged 65—74 years.
The invitation for the examination was sent to 1,000 peo-
ple, yet only 72 persons including 51 women and 21 men
reported for the examination (mean age 68.57 + 3.22).

The exclusion criteria for periodontal examination were
general contraindications (e.g. history of bacterial endocar-
ditis) and local ones (e.g. acute odontogenic conditions).

Medical history included the data pertaining to ciga-
rette smoking. Smoking coefficient calculated as the

M. Sulewska, et al. Periodontal status of Biafystok citizens

product of the number of cigarettes smoked per day and
the duration of the addiction was used for the evaluation.

A clinical study was performed with the use of peri-
odontal probe (PCPUNC 15, Hu-Friedy, USA) with
a scale in millimeters. The examining personnel (den-
tists) had undergone standard calibration training. The
study was conducted using a program financed by the
Ministry of Health Evaluation to investigate the health
condition of the oral cavity in the Polish population aged
35-44 and 65-74 years and was approved by the Bioeth-
ics Commission of the Medical University of Bialystok
(R-1-002/266/2009).

The physical examination included the evaluation of
oral hygiene and periodontal status with the use of the
following parameters: plaque index (PI) by O’Leary,'* ap-
proximal plaque index (API) by Lange et al.,'! bleeding on
probing (BOP) by Ainamo & Bay,!? probing depth (PD)
and clinical attachment level (CAL). PI, BOP, PD and CAL
were assessed at 4 aspects: buccal, palatal/lingual, mesial
and distal. PD was defined as the distance between gingi-
val margin and sulcus/pocket bottom detected with the
probe. CAL was defined as the distance between sulcus/
pocket bottom identified with the probe and cemento-
enamel junction.

Moreover, the number of pockets with PD > 5 mm and
the sites with the loss of attachment CAL > 3 mm and CAL
> 5 mm were determined. The percentage [%] of individu-
als with CAL > 3 mm and CAL > 5 mm as well as indi-
viduals with PI, API < 25% and BOP less than 20% were
established. Also, the mean number of preserved teeth, the
percentage of persons with at least 20 preserved natural
teeth and the percentage of edentulism were evaluated.

Third molars were not taken into consideration in the
research. In the case of teeth with permanent prosthetic
restorations, the reference point was apical margin of the
prosthetic restoration. The obtained values were present-
ed in numbers rounded to the nearest millimeter.

The statistical analysis was performed with the use of
STATISTICA 12.0 StatSoft (StatSoft. Tulsa, USA) soft-
ware. Non parametric U Mann-Whitney test was used for
the comparison between the groups. Spearman’s rank or-
der correlation coefficient was also determined. The results
were considered statistically significant at p-value < 0.05.

Results

The results indicate that Bialystok citizens aged 65-74
years exhibit a poor oral cavity health. It was observed
that oral hygiene is unsatisfactory, which may be con-
firmed by the high mean values of the evaluated hygiene
coefficients.

According to observations, mean API value was
66.16% + 47.33, which is indicative of quite poor oral hy-
giene. The percentage of persons with proper oral hygiene
(API < 25%) was 12.7% and was independent of gender.
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Mean PI value was 57.82% + 49.39 and was slightly
higher in the group of women (0.59 + 0.49) as compared
to the group of men (0.57 + 0.49). The percentage of in-

Table 1. Qualitative and quantitative data in the study group of Biatystok
citizens aged 65-74 years (mean + standard deviation)

Parametr Mean Eitjigzzf
Age 68.57 +3.22
Number of teeth 13.36 +8.18
AP 0.66 +47.33
PI 57.82 +49.39
BOP 26.74 +44.27
PD 2.13 +1.62
Number of pockets with PD > 5mm 0.79 +1.74
The sites with loss of CAL 61.08 +2743
The sites with loss of CAL > 3 2751 +15.62
The sites with loss of CAL >5 mm 3.08 +4.71
The percentage of persons with API < 25% 12.70%
The percentage of persons with Pl < 25% 14.29%
The percentage of persons with BOP < 20% 46.03%
The percentage of persons with PD > 5 mm 28.57%
The percentage of persons with CAL > 3 mm 100%
The percentage of persons with CAL > 5 mm 57.14%
The percentage of persons with loss of CAL 100%
The coefficient of nicotine (n = 6) 675 +47.13

*The group excluding the individuals with edentulism: 72-9 = 63;
n — number of people.

dividuals who effectively brushed their teeth was 14.29%
(Table 1 and 2).

According to estimations, the mean BOP value was
26.74% + 44.27. No correlation between this parameter
and gender was observed. The percentage of persons with
mild symptoms of inflammation, which is BOP < 20%,
was 46.03% and was not related to gender.

In the elderly group, the mean PD value was 2.13 mm
+ 1.62 and was not related to gender. According to ob-
servations, men had deeper pockets (2.19 + 1.08) than
women (2.10 + 1.21). The number of deep pockets of PD
>5mm was 0.79 + 1.74.

Mean number of sites with the loss of attachment was
61.08 + 27.43, 45.39 + 32.45 in women and 70.61 + 26.58
in men (p = 0.0009). In 100% of the group CAL was found
tobe =3 and > 5 mm in 57.14%.

According to observations, smoking coefficient was 675
+ 475.13 and was higher in women (912.5 + 352.07) than
in men (200 + 282.84). In the case of seniors, active smok-
ers constituted 8.33% of the examined individuals (6 per-
sons) (Table 1 and 2).

Nine (8 women and 1 man) out of 72 individuals
aged 65-74 years, which was 12.5%, were edentate.
The mean number of teeth present in the mouth was
13.36 + 8.18 while the persons with maintained chew-
ing function (with over 20 left) constituted 27.78% of
the study group (20 individuals). In the case of women,
the number of preserved teeth was significantly low-
er (11.35 + 8.11) as compared to men (17.65 + 6.64)
(Table 2 and 3).

Table 2. Qualitative and quantitative data of Biatystok citizens aged 65-74 years depending on gender (mean + standard deviation)

Parameter Female (n =49) Male (n =23) p-value
Age 69 +3.20 67.62 +3.13 0.0976
Number of (preserved) teeth 11.35 +8.11 17.65 +6.64 0.0009
AP 0.66 +047 0.67 +047 0.0174
Pl 0.59 +049 0.57 +049 06117
BOP 0.28 +045 0.25 +043 0.3022
PD 210 +1.21 216 +1.08 0.0983
Number of pockets with PD > 5 mm 0.78 +1.80 0.82 +1.68 0.9343
CAL 2.69 +1.56 272 +1.50 0.5708
The sites with loss of CAL 4539 +3245 7061 +26.58 0.0009
The sites with loss of CAL = 3 mm 20.73 +1591 31.17 +18.12 0.023
The sites with loss of CAL > 5 mm 222 +3.91 3.69 +5.56 0.2615
The percentage of persons with APl < 25% 12.19% 13.63% 0.8749
The percentage of persons with Pl < 25% 12.19% 18.18% 0.5482
The percentage of persons with BOP < 20% 41.46% 54.54% 0.3334
The percentage of persons with PD > 5 mm 29.27% 27.27% 0.8697
The percentage of persons with CAL = 3 mm 100% 100%
The percentage of persons with CAL > 5 mm 56.10% 59.09% 0.8229
The percentage of persons with loss of CAL 100% 100%
The coefficient of nicotine (n = 6) 912.5 +352.07 200 +282.84 0.087

*The group excluding the individuals with edentulism: 51 — 8 = 43. ** The group excluding the individuals with edentulism: 21 — 1 = 20. n — number of people.
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Discussion

The aim of the study was to evaluate oral cavity hy-
giene and selected periodontal parameters in a group
of Bialystok citizens aged 65-74 years. Considering the
increasing number of people over 60 years of age in the
population, the study seems to be very up-to-date. The
ageing of the population will be accompanied by in-
creased health needs, including those pertaining to oral
cavity health.>-®13-1> The study presents issues related to
the next couple of decades. Assuming that the estimation
of API is the most objective evaluation of the effectiveness
of the conducted hygienic procedures, it was observed
that the study group showed an average oral hygiene while
proper hygiene was found only in 12.7% of the individu-
als. However, the obtained own results are quite optimis-
tic compared to the study carried out in 2012 on a group
of male patients aged 65—74 years living in Biatystok.? In
that study API value was higher by 7% and amounted to
74.0% while optimal hygiene was found only in 8.8% of
persons.?

In a Krakoéw study on patients aged 71-80 years, the
mean oral hygiene index (OHI) value of 2.2 was found to
be unsatisfactory and required the improvement of hy-
gienic habits.!® In own research, 14.29% of study group
was found with good oral hygiene.

Epidemiology research on elderly groups in large cities
in Poland were conducted in 1998, 2002 and 2009 with
the use of CPITN (community periodontal index of treat-
ment needs) which provides a general evaluation of both
periodontal status and related therapeutic needs.®* One
of the major limitations of this parameter is the lack of
the possibility to establish the incidence of periodontitis.
Therefore, more accurate parameters evaluating the sta-
tus of periodontal tissues were used in own study.!”!® The
analysis included the currently preferred probing depth
measurement and clinical attachment level.!*?° Studies
with the use of these parameters have been carried out in
Poland only since 2013 on the age group of 65—74 years
and thus there are certain limitations to comparing them
to earlier observations.2”

In own research, the mean BOP value was estimated
to account for 26.74% + 44.27, with a high percentage
— 46.03% of patients with mild inflammatory symptoms
(BOP < 20%). The value of these parameters cannot be
compared to the calculations performed in the previous
studies of CPITN. CPI1 indicates the presence of bleed-
ing on probing, yet this symptom may also be present in
CPI2, CPI3 and CPI4. The interpretation of the precense
of bleeding based exclusively on CPI1 may lower its value
while adding up the values of CPI2, CPI3 and CPI4 may
overly increase it.

In the case of the examined population of Bialystok citi-
zens aged 65-74 years, the mean value of probing depth
was 2.13 mm + 1.62, while the number of pockets over
5 mm deep was 0.79 + 1.74. The monitoring of periodon-
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Table 3. Dental status of Bialystok citizens aged 65-74 years

Study group (n =72)

Parameter

female | male
(n=51)| (n=21)

‘ Mentained > 20 natural teeth 20 27.78 8 ‘
‘ Edentulism in the maxilla 10 13.89 10 0 ‘
‘ Edentulism in the mandible 2 2.78 2 ‘
‘ Edentulism (maxilla + mandible) 9 12.5 8 1 ‘

n — number of people.

tal status in 1998, 2002 and 2009 revealed the presence of
deep pockets of at least 6 mm in 9.9, 2.3 and 1.6% at the
analyzed intervals, respectively.® In the study conducted
in 2012 by Szpak et al.evaluating the periodontal status
and therapeutic needs among 106 male patients aged
65—74 years living in Bialystok, a healthy periodontium
was found (CPIO) in 6 persons, which constituted 5.7% of
the group.? In the highest percentage of patients (20.8%),
shallow pockets were observed (CPI3), while male pa-
tients with over 6 mm deep pockets constituted 19.8% of
the examined individuals.

According to own research, the percentage of persons
with PD > 5 mm was estimated to be 28.57%. Loss of at-
tachment was present in 100% of individuals, with CAL
> 3 mm and CAL > 5 mm value 100% and 57.14%, re-
spectively. The obtained results correlate with American
observations NHANES, where the percentage of CAL
>5 mm was observed in 67.1% of individuals over 65 years
of age.?! A stronger correlation was found between CAL
and age compared with PD and age, which was previously
noticed by Thornton-Evans et al. in 2013.22 These obser-
vations are confirmed by a number of epidemiology stud-
ies which indicate a higher incidence of periodontitis in
older persons.?>>* These correlations are based on both
biological processes, which accompany body aging as well
as the accumulating effects of dental plaque and environ-
mental factors, which include risk factors.

In the case of Bialystok seniors, active smokers con-
stituted 8.33% of the patients while 29 individuals were
smokers in the past. Past and present smokers were found
to be a large group of 35 people (48.6% of the examined
population). Smoking is very common in Poland and
affects 33% of men and 20% of women.?> The highest
percentage of smokers can be found in the age group of
40-59 years with vocational education. In terms of smok-
ing, Poland has the 9™ (men) and 8" (women) place in
European rating.?® Smoking tobacco is a generally ac-
knowledged risk factor in developing periodontitis and
its influence is manifested by a worse response to peri-
odontal treatment.? In NHANES study in 2009-2010,
the incidence of periodontitis among smokers amounted
to 64.2% compared to 39.8% in non-smokers.?? Pockets
of PD over 5 mm were present in 34.1% of smokers and
14.5% of non-smokers.?” Despite greater tissue damage,
inflammation symptoms (bleeding) are less visible in
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smokers, which are related to the constriction of vessels
caused by nicotine. The described phenomenon may be
responsible for the high percentage of persons (46.03%)
with mild inflammatory symptoms in the study group.

A comparative analysis of a supraregional study of the
periodontal status in Poland indicates that the periodon-
tal status has deteriorated in the recent studies: only 1.2%
of people with CPIO and considerably higher percentage
— over 41% of people with pockets over 3.5 mm?. A healthy
periodontium expressed by CPIO value in the analyzed
age group in 1998, 2002 and 2009 was detected in 3.7, 4.8
and 7.8% of patients, respectively while the percentage in
periodontitis patients (CPI3 and 4) in 39.1, 14.0 and 9.2%,
respectively.® These results were influenced by an increas-
ingly higher number of preserved teeth at this age.

Compared to the studies carried out in 2002 and 2009,
a considerable — over 2-fold increase in the number of
preserved teeth in Polish people in the analyzed age group
can be observed. Poland reached European level in these
terms. In this study, the mean number of preserved teeth
in Bialystok citizens was 13.36 and was lower compared
with Szczecin (15.2) or Warszawa (13.8), with the national
mean being 13.7.7 The mean number of teeth was higher
only as compared to Toruri (12.6). The national mean
number of teeth in large cities was 14.3 and was higher
compared to smaller towns (12.8).2 In the analysis of this
parameter in correlation to gender, 14.4 teeth in men and
12.6 in women were observed.? Recent Polish studies have
shown a higher number of remaining teeth in men as
compared to women (2), while in our study this difference
was more pronounced — 6 teeth.”? The mean numbers
were 17.65 in men and 11.25 in women.

These observations are very optimistic compared to the
national research from 1998 and 2002. At that time, the
epidemiological situation related to the number of pre-
served teeth in Polish citizens aged 65-74 years was very
poor. According to monitoring research in 1998, the
mean number of teeth in the citizens of all provincial cit-
ies in the analyzed age group was 9.1 while edentulism
amounted to 32.2%. In 2002 this situation considerably
deteriorated, as the mean number of teeth was 8.1, while
edentulism amounted to 35.6%.%8

Another beneficial observation for this age group
of Polish citizens is a significant decrease in the number
of edentulism patients. In 2002 the percentage of eden-
tulism was almost 44% while recent reports indicated
29%.%7 Despite such a great improvement, the value of
almost 29% of edentulism cases in Polish population aged
65-74 years still remains one of the highest in Europe.?

Own research showed a considerably lower edentulism
percentage (12.5%) compared to the national mean value.
It is undoubtedly a positive phenomenon, yet considering
the low reportability for epidemiology study, the obtained
results ought to be interpreted very carefully.

The presence of at least 20 preserved natural teeth,
which is indicative of a maintained masticatory function,
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was found in 27.78% of patients. The obtained result was
higher than the Polish mean value, which was estimated
at 25.15%.% This result is 3-fold lower than the goals of
oral cavity health set by WHO for 2010 (the assumptions
were 75% with minimum 20 preserved teeth).? It is dif-
ficult to compare this outcome with this age group of Pol-
ish citizens in 2002 and 2009, since in those studies the
maintained masticatory function was defined as at least
20 natural or artificial teeth in functional contact.® In the
available literature only one considerably up-to-date
(2004) research of the Hungary population at this age was
found and it showed 21 or more teeth in 22.6% of the in-
dividuals.?*°

The prosthetic needs of the examined group were 2-fold
smaller (12.5%) compared to those in the study by Szpak
et al.3 In the male group from Bialystok, 24.5% of persons
needed full dentures, 36.8% showed edentulism in the
maxilla while 27.4% in the mandible. According to our
own research, a considerably higher number of patients
(13.89%) required rehabilitation of masticatory apparatus
with the use of full dentures in the upper arch compared
with edentulism in the mandible (2.78%). In 1995 the
percentage of both men and women from Bialystok aged
60 years or more requiring full denture in the maxilla was
40.4% while in the mandible 36.2%.3! In 1991, in the popu-
lation of men and women of the north-eastern region of
Poland aged 65-74 years, 35.2% of persons required full
dentures in the maxilla and the same percentage in the
mandible.3? The analysis of the described correlations in
the northeastern region of Poland indicates an improve-
ment in prosthetic treatment among seniors, yet it is still
unsatisfactory considering WHO guidelines for 2020 or
even for 2010.2%3

Based on the analysis of a number of epidemiology
studies, WHO considerably changed the goals regarding
oral cavity health in the age group 65-74 years for 2020
compared to 2010. Current guidelines are more general:
decreasing the number of extracted teeth due to caries
and periodontitis, decreasing the percentage of persons
with edentulism, increasing the number of preserved nat-
ural teeth and increasing the percentage of persons with
at least 20 preserved teeth as well as decreasing the devel-
opment of tissue infections and oral mucosa disorders.??

The major limitation of the presented study was the low
percentage (7.2%) of reportability of randomly chosen in-
dividuals. In the case of the study of Health in Pomera-
nia, the percentage of reportability of randomly chosen
persons was 72.9 and 65.2 for women as well as 66.2 and
74.3% for men in the age groups of 40—49 and 6069, re-
spectively.3* Another limitation was related to the use of
CPI and lack of reference to the observations related to
the currently preferred measurement of probing depth
(PD) and clinical attachment level (CAL) in study de-
sign.1*20 Despite the described limitations, the conducted
epidemiology study of periodontal status in Bialystok citi-
zens proves that periodontitis constitutes a social disease.
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According to the number of own observations as well
as that of other authors, significant causes impeding the
improvement of oral health are as follows: lack of sup-
porting policy and legal regulations in undertaking sig-
nificant preventative and pro-health actions in Poland,
low awareness of the importance of oral cavity health as
well as cultural and social barriers.® Therefore, sched-
uled periodontal prophylactic-therapeutic actions and
accurately defined periodontal treatment in screening
groups, e.g. diabetic patients or persons with past history
of cardiovascular incident are necessary. Also, a change in
pro-health habits of adult Poles (improved oral hygiene,
fighting smoking) is needed. Establishing such guidelines
is undoubtedly necessary.

Conclusions

Bialystok citizens show improper oral hygiene and peri-
odontal status. It is necessary to improve the effectiveness
of dental health care system for elderly people.
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Assessment of age with mandibular first molar: An orthopantogram study
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Abstract

Background. Assessment of age plays an important role in identifying living beings as well as the dead.
Comparing different body parts for age estimation, teeth show the least changes after death and can also
be checked in living individuals. This helps in forensics as well as in studying growth.

Objectives. The aim of this study was assess the age for Indian individuals from mandibular first molars
using orthopantogram.

Material and methods. Orthopantograms were obtained from 370 Indian subjects in the age group
6—40 years. The subjects were randomly divided into 2 samples; a study sample (n = 240) and a test sam-
ple (n=130). A regression equation to calculate age was generated from the PCTHR (pulp chamber crown
root trunk height ratio) and applied on the test sample to check for reliability of the equation.

Results. There was a significant negative correlation between actual age and PCTHR (r = —0.765:
p=<0.0001) in the study group. The regression equation generated from the study sample was calculated
age =—94.627 x (PCTHR) + 43.585. When used on the test sample, the calculated age showed no statisti-
cally significant difference with the actual age (p = 0.076). The mean difference between actual and calcula-
ted age was 3.275 = 2.188 years.

Conclusions. The method of using PCTHR can be applied correctly to assess the age of Indian individuals.
Key words: age assessment, pulp height, mandibular molar, orthopantogram

Stowa kluczowe: ocena wieku, wysokos¢ miazgi, zab trzonowy, zdjecie pantomograficzne
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Assessment of age plays an important role in identify-
ing living beings as well as the dead.!> Comparing differ-
ent body parts for age estimation, teeth show the least
changes after death and can also be checked in living
individuals.?

Age can be assessed in children by studying the differ-
ent phases of root completion according to the Demirjian
method.* In adults, the same can be achieved by studying
the parameters of attrition, periodontitis, secondary den-
tin deposition, cementum apposition, root resorption and
transparency.®

Dental pulp size can also be used to assess the age of
an individual as the size of the pulp chamber reduces
with time due to deposition of secondary dentin and is
not influenced by environment.® Kvaal et al. assessed age
with pulp size using periapical radiographs.” Since taking
periapical radiograph is time consuming and difficult, the
same result can be achieved by utilizing a digital ortho-
pantogram, which is a panoramic view of the upper and
lower dentition and jaw.

Therefore, the present study was performed to assess
age for Indian individuals using orthopantogram for age
prediction. The objectives were to check for a relationship
between age and pulp chamber to tooth size values, and
to assess the variation of calculated age to the actual age
of a test sample.

Materials and methods

Orthopantogram (OPQG) is taken as a pretreatment
record for orthodontic treatment. Anonymized digi-
tal orthopantograms of 370 patients in the age group
8-40 years who had registered for orthodontic treat-
ment were selected from the records of the department.
The subjects were divided randomly into 2 groups
— a study sample of 240 patients and a test sample of

040

0307

PCTHR
o

020

Fig. 1. Scatter diagram of PCTHR to actual age of study sample (n = 240)
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Table 1. Age and sex distribution of study subjects

] % | o [ %
6 1

0-9 54.5 5 455
‘ 10-19 36 554 29 446 65 ‘
‘ 20-29 63 492 65 50.8 128 ‘
‘ 30-39 22 61.11 14 38.89 36 ‘
‘ Total 127 529 113 47.1 240 ‘

130 patients. In each orthopantogram, a mandibular
first molar was randomly chosen. Attrited, fractured,
impacted, carious, heavily filled, RCT molars and
orthodontically treated molars with bands were not in-
cluded in the study. The study was approved by the In-
stitutional Ethics Committee.

Measurement

Orthopantograms of 240 subjects were taken as a study
population (males = 127; females = 113; Table 1). Digim-
izer® software (MedCalc Software, Belgium) was used to
mark the points and document measurements in the dig-
ital orthopantogram (Fig. 1). Linear measurements were
obtained for 2 parameters:

1. The distance between the central fossa and the highest
point on the root furcation was the crown root trunk
height (CRTH) and;

2. The distance between the roof and floor of the pulp
chamber was the pulp chamber height (PCH).

A ratio was derived between the pulp chamber
height and crown root trunk height referred to as
the pulp chamber crown root trunk height ratio
(PCH/CRTH = PCTHR). All measurements were re-
corded by a single observer and 40 randomly selected
radiographs were measured a month later to check in-
tra-observer variability.

All statistical analysis was performed using the soft-
ware package SPSS for Windows version 10. Association
between age and PCTHR was calculated using Pearson’s
correlation. A regression equation to calculate age was
derived from PCTHR (study sample = 240; 127 males,
113 females). This equation was then applied on the test
sample (130; 62 males, 68 females). The difference be-
tween the actual age and calculated age was calculated
using a paired t test and documented as error. A p < 0.05
was considered to be statistically significant.

Table 2. Mean and median age of study sample

‘ Mean 2242

‘ Median

21

+6.910 ‘
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Table 3. Calculation of regression equation

Unstandardized Standardized

Coefficients Coefficients
(Constant) 43585  1.190 36.630 000
Ratio  -94627 5.162 -.765 -18331  .000

Dependent variable: age.

Table 4. Age and sex distribution of study subjects

Age group
10-19 13 36.1 23 63.9 36
20-29 31 50.0 31 50.0 62
30-39 18 56.2 14 43.8 32
Total 62 47.7 68 523 130

Table 5. Comparison of actual and calculated age (Paired t-test)

Variable

Actual age 130 2438 6875

1.791 0.076
Calculatedage 130 23764 5933
Mean difference 130  0.613 3.90
Absolute difference* 130 3275 2188 min=000 max=953

Median = 23 (actual age).

Table 6. Sex-wise comparison of chronological and predicted age (Paired t-test)

Variable n | Mean SD t-value P-value
Male
Actual age 62 25030 7.188
Calculatedage 62 24417 6.283 1.246 0.217 (NS)
Mean difference 62 0616 3.89
Absolute difference 62 3.309 2095  min=006 max=953
Female
Actual age 68 2378 6.572
Calculatedage 68  23.169 557 1277 0.206 (NS)
Mean difference 68 610 3.94
Absolute difference 68 3.24 2285 min=000 max=9.16

Fig. 2. Measurements done
on orthopantogram

Results

The mean and median age of the study sample were
22.42 + 6.91 years and 21 years, respectively (Table 2).
A statistically significant negative correlation was ob-
tained between age and PCTHR, suggesting the ratio
of pulp to tooth height decreases with age (r = —0.765:
p = < 0.0001; Fig. 1). A regression equation was calculated
by using linear regression function in SPSS and keeping
age of the study sample as a dependent variable (Table 3).
The formula derived from the study sample was:

calculated age = —94.627 x (PCTHR) + 43.585,
(r2= 0.585).

This regression equation was then applied on the test
sample (130; 62 males, 68 females; Table 4). The mean and
median age of the test sample were 24.38 + 6.875 years and
23 years, respectively. No statistically significant difference
was seen between calculated age and actual age (p = 0.076).
The mean of absolute difference between actual and calcu-
lated age was 3.275 years + 2.188 (Table 5, 6). For males,
the difference was found to be 3.309 + 2.095 years whereas
for females it was 3.24 + 2.285 years (Table 4). This differ-
ence was less than 6 years in 87.7% of the subjects. The
maximum difference between the 2 ages was 9.53 years
(Table 7), which was within the acceptable limit for foren-
sic age estimation (< +10 years).® There was also no signif-
icant difference between the 2 ages in male and female test
subjects, showing equal applicability to either gender.

Table 7. Table of percentage distribution of test subjects and absolute
difference in years

Absolute difference

in years (actual age Female
- calculated age)

0.00-2 years 15 27 42 324
2-4 years 30 19 49 37.7

4-6 years 10 13 23 17.6

6-8 years 5 7 12 9.2

8-9.53 years 2 2 4 3.1
Total 62 68 100 100.0
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Discussion

Knowledge of age plays a huge role in identification
of the dead. A variety of invasive and non-invasive tech-
niques are available for forensic age assessment. The
advantage of non-invasive methods is that they can be
applied to the living as well as the dead. Compared to var-
ious skeletal and sexual maturity parameters, age assess-
ment with dental parameters shows less variability.’

Human dentition undergoes developmental and degen-
erative changes with age.>1° Developmental changes not-
ing stages of mineralization of the crown and root are use-
ful in age prediction in early years. Degenerative changes
include attrition, changes in pulp, tooth color and perio-
dontium. Thus, our study accounts degenerative changes
in pulp as the age advances.

Most of the studies®>*!! dealing with radiological age
estimation are applied only in subjects with developing
teeth (Demirjian, Cameriere and Nolla systems). The age
group selected in our study was from 8 to 40 years. Infer-
ence from the results suggests that this method can be
applied irrespective of young or old age and thus has fo-
rensic as well as educational value.

Previous studies®”!? on age estimation with pulp to
tooth height ratio have been applied on anterior teeth.
Since molars are the first permanent teeth to erupt in the
oral cavity, these teeth were chosen for the purpose of fo-
rensic age estimation in our study. In molars, the size of
the pulp chamber reduces due to secondary dentin dep-
osition on the roof and floor, thereby affecting the height
and not width, with age.®

In a previous study by Drusini et al., the tooth coronal
index was calculated by measuring the length of coro-
nal pulp cavity at the highest point of the pulp horn to
length of crown.!? In our study, the ratio of height of pulp
chamber to height of crown root trunk was taken, which
is easier to calculate compared to the method given by
Drusini et al., since it is difficult to accurately appreciate
coronal pulp chamber and CEJ.!3

In our study, the ratio of pulp to tooth height decreased
with age, so a significant negative correlation was seen be-
tween the 2 variables (r = —0.765). Similar to the results of
previous studies*'*!> done on an Indian population, the
value of the correlation was higher, suggesting digital or-
thopantogram and mandibular first molars are reliable in
assessing the age of an individual.

There was no statistically significant difference be-
tween the age of the patient and age calculated with the
regression equation (p = 0.076). 87.7% of the entire test
sample showed less than 6 years as the absolute difference
between the ages. Thus, radiographic assessment of the
reduction in the size of the pulp chamber provides a rel-
atively accurate, non-invasive method of age prediction
irrespective of gender.

Limitations of this method are missing or presence of
carious or heavily filled molars and examiner variability.

S. Mehta, et al. Assessment of age with mandibular first molar

Conclusion

The method of using a ratio of pulp chamber to tooth
height can be applied correctly to assess the age of Indian
individuals.
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Abstract

The vascularized organs transplantation has become an effective method of treating patients with
end-stage organ failure. However, prolonged immunosuppressive therapy causes many side effects, which
are reflected in the state of the oral cavity. Infections in transplant recipients represent the most common
postoperative complication. The development of infection is dependent on pathogenic microorganisms as
bacteria, fungi and viruses, including CMV, EBV, HPV, HIV. To reduce the potential for serious problems in
the oral cavity occurring after organ transplantation, each patient should be subjected to a thorough dental
inspection and treated by physicians in specialized medical centers. The role of a dentist should involve
the evaluation before and after transplantation according to specialized algorithm of dental treatment. The
information concerning the presence of infection outbreaks and pathologic lesions in the oral cavity is an
important signal for transplant physician to perform extended diagnostic testing, as well as to modify the
immunosuppressive therapy.

Key words: oral cavity, viral infections, dental treatment, transplant recipients, organ transplantations

Stowa kluczowe: jamy ustna, zakazenia wirusowe, leczenie stomatologiczne, biorcy przeszczepow,
transplantacja narzadow
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The transplantation of vascularized organs has become
an effective method of treating patients with end-stage
organ failure. Transplanted organs, as foreign antigens,
require the constant use of immunosuppressive drugs to
protect them against rejection in the recipient organism.
This medicine, which is taken for life, causes many side ef-
fects, which are reflected in the state of oral cavity. Among
those we can include: increased periodontitis and tooth
caries, increased incidence of oral mucous membrane le-
sions as a result of high susceptibility to fungal, bacterial
and viral infections, gingival overgrowth, xerostomia and
increased susceptibility to developing cancer.

Infections in transplant recipients represent the most
common postoperative complication. The source of in-
fection can be endogenous flora of the patient, viruses
in latency state, transplanted organs, the hospital envi-
ronment. The majority of infections occur during 4-6
months after transplantation, when the immune system
is highly suppressed.!

The development of an infection is dependent on
pathogenic microorganisms, doses of immunosuppres-
sive drugs and their use of time, coexisting diseases, meta-
bolic disorders and immunomodulatory virus infections
(CMV, EBV, HPV, HCV, HIV).? The characteristic feature
of infections in organ transplant patients is a significantly
reduced inflammatory response and a low symptomatic
clinical course, causing difficulties in rapid diagnosis,
generalization of infection, often reinfections as well as
considerable resistance to pharmacology treatment.?

Few studies provide clear dental procedures in this pa-
tient population and they also do not draw enough atten-
tion to the most common illnesses that can be observed by
dentists in the oral cavity of organ transplant recipients.
It should be noted that the oral cavity is one of the main
sources of infection in people with impaired immunity.

To reduce the potential for serious post-transplant
problems in the oral cavity, each patient should be sub-
jected to a thorough dental inspection and treated by phy-
sicians in specialized medical centers. The role of the den-
tist should include the assessment of the patient’s teeth
before transplantation and after transplantation, with
particular emphasis on the elimination of oral sources of
infection. The role of a dentist should involve 2 phases:
The evaluation before transplantation and subsequently
the evaluation after transplantation.

Evaluation before transplantation

Chronic renal failure with the passing of time demands
external blood filtering techniques, such as dialysis or he-
modialysis which prolong the patient’s life until a kidney
transplantation, but unfortunately leads to many patho-
logical lesions in the oral cavity. The patient should be un-
der special medical care including specialist dental care
until organ transplantation.

Chronic renal failure and dialysis results in the exac-
erbation of dental caries indices, erosions on the palatal
and lingual teeth surfaces, aggressive periodontitis, dry
mouth and xerostomia, pathological changes in the soft
tissues such as erosions and ulcerations, increased fre-
quency of non-healing bacterial, fungal, protozoan and
viral infections.*~”

A wide range of oral lesions have their origin in reduced
salivary secretion, increased pH and buffer systems de-
ficiency. In patients undergoing hemodialysis, the major
problem is also renal osteodystrophy, which contributes to
tooth loss leading to stomatognathic system disorders.”$

Early procedures of dental evaluation in this group
of patients allow for the introduction of an appropriate
treatment plan before organ transplantation.’

The algorithm of dental treatment
in patients under hemodialysis

Before organ transplantation, the dentist should first
of all conduct a thorough medical and dental interview.
Then, it is necessary to perform a physical examination
according to conventional protocol. Panoramic radiog-
raphy supplemented by periapical radiographs or CBCT
— cone-beam computed tomographic imaging should be
done.’ Finally, the dentist is obliged to establish the indi-
vidual treatment plan for the patient and qualify the teeth
for extraction. The teeth should be extracted in the fol-
lowing cases: teeth with nonvital pulp or pulpless; teeth
exhibiting improper endodontic treatment, particularly
multirooted teeth; teeth with chronic periapical inflam-
mation; teeth after improper resection; teeth with deep
periodontal pockets and bone defects; partially and to-
tally retained teeth.

It is recommended to improve damaged prosthetic
restorations and treat inflammatory lesions on the mu-
cous membrane in patients. Professional scaling and root
planning must be performed. It is required to educate
patients on proper oral hygiene methods such as appro-
priate brushing methods, use of dental floss, rinse of oral
cavity with the mouthwashes containing fluoride and an-
ti-inflammatory agents and proper eating habits. Dental
appointment every 3 month is necessary.

Evaluation
after organ transplantation

The algorithm of dental treatment
in organ transplant recipients
The potential source of an outbreak of infection in

the mouth are teeth with nonvital pulp, lack of pulp,
teeth that have received improper endodontic treat-
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ment, teeth after pulpotomy; teeth with chronic peri-
apical inflammation; teeth after improper resection,
hemisection, premolarisation; partially retained teeth
with recurrent soft tissue infections; totally retained
teeth with suspicion of primordial cyst; periodontal
disease coexisting with periodontal pockets and bone
defects; peri-implantitis; ulcers and other pathological
conditions within the oral mucosa.

In these groups of patients treatment planning is not
intended to identify an individual pathology, but to pro-
vide an overall assessment of the potentially affected sites,
taking into account the overall condition of the patient.
It is important to detect early pathological changes in the
oral cavity.

Treatment immediately after transplantation

Dental treatment during this period should be per-
formed only in acute cases.!® During this period, the pos-
sibility of rejecting the transplanted organ is very high.
In this phase of treatment the patient should regularly
control his oral hygiene at home.

Treatment in the stable phase after transplantation

During the stable phase, the patient should execute
routine dental checks aimed to eliminate the first signs
of a potential pathology. It is recommended to have
a dental check-up every month for the first 6 months
after transplantation, then every 3 months. The patient
should maintain proper oral hygiene that includes cor-
rect method of brushing, use of dental floss and mouth-
washes containing fluoride and anti-inflammatory
agents. The introduction of proper eating habits is also
recommended.! Radiological control containing dental
panoramic X-rays should be carried out once a year for
an accurate diagnosis. In the stable phase after trans-
plantation the oral sanation includes professional scal-
ing and root planning in antibiotic cover and treating
dental caries. The gangrenous roots and multiple roots
teeth with improper endodontic treatment should be ex-
tracted in antibiotic cover.® Intraosseous implants with
visible evidence of infection should be removed and the
diagnosis and treatment of lesions on the mucous mem-
brane is required.

The issue concerning extraction of endodontically
treated teeth remains a matter of much controversy.
There is a consensus that the dentinal tubules of root
canal treated teeth can be a niche for pathogenic agents
that could be the cause of focal infections. If the general
condition of the patient is good, the transplanted organ
shows steady progress, and the patient has full dental
arches and very good oral hygiene, it is possible to leave
the roots with proper endodontic treatment and annual
radiological control.
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Infections and pathological lesions
in oral cavity in patients after organ grafting

Bacterial infections

The most often isolated bacteria in organ recipients are
Staphylococcus aureus (35%), bacteria from Enterococcus
family (E. coli, E. faecalis, E. faecium — 30%), as well as Acti-
nomyces odontolyticus, Streptococcus viridans isolated from
blood and cerebrospinal fluid, as a cause of sepsis. An in-
creased total amount of microorganisms and the growth of
anaerobic bacteria are noted in the patients’ saliva. Bacterial
infections in the oral cavity can be manifested as a local in-
flammation, erosions, ulcers with various intensity depend-
ing on patient immunological condition.®> A case of liver
abscess caused by Porphyromonas gingivalis concerning the
patient treated with kidney transplantation was described
in literature. Patients treated with organ transplantation
display the occurrence of hairy tongue and acute necrotic
— ulcerative gingivitis more often than the healthy popula-
tion. The principal factor influencing ecological changes
and interactions between different groups of microorgan-
isms inhabiting in oral cavity might be the modification of
its pH, which is 5.0-5.5 in this group of patients. A poor
diet, bad hygienic habits, metabolic disorders and drugs af-
fect changes in acidity of the environment of oral cavity.!?

Viral infections

Viral infections may be due to the reactivation of latent
infection, viral transmission and acquisition of a trans-
planted organ after transplantation. The most often di-
agnosed viruses are: CMV, EBV, HPV, HSV, HZV, HHV.%#

Cytomegalovirus (CMV)

Cytomegalovirus causes mainly systemic infections,
which may resemble flu-like symptoms. It manifests in
oral cavity as large, white and yellow necrotic lesions,
clearly demarcated, difficult to separate from the founda-
tion, mainly localized on the tongue, cheeks, floor of the
mouth.?® The virus has some oncogenic potential. It was
isolated from non-homogenic proliferation leukoplakia
lesion (53%) and from squamous cell cancers.> 13-1>

Herpes Simplex Virus (HSV)

Organ recipients have a high frequency of virus inci-
dence, reaching 50-66%. The lesions in the oral cavity are
displayed as many confluent vesicles. When they burst,
painful erosions and ulcers remain. They appear mostly
on palate, lips, gingiva and tongue.?

Papillomaviruses (HPV)

The majority of infections are latent. The viruses have
a large oncogenic potential. Clinical symptoms are dis-
played as single or multiple warts mostly located on the
gingiva, where they can coexist with gingival overgrowth
associated with cyclosporine treatment, on cheeks, palate
and the tongue. They are detected in precancerous lesions
and in head and neck cancers.!*1
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Epstein-Barr Virus (EBV)

Epstein-Barr Virus is detected in 84% of recipients. EBV
is often in the latency stage in lymphocytes and mono-
cytes. Lesions in the oral cavity are displayed as multiple,
red ecchymosis localized between the hard and soft pal-
ate, as ulcerative gingivitis, painful throat ulcers'’, hairy
leukoplakia on the lateral surfaces of the tongue with ex-
cessive keratosis and filiform papillae overgrowth also de-
scribed as frotte tongue. 1420

Fungal infections

The most frequent pathogenic fungi and dermatophytes
isolated from oral mucous membranes are: Candida al-
bicans, Aspergillus fumigatus, Cryptococcus neoformans,
Histoplasma capsulatum. On the mucous membrane
white and grey deposits, which can easily become sepa-
rated from the substrate are observed. In infections
caused by fungus Aspergillus, deposits are mainly black
and situated on the palate and on the base of the tongue.
They can infiltrate the bone tissue, causing considerable
destruction of adjacent anatomical structures.

Candida albicans is the most frequently isolated
yeast-like fungus in patients after transplantation (30%).
The clinical picture of infection are angular cheilitis,
pseudomembranous candidiasis, atrophic and hyperplas-
tic, which in 50% of patients is associated with cellular
atypia and in 40% may undergo malignant transforma-
tion. Lesions occur mainly on the tongue and palate.2!-2

Protozoan infections

The protozoa of the genus Trichomonax tenax and Ent-
amoeba gingivalis in the oral cavity are observed more
frequently in patients after organ transplantation.'? Their
presence correlates with periodontal diseases and gingi-
vitis as well as with poor oral hygiene. It is believed that
when the immune system is functioning properly these
protozoa are saprophytic pathogens.

Gingival overgrowth

Gingival hyperplasia is most frequently observed in pa-
tients treated with cyclosporine and usually begins in the
area between the dental papilla of canines and incisors in
the mandible. The incidence is estimated at 30-80% of pa-
tients, mainly males. The mechanism of hypertrophy after
application of CsA is still unknown. It is believed that CsA
affects the fibroblasts, increasing their proliferation, as well
as other extracellular factors. This suggests a significant role
of dental plaque, in which CsA can accumulate. Adminis-
tration of CsA with other drugs, including calcium channel
blockers, can exacerbate gingival overgrowth. A significant
reduction in doses of CsA or its conversion, for example to
TAC, cause regression of clinical symptoms. In other cases
a surgical procedure that restores the correct, aesthetic

shape of the gums is required. Gingival hyperplasia and
periodontal pockets hinder proper cleaning of teeth and
interdental spaces, leading to bacterial colonization.% 242

Xerostomia

Xerostomia, or dry mouth, is a set of symptoms caused
by reduced secretion of saliva. This is a common ail-
ment in patients after transplantation. It is believed that
the cause of a significant reduction in salivary flow is
post-steroid vascular fibrosis, which impairs the blood
supply to the salivary glands and causes increasing loss of
their proper function.??

Precancerous lesions/tumors

The most frequently observed precancerous lesions
on the oral mucosa in organ transplant recipients is ho-
mogenous leukoplakia 30%, hairy leukoplakia 13%, which
has the etiologic agent of EBV virus and lichen planus.
Hairy leukoplakia can transform to squamous cell car-
cinoma and may be the first sign of the development of
post-transplant lymphoproliferative disorder (PTLD).
Leukoplakia is usually located in the mucous membrane
of the cheek, the floor of the mouth, on the lips. It is be-
lieved that the pathogenesis of these lesions involved ad-
ditional HPV and HSV. Atrophic, erosive and ulcerative
forms of lichen planus are lesions difficult to heal and that
have potential for cancerous metaplasia.

Cancers of the lip are more frequently observed com-
pared to the general population, 7 and 0.3% respectively, as
well as skin cancers, which are observed 7-20 times more
often compared to a population of healthy subjects.?8-3!

Kaposi’s sarcoma is frequently observed in patients infect-
ed with HIV (human immunodeficiency virus) as well as in
organ transplant recipients. It is displayed as an exophytic
lesion, mainly located on the gums and palate. It is believed
that its etiologic agents are EBV and HHV — 8 virus.

Summary

Along with the evolution of transplantation and trans-
plant immunology, and thus an increasing number of
patients undergoing transplantation of organs and tis-
sues, there is a growing need to implement regular dental
care, both in transplant patients and in those waiting for
a transplant.

It should be noted that many lesions appear first in the
mouth region. Information concerning the presence of
infection outbreaks in the stomatognathic system is an
important signal for transplant physician to perform ex-
tended diagnostic testing, as well as to modify the immu-
nosuppressive therapy. Patients should be diagnosed and
treated in specialized centers by physicians familiar with
this patient population.
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Temporary intraoral anchorage devices (TISAD) con-
stitute a group of modern anchorage reinforcement tools
which share a unique feature: the ability to provide abso-
lute and compliance-free anchorage. The development
of TISAD at the beginning of 21 century has noticeably
extended orthodontic treatment efficacy along with the
improvement of the patient’s comfort. Nevertheless, as
any other anchorage bolstering technique, use of TISAD
bears some drawbacks, where loss of stability is the ma-
jor one. Reported micro-implant success rates range from
75 to 94%, therefore roughly from 1 to 3 out of 10 inserted
TISAD become mobile and cannot serve according to
intent.'"* As a consequence, the failure of a micro-screw
requires another implantation, increasing treatment cost,
time and discomfort. Premature loss of orthodontic mi-
cro-implants has been a fundamental problem since their
introduction to clinical practice, constantly calling for
identification of the determinants favoring TISAD insta-
bility. The literature from the last decade deals with this
issue substantially, thus the aim of this article was an ev-
idence-based appraisal of the most crucial factors related
to micro-implant survival, taking into account the most
recent scientific findings. A search of the Medline, Scopus,
Ebsco and Web of Science electronic databases was per-
formed with all combinations of the key words: micro-im-
plants, mini-implants, micro-screws, mini-screws, TAD
and TISAD, and stability, success rate and risk factor. Af-
ter reviewing the articles published from 2000 to 2016, we
have summarized the most important findings in this pa-
per. The determinants discussed were divided into 3 cat-
egories encompassing: the properties of a micro-implant,
the patient’s characteristics and management of TISAD.

Design of a micro-implant

Table 1 summarizes the influence of the orthodontic
micro-implant design on its stability. Micro-implants
have the shape of a screw with a diameter 1.0-2.0 mm
and a length 6—12 mm. The small dimensions are essen-
tial since they make possible TISAD placement in narrow
interradicular spaces, thus providing an appropriate orth-
odontic force vector. However, it must be borne in mind
that TISAD stabilization depends mostly on their primary
stability, thus — theoretically — larger sizes, as opposed to
smaller ones, will promote firmness of the micro-screws
and there are reports in the literature indeed confirming
such thesis. Miyawaki et al.> and Motoyoshi et al.® sug-
gest that screws with a diameter equal to or smaller than
1.0 mm should be avoided, because their failure rate is
significantly higher comparing to the screws with larger
cross-section areas. The study of Wilmes et al.” supported
this result, as the authors similarly found 1.1 mm screw
stability fairly lower than 1.6 mm ones. In turn, Chen
et al.® and Sarul et al.%, while investigating the impact of
micro-implant length, concordantly reported that screws
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8 mm long are more stable than 6 mm ones. Last but
not least, two independent meta-analyses by Crismani
et al.!1® and Dalessandri et al.!! have validated these out-
comes and stated that sizes of minimum 1.2 x 8 mm and
1.3 x 8 mm, respectively, ensure sufficient primary stabil-
ity of micro-screws. Therefore, micro-implants with at
least such dimensions are advocated for most clinical ap-
plications, with exceptional use of the smaller TISAD in
carefully selected cases.

As for the TISAD design, Migliorati et al. studied the
micro-screw thread shape influence on stability.!> They
evaluated a geometrical TISAD relationship to describe
the mechanical properties of miniscrews, calculated
as the relationship between the mean thread depth and
the pitch (D/P), expressed as a percentage. The authors
proved that a higher percentage significantly correlates
with better micro-implant stability. Chadad et al. also
proved that etching and sandblasting the micro-implant’s
surface does not increase its stability, which again under-
scores the crucial role of the screw size.!?

Patient’s characteristics

Sex and age

A summary of the patient’s characteristics’ impact on
the stability of micro-implants is presented in Table 2.
Most of the researchers did not find significant differenc-
es between men and women in terms of micro-implant
stability'*18, which was entirely supported in 2 indepen-
dent meta-analyses!®!! evidently proving that sex does
not affect micro-implant loosening.

In regard to age, Chen et al.!® observed significantly
more frequent micro-screw instability in 20 to 30 year-old
patients, contrary to Lee et al.'” who noted the highest suc-
cess rates in such individuals. Apart from these 2 reports,
the majority of the studies did not reveal any relation-
ship of micro-implant stability and the patient’s age;»>1%1>
again: 2 meta-analyses endorse such outcomes.!%!' And
although Dalessandri et al.' indicate a higher failure rate
in patients under 20 years of age, the difference is minor
and insignificant.

Table 1. Influence of micro-implant design on its stability

Micro-implant Influence on the stability
design of the micro-implant

diameter of at least 1-2 mm improves

Diameter . Lo
the stability of micro-implants

length of at least 8 mm promotes

— the stability of micro-implants

higher values of thread shape factor increase

Thread shape factor the stability of micro-implants

etching and sandblasting does not enhance

Surface preparation - o
prep the stability of micro-implants
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Bone anatomy and histology

Micro-implants installed in the mandible have been re-
ported to fail significantly more often than those placed in
the maxilla.!*"1® Cheng et al. has suggested that the thick
cortical plate in the mandible conduces to a rapid raise of
the temperature during hole drilling, which may result in
bone overheating.’> Another issue resulting from greater
cortical thickness is a risk of ischemia of the bone due to
the high pressure exerted by the micro-implant.!’* Both
the high temperature and high pressure result in necrosis
and degeneration of the bone supporting the micro-im-
plant, which subsequently loses primary stability and re-
quires replacement. On the other hand, there are some
studies that did not reveal any differences in micro-im-
plant stability in the maxilla or the mandible. Chen et al.?°
stated that the quality of the bone itself rather than loca-
tion is paramount for micro-screw fixation, which is in
accordance with the studies published by Miyawaki et al.%,
who similarly concluded that cortical thickness overrides
the issue of location itself. Nevertheless, the results of
the meta-analyses clearly indicate that orthodontic mi-
cro-implants placed in the mandible have a higher risk of
failure.!®!! Thus, already at the stage of treatment plan-
ning, one needs to consider another anchorage reinforce-
ment method, applicable when loosening of the TISAD in
the mandible emerges.

The role of bone quality and quantity in achieving pri-
mary stability, so crucial for micro-screw survival, seems
quite obvious. The ability to hold the screw in the bone
is defined by parameters such as: 1. tightening torque
and 2. pull out force. Experimental studies have revealed
a positive correlation between these two variables and the
thickness and density of the cortical plate and density of
the cancellous bone,?'~2* further supported by the results
of research on human cadavers.”> Motoyoshi et al. have
established that the critical thickness ensuring sufficient
primary stability is 1 mm.?® The results of the meta-anal-
ysis conducted by Marquezan et al.?” confirmed a positive
correlation between cortical bone thickness and the sta-

Table 2. Influence of patient characteristics on the stability of micro-implants

Influence on the stability

Factor D
of the micro-implant
Sex sex has no influence on the stability
of micro-implants

Age age has no or very little impact on the stability

9 of micro-implants

) micro-implants are more stable in maxilla

Location

compared to mandible

Bone quality and
quantity

thicker cortical plate and higher bone density
promote stability of the micro-implants

values ranging from 5 to 10 N/cm correlate

Placement torque with higher stability of the micro-implants

smoking of 10 or more cigarettes a day impairs

Nicotine addiction I o
the stability of micro-implants
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bility of micro-implants, though the authors emphasized
the need for more high-quality clinical studies to sup-
port the final conclusion. Motoyoshi et al. demonstrated
that the optimal placement torque values lie in the limit
from 5 to 10 N/cm.?® According to those authors, a low-
er number indicates insufficient mechanical fixation of
the micro-screw, whereas a higher number reflects very
strong pressure exerted by the implant on the bone, which
may result in ischemic osteonecrosis. A meta-analysis by
Meursinge Reynders et al. did not reveal any ideal mi-
cro-implant placement torque rate, however this may be
partly caused by a very limited number of studies meeting
the criteria and included in the analysis.?

Susceptibility to inflammation

The detrimental influence of the inflammatory process
of tissues surrounding the micro-implants has been widely
emphasized as well 2515203032 Experimental studies show
that a penetrating inflammatory process results in degen-
eration of the bone supporting the micro-implant that
finally loses its stability.3>3% Dalessandri et al. proved that
peri-micro-implantitis entails an almost 9-fold increase of
the risk of micro-screw failure and seems to be one of the
most important factors responsible for this complication.!!
The phenomena may develop as a consequence of infec-
tion from oral micro-flora or may be caused by proximity
or tight contact with the adjacent root.>* Therefore, a fully
aseptic and precise micro-implant placement procedure,
along with meticulous hygiene of micro-screw surround-
ing tissues is paramount for a reduction of inflamma-
tion-related failures. As shown by Kuroda et al., the inci-
dence of inflammations is higher when the micro-implant
is placed in free mucosa, thus localization in attached gin-
giva is also recommended whenever applicable.?®

Nicotine addiction

Bayat and Baus showed that patients who smoke more
than 10 cigarettes a day have a significantly higher risk
of micro-implant failure than non-smokers or those who
smoke less.*® Therefore, a medical questionnaire should
help to investigate the presence and intensity of nicotinism
and the number of cigarettes smoked, which — if severe or
high — ought to be considered while estimating the poten-
tial stability of micro-screws applied in a given individual.

Management of TISAD

Placement procedure

The influence of micro-implant management on its
stability is shown in Table 3. There are multiple surgical
protocols of micro-implant placement reported in the lit-
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erature and the basic differentiation concerns pre-drilling
(self-tapping) and drill-free (self-drilling) methods.3*3” Ex-
perimental studies on dogs showed higher stability of the
micro-implants placed with the drill-free approach, and
subsequent histological analysis revealed more tight con-
tact between the screw and the surrounding bone.?® Similar
results were obtained in clinical studies, which compared
the success rates of 1.4 mm micro-implants placed in the
self-tapping method with 0.9 or 1.1 mm pilot bur and with-
out pre-drilling.® Statistically significant differences in suc-
cess rates were noted: the highest in case of micro-screws
placed without pre-drilling and the lowest in case of TISAD
inserted in a hole drilled with 1.1 mm bur. The results of
the cited studies indicate that micro-implant placement
without pre-drilling promotes stability, however these
outcomes should be interpreted with caution due to the
limited number of micro-screws analyzed. It seems that in
the maxilla, due to thin cortical and thick cancellous bone,
skipping the drilling may enhance the bone-screw contact
and improve stability. On the other hand, in the presence
of very thick cortical bone in the mandible, micro-implan-
tation without pre-drilling entails a high risk of inducing
excessive pressure on the bone, likely resulting in ischemia
and necrosis, which is why pre-drilling is necessary in the
mandible. Miyawaki et al.> and Kuroda et al.*® compared
the surgical protocols with and without muco-periosteal
flap elevation and found a higher survival rate of micro-im-
plants inserted using the flapless procedure. Furthermore,
postoperative pain and swelling were also significantly low-
er in patients who received the less invasive, flapless sur-
gery.?> Therefore, a small (2—-3 mm) vertical stab incision
of the mucosa, preceding TISAD insertion, which exposes
the bone surface and prevents the soft tissues from wind-
ing around a pilot drill, seems to be the optimal soft tissue
management, which is confirmed by Antoszewska et al,
who utilized such protocol and obtained very high success
rates, exceeding 93%.*

Loading protocol

In contrast to prosthetic implants, requiring a heal-
ing period lasting several months and the necessity for
osteointegration, orthodontic micro-implants may be
loaded much earlier because their fixation relies mostly
on primary, not on secondary stability. Some osteointe-
gration indeed occurs in the case of TISAD, however it
does not play a major role in their immovability.** The
timing of the loading recommended in the literature
ranges from immediate to 3 months post-operatively, al-
though most of the authors deemed immediate loading
possible and rational, provided a low force value is ap-
plied.2>38-%2 The meta-analysis by Crismani et al. made
it possible to determine the optimal conditions of load-
ing the micro-implants: several days after placement with
a force up to 200 g.'° Early loading is further validated by
the meta-analysis of Dalessandri et al., who showed no

J.yczek, J. Antoszewska-Smith. Factors related to micro-implant stability

Table 3. Influence of micro-implant management on their stability

LR Influence on the stability of the micro-implant
management

in the maxilla: smaller or no pilot drilling promotes
stability

in the mandible: pilot drilling with a bur-screw
difference of 0.3-0.5 mm indicated

Self-drilling vs
Self-tapping

flapless surgery ensures higher stability

Fl i o
ap preparation of the micro-implants

Loading protocol  allowed immediate loading with forces up to 200 g

difference in stability between micro-implants loaded
within or over 4 weeks after insertion.!! Nevertheless, it
seems reasonable to postpone loading for 2 weeks after
micro-implant placement, in order to allow uneventful
healing of the mucosa around the TISAD heads, which is
crucial to prevent inflammation: one of the major causes
of micro-screw failures.

Operator’s experience

Lim et al. demonstrated that the experience of the
operator has a significant impact on the stability of mi-
cro-implants.?” The authors reported that clinicians who
had inserted at least 20 micro-screws had a 3.6 times
higher chance of achieving primary stability, compared
to operators who had performed fewer procedures.’”
Jung et al. proved that the clinician’s experience also
plays a role in placing the TISAD on the palate.** What is
more, Cho et al. found that the higher the number of per-
formed micro-implantations, the lower the risk of dam-
aging an adjacent root.** A comparison of the stability of
micro-implants inserted by a maxillofacial surgeon and
an orthodontist showed no significant differences, indi-
cating that orthodontists are fully capable of performing
successful micro-implantations after they have gained the
necessary experience.?’

Summary

Temporary Intraoral Skeletal Anchorage Devices have
gradually achieved widespread use in contemporary or-
thodontics; therefore awareness of the factors affecting
the stability of the micro-implants is crucial for full uti-
lization of the potential they offer. According to the most
up-to-date research, bone quality and quantity, use of
micro-screws of at least 1.2 x 8 mm dimensions and pro-
phylaxis of inflammation are fundamental for micro-im-
plant survival, whereas unadaptable factors such as age
and sex do not have a significant impact on micro-screw
loosening, which to this day occurs more frequently in the
mandible. Greater experience in the surgical procedure
improves the stability of inserted micro-implants; hence
it is necessary to improve the learning curve in order to
maximize the success rates of the micro-screws.
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Abstract

The aim of the study was to raise awareness amongst health care workers (HCW) on blood-borne disease
transmission and facilitate the management of stressful situations after injuries contaminated with HIV,
HBV, HCY, annually estimated at 2.1 million, 926,000 and 327,000, respectively. The literature was studied
to analyze the post-exposure prophylaxis (PEP) and therapy for dental staff (dentist, dental hygienist, dental
nurse and other HCW taking responsibility for the decontamination of instruments). The analysis included
the following elements: first steps after injury at a dental office, referring to a qualified physician, laboratory
testing according to HCW's and patient’s immunological status, beginning of treatment regimen, time and
types of follow-up examinations. PEP should be started immediately after needlestick injury and consist
of: cleansing the injured site with soap and water, administering first aid, laboratory testing of the affected
HCW and the source patient, referring the HCW to a physician experienced with infectious disease control
and follow up examinations. If the physician decides that the risk for HIV exposure is high, the regimen of
antiretroviral medications begins within 2 h after the incident. Deep injuries and injuries with visible blood
increase the risk of transmission. The primary way to prevent the transmission of blood-borne pathogens
is to avoid occupational blood exposure by staying focused during the procedures and using preventive
measures. PEP would be much more effective if every medical office had written quidelines covering the
prevention and management of needlestick injuries and the dental staff periodically attended educational
seminars and training.

Key words: HIV, HBV, healthcare workers, needlestick injury, post-exposure prophylaxis

Stowa kluczowe: HIV, HBV, pracownicy stuzby zdrowia, zaktucie igfa, profilaktyka poekspozycyjna
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An exposure related to blood-borne viruses and bacte-
ria transmission is defined as a percutaneous injury (e.g.
needlestick injury or cut with a sharp object), mucous
membrane splash or contact of non-intact skin (e.g. al-
ready injured) with blood or other potentially infectious
materials (PIM).1? This type of exposure can follow with
transmission of some blood-borne viruses (like the Hepa-
titis B virus — HBV, Hepatitis C virus — HCV, Human im-
munodeficiency virus — HIV, Cytomegalovirus — CMYV,
Epstein-Barr virus — EBV and Parvoviruses) and bacteria
(Treponema pallidum, Yersinia sp., Parasites sp., Plas-
modium sp.),®> which can cause some serious infections.
Injuries contaminated with HIV, HBV and HCV are an-
nually estimated at 2.1 million, 926,000 and 327,000, re-
spectively,* and are an occupational hazard for health care
workers (HCW) — that is, dental personnel, students and
trainees, nurses, volunteers and other people not involved
directly in patient treatment and care (e.g. responsible for
the decontamination of instruments).?

Generally, needlestick injuries (NSI) are caused by
a hollow needle (76.9%) and are visible as a superficial
puncture with little bleeding (81.1%).” In studies conduct-
ed by Cleveland et al., most injuries were moderately deep
(66%), followed by superficial (29%) and very deep (5%).6

Proper post-exposure prophylaxis (PEP) and treatment
may significantly delay the development of the disease
and reduce the transmission and mortality ratio. The risk
of transmission of blood-borne viruses after NSI is esti-
mated at 0.3% for HIV, 3% for HCV and 30% for HBV.3
The risk of HIV transmission after mucous membrane
splash amounts to 0.09%.

Material and methods

The PubMed literature and Polish AIDS Society Recom-
mendations were studied to analyze the post-exposure pro-
phylaxis (PEP). The analysis included the following elements:
first steps after injury at a dental office, referring to a quali-
fied physician, laboratory testing according to the HCW'’s
and patient’s immunological status, beginning of treatment
regimen, time and types of follow-up examinations.

Results

The first steps after needlestick injury are: letting the
wound bleed without sucking or squeezing, cleansing the
injured site with soap and running water and administer-
ing first aid. If the mucous membrane splash (to eye, nose
or mouth) occurred, the site should be thoroughly rinsed
several times with water or saline solution. If the acci-
dent was work-related, the supervisor of the department
should be notified. The next step is to sample the blood
for HBV, HCV and HIV testing from the source patient.
Before doing so, every conscious patient should provide
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a written consent for it. When the source patient is ado-
lescent: a) under 16 years old, the consent should be given
by his legal guardian, b) between 16 and 18 years old, the
consent should be given both by the patient and his legal
guardian. It is recommended to ask the source patient in
confidence about information which may affect PEP, such
as history of antiretroviral therapy, the latest viral exami-
nation, lymphocyte CD4+ T level and indicator diseases.
The affected HCW should be referred to a physician ex-
perienced with infectious disease control for examina-
tion. The aim of this examination is to assess the risk of
transmission of the blood-borne diseases.>®” The results
are summarized in Fig. 1.

HIV

The risk of transmission depends on the serological sta-
tus of the source patient and type of exposure. Deep in-
juries, injuries with visible blood caused by devices, large
diameter needles, needles after i.m. or i.v. injection, and
terminal illness in the source patient increase the risk of
transmission.® If the source patient is HIV positive, anti-
retroviral medication should always be started within 2 h
after the incident or 3 h when the risk of exposure is high.
The details of PEP qualification according to Polish AIDS
Society Recommendations are summarized in Table 1.
If the antiretroviral therapy has been started, follow up

| STOP THE PROCEDURE ]
[ SKIN WOUND | l MUCOUS MEMBRANE SPLASH
= LET IT BLEED
— CLEANSE THOROUGHLY
WITH SOAP AND WATER RINSE PROFUSELY

- DO NOT SUCK THE WOUND VL et

DO NOT USE ANTISEPTICS SR AL LTI
— ADMINISTER FIRST AID

“~ e

NOTIFY AN INFECTION-CONTROL COORDINATOR OR DEPARTMENT:
—FILL IN THE FORM IN ACCIDENT REPORT BOOK
= PRELIMINARY RISK ASSESSMENT BY A DESIGNATED PERSON
—OBTAIN AWRITTEN CONSENT OR REFUSAL FROM HCW AND SOURCE
PATIENT TO SAMPLE BELOOD FOR HEV, HCV AND HIV TESTING

|

LABORATORY TESTING OF THE AFFECTED HCW AS SOON AS POSSIBLE

:

LABORATORY TESTING OF THE SOURCE PATIENT

|

REFER THE HCW TO PHYSICIAN EXPERIENCED WITH INFECTIOUS DISEASES

CONTROL FOR MEDICAL EVALUATION:
- REPORT
- THOROUGH RISK ASSESSMENT
= PEP TREATMENT

|

FOLLOW UP EXAMINATION

Fig. 1. First steps after exposure
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Table 1. PEP for HIV according to Polish AIDS Society Recommendations

Exposition

Immunological status of the source

lower risk of
UM 3 antiretroviral drugs
Percutaneous recommended
higher risk of -
transmission UEREMISSIEn
low volume of 3 antiretroviral drugs
infectious fluid recommended
Mucous
membrane ; )
splash large volume of 3 antiretroviral drugs
infectious fluid recommended
transmission

prophylaxis or 3 antiretroviral
drugs not recommended
if the source is a high risk of

prophylaxis not recommended

prophylaxis or 3 antiretroviral
drugs not recommended
if the source is a high risk of

immunological status
HIV (+) 9 source unknown
unknown

prophylaxis or 3 antiretroviral
drugs not recommended

if the source is a high risk of
transmission

prophylaxis not
recommended

prophylaxis not

rophylaxis not recommended
prophy recommended

prophylaxis or 3 antiretroviral
drugs not recommended

if the source is a high risk of
transmission

prophylaxis not
recommended

examination should be performed after 2 weeks to check
if the side effects of the therapy have occurred and after 2
and 4 months to investigate if HIV transmission happened
(only if the risk of HIV transmission after NSI existed).
PEP after work-related NSI is paid for by the employer.’
The administration of zidovudine is recommended even
to pregnant women infected with HIV, because of the 67%
reduction of perinatal transmission.®

HBV

Qualification to HBV prophylaxis depends on the sero-
logical status of the source patient and immunization of the
HCW (Table 2). If the risk of HBV transmission occurred,
follow up examinations are recommended after 6 months.

HCV

Currently, a specific prophylaxis to HCV infection
does not exist. After percutaneous exposure and mucous
membrane or injured skin splash, follow up examinations

Table 2. PEP for HBV according to the Polish AIDS Society Recommendations

Immunological status

of the exposed

are recommended to assess HCV-RNA after 6-8 weeks or
HCV antibodies and ALT after 6 months.

Follow up examinations are summarized in Table 3. These
should be performed only if an experienced physician con-
firms a risky exposure. Otherwise, when the source patient is
HIV(-), HBV(-) and HCV(-), these are not recommended.”

Discussion

Who sustains NSIs most often?

HCW are one of the professional groups most often
exposed to NSI due to contact with patients, their blood
and bodily fluids. Data collected in the UK between the
years 2004—2013 revealed that injuries occurred in 81% of
a group of HCW (doctors, nurses and healthcare assistants)
and 65% occurred during clinical work.’ In Poland there
are around 27,000 NSIs per year just in hospitals, which
means 20 injuries per 100 occupied beds yearly.!! In Eu-

Immunological status of the source

After or during HBV infection

(HBsAG(+) prophylaxis not recommended

course of 3 vaccinations with
hepatitis B vaccine and 1 injection
with hepatitis Bimmunoglobulin

Unvaccinated

single booster vaccination and
1 injection with hepatitis B
immunoglobulin

Vaccinated anti-HBs
antibody level <10 IU/mL

Vaccinated anti-HBs antibody level <10 1U/mL
2 injections with hepatitis B

immunoglobulin with an interval
of one month

Vaccinated many times,
poor response proved

Vaccinated, anti-HBs

antibody level >10 IU/mL in the past prophylaxis not recommended

prophylaxis not recommended

prophylaxis not recommended

prophylaxis not recommended

prophylaxis not recommended

source unknown or his immunological
HBsAg (+) HBsAg (-) status unknown

prophylaxis not recommended

course of 3 vaccinations
with hepatitis B vaccine
recommended

course of 3 vaccinations with hepatitis
B vaccine

single booster vaccination

prophylaxis not recommended or 2
injections with hepatitis B immunoglobulin
with an interval of one month if the high
risk of transmission exists

prophylaxis not recommended
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Table 3. Follow-up examinations

Source person
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Exposed person

after exposure
HBsAg
HBcAb blood count
HBsAg HBsAb AST
HCVAb HCBAb ALT
HIVAb — IV generation test HIVAb — Il or a-Amylase
IV generation test creatinine
pregnancy test — HIV PEP

HIVAb — IV generation test HIVAb — IV generation test

after 2 weeks (HIV PEP) after 16 weeks after 24 weeks

HBsAg
Anti-HBc
HCVAb
ALT

rope, this ratio ranges between 12—30 injuries, where it is
presumed that 60—80% of all exposures are not recorded.!!

Risk factors for exposure

According to Prabhu et al,, ‘years in practice’ is a statis-
tically important factor amongst dental nurses.!? In the
group of dental nurses with working experience shorter
than 6 years, 43.3% reported NSI, while those working
longer than 6 years reported 19%. That can lead to a very
important issue, that dental, medical and nursing students
and doctors in training can be affected by NSI and, because
of their limited experience, it can happen more frequently.

On the other hand, studies conducted by Cleveland and
Cardo show that the lack of experience does not raise the
risk of exposure to blood-borne pathogens.!

There are some groups of HCW for whom the risk of
NSI is higher. These are the groups working in hospital
wards (54.5%) and operating rooms (24.7%), where the
procedures take longer, are more complicated and involve
more HCW.1415 Chan et al. conducted a study where more
NSI occurred in outpatient and inpatient clinics (33.6%)
than in the operating room (25.2%).°

There is a significant difference between oral surgeons
and general dentists. The serologic markers of HCV in the
first group were higher (9.3%), than in the second (0.97%).1¢
Also, the seroprevalence of HBV in the first group was
higher (21.2%) than in the second one (7.8%).1” This cor-
relation may be related to the surgeons conducting many
of the procedures after trauma, which can be the cause of
trismus, unpredictable reflections, difficulty with access to
the operating field, positioning of either the patient or oral
surgeon, duration of the procedure and the use of sharp
equipment (e.g. wires for intermaxillary fixation).!®

In injury reports analyzed by Cleveland et al., exposures
most often occurred during oral surgical (39%), restor-
ative (21%), hygiene (15%) and “other” (25%) procedures.®
Samaranayake and Scully confirm that procedures where
the fingers are no longer visible to the operator are more
risky for him.?

According to Chang et al., nurses were the largest group
of HCW exposed to blood-borne pathogens (37.1%), the
second were resident physicians (14%) and the third were
interns (12.6%).°> Studies by Nagao et al. also revealed that
nurses sustain a NSI most often (72.2%), followed by doc-
tors (19.7%) and clinical laboratory workers (3.5%).14

In studies conducted by Prabhu et al., common causes
of NSI were: two-handed recapping and needle flexing.!?
According to Quinn et al,, other very risky situations are:
injecting medications (31%), placing sharps in a con-
tainer (27%), administering fingerstick/heelstick (23%)
and drawing blood (22%).' The long-term studies by
Nagao et al. show that injuries occur more often after the
use and before disposal of the sharps (45.9%), than during
use (33.2%), during or after disposal (15.8%) and before
use of the device (1.9%).1* An interesting issue is that time
pressure also seems to be an important factor in sharp in-
juries (24%).%

The next risk factor for NSI is conducting the proce-
dure at night. According to Bali et al., exposure to blood-
borne pathogens during procedures conducted at night
was significantly higher (47%) than during the day (18%)
in a group of trainee surgeons.'® A similar correlation can
be seen in a study performed on a group of medical stu-
dents and residents, where injuries at night happened 1.5
times more often than during daytime.?’ The other issue
connected to injuries sustained at night are: less available
occupational health advice and fewer co-workers, which
can cause delayed PEP.!8

Although it is recommended to start PEP as fast as pos-
sible, studies conducted by Chang et al. reveal that the time
between exposure to HBV and hepatitis B immunoglobu-
lin (HBIG) injection is not relevant.® In the group of HCW
who received an HBIG injection after more than 24 h, no
cases of HBsAg-positive seroconversion were noted.

A study conducted by Bilski and Wysocki suggests that
the knowledge of nursing personnel on the subject is inad-
equate.?! The best known procedures were PEP for HIV,
and the worst for HCV. Twenty one point six percent of
nurses did not know anything about PEP for HIV, 25.6%
for HBV and 29.6% for HCV. Amongst British junior doc-
tors, only 76% were aware that PEP reduces the risk of
HIV transmission. Although 76% of them were exposed
to PIM one or more times, only 18% looked for advice
about PEP. The most common reasons of neglecting PEP
were: the patient of low risk of HIV (79%), lack of time
(16%) and lack of knowledge (16%).%

Anxiety, stress, being in a hurry, fatigue and careless-
ness may also increase the risk of NSI.1>2324

Studies conducted by Osazuwa-Peters et al. suggest that
most often injuries occur due to a lapse in concentration
(14.8%) and unexpected patient movement (12.3%).'>
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Factors decreasing the risk of exposure

It is suggested that double gloving is one of the methods
reducing the risk of exposure, but there is still no evidence
to create recommendations for practitioners.?> Wearing
two pairs of gloves significantly reduces the risk of the
inner gloves’ perforation and is far safer for the operator
than a single pair, but similar to one pair of thicker, ortho-
pedic gloves.?>? Even more protection is ensured by triple
gloving, knitted outer gloves and glove liners.?> Most of
the studies do not show a significant relationship between
double gloving, lower dexterity of the operator and more
perforations of gloves, but in a group of medical rescuers,
double gloving significantly reduced dexterity.?32

It is obvious that regular training on educational cours-
es or in seminars reduces the risk of exposure and facili-
tates proper PEP. Amongst the educational interventions,
a face-to-face training was the most effective form.26

One case-control study suggests that prophylactic taking
of zidovudine reduces the risk of HIV infection by 81%.%

Every preventive measure used by HCW such as cap-
ping the ends of wire, a calm and procedure-focused at-
titude and precise operating reduce the risk of NSI.

Other

Another important issue is that NSI also causes some
psychological consequences. HCW who have sustained
a NSI often feel anxiety, danger and guilt.” The best way
to solve this problem is to follow the PEP procedure de-
scribed above, which is called active coping. The other
way of coping with psychological discomfort is a passive
way, that is, hoping that no transmission of blood-borne
viruses occur and relying on religion. This is often chosen
because of fear of informing a supervisor.?’

A really serious problem is that of neglecting to report
NSI. According to Osazuwa-Peters’ studies, 77% of young
HCW did not report an exposure.'> The most common
reasons were considering the accident as unserious or
being too busy.?® In 1991 in the United States, a stan-
dardized tool for reporting exposures was created — the
Exposure Prevention Information Network (EPINet).”
It is already used in about 50 countries in North and South
America, Asia, Australia, Africa and Europe.'** With the
aid of EPINet, it is possible to assess the procedures, de-
vices, terms and places where exposures to blood-borne
pathogens occur most often and to compare this data
with other countries.®® This information should lead to
a better development of the equipment and procedures.

Conclusions

Education about NSI and PEP should be started at the
undergraduate level, because medical students are also
at risk of injury.?? Medical staff should regularly attend
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educational seminars and training to refresh their knowl-
edge and to make coping with a stressful situation after
NSI easier. The primary way to prevent transmission of
blood-borne pathogens is to avoid occupational blood ex-
posures by staying focused during procedures and using
preventive measures.! Medical offices should have a writ-
ten policy on PEP and should familiarize new personnel
with it. Supervisors should manage a non-punitive office
reporting environment.
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Williams-Beuren syndrome, was described by Dr. J. C.
P. Williams! and Dr. A. J. Beuren.? Also known as Williams
syndrome (Online Medelian Inheritance in Man [OMIM]
number, 194050), it is a multisystem disorder caused by
microdeletion of chromosome No. 7% at the 7q11.23
band*-® spanning 1.5 million to 1.8 million base pairs and
containing 26 to 28 genes. Prevalence estimation is approx-
imately 1 in 10,000 persons;® however 1 per 20,000-50,000
live births has been reported.>® Furthermore, the disorder
has no sex, race or ethnic predilection.>*

The physical phenotype includes typical facial dys-
morphism (elfin-like face),'® young children are often de-
scribed as cute or pixie-like, with a flat nasal bridge, short
upturned nose, periorbital puffiness, long philtrum and
delicate chin, whereas older patients have slightly coarse
features, with full lips, a wide smile and full nasal tip.’
In addition, common features include supravalvular aortic
stenosis, mental retardation, learning disabilities, growth
delay, infantile hypercalcemia,*®1%!! hyperacusis, feeding
difficulties, scoliosis and strabismus.®%%11

Patients also show some abnormalities both in primary
and permanent teeth: a high incidence of caries, maloc-
clusions, enamel hypoplasia, supernumerary teeth, oligo-
dontia, microdontia, taurodontism, pulp stones, excessive
interdental spacing, shorts roots and aberrant tooth shape
including peg-shaped teeth.?

Diagnosis of Williams-Beuren syndrome is based on
recognition of the aforementioned characteristics and
there is no single treatment. It involves a combination of
medical monitoring, anticipatory guidance, direct ther-
apies, pharmacotherapy, surgery and adaptive changes.
None of the available treatments are curative.’

The aim of this paper was to report the treatment,
oral and dental findings of a boy with Williams-Beuren
syndrome and dental management of several months’
evaluation.

Case report

A 9-year-3-month-old boy, previously diagnosed with
Williams-Beuren syndrome at 4 years old (Fig. 1a), who
had had a painful lower right first molar because of a den-
tal abscess, presented to the Postgraduate Pediatric Den-
tistry Clinic (Toluca, México). Radiographic evaluation
showed a periapical lesion (Fig. 2).

The patient was treated with amoxicillin (50 mg/kg)
60 min before the procedure as antibiotic prophylaxis
against infective endocarditis. Drainage of the dental ab-
scess was done. The antibiotic therapy continued for sev-
en days (50 mg/kg/day in three divided doses).

Consultation with the child’s cardiologist revealed pul-
monary stenosis, interatrial communication, ventricular
septal defect and patent ductus arteriosus.

According to the parents, the patient has had heart dis-
ease, diminished intellectual capability and feeding diffi-

culties since birth and he is bothered by loud noises (hy-
peracusis). Additionally, he has never attended a dental
clinic before.

Medical history revealed a full-term infant (39 weeks)
with low Apgar score (3/7) and 3 kg birth weight. New-
born resuscitation was required. The patient had had
chickenpox at age 2, a thermal burn of the scalp had oc-
curred at the age of 3 years, resulting in alopecia which
involves the right temporal bone area crossing the ante-
rior segment of the parietal bone to reach its left portion
(Fig. 1b). Regarding feeding habits, the mother reported
breastfeeding until 5 months, bottle feeding was with-
drawn at the age of 1 and low dairy product consumption
due to hypercalcemia.

Clinical examination showed short stature, dolichofacial
type of face, hypertelorism, strabismus, wide depressed
nose, thick lips, convex profile with apparent mandibular
retrognathism, deficient chin and clinodactyly (Fig. 1a, c).

Intraoral examination of the mucosa, hard and soft pal-
ate, tonsils, tongue, and mouth floor revealed no patholog-
ic findings. Oral hygiene was poor (O’Leary plaque control
record [PCR] of 100%) and moderate gingival inflamma-
tion was found around most of the teeth. Additionally,
wide dental arches, anterior interdental spacing, tongue
thrusting and malocclusion were observed (Fig. 3a, b).
Dental examination showed mixed dentition stage, hy-
poplasia of the 2 right first permanent molars, absence of
the lower right second bicuspid (as corroborated by X-ray
evaluation) and coronal discoloration of the maxillary left
central incisor due to pulp necrosis by a traumatic lesion
7 months previously. Extensive caries were in the first right
permanent molars and primary molars.

The goals of the dental treatment was to eliminate the
etiological factors of caries and gingivitis, to treat the le-
sions and to restore the function of the dentition, as well
as to educate the parents on how to establish proper pre-
ventive measures.

Dental treatment included: composite resin fillings,
pulpotomy and stainless steel crown of primary mandib-
ular first molar, apexification in the permanent maxillary
left central and extractions in the permanent and prima-
ry molars. Mandibular primary first left molar extraction
was followed by the placement of a band and loop space
maintainer (Fig. 3¢, d). All of these procedures were car-
ried out under local anesthesia and antibiotic prophylaxis.

Immediate preventive management consisted of teach-
ing and reinforcing brushing technique, a complete
prophylaxis and fluoridated varnish application as well
as pit and fissure sealants in the permanent maxillary left
premolars.

Follow-up examinations were scheduled every 3 months
for a year, and showed healthy gingival tissue and no new
caries, as well as eruption of premolars. The space main-
tainer was removed (Fig. 3e, f). It was therefore decided to
start the orthodontic treatment since oral health had been
successfully maintained for an extended period.
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Fig. 1. Craniofacial views: a) facial dysmorphia; b) thermal burn of the scalp secondary to alopecia; c) view of hands (clinodactyly)

Discussion

Williams-Beuren syndrome is a very rare disorder and
the extent of medical and developmental problems is
highly variable.*® Cardiovascular and renal defects are the
main problems we are confronted with, and moreover, the
frequent occurrence of orofacial and dental abnormali-
ties.>!% In this case, the patient had pulmonary stenosis,
interatrial communication, ventricular septal defect and
patent ductus arteriosus, moderate intellectual disability,
hyperacusis, hypercalcemia, strabismus, malocclusions
and feeding difficulties. Stenosis of the medium and large
arteries constitutes the prototypical cardiovascular ab-
normality of Williams-Beuren syndrome.” Campos-Lara
et al.3 reported some abnormalities both in primary and
permanent teeth: malocclusion, enamel hypoplasia, ol-
igodontia, pulp stones, microdontia, taurodontism, su-
pernumerary teeth, excessive interdental spacing and
short roots. Our patient presented enamel hypoplasia,
malocclusion, hypodontia of the lower right second bi-

Fig. 2. Radiographic evaluation

cuspid and excessive interdental spacing. Consultation
with a pediatric cardiologist is recommended for possible
antibiotic prophylaxis, which in this case was required.
However, Campos-Lara et al.® described a case with

Fig. 3. Intraoral views: a, b) preoperative photographs; ¢, d) postoperative photographs; e, f) 1 year later, healthy gingival tissue and no new caries were observed
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Williams-Beuren syndrome presenting aortic stenosis
and didn’t report antibiotic prophylaxis. Moskovitz et al.*
reported 3 cases of Williams-Beuren syndrome with mul-
tiple decayed teeth, the patients had uncooperative be-
havior, the treatment was performed under sedation, and
antibiotic prophylaxis was administrated in 2 cases.

Our patient, on the other hand, had cooperative behav-
ior. The entire dental treatment was performed on an out-
patient basis, which prevented the child from undergoing
general anesthesia. Establishing a relationship with the
patient, the use of communication techniques and posi-
tive reinforcement enabled the development of the child’s
positive attitude towards oral health, resulting in an im-
provement of oral hygiene and, therefore, maintaining
oral health.

Treating a patient with Williams-Beuren syndrome
should take into account cardiovascular disease, mental
retardation and the behavior of the child. Preventive meas-
ures, education, caregiver training and frequent consulta-
tions with a pediatric dentist are essential for patients with
special health care needs.
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Abstract

Oral lichen planus (OLP) is a chronic inflammatory disease of the oral mucosa that commonly occurs in
middle-aged or elderly women.

In this paper, we describe a case of a 64-year-old woman who presented with red and white lesions in the
oral cavity. Intraoral examination revealed a white plaque and white lines with a mild erythematous area on
the right buccal mucosa, however, the left buccal mucosa showed only white striae and a mild erythema-
tous area. Biopsy specimens taken twice from the right buccal mucosa demonstrated OLP characteristics.
After 7-years of follow-up, an irreqularly shaped ulcer was observed on the plaque lesion of the right buc-
cal mucosa. A biopsy was performed again and the final diagnosis of superficially invasive squamous cell
carcinoma was made. OLP is classified as a potentially malignant disorder (PMD) of the oral mucosa. Histo-
pathological examination is mandatory to confirm the diagnosis and to exclude dysplasia and malignancy.
Due to the malignant potential of OLP, long-term follow-up is strongly recommended, particularly in elderly
patients with plaque-like OLP

Key words: the elderly, lichen planus, squamous cell carcinoma, potentially malignant disorders

Stowa kluczowe: osoby starsze, liszaj ptaski, rak paskonabtonkowy, zmiany przednowotworowe
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Lichen planus (LP) is a chronic mucocutaneous disease
that was first described and named by Sir Erasmus Wilson
in 1869.! This disease may occur on the skin and/or oral
mucosa. Oral lichen planus (OLP) is a common inflam-
matory disease of the oral mucosa that involves cell-me-
diated immunological dysfunction.>® The prevalence of
OLP has been reported as 1.3% and it predominantly pre-
sents in middle-aged or elderly women.* OLP has various
clinical manifestations, such as reticular, papular, plaque,
atrophic, and ulcerative (erosive) patterns.? OLP lesions
present bilaterally and are most commonly found on the
buccal mucosa. However, OLP can appear on the tongue,
gingiva, and mucobuccal fold. Recently, OLP was classi-
fied as a potentially malignant disorder (PMD) of the oral
mucosa.® The malignant potential of OLP remains a point
of debate in the literature. However, it is important to
closely follow up a patient diagnosed with OLP.°® There-
fore, histopathological examination by expert oral pathol-
ogists is mandatory to confirm the clinical diagnosis and
to exclude dysplasia and malignant transformation.”®

Case report

A 58-year-old female first presented at the Oral Medi-
cine clinic, Faculty of Dentistry, Chulalongkorn Universi-
ty in 2008 with bilateral lesions on the buccal mucosa and
gingiva without skin lesions. The patient’s history revealed
no significant medical problems. Moreover, this patient
reported no history of allergy, alcohol consumption, or to-
bacco smoking; and was not taking any medications.

At the patient’s first visit, intraoral examination revealed
white striae with mild erythematous areas on the bilater-
al buccal mucosa. There were no obviously contributing
factors causing chronic irritation in the lesional areas and
she had no history of denture wearing. Based on the pa-
tient’s history and clinical examination, our initial clinical
impression was atrophic OLP. However, the patient re-
fused histopathological examination of her lesions. The
patient was advised to apply triamcinolone acetonide in
orabase (TAO) 0.1% 3 times a day. In addition, we also ed-
ucated the patient on how to maintain good oral hygiene.
At the 1 month follow-up, the lesions showed significant
improvement.

After discontinuing follow-up visits for more than
6 years, the patient returned to our clinic in 2014 with
a chief complaint of a burning sensation in the oral cavity.
A white plaque and mild white striae with a mild erythe-
matous area were observed on the right buccal mucosa
(Fig. 1A). Mild erythematous areas with faint ill-defined
keratotic lines were seen on the left buccal mucosa and
gingiva. Furthermore, hyperpigmentation was also ob-
served on the left buccal mucosa (Fig. 1B). At this visit,
an incisional biopsy was performed on the lesion on the
right buccal mucosa. The histopathological features of the
biopsied tissue were suggestive of OLP (Fig. 1C); however,

C. Prapinjumrune, R. Chaisuparat, T. Kobkan. SCC arising in plaque-like OLP: A case report

Fig. 1. Patient’s initial presentation. A) Clinical presentation of the white
plague and white lines with a mild erythemathous area on the right buccal
mucosa. B) White striae and erythematous area with hyperpigmentation
on the left buccal mucosa. C) Biopsy specimen from the right buccal
mucosa showed hyperkeratinizing stratified squamous epithelium with
irregular rete ridges. A disrupted basilar area is seen in the inset. The
connective tissue is notable for a band-like infiltrate of lymphocytes
(hematoxylin-eosin stain, original magnification x10, inset x40)

the direct immunofluorescence (DIF) results showed neg-
ative findings. Moreover, her serum antinuclear antibody
(ANA) was positive at a low titer (1 : 80) with speckled
and nucleolar patterns. We prescribed TAO 0.1% to be
applied to the lesions 3 times a day and recalled the pa-
tient for evaluation every 3 months, however, the patient
did not come to the clinic during the time of the follow-up
period because she had no compliant.

Ata follow-up 11 months after the biopsy was taken and
applying TAO 0.1%, the lesions on the right buccal muco-
sa presented as a thick white plaque and white lines with
a mild erythematous area (Fig. 2A), however, only mild
white striae and an erythematous area on the left buc-
cal mucosa were seen (Fig. 2B). A biopsy was performed
again on the plaque lesion of the right buccal mucosa. The
histopathological findings confirmed the prior diagnosis
of OLP (Fig. 2C). However, the DIF and serum ANA assay
findings were negative. We prescribed TAO 0.1% to be ap-
plied to the lesions 3 times a day and recalled the patient
for evaluation every 3 months. Interestingly, during the
follow-up period, the lesions showed improvement and
the patient was asymptomatic. Although the lesions were
asymptomatic and without erosion, those lesions showed
mild erythematous areas. Thus, we advised the patient to
stop using the topical steroid and to apply protein-free he-
modialysate 5% and polidocanol 1% twice a day instead of
the treatment of mild oral mucosal inflammation.

Fifteen months after the second biopsy, an irregularly
shaped ulcer was present on top of the well-defined margin
of the white plaque on the right buccal mucosa (Fig. 3A).
Reticular white striae with a mildly erythematous area were
clearly observed on the left buccal mucosa (Fig. 3B). An in-
cisional biopsy was performed again on the plaque lesion
of the right buccal mucosa and microscopic examination
revealed several nests and islands of malignant epithelial
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Fig. 2. The relapse of the lesion at 11 months follow-up. A) Clinical
presentation of a thick white plaque and white lines with a mild erythematous
area on the right buccal mucosa. B) Mild white striae and an erythematous
area on the left buccal mucosa. C) Biopsy specimen from the right buccal
mucosa displayed hyperplastic keratotic squamous epithelium. Degeneration
and infiltration of lymphocytes into the basal cell layer are observed in the
inset. The underlying connective tissue contains a band of lymphocytes
(hematoxylin-eosin stain, original magnification x10, inset *40)

cells invading to the superficial underlying stroma. The
neoplastic epithelial cells exhibited cellular pleomorphism,
prominent nucleoli and increased mitotic activity. An in-
flammatory reaction was noted (Fig. 3C). The final diagno-
sis was superficially invasive squamous cell carcinoma. We
counseled the patient about the diagnosis and immediately
referred the patient to the cancer center at Chulalongkorn
hospital for further evaluation and treatment.

Discussion

OLP is a chronic inflammatory disease that can reduce
patient’s quality of life. Numerous studies have reported
that immunologic dysfunction is a crucial factor involved
in the pathogenesis of OLP2*? The altered immune func-
tion causes a cytotoxic T cell attack on the basal keratino-
cytes that presents with various clinical appearances. Clin-
ically, OLP presents as reticular, papular, plaque, atrophic,
and ulcerative/erosive types.? The most common of these
types is reticular lesions that are typically asymptomatic.”
Normally, reticular OLP presents as prominent white stri-
ae, however, faint white lines may also be present. The atro-
phic and ulcerative/erosive types of OLP can cause a burn-
ing sensation and pain when patients eat hot and spicy
food.® Although plaque-type OLP is found less frequently,
this type of OLP requires close attention to carefully distin-
guish plaque-type OLP from leukoplakia.

Although previous studies have reported variability in
the histopathologic assessment of OLP among oral pa-
thologists, histopathological evaluation is mandatory to
confirm the clinical diagnosis.”!® Moreover, addition-
al methods, such as DIF evaluation and assaying serum
ANA, are suggested to be performed to accurately diag-
nose OLP. DIF is widely used to detect OLP, especially in

Fig. 3. Fifteen months follow-up. A) The clinical presentation of a thick
white plaque with a small irregular shape ulcer on the right buccal
mucosa. B) Reticular white striae on the left buccal mucosa with an
erythematous area. C) Microscopic examination from the right buccal
mucosa revealed parakeratinized stratified squamous epithelium with
areas of dysplasia. The superficial underlying stroma showed several nests
and islands of malignant epithelial cells. The neoplastic cells exhibit cellular
pleomorphism, prominent nucleoli, and increased mitotic activity is seen
in the inset. (hematoxylin-eosin stain, original magnification x4, inset x20)

cases where the histopathological features do not allow
for a definitive diagnosis.” This method has proved to be
avaluable tool in the diagnosis of a number of oral mucosal
diseases and remains the gold standard for the differential
diagnosis from other lesions such as lupus erythematosus
(LE), pemphigus vulgaris, mucous membrane pemphig-
oid (MMP), and chronic ulcerative stomatitis (CUS).11-13
In general, DIF studies of OLP show positive findings of
shaggy fibrin deposition at the basement membrane zone
with or without IgM cytoid bodies.!»!21+1> [n our patient,
although the results of the DIF examination were nega-
tive, the clinical appearance of the OLP lesions present
on the buccal mucosa bilaterally and the histopathologi-
cal reports of the biopsy specimens taken twice from the
most representative area at the same spot were suggestive
of OLP without epithelial dysplasia. In addition, this pa-
tient did not take any medications and did not have any
contacting metal material close to the lesions. Therefore,
oral lichenoid lesions (OLLs) were excluded. The diagno-
sis of the lesions in this patient was made based on the
modified criteria of van der Meij et al.!® Moreover, the le-
sions in this case showed no signs of oral candidiasis and
there was no presence of any contributing factors causing
Candida infection in this patient. Finally, the definite di-
agnosis of her oral lesions from 2 biopsies together with
the oral manifestations confirmed OLP.

Interestingly, a recent report showed that OLP-like
lesions in elderly Thais positive for ANA could be diag-
nosed as having CUS-like lesions or OLP, however, LE
could not be entirely ruled out.'” Indeed, in our experi-
ence, red and white lesions that are similar to OLP lesions
could be manifestations of other uncommon oral diseas-
es. Therefore, lesions with the characteristics, as reported
by oral pathologists, compatible with a diagnosis of OLP
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and a DIF evaluation with negative findings should be
paid careful attention.

Assaying serum ANA is a useful diagnostic method
for screening for autoimmune diseases. Our recent study
found that positive serum ANA was detected in 73.9%
of Thai OLP patients.!® However, there was no relation-
ship between the serum ANA titer level and the clinical
features in the present case. After close follow-up of the
present case for 15 months, the plaque-like OLP on the
right buccal mucosa transformed into superficially inva-
sive squamous cell carcinoma.

OLP is a common chronic disease affecting patient’s
quality-of-life. Treatment of chronic diseases usually takes
a long time and requires long-term follow-up. Hence, re-
call and evaluation of OLP patients is crucial for assessing
the response of the lesions to treatment. Although there
is no current consensus on a specific time frame for OLP
and OLL follow-up, we recalled this patient to evaluate
the oral lesion every 3 months. However, the patient was
not cooperative in coming for regular follow-up visits and
returned only when she needed to. She had discontinued
recall visits for 6 years after treating her the first time and
for 15 months the second time. Finally, she came back for
oral examination with the chief complaint of an unheal-
ing ulceration on the right buccal mucosa. Unfortunately,
histopathological findings indicated the development of
early stage carcinoma.

OLP is currently classified as a PMD.> Numerous stud-
ies on the development of squamous cell carcinoma in
OLP patients have been reported. These studies, ob-
serving OLP lesions for 3 months—24 years, found ma-
lignant transformation of OLP ranging from 0-12.5%.
Although the pathogenesis of the malignant transforma-
tion of OLP has not been clarified, a correlation between
transformation and immunosuppressive agents, such as
tacrolimus, which are used in treating OLP, has been re-
ported.'”? To our knowledge, the OLP lesions in this pa-
tient were treated with TAO 0.1%, however, there are no
reports about the relationship between treating OLP with
TAO 0.1% and malignant transformation.

In the present case, we documented the development of
superficially invasive squamous cell carcinoma in a lesion
previously diagnosed as plaque-like OLP at the seventh
year of follow-up. This report demonstrates the possible
malignant potential of OLP. Close follow-up is strongly rec-
ommended for OLP patients; particularly elderly patients
with plaque-like OLP that greatly resemble leukoplakia.
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Abstract

Adenomatoid odontogenic tumor (AQT) is a rare benign tumor which originates in the odontogenic epithe-
lium. Some theories indicate its glandular origin because of the incidence in the same embryological pouch.
This form of odontogenic tumor rarely metastasizes and generally only requires regional excisional biopsy
within healthy tissues. The tumor is commonly associated with an unerupted tooth, mimicking a dentiger-
ous cyst. AQTs are usually located in the anterior portion of the maxilla and are seen more frequently in
young female patients and occur in the second decade of life. These are mostly asymptomatic small lesions
discovered incidentally on panoramic radiograph; however, when a bacterial co-infection is present, their
diagnosis can be troublesome. Treatment is conservative enucleation and curettage. In most cases recur-
rences are rare.

Due to the rare occurrence of this lesion and its clinical features, the authors described a case of AOT in a
15-year old female presenting as a cystic mass associated with unerupted masillary anterior teeth.

Key words: treatment outcomes, dentigerous cyst, maxilla, adenomatoid odontogenic tumor,
odontogenic tumor

Stowa kluczowe: wyniki leczenia, torbiel zawigzkowa, szczeka, pseudogruczotowy quz zebopochodny,
quz zebopochodny
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Adenomatoid odontogenic tumor (AOT) is a rare benign
odontogenic lesion that accounts for only 3% of all odon-
togenic tumors.! The lesion was known by many names,
including adenoameloblastoma, adenomatoid ameloblas-
toma, ameloblastic adenomatoid tumour and adenoame-
loblastic odontoma. Nowadays, AOT nomenclature is well
known, and was established by WHO in 1971.2

The AOT often presents as a painless swelling of the
anterior region of the maxilla and is commonly associated
with an unerupted tooth, mimicking a dentigerous cyst.?

AOQOTs are seen more frequently in young female pa-
tients and occur in the second decade of life. The tumor is
asymptomatic, and small lesions are discovered inciden-
tally on X-ray examinations. When treatment consists of
conservative enucleation and curettage, recurrences are
rare.*> We describe the occurrence and treatment of AOT
in the anterior region of the maxilla associated with upper
teeth impaction.

Case report

A 15-year-old female patient was referred by her or-
thodontist because of painless and slowly increasing
swelling on labial aspect of right maxillary alveolus.
Three years earlier she was diagnosed with a vertical im-
paction of the permanent upper right lateral incisor and
a canine with prolonged retention of the upper right de-
ciduous canine. Radiographically, a cyst-like appearance
was present around the lateral projection of the crown
and 2/3 of the lateral part of the root of the embedded
maxillary right lateral incisor. There was slight enlarge-
ment of pericoronal radiolucency associated with the
impacted maxillary right canine (Fig. 1). A dentigerous
cyst associated with embedded tooth 12 was the initial
diagnosis.

Fig. 1. Detail from preoperative pantomographic X-ray reveals circumscribed
radiolucent area in relation to teeth 11 to 14 and embedded tooth 13

Fig. 2. Intraoperative photograph — after removal of destructed cortical
bone, a tumor and impacted tooth 13 were exposed

Upon examination, swelling was seen on labial aspect
of right maxillary alveolar bone in area related to teeth 11
to 14. Swelling was hard and non-tender to palpation, and
covered with a normal mucosa. All upper teeth related to
the lesion reacted positively to the thermal pulp testing.
Panoramic X-ray showed circumscribed radiolucent area
in relation to teeth 11 to 14 and impaction of the right
upper canine.

Under general anesthesia a mucoperiosteal flap from
the right upper central incisor to the right upper first mo-
lar was reflected to expose the labial aspect of the tumor.
The labial cortex over the lateral incisor was very thin, ex-
panded, and had areas of bone resorption (Fig. 2). After
the destructed cortical bone was removed, a soft consis-
tency and reddish color tumor was exposed and removed
along with the impacted upper right permanent canine.

Fig. 3. Adenomatoid odontogenic tumor in H-E staining, magn. x200 with
characteristic odontogenic epithelium with duct-like structures
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The area was curetted well, leaving a wide moat-like in-
trabony defect. The flap was placed in its original posi-
tion and sutured. Healing was uneventful. After 2 years of
follow-up no recurrence was present.

Pathohistological features of AOT include various
forms of characteristic duct-like structures within the
connective tissue (Fig. 3). Most cases are cystic, same as
in the presented case; however, rare solid lesions can also
be found. Immunohistological findings revealed that cy-
tokeratin profile of AOT is very much alike as a follicular
cyst, and most often positive for staining with CK5, CK17
and CK19.4-¢

Discussion

Adenomatoid odontogenic tumor, regarded by many as
hamartoma, is a relatively rare tumor that comprises only
0.1% of tumors and cysts of the jaws, and 3% of all odon-
togenic tumors of epithelial origin.” The AOT is a slowly
growing lesion, located most frequently in the anterior
maxilla (2 : 1 ratio in relation to mandible), and is seen
more frequently in young females with a ratio of 1.4: 1 to
3 : 1 patients in the second decade of life.58

Presented tumors are rarely seen in the maxilla with
relation to impacted incisors or canine. A study conduct-
ed by Anegundi et al.’ confirms our findings that AOT
related with impacted canine is an extremely rare case,
perhaps related with mixed dentition, teeth eruption and
formation process.

There are 3 histopathological variants of AOT, namely
follicular, extrafollicular and peripheral, all having identi-
cal histology.!? A type of adenomatoid odontogenic cyst
(AOC) was also reported. Cemento-ossifying fibroma
(COF) might be misdiagnosed with AOT because of
a similarity in the type of calcifying lesion. Differential
diagnosis should also have in mind the presence of cal-
cifying epithelial odontogenic tumors (CEOT) or their
mixed/hybrid form like AOT/CEOT.!

The follicular and extrafollicular variants are both in-
traosseous and account for approximately 96% of all
AQTs, of which 71% are of follicular type. The follicular
type is associated with an embedded tooth, while the
extrafollicular variant has no relation with an impacted
tooth.!? The rare peripheral variant occurs in the gingival
tissue of tooth-bearing areas and is rarely detected radio-
graphically.

The AOT is usually associated with unerupted teeth,
and permanent canines and lateral incisors. More posteri-
or lesions involving premolars and molars are quite rare.!?
Radiographically AOT is a well-defined unilocular lesion
surrounding the crown of the unerupted tooth, often misdi-
agnosed with dentigerous cyst. Chindasombatjaroen et al.
performed a study to describe radiological features of
AOT and calcifying cystic odontogenic tumors (CCOT)
and concluded that radiolucency is more common in
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AOT than in CCOT.* Radiological root resorption is
rare. However Saluja et al. suggests that root resorption
might be a potential symptom of its aggressiveness.'®

Some AOTs produce calcifications that appear on the
radiograph as “snow-flake” densities. The patient we de-
scribe in this report presented radiographically radio-
lucency surrounding the crown and extending apically
beyond the cementoenamel junction of the embedded
maxillary lateral incisor. The multilocular appearance
might be highly bound with its aggressiveness.!® It is
hypothesized that AOT is a benign odontogenic tumor
which develops from the enamel organ, dental lamina,
reduced enamel epithelium or their remnants. While
ameloblastomas are aggressive, AOT is a more hamarto-
matous lesion with different tumorigenesis and clinical
findings. B-catenin is not so common in AOT as much as
in ameloblastomas, similarly to the MDM2 (monoclonal
antibody, Murine Double Minute).!”

Clinical and radiological features might be troublesome
for an inexperienced clinician. Its demanding histopatho-
logical features require careful examination from every
pathologist.

Enucleation and curettage are the treatments of choice
for AOT and recurrences are extremely rare. Discovery
of AOT in our patient who was undergoing orthodon-
tic treatment is not surprising because the age at which
AOTs are most often found coincides with the age at
which many young patients are treated orthodontically.
These patients usually have progressive pantomographic
X-rays taken, which can reveal this asymptomatic bone
lesion.

Conclusions

AOQOT in the anterior part of the maxilla related to the
impacted tooth is a rare finding. Differential diagnosis
should consider various lesions. We conclude that mixed
dentition might be an imported factor in the occurrence
of AOT; however, other studies need to be performed.
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The protocol for the management of dental avulsion
is based on many factors including management of the
emergency at the accident site, extraoral dry time, the
transport medium for the avulsed tooth, the root devel-
opment of the avulsed tooth, etc.! The management can
also vary depending on the mental maturation and ability
of the child to cooperate. This is especially true if the child
involved with the avulsion is a child with special health
care needs.

Dental emergencies among children with special health
care needs are very common and standard protocols for
management may have to be modified when dealing with
these children.? Multiple visits involving extensive treat-
ment is not practical in these children. The following is
a case report of the management of avulsion of bilater-
al permanent central incisors in a child with severe in-
tellectual disability under general anesthesia. Emphasis
is also placed on the post-operative management, which
involved the chairside removal of the splint using intrave-
nous sedation.

Case report

A 12-year-old female patient with intellectual disability
was brought to the Department of Pedodontics & Pre-
ventive Dentistry by her parents following trauma to the
upper front region of the oral cavity. The child had had
a fall from the staircase in school which resulted in avul-
sion of the upper anterior teeth. Following the trauma, the
parents had contacted the dental hospital immediately.
Instructions were given to store the teeth in cold milk and
not attempt to scrub the teeth or remove the contami-
nants. The child reported along with the parents about an
hour after the traumatic accident.

A thorough medical history was recorded and any neu-
rological injuries were ruled out. The child, according to
her medical records, was classified under the retardation
category “severe” (IQ 20 to 40).3 She also had a history of
epilepsy and was under regular medication for the same.

Fig. 1. Sockets in relation to 11 and 21

Fig. 2. Wire and composite splint

On intraoral examination, teeth 11 and 21 were avulsed
and the sockets were bleeding without contamination.
The avulsed teeth were held by the crown and careful-
ly examined. They showed complete apices without any
fracture to the crown or the root. Definitive treatment for
replantation of the avulsed teeth was planned under gen-
eral anesthesia.

The child was posted under general anesthesia follow-
ing Nil Per Oral (NPO) instruction for 6 h.

Once under general anesthesia, the sockets were irri-
gated with Betadine and saline to aid in decontamination
(Fig. 1). The protocol recommended by the International
Association for Dental Traumatology (IADT) for avulsed
teeth with an extraoral dry time of more than 60 min was
followed.* The soft debris on the root surface was gently
removed. Extraoral root canal treatment was performed
on both the teeth using rotary instruments (Densply
XSmart™ Endodontic Rotary Motor - ProTaper® Univer-
sal Rotary Files) and obturated with gutta-percha cones.

Fig. 3. Post-operative radiograph of 11 and 21
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Fig. 4. Follow up: 6™ months

The teeth were then immersed in Acidulated Phosphate
Fluoride (APF) gel for 20 min in order to slow down the
osseous replacement of the root.

The teeth were then gently replanted into their respec-
tive sockets and splinted with a ligature wire and compos-
ite splint (Fig. 2).

Post-operatively, instructions for a soft diet, oral hy-
giene maintenance and prevention of further trauma were
given to the parents.

The child was discharged the next day with post-oper-
ative antibiotics (Amoxycillin 500 mg — thrice daily for
5 days).

After 4 weeks, the child was scheduled for splint re-
moval.® An IntraOral Periapical Radiograph (IOPA) was
recorded with the parents gently restraining the child
(Fig. 3).

The splint removal also presented a challenge with this
child. The parents were not keen on another session of
general anesthesia. Considering that splint removal was
a short procedure, it was decided to do the procedure un-
der intravenous sedation with midazolam.

Fig. 5. Radiograph of 11 and 21 at 6" month follow up

Fig. 6. Radiograph of 11 and 21 at 15" month follow up

The dose administered was 0.1 mg/kg body weight of
midazolam. The dose administered was 3.6 mg (calcu-
lated at the dose of 0.1 mg/kg body weight). The splint
removal was accomplished chairside and the child was
discharged on the same day.

The child is under regular follow up with radiographs
scheduled every 3 months.

The 6% month review showed clinically asymptomatic
11 and 21 with normal periodontium, physiologic mobil-
ity and percussion sound. No signs of infection were seen
(Fig. 4). However, the radiograph showed initial signs of
replacement root resorption occurring in the mesial sur-
face of 11. No abnormal bone changes were seen in rela-
tion to either of the teeth (Fig. 5).

The 15% month follow up radiograph (Fig. 6) revealed
replacement resorption of both the central incisors. Clin-
ically, no changes were observed in either of the teeth.
Both teeth produced the typical dull sound on percussion.

Discussion

Ferreira et al. studied the prevalence of dental trauma in
children with special health care needs and concluded that
the prevalence of dental trauma is more common in per-
manent dentition.® The prevalence of intellectual disability
among children is 0.3—0.8%, but the prevalence of traumat-
ic injuries in children with intellectual disability is about
20-30%. This may be attributed to epilepsy, which is very
common in children with intellectual disability. Extensive
treatment for such children can be completed only under
general anesthesia. The American Society of Anesthesiolo-
gists (ASA) recommends NPO for light meal, infant formu-
la and non-human milk as 6 h. Hence, the general anesthe-
sia was induced after the recommended NPO, which also
increased the extraoral time of the avulsed teeth.
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The recent method of managing avulsed mature teeth is
by promoting revascularization using PRP (Platelet Rich
Plasma).” However, the technique was not practical for
our patient because of the associated medical disorder as
it requires multiple visits.

It is suggested that immersing the tooth in substanc-
es like sodium fluoride can inhibit root resorption. The
mechanism is that the fluoride ions in sodium fluoride
gel can effectively get incorporated into the cementum
and hence, resists root resorption. The other substances
which can be used are: tetracycline, stannous fluoride, cit-
ric acid, hypochlorous acid, calcium hydroxide, formalin,
alcohol, diphosphonates and indomethacin.®

The splint selected was semi-rigid to allow normal phys-
iologic tooth mobility. Rigid stabilization can often lead
to replacement resorption. A wire and composite splint
is the most ideal and commonly-used splint following re-
plantation and also helps in maintaining good oral hygiene
compared to other splints.® The choice of dental treat-
ment in children with special health needs depends on
various factors such as: masticatory efficiency, nutritional
requirements, aesthetics, functions (phonation, etc.), par-
ents’ psychology, etc. Replantation should be considered
as the first line of management following avulsion. The
patient had a history of epilepsy and hence, removable of
partial denture was contraindicated.” A recent review by
Romero-Pérez et al. compiled evidence and supports im-
plant-supported prosthesis for children with special health
needs.!? Since replantation favors the future possibility for
implant placement, an attempt was made to splint and re-
tain the teeth in position with the best possible care.

It has been stated by Andreasen that the initial radio-
graphic signs of replacement resorption can be seen as ear-
ly as 2 to 6 months.® The patient had shown radiographic
signs of replacement resorption in the 6! month follow up.
It was not possible for the patient to visit the dental clinic
for regular checkup. The 15™ month radiographic evalua-
tion revealed significant replacement resorption.

Conclusion

Dental trauma in children with special health needs is
very common due to poor motor coordination. The con-
ventional treatment plans for dental traumatic injuries
should be modified and customized to each individual
presenting situation. A thorough knowledge of the recent
recommendations and management strategies could help
the clinician in making the correct treatment plan.
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