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Abstract
Background. Osteoarthritis (OA) is a serious degenerative joint disease. It is one of the main causes
of disability in the world. Current treatment modalities have numerous side effects. Subsequently, health
experts are looking for alternative therapies.
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Introduction
Osteoarthritis (OA) is a degenerative disease that commonly affects the temporomandibular joint (TMJ). It is
identified by the disintegration of the articular cartilage
and the underlying subchondral bone. Progressive disintegration of TMJ limits basic daily activities, such as talking
and chewing. It also causes discomfort, joint pain, limitation in mandibular movements, and stiffness. This eventually leads to the deterioration of the patient quality of life.1
Degradation in cartilage collagens and proteoglycans
leads to fibrillation and fissures in the superficial layer
of the cartilage. This spreads to deeper layers and finally
expands to form erosion.2 Apoptotic cell death of chondrocytes has been detected in the osteoarthritic cartilage. This
is associated with matrix degeneration and calcification.3
Temporomandibular joint osteoarthritis (TMJOA) can
be diagnosed both clinically and radiographically. The
clinical symptoms are mainly tenderness and pain. The
radiographic signs include cortical bone erosion, flattening of joint compartments and bony changes, such as sclerosis and osteophyte formation.4
It was proven in the 1940s that corticosteroids (CS)
had strong anti-inflammatory properties. Both natural
and synthetic steroids have become the most commonly
used anti-inflammatory medications worldwide.5 However, repeated intra-articular (IA) CS injections cause
pain, blushing of the skin, swelling at the injection site,
and an increased risk of infection.6 The available forms
of IA drug delivery usually necessitate repeated injections, which generates high costs and affects the patient
quality of life.7
Due to its non-invasiveness and the advantage of provoking nearly no adverse effects, low-level laser therapy
(LLLT) has been broadly used to alleviate pain in many
musculoskeletal disorders.8 It is considered a promising
therapeutic intervention, mostly because of its stimulatory effects on tissue metabolism and the ability to regulate the inflammatory process after injury. Other effects
include better cellular oxygenation, the release of neurotransmitters associated with pain modulation, and the
release of anti-inflammatory and endogenous mediators.9
The PubMed and Google Scholar search results from
2008 to 2018 showed that the assessments of the therapeutic effects of LLLT on OA in previous clinical studies were focused mainly on monitoring the improvement
in mandibular movements and pain reduction. Previous

studies assessed the late effects of LLLT and CS on chronic joint disorders. No radiographic studies have been performed to assess the improvement in bony structures after LLLT. Previous comparisons were made between laser
and systemic CS.
The aim of the study was to use an experimental animal
model to accurately estimate the early effects of LLLT vs
local injections of CS on acute TMJOA. This was assessed
histochemically, on a molecular basis and radiographically.

Material and methods
Ethical statement
All the experiments were conducted in the animal
house at the Faculty of Medicine at Cairo University,
Egypt, in accordance with the recommendations and with
the approval of the Ethics Committee on Animal Experimentation of the Faculty of Dentistry at Cairo University
(approval No.16/9/15).

Animals
Sixty healthy adult female albino rats, approx. 3–6 months
old and weighing about 180–200 grams were used in this
study. The animals were housed in a sterile, controlled
environment (temperature 23 ±5°C; 12-hour dark/light
cycles). They were fed with a standard pellet diet and tap
water ad libitum. They were kept individually in stainless
steel cages. The animals were randomly distributed into
3 groups of 20 animals each, as shown in Table 1.

Induction of osteoarthritis
To induce OA in the TMJ of the rats, a single IA injection of 2 mg/joint of monosodium iodoacetate – MIA
(Sigma-Aldrich Chemical Co., St. Louis, USA) dissolved
in 50 µL sterile 0.9% saline was administered into the right
TMJ of each rat.10

Confirmation of osteoarthritis induction
After 7 days, blood samples were collected once from all
the animals. We used the orbital sinus blood sample collection method as one of the general commonly accepted
methods of blood collection, approved by the Ethics Com-

Table 1. Experimental groups
Study design
Number of rats

Group 1 (OA)

Group 2 (CS)

Group 3 (LLL)

20

20

20

OA induction
Treatment
Date of sacrifice

IA injection of 2 mg of MIA
no treatment

IA injection of dexamethasone

LLLT

1 and 4 weeks after OA confirmation

1 and 4 weeks after dexamethasone administration

1 and 4 weeks after LLLT

CS – corticosteroid; IA – intra-articular; LLL – low-level laser; LLLT – low-level laser therapy; MIA – monosodium iodoacetate; OA – osteoarthritis.
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mittee on Animal Experimentation. It yields a moderate to
large volume of blood. It is rapid and sterile samples can be
obtained. It was performed by inserting a heparinized capillary tube gently but firmly at the medial canthus of the eye
into the retro-orbital plexus for the biochemical estimation
of C-reactive protein (CRP). The normal CRP value reported in previous studies was 300–600 µg/mL. The animals
presenting CRP levels above normal were included in our
study.11 In our experiment, the mean CRP value ± standard
deviation (SD) in the rats was 722.8 ±0.57 µg/mL.

Investigation techniques

Dexamethasone administration

Quantitative real-time polymerase chain reaction
for caspase-3 expression

Seven days after the induction of OA, the animals
in group 2 were sedated and given a single IA injection
of 1.2 mg/kg dexamethasone (Amriya Pharmaceutical Industries, Alexandria, Egypt).12

Laser application
For laser irradiation, an Epic™ 10 indium gallium arsenide
phosphide (InGaAsP) system laser (Biolase, Irvine, USA) was
used. The rats in group 3 received mild chloroform sedation
and the tissue over the TMJ region, 5–10 mm posterior to
the lateral eye canthus, was irradiated. Seven sessions of 60 s
of low-level laser (LLL) were performed every other day
during a 2-week period. The physical parameters shown in
Table 2 were selected in accordance with a study performed
by Khozeimeh et al.13 The laser was applied at 3 points: the
capsule, the retrodiscal area and the condylar neck.14

Animal sacrifice and tissue preparation
The animals were sacrificed by intraperitoneal injections of 500 mg/kg sodium pentobarbital, as approved by
the Ethics Committee on Animal Experimentation.15 The
temporomandibular joint was then dissected. The tissues
were preserved in 10% neutral buffered formalin for 24 h,
then dehydrated in ascending grades of ethyl alcohol, immersed in xylene, and embedded in paraffin wax. Sections
about 3–4-micrometer-thick were prepared.
Table 2. The parameters of the laser device
Characteristics
Laser type

Explanation
InGaAsP diode laser

Brand

Epic 10

Wavelength

940 nm

Power output
Spot size
Energy
Irradiation time
InGaAsP – indium gallium arsenide phosphide.

Safranin-O, used in the articular cartilage staining,
binds to glycosaminoglycans (GAGs) and shows an orange-red color. The intensity of the staining demonstrates
the proteoglycan content in the cartilage tissue – a deep
red color represents a normal cartilage, while orange and
faint red colors represent a loss of proteoglycans.

The mRNA expression level was quantified by quantitative real-time polymerase chain reaction (qRT-PCR).
From each sample 1000 ng of the total RNA was used for
complementary DNA (cDNA) synthesis by reverse transcription, using a high-capacity cDNA reverse transcriptase kit (Applied Biosystems, Foster City, USA). Complementary DNA was subsequently amplified with a Syber
Green I PCR Master Kit (Fermentas, Waltham, USA) in
a 48-well plate, using a Step One instrument (Applied
Biosystems) as follows: 10 min at 95°C for the enzyme
activation, followed by 40 cycles of 15 s at 95°C, 20 s at
55°C and 30 s at 72°C for the amplification step. Changes
in the expression of each target gene were normalized in
regard to the mean critical threshold (CT) values of the
glyceraldehyde-3-phosphate dehydrogenase – GAPDH
housekeeping gene, using the ΔΔCt method. We used
1 μM of both of the primers specific for each target gene.
The primer sequences and annealing temperatures specific for each gene are presented in Table 3.
Cone beam computed tomography examination
The head of a rat, stored in a plastic container filled
with formalin, was placed on the ProMax® 3D Mid CBCT
machine (Planmeca Oy, Helsinki, Finland), located at the
Department of Oral and Maxillofacial Radiology, Faculty of Dentistry at Cairo University, with the use of laser
guiding beams. The rat’s head was imaged using the following parameters: 90 kVp, 10 mA, field of view (FOV)
of 4 cm × 5 cm, and resolution of a voxel size of 100 µm,
at an exposure time of 12 s. The CBCT images were

Biolase

Model number
Operation mode

Histochemical examination (Safranin-O staining)

continuous wave

Table 3. Primer sequences and annealing temperatures specific for each gene
Target gene

0.2 W
300 μm
4J
20 s/point

Caspase-3
GAPDH

Primer sequence: 5’–3’

Gene bank
accession
number

forward: TGACAGCCAGTGAGACTTGG
reverse: GACTCTAGACGGCATCCAGC

NM004346.3

forward: CACCCTGTTGCTGTAGCCATATTC
reverse: GACATCAAGAAGGTGGTGAAGCAG

XR598347.1

GAPDH – glyceraldehyde-3-phosphate dehydrogenase.
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acquired in the Digital Imaging and Communications in
Medicine (DICOM) format and assessed using a Romexis
Viewer v. 4.6.2.R (Planmeca Oy). On the axial image, the
long axis of the sagittal image was aligned to pass along
the long axis of the condyle in an anteroposterior direction, so the sagittal image became a true sectional image
aligned with the direction of the condyle. Sagittal images
of 1-millimeter thickness were used to assess various
bony changes affecting the condyle (Fig. 1).

Fig. 2. A photomicrograph of the sagittal section of the temporomandibular
joint (TMJ) from the untreated osteoarthritis (OA) group: A – 1 week,
showing a moderate reduction in glycosaminoglycan (GAG) staining,
presented as a faint red color (arrows) (Safranin-O, ×40); inset – an obvious
reduction in GAG staining, seen as an orange color (arrows) (Safranin-O,
×100); B – 4 weeks, showing an obvious reduction in GAG staining,
presented as an orange color (arrows) (Safranin-O, ×100)
C – the condyle; D – the disc; T – the temporal bone.
Fig. 1. A photomicrograph showing the method by which the condyle was
imaged using cone beam computed tomography (CBCT)

Statistical analysis
Values were presented as mean and SD. Data was
checked for normality, using the Kolmogorov–Smirnov
test of normality. The results indicated that most of the
data was normally distributed (parametric data); therefore, the one-way analysis of variance (ANOVA) test was
used to compare between the groups. This was followed
by Tukey’s post hoc test when the difference was found to
be significant. The unpaired t-test was used to compare
the same treatment group on the 2 observation dates.
The significance level was set at p < 0.05. The statistical
analysis was performed using the SPSS v. 16.0 software for
Windows (IBM Corp., Armonk, USA).

Group 2 (intra-articular corticosteroids)
At 1 week: Safranin-O staining of the cartilaginous
extracellular matrix appeared fairly homogenous, with
moderate GAG staining, presented as a red color along
the fibrocartilage layer of the temporal bone, disc and
condyle (Fig. 3A).
At 4 weeks: Safranin-O staining showed a moderate increase in GAG staining, appearing as a red color in the
fibrocartilage layer of the temporal bone, disc and condyle
(Fig. 3B).

Results
Histochemical results (Safranin-O staining)
Group 1 (untreated osteoarthritis)
At 1 week: Safranin-O staining showed a moderate reduction in GAG staining, presented as a faint red color,
distributed along the fibrocartilage layer of the temporal
bone, disc and condyle. Some areas of a generalized loss
in GAG staining, presented as an orange color, were observed in the cartilage layer of the condyle (Fig. 2A).
At 4 weeks: Safranin-O staining showed an obvious reduction and a generalized loss in proteoglycan staining, presented as an orange color and distributed along the fibrocartilage
layer of the temporal bone, disc and condyle (Fig. 2B).

Fig. 3. A photomicrograph of the sagittal section of TMJ from the corticosteroid
(CS) group: A – 1 week, showing moderate and homogenous staining,
presented as a red color (asterisks and arrow); B – 4 weeks, showing a moderate
increase in GAG staining, presented as a red color (arrows) (Safranin-O, ×100)

Group 3 (low-level laser therapy)
At 1 week: Safranin-O staining showed a uniform moderate increase in GAG staining, presented as a red color
seen in the fibrocartilage layer of the temporal bone, disc
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and condyle. Areas of weak staining, appearing as an orange color, were observed in the condylar head, just beneath the fibrous covering (Fig. 4A).
At 4 weeks: Safranin-O staining of the cartilaginous
GAG was intense and homogenous, presenting as a deep
red color along the fibrocartilage layer of the temporal
bone, disc and condyle, indicating intact aggrecan content (Fig. 4B).
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Table 4. Caspase-3 relative quantitation at 1 week (ANOVA test)
Groups
1 week

Mean

SD

OA1

a

3.37

0.17

CS1

2.71b

0.45

LLL1

b

0.17

2.37

F-value

14.573

p-value

0.001*

SD – standard deviation; * statistical significance (p < 0.05); Tukey’s post hoc
test – means sharing the same superscript letter are not significantly different.
Table 5. Caspase-3 relative quantitation at 4 weeks (ANOVA test)
Groups
4 weeks

Mean

SD

OA4

3.63a

0.24

CS4

2.64b

0.35

LLL4

2.27b

0.13

F-value

37.948

p-value

<0.0001*

* statistical significance (p < 0.05); Tukey’s post hoc test – means sharing
the same superscript letter are not significantly different.
Fig. 4. A photomicrograph of the sagittal section of TMJ from the low-level
laser (LLL) group: A – 1 week, showing a moderate increase in GAG staining,
presented as a red color (arrows); areas of weak staining appearing as an orange
color (dotted arrows) were observed; B – 4 weeks, showing an intense increase
in GAG staining, presented as a deep red color (asterisks) (Safranin-O, ×100)

Quantitative real-time polymerase chain
reaction results (caspase-3)
At both 1 and 4 weeks, the highest mean value was recorded in the untreated OA group, followed by the CS
group; the lowest value was recorded in the LLL group.
The ANOVA test revealed that the differences between the 3 groups were highly statistically significant
(p = 0.001) at week 1; at week 4, the differences were extremely statistically significant (p < 0.0001). Tukey’s post
hoc test revealed no significant difference between the CS
and LLL groups (Tables 4,5).

Cone beam computed tomography
examination results
The sagittal images obtained by CBCT revealed erosion,
flattening in the articular surface of the condylar head
and osteophyte formation in the untreated OA group at
week 1 (Fig. 5A). At week 4, sclerosis was observed in the
condylar head (Fig. 5B). In the CS group, at week 1, erosion was observed in the condylar head (Fig. 5C); at week
4, minimal sclerosis was observed (Fig. 5D). As for the
LLL group, at week 1, minimal erosion was observed in
the condylar head (Fig. 5E); at week 4, minimal sclerosis
was observed (Fig. 5F).

Fig. 5. The sagittal section of the condyle: A – the untreated OA group,
1 week, showing erosion and flattening in the condylar head (arrow) and
osteophytes (dotted arrow); B – the untreated OA group, 4 weeks, showing
sclerosis in the condylar head (arrow); C: the CS group, 1 week, showing
erosion in the condylar head (arrows); D – the CS group, 4 weeks, showing
minimal sclerosis (arrow); E – the LLL group, 1 week, showing minimal
erosion in the condylar head (arrow); F – the LLL group, 4 weeks, showing
minimal sclerosis in the condylar head (arrow)

Discussion
Due to the expanding predominance of OA and the
absence of cure, it is becoming an increasing burden for
countries worldwide. Therefore, enhancements in the
prevention and treatment of the disease are urgently
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needed. Human clinical studies have many limitations.
The unexpected and slow course of the disease and the
late appearance of clinical symptoms in human patients
prevents precise investigation of the structural changes
and molecular events within the joint. In our study, we
used an in vivo preclinical animal model to accurately
evaluate the early effects of LLLT vs CS on acute TMJOA
– histochemically, on a molecular basis and radiographically. Without the use of animal models, the limitations
inherent to clinical trials would hinder the ongoing pro
gress in learning about and treating the disease.16
In the current study, we used MIA to induce OA. The IA
injection of MIA resulted in the disorganization of the articular cartilage by hindering the activity of GAPDH in chondrocytes. This eventually led to the disruption of glycolysis
and cell death. These chondrocytes have nearly identical histopathology as compared to human OA. The MIA-induced
OA animal model almost exactly mimics the pain and structural changes accompanying the disease in human patients.17
We started treatment 7 days after the confirmation
of OA. Guzman et al. observed extensive chondrocyte
degeneration and the collapse of the cartilaginous matrix
with a marked loss of chondrocyte by 5 or 7 days.17
The confirmation of OA induction in our study was
performed through a biochemical analysis of CRP. Several studies have proven the presence of a relationship
between CRP and OA, in which the elevated values
of acute phase proteins, especially CRP, were correlated
with the disease. C-reactive protein is widely accepted as
a clinical measure of disease activity. Its use as a marker
of arthritic disease has been supported in many studies.
Connolly et al. reported that the CRP values were significantly higher in arthritic rats than in normal controls,11
which concurred with the results obtained in our study.
In our experiment, dexamethasone was used as a standard, traditional way to treat OA. Corticosteroids are
gold standard anti-inflammatory agents. Their effects are
mediated through binding to the glucocorticoid receptor,
which translocates from the cytoplasm to the nucleus and
binds to glucocorticoid response elements. This regulates
the transcription of certain genes, thus reducing pro-inflammatory cytokine synthesis.18
Low-level laser therapy is a treatment modality that has
been used as alternative to the traditional CS treatment.
It has an extensive variety of effects at the molecular, cellular and tissular levels. Within the cell, LLLT increases
the adenosine triphosphate (ATP) production in the mitochondria, modulates reactive oxygen species (ROS) and
induces transcription factors. These transcription factors
synthesize proteins that trigger more downstream effects,
such as increased cell proliferation, migration and tissue
oxygenation, and the modulation of the levels of cytokines, growth factors and inflammatory mediators.19
The articular cartilage is made of chondrocytes and extracellular matrix, consisting mainly of proline, hydroxyproline, phenylalanine, GAGs, and proteoglycans. Using
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Safranin-O, a detailed cartilage histology is shown. The
concentration and intensity of the red staining of the articular cartilage measures the GAG content.20
Our histochemical results coincide with those
of Wang et al., who observed cartilage degeneration
following the IA injection of MIA, detectable as a loss
of Safranin-O staining, indicating a reduction in GAGs
in the cartilage and a reduction in chondrocytes.10
Our findings are also in agreement with a study by
Lu et al., in which the CS treatment had a protective
effect on the articular cartilage in models of OA.21
Gottlieb et al. evaluated the influence of LLLT on the
proteoglycan content in the arthritically changed cartilage in animals and found that the changes in the irradiated joints were less severe, and that LLLT accelerated
the metabolic rate in the hyaline cartilage and increased
proteoglycan synthesis.22 This was compatible with the
findings of our study.
Regarding the qRT- PCR results, the apoptotic marker
caspase-3 showed the highest value in the untreated osteoarthritic group. This is consistent with a study of disce
ctomy-induced TMJOA conducted by Kourí-Flores et al.,
who demonstrated that gene expression of the death receptor family and immuno-histochemical staining of caspase-3 revealed the caspase-dependency of the apoptotic
process was.23
This is also in agreement with Chagin et al., who observed chondrocyte apoptosis on day 1 after the MIA injection. Condylar apoptosis reached a peak on day 3, resulting
in the hypocellular changes in the cartilage and disc. They
found that chondrocyte apoptosis in the early stages was
an essential initiator of cartilage disintegration.24
In our study, the caspase-3 values decreased in both
of the treated groups. These findings coincide with
Lee et al. who reported that dexamethasone had an antiapoptotic effect on gentamicin-induced ototoxicity.25
The protective mechanism involved hindering the mitochondrial apoptosis pathway and the down-regulation
of the pro-apoptotic protein Bax.25
Our results are also in agreement with Lin et al., who
demonstrated that LLLT improved the cartilage structure, prevented articular cartilage disintegration and noticeably reduced the expression of caspase-3 in a surgeryinduced OA model in rabbits.26
In our study, we used CBCT to evaluate bony changes in
TMJ. Since the early 1980s, computed tomography (CT)
has been one of the most preferred modalities of imaging
for assessing the osseous changes in the condyle, temporal bone, and other articulating and non-articulating surfaces in TMJ. The accuracy of CT in detecting osseous
changes is as high as 87%. The images were obtained in
the sagittal plane, which is desirable for the assessment
of osteophytes, erosion, flattening, and sclerosis.27
In our study, in the untreated osteoarthritic group, the
condyle revealed erosion, flattening of the articular surface of the condylar head and osteophyte formation at
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1 week. At 4 weeks, sclerosis was observed. This concurs
with a study conducted by Wang et al., in which erosion
was observed at 1 and 2 weeks after OA induction.10 However, osteophytes were observed at 4 weeks and sclerosis
at 8 weeks.10 This was attributed to the fact that MIA-induced arthritis progressed in a dose-dependent manner.
The higher the dose, the greater and faster the destruction. In our study, OA was induced by the IA injection
of 2 mg/joint of MIA, while in the study by Wang et al.,
a lower dose (0.5 mg/joint) was used. The temporal bone
presented with nearly no changes compared to the condyle. This resembles the radiographical evaluation performed by Mani and Sivasubramanian, who reported that
the condylar bony changes were greater than the temporal
bone changes.28
In our study there was a great improvement in both the
CS- and LLL-treated groups. These findings are in accordance with Ringold et al., who found that patients receiving IA CS therapy showed improvement in CT images
in a follow-up analysis.29 No radiographic studies were
performed to assess improvement in bony structure after
LLLT. However, its effectiveness in improving mandibular
movements and in reducing pain have been proven clinically in many studies.30
More animal studies are required to determine the ideal physical parameters of LLLT, such as duration, energy
doses and frequency. Also, recent investigatory methods
must be used to assess the therapeutic effects of LLL
in treating OA with a long-term follow-up. In addition,
more experiments are needed to study the combined
early effect of both glucocorticoids and LLL in treating
acute OA.

Conclusions
From our study, it was concluded that using the present
laser parameters, LLLT was as effective as dexamethasone in its formative effects, as indicated by an increase in
proteoglycan synthesis. However, LLLT was superior in
its anti-apoptotic effects. An in-depth radiological evaluation is important to assess disease activity, and to help
plan the treatment modality and monitor the therapeutic
response.
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Abstract
Background. The demand for facial esthetics has increased dramatically to overcome the ongoing aging
process and/or improve facial appearance.
Objectives. The aim of this study was to evaluate the outcomes of using bilateral silicone implants for
mandibular angle augmentation.
Material and methods. The study involved a prospective analysis of the outcomes of the mandibular angle region augmentation with bilateral silicone implants in 58 patients (2 males and 56 females) within 1 year.
All the data was collected either from patients’ interviews or their records, after receiving the ethical approval
from the relevant hospital. The collected patients’ data was analyzed based on 3 main outcomes: occurrence
of implant displacement, presence of postoperative infection and patient satisfaction. Only the patients who
completed a follow-up of 6 months postoperatively were included in this study.
Results. A total of 58 patients received bilateral silicone implants at the mandibular angle with a total
of 116 implants, out of which 96 were found intact, with no evidence of complications. The total number
of implants that were infected was 5 (4.3%), 16 implants were found displaced (13.8%) and only 3 patients of those without complications were dissatisfied with the final facial appearance (6%).
Conclusions. Using solid silicone implants in the augmentation of the mandibular angle resulted in low
postoperative infection and displacement rates, as well as in high patient satisfaction.
Key words: reconstructive surgery, solid silicone implants, mandibular angle augmentation
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Introduction
The demand for facial esthetics has increased dramatically to overcome the ongoing aging process and/or improve facial appearance.1 With aging, changes occur in
the face – the mandibular angle becomes greater in edentulous people as compared to the dentate ones,2 which
may lead to the sagging of the mandibular jowl area.
In the literature, there is a lack of cephalometric and
clinical examination standards to evaluate the ideal mandibular angle length and projections. However, some
of the favorable radiographic and clinical features of the
ideal mandibular angle are as follows: the angle of the jaw
should be long and low in profile, <105° when measuring
the slope of the lower border and the ascending ramus
on a lateral cephalometric radiograph. Clinically, frontal
examination should show an equal bigonial and bitemporal distance in order to have the mandibular angle welldefined and easily noticeable from the neckline.3,4
The mandibular angle is an essential part of the skeletal framework; therefore, its correction plays an important role in maintaining and improving facial esthetics.4 Multiple techniques and approaches have been
described in the literature to address the sagging of the
mandibular jowl area, with variable success rates. These
techniques involve the injection of temporary fillers or
the surgical placement of permanent alloplastic materials, such as polytetrafluoroethylene (PTFE) and solid
silicone implants. Temporary fillers approved by the
Food and Drug Administration (FDA) include collagen,
hyaluronic acid, calcium hydroxyapatite, and polylactic acid. In the case of hyaluronic acid, the results are
reversible with hyaluronidase. Although both PTFE and
silicone implant materials are considered as inert permanent alloplastic materials, each one carries its indications, risks and benefits.5–7
Solid silicone (dimethylsiloxane, SiO(CH3)2) implants
are easy to handle, have increased flexibility, can be
sculpted,8 and thus can be placed at the lateral mandibular ramus using small incisions. It has improved bone
adaptability, which makes it easier to stabilize with titanium (Ti) screws. In contrast, a PTFE implant is rigid
and stiff, and does not bend. Therefore, placing it in the
bone requires larger incisions. Moreover, due to the
stiff nature of PTFE, it is difficult to passively adapt it
at the lateral mandibular ramus, so there are problems
with stabilizing it.9 Furthermore, the surface porosity
of PTFE enables the soft tissue growth into the implant,
which makes the implant difficult to remove, if indicated
in the future. On the other hand, silicone implants create a capsule around them, which makes their removal
easier, if needed.9
The surgical placement of silicone implants involves
general complications, such as infection, seroma and hematoma. Moreover, in the cases of non-stabilized silicone
implants, implant displacement and bone resorption were
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reported.10,11 Currently, there is no consensus regarding
the stabilization of implants and the required fixation devices (Ti screws vs non-resorbable sutures). It might be
due to the fact that there are multiple specialists (maxillofacial, plastic, and head and neck) with a diverse training
background referring to such a service. Maxillofacial surgeons tend to use screws for stabilization, whereas plastic
surgeons commonly use sutures for stabilization, as indicated by previous studies.9,12
Since there is a deficit of studies that have analyzed the
performance of silicone implants in the mandibular angle
region, the aim of this study was to evaluate the outcomes
of mandibular angle augmentation with the use of a silicone implant through a prospective evaluation of patients
in regard to implant displacement, infection and patient
satisfaction.

Material and methods
The study involved a prospective analysis of the records
of 58 consecutive patients (2 males and 56 females), who
had received bilateral silicone implants at the mandibular angle region within 1 year in 2 different hospitals. All
the data was collected either from patients’ interviews or
from a specific data sheet that had been designed for this
study. The data was collected after receiving the ethical
approval from the relevant hospital. The inclusion criteria
were as follows:
– the patient had been diagnosed with ill-defined mandibular angles and a narrow face;
– silicone implants were placed at the mandibular angle;
– the patient was medically fit;
– the patient was followed up for at least 6 months after
the surgery.
All the patients received the surgical procedure by the
same surgeon and the same surgical protocols were followed. All the procedures were performed under general
anesthesia with nasoendotracheal intubation. Approximately 10 mL of 2% lidocaine with 1:100,000 epinephrine
was injected along the incision site. A 1.5-centimeter incision was made 1 cm lateral to the external oblique ridge
of the mandible. Next, subperiosteal dissection was performed to expose the lateral ramus of the mandible and
superiorly to the level of the sigmoid notch. The entire
lateral and inferior surface of the mandibular ramus was
then exposed. A curved freer elevator instrument was used
to disrupt the pterygo-masseteric sling at the inferior border of the mandible and to allow the silicone angle implant
(Hanson Medical Inc., Kingston, USA) to be adapted easily
below the inferior border and behind the posterior border
of the mandible. The silicone implant was stabilized using
2 monocortical screws of 2 × 7 mm (Fig. 1). The wound
was then irrigated with antibiotic solution (Gentamicin®,
40 mg in 100 mL solution) and closed with 2 layers using
4/0 Vicryl® sutures (Ethicon, Inc., Bridgewater, USA).
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Fig. 1. Three-dimensional cone beam computed tomogram showing
a solid silicone implant placed at the mandibular angle
A – frontal view; B – lateral view.

All the patients were administered Augmentin® (1 g
twice daily for 1 week), Ibuprofen® (600 mg 4 times daily
for 1 week) and chlorohexidine mouthwash for 2 weeks.
The patients were reviewed according to the following
protocol:
– the 1st follow up: 1–2 weeks;
– the 2nd follow-up: 3–4 weeks;
– the 3rd follow-up: 2–3 months;
– and the last follow-up: 6 months postoperatively.
During the follow-up visits, patients were evaluated by
a second examiner (maxillofacial surgeon) for the following parameters:
– infection, which was demonstrated by fluctuation and
pus discharge from the incision line;
– displacement of the silicone implant, which was established on the basis of facial asymmetry that was noticed
by the patient and/or reported during examination by
the surgeon;
– and satisfaction, which was reported by the patients as
either ‘yes’ or ‘no’ after 6 months. Patient satisfaction
was mainly based on the fulfillment of their expectations about the proposed treatment.

Results
In this study, a total of 58 patients (2 males and 56 females) received bilateral implant placement at the mandibular angle (Fig. 2) with a total of 116 implants, out
of which 96 were found intact, with no evidence of complications.

Fig. 2. A – preoperative frontal view; B – postoperative frontal view after
submental liposuction, mandibular angle and chin augmentation using
a solid silicone implant
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Five implants in 3 different patients were infected;
4 of them had to be removed and 1 resolved after antimicrobial therapy and daily local wound care. The overall
incidence of infection was 4.3%.
The total number of displaced implants was 16 in 8 patients, of which half required removal only and the other
half required removal and replacement by another implant. The overall incidence of displacement was 13.8%.
In regard to patient satisfaction, only 3 patients out
of those without complications (n = 50) were dissatisfied
with the final outcome, with an overall satisfaction rate
of 94%. Dissatisfied patients had intact mandibular angle
implants with adequate facial symmetry, but still found
that their expectations were not met.

Discussion
The current study investigated data of 58 patients who
received 116 silicone implants by 1 surgeon following the
same surgical protocol within 1 year with at least 6 months
of follow-up. In an earlier study, it was reported that one
of the complications associated with silicone implants was
underlying passive bone remodeling and this claim was
supported by the presentation of 4 cases of bone resorption after alloplastic chin augmentation (in 2 of them, silicone implants were used).13 The probable reason of such
a complication might be the fact that the implants were
not stabilized with screws, which could lead to continuous
micro-movement, and consequently to bone resorption.10
In contrast, our study involved the stabilization of all the
implants utilizing monocortical fixation screws, which
was recommended previously.9 Passive bone remodeling
is a common process that occurs at the early stages after
solid silicone implants have been placed, when the body
attempts to confine the implants into the facial skeleton.
However, this process might be continuous if the implants
are not stabilized.10 Absolute fixation of solid implants via
a transoral approach requires the placement of at least
1 screw at each corner of the implant, which is clinically
unachievable in such a way. However, this can be achieved
via a transcutaneous approach, which may in turn carry
unfavorable cosmetic outcomes. In addition, it makes the
elective removal process quite complex if the patient is
unsatisfied.
Ridwan-Pramana et al. placed 27 PTFE implants at the
mandibular angle region and reported that 3 patients presented with infection (27%) and 2 patients remained unsatisfied with the outcome (18.2%).5 By contrast, in our
study, which had a 3 times bigger sample size, only 3 patients developed infection (4.3%) and only 3 patients were
dissatisfied (6%). This is most likely due to the fact that
the rigid and non-fixable nature of PTFE implants makes
it difficult to place them and achieve good adaptation,
whereas silicone implants are flexible,8 and therefore can
be properly adapted, leading to better patient satisfaction.
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Previously, a review of 24 PTFE implants placed at the
mandibular angle reported no infection from any implant
and 1 implant (4.16%) got displaced.13 Aynehchi et al.
reported no displacement or infection in 105 patients
who underwent the placement of silicone implants transorally via a vertical concise incision at the chin region
with no fixation, over at least 1-year follow-up period.14
Moreover, Gui et al. reported on 150 porous polyethylene
implants (Medpore®) placed in the chin transorally and
fixated with a screw. They observed no displacement during a follow-up from 6 months to 6 years.15 In contrast to
the abovementioned studies, the displacement rate in our
study was 13.8%. The different rate of displacement could
be due to the fact that the displacement of a facial implant is site-dependent and may vary according to the surrounding soft tissue, musculature and masticatory forces
in this area.16 Since there are high masticatory forces in
the angle as compared to the chin region, the implant displacement rate in our study was higher than the reported
displacement rate in the chin region.
Our study is not without limitations. It involved 58 patients who received only 1 type of facial implants and were
followed up for a limited time. The literature would benefit from controlled studies comparing silicone implants
with 2 or more types of facial implants at different facial
regions. Within the limitation of this study, we found that
bilateral silicone implants, when placed through concise
transoral incisions and stabilized with 2 monocortical Ti
screws, are an appropriate material that can augment the
mandibular angle region with minimal complications and
high patient satisfaction.

Conclusions
Low incidence of postoperative infections and a low
displacement rate, along with high patient satisfaction
were observed in the augmentation of bilateral mandibular angles with solid silicone implants.
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Abstract
Background. Skeletal maxillary constriction (SMC) is one of the common skeletal discrepancies which are
associated with alterations in the respiratory function. Today, many surgical techniques are used to expand
the maxilla in adult patients with no consensus about the optimal technique.
Objectives. The present study aimed to investigate the changes of the upper airway volume resulting
from the use of a new, minimally invasive surgically-assisted maxillary expansion (SAME) technique, and
compare the results with the conventional SAME technique.
Material and methods. A prospective study was conducted between September 2015 and July 2018.
A total of 28 adult patients (11 males, 17 females; mean age: 19.1 ±2.7 years) with SMC underwent SAME.
The sample was divided according to the applied surgical technique into 2 groups: the conventional osteotomy SAME (CO‑SAME) group consisted of 13 patients (18.7 ±2.2 years) and the selective osteotomy SAME
(SO-SAME) group consisted of 15 patients (19.4 ±3.2 years). Cone beam computed tomography (CBCT) scans
were initially obtained preoperatively (T1) and 3 months post expansion (T2). The upper airway was divided
into 2 segments: retropalatal and retroglossal. The volume of each segment and the total airway volume (TAV)
were assessed using the OnDemand3D® software.
Results. The total upper airway volume showed a significant increase after both CO‑SAME and SO-SAME
(1.29 ±0.26 cc and 1.21 ±0.19 cc, respectively), with significant increases in retropalatal and retroglossal airway volumes (RPAV and RGAV) after both CO‑SAME and SO-SAME (RPAV – 0.73 ±0.10 cc and
0.83 ±0.10 cc, and RGAV – 0.56 ±0.23 cc and 0.38 ±0.23 cc, respectively). No significant differences were
observed in the maxillary width (MW), TAV or RGAV between the 2 SAME techniques, whereas the increase
in RPAV in the SO-SAME group was significantly greater than that of the CO‑SAME group.
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Conclusions. The new, minimally invasive SAME technique was an effective procedure to increase MW
and the upper airway volume.
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Introduction

Material and methods

Skeletal maxillary constriction (SMC) is a frequent
component of malocclusions in non-syndromic patients.1
Clinical features of SMC include a narrow palate, unilateral or bilateral posterior cross bite, dental crowding, and
difficulty in nasal breathing.2–4
Several approaches are available to treat SMC, including rapid maxillary expansion (RME) and slow maxillary expansion (SME), which are successful in correcting
this discrepancy in children aged up to 13–15 years, but
they are inefficient after the ossification of the mid-palatal suture occurs. Surgically-assisted maxillary expansion (SAME) is indicated in patients who have already
achieved maturity of the mid-palatal suture.1–3
Since the early 20th century, the SAME techniques
have been developed with different osteotomies. Osteotomies of the zygomatic buttresses, the separation
of the pterygomaxillary junction, the separation of the
mid-palatal suture, or a combination of these procedures represent the most common techniques, as they
involve the most common areas that resist maxillary
expansion.3
Despite the effectiveness of SAME as a treatment for
SMC, the literature provides no consensus about the minimum of osteotomies required for effective expansion.3
Nevertheless, most authors agree that there is a need for
a zygomatic buttress osteotomy.3,5 However, the tendency
is toward minimally invasive surgery.6
The relationship between SMC and respiratory problems, such as obstructive sleep apnea, has received increasing attention in the recent literature.4,7,8 The volume
of air passing through the nose and the nasopharynx is
limited by the shape and diameter of the latter.9 Some
authors observed SMC in patients who presented with
constricted nasopharyngeal dimensions and altered the
respiratory function.9
Maxillary expansion procedures widen the nasal floor
and reduce the resistance to airflow, with a positive influence on the respiratory function.7 Angell first proposed
RME as a treatment for respiratory disturbances in the
19th century.acc.10
Today, various studies show nasal respiratory improvement after SAME and RME, and these have used a lot
of methodologies to evaluate nasal airflow, such as acoustic rhinometry,11 rhinomanometry,11,12 and tomography
evaluation.13–15
There are few studies in the literature that show the
effect of SAME on the upper airway and compare the
influence of different SAME techniques on the upper airway dimensions.7,16,17 Therefore, the aim of this
study was to show the effects of a new, minimally invasive SAME technique on the upper airway dimensions,
and compare the results with the conventional SAME
technique using cone beam computed tomography
(CBCT).

Study design
A prospective study was conducted between September
2015 and July 2018 at the Department of Oral and Maxil
lofacial Surgery and the Department of Orthodontics and
Dentofacial Orthopedics, Faculty of Dental Medicine
of Damascus University, Syria.
The study protocol was approved by the Ethics Committee of Damascus University at the Ministry of Higher
Education of Syria (protocol No. 51). Written informed
consent was obtained from each participant and/or their
legal representative, as appropriate.

Sample size estimation
The sample size was calculated using the Minitab®
v. 16.2.1 software (Minitab, Inc., State College, USA) in
accordance to a study by Günbay et al.,18 who observed
an increase in the maxillary width (MW) (5.25 ±1.46 mm)
after SAME, which is the most important variable that
confirms maxillary expansion. The following assumptions were used: the statistical test was the sample t-test
with a statistical power of 90% and a significance level
of 0.05. The sample size of at least 26 patients was necessary (13 patients for each group). Taking into consideration sample attrition, additional 2 patients were added
to each group, which made the total sample size of 30 patients (15 patients for each group).
Ultimately, we eliminated 2 patients because of the inability to follow up throughout the observation period.
Eventually, data from 28 patients were used for the statistical analysis.

Patient selection
Patients were selected from the Department of Orthodontics and Dentofacial Orthopedics at Damascus
University. The study sample included 28 adult patients:
17 women (60.7%) and 11 men (39.3%) aged 17–28 years
(19.1 ±2.7 years). The inclusion criteria were as follows:
adult normal healthy patient – according to the American
Society of Anesthesiologists (ASA) classification,19 SMC
> 5 mm – according to the Ricketts analysis,5 and age
>16 years.5 The exclusion criteria were as follows: systemic disease, syndromes, maxillofacial deformities, previous
maxillofacial trauma, previous orthodontic treatment,
and/or previous maxillofacial surgery.
According to the surgical protocol that was undertaken, the patients were divided into 2 groups: the conventional osteotomy SAME technique (CO‑SAME) group,
which included 13 patients (9 females, 4 males; mean
age: 18.7 ±2.2 years), and the selective osteotomy SAME
technique (SO-SAME) group, which included 15 patients
(8 females, 7 males; mean age: 19.4 ±3.2 years) .
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Surgical interventions
All surgical procedures were done under local anesthesia, 2% lidocaine with 1/80,000 epinephrine (Kwang
Myung Pharm Co., Ltd., Seoul, South Korea), and all osteotomies were accomplished with a piezo-surgical device
(Implant Center; SATELEC, ACTEON Equipment, Mérignac, France) at the voltage of 100-115-230V 50/60 Hz
and ultrasonic frequency of 28–36 kHz.
In the CO‑SAME group, the osteotomy technique protocol
followed the methods reported by Bierenbroodspot et al.20
Briefly, a bilateral LeFort-1 osteotomy extended from the
piriform rims anteriorly, through the zygomatic buttress,
to the tuberosity area posteriorly, 5 mm above the apices
of the maxillary teeth with 2 para midline palatal osteotomies (Fig. 1,2).
In the SO-SAME group, the osteotomy technique protocol followed the methods reported by de Freitas et al.,21
involving bilateral zygomatic buttress osteotomies
(Fig. 3). The first author of the present study added bilateral nasal buttress osteotomies (Fig. 3) and modified
a palatal osteotomy by adding a V-shaped midline osteotomy (Fig. 4) to ensure a complete mid-palatal suture
separation and a full disjunction between the maxilla
and the nasal septum.
The hyrax® tooth-borne expanders (DENTAURUM
GmbH & Co., Ispringen, Germany) were used for all the
patients. After a latency period of 3 days, the patients
started activating the expander twice a day as follows:
2 turns in the morning and 2 turns in the evening, corresponding to an expansion rate of 0.88 mm per day, until adequate expansion was achieved. At the end of the
active expansion phase, the hyrax screw was stabilized for
3 months with a stainless-steel ligature wire and a flowable composite.

Fig. 1. LeFort-1 osteotomy 5 mm above the apices of the maxillary teeth

Fig. 2. Two para midline palatal osteotomies

Fig. 3. Zygomatic and nasal buttress osteotomies

Fig. 4. V-shaped midline osteotomy

Outcome measures
Cone beam computed tomography scans were done for
all the patients before the operation (T1) and 3 months
after expansion (T2), and all CBCT scans were performed
using the same device (SCANORA®; SOREDEX, Tuusula, Finland) with 85 kV, 15 mA and the exposure time
of 2.25 s. The field of view (FOV) was 13.5 × 17 cm and
the voxel size was 0.3 mm. All the Digital Imaging and
Communications in Medicine (DICOM) data was processed with the OnDemand3D® software, the 1.0.8.0408
edition (Cybermed, Inc., Tustin, USA).
Each patient was seated in a chair with their Frankfort
horizontal plane parallel to the floor and asked to hold their
breath after the end of expiration, without swallowing. This
patient position ensures a static pharyngeal airway size,
which can be recorded consistently in all CBCT scans.
For more accuracy, measurements were performed after all CBCT images were oriented to the midsagittal view
(the horizontal axis passing through the anterior and posterior nasal spine – ANS and PNS) (Fig. 5) and to the axial
view (the vertical axis passing through ANS and PNS)
(Fig. 6).
The maxillary width was calculated and compared preand post-expansion. To calculate MW, all CBCT images
were standardized at the level of the first molar furcation
on the axial dimension (Fig. 7). The deepest points in the
concavity of the posterior maxilla were identified on the
right and left sides. The maxillary width was measured
along the line connecting these 2 points (Fig. 8).
The upper airway volume was defined as the airway volume between the 2 planes: the superior plane, defined on
the midsagittal slice as the horizontal line extending from
PNS to the basion (called the P-plane), and the inferior
plane, defined as the horizontal line passing through the
most superior point of the epiglottis and parallel to the
P-plane (called the EP-plane).
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we subtracted RPAV from TAV to obtain retroglossal airway volume (RGAV) (Fig. 10,11).

Fig. 5. Horizontal axis passing through the anterior (ANS) and posterior
nasal spine (PNS)

Fig. 8. Linear measurement of the maxillary width (MW)

Fig. 6. Vertical axis passing through ANS and PNS

Fig. 9. Total upper airway, retropalatal and retroglossal borders

Fig. 7. Horizontal axis passing through the first molar furcation on both sides

Fig. 10. Total upper airway volume (TAV)

The upper airway was divided into 2 segments to further
evaluate the effects of SAME. The superior segment or
retropalatal airway was limited superiorly by the P-plane
and inferiorly by a horizontal plane passing through the
most posteroinferior point of the soft palate and parallel
to the P-plane (called the SP-plane). The inferior segment
or retroglossal airway was extended from the SP-plane to
the EP-plane (Fig. 9).
As a first step, we calculated total airway volume (TAV)
using the OnDemand3D software. Then in the next step,
we calculated retropalatal airway volume (RPAV), then

Fig. 11. Retropalatal airway volume (RPAV)

Dent Med Probl. 2018;55(4):371–378

375

Reliability of measurements
Ten CBCT images were randomly chosen from the sample. The landmarks were identified, and MW, TAV and
RPAV were calculated. All 10 CBCT images were traced
again 4 weeks later. The error of the measurements was
calculated by means of the intraclass correlation coefficient (ICC) for single measurements; this is an expression
of intra-observer reliability. An ICC value >0.75 indicates
excellent reliability. The ICC values were between 0.992
and 1 (Table 1).

Statistical analyses
The SPSS v. 13.0 software for Windows (IBM Corp.,
Armonk, USA) was used for statistical analyses. According to the Kolmogorov–Smirnov test, the data was normally distributed. Descriptive statistical methods (mean,
standard deviation – SD) and pre-/post-expansion data
were compared using the sample t-test. The results were

evaluated at the significance level of p < 0.05 and a 95%
confidence interval (CI).

Results
Statistically significant differences between the 2 periods (T1 and T2) were observed for each of the values
– TAV, RPAV and RGAV in the CO‑SAME group
(1.29 ±0.26 cc, 0.73 ±0.10 cc and 0.56 ±0.23 cc, respectively), and also in the SO-SAME group (1.21 ±0.19 cc,
0.83 ±0.10 cc and 0.38 ±0.23 cc, respectively) (Table 2).
The retropalatal airway volume was significantly
greater than RGAV after both CO‑SAME and SO-SAME
(Table 3). There were no significant differences in MW
(p = 0.790), TAV (p = 0.315) and RGAV (p = 0.052) between the 2 techniques, whereas RPAV in the SO-SAME
group was significantly greater than that of the CO‑SAME
group (p = 0.015) (Table 4).

Table 1. The intraclass correlation coefficient (ICC) values between the values in 2 readings
Second variable

First variable (values in the 1st reading)

Studied variable

Reproducibility

ICC value

MW [mm]

0.998

Excellent

RPAV [cc]

0.992

Excellent

RGAV [cc]

1.000

Excellent

TAV [cc]

0.997

Excellent

Values in the 2nd reading

ICC – intraclass correlation coefficient; MW – maxillary width; RPAV – retropalatal airway volume; RGAV – retroglossal airway volume; TAV – total airway volume.
Table 2. Paired sample Student’s t-test results between the 2 studied periods (before expansion, after 3 months) according to the studied technique
Studied
variable

MW
[mm]

RPAV
[cc]

RGAV
[cc]

TAV
[cc]

Studied
technique
SO-SAME
CO-SAME
SO-SAME
CO-SAME
SO-SAME
CO-SAME
SO-SAME
CO-SAME

Studied period

N

Mean

SD

Min

Max

before expansion

15

52.89

2.67

49.70

57.70

after 3 months

15

56.98

2.69

53.40

61.30

before expansion

13

52.15

2.01

49.10

55.60

after 3 months

13

56.19

1.94

53.00

59.80

before expansion

15

9.07

0.78

7.85

10.23

after 3 months

15

9.90

0.79

8.83

11.22

before expansion

13

9.57

1.14

7.98

11.46

after 3 months

13

10.30

1.14

8.51

12.13

before expansion

15

6.14

0.95

4.68

7.46

after 3 months

15

6.52

0.96

4.90

7.89

before expansion

13

5.87

1.19

4.13

8.88

after 3 months

13

6.43

1.14

4.93

9.21

before expansion

15

15.22

1.49

12.84

17.52

after 3 months

15

16.42

1.50

13.74

18.62

before expansion

13

15.44

1.97

12.88

20.11

after 3 months

13

16.74

1.99

13.73

21.16

Mean
difference

t-value

p-value

4.09

36.329

0.000*

4.05

42.227

0.000*

0.83

32.903

0.000*

0.73

26.426

0.000*

0.38

6.445

0.000*

0.56

8.611

0.000*

1.21

24.016

0.000*

1.29

18.197

0.000*

N – number of patients; SD – standard deviation; SO-SAME – selective osteotomy surgically-assisted maxillary expansion;
CO-SAME – conventional osteotomy surgically-assisted maxillary expansion; * statistically significant.
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Table 3. Paired sample Student’s t-test between the RPAV and RGAV variation according to the studied technique
Studied
technique

Studied variable
[cc]

N

Mean

SD

Min

Max

RPAV variation

15

0.83

0.10

0.65

1.03

RGAV variation

15

0.38

0.23

–0.08

0.72

RPAV variation

13

0.73

0.10

0.53

0.91

RGAV variation

13

0.56

0.23

0.12

0.84

SO-SAME
CO-SAME

Mean
difference

t-value

p-value

0.45

6.087

0.000*

0.17

2.493

0.028*

* statistically significant.
Table 4. Independent Student’s t-test results between the SO-SAME technique group and the CO-SAME technique group according to the studied variable
Studied variable

Studied technique

N

Mean

SD

Min

Max

MW variation
[mm]

SO-SAME

15

4.09

0.44

3.60

5.20

CO-SAME

13

4.05

0.35

3.30

4.70

SO-SAME

15

0.83

0.10

0.65

1.03

CO-SAME

13

0.73

0.10

0.53

0.91

SO-SAME

15

0.38

0.23

−0.08

0.72

CO-SAME

13

0.56

0.23

0.12

0.84

SO-SAME

15

1.21

0.19

0.90

1.54

CO-SAME

13

1.29

0.26

0.85

1.76

RPAV variation
[cc]
RGAV variation
[cc]
TAV variation
[cc]

Mean difference

t-value

p-value

0.04

0.270

0.790

0.10

2.606

0.015*

−0.18

−2.034

0.052

−0.09

−1.025

0.315

* statistically significant.

Discussion
Skeletal maxillary constriction is a pathological condition that may be associated with other types of dentoskeletal alterations and can cause functional implications,
including respiratory problems.7 The anatomic proximity
of the pharynx to the oral cavity suggests that any change
in the intraoral volume changes the oropharyngeal dimensions.8 The SAME technique, which offers the maxillary bony segment expansion, might also be effective in
increasing the nasopharyngeal dimensions.10
Cone beam computed tomography is considered to be
a reliable and accurate method for measuring the pharyngeal volume22 and OnDemand3D is considered to be reliable software to measure the airway volume.23
There is inconsistent data in the literature about the
maxillary expansion (RME and SAME) effects on the
upper airway. Pangrazio-Kulbersh et al. evaluated the
effect of RME on the airway volume and concluded
that the airway volume did not significantly change
after expansion.14 El and Palomo reported that RME
significantly increased the nasal passage airway volume
without any significant change in the oropharyngeal
airway volume.15 Zhao et al. declared that there was no
evidence supporting the hypothesis that RME could increase the oropharyngeal airway volume.24 Fastuca et al.
stated that RME significantly increased TAV.25 Iwasaki et al. observed that RME not only reduced the nasal obstruction, but also raised the tongue and enlarged
the pharyngeal airway volume.26 Buck et al. presented
a systematic review on the effects of surgically-assisted
rapid maxillary expansion (SARME) on the upper air-

way volume and concluded that the effects of SARME
on the respiratory function still needed to be evaluated,27 and that was the aim of the present study.
In the present study, MW increased significantly after
the application of either of the 2 SAME surgical techniques,
in the SO-SAME and CO‑SAME groups (4.09 ±0.44 mm
and 4.05 ±0.35 mm, respectively), and there was no significant difference between the 2 techniques (p = 0.79).
This is in accordance with Sygouros et al. and indicates
the skeletal effects of the 2 SAME techniques on 2 maxillary bony segments.28
In the present study, RPAV, RGAV and TAV significantly increased after 3 months in the SO-SAME group
(0.83 ±0.10 cc, 0.38 ±0.23 cc and 1.21 ±0.19 cc, respectively)
and in the CO‑SAME group (0.73 ±0.10 cc, 0.56 ±0.23 cc
and 1.29 ±0.26 cc, respectively). These changes might be
explained by the effect of SAME on the posterior part
of the maxilla and subsequently on the palatal muscles, as
well as by the anterior displacement of the maxilla and the
change in the tongue position.
These results do not correlate with those of Pereira-Filho et al., who evaluated the effect of SARME on the upper
airway volume and stated that there were no significant
differences in TAV measured preoperatively and 6 months
after expansion.7 This disagreement might result from the
different surgical techniques applied by Pereira-Filho et al.,
which did not comprise a palatal osteotomy.7
The results of this study correlate with those of Rômulo de Medeiros et al., who applied 2 surgical techniques
of SARME, with and without a pterygomaxillary disjunction.17 They assessed the volumetric changes of the nasopharynx and the oropharynx preoperatively, after the
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activation period and at 6 months after expansion. They
declared that there was a significant increase in the nasopharynx and oropharynx volume immediately after the
hyrax screw stabilization. Furthermore, these results are
in accordance with the observations made by Vinha et al.,
who stated that SARME promoted the pharyngeal enlargement, especially in the lower levels of the pharynx.29
On the other hand, contrary results are presented by
Kurt et al., who compared the effect of SARME on the
nasopharyngeal airway using lateral and posteroanterior
cephalograms.10 They concluded that no significant difference was found in the nasopharyngeal airway after SARME.
This disagreement might be due to the different surgical
techniques and different method of X-ray assessment.
The present study showed that the change in RPAV was
greater than that in RGAV in both groups. It may result
from a direct effect of both the SAME techniques on the
bony segments of the maxilla, especially on the posterior
part of the maxilla, where the soft palate muscles attach.
The change in the position of these muscles may affect the
retropalatal airway. In addition, the SAME technique improves nasal breathing, and this may reduce the thickness
of the retropalatal airway respiratory mucosa.
Similar results were presented by Sadeghian et al., who
concluded that the average increases in RPAV and TAV
were statistically significant, while the change in RGAV
was not significant.30 The change in RGAV may have
resulted from the effect of the SAME technique on the
tongue position, and that agrees with Akay et al., who concluded that the transpalatal distraction caused changes
in the tongue height, the nasopharyngeal airway dimensions and the minimal oropharyngeal distance behind the
tongue base.31
The results of the present study show that the changes
in RPAV associated with the SO-SAME technique were
greater than those related to the CO‑SAME technique
(p = 0.015), and that may be explained by the difference
in the pattern of palatal osteotomy between the 2 techniques. This confirms the results obtained by Rômulo de
Medeiros et al.17, who found that the difference in the surgical techniques of SARME resulted in different effects on
the upper airway volume.

Conclusions
Both the CO‑SAME and the SO-SAME techniques increased RPAV, RGAV and TAV. The SO-SAME technique
increased RPAV to a greater extent than the CO‑SAME
technique. Both the SAME techniques increased RPAV to
a greater extent than RGAV.
The new SAME technique with a minimally invasive
surgery is an effective way to increase MW and the upper
airway volume. However, additional studies with longer
follow-up periods may be needed to thoroughly evaluate
the effectiveness of the abovementioned technique.
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Abstract
Background. Remineralization potential of dentifrices with novel compositions that can restore minerals
back into incipient carious lesions has not been extensively studied so far.
Objectives. The aim of this study was to assess the efficacy of a dentifrice based on novel fluoride incorporated bioactive glass in remineralizing artificial carious lesions in human enamel, and compare it with
a standard fluoride-containing dentifrice.
Material and methods. Twenty-four human extracted teeth were sectioned at the cementoenamel
junction to obtain enamel blocks. These blocks (n = 24) were randomly divided into 3 groups, with each
group containing 8 specimens: group 1 (negative control group; distilled water), group 2 (positive control
group; fluoride toothpaste) and group 3 (test group; BioMinTM F toothpaste). Artificial carious lesions were
produced in the enamel surfaces by exposing them to a demineralization solution (6% citric acid, pH 2.2)
for 96 h. After demineralization, the specimens were brushed with manual toothbrushes in a toothbrush
simulation machine (each sample received 800 strokes). For brushing the specimens from group 1, 20 mL
of distilled water was used, for group 2 – 20 mL of slurry of toothpaste mixed with artificial saliva, and for
group 3 – 20 mL of slurry of toothpaste (BioMin F) mixed with artificial saliva. The micro-hardness data
(VHN – Vickers hardness number) was collected at baseline (sound enamel), post-demineralization and
post-remineralization.
Results. The biggest difference between the post-remineralization and post-demineralization values was
observed in group 3 (mean VHN = 118.73), followed by group 2 (mean VHN = 60.54) and group 1 (mean
VHN = 47.44). All the groups revealed significant differences (p < 0.05) when the post-demineralization
and post-remineralization values were compared to baseline values within each group.
Conclusions. The BioMin F group outperformed the other 2 groups in terms of remineralizing the demineralized enamel structure.
Key words: enamel, remineralization, fluoride bioactive glass
Słowa kluczowe: szkliwo, remineralizacja, bioaktywne szkło wzbogacone fluorkami
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Introduction
Dental caries initiates with demineralization of the
tooth structure caused by the acids produced by the
cariogenic bacteria residing in dental plaque, after they
ferment dietary carbohydrates.1 In the past, dental caries was considered as an irreversible infectious bacterial
disease, but recently, it has been established that caries
is a complex multifactorial disease, which occurs when
the equilibrium between demineralization and remineralization is disturbed.2 A decrease in pH can cause a net
loss of minerals from the tooth surface, also known as
demineralization, whereas the process of restoring lost
mineral ions to the tooth structure (which usually occurs at high pH) and strengthening the lattice network is
known as remineralization.3
The most effective method described in the literature
for the removal of plaque is mechanical tooth brushing
with toothpaste.4 In 1969 there was a revolution in tissue engineering, when Prof. Larry Hench introduced
bioactive glass (BG) (sodium calcium phosphosilicate
glass), as it was the first material that exhibited exceptional bone bonding ability.5,6 The use of BG in dentistry
has been encouraged recently due to its compositional
resemblance to bone and dental enamel.7 The other reason for its recent extensive use is that it forms hydroxylapatite (HAP), which repairs the structure of bone and
enamel, and also makes them resilient.8 The traditional
BG composition (Bioglass®) is deficient in fluoride.7
Fluoride is an essential ion that helps in the formation
of fluorapatite (FAP), which is more resistant to caries
and acid encounters as compared to HAP.9 Recently,
a new toothpaste consisting of fluoride incorporated BG
has been introduced, and claims have been made that it
causes sustained release of calcium, phosphate and fluoride ions, thus resulting in enhanced remineralization
of the tooth structure.10
Therefore, the aim of this study was to assess the efficacy of a dentifrice based on novel fluoride incorporated BG in remineralizing artificial carious lesions in
human enamel, and compare it with a standard fluoridecontaining dentifrice.

Materials and methods
Ethical approval (Ref. No. 2018001) was obtained from
the Scientific Research Unit of the institution (College
of Dentistry, Imam Abdulrahman Bin Faisal University,
Dammam, Saudi Arabia) and all the ethical protocols
were strictly followed.
Twenty-four extracted human teeth were obtained
from the Department of Oral Surgery of the College
of Dentistry at Imam Abdulrahman Bin Faisal University, Dammam, Saudi Arabia. Teeth which were free
from caries, obvious white spot lesions, restorations,
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or other defects were included in this study. All the
teeth were sectioned at the cementoenamel junction
using a water-cooled diamond saw (Isomet® 5000 Linear Precision Saw; Buehler Ltd., Lake Bluff, USA) and
their roots were discarded. The crowns of all the teeth
were then embedded in self-cure acrylic resin in such
a manner that the buccal/labial surface of tooth enamel was exposed. The enamel surfaces to be treated were
then polished with 600-grit wet silicon-carbide paper.
An enamel window of approx. 4 × 4 mm was created
on the exposed enamel surface by a nail varnish to ensure that the analysis would be performed only in that
particular area.

Artificial saliva preparation and grouping
of specimens
Artificial saliva (AS) was prepared by mixing NaCl
(0.400 g), KCl (0.400 g), NaH2PO4 • H2O (0.690 g),
CaCl2 • H2O (0.795 g), and Na2S • 9H2O (0.005 g) in
1000 mL of deionized water, as proposed by Fusayama et al.11 The pH of freshly prepared AS was 5.5,
which was adjusted by adding 1 M of sodium hydroxide (NaOH) until neutral pH of 7.0 was achieved. The
enamel blocks (n = 24) were randomly divided into
3 groups, with each group containing 8 specimens:
group 1 (negative control group; distilled water),
group 2 (positive control group; fluoride toothpaste)
and group 3 (test group; BioMinTM F toothpaste (BioMin
Technologies Ltd., London, UK)). The details of active
and other ingredients of the tested toothpastes are
shown in Table 1.

Artificial carious lesions
Artificial carious lesions were produced in the enamel surfaces by exposing them to a demineralization solution (6% citric acid, pH = 2.2) for 96 h, as described
earlier by Wang et al.12 The demineralizing solution
was changed every day during this 96-hour period.
The specimens were then washed with distilled water
and air-dried for a day.

Remineralization procedure
The specimens were brushed with manual toothbrushes from the same manufacturer (TRISA AG,
Triengen, Switzerland). For brushing specimens from
group 1, 20 mL of distilled water was used, for group 2
– 20 mL of slurry of toothpaste (Colgate®; ColgatePalmolive Arabia Ltd., Dammam, Saudi Arabia) mixed
with AS in a ratio of 1:3, and for group 3 – 20 mL
of slurry of toothpaste (BioMin F) mixed with AS. The
brushing experiments were carried out inside a toothbrush simulation machine (toothbrush simulator,
model ZM-3.8; SD Mechatronik GmbH, Feldkirchen-
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Table 1. Composition of the tested toothpastes
Toothpaste

Manufacturer

Composition

Active ingredient

dicalcium phosphate dihydrate, sodium lauryl sulfate, sodium sodium monofluorophosphate 1.1% w/w
Colgate-Palmolive Arabia Ltd.,
saccharin, tetrasodium pyrophosphate, cellulose gum,
fluoride content: 1450 ppm F
Dammam, Saudi Arabia
glycerin, water, flavor

Colgate

BioMin F

BioMin Technologies Ltd.,
London, UK

fluoro calcium silicate, sodium lauryl sulfate, titanium dioxide,
acesulfame potassium, carbomer, polyethylene glycol 400
(PEG 400), glycerin, silica, flavor, fluoride <600 ppm

BioMin F (fluoro calcium phosphosilicate)
fluoride content: <600 ppm F

Results

Westerham, Germany), under a continuous loading
of 250 g, with 100 strokes/min for 4 days (each sample
received 800 strokes, which is equivalent to 2 weeks
of in vivo brushing). After every brushing cycle, all the
specimens were thoroughly washed with distilled water. After the 4th day of brushing, the specimens were
washed with distilled water and left to air-dry, prior to
the surface micro-hardness analysis.

The surface micro-hardness analysis was performed
by means of a Vickers tester (Fig. 1). The biggest difference between the post-remineralization and postdemineralization values was observed in group 3 (mean
VHN = 118.73), followed by group 2 (mean VHN = 60.54)
and group 1 (mean VHN = 47.44) (Table 2). For all the
groups, 800 strokes were not enough to restore the
structure completely back to the baseline values; still,
the BioMin F group outperformed the other 2 groups
in terms of remineralizing the demineralized enamel
structure. All the groups revealed significant differences
(p < 0.05) when the post-demineralization and postremineralization values were compared to baseline values
within each group (Table 2).

Surface micro-hardness analysis
Eight specimens from each group were used to evaluate the changes in the surface micro-hardness values. The Vickers surface hardness was measured using
a digital micro-hardness tester (FM-ARS 9000; FutureTech Corp, Kawasaki, Japan). Five indents were made
on the polished surface of each specimen using a Vickers diamond indenter under a load of 100 g, applied for
10 s. An average of 5 indents was used for the analysis.
The micro-hardness data (VHN – Vickers hardness
number) was collected at baseline (sound enamel),
post-demineralization and post-remineralization.

Statistical analysis
The results were analyzed statistically using the
Kruskal–Wallis test, which was applied to compare the
3 groups. For comparison within each group of the postdemineralization and post-remineralization vs baseline
values, the Wilcoxon signed-rank test was used. A p-value
≤0.05 was considered statistically significant.

Fig. 1. Vickers indentation performed to assess the micro-hardness of the
enamel surface

Table 2. Mean micro-hardness values (VHN – Vickers hardness number) for the 3 tested groups at baseline, post-demineralization and post-remineralization
Analysis time

Group 1
(distilled water)

Group 2
(fluoride toothpaste)

Group 3
(BioMin F toothpaste)

p-value
0.015

Baseline

569.98 ±29.41

482.04 ±66.13

497.56 ±71.28

Post-demin

122.75 ±56.03a

209.50 ±151.22a

164.93 ±171.20a

0.456

a

a

a

Post-remin

170.19 ±73.69

270.04 ±136.67

283.66 ±161.55

0.184

Difference
(post-remin – post-demin)

47.44

60.54

118.73

–

p-value

0.002

0.005

0.002

–

Data presented as mean ± standard deviation (SD); post-demin – post-demineralization; post-remin – post-remineralization; a significant difference of mean
of the post-demin and post-remin values as compared to the baseline value within each group.
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Discussion

Conclusions

In this study, the BioMin F toothpaste showed more
remineralizing capability as compared to the fluoridebased toothpaste and distilled water, according to the
surface micro-hardness analysis. The better remineralization potential of BioMin F could be ascribed to
the difference in its composition with regard to a standard fluoride toothpaste. Conventionally, BG is composed of calcium sodium phosphosilicate and contains
no fluoride.7 The presence of fluoride in toothpastes
ensures enhanced remineralization and helps in the
prevention of caries, as shown by the previous literature.13,14 The BioMin F toothpaste contains high-phosphate BG with fluoride within its BG composition.10
When BG is placed in the oral cavity, ionic exchange
reactions take place and the glass begins to dissolve,
releasing calcium (Ca2+) and phosphate (PO43–) ions,15
resulting in the formation of FAP, which is more acidresistant and is quite desirable for various dental applications. On the other hand, fluoride from a regular
toothpaste can be washed quickly by the salivary flow
and the amount of FAP thus formed is also questionable.16 The high phosphate content of a BG toothpaste
is also useful, as it helps to maintain the network connectivity of the glass and ensures the formation of FAP,
as shown previously by Brauer et al.17
The literature lacks studies which have analyzed and
compared the remineralization potential of BG toothpastes and fluoride toothpastes. A recent in vitro study
reported more tubule occlusion on dentin specimens
achieved by BioMin F as compared to NovaminTM (Sensodyne Repair®, Group Pharmaceuticals Ltd., Mumbai,
India) and a standard fluoride toothpaste.18 Our results
also demonstrated a better performance of BioMin F
toothpaste, but in terms of enamel remineralization. To
achieve the maximum benefit of fluoride, it should be
deposited and released slowly.19 Farooq et al. previously
developed the composition of fluoride-containing BG
that formed apatite in Tris buffer solution within 6 h,
which was much faster than in the case of 45S5 (Bioglass; 24 h).20 Therefore, the superior remineralization
potential of BioMin F could be attributed to the presence of fluoride, in addition to BG, in its composition.
One limitation of our study is its in vitro nature. Actual in vivo conditions could be different and may offer
more dynamic challenges to the tested materials. To
the best of the authors’ knowledge, this study is the
first to compare the remineralization potential of BioMin F and fluoride in a head-to-head trial. This study
could prove useful and serve as a basis for future quantitative and clinical studies, which can be performed
to analyze the effects of these dentifrices under more
vigorous in vivo conditions.’

The BioMin F group outperformed the other
2 groups in terms of remineralizing the demineralized
enamel structure. Future in vivo studies are recommended to evaluate its clinical efficacy.
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Abstract
Background. Bulk-fill composites were developed to simplify composite placement and minimize polymerization shrinkage stresses, which can improve gingival marginal adaptation in deep class II cavities.
Objectives. The objective of this study was to compare the gingival microleakage of class II cavities restored with bulk-fill composites to that of incrementally restored ones with a conventional composite at
2 storage periods.
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Material and methods. Forty freshly extracted intact molars were employed. Two standardized class II slot
cavities, 3-millimeter-wide buccolingually, with the gingival floor 0.5 mm below the cementoenamel junction
(CEJ) and the axial wall depth of 1.3 mm were prepared in each tooth (80 cavity preparations). The prepared
teeth were divided equally into 3 bulk-fill groups (Tetric EvoCeram® Bulk Fill, X-tra Fil® and QuiXX®) and 1 control group (TPH Spectra® HV). Each group was subdivided into 2 equal subgroups (n = 10) according to the
storage period in distilled water (24 h and 6 months). The Adper® Single Bond Plus adhesive was used with all
the restorative materials. The cavities in the experimental groups were restored with 4-millimeter bulk-fill composites in 1 increment, while the cavities in the control group were restored with 2 increments of the thickness
of 2 mm. The polymerization light was applied from the occlusal surfaces. The teeth were then immersed in
2% procion red dye solution, sectioned and examined under a stereomicroscope to determine the extent of dye
penetration. The data was statistically analyzed using the Kruskal–Wallis test and the Mann–Whitney U test.
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Results. The Kruskal–Wallis test revealed no significant differences in the mean microleakage scores among
all the groups after 24-hour and 6-month storage (p = 0.945 and p = 0.928, respectively). The Mann–Whitney
U test revealed an increase in the mean microleakage scores in all the groups after 6-month storage; however,
the scores were not significantly different from the means obtained after 24 h (p = 0.259 for Tetric EvoCeram
Bulk Fill; p = 0.205 for X-tra Fil; p = 0.166 for QuiXX; p = 0.155 for TPH Spectra HV).
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Conclusions. Gingival microleakage of bulk-fill composites in class II cavities was not significantly different from that of incrementally restored ones with a conventional composite. The increase in the mean gingival microleakage of the specimens stored for 6 months was not statistically significantly different in comparison to the values obtained after the 24-hour storage period for each composite.
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Introduction

Material and methods

Polymerization shrinkage of composite resins and the
accompanying shrinkage stress build-up represent the
major drawbacks in using direct composite resin restoratives. This is due to the fact that the forces connected
with the shrinkage stress may disrupt the bond to the
cavity walls, leading to micro-gaps, which can result in
the passage of the saliva and oral fluids along the tooth
restoration interface (i.e., microleakage). Microleakage is
a commonly encountered problem with posterior composite restorations, especially at gingival margins placed
apically to the cementoenamel junction (CEJ), as in deep
class II cavities.1 It represents a matter of concern, as it
can lead to staining at the margins of restorations and
recurrent caries with subsequent pulp pathology. Other
problems related to direct composite restorations are
the limited depth of the cure, technique sensitivity and
time-consuming placement procedure. Dentists have always sought a fast and reliable restoration technique that
would allow for a reduction of the number of composite
layers placed, thus reducing the effort and time consumed
in such a routine procedure. Bulk-fill composite resins
seem to fulfill this desire.
Several developments in the field of composite restoration techniques have been made, such as optimizing the
polymerization light intensity,2 the application of a flowable resin as a liner3 and the incremental placement.4
These innovations have been introduced to minimize the
shrinkage stress, and improve the marginal integrity and
the durability of composite restorations.5
Bulk-fill composites were developed in an attempt to
simplify and expedite the composite placement technique.5
According to their manufacturers, they have a higher depth
of polymerization, which could eliminate the need for layering. They are also claimed to generate low polymerization
shrinkage stresses,6,7 owing to the use of modified resinfiller technologies,8,9 that minimize the volumetric shrinkage and/or modify the visco-elastic behavior of bulk-fill
composites by decreasing their elastic moduli and increasing their flow capacity. The reduction in shrinkage stresses
of bulk-fill composites, if true, can result in improving the
marginal integrity and the durability of the bond of composite restoration to the tooth structure.10,11
This study was conducted to assess the gingival microleakage of class II slot cavity preparations restored with 3
types of bulk-fill composite resins in comparison to those
incrementally restored with a conventional composite
resin at 2 different storage periods (24 h and 6 months).
The research null hypotheses were the following:
– there is no significant difference in the gingival microleakage between the tested bulk-fill composites and the
conventional composite;
– there is no significant difference in the gingival microleakage of each of the 4 tested composites at 2 different
storage periods (24 h and 6 months).

Forty freshly extracted intact human molars were employed. The teeth were sterilized with gamma irradiation,
thoroughly rinsed and scaled to remove any plaque, calculus or attached periodontal tissues. The teeth were then
stored in distilled water in a refrigerator. The teeth were
mounted vertically in acrylic resin bases 2 mm apical to
CEJ. Class II slot cavities were prepared on both proximal sides of each molar, using carbide bur No. 56 (Great
White® Series; SS White Burs, Inc., Lakewood, USA) in
a water-cooled high-speed handpiece. A total of 80 slot
cavities were prepared, each with the dimensions: the
width of 3 mm buccolingually, the axial depth of 1.3 mm
and the gingival floor located 0.5 mm below CEJ. A new
bur was used for every 4 cavity preparations. The dimensions of each cavity were verified with a digital caliper
(Mastercraft, Toronto, Canada).
The prepared teeth were divided into 4 groups (10 molars
each, with 20 class II slot cavities) and assigned to 4 composite resins groups – 3 bulk-fill: Tetric EvoCeram® Bulk
Fill (Ivoclar Vivadent, Amherst, USA), X-tra Fil® (VOCO
America, Inc., Indian Land, USA), and QuiXX® (Dentsply
Caulk, Milford, USA); and 1 control: TPH Spectra® HV
(Dentsply Caulk) (Table 1). Each group was subdivided into
2 equal subgroups (n = 10) according to the storage period
in distilled water (24 h and 6 months).
A Tofflemire metal matrix retainer/band was secured
around each prepared tooth to establish the proper proximal anatomic contour. The metal matrix band was supported externally with a low-fusing compound to maintain its adaptation to the cavity margins.1 For all groups,
the same etch-and-rinse adhesive system was used
(Scotchbond® Etchant and Adper® Single Bond Plus; 3M
ESPE, St. Paul, USA). The restorative procedure was performed according to the manufacturer’s instructions.
The 3 bulk-fill composites were applied in a single increment of 4 mm in thickness, while the conventional
composite (TPH Spectra HV) was applied in 2 horizontal
increments, each 2-millimeter-thick. An LED light polymerization unit (Demi® LED Light Curing System; Kerr
Corporation, Orange, USA) was used for the polymerization of all the composites. Each bulk-fill composite restoration was subjected to 20 s of irradiation, while in the
case of the TPH Spectra HV restoration, each increment
was subjected to 20 s of irradiation. The irradiance of the
light polymerization unit was periodically checked with
checkMARC (BlueLight Analytics, Inc., Halifax, Canada).
The irradiance was found to be 1,120 mW/cm² on average. The specimens were stored in distilled water at 37°C
for the aforementioned storage periods.
Two coats of nail varnish were applied on the tooth surfaces, except for 1 mm from the restoration margins. Afterward, the teeth were immersed in 2% procion red dye
solution (Imperial Chemical Industries, London, England)
for 24 h at 37°C, and then rinsed under running water
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Table 1. Materials used in the study
Material

Product description

Main components of the restorative material

light-cured,
monomer matrix of dimethacrylates,
Tetric EvoCeram Bulk Fill methacrylate-based
fillers
bulk-fill composite resin (barium glass, ytterbium trifluoride, mixed oxide, prepolymer)

Manufacturer
Ivoclar Vivadent,
Amherst, USA

X-tra Fil

Bis-GMA, UDMA, TEGDMA,
light cured,
methacrylate-based
fillers
bulk-fill composite resin (barium-boron-alumino-silicate glass)

QuiXX

light cured,
UDMA,TEGDMA, di- and tri-methacrylate resins, carboxylic acid-modified dimethacrylate,
Dentsply Caulk,
methacrylate-based
fillers
Milford, USA
bulk-fill composite resin (strontium-alumino-sodium-fluoro-silicate glass)

TPH Spectra HV

light cured,
methacrylate-based
composite resin

Scotchbond Etchant
Adper Single Bond Plus

urethane-modified Bis-GMA resin, TEGDMA,
fillers
(silanated barium, aluminoborosilicate glass, silanated barium-boron-fluoro-aluminosilicate glass, silicon dioxide)
35% phosphoric acid gel
two step etch-and-rinse adhesive system

Voco America, Inc.,
Indian Land, USA

Dentsply Caulk
3M ESPE,
St. Paul, USA
3M ESPE

Bis-GMA – bisphenol A glycidyl dimethacrylate; TEGDMA – triethylene glycol dimethacrylate; UDMA – urethane dimethacrylate.

for 5 min. Each tooth was sectioned mesio-distally into
2 halves with a microslicing machine (IsoMet; Buelher,
Lake Buff, USA).1,12 The half with the deepest dye penetration was used to represent the tooth.1,12 The extent
of dye penetration was determined by an examination
with a stereomicroscope (Wild M3Z Stereo Microscope;
Leica Microsystems (Schweitz) AG, Heerbrugg, Switzerland) at a magnification ×10, according to a 5-point scale:
– 0: no dye penetration;
– 1: dye penetration limited to the outer half of the gingival floor;
– 2: dye penetration extended along the entire gingival
floor (i.e., beyond the outer half of the gingival floor);
– 3: dye penetration extended along the gingival wall and
up to half of the axial wall;
– 4: dye penetration extended along the gingival floor and
the entire axial wall.
In addition, a digital camera (Canon PowerShot S 120;
Canon, Inc., Tokyo, Japan) was used to capture photographic images for each selected section (Fig. 1,2).
The data was tabulated and statistically analyzed. The
means and standard deviations (SDs) were calculated
and statistically analyzed using the non-parametric Kruskal–Wallis test and the Mann–Whitney U test. The significance level was set at 0.05. The statistical analysis was
performed with SPSS v. 20 for Windows (IBM Corp.,
Armonk, USA).

Fig. 1. Photographs of a representative specimen from each group stored
for 24 h (from left to right: Tetric EvoCeram Bulk Fill, X-tra Fil, QuiXX, and
TPH Spectra HV)

Fig. 2. Photographs of a representative specimen from each group stored
for 6 months (from left to right: Tetric EvoCeram Bulk Fill, X-tra Fil, QuiXX,
and TPH Spectra HV)

Results
The mean, standard deviation, median, and range values of the gingival microleakage scores for all the 4 groups
are recorded in Table 2 and Fig. 3,4.

Fig. 3. Bar chart representing the mean microleakage scores of the tested
groups at each storage period
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Table 2. Gingival microleakage scores, means and standard deviations (SDs) of the 4 tested groups at each storage period
Material
Tetric EvoCeram Bulk Fill
X-tra Fil
QuiXX
TPH Spectra HV

Storage period
24 h

Gingival microleakage scores
0

1

2

3

4

7

3

–

–

–

Mean

SD

p-value

0.30

0.48

0.259

6 months

5

3

1

–

1

0.90

1.29

24 h

6

3

1

–

–

0.50

0.71

6 months

4

2

3

1

–

1.10

1.10

24 h

7

2

1

–

–

0.40

0.70

6 months

4

3

3

–

–

0.90

0.88

24 h

7

2

1

–

–

0.40

0.70

6 months

4

3

2

1

–

1.00

1.05

0.205
0.166
0.155

Discussion

Fig. 4. Box plot representing the median and range values of the
microleakage scores of the tested groups at each storage period
(the circle represents the outlier)

After 24-hour storage, the mean gingival microleakage
scores for Tetric EvoCeram Bulk Fill, X-tra Fil, QuiXX,
and TPH Spectra HV were 0.3, 0.5, 0.4, and 0.4, respectively. The Kruskal–Wallis test revealed no statistically
significant differences in the mean microleakage scores
among the groups (p = 0.945).
After 6-month storage, the mean microleakage scores
for Tetric EvoCeram Bulk Fill, X-tra Fill, QuiXX, and
TPH Spectra HV were 0.9, 1.1, 0.9, and 1.0, respectively.
The Kruskal–Wallis test revealed no significant differences in the mean microleakage scores among the groups
(p = 0.928).
In spite of the increase in the mean microleakage scores
after 6 months, the Mann–Whitney U test revealed no
significant differences in the mean microleakage scores
for each composite after 6-month storage as compared
to the mean microleakage scores obtained after 24-hour
storage (p = 0.259 for Tetric EvoCeram Bulk Fill; p = 0.205
for X-tra Fil; p = 0.166 for QuiXX; and p = 0.155 for TPH
Spectra HV).

One of the key functions of dental restorations is to seal
the exposed dentin and to protect the pulp against the oral
environment. An insufficient seal at the tooth/restoration
interface may lead to microleakage, described as a clinically undetectable passage of bacteria, fluids, molecules,
or ions between the cavity wall and the restorative material.13,14 Microleakage tests are widely used to evaluate
the marginal sealing of composite restorations.15 Previous
studies reported that composite restorations exhibited
higher microleakage at gingival margins than at occlusal
margins.16–19 Gingival microleakage is more frequently
observed in deep class II cavities, where gingival margins
are placed apical to CEJ.1 In this study, gingival microleakage in class II composite restorations was assessed with
gingival margins of 0.5 mm apical to CEJ.
Several methods have been used to detect microleakage, such as the use of dyes, artificial caries, air pressure,
bacteria, radioactive isotopes, neutron activation analysis, and scanning electron microscopy. The use of dyes as
tracers is one of the most common methods of detecting
microleakage in vitro. Different types of dyes with different particle sizes are used for microleakage assessment,
such as procion red dye, basic fuschin and methylene
blue.13 This technique is highly feasible and carries no
radiation hazards. In addition, the dye has the advantage
of its contrasting color to the tooth and the restoration,
without reacting chemically with specimens. In this study,
2% procion red dye solution was used as a tracer for microleakage assessment.
Gamma irradiation was used to sterilize the teeth, as
it has no adverse effect on the enamel hardness or its
resistance to demineralization.20 In addition, gamma irradiation is an effective method of sterilizing the teeth,
which neither alters the dentin structure and its surface
morphology nor affects the strength of the shear bond to
the dentin.21,22
A 2-step etch-and-rinse adhesive system (the Adper
Single Bond Plus adhesive with Scotchbond Etchant) was
used in this study with the 4 tested composite resins, as it
is considered to result in optimum bonding. Adper Single
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Bond Plus is an ethanol-based adhesive which contains
2-hydroxyethyl methacrylate (HEMA) and is thought to
be able to maintain the collagen fibrils in an expanded
form after the evaporation of the solvent, improving the
monomer infiltration and the formation of a proper hybrid layer.23–25
In this study, the null hypotheses were not rejected.
The results revealed no statistically significant differences
in the means of gingival microleakage scores among the
4 composite resin restoratives tested after 24-hour and
6-month storage periods. This may indicate that polymerization and/or polymerization shrinkage of the bulkfill composites (Tetric EvoCeram Bulk Fill, X-tra Fil and
QuiXX) was comparable to that of the incrementally
placed composite (TPH Spectra HV). These findings are
in agreement with the findings reported by Ahmed et al.,
who found that the type of the composite material used
(Filtek® Z250 vs Filtek LS (3M ESPE)) had no significant
effect on gingival microleakage, rather the bonding agent
type was more critical and had a significant effect.12 Furthermore, Rengo et al. found no significant differences in
the microleakage of class II cavities restored with bulkfill composites (G-aenial® Universal Flo bulk-fill, G-aenial
Flo bulk-fill and Kalore® bulk-fill (GC Corporation, Tokyo,
Japan)) in comparison to that of the cavities incrementally
restored with conventional composites (G‑aenial Universal Flo, G-aenial Flo and Kalore (GC Corporation)), using
the same adhesive system (G-aenial Bond (GC Corporation)) with all the groups.26
The statistical analysis did not reveal significant differences in the mean microleakage scores, when the values
obtained for each group after 6 months were compared
with the values obtained after 24 h, in spite of an obvious increase in the mean score. It is speculated that with
longer storage periods, statistically significant differences
may be detected.
The lack of significant differences in the mean microleak
age scores between the specimens stored for 24 h and
those stored for 6 months in each restorative group is in
agreement with the findings reported in other studies.
De Munck et al.14 reported that the effect of artificial aging
methods, such as water storage and thermocycling, on microleakage is minimal.27–29 These findings were in accordance with those of Mahmoud and Al-Wakeel, who found
that the marginal adaptation of ormocer-, silorane- and
methacrylate-based composite resin restorative systems
bonded to dentin cavities was not affected by aging times
(immediately after polymerization, after 1 month, and
after 1 year of water storage and thermocycling).30 Khosravi et al. found that water storage (24 h, 3 months and
6 months) had no significant effect on gingival microleakage of class II cavities restored with methacrylate-based and
silorane-based composite resins.31 In another study, it was
found that water storage for 6 months had no significant
effect on the microleakage scores with some composite
restorative system products; however, with other prod-
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ucts, significant differences were detected.32 Nevertheless,
6-months water storage can only be considered shortterm; it is possible that with long-term water storage, significantly higher microleakage scores may be encountered.
However, further research is needed in this respect.

Conclusions
Within the limitations of this in vitro study, it can be
concluded that gingival microleakage of class II composite restorations was not significantly affected by the type
of composite restoration used (i.e., bulk-fill composite or
conventional composite) even after 6 months of water
storage. Increasing the storage time from 24 h to 6 months
had no significant effect on gingival microleakage for each
of the 4 types of class II composite restorations used.
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Objectives. The aim of the research was to determine the influence of the manufacturing process of rotary files on the shaping of L-shaped canals.
Material and methods. Fifty L-shaped resin canals were instrumented (10/group) with ProTaper Universal®, ProTaper Next®, Hyflex CM®, Hyflex EDM®, or WaveOne Gold® files, with the same apical size of 25.
Each L-shaped resin canal was photographed both before and after instrumentation. Differences between
the change of the working length and apical transportation were analyzed statistically.
Results. The smallest mean loss of the working length was observed after instrumentation with Hyflex
CM files. Statistically significant differences in the working length were found between ProTaper Universal and Hyflex CM (p = 0.0032), ProTaper Universal and Hyflex EDM (p = 0.021), and ProTaper Universal
and WaveOne Gold (p = 0.0112) files. The lowest apical transportation was noted in the case of WaveOne
Gold files. In terms of apical transportation, statistically significant differences were observed between ProTaper Universal and WaveOne Gold files (p = 0.0254). Shaping L- shaped canals with the ProTaper Universal file system resulted in the greatest changes in the working length (x = 0.35 mm) and apical transportation (x = 0.034 mm).
Conclusions. The study, with its limitations, shows that in the files whose nickel-titanium alloy was subjected to a thermal treatment process, a smaller loss of the working length and lower values of apical transportation were observed.
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Introduction
The nickel-titanium alloy (nitinol) used in the production of nickel-titanium files contains approx. 56% nickel
and 44% titanium by weight, with the atomic ratio of the
elements being the same (equiatomic). In some nickel-titanium alloys, a small percentage (<2% by weight) of nickel is converted to cobalt.1 Due to the ability to change the
type of atomic bonds by the elements included in the alloy, the mechanical properties and its crystal structure
change. These changes occur under temperature and/or
stress. In dentistry, 2 characteristics of the nickel-titanium alloy are important, referred to as the shape memory
effect and pseudoelasticity.1
To improve the properties of nickel-titanium files, the
manufacturers introduce some innovations in the production process. Their purpose is primarily to decrease
the stiffness of the instruments, while increasing the resistance to cyclic fatigue, which reduces the risk of file
separation. One of the most popular processes is the heat
treatment of the nickel-titanium alloy.
The heat treatment of nickel-titanium instruments affects the temperature of phase transformations, thus determining the nickel-titanium alloy phases present in the
file at room temperature.2,3 This process can improve the
alloy properties if it is carried out in specific temperatures. Zinelis et al. showed that the heat treatment up to
430–440°C gradually increased the resistance of files to
cyclic fatigue, and machining above these temperatures
adversely affected the file properties.4
In determining the structure of nitinol, it is common
to compare the end temperature of austenitic transformation (the Af temperature) to the reference temperature.
The reference temperature is usually defined as room
temperature (37°C). In the case when the Af temperature
is lower than the reference temperature, the alloy at room
temperature will be completely in the austenitic phase.
The heat treatment process can raise the Af temperature
(45–50°C).5 This means that at room temperature the alloy can be a mixture of the martensitic phase with the austenitic phase and/or the rhombohedrally distortion of the
cubic austenitic phase (R-phase).
In 2017, a classification of nickel-titanium rotary files
into 3 generations was proposed, taking the crystallographic structure and the thermal process as the criteria
for classification.6
The 1st generation includes files in the austenitic phase,
with the Af temperature below the reference temperature (Af < 37°C).7–10 This group includes Endo Sequence®
(Brasseler, Savannah, USA) with Af = 31.13°C,9 ProFile®
(Dentsply Tulsa Dental, Tulsa, USA) with Af = 16.98°C9
and ProTaper Universal® (Dentsply Tulsa Dental) with
Af = 17°C.5
The 2nd generation includes files that contain a stable
martensite phase under clinical conditions. The heat
treatment process raises the Af temperature, producing
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a variable crystallographic percentage of martensite,
R‑phase and/or austenite around room temperature.5,11
Depending on the thermodynamic processing of the alloy
before or during production, this group includes nickeltitanium alloys referred to as M-Wire®, R-phase® and
Controlled Memory® (CM-Wire).
M-Wire was introduced in 2007 by Dentsply Tulsa Dental Specialties and its production is related to the cycles
of the heat treatment and annealing.12 This cyclic process aims to stabilize the crystalline structure of nitinol
in a martensitic state at room temperature.13,14 Various
analytical methods have confirmed that M-Wire contains
austenite, martensite and R-phase. The relative proportions depend on the processing conditions. The Af temperature of M-Wire is about 45–50°C.5 The M-Wire instruments include Dentsply Tulsa Dental Specialties files:
ProFile Vortex® (Af ≈ 50°C),9 ProTaper Next® (Af ≈ 54°C),15
PathFiles®, and WaveOne®. This group also includes Reciproc® (VDW, Munich, Germany).
Controlled Memory (DS Dental, Johnson City, USA)
was introduced in 2010. The proprietary thermo-mechanical process aims to reduce stiffness and shape
memory, raise the Af temperature to about 50°C and
achieve stable martensite phase at body temperature.16
Testarelli et al. found that CM contains a lower percentage of nickel (52% by weight).17 The CM instruments
include Hyflex CM® (Coltene Whaledent, Cuyahoga
Falls, USA) with Af ≈ 57°C18 and Typhoon CM® (Clinican’s Choice Dental Products, New Milford, USA) with
Af ≈ 55°C.19 Studies confirm that in addition to austenite
at a reference temperature, the instruments also contain
martensite and R-phase.20
The 3rd generation is nickel-titanium rotary instruments, whose alloys have been subjected to the heat
treatment after machining. The new heating process after
machining is aimed at minimizing defects that appeared
while machining and modifying the structure of the crystalline phase. After the thermal cycle, the martensitic
transformation of nitinol occurs in 2 stages (austeniteR-phase-martensite) instead of 1 (austenite-martensite).21
This group includes Dentsply Tulsa Dental Specialties: Vortex Blue®, TRU Shape®, ProTaper Gold®, and
WaveOne Gold®. The 3rd generation also includes Hyflex EDM® (Coltene Whaledent), XP-endo Shaper® (FKG
Dentaire, La Chaux-de-Fonds, Switzerland) and K3 XF®
(SybronEndo, Orange, USA).
WaveOne Gold files are created in a unique heat treatment process, prior and after file manufacturing. In the
first stage, nitinol is subjected to a special heat treatment
under constant strain (3–15 kg) in the temperature range
of about 410–440°C. Then, after machining, the instrument
is heat-treated once again at a temperature of 120–260°C.
The Af temperature is between 40°C and 60°C.22
Hyflex EDM is manufactured using electrical discharging machining (EDM). Electrical discharging machining
is a non-contact thermal erosion process used to treat
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materials with controlled electric discharges. Electric
sparks cause local melting and partial evaporation of small
portions of the material. After cutting, cleaning in an acid
bath is carried out with the use of ultrasound. The instrument is subjected to the heat treatment at a temperature
of 300–600°C before or after the cleaning process.23 The
EDM files have Af > 52°C.24
The aim of the research was to determine the effect
of the manufacturing process of rotary files on the shaping of L-shaped canals.

Material and methods
The following nickel-titanium rotary files were used in
the study: ProTaper Universal (group I), ProTaper Next
(group II), Hyflex CM (group III), Hyflex EDM (group IV),
and WaveOne Gold (group V).
Fifty blocks with L-shaped canals (Endo-Training
Blocks® 02 taper, REFA 0177; Dentsply Maillefer, Ballaigues, Switzerland) were used in the laboratory tests. The
canals were characterized by the following parameters: the
working length – 16 mm, apex size – 15 and conicity – 2%.
The blocks were randomly divided into 5 groups, 10 in
each. Before starting work with the rotary files, the working length of the canal and the apical patency were confirmed using K-file 15 (VDW). The working length was
verified with an endodontic ruler and a rubber stop. The
canals were filled with black ink. Next, the glide path and
pre-flaring were performed using PathFile® (Dentsply
Maillefer).
The canals were shaped with the nickel-titanium rotary
files in each group, respecting the sequence, speed and
torque recommended by the manufacturer. The sequence
of the files is shown in Table 1. The canals were instrumented using the TECNIKA® micromotor (Dentsply
Maillefer) in groups I–IV and the WaveOne Endo Motor® micromotor (Dentsply Maillefer) in group V. Each
file was used once and the canals were prepared to an
apical size of 25. Between using particular files, the canals were rinsed with 0.9% saline. Glycerin was used
as a lubricant and apical patency was controlled using
C-pilot 10 (VDW).

The resin blocks were fixed in a constant position and
photographed before and after preparation. Photographs
were saved as JPEG files and were superimposed using the
GIMP 2.6® program (https://www.gimp.org/downloads/).
The change in the working length and apical transportation were evaluated.
The working length after shaping the canals was measured with an endodontic ruler, using a magnifying
glass with an accuracy of 0.25 mm. There was a change
in length in relation to the previously confirmed length
of the canal (16 mm). Apical transportation, i.e., the
shift of the apex to the outer or inner side, was assessed by determining the difference between the average amount of the material removed from the external
wall of the canal and the average amount of the material removed from the internal wall (1 measuring point

Fig. 1. Measurement of apical transportation

Table 1. Sequence of files, speed and torque
Sequence, speed
and torque

ProTaper Universal
group I

Sequence of files

Sx (19/.04) orifice preparation
S1 (18/.02) 2/3 WL (11 mm)
S2 (20/.04) 2/3 WL (11 mm)
F1 (20/.07) 16 mm
*F2 (25/.08) 16 mm

ProTaper Next
group II

Hyflex CM
group III

Hyflex EDM
group IV

WaveOne Gold
group V

X1 (17/.04) 16 mm 25/.08 1/3 WL (5 mm) *25/.08 (Hyflex One File) 16 mm *25/.07 (Primary) 16 mm
*X2 (25/.06) 16 mm 20/.04 16 mm
*25/.04 16 mm

Speed [rpm]

300

300

500

500

reciprocating motion

Torque [Ncm]

2.5

2.5

2.5

2.5

–

Glide path: path files – P1 (13/.02), P2 (16/.02); WL = 16 mm; WL – working length; Sx, S1, S2, F1, F2, X1, X2 – files used in the sequence;
* files used as the last.
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for the outer and inner canal walls, respectively) (Fig. 1).
If the result was negative, the apex moved toward the
inner wall of the canal, and thus a positive result meant
transport to the outer wall.
The results obtained were subjected to statistical
analysis. For variables, average measurements were calculated: the arithmetic mean (x), the median (Me) and
the scattering pattern – standard deviation (SD). Then,
the compatibility of distributions of the variables analyzed with the normal distribution was checked using
the Shapiro–Wilk test. Due to the deviation of distributions from normal distributions, the nonparametric
Kruskal–Wallis test was performed to compare many
means. The Dunnett multiple comparison test was used
to compare the means with post-hoc pairs. The analysis
was carried out using the STATISTICA v.12 PL® program (StatSoft Sp. z o.o., Kraków, Poland). The level
of significance was set at p < 0.05.

Results
Changes in working length
The mean loss of the working length is shown in Fig. 2.
The largest loss of length was found after shaping
with ProTaper Universal file (0.35 ±0.17 mm), followed
by ProTaper Next (0.25 ±0.17 mm), Hyflex EDM (0.175
±0.17 mm), WaveOne Gold (0.15 ±0.17 mm), and Hyflex
CM (0.125 ±0.18 mm).
The pairwise comparison showed a statistically significant difference in the change in the canal working length
between ProTaper Universal and Hyflex CM (p = 0.0032),
ProTaper Universal and Hyflex EDM (p = 0.021), and ProTaper Universal and WaveOne Gold (p = 0.0112) files.
Thus, the change in the working length of the canal was
significantly lower when using Hyflex CM, Hyflex EDM
and WaveOne Gold files as compared to ProTaper Universal.
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Apical transportation
The mean apical transportation is shown in Fig. 3.
The mean apical transportation for WaveOne Gold was
0.001 ±0.024 mm, for Hyflex CM – 0.014 ±0.027 mm,
for Hyflex EDM – 0.017 ±0.034 mm, for ProTaper Next
– 0.022 ±0.030 mm, and for ProTaper Universal – 0.034
±0.017 mm.
Analyzing the results of transport for individual groups,
in WaveOne Gold files, the apex was transported to the
outer wall in 6 cases and to the inner wall in 4 cases. In the
Hyflex CM and Hyflex EDM groups, the transport was
found on the external wall in 8 cases and on the internal
wall in 2 cases. For the ProTaper Next group, the apex was
transported to the outer wall in 7 cases, and in 3 cases
to the inner wall. In 9 ProTaper Universal cases, the apex
was transported to the external wall and in 1 case to the
internal wall.
The comparison of apical transportation in pairs
showed a statistically significant difference only between
ProTaper Universal and WaveOne Gold at p = 0.0245. The
value of apical transportation was significantly higher in
the case of canals shaped with ProTaper Universal files as
compared to WaveOne Gold ones.

Fig. 3. Average apical transportation [mm]

Discussion

Fig. 2. Average change of the working length [mm]
SD – standard deviation.

In the studies, 2 models are commonly used for the
comparison of root canal shaping: resin blocks or roots
of extracted teeth.25–27 In the present study, the authors
decided to use the blocks to evaluate the parameters. In
these blocks, canals have precisely defined parameters,
such as shape, size, conicity, and degree of curvature.
Therefore, the experimental conditions are repeatable,
and the only variables are the method of canal preparation
and the experience of the operator.26 Due to transparency, the blocks can be easily compared, which makes the
measurements and calculations precise and accessible.
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However, they do not reflect the anatomy of natural
teeth and the analysis of the parameters studied takes
place in 2 dimensions.27 Another disadvantage is the
fact that the test blocks are made of resin, i.e., a material
with mechanical parameters completely different from
those of dentin. According to González Sánchez et al.,
the difference in hardness between dentin and resin can
affect the results of clinical work.25 It should also be emphasized that during operations with rotary files, heat is
generated, which may contribute to the softening of the
resin material, thus leading to inefficient shaping.25,26
In conclusion, resin blocks are selected for testing, as
the same conditions are provided for each instrument
assessed. In the case of human teeth, due to the complex anatomy of root canals, it is difficult or impossible
to achieve the same experimental settings. The results
of tests on resin blocks can therefore be compared, although they cannot be directly transferred to the evaluation of files in clinical situations.
To evaluate the effectiveness of canal preparation with
endodontic files, the study compared the loss of the working length and apical transportation.
When comparing the shaping ability, it is important to
maintain the same apical size.28 In all the groups examined, the last used file had the same size on the tip – 25.
The files differed only in conicity. In the case of groups I
(ProTaper Universal) and IV (Hyflex EDM), the conicity
was 8% (0.08). The last file used in group V (WaveOne
Gold) was characterized by conicity of 7% (0.07), in group
II (ProTaper Next) – 6% (0.06) and in group III (Hyflex
CM) – 4% (0.04). During the research, none of the instruments was broken.
Modern rotary files are made of the nickel-titanium alloy, which over the years has been subjected to numerous
modifications, both in the process of mechanical manufacturing and final machining. Manufacturers, through
the introduction of modern technologies, influence the
parameters of the traditional nickel-titanium alloy. The
changes introduced are primarily aimed at reducing the
stiffness of nickel-titanium files with an increase in their
resistance to cyclic fatigue.
In the literature, there are more and more studies comparing the shaping of canals by means of nickel-titanium
files subjected to various heat treatment processes.29,30
Gu et al., in their study comparing Twisted Files®
(SybronEndo) (R-phase), WaveOne (M-Wire), Hyflex CM,
and V Taper 2H® (SS White Dental Inc., Lakewood, USA)
(CM-Wire), showed that the highest apical transportation
of S-shaped canals was observed in the Twisted Files (TF)
group.29 It should be noted that the authors chose files
classified into the same, 2nd generation. According to the
study, the higher apical transportation is the result of the
lower transformation temperature (Af) for TF (Af < 20°C)
in comparison with other files (Af ≈ 50°C). Twisted Files
are stiffer and contribute to greater changes in the apical
region.29
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The study of Liu et al. compared the shaping ability of ProTaper Universal (1st generation), ProTaper
Next (M-Wire, 2nd generation), Hyflex CM (CM-Wire,
2nd generation), Reciproc (M-Wire, 2nd generation), and
TF Adaptive® (SybronEndo) (2nd generation – the newly
introduced TF Adaptive system uses en existing file set
called Twisted Files in conjunction with the new Elements
Motion featuring Adaptive Motion) in L-shaped canals.
The results showed that less apical transportation was observed in the case of files whose nickel-titanium alloy was
subjected to the thermal treatment process.30
In the present study, files from all generations included
in the classification were used. The 1st one comprises
ProTaper Universal, the 2nd – ProTaper Next (M-Wire)
and Hyflex CM (CM), and the 3rd – Hyflex EDM and
WaveOne Gold. Lower values of apical transportation
and loss of the working length were observed after instrumentation with files that are characterized by lower
stiffness (the 2nd and 3rd generation). ProTaper Universal,
with Af = 17°C, at room temperature (37°C) are in the
austenitic phase and are characterized by greater stiffness. Other files, due to Af > 37°C, are characterized by
lower stiffness. In the study, files whose nickel-titanium
alloy was subjected to the thermal treatment process better maintained the original course of the canal and contributed to a smaller loss of the working length and apical
transportation.

Conclusions
The study, with its limitations, shows that in the files
whose nickel-titanium alloy was subjected to the thermal
treatment process, a smaller loss of the working length
and lower values of apical transportation were observed.
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Results. An analysis of the obtained results showed no statistically significant differences between
the BEGO Wirolyt® electrolytic polishing liquid (WB) and experimental electrolytes K15, K8 and K13, all
of which were significantly better than the Dentaurum Electrolyt® polishing solution (ED). The microscope
images indicated differences in the surface structure of the samples; in the SEM images, inclusions were
also visible.
Conclusions. The experimental electrolytes did not differ in quality from one of the name-brand electrolytes and were even better than the other one. The obtained surface roughness values (Ra) did not differ
significantly from those achieved by other researchers.
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Introduction
To fabricate some prosthetic restorations, such as metal
alloy frameworks for removable partial dentures (RPDs),
casting techniques must be used. The processing of metal
alloys involves many physical and chemical phenomena,
which may result in difficult to remove defects in the form
of excessive roughness and pits, occurring on the surface
of the cast. One of the reasons why such defects occur is
the mechanical penetration of the liquid metal into the
pores in the molding mass.1,2
Once punched out of the casting ring, the cast has to
undergo mechanical and electrolytic polishing. Mechanical polishing is done with tungsten-carbide grinding discs
and corundum stones, followed by sandblasting to remove the residues of the molding mass.3 The sandblasting
and grinding processes may cause friction and temperature increases, and thus promote disturbances in the internal structure of the alloy, which may give rise to areas
of a heterogeneous structure. A common defect is surface
deformation, i.e., a thin layer of a deformed crystalline
structure and highly refined (disintegrated) grains, which
can result in the formation of a local corrosion center and
cause corrosion of the alloy.4 In the available literature,
there are papers about the influence of cast quality on the
strength of metal RPD clasps.5–8
The next step of the cast finishing procedure is electro
polishing. The electrolytic polishing process is carried out
in an electrolyte solution, containing sulfuric acid and other
substances.9 Properly conducted, the electrochemical procedure removes oxides, reduces corrosion, releases metal
ions, and enhances the strength of the alloy, but it does not
result in a high gloss or optimal smoothness.10,11 Adequate
electropolishing also makes the final polishing easier to carry
out. The final stage of the cast finishing procedure is polishing with a rubber point, polishing paste for alloys, and steam
or detergent. According to the aforementioned study by
Jang at al., as well as Kuhar and Funduk, after the final stage,
the average roughness value (Ra) of 0.2 μm or less is clinically
satisfactory, as this rugosity will collect only a small amount
of plaque.2,12 In agreement with this, Bollen et al. define
Ra = 0.2 μm as “the threshold Ra”, and report a clear reduction in the amount of biofilm deposited below this value.13
To obtain the optimal smoothness, good casting quality is required. The lowest possible Ra values must be
achieved by electropolishing and the final machining
must be carried out correctly. In dental materials, smooth
surfaces result in easy surface cleaning and less microbial
accumulation, which means that the surface roughness
of the materials is important for the long-term clinical
performance of dental restorations.14
Due to the shortage of papers evaluating the influence
of various electrolytic polishing parameters on the quality of cast surfaces, and the lack of information on the
full composition of name-brand electrolytes, the authors
decided to develop their own electrolytes and investigate
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the influence of selected process parameters (temperature,
time and current) on the resulting surface smoothness
of the cobalt-chromium-molybdenum (CoCrMo) alloy.

Material and methods
Wironit® Extrahard CoCrMo alloy (BEGO, Bremen,
Germany) was chosen for the study. Three experimental
electrolytes − K8, K13 and K15 − were formulated, containing, by weight, 8.6%, 13.5% and 15.8% sulfuric acid,
91%, 85.8% and 83.4% ethylene glycol, and 0.4%, 0.7% and
0.8% water, respectively. The 2 name-brand electrolytes
selected for use in the study were Electrolyt® (Dentaurum,
Ispringen, Germany) (ED) and Wirolyt® (BEGO) (WB).
A total of 25 samples, 63 mm × 10 mm × 1 mm in size,
were molded from casting wax and subsequently turned
into CoCrMo alloy samples, cast in a Nautilus® casting
machine (BEGO), using the lost wax technique.
The samples were shaped using metal cutters and carborundum stones and separators to remove the excess metal
and casting channels. Next, they were sandblasted with
aluminum oxide and subjected to electrolytic polishing.
The electrolyte was then poured into an electrolysis cell
and heated to an appropriate temperature. The prepared
samples were placed in the electrolysis cell as an anode. Its
potential was measured relative to the calomel electrode,
which was as close as possible to the anode. Electrolysis
was carried out for successive anode potential values. It was
found that after about 5 min, the current was stabilized.
This value was taken as the electrolysis current. The measurements were performed between the 5th and 15th minute
of anodic dissolution, varying the temperature from 25°C
to 60°C (35°C for the name-brand electrolytes) and varying
the potential of the electrode from 1.2 V to 7.0 V in 0.2-volt
steps. The course of the curves indicated the anode potential value above which electrolytic polishing occurred.
In the case of the name-brand electrolytes, a potential
of 12 V and a temperature of 35°C were selected on the
basis of the obtained potentiostatic curves. Electrolytic
polishing was carried out for 12 min. (The electrolyte
manufacturers recommend polishing for 5–15 min at
a temperature of 20–40°C and at a current of 2–2.5 A.)
Once the polishing was completed, each sample was
washed with distilled water and then with acetone, and finally dried with compressed air. The surfaces of the samples were analyzed using an Alpha-Step® 200 profilometer
(KLA-Tencor Corp., Milpitas, USA). The Warsaw University of Technology Nikon® E995 optical microscope (Nikon
Corp., Tokyo, Japan) and the Quanta® 200 scanning electron
microscope (SEM) (FEI Company, Hillsboro, USA) were
used to examine the structure of the surfaces. The results
obtained were subjected to statistical analysis using STATISTICA v. 13.1 software (StatSoft Inc., Tulsa, USA). Ten
pairwise comparisons were done using Student’s t-test with
Bonferroni corrections, so the critical p-value was 0.005.
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Results

The obtained microscope images indicated differences in the surface structure of the samples, and in the
SEM images inclusions were also visible. Figure 1 shows
a SEM image of a sample after electrolytic polishing with
WB; there are visible inclusions on the surface.

The data from the profilometer are presented in Table 1.
The lowest Ra values were obtained for:
– WB: the average value of the current density at 35°C
amounted to 49.42 mA/cm2 for the potential range
3.2–3.6 V;
– K15 solution: the average value of the current density at 25°C amounted to 17.47 mA/cm2 for the potential range 2.2–2.7 V, at 40°C, the average value
was 49.81 mA/cm2 for the potentials 2.6–3.2 V, and
at 60°C, it was 131.97 mA/cm2 for the potentials
3.1–3.8 V;
– K8 solution: the average value of the current density at
25°C amounted to 60.49 mA/cm2 for the potential range
3.2–4.0 V, at 40°C, the average value was 99.09 mA/cm2
for the potentials 3.8–4.4 V, at 60°C, it was 185.68 mA/cm2
for the potentials 4.6–5.0V;
– K13 solution: the average value of the current density at
25°C amounted to 34.58 mA/cm2 for the potential range
2.6–3.4 V, at 40°C, the average value was 71.78 mA/cm2
for the potentials 2.8–3.6 V, at 60°C, it was 154.87 mA/cm2
for the potentials 3.4–4.2 V;
– ED: the average value of the current density at 35°C
amounted to 34.23 mA/cm2 for the potential range
2.8–3.4 V.
The results of the statistical analysis are presented in
Table 2.

Discussion
Current density, time, temperature, and surface size
of the object are parameters that determine the rate of electrolysis.6 Research conducted under the same conditions

Fig. 1. Sample surface polished with WB

Table 1. Roughness values (Ra) of the tested samples [μm]
Electrolyte

Sample 1

Sample 2

Sample 3

Sample 4

Sample 5

Mean

Standard deviation

WB

0.868

0.793

0.542

0.845

0.821

0.774

0.133

ED

1.255

1.321

1.184

1.413

1.229

1.280

0.089

K8

0.926

1.020

1.032

0.905

0.842

0.945

0.080

K13

1.014

1.018

0.911

1.172

0.908

1.005

0.108

K15

0.808

0.816

0.826

1.008

0.912

0.874

0.086

group 1
n

group 2
n

WB – Wirolyt (BEGO); ED – Electrolyt (Dentaurum); K8, K13, K15 – experimental electrolytes.
Table 2. Student’s t-test for comparisons of 10 pairs (the significance level is 0.005)
Group 1 vs
group 2

Samples treated as independent variables
group 1 average group 2 average

t

df

p-value

WB vs ED*

0.7738

1.2804

−7.09097

8

0.000103

5

5

WB vs K8

0.7738

0.9450

−2.47061

8

0.038674

5

5

WB vs K13

0.7738

1.0046

−3.02205

8

0.016508

5

5

WB vs K15

0.7738

0.8740

−1.41921

8

0.193605

5

5

ED vs K8*

1.2804

0.9450

6.25116

8

0.000245

5

5

ED vs K13*

1.2804

1.0046

4.41084

8

0.002254

5

5

ED vs K15*

1.2804

0.8740

7.34460

8

0.000080

5

5

K8 vs K13

0.9450

1.0046

−0.99232

8

0.350103

5

5

K8 vs K15

0.9450

0.8740

1.35161

8

0.213473

5

5

K13 vs K15

1.0046

0.8740

2.12130

8

0.066690

5

5

t – according to Student’s t-test; df – degrees of freedom for each comparison (df = the number of samples in both groups − the number of groups;
df = 5 + 5 − 2 = 8); * significant comparisons.

398

as the present study have shown that the current density
values for the same anode potentials differ depending on
the electrolyte temperature and composition.15,16 The potential level at which the polishing process begins increases
along with the decreases in the sulfuric acid concentration
in the electrolyte solution and the increases in the electrolyte temperature. Based on the statistical analysis of the
profilometer results, there were no statistically significant
differences between electrolytes WB, K15, K8, and K13, all
of which were significantly better than ED.
All the obtained images showed heterogeneity and inclusions on the surfaces of all the CoCrMo alloy samples
after electrolyte polishing. Numerous studies on Co-Cr
alloys have revealed that their structure is predominantly
characterized by the presence of large grains, which is associated with lower mechanical and physical properties,
such as compressive strength, tensile strength and flexibility.17,18 An analysis of the alloy microstructure showed that
there were smaller grains in the thinner parts and larger
grains in the thicker ones. This is due to the faster cooling of the thin parts, which disenables grain growth.17,19
Intermetallic precipitations were also observed at the
boundary planes of the grains. They form clusters of trace
amounts of elements such as Cr, Ni, Mo, and W, and can
lower the tensile and compressive strength.20,21
The results of studies by Taylor et al. and Aydin, obtained using other research methods, were similar to
those of the present study.22,23 Taylor et al. examined
the surface of CoCrMo alloy samples, sandblasted using
Al2O3, and then polished in the Metrodent® electrolyte
(Metrodent Ltd., Lowergate Works, Lowergate Paddock,
Huddersfield, UK) . The Ra values obtained in the tests
amounted to ≈1.87 μm.22 On the other hand, Aydin investigated the surface roughness using a perthometer. The
average Ra value he obtained was 1.884 μm.23
The roughness of a metal surface is an important factor influencing the deposition of biofilm on a denture.20,24 Rough
surfaces of dental materials near the gingiva make a suitable
location for microbial accumulation. Microbes penetrate
the recesses and unevenness of the surfaces and are often
not sufficiently removed during hygienic procedures; consequently, they become attached to the denture.1 Excessive
surface roughness is therefore a significant cofactor in the
pathogenesis of denture stomatitis.25 The surface roughness
of a casting after electropolishing is almost 10 times higher
than the level considered optimal, so final polishing is required before giving the restoration to the patient.

Conclusions
The experimental electrolytes did not differ in quality
from one of the name-brand electrolytes and were even
better than the other one. The obtained surface roughness
did not differ significantly from that achieved by other researchers.
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Objectives. The objective of this study was to compare some oral health parameters and oral health-related behaviors of 15-year-olds within the past 7 years.
Material and methods. In 2008 and 2015, nationwide surveys on oral health condition involving
15-year-olds were carried out in Poland. Sampling and clinical examinations were performed according
to the World Health Organization (WHO) criteria, which were extended with a questionnaire concerning
pro-health behaviors.
Results. Caries prevalence and severity turned out to be a constant, as neither a significant reduction in the
proportion of caries-affected adolescents (94.0% vs 94.0%) nor in the decayed, missing and filled teeth
(DMFT) (5.96 vs 5.65), DT, FT, and significant caries (SiC) index values was found, except for a decline in
MT (0.17 vs 0.07; p < 0.05). The periodontal condition revealed deterioration, since some increase in the
percentage of adolescents with gingival bleeding (34.2% vs 37.4%), shallow pockets (0 vs 2.8%) and loss
of attachment (0 vs 1.3%), and a decrease in the mean number of sound sextants (4.85 vs 4.21; p < 0.01)
were noticed. Moreover, fewer adolescents declared brushing their teeth at least twice a day (77.8% vs
66.7%; p < 0.001).
Conclusions. The high and constant prevalence of caries and deterioration of the periodontal condition indicate a significant burden on the oral health of adolescents. To improve this situation, the implementation
of proper age-oriented oral health programs is needed.
Key words: adolescents, caries prevalence, periodontal condition
Słowa kluczowe: młodzież, występowanie próchnicy, stan przyzębia
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Introduction
The World Health Organization (WHO) defines adolescents as subjects between 10 and 19 years of age. Adolescence is the phase of life in which individuals are in
biological, psychological and social development, and assume adult roles.1 Overall, they present the best general
health. However, there is some increase in the risk to oral
health in this period of life, since adolescents are more
independent regarding the consumption of sugary food
and beverages, and can be reluctant to apply oral hygiene
procedures systematically. Therefore, it is a period of life
requiring special attention.
Dental caries and periodontal diseases, being the main
oral diseases, are widespread in various populations, and
are age-related and cumulative diseases. Therefore, for
national and international comparisons of oral health in
the populations, the WHO recommends the examination of the specific age groups. Among adolescents, the
individuals at the age of 12 and 15 years constitute the
selected age groups. The most often examined age group
are 12-year-olds due to the likelihood of having all the
permanent teeth, with the exception of the third permanent molars, and because of being easily available for oral
examination on the primary school basis. Therefore, this
age group has been chosen as the global indicator. However, individuals at the age of 15 are also valid, because
they have all their permanent teeth erupted, except for
the third molars, and exposed to the oral environment for
3–9 years, and they have established oral hygiene and dietary habits. Thus, it makes the assessment of caries and
periodontal diseases relevant and important.2
Dental caries is a chronic and multifactorial disease, developing the most frequently in children and adolescents,
still people remain vulnerable to the disease for their
whole lives. However, it is a preventable disease, because
it can be stopped or even reversed at its early stage with
the use of simple measures, i.e., by dental biofilm removal,
reduction of sugary food consumption and topical fluoride applications. A number of factors have been recognized to have a modulating effect on oral health, among
others, behavioral ones (e.g., proper tooth brushing, use
of fluoridated toothpaste, reduction of consumption
of fermentable carbohydrates), oral health-related knowledge, regular dental check-ups, the socioeconomic status,
and ethnicity.3–5 Caries prevalence among 15-year-olds
is very differentiated, ranging from 21.9% to 97.6% of affected subjects with the involvement of 0.7 (Malawi) to 8.1
teeth (Latvia).6,7
At this age, periodontal diseases occur less frequently compared to dental caries. The data from the WHO
Periodontal Profile showed that acute gingivitis occurred
predominantly, manifesting itself as bleeding on probing,
present in 1% (Benin, 2003) to 51% of subjects (Germany,
2005). Calculus was noticed in 13.0% (Djibouti, 1988) to
92% of subjects (Kyrgyzstan, 1987). The presence of gin-
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gival pockets was quite low, and was noted for 0 (Benin,
2003; Spain, 2005; Namibia, 2013) to 15% of subjects (Belarus, 2000/1). Healthy periodontium was observed in 0
(Belarus, 2000/1) to 46% of subjects. (Benin, 2003).8
The aim of the study was to compare some oral health
parameters and oral health-related behaviors of 15-yearolds within the past 7 years.

Material and methods
Data for the analysis was obtained from 2 cross-sectional nationwide surveys, which were conducted in 2008
and 2015; both entitled Monitoring of Oral Health.9,10
The population groups were selected by a 3-stage cluster sampling procedure, including 1,839 subjects in 2008,
living in urban and rural areas of 16 provinces, and 615
subjects in 2015 from urban and rural areas of 3 provinces situated in western, central and eastern parts of Poland. Despite the 3-fold lower number of the examined
individuals in the 2nd survey, a sample of about 600 subjects presented the minimum representative sample size.
It was calculated taking into account the data on the total
number of 15-year-olds retrieved from the Statistics Poland (Demographic Yearbook of Poland 2014) and caries
prevalence in this age group in Poland (90% ±2.5% error
tolerance at 95% confidence interval (CI)). The participation in both surveys was voluntary. The examined groups
in 2008 and 2015 comprised approximately equal numbers of males and females (46.0% and 54.0% vs 40.7% and
59.3%, respectively) and similar numbers of residents
of urban and rural areas (47.7% and 52.3% vs 54.3% and
45.7%, respectively). In both surveys, the inclusive criteria
were the same, i.e., the age of 15 years, the parents’ signed
consent, a completed questionnaire, and the compliancy
of the adolescent. Likewise, the exclusive criteria were the
opposite: age of less or more than 15 years, no parental
signed consent, an uncompleted questionnaire, and an
uncooperative attitude of the adolescent. Finally, the adolescents were enrolled in the survey based on school class
attendance.
Both surveys consisted of clinical oral examination and
a structured questionnaire; however, the items in these
questionnaires were slightly different. Therefore, it was
possible to compare only the same parameters, contained
in both surveys.
The oral examination was conducted with the use
of artificial light, a plane mirror and a ball-ended dental probe (WHO-621 periodontal probe) by the dentists
who had been trained and calibrated. In each subject,
the parameters of oral health condition were recorded
according to the WHO criteria.2,11 Dental caries was diagnosed at the cavitation level. Caries experience was
registered in terms of the decayed, missing and filled
teeth (DMFT) index value and its components, as well
as the significant caries (SiC) index. The CARE-Index
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(FT / DMFT × 100%), assessing the proportion of teeth
that have received restorative care, was calculated.
In 2008, the periodontal status was assessed according
to the community periodontal index (CPI) criteria, registering the condition around the index teeth in 6 sextants
as sound, bleeding on probing, presence of calculus, shallow and deep periodontal pockets, and loss of epithelial
attachment.9,11 In the 2nd study, the periodontal condition
was assessed using the modified CPI, which registered
bleeding on probing and the depth of pockets around all
the examined teeth, as well as loss of epithelial attachment.2,10
The self-reported questionnaire in both studies contained the same items regarding the frequency of tooth
brushing, consumption of sugary beverages, the date
of the last dental visit, counseling obtained from the dentist, self-assessment of oral health, and 3 questions concerning the oral health-related knowledge:
– Does caries develop more quickly in children and adolescents than in adults?
– If parents have a great number of carious lesions, will
their children also have dental caries, no matter if they
take care of their teeth or not?
– Does fluoride use make the enamel resistant to caries?
Both surveys received the consent of the Bioethics
Committee of the Warsaw Medical University of July 20,
2008 and August 18, 2015.
Statistical analysis of the data was carried out using the
2
χ test at a significance level of p < 0.05 in Statistica v. 10.0
software (StatSoft Polska Sp. z o.o., Kraków, Poland).

Results
The percentage of caries-affected subjects remained at
the same level of 94.0%. The mean caries level expressed
as mean DMFT decreased by about 6%. The SiC index
was over 2.5-fold higher than DMFT for the remaining
2/3 of adolescents in both surveys. Some slight changes
were observed in DT, MT and FT components. In 2015,
the mean DT value increased by about 8% in comparison
to 2008. The FT value declined by about 7%. The value
of the CARE-Index remained nearly the same. However,
the mean number of missing teeth was reduced significantly, over 2-fold (Table 1).
The percentage of children with at least 1 tooth extracted due to caries was reduced nearly by a half. However,
the percentage of adolescents with DT ≤ 1 and with at
least 1 tooth sealed increased slightly. On the other hand,
the percentage of adolescents with DT ≥ 1 and at least
1 tooth with pit and fissure sealant rose slightly. The mean
number of teeth with pit and fissure sealants in the subjects was reduced (Table 2).
The periodontal condition seemed to deteriorate, as evidenced in the 2nd survey. The frequency of gingival bleeding (3.2%), shallow gingival pocket (2.8%) and loss of attachment (1.3%) increased. The mean number of sound
sextants decreased significantly (Table 3).
Within the past 7 years, the percentage of adolescents
who declared brushing their teeth at least twice a day diminished significantly from 77.8% to 66.7%. In contrast,
the percentage of the subjects cleaning their teeth once

Table 1. Means of the decayed, missing and filled teeth (DMFT) index values and DMFT components
Survey
2008

DMFT

DT

MT

FT

SiC

DMFT for 2/3

CARE-Index

5.96

2.03

0.17

3.76

10.08

3.67

63.1

2015

5.65

2.20

0.07

3.48

9.96

3.56

60.5

p-value

>0.05

>0.05

<0.05*

>0.05

>0.05

>0.05

>0.05

SiC – the significant caries index; * statistically significant difference.
Table 2. Percentage of subjects with at least 1 decayed, missing or sealed tooth
Survey

At least 1 tooth
with decay

missed due to caries

with pit and fissure sealant

Mean number of teeth with pit and fissure
sealant in the subjects with sealed teeth

2008

60.7

10.8

19.7

3.09

2015

62.8

5.0

21.1

2.20

p-value

>0.05

<0.001*

>0.05

<0.05*

* statistically significant difference.
Table 3. Periodontal condition of the subjects
Survey

Percentage of subjects according to the periodontal condition
loss of attachment (4–5 mm)

Mean number
of sound sextants

0

0

4.85

2.8

1.3

4.21

–

<0.01*

sound

bleeding on probing

2008

63.1

34.2

2015

58.5

37.4

p-value

>0.05

>0.05

–

* statistically significant difference.

shallow pockets (4–5 mm)
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a day increased significantly (from 16.8% to 26.2%) and
the percentage of those brushing their teeth sporadically
rose slightly (from 5.4% to 7.1%). Frequent consumption
of sweetened beverages remained on the same level (20%).
Slightly more adolescents reported having at least 1 dental appointment during the last 12 months. Regarding
the counsel offered by dentists, the 2nd survey indicated
that they paid less attention to simple domestic preventive measures recommended to their young patients, especially cariostatic dietary habits, the use of fluoridated
toothpaste and a schedule of check-ups, appropriately to
the risk of caries.
Oral health-related knowledge in 2015 seemed to be
more widespread. Approximately 7% more adolescents
answered all 3 questions correctly. However, significantly
fewer of the surveyed believed that fluoride makes dental
enamel resistant to caries. In the 2nd survey, the adolescents assessed the condition of their teeth more realistically, as fewer of them considered it very good or good
(Table 4).

Discussion
The comparison of the nationwide epidemiological
data within the period of 7 years indicated that dental
caries still remains a great burden in the Polish population at the age of 15 years. The caries level seemed to be
steady. The only positive change was a significant diminution in the MT value and over a 2-fold reduction in
the percentage of youth with at least 1 missing tooth due
to caries. In contrast to our data, a substantial reduc-

tion of dental caries in other countries was observed. In
the period from 1993 to 1998, 14.4% increase in cariesfree 15-year-olds and ca. 22% decrease in DMFT (from
5.60 to 4.33) in Slovenia was noticed.12 In Switzerland, in
the canton of Zürich, the DMFT value also decreased by
ca. 22%, from 2.02 in 1996 to 1.58 in 2000,13 and in the
canton of Basel-Landschaft by ca. 43% from 3.3 in 1977
to 1.72 in 2011.4 However, in Lithuania, after some drop
in DMFT between 1983 and 1995 (from 6.42 to 6.07),
a slight increase was noticed in the last study (5.39 in
2000 vs 5.58 in 2005).14 In Australia, the mean DMFT
values for 14- and 15-year-olds have remained fairly stable over the last decade.15
The SiC index below 5 was suggested by Marthaler et al.
to be the global goal for the 15-year-olds.13 In Switzerland, the SiC index value dropped from 4.91 in 1996 to
4.31 in 2000.13 However, Waltimo et al., studying Swiss
and foreign children, noticed a slight increase in the SiC
index value from 3.94 in 2006 to 4.39 in 2011 (ca. 10%)
after a decrease in the previous years.4 In contrast, our
data presented almost no change in this index value
within the last 7 years. The improvement of dental health
was explained by the effectiveness of the preventive programs implemented in those countries.4,12,13 In Poland,
dental care for individuals up to the age of 18 years is
free. Therefore, each child can benefit from routine dental treatment and preventive measures, including pit
and fissure sealant placement on first permanent molars
and the application of fluoride varnish every 3 months,
check-up oral examinations with oral hygiene instruction twice a year, some preventive packages directed to
specific age groups, as well as supervised tooth brushing

Table 4. Behaviors, oral health-related knowledge and self-assessment of dental health
Parameters

Frequency of tooth brushing

Consumption of sugared beverages
Last dental visit

Advice received from a dentist regarding

Oral health knowledge (correct response)

2015

p-value

at least twice a day

77.8

66.7

<0.001*

once a day

16.8

26.2

<0.001*

less frequently

5.4

7.1

>0.05

at least once a day

20.0

20.1

>0.05

less frequently

80.0

79.9

>0.05

within 12 months

77.8

81.1

>0.05

over 12 months ago

22.2

18.9

>0.05

cariostatic dietary regimen

17.9

11.7

<0.001*

teeth cleaning

39.0

38.5

>0.05

fluoridated toothpaste use

29.0

10.4

<0.001*

schedule of check-ups

54.9

46.5

<0.001*

question 1

66.4

67.6

>0.05

question 2

47.5

77.4

<0.001*

question 3

65.5

54.5

<0.001*

very good/good
Self-rated dental health

Survey
2008

satisfied
poor

Data expressed as percentages; * statistically significant difference.

82.4

64.0

<0.001*

no data

27.2

–

17.6

8.8

<0.001*
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with the use of fluoride gel in primary schools. However,
such availability of dental care did not yield the expected
satisfactory results.
In caries prevention, the efficacy in caries prevention of the sealants placement on occlusal surface of the
most caries-prone permanent first molars has been indicated.16,17 In countries with low caries prevalence, like
Denmark, ca. 2/3 of 15-year-old adolescents had at least
1 sealed molar.18 In both our surveys, the percentage of adolescents with at least 1 tooth sealed was lower and almost
the same in 2008 and 2015. A similar proportion of Polish
and English 15-year-olds revealed the presence of pit and
fissure sealants (21.1% vs 22.0%), but the percentages were
higher in the case of adolescents from Wales and Northern Ireland (28.0% and 34.0%, respectively).19 In Greece,
only 8.0% of 15-year-olds had at least 1 sealed molar. This
has been attributed to the lack of public awareness and
dentists not being convinced of the usefulness and effectiveness of pit and fissure sealants in caries prevention.20
The comparison of data from both our surveys revealed
some deterioration in the periodontal condition, as we observed a slight increase in the frequency of gingival bleeding and the occurrence of shallow gingival pockets, loss
of epithelial attachment and a significant reduction in the
mean number of sextants with sound periodontium. The
proportion of 15-year-olds with gingival bleeding varied
in different countries from 25% to 92%.5,7,19,21–23 Gingival
bleeding evaluated by the application of a periodontal
probe around 6 index teeth within 10 years (2003–2013)
decreased in England (from 45% to 40%) and Northern
Ireland (from 44% to 41%), but increased in Wales (from
37% to 42%).19 However, taking into consideration our
data, the occurrence of shallow pockets was greater than
in Greece – 0.2%23 and smaller than in Georgia – 35.36%.22
The proportion of Polish adolescents who reported
brushing their teeth twice a day or more often was higher
in 2008 than in 2015. In contrast, in England, Wales and
Northern Ireland, it increased from 80% in 2003 to 85% in
2013.24 In 2015, dental floss was used by 46.5% of Polish
adolescents and 11.4% of them declared using sugar-free
chewing gums.10 In comparison to those figures, 15-yearolds living in England, Wales and Northern Ireland used
dental floss less frequently (21%) and more often chose
sugar-free chewing gum (34%).24
The exemplary sugary products were different in both
our studies; therefore, we could not make any comparison.
We were able to compare only the frequency of sweetened
beverage consumption on the level ‘at least once a day’,
which turned out to be the same. In contrast to our data,
fewer adolescents living in England, Wales and Northern
Ireland (14%) reported consumption of sugary drinks
4 or more times a day. In England, Wales and Northern
Ireland, 86% 15-year-olds reported that during the last
dental appointment they were provided with preventative counseling.24 A retrospective evaluation of the provision of different types of preventive care for 15-year-olds
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in Australia revealed that only 7.9% of them were provided
with dietary advice and 14.3% with oral hygiene instruction.25 Our surveys also revealed that dentists in Poland
rarely offered preventative counseling to their patients.
A decreased percentage of adolescents were informed
about the benefits of fluoride in toothpaste and got dietary counseling. This implies the need to strengthen
guidance concerning the preventive role of dentists working in primary dental care units.
In the 2nd survey compared to the 1st one, the adolescents more realistically assessed the condition of their
teeth, as fewer of them recognized it as very good or good
(64.0% vs 82.4%). The national surveys conducted in England, Wales and Northern Ireland indicated the percentage of 15-year-olds satisfied with the appearance of their
teeth ranged from 54% (Wales) to 61% (England and
Northern Ireland each). Besides, Polish surveys regarding
the appearance of teeth did not provide an example of the
concept of appearance (e.g., white teeth, straight teeth).21
In 2015, 81.1% of Polish adolescents reported to have
a dental visit in the last 12 months; it was slightly more
than 7 years earlier (by 3.3%). In contrast, more 15-yearolds from England, Northern Ireland and Wales visited
a dentist the previous year (90%, 95% and 96%, respectively) having the DT value ca. 3–4 times lower in comparison to Polish adolescents (0.5, 0.8 and 0.8 vs 2.2, respectively).19

Conclusions
The data indicated that within the last 7 years, oral health
parameters in 15-year-old adolescents did not improve, except for the reduction of missed teeth due to caries as well
as oral health-related behaviors. Moreover, such a situation
suggests that the currently used preventive measures are
not effective and, therefore, there is a need to implement
broad age-based oral health promotion and prevention.
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Results. The most common clinical changes in the oral mucosa were denture-related stomatitis (6.7%),
hemangiomas (5.9%) and fibromas (4.1%). Potentially malignant disorders and cancerous lesions were
diagnosed in 59 persons (15.2% of the respondents). One case of tongue cancer was diagnosed in an inhabitant of Oława.
Conclusions. More than 1/3 of the examined persons were diagnosed with certain clinical, pathological
oral mucosal lesions requiring treatment, of which nearly half were potentially malignant and cancerous.
Poor tooth brushing efficiency was associated with a higher incidence of pre-cancerous and cancerous lesions in the oral cavity.
Key words: the elderly, oral mucosa diseases, potentially malignant disorders, cross-sectional epidemiological study
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Introduction
Some oral mucosal lesions are characteristic of old age
and do not require treatment. These include dislocated
and enlarged sebaceous glands observed in the buccal
mucosa, and dilated lingual veins on the ventral surface
of the tongue. Most oral mucosal lesions in the elderly
have a multifactorial etiology. This includes systemic
conditions typical for this age group, such as systemic
diseases and a large number of medicines taken, metabolic changes and nutritional deficiencies. Moreover, the
condition of the oral mucosa is affected by local factors:
mechanical irritation (habitual biting of the oral mucosa,
irritation caused by the edge of an ill-fitting denture or
dental filling), thermal irritation (related to food intake or
smoking), biofilm on natural and artificial surfaces, qualitative or quantitative changes in the secreted saliva, nicotine addiction, and alcohol abuse.1–5
The most common oral mucosa diseases in the elderly
include candidiasis, burning mouth syndrome (BMS),
lichen planus, leukoplakia, traumatic lesions, recurrent
aphthous stomatitis, and pigmented nevus.6–8 Rare pathologies include lesions occurring during the course
of dermatoses, e.g., in pemphigoid and in benign (fibroma, papilloma, hemangioma) and malignant tumors (cancer of the oral mucosa).7,8
The GLOBOCAN (project of the International Agency
for Research on Cancer) data of 2012 shows that in Poland, 53.1% of cases of oral cancer (including lips) regard
people aged 65–74 years. Mortality rates linked with
this disease also demonstrate a positive correlation with
aging, and for the 65–74 age group, it is 7.6% in women
and 38.1% in men.8 Therefore, oncological prophylaxis
is an extremely important aspect of geriatric patient
health. Squamous cell carcinoma, which accounts for
90% of head and neck lesions,9 in the early stages of development does not often display obvious morphological
changes, which may hinder its early diagnosis. Elderly
patients are not always regularly examined by a dentist,
especially if they do not have natural teeth. Focusing on
the treatment of systemic diseases additionally contributes to the delay in making a diagnosis and commencing
treatment. Screening tests conducted as part of oncological prophylaxis should include the assessment of the
oral mucosa in geriatric patients. An early detection
of malignant tumors or potentially malignant disorders
with a high probability of cancer development gives
a chance for a complete recovery.
An ailment often diagnosed in the elderly is xerostomia. Australian studies show that the hypofunction
of salivary glands occurs in 22.1% and a subjective feeling of dry mouth in 22.5% of the elderly.10 The simultaneous presence of both abnormalities was found in 5.7%
of subjects.10 In the elderly, sialopenia is most frequently
the side effect of drugs like anticholinergics, antidepressants, diuretics, hypotensives, sedatives, myorelaxants,
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antihistamines, opioid analgesics, and non-steroidal antiinflammatory drugs.11–13 The reduction of salivary gland
secretion may also be caused by the occurrence of endocrinopathy (diabetes, thyroid disease), autoimmune
diseases (Sjögren’s syndrome, rheumatoid arthritis, systemic lupus erythematosus, scleroderma), granulomatous
diseases, and local causes (head and neck radiotherapy,
salivary gland diseases).11,14,15 Xerostomia has certain effects on the emotional state of the elderly, leading to a low
mood and depressive states. Both subjective and objective
complaints associated with dry mouth reduce the quality
of life of geriatric patients.
The incidence of oral mucosal lesions in the elderly
should be periodically examined in order to define their
risk factors, including dental iatrogeny. Therefore, one
of the assumptions of the undertaken cross-sectional
epidemiological study was to assess the prevalence
of clinical oral pathologies (in particular, potentially
malignant oral disorders and neoplasms) in the selected population of 65–74-year-old residents of Wrocław
and Oława.

Material and methods
An epidemiological study was carried out to assess the
population aged 65–74 years, living in a city (Wrocław,
638,000 inhabitants) and a small town (Oława, 33,000
inhabitants) in the province of Lower Silesia in southwest Poland.
At the Ministry of the Interior and Administration
in Warsaw, a group of 1,600 people (1,000 and 600 for
Wrocław and Oława, respectively) was selected in a twotier draw (sex and age, respectively), thus a group with the
symmetrical structure of sex and age was formed. A letter
of invitation to participate in a free examination of oral
health was sent to all the randomly drawn people. Persons
for whom a valid phone number was established were additionally notified by telephone.
The study was carried out at the Department of Periodontology of Wroclaw Medical University and in a private specialist dental clinic in Oława (Praktyka Prywatna, Dentyści Oława). Persons reporting to take part in
the study signed the statement approved by the Bioethics Commission at Wroclaw Medical University (opinion No. KB-712/2017), thereby agreeing to participate in
the study and on the processing of data obtained. The
applied exclusion criteria were as follows: general contraindications (including bacterial endocarditis in the
past) and local contraindications (including acute odontogenic infection).
In the period between June 25 and October 30, 2017,
387 people (136 men and 149 women from Wrocław, and
50 men and 52 women from Oława) were examined. The
response rate for the research was 32.8% (35.6% for the
large city and 25.5% for the small town).
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Based on the interview conducted among patients who
agreed to participate, the following information was obtained:
– place of residence (Wrocław or Oława);
– age;
– gender;
– education (elementary, secondary, higher);
– general diseases: cardiovascular diseases (conditions
without an incident, for instance coronary heart disease, cardiac arrhythmias or thrombotic diseases, and
with a previous incident – myocardial infarction or
stroke), hypertension, diabetes, osteoporosis – with
the pharmacological treatment of the declared disease
taken as the diagnostic criterion;
– genetic load in the form of periodontitis in the history
(a survey question whether family members like grandparents, parents or siblings had lost their teeth because
of progressive mobility);
– body weight and height along with the body mass index
(BMI) based on these measurements;
– nicotine addiction: non-smokers (people who had never smoked or had smoked fewer than 100 cigarettes
throughout their lives), ex-smokers (people who used
to smoke regularly, but had been free of addiction for at
least a year at the time of the examination) and current
smokers (people who had been smoking a minimum
of 1 cigarette a day during the 6 months preceding the
examination) – for this subgroup, the pack-year index
was determined, being the product of multiplying the
number of packs of cigarettes smoked per day by the
number of years the person had smoked);
– oral health behaviors: average number of visits to a dental clinic during the previous 5 years (at least 2 visits
a year were considered regular), frequency of brushing natural teeth or prostheses (brushing at least twice
daily was considered regular), frequency of replacing
a toothbrush per year (at least once every 3 months was
considered regular brush replacement), daily additional
cleaning of the interdental spaces with dental floss or
a special brush (yes/no);
– forms of dental treatment funding: only in state-financed facilities, only in private facilities, or a mix
of the two.
The clinical examination was performed in LED
lighting, with the use of a dental mirror and the HuFriedy PCPUNC 15 periodontal probe (Hu-Friedy,
Chicago, USA). Pathological oral mucosal lesions were
evaluated clinically. All the lesions were verified by
a periodontologist with more than 20 years’ diagnostic experience (TK). Congenital anomalies or lesions
not requiring treatment, for instance dislocated sebaceous glands, linea alba or varicose veins of the tongue,
were not recorded. The effectiveness of tooth brushing was also evaluated, on the basis of the presence
of supragingival plaque on the vestibular and lingual
surfaces of the teeth, and was expressed by the plaque
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index (PI) according to O’Leary et al.16 The value
of PI < 30% was assumed as the exponent of effective
brushing and the value >70% was an indication of ineffective tooth brushing. The probing/pocket depth
(PD) and clinical attachment level (CAL) were also determined at 4 points around each tooth: distal-buccal,
mesial-buccal, mid-buccal, and mid-lingual. On the
basis of this examination, the periodontal health status was categorized according to the American Center
for Disease Control and Prevention and the American
Academy of Periodontology (CDC/AAP) classification
by Eke et al.17 The presence, condition and usefulness
of existing dental prostheses were also assessed. The
permanent restorations were assessed in terms of their
quality in the perigingival area, the reconstruction
of occlusal points/planes, the absence of their interference with central and non-central occlusion, and the
absence of mechanical damage. The removable dentures were assessed in terms of their adhesion to the
prosthetic base, their retention and stabilization, as
well as the restored occlusal height.
In the statistical analysis, the difference in the prevalence of a feature in the adopted groups was analyzed
by the χ2 test. The value of p ≤ 0.05 was considered
statistically significant. The statistical analysis was carried out using Statistica 13.1 software (StatSoft, Inc.,
Tulsa, USA).

Results
In total, 26 types of diagnoses were made in 137
subjects (35.4%), including 71 women (35.3%) and
66 men (35.3%). As Table 1 shows, most often – in as
many as 6.7% of people – denture-related stomatitis
occurred. Another large group of diagnoses included
potentially malignant disorders (leukoplakia, lichen
planus and pigmented nevus) and benign neoplasms
(hemangioma, fibroma, papilloma, and epulis), which
– along with 1 case of tongue cancer – accounted for
the morbidity of these changes in as many as 15.2%
of the subjects. The less frequent diagnoses were as
follows: angular cheilitis (11), leukokeratosis (8), candidiasis (3), herpesvirus infection (3), and diagnoses
confirmed only in women – BMS (3), xerostomia (3)
and geographic tongue (3). In the residents of Oława,
the most common was fibroma (7.8%), and in men –
hemangioma (8.1%). Table 2 presents the influence
of selected factors on the incidence of the identified
potentially neoplastic and neoplastic disorders. A significantly more frequent occurrence of this group
of pathologies was found in the people with the worst
efficiency of tooth brushing (p = 0.048). A more frequent occurrence of these changes in current nicotine
addicts was not confirmed statistically, although the
lesions were diagnosed in 20% of these people.
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Table 1. Occurrence of oral pathologies depending on place of residence and sex

Diagnosis

Entire group
(n = 387)

Place of residence

Sex

Wrocław
(n = 285)

Oława
(n = 102)

women
(n = 201)

men
(n = 186)

Denture-related stomatitis

26 (6.7)

19 (6.7)

7 (6.9)

14 (7)

12 (6.5)

Hemangioma

23 (5.9)

17 (6)

6 (5.9)

8 (4)

15 (8.1)

Fibroma

16 (4.1)

8 (2.8)

8 (7.8)

8 (4)

8 (4.3)

Angular cheilitis

11 (2.8)

6 (2.1)

5 (4.9)

7 (3.5)

4 (2.2)

Leukokeratosis

8 (2.1)

8 (2.8)

0

3 (1.5)

5 (2.7)

Leukoplakia

7 (1.8)

4 (1.4)

3 (2.9)

3 (1.5)

4 (2.2)

Lichen planus

6 (1.6)

6 (2.1)

0

5 (2.5)

1 (0.5)

Papilloma

4 (1)

4 (1.4)

0

3 (1.5)

1 (0.5)

Candidiasis

3 (0.8)

1 (0.4)

2 (2)

2 (1)

1 (0.5)

Herpesvirus infection

3 (0.8)

3 (1.1)

0

2 (1)

1 (0.5)

Geographic tongue

3 (0.8)

1 (0.4)

2 (2)

3 (1.5)

0

BMS

3 (0.8)

2 (0.7)

1 (1)

3 (1.5)

0

Xerostomia vera

3 (0.8)

2 (0.7)

1 (1)

3 (1.5)

0

Recurrent aphthous stomatitis

2 (0.5)

2 (0.7)

0

1 (0.5)

1 (0.5)

Smoker’s palate

2 (0.5)

2 (0.7)

0

1 (0.5)

1 (0.5)

Tongue cancer

1 (0.3)

0

1 (1)

0

1 (0.5)

Epulis

1 (0.3)

1 (0.4)

0

1 (0.5)

0

Other

15 (3.9)

13 (4.6)

2 (2)

4 (2)

11 (5.9)

Total

137 (35.4)

99 (34.7)

38 (37.3)

71 (35.3)

66 (35.5)

Data presented as number (percentage); BMS – burning mouth syndrome.

Discussion
Among the examined residents of Wrocław and Oława,
clinical lesions of the oral mucosa requiring treatment
were found in 35.4% of people. This was decidedly more
compared to a regional study of young seniors from the
province of West Pomerania (Poland), where they were
observed in only 22.5% of people.18 The comparative
study also noted the presence of lesions not requiring
treatment, e.g., linea alba or dislocated sebaceous glands.
Thus, the real difference between these studies in the incidence of treatment need for pathological changes on
the mucous membrane was even greater. The inclusion
of congenital abnormalities in the registered diagnoses,
subjective complaints, for example xerostomia spuria,
or not clearly defined, for example coated tongue, makes
a comparative analysis very difficult. The most common
diagnosis in our own study was denture-related stomatitis, observed in 6.7% of people. This is in line with the
results of the Fifth German Oral Health Study (Fünfte
Deutsche Mundgesundheitsstudie – DMS V) in young seniors, in which this diagnosis was made in 4.6% of people,
significantly more often in the subjects with the lowest
social status.19 In a regional cross-sectional Turkish study
conducted in one of the districts of Istanbul in people
over 65 years of age, denture-related stomatitis was the
second, after varicose veins, pathology of the oral mucosa

and occurred in 14.1% of the subjects.20 In a Polish nationwide study of people at this age, the most common
diagnosis was leukoplakia with leukokeratosis, diagnosed
in as many patients as 10.5%, with a significant predominance in men.21 A comparison of the third and fifth German national studies shows a decrease in the prevalence
of leukoplakia by 0.3% over a period of 17 years.19 This is
related to the decline in the number of people addicted to
tobacco, observed in recent decades. In our own observation, there were 16.5% of patients with nicotine addiction
(leukoplakia in 1.8%), in the province of West Pomerania
there were 8.5% (leukoplakia in 1%),18 and in Germany
there were 10.7% (leukoplakia 0.7%).19 The decrease in the
prevalence of leukoplakia is related to the blurring of significant differences in the occurrence of this diagnosis in
both sexes. In the assessment of the oral mucosa in young
seniors from Lower Silesia, the rule regarding the more
frequent incidence of lichen planus and BMS in women
is confirmed, but from an epidemiological point of view,
these differences were not spectacular. Also, the place
of residence was not observed to influence in a particular
way the incidence of oral mucosal lesions (with the exception of the more frequent incidence of leukokeratosis in
a large city).
Diagnosing clinical oral mucosa pathologies in an epidemiological study sometimes can be difficult due to the inability to perform additional examinations (in particular,
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Table 2. Influence of the analyzed variables on the incidence of precancerous and cancer lesions (including tongue cancer, hemangioma,
fibroma, papilloma, epulis, leukoplakia, lichen planus, and pigmented
nevus in the oral mucosa) (59 lesions)
Incidence

p-value

Place of residence
Wrocław
Oława

44 (15.4)
15 (14.7)

0.86

Sex
female
male

34 (16.9)
25 (13.4)

0.34

Smoking status
non-smoker
ex-smoker
current smoker

26 (12.4)
20 (17.8)
13 (20)

BMI
normal weight
overweight
obesity

17 (15.9)
23 (13.5)
19 (17.4)

Diabetes
yes
no

13 (18.1)
46 (14.6)

0.46

Cardiovascular disease
yes
no

17 (14.8)
42 (15.4)

0.87

Osteoporosis
yes
no

3 (7)
56 (16.3)

0.17

Hypertension
yes
no

31 (17.9)
28 (13.1)

0.18

Periodontitis
(defined by the CDC/AAP criteria)
yes
no

28 (17.6)
25 (14.5)

Variable

Effectiveness of teeth brushing
PI < 30%
PI > 70%

0.12

0.76

0.43

10 (10)
20 (20)

0.048*

Dental appointments
regularly
irregularly

26 (21.3)
33 (12.9)

0.052

Tooth brushing
regularly
irregularly

45 (16.5)
14 (12.3)

0.29

Cleaning of interdental spaces
yes
no

10 (13.7)
43 (16.6)

0.55

Prosthetic treatment
correct
incorrect

18 (14)
33 (17.4)

0.41

Form of dental treatment funding
state-financed (National Health Fund)
private
mixed

20 (15)
21 (15.4)
18 (15.3)

0.93

Data presented as number (percentage); BMI – body mass index;
CDC/AAP – the American Center for Disease Control and Prevention
and the American Academy of Periodontology; PI – plaque index;
* statistical significance.

mycological and histopathological). However, in all the
dubious cases, the diagnostic process was widened, because the subjects were treated at our facility.

In our own material, the group of most frequently occurring oral mucosa pathologies (15.2% patients) comprised potentially malignant disorders (leukoplakia, lichen planus and pigmented nevus), as well as neoplasms
(benign – hemangioma, fibroma, papilloma, and epulis, and also 1 case of tongue cancer). This observation
strengthens the message about the need for continuous
education among patients and primary care physicians in
the field of cancer prevention, and proper diagnostic and
treatment processes. Our analysis of the influence of selected general factors (nicotine addiction, BMI, diabetes,
cardiovascular diseases, osteoporosis, hypertension), local factors (periodontitis, prosthetic treatment, efficient
tooth brushing) and behavioral factors (related to oral
cavity hygiene) did not indicate a significant relationship
between these factors and the occurrence of the aforesaid group of disorders. The only exception was the significantly more frequent incidence of these pathologies in
people ineffectively brushing their teeth (PI > 70%). This
could result from the relatively small size of the assessed
proliferative lesion group (59 patients with such diagnoses) and the etiological heterogeneity of the lesions, e.g.,
viral in papillomas, traumatic in fibromas or nicotine in
leukoplakia.
In many studies, the incidence of oral mucosal lesions
is not assessed in random samples in cross-sectional or
cohort studies, but is referred to people seeking treatment in a specialist center.5,7,22–24 In contrast to an epidemiological assessment, in a short observational study,
the possibility of conducting additional tests significantly
broadens the diagnostic possibilities. The morbidity of all
deviations from the physiological state of the oral mucosa
(including congenital abnormalities and disorders not
requiring treatment) may then be very high, especially
in the elderly, and reach even more than 90% in the age
group over 70 years.22 The most frequent deviations from
the physiological clinical picture of the oral mucosa in the
elderly are varicose veins and fissured tongue, reported
in more than 1/2 and 1/3 of the subjects, respectively.22
In turn, the most frequent pathologies requiring treatment in such observations were as follows: in Wrocław
(Poland) – oral candidiasis in 25% of the examined patients,7 in Bangkok (Thailand) – traumatic ulceration in
15.6% of the respondents22 and in Talca (Chile) – fibroma
in 10.8% of people aged over 60 years.24 Even among the
elderly who seek treatment, benign soft tissue tumors
(fibroma, hemangioma and pyogenic granuloma epulis)
may be the most common group of diseases, reaching up
to 29% of diagnoses.24 Of course, the exact verification
of the diagnoses is possible only after a histopathological examination. A certain limitation in studying the incidence of oral mucosa diseases in random samples is the
necessity of making only clinical diagnoses, which may be
subject to error in some situations, for instance, in the differentiation of fibroma and papilloma, or leukoplakia and
lichen planus located on the tongue.
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Conclusions
To sum up, attention should be paid to the high frequency and variety of pathological oral mucosal lesions in
young seniors in the Wrocław area. A matter of particular concern is the high incidence of potentially malignant
lesions and benign neoplastic lesions. Therefore, regular
visits to the dentist’s office are necessary, even for toothless patients, to seek clinical verification and specialist
treatment as soon as possible.
References
1. Pai A, Deverashetty P. Changing trends in the oral mucosa geriatric population – an epidemiological study. J Ind Acad Geriatr.
2017;13:10–17.
2. Scully C. Oral & Maxillofacial Medicine. The Basis of Diagnosis and
Treatment. 3rd ed. Edinburgh, UK: Churchill Livingstone Elsevier;
2013;10–20.
3. Kim SK, Allen ED. Structural and functional changes in salivary
glands during aging. Microsc Res Tech. 1994;28:243–253.
4. Agnihotri R, Gaur S. Implications of tobacco smoking on the oral
health of older adults. Geriatr Gerontol Int. 2014;14:526–540.
5. Knychalska-Karwan Z. Oral mucosal pathological lesions in 4,752
patients treated at the Department of Conservative Dentistry at
Jagiellonian University in Kraków, Medical College in the years
1961–1998 [in Polish]. Magazyn Stomatol. 2004;14(3):10–14.
6. MacEntee MI, Glick N, Stolar E. Age, gender, dentures, and oral
mucosal disorders. Oral Dis. 1998;4:32–36.
7. Konopka T, Mendak M. Prevalence of oral mucosal diseases in
patients of specialist clinics in Wrocław in the years 1992–2003 [in
Polish]. Dent Med Probl. 2004;41:717–725.
8. GLOBOCAN 2012: Estimated cancer incidence, mortality and prevalence worldwide in 2012. http://iarc.fr/Databases/Iarc-Cancerbases/GLOBOCAN-2012. Accessed July 10, 2018.
9. Vigneswaran N, Williams MD. Epidemiological trends in head and
neck cancer and aids in diagnosis. Oral Maxillofac Surg Clin North
Am. 2014;26:123–141.
10. Thomson WM, Chalmers JM, Spencer AJ, Ketabi M. The occurrence of xerostomia and salivary gland hypofunction in a population-based sample of older South Australians. Spec Care Dent.
1999;19:20–23.
11. Smidt D, Torpet LA, Nauntofte B, Heegaard KM, Pedersen AM. Associations between labial and whole salivary rates, systemic diseases
and medications in a sample of older people. Community Dent Oral
Epidemiol. 2010;38:422–435.
12. Shetty SR, Bhowmick S, Castelino R, Babu S. Drug induced xerostomia in elderly individuals: An institutional study. Contemp Clin Dent.
2012;3:173–175.
13. Chew ML, Mulsant BH, Pollock BG, et al. Anticholinergic activity
of 107 medications commonly used by older adults. J Am Geriatr
Soc. 2008;56:1333–1341.
14. Lopez-Pintor RM, Casanas E, Gonzalez-Serrano J, et al. Xerostomia,
hyposalivation, and salivary flow in diabetes patients. J Diab Res.
2016;2016:4372852.
15. Acauan MD, Figueiredo MA, Cherubini K, Gomes AP, Salum FG. Radiotherapy-induced salivary dysfunction: Structural changes, pathogenetic mechanisms and therapies. Arch Oral Biol. 2015;60:1802–1810.
16. O’Leary TJ, Drake RB, Naylor JE. The plaque control record. J Periodontol. 1972;43:38.
17. Eke PI, Dye BA, Wei L, Thornton-Evans GO, Genco JR. Prevalence
of periodontitis in adults in the United States: 2009 and 2010. J Dent
Res. 2012;91:914–920.
18. Lipkiewicz M. Periodontal condition in 65-74-year-old persons in
West Pomerania [in Polish]. PhD thesis. Pomeranian Medical University in Szczecin, Poland, 2016.
19. Hertrampf K. Disease and medical care prevalence in young
seniors (65–74 years of age). Oral mucosa findings [in German].
In: Jordan AR, Micheelis W, eds. Fünfte Deutsche Mundgesundheitsstudie (DMS V). Koln, Germany: Deutscher Zahnärzte Verlag
DÄV; 2016:359–362.

B. Głowacka, T. Konopka. Oral mucosal lesions / elderly / Wrocław region

20. Mumcu G, Cimilli H, Sur H, Hayran O, Atalay T. Prevalence and distribution of oral lesions: A cross-sectional study in Turkey. Oral Dis.
2005;11:81–87.
21. Konopka T, Dembowska E, Pietruska M, Dymalski P, Górska R. Periodontal status and selected parameters of oral condition of Poles
aged from 65 to 74 years [in Polish]. Przegl Epidemiol. 2015;69:643– 47.
22. Jainkittivong A, Aneksuk V, Langlais RP. Oral mucosal conditions in
elderly dental patients. Oral Dis. 2002;8:218–223.
23. Cebeci AR, Gülşahi A, Kamburoğlu K, Orhan BK, Öztaş B. Prevalence
and distribution of oral mucosal lesions in an adult Turkish population. Med Oral Patol Oral Cir Bucal. 2009;14:E272–277.
24. Rivera C, Droguett D, Arenas-Márquez MJ. Oral mucosal lesions in
a Chilean elderly population: A retrospective study with a systemic
review from thirteen countries. J Clin Exp Dent. 2017;9:e276–283.

Original papers

Utility of the morphometry of the maxillary sinuses
for gender determination by using computed tomography
Użyteczność morfometrii zatok szczękowych przy użyciu
tomografii komputerowej w ustalaniu płci
Suwarna Dangore-KhasbageA–E, Rahul BhowateF
The Datta Meghe Institute of Medical Sciences, Wardha, India
A – research concept and design; B – collection and/or assembly of data; C – data analysis and interpretation;
D – writing the article; E – critical revision of the article; F – final approval of the article

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

Address for correspondence

Suwarna Dangore-Khasbage
E-mail: dangore_suwarna@rediffmail.com

Funding sources
None declared

Dent Med Probl. 2018;55(4):411–417

Abstract
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of unknown human remains is obtained in a fragmented and incomplete state. The alternative is to use
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Results. The mean of the mediolateral, superoinferior and anteroposterior dimensions, volume and AL angle of the right and left maxillary sinuses showed a statistically significant difference between males and
females. Head circumference as well as head area were observed to be greater in males than in females,
with a statistically significant difference. A positive correlation was observed between the volume of maxillary sinuses and the head circumference and head area on both sides and in both genders; however, it was
not significant. Amongst all the parameters, the left AL angle with a 78.5% accuracy was found to be the
best discriminative parameter, followed by the right AL angle with a 73% accuracy. The overall accuracy
of the maxillary sinus parameters to identify gender was 86%.
Conclusions. The maxillary sinus measurements, as well as head circumference and head area are valuable parameters for sex determination in forensic medicine, with a relatively good accuracy rate. However,
the prediction rate can be increased by including the AL angle of the maxillary sinus.
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Introduction
Identification of skeletal and decomposing human remains is one of the most difficult tasks in forensic medicine, just as determining the sex of an individual. However,
if successful, sex determination eliminates 50% of the
population from further consideration and assists in the
collection of information for the biological profile of the
unknown individual.1
It is said that the skeleton, next to the enamel of the
teeth, provides important information in the identification
of gender, as it is last to decompose after death.2 Though
certain skeletal components, like the pelvis and sternum,
are widely used in gender determination, these are sometimes recovered in a fragmented or incomplete state.3 In
such cases, it is imperative to use for forensic purposes
alternate areas of the skeleton, like the maxilla, since they
are reported to remain intact, irrespective of the severe
destruction of the skull and other bones, and can be used
for identification of victims.4,5 In view of that, there are
a number of studies stating the importance of maxillary
sinuses in forensic medicine, especially for gender determination, where the dimensions of sinuses between males
and females are compared by means of various imaging
methods.5–14 The results of most of these studies suggested the utility of the maxillary sinuses in gender determination. Almost all these studies reported that the sinus
measurement values (dimensions and volume) are larger
in males than in females and they correlated this fact with
the differences in the overall stature of males and females.
Head circumference is also a significant craniofacial criterion which can be used for gender determination, as the literature states that there is a strong association between head circumference and body size.15,16 Thus, the correlation between
the volume of the maxillary sinus and the head circumference
can provide additional information with regard to the utility
of the maxillary sinuses in gender determination.
Computed tomography (CT) scans provide an accurate
assessment of the paranasal sinuses, craniofacial bones,
as well as the extent of pneumatization of the sinuses.4–6,17
Furthermore, the image represents a series of contiguous cross-sections and 3-dimensional information, and
the necessary equipment is available in most hospitals.
Therefore, the present study was designed to assess the
utility of the morphometry of the maxillary sinuses using
CT for gender determination.

Material and methods
This retrospective study, approved by the institutional ethics committee (at the Datta Meghe Institute of Medical Sciences, Wardha, India), analyzed CT scans of 200 patients.
The inclusion criteria were as follows: CT scans of patients above 20 years of age, irrespective of gender, and
with both sinuses shown completely. On the other hand,
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the exclusion criteria were: 1. CT scans with artifacts impeding the assessment of sinuses; 2. CT scans depicting
a craniofacial anomaly or conditions affecting midfacial
development; 3. CT scans with any anatomic variation
that might affect the sinus volume, like nasal septal deviation18,19; and 4. CT scans exhibiting signs of sinus pathologies or a surgical defect in the area of interest.
Maxillary sinus hypoplasia is an uncommon pathology
of the paranasal sinuses, which is classified into 3 types,
depending on the embryological development of the sinus, and the uncinate process might be encountered in
the clinical practice. Computed tomography scans confirm its existence and any associated anatomical anomaly
and variations that might coexist.20,21 Computed tomo
graphy scans depicting sinus hypoplasia were not included in the present study.
Axial and coronal images were obtained using a spiral
CT scanner (Siemens Healthineers, Erlangen, Germany)
with a scan setting of 140 kV (peak), 129 mAs, scan time
of 1,000 ms and matrix size of 512 × 512 pixels. During
the selection of CT scans for the study, the uniformity
regarding all the parameters relevant to CT scan imaging was ensured, namely, a uniform position of patients,
120‑kV tube voltage and 175-mAs current-time product,
tube rotation time, pitch, acquisition collimation, field
of view in diameter, slice thickness, etc. Plain CT scans
were used in the present study. On the contrary, the contrast-enhanced CT scans showing evidence of pathology
were not included in the study.
The study was designed to measure the mediolateral
(ML), superoinferior (SI) and anteroposterior (AP) dimensions, along with the volumes of both the right and
the left maxillary sinuses of an individual using CT. The
measurements were taken after analyzing different slices
in axial and coronal sections.
– the AP dimension was measured on an axial reconstructed image and was defined as the longest distance
antero-posteriorly from the most anterior point to the
most posterior point (Fig. 1);
– the SI dimension or the height of the sinus was measured
on a coronal reconstructed image and was defined as
the longest distance from the lowest point of the sinus
floor to the highest point of the sinus roof (Fig. 2);
– the ML dimension or the width of the sinus was measured on an axial reconstructed image and was defined
as the longest distance perpendicular from the median
wall of the sinus to the outermost point of the lateral
wall of the maxillary sinus (Fig. 1).
The volume of the sinuses was calculated using a simple
formula described by Sahlstrand-Johnson et al.17:
(ML dimension × SI dimension × AP dimension) / 2 (1)
where:
ML dimension – mediolateral dimension;
SI dimension – superoinferior dimension;
AP dimension – anteroposterior dimension.
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Fig. 1. Axial computed tomography (CT) scan showing the measurement
of the anteroposterior (AP) and mediolateral (ML) dimensions

Fig. 3. Measurement of the antero-lateral (AL) angle of the maxillary sinus

in males and females. A difference at p < 0.05 was considered
significant. A discriminant function analysis was done to determine the percentage of correctly sexed maxillary sinuses.

Fig. 2. Coronal CT scan showing the measurement of the superoinferior
(SI) dimension

Considering the differences in the midfacial contour between males and females, such as malar prominence in females, the present study assessed and compared the angle
formed by the anterior and lateral wall of the maxillary sinuses on an axial view, named the antero-lateral (AL) angle (Fig. 3). Head circumference and head area were also
measured in the present study on an axial image in order
to evaluate the correlation between the sinus volume and
the head circumference and head area (Fig. 4). All these
measurements were made with the help of a screen linear
measurement tool on the CT workstation.
The data thus obtained was then tabulated and statistically analyzed using relevant statistical tests, and the software – SPSS v. 22 (IBM, Armonk, USA), GraphPad PrismTM
v. 6.01 (GraphPad Software, Inc., San Diego, USA) and Epi
InfoTM v. 6.0 (https://www.cdc.gov/epiinfo/support/downloads/previous/ei6.html). The independent samples t-test
was used to determine the mean, standard deviation (SD)
and t-value, necessary to assess the level of the parameters

Fig. 4. Measurement of head circumference
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Results
The present study assessed CT scans of 200 patients,
with equal distribution amongst males and females. In
males, most of the CT scans (49%) belonged to the patients of the age group of 20–30 years and in females, 42%
CT scans were of the 41–50 years age group.
Comparative evaluation of various parameters of the
right maxillary sinus between males and females, such
as the mean of AP, ML and SI dimensions, as well as the
volume and AL angle of the right maxillary sinuses, presented a statistically significant difference with a p-value
of 0.0001, as shown in detail in Table 1. The mean volume of the right maxillary sinuses was 17.21 ±6.26 cm3 in
males, while for females it was 11.58 ±4.90 cm3. In males,
the mean AL angle was 76.25 ±9.18° and in females it was
69.74 ±7.25°, showing a statistically significant difference
between the genders (Fig. 5).
The study showed similar results for various parameters of the left maxillary sinus. In males, the mean AL
angle was 82.50 ±17.02° and in females it was 71.68 ±8.36°
(Fig. 5). Detailed observations referring to all the parameters of the left maxillary sinus are shown in Table 2.
Again, with reference to the assessment of the head
circumference and head area, a statistically significant difference was observed between males and females in the mean values. In males, the mean head circumference was 46.07 ±1.54 cm, while in females the
mean was 44.26 ±1.52 cm. For the head area, the mean
was 164.51 ±10.73 cm2 for males and for females it was
9.19 ±0.91 cm2, with a t-value of 8.30 and 10.38 for the
head circumference and head area, respectively (Fig. 6).
The overall comparative results of all the parameters assessed in the present study showed that females had significantly smaller values for all parameters as compared
to males. To establish the correlation between the sinus
volume and the head circumference and head area, the
Pearson correlation coefficient was calculated. A positive
correlation was observed between the volume of the max-

Fig. 5. Comparison of the mean AL angle between males and females

Fig. 6. Comparison of the mean head circumference and head area
between males and females

illary sinuses and the head circumference and head area
on both sides and in both genders; however, it was not
significant. The findings suggest that the volume of the
sinuses is directly proportional to the head circumference
and head area in males as well as in females.

Table 1. Comparison of different parameters of the right maxillary sinuses between males and females (Student’s unpaired t-test)
Parameter

Gender

Number

Mean

SD

SEM

AP dimension
[cm]

M

100

3.67

0.35

0.03

F

100

3.47

0.34

0.03

ML dimension
[cm]

M

100

2.78

0.47

0.04

F

100

2.42

0.42

0.04

SI dimension
[cm]

M

100

3.30

0.92

0.09

F

100

2.66

0.68

0.06

Volume
[cm3]

M

100

17.21

6.26

0.62

F

100

11.58

4.90

0.49

AL angle
[°]

M

100

76.25

9.18

0.91

F

100

69.74

7.25

0.72

M – male; F – female; SD – standard deviation; SEM – standard error of mean; * statistical significance.

t-value

p-value

4.05

0.0001*

5.74

0.0001*

5.55

0.0001*

7.07

0.0001*

5.56

0.0001*
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Table 2. Comparison of different parameters of the left maxillary sinuses between males and females (Student’s unpaired t-test)
Parameter

Gender

Number

Mean

SD

SEM

AP dimension
[cm]

M

100

3.56

0.63

0.06

F

100

3.39

0.36

0.03

ML dimension
[cm]

M

100

2.73

0.58

0.05

F

100

2.25

0.47

0.04

SI dimension
[cm]

M

100

3.33

0.62

0.06

F

100

2.66

0.74

0.07

Volume
[cm3]

M

100

16.46

6.39

0.63

F

100

10.77

5.03

0.50

AL angle
[°]

M

100

82.50

17.02

1.70

F

100

71.68

8.36

0.83

t-value

p-value

2.21

0.028*

6.45

0.0001*

6.93

0.0001*

6.99

0.0001*

5.70

0.0001*

* statistical significance.
Table 3. Classification function coefficient and accuracy level for each parameter in determining gender
Male

Parameter

constant

Female
coefficient

constant

coefficient

Percentage of correctly
classified gender [%]

Right – AP

−56.05

64

−50.18

64

64

Right – ML

−19.74

65

−15.06

71

68

Right – SI

−8.88

70

−6.01

63

66.5

Right – volume

−5.38

59

−2.81

69

64

Right – AL angle

−43.12

68

−36.18

78

73

Left – AP

−24.08

67

−21.99

47

57

Left – ML

−14.03

54

−9.73

68

61

Left – SI

−12.38

73

−8.12

70

71.5

Left – volume

−4.78

59

−2.44

67

63

Left – AL angle

−19.61

76

−14.98

81

78.5

The classification function coefficient and the accuracy level for each parameter of the maxillary sinus on
both sides in determining gender is depicted in Table 3.
Amongst all the parameters, the left AL angle with 78.5%
accuracy was found to be the best discriminative parameter, followed by the right AL angle with 73% accuracy.
The classification function coefficient and the accuracy
level for the head circumference and head area in determining gender was 69% and 76%, respectively.
The final result of the discriminative analysis showed
that the potential of the maxillary sinus in identifying
gender was 85% in males and 87% in females, with an
overall accuracy of 86%, as shown in Table 4.
The accuracy of the final model in determining gender for
the head circumference and head area was 73% in males and
76% in females, with an overall accuracy of 74.5%.
Table 4. Accuracy of the final model in determining gender for the
maxillary sinus
Actual
gender

Male
male

female

Total

Male

85

15

100

Female

13

87

100

Total

98

102

200

Percentage of correctly
classified gender [%]

86

Discussion
Gender determination of skull remnants is an essential step in the identification of an unknown person. The
present study assessed the utility of the maxillary sinuses
for that purpose. The comparative assessment of the parameters of the right and left sides of the maxillary sinuses
showed statistically significant differences for all the parameters, and the findings are comparable to the previous
studies.5,10,12,14,22,23 Amongst all analyzed parameters, the
left AL angle with an accuracy of 78.5% was the best discriminative parameter, followed by the right AL angle. To
our knowledge, the AL angle measurement has not been
previously estimated, and thus its significance has not
been reported yet.
The AL angle is an angle formed between the anterior and
lateral wall of the maxillary sinus and was named by the authors as the antero-lateral (AL) angle. The reason behind the
selection of this angle for gender comparison was the suspicion that there could be a difference in this angle between
males and females, just as there is a difference in the midfacial contour between men and women. For example, females
have a prominent molar region. The researchers thought
that if the difference was significant, the AL angle might be
used as an additional parameter in gender determination.
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The presence of a statistically highly significant difference between males and females in the AL angle of the
right and left side maxillary sinuses, as well as the maximal
final accuracy level for angle criteria in the present study
suggest that the AL angle of the maxillary sinus can be
used in gender determination for forensic purposes. The
reason for a greater AL angle in males could be the overall
larger size of the maxillary sinus as compared to females.
The findings of this study are considered distinctive.
In the present study, amongst the remaining parameters
of the maxillary sinus, the left SI dimension was the best
discriminative parameter next to the AL angle. Similarly,
previous studies mentioned various parameters of the
maxillary sinus to be the best discriminants in their studies, some of which are depicted in Table 5.
In a review article by Xavier et al., it is concluded that
the frontal and maxillary sinuses provide important information in the forensic context and, in the case of the
maxillary sinus, allow for sex determination.24
On the contrary, Saccucci et al. stated that it was impossible to support the use of the maxillary sinuses to
discern sexual differences in corpse identification by
means of cone beam CT.11 Also, the results of the study by
Etemadi et al.25 showed that the volume of the maxillary
sinus could not serve as a definite and reliable indicator
for sexual determination.25
The overall results of the present study showed that the
dimensions and volume of the maxillary sinuses were greater
in males; this finding is comparable to many previous studies, and thus can be used for gender determination as mentioned above. The common parameter for sexual difference
mentioned in the literature is a bigger body size in males in
comparison to females. Males tend to exhibit larger, more
robust features, which can be seen throughout the cranial
and post-cranial skeleton. Females tend to retain more of the
pedomorphic traits throughout development.26
Sahlstrand-Johnson et al. suggested that, since men are
generally larger than women, men have larger sinuses, and
thus the difference in volume between males and females exists.17 Sharma et al. correlated the difference in the maxillary
sinus dimensions between the genders with the physiological changes in the nasal cavity size and shape, which occur as
a direct result of respiration-related needs.5
The present study draws attention to the fact that, although men are generally larger than women, this rule is
not always applicable. There can be a strong, stout, tall
female and, by contrast, a short, thin, average built male.
Considering this fact, the authors attempted to correlate
the volume of the sinuses with the head circumference,
as the literature states that there is a strong association
between the head circumference and body size.15,16 It was
not possible to correlate the volume of the sinuses with
the height, weight and body size of the patients in the
present study, as this study was retrospective. The Pearson correlation between the mean volume of the sinuses
and the head circumference was assessed in terms of sig-

S. Dangore-Khasbage, R. Bhowate. Maxillary sinuses morphometry for gender determination

Table 5. Best discriminative maxillary sinus parameters in previous studies
with their accuracy level
Authors

Maxillary sinus
parameters

Accuracy level
[%]

Urooge et al.27

left width

60

Uthman et al.7

height

71.6

right height

69.9

left width

61.3

AP dimension

69.81

Attia et al.8
Ahmed et al.10
Sharma et al.

5

nificance. A positive correlation was observed between
the volume of the maxillary sinuses of both sides and in
both genders and the head circumference and head area.
Still, the correlation was not significant.
Based on all the parameters used, the overall accuracy
rate in terms of determining the sex by means of maxillary
sinus measurements was 86% (85% in males and 87% in females) in the present study. The results are comparable to
those presented in a study by Prabhat et al.,6 in which the
overall accuracy rate was 83.3%. In a similar study by Bangi
et al., it was 88%.14 However, in most of the previous studies, the percentage was comparatively low.4,7,9,13,26,27 In the
studies by Teke et al. and Kiruba et al., the overall accuracy
rate was below 70%.4,28 The reasons for these variations are
multiple and may include such factors as different ethnic
and racial groups, genetic and environmental factors, differences in the body stature, skeletal size, height, etc. Besides, the anatomical variations of the sinus, differences in
osteoclastic and osteoblastic activity and in the pneumatization process in the sinus in different age and sex groups,
or past infections may influence the results.
The final result of the discriminative analysis showed
that the efficiency of using the head circumference and
head area to identify gender was 73% in males and 76% in
females, with an overall accuracy of 74.5%.
To our knowledge this is the first report mentioning
the significance of the AL angle of the maxillary sinus,
head circumference and head area in sexual determination. There is scope for further research on these new
parameters for sex determination. The authors mention
1 possible limitation of this study; as the study was retrospective, it was not possible to establish a direct correlation between the volume of the sinuses and the body size
of the participants.

Conclusions
The maxillary sinus measurements, as well as head circumference and head area, are valuable parameters for
sex determination in forensic medicine, with a relatively
good accuracy rate. However, the prediction rate can be
increased by including the AL angle of the maxillary sinus. The overall accuracy of using the maxillary sinus to
identify gender was 86%.
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Abstract
The aim of the study was to review the current literature on the role of vitamin D in dentistry. The term
vitamin D is defined as a group of compounds which are cholesterol derivatives with a similar chemical
structure. It is produced in the human body and passes through many stages of synthesis. Vitamin D
affects our body through the immune, muscular, nervous, and cardiovascular systems. It is also relevant in
dentistry and in the carbohydrate metabolism. Nowadays, vitamin D deficiency levels are high in both the
Polish and the world population as a whole. This is due to many factors: latitude, diseases and lifestyle.
The data shows that over 90% of people of color (black, Latino, Asian, etc.) and nearly 3/4 of whites living
in the United States suffer from a shortage of 25-hydroxycholecalciferol (25(OH) vitamin D). Meanwhile,
studies performed in Poland report that a concentration of vitamin D <20 ng/mL (50 nmol/mL) occurs in
70% of the population. Preliminary reports suggest that vitamin D, through the maintenance of normal
bone metabolism, as well as its antibacterial and anti-inflammatory activity, modulates periodontal
disease. A normal level of vitamin D is important in the treatment of periodontitis. More and more studies
are focusing on the problem of vitamin D deficiency and its role in the human body. It is very important to
maintain normal levels of vitamin D in the blood and supplement it in the case of shortfalls.
Key words: periodontitis, vitamin D, vitamin D deficiency, calcitriol
Słowa kluczowe: zapalenie przyzębia, witamina D, niedobór witaminy D, kalcytriol
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Introduction
The term vitamin D refers to a group of chemical compounds that are cholesterol derivatives. Their similar
chemical construction includes rings A, B, C, and D, and
a side chain. Due to the B ring opening, vitamin D is classified as belonging to the secosteroid compound group.
Vitamin D occurs in 2 basic forms: cholecalciferol (vitamin D3) and ergocalciferol (vitamin D2). They differ in
terms of their side chain structure and their occurrence
– cholecalciferol is present in animal organisms, while ergocalciferol is found in plants and fungi.
The PubMed database of the U.S. National Library
of Medicine and the Thomson Reuters Web of Knowledge
were used as electronic databases to perform a systematic
search for relevant articles published in the dental literature
between 1969 and 2015. The combination of key words
(i.e., Medical Subject Headings – MeSH) and free text terms
included: [periodontitis OR periodontal disease] AND
[vitamin D OR calcitriol] AND [vitamin D deficiency].
The electronic search was complemented by a hand
search of the following journals: “Journal of Clinical and
Diagnostic Research” and “Journal of Periodontology”.

Vitamin D metabolism
The synthesis of biologically active molecules in the human body involves a number of stages. The reaction precursor is a cholesterol derivative – 7-dehydrocholesterol.
It is present in the plasma membrane of keratinocytes, in
the basal and spinous layer (called the Malpighian layer;
at a volume of 0.4 mg/cm2) and in dermis fibroblasts,
where under UV radiation (wavelengths of 290–315 nm),
in a photochemical reaction, it is transformed over the
course of 30 min into lumisterol or tachysterol.
Next, at a high temperature (a skin temperature of 25°C)
and with the participation of a reductase enzyme, isomerization to cholecalciferol (calciol) begins. This is a stable
compound, which is released into the extracellular matrix and then into the blood, where it binds to a specific
globulin, which in turn binds vitamin D (vitamin D binding protein – DBP) and is transported to the liver. The
1st hydroxylation process takes place in the presence of vitamin D 25-hydroxylase, which is dependent on P-450 cytochrome (CYP27A1). This leads to the creation of 25-hydroxycholecalciferol (25(OH) vitamin D, calcidiol). The
biological activity of this compound is low and its surplus
is stored in adipocytes.
The next stage that takes place in renal proximal tubules is 1α-hydroxylation of the calcidiol A ring, involving 1α-hydroxylase (CYP27B1). During this reaction,
1,25-dihydroxy-cholecalciferol (1,25(OH)2 D3, calcitriol)
is formed. It is described as a vitamin hormone, the activity of which is 1,000 times higher as compared to calcidiol,
but its half-life is shorter, i.e., 4–6 h. Calcitriol regulates
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numerous processes in the body, e.g., renal excretion
of calcium (Ca) and phosphate with the urine, and increases osteolytic activity of parathyroid hormone (parathormone, PTH). Moreover, it lowers the immunity of the
bone tissue to PTH activity, sensitizes parathyroid cells to
calcemia transitions, increases the number of Ca ion receptors, simplifies the flow of ions to parathyroid cells and
therefore reduces the secretion of PTH, and takes part in
Ca absorption from the digestive tract. Calcitriol plays an
essential role in the mineralization of bones, regulates the
immunological processes, has an impact on cell proliferation and differentiation, and also may increase myopathy
and cardiomyopathy.1 This stage in the synthesis process
is activated by the accumulation of 1,25(OH)2D3 metabolite, hypocalcemia, hypophosphatemia, and an elevated
concentration of PTH. Tyrosine, estrogens, androgens,
insulin, prolactin, cortisol, and somatotropin also exert
a positive impact on hydroxylation.2
What is essential is that the 1α-hydroxylation process
also occurs in other human cells, such as macrophages,
keratinocytes, placenta, parathyroid and prostate cells, osteoblasts, immune system cells, pancreatic islets, smooth
muscle tissue cells, and tumor cells. Locally synthesized
vitamin D impacts physiological processes at synthesis
points3–5 by auto- and paracrine regulation. Vitamin D is
also delivered to the body through a proper diet, although
it only accounts for approx. 10% of the total concentration. Products rich in cholecalciferol include fish and
cod-liver oil. Milk, eggs and cheese also contain cholecalciferol, but in lower amounts. Legume plants are rich in
ergocalciferol.

The vitamin D receptor
Vitamin D affects the human body and its particular systems by binding with a specific calcitriol receptor called
the vitamin D receptor (VDR). It is present in over 30 tissues and organs, including the bones, kidneys, intestine,
heart, brain, skin, pancreas, blood vessels, hypophysis,
adrenal glands, and striated and smooth muscle tissue, as
well as in T and B lymphocytes, neutrophils and macrophages. This suggests that the functioning of vitamin D is
pleiotropic (heliotropic) in character.
The vitamin D receptor belongs to the steroid hormone
receptor superfamily. It is a specific nuclear receptor. Its
molecular mass equals approx. 55 kDa, it consists of 427
amino acid residues and is encoded by the VDR gene. The
gene which encodes the vitamin D receptor protein is located in the 2nd arm of chromosome 12. It consists of 9 exons, which are transcriptional DNA sequences, and of intertwined mRNA particles, which create transcriptional
RNA. This gene is highly volatile due to mutations in the
non-coded region.
Several polymorphisms of the VDR gene are known.
The most common are single nucleotide polymorphisms
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(SNPs) – FokI (C/T), BsmI (A/G), ApaI (A/C), TaqI (T/C),
and Cdx2 (A/G). Their names come from the restriction site that was originally used to identify them. FokI
(rs2228570, C/T) polymorphism is located in the 2nd start
codon (ATG) in exon 2. When the C (mutant) allele is
present, an alternative start site is used, leading to the expression of a shorter VDR protein (424 aa), which demonstrates a greater transcriptional activity as a consequence
of enhanced binding to transcription factor II B. The
T (wild-type) allele leads to the expression of a longer VDR
protein (427 aa).6 BsmI (rs1544410), ApaI (rs7975232)
and TaqI (rs731236) polymorphisms are located in the
3’ untranslated region (UTR), and are all involved in regulating the stability of VDR mRNA.7,8
The calcitriol receptor comprises 2 important fragments. The larger fragment (ligand-binding domain;
the activation function for regulating gene transcription
through calcitriol) is responsible for binding with the active form of vitamin D, and the smaller fragment (DNAbinding domain; dimerization) is responsible for binding
with the regulatory DNA sequences of protein coding
genes, whose expression is modulated by vitamin D (i.e.,
osteocalcin, osteopontin, collagen, alkaline phosphatase,
hydroxycholecalciferol, parathyroid hormone).1,9 There
are over 50 genes involved in Ca/P homeostasis. They are
responsible for cell proliferation and differentiation, and
immune response.
The ligand-binding domain with calcitriol is characterized by a low yield but a high affinity. It is composed of 80
amino acids, where 20 combine to build 2 tin fingers, with
3 amino acids that are crucial at the base. Here, after calcitriol binding, serine residue phosphorylation begins in
positions 51, 119 and 125. Due to this process, it is possible to recognize the characteristic sequence in the promoter region of the target gene – vitamin D-responsive
element (VDRE). The modification of the binding domain
of the ligand may result in a lack of or poor responses to
vitamin D.10,11
The dimerization domain is located near the ligandbinding domain. It consists of a sequence of 7 hydrophobic amino acids, repeated 9 times. The binding of calcitriol induces a conformational change in the dimerization
domain, which enables the binding to the retinoic acid
receptor–retinoid X receptor (RXR) so as to form a heterodimer, and then the specific binding of the heterodimer to the regulatory sequences of DNA.1,2,12,13

lished data which shows that over 90% of people of color
(black, Latino and Asians) and nearly 3/4 of whites living in the United States suffer from a shortage of 25(OH)
vitamin D.15,16 Meanwhile, studies performed in Poland
report that a concentration of vitamin D <20 ng/mL (50
nmol/mL) occurs in 70% of the population.17,18
The main reasons for vitamin D deficiency are as follows: latitude (though also in countries with high insolation, such as India, vitamin D deficiency is becoming
a growing problem), usage of UVB filters, lifestyle, vocation, melanin deficiencies in the skin, aging, air pollution,
inadequate dietary intake and supplements.19,20 An inadequate concentration of vitamin D is also accompanied by
other diseases: cirrhosis of the liver, kidney dysfunctions,
malabsorption, and obesity. It can also be a consequence
of drug treatment (long-term intake of glucocorticoids,
anti-epileptic drugs or ketoconazole).
Vitamin D concentration in the serum is determined
using immunochemical methods, or a more accurate and
sensitive technique of liquid chromatography-tandem
mass spectrometry (LC-MS/MS). This method consists
in isolating a single ion from a substance present in the
sample by calculating the fraction mass-to-charge of ions.
In tests determining vitamin D levels, liquid chromato
graphy (LC) is used, which in the initial phase can precisely extract particles for further spectrometer analysis.
25-hydroxyvitamin D (25(OH)D), due to its stability in
the serum and the fact that the speed of its synthesis is
dependent on the supply of ingested vitamin D from diet,
drugs or supplements, it is regarded as a marker and the
best indicator of vitamin D concentration in the body.
It is worth performing laboratory tests to measure both
subunit 25(OH)D2 and 25(OH)D3. The sum of their total
concentrations represents the total vitamin D concentration in the serum.21
Depending on the level of vitamin D deficiency and
the age of the patient, various supplementation doses
have been proposed. Table 1 shows the dosing regimen
for adults aged >18 years according to the concentration
of vitamin D. The recommended total dose of vitamin D
in therapy can also be calculated using the Groningen formula22:

Vitamin D: Deficiency, determination
and supplementation

It is essential that supplementation in the form of tablets is applied after a meal, due to better absorption and
the presence of agents containing vitamin K2 MK-7, which
affects bone metabolism through activating and enhancing matrix Gla-protein (MGP). The supply may be carried
out using ergocalciferol (vitamin D2), cholecalciferol (vitamin D3) or calcifediol (25(OH)D3). The latter is used in
the treatment of liver diseases, and complications arising

Epidemiological studies show that vitamin D deficiency is a very common occurrence, not only in the
Polish population, but also globally.14 This deficiency is
determined by a concentration of <30 ng/mL (75 nmol/
mL) in the blood serum. Adams and Hewison have pub-

40 × (75 − concentration of 25(OH)D [nmol/L]) ×
× body weight [kg]

(1)

where 1 ng/mL = 2.5 nmol/mL.
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Table 1. Dose of vitamin D in relation to its concentration in the blood
Concentration of 25(OH) vitamin D in the blood
Correct values

Supplementation doses
800–2,000 IU/day in the September–April period; max dose for healthy people: 4,000 IU/day

Correct values; obese people

1,600–4,000 IU/day throughout a year

Correct values; lack of effective synthesis in the skin
<20 ng/mL

800–2,000 IU/day throughout a year
10,000 IU/day or 50,000 IU/week with a control test after 3 months

20–30 ng/mL

8,000 IU/day with a control test after 3 months

25(OH) vitamin D – 25-hydroxycholecalciferol.

from glucocorticosteroid treatment and antiepileptic
drugs. The administration of calcitriol and its derivatives
has no effect on improving the performance of vitamin
D3, defined as an increase in the concentration of 25(OH)
D3 in the serum, and is treated as hormonal treatment.

Vitamin D in medicine
Due to the discovery of the presence of VDR in many
tissues, it has been proven that the effects of its action
are wide and regard many systems. Its influence, beyond
the skeletal system, has been shown for example in the
immune, muscle, neural, and circulatory systems, as well
as in dermal diseases, rheumatic diseases, mental disorders, and in anticancer activities. Thanks to such multidirectional effects, vitamin D has become known as the
vitamin of life.

Vitamin D in dentistry
Vitamin D plays an important role in the stomatognathic system, where its influence in preventing caries
has been demonstrated. An analysis by Hujoel points
to vitamin D as one of the promising factors preventing
caries.23 The same study showed that vitamin D supplementation was correlated with a 47% lower risk of caries.
This effect was achieved through better tooth development, changes in the amount or biochemical composition
of saliva, modulated caries activity due to immunological
factors,24–26 and stimulating the production of antimicrobial peptides, such as defensins and cathelicidin.27 It is
also known that vitamin D can modulate Behçet’s disease,
aphthous stomatitis and Sjögren’s syndrome.27 There are
reports on the existence of a correlation between the level
of vitamin D and the activity of various diseases, including acromegaly.28,29 Halupczok-Żyła et al. found vitamin
D deficiency in all patients with the active form of acromegaly.29 There was also a statistically significant difference in the level of vitamin D between the control group
and active acromegaly patients.29
Another study suggests that VDR FokI genotypes might
affect the development of acromegaly and VDR polymorphisms, and may play a role in the course of acromegaly as
a consequence of altering the hormonal status.30

Vitamin D is also capable of modifying the course
of periodontal disease. There are 3 basic mechanisms responsible for this: the maintenance of normal bone metabolism, antibacterial activity and anti-inflammatory
activity. The impact of vitamin D and its active metabolites on the skeletal system occurs through the regulation
of the Ca metabolism. The level of 25(OH) vitamin D in
the serum is positively correlated with the degree of bone
mineralization, and negatively with the concentration
of PTH.
Chronic vitamin D deficiency results in abnormal Ca
absorption in the small intestine, which in turn reduces its
blood concentration. In consequence, parathyroid glands
increase the production of PTH (thereby developing tertiary hyperparathyroidism), which, by affecting the bone,
increases the release of Ca into the blood to compensate
for the deficiency in the serum.
This process is driven by the activation of osteoclasts,
which results in the destruction of bone tissue, leading in
turn to a reduction in bone calcification, rickets, osteomalacia, and osteoporosis. The role of vitamin D in the
bone mineralization process can be proven by the fact
that the condition of bone tissue deteriorates during the
winter/spring, when the synthesis of vitamin D through
the action of sunlight is considerably reduced.31
Vitamin D can reduce bone resorption by increasing intestinal absorption of Ca and its reabsorption in the distal
renal tubules. However, it also accelerates the secretion
of calcitonin and decreases parathyroid cell proliferation,
which in turn inhibits the synthesis and activity of PTH.
It also aids bone repair processes and bone matrix synthesis, reduces the perforation of trabeculae and increases
the activity of bone growth factors.
The antibacterial activity of vitamin D is based primarily on the induction of secretion of beta-defensins
and cathelicidin LL-37 (showing the chemotactic activity of neutrophils, monocytes and T lymphocytes), for
example by human gingival epithelial cells (GEC), and
thereby modulating the innate immune response. Another important issue is the fact that calcitriol affects the
regulation of triggering receptor expressed on myeloid
cells (TREM-1), which is a key amplifier initiating the immune responses of macrophages, which in turn leads to
increased production of inflammatory response genes.
This information suggests that vitamin D may be used
to treat and prevent infectious diseases of the mouth.32
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The final impact of vitamin D on the mouth consists in its
anti-inflammatory activity. It has been shown to inhibit the
release of cytokines, including interleukin 1β (IL-1β), interleukin 6 (IL-6), interleukin 12 (IL-12), and tumor necrosis
factor (TNF), help decrease the number of T and B cells, and
block the proinflammatory activity of type 1 and type 17
helper (Th1 and Th17) cells.
In light of all the reports mentioned above, researchers
have begun to closely observe and study any possible correlation between the effects of vitamin D and the course
of periodontal diseases.33–36 Vitamin D has a multi-level
role in maintaining periodontal health, namely, in reducing alveolar bone loss, gingival inflammation and/or
attachment loss. Dietrich et al. used the Third National
Health and Nutrition Examination Survey (NHANES III)
to show that a lower level of vitamin D is associated with
greater loss of attachment.36 Another interesting conclusion of this analysis was that people with high vitamin D
levels showed 20% less bleeding on probing. It is worth
noting that these results were independent of other factors, such as diabetes or smoking. Such effects are evidence of the anti-inflammatory activity of vitamin D.37
Studies conducted by Perayil et al. demonstrated the inhibiting effect of vitamin D and Ca supplementation on
periodontitis.38 They observed a statistically significant
decrease in gingival index (GI) and simplified oral hygiene index (OHI-S) among patients taking an additional
250 IU of vitamin D and 500 mg of Ca, compared to those
patients whose treatment consisted solely in scaling, root
planing and curettage. Moreover, the bone density of respondents from the experimental group significantly increased. Hiremath et al. showed that vitamin D was a safe
and effective anti-inflammatory agent when used in the
treatment of gingivitis.39 This characteristic leads to a reduced risk of tooth loss.40
According to Mangano et al., the risk of early implant
loss is more than 4 times higher in people with deficient
vitamin D (<10 ng/mL) than in patients with normal serum vitamin D levels.41

Conclusions
The above discussion points out the importance of maintaining normal levels of vitamin D in the blood. Scientists
have again started to examine the effect of vitamin D on
many processes. They also highlight the fact that there is a
general deficiency of vitamin D and the need for appropriate supplementation.
An analysis of the available publications clearly shows
that more attention should be paid to the role of vitamin D deficiency in the etiology and treatment of periodontal diseases, as well as to vitamin D supplementation
as an aid in treating periodontitis and gingivitis. In addition, it is worth focusing on possible vitamin D deficiency
as a factor that increases the risk of bone implant loss.
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Abstract
Bisphosphonates are a group of medicines used in the treatment of oncological osteoporosis, Paget disease
and osteogenesis imperfecta. They significantly interfere with the regeneration processes of bone tissue
and have a tendency to accumulate in the areas of increased bone remodeling, i.e., the maxilla and the
mandible. One of their most serious and problematic side effects is the induction of bisphosphonaterelated osteonecrosis of the jaw (BRONJ), characterized by an exposed, necrotic bone in the maxillofacial
area, which lasts longer than 8 weeks, in the case of a patient who is using or was using bisphosphonates
and who did not undergo radiotherapy in this anatomical area. Dentistry manipulations are one of the
factors which may increase the risk of BRONJ occurrence. The existing recommendations for preventing
osteonecrosis are ambiguous. Some authors recommend that the bisphosphonate therapy be discontinued
prior to dental procedures, while others say that there is no evidence for the effectiveness of interrupting
the therapy. There is also no unequivocal attitude toward antibiotic prophylaxis. According to this research,
each case should be considered individually, primarily having regard to the good of a patient.
Key words: oral health, bisphosphonates, prophylaxis, bone healing, osteonecrosis
Słowa kluczowe: zdrowie jamy ustnej, bisfosfoniany, profilaktyka, gojenie się kości, martwica kości
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Bisphosphonates are a group of medicines used in the
treatment of malignancies metastatic to bone, multiple
myeloma, hypercalcemia of malignancy, osteoporosis,
Paget disease, and osteogenesis imperfecta.1,2
They belong to a group of inorganic pyrophosphatic derivatives and are a compound of 2 phosphonate groups
connected by esterification.1 They can be divided into
2 groups: non-nitric and those containing 1 or more nitrogen atoms (Table 1). Their action is based on the affinity to bone hydroxyapatites, which inhibits bone disintegration and calcification.1,3 Moreover, bisphosphonates
are able to induce the apoptosis of osteoclasts, which are
responsible for bone destruction, as they release hydrolytic enzymes. The strong affinity of bisphosphonates to
bone tissue and, in consequence, their accumulation in its
structure, lead to their high concentration in the whole
skeletal system.1 Those major properties have led to their
medical utility.
Nowadays, apart from the obvious positive effects of using bisphosphonates, side effects such as gastrointestinal
disorders, flu-like symptoms, nausea, emesis, headaches,
dizziness, increased risk of atrial fibrillation, renal dysfunction, and the possibility of initiating the osteonecrosis
of the jaw are also highlighted.1,4,5 The latter has recently
been classified as a separate disease entity and described
for the first time by Marx in 2003 on the basis of a study
of 36 patients who took bisphosphonates intravenously.6
In fact, it is also diagnosed in the cases of drugs administered orally. It has been noticed that bisphosphonates
significantly interfere with the regeneration processes
of bone tissue. They have a tendency to accumulate in the
areas of increased bone remodeling, i.e., the maxilla and
the mandible.7
According to the American Association of Oral and
Maxillofacial Surgeons (AAOMS), bisphosphonate-related osteonecrosis of the jaw (BRONJ) is an exposed,
necrosis-affected bone in the maxillofacial area, which
lasts longer than 8 weeks, in the case of a patient who
is using or was using bisphosphonates and who did not
undergo radiotherapy in this anatomical area.8 Teeth extractions, dental trauma, radio- and chemotherapy, infectious disease, and concomitant therapy with corticosteroids are listed as potential factors which may increase the
risk of BRONJ development.9 Researchers highlight that
BRONJ occurs mostly after an intravenous application
of zoledronic acid. Among orally applied medicines, alendronate is the one that causes BRONJ most frequently.10

Clinical symptoms of BRONJ may vary – from an asymp
tomatic process to local pains, presence of fistulas, ulceration, inflammatory reaction of soft tissues, teeth loosening,
and the exposure of a necrotic bone (Fig. 1).4,11 Developing BRONJ may also cause sinus pain related to the thinning of the sinus walls and infection.12 A radiological picture shows the deterioration of the bone structure, bone
defects that cannot be related to periodontitis, a loss
of bone density, and the separating of bone sequestra
(Fig. 2).13
In 2006, Ruggiero et al. developed a classification
of BRONJ, which defines the advancement of necrosis.
The 1st stage includes patients with an exposed necrotic
bone with no soft tissue inflammation. The 2nd stage includes patients with an exposed necrotic bone with pain
affliction and soft tissue infection. The 3rd stage includes

Fig. 1. Necrotic bone after the procedure of hemisection of distal root
of first mandible molar – a patient using bisphosphonates

Fig. 2. Osteonecrosis after the procedure of hemisection of distal root
of first mandible molar visible on orthopantomography of a patient
using bisphosphonates

Table 1. Types of bisphosphonates
Non-nitric bisphosphonates
etidronate (Ostedron®)
clodronate (Sindronat®, Bonefos®)

Bisphosphonates with nitrogen atoms
alendronate (Fosamax®, Alendron®)*
ibandronic acid (Bonviva®, Bondenza®)
zoledronate (Zometa®, Desinobon®)*
pamidronate (Aredia®, Pamifos®)
risedronate (Actonel®, Risendros®)

* bisphosphonates causing bisphosphonate-related osteonecrosis of the jaw (BRONJ) most frequently.
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patients who, in addition to the aforementioned symptoms, also present with pathological fractures, the creation of extraoral fistulas and osteolysis spreading to the
edge of the mandible.9
In 2009, Bagán et al. noticed the need to update the previously developed classification of BRONJ, since it did not
include a group of patients with intraoral fistulas without
exposed necrotic bone tissue. They proposed a separate
BRONJ classification.acc.13 However, the most common
classification was created by AAOMS; it differs from the
abovementioned classifications (Table 2).8
Due to difficulties in treating the highlighted BRONJ
complication of the bisphosphonate therapy, it seems to
be reasonable to apply proper prophylaxis actions. The
basis for preventing side effects is ensuring proper oral
hygiene before commencing the bisphosphonate therapy.
Teeth that do not qualify for conservative, endodontic
or prosthetic treatment should be extracted. If possible,
the treatment should be postponed until the extraction
wound is fully healed.14
During the bisphosphonate treatment, the criteria
for conservative and endodontic procedures do not differ from a standard case. Regular check-up visits every
4 months are very important during the therapy with
bisphosphonates, and the treatment should be applied immediately in order to prevent the infection from spreading to bone tissue and to limit the need for possible surgical procedures. It is also recommended that patients be
educated about maintaining perfect oral hygiene. Routine
dental cleaning should be performed carefully to avoid
the injuries of soft tissue.9
There is no proof of an increased risk of BRONJ after
nonsurgical periodontics procedures. Using bisphosphonates does not change the criteria for prosthetic treatment; however, special attention should be paid to the
correct moulding of dentures. They should not traumatize the tissues of denture foundation.15 Both intravenously and orally applied bisphosphonates are not contraindications to orthodontic treatment; however, they can slow
down the moves of teeth during the treatment.16
Surgical procedures require separate prevention
methods. The research shows that the inhibition of the
bisphosphonate therapy before a surgical procedure does
not decrease the risk of BRONJ.17 It has been proven that
the concentration of bisphosphonates remains high for
many years after the therapy. The exact duration of the
half-life period of bisphosphonates is not well defined

due to technical difficulties in marking their concentration in the urine and blood. It is estimated that alendronate can stay in the organism for 10 years, even after applying a single dose.1
If it is necessary to perform a surgical procedure in the
maxillofacial area on a patient using bisphosphonates, the
patient should always be informed about the potential risk
of bone necrosis. It is also advised to perform the procedure in an atraumatic way by an experienced surgeon. It is
also recommended to sew the wound tightly, without too
much tension, and to maintain good oral hygiene, assisted
with antibacterial solutions.18,19 The scientific research
does not provide unambiguous conclusions with regard
to applying the antibiotic therapy in BRONJ prevention.
Antibiotic prophylaxis is used in oral surgery to prevent
infections in high-risk cases, i.e., in patients whose general health conditions or specific medical procedures they
have undergone make them more susceptible to contracting new infections. There are many reasons to use antibiotic prophylaxis in patients treated with bisphosphonates
because of their specific mechanism of action, connected
with suppressed bone remodeling, inhibited angiogenesis, delayed healing, immunology dysfunction, and the
toxification of soft tissues.20
Penicillin still remains a drug of choice in antibiotic
prophylaxis, but the decision which medicine should be
used depends on the pathogens, the patient’s tolerance or
allergies, and costs. The results of microbiological examinations taken from the extraction site at the time of procedure may be helpful in this regard.9
According to Hoefert and Eufinger, a longer application of antibiotics may have a positive influence on the
healing process. They compared the results of 2 groups
of patients. In the 1st group, the antibiotic therapy was
maintained for 1–8 days, while in the 2nd one, it lasted
for 23–54 days. The researchers noticed that in the 2nd
group, full healing was achieved in 70–87% of the cases, in
contrast to the 1st group with the results oscillating from
35% to 53%.21 The efficacy of this approach is confirmed
by the research which analyzed the frequency of BRONJ
occurrence after dental procedures.14 The occurrence
of BRONJ was noted only in the group of patients who
had not received the antibiotic therapy. Instead, the treatment used mostly amoxicillin or amoxicillin with clavulanate and metronidazole. The alternative for allergic
patients is erythromycin, clindamycin and lincomycin.
Suggested medicine doses are presented in Table 3.20

Table 2. Classification of bisphosphonate-related osteonecrosis of the jaw (BRONJ) by the American Association of Oral and Maxillofacial Surgeons (AAOMS)
Stage

Advancement of necrosis

0

lack of a clinical proof of bone necrosis, still the presence of nonspecific clinical symptoms

1

exposure of a necrotic bone without symptoms of infection

2

exposure of a necrotic bone, accompanied by infection, pain, erythema with or without purulent exudate

3

exposure of a necrotic bone with pain, infection and 1 or more of the following: exposure of a necrotic bone causing pathological fractures,
extraoral fistula, oral-sinus fistula, or osteolysis spreading to the edge of the mandible or to the maxillary sinus
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However, due to the extended period of administering antibiotics, the usage of clindamycin should be considered
carefully, because of the high probability of side effects,
including pseudomembranous colitis. Some studies show
that clindamycin prophylaxis may also be insufficient for
some Gram-negative bacteria, because of the bacteriostatic mechanism of action.22,23
On the other hand, there are authors who do not advise
prescribing antibiotic prevention for routine dentistry,
but recommend bacterial prophylaxis only for patients
from the high-risk group with cardiovascular diseases.
Some research does not confirm the effectiveness of antibiotic usage in preventing BRONJ.15,24
Observations of 15 patients in the Department of Dental Surgery at Medical University of Warsaw suggest that
good results in preventing BRONJ were achieved by using antibiotics according to the following guidelines: antibiotic (amoxicillin 1 g every 12 h) for 3 days before the
procedure and on the day of the procedure, and then for
±21 days until the epithelialization of the wound. The
wound was dressed with sutures, removed after 7–14 days,
and the patient was examined on a weekly basis for wound
regeneration. Moreover, the advanced platelet rich fibrin
(A‑PRF) fraction, obtained from the patient’s blood collected before the procedure, can be used to accelerate
post-extraction wound healing. The effectiveness of the
antibiotic prophylaxis used in the Department of Dental
Surgery at Medical University of Warsaw was proven in
the study by Giovanni et al.acc.9 In the group of patients
who received antibiotics for 3 consecutive days before the
procedure, on the day of the procedure and 17 days after,
BRONJ was not noticed.9
It is difficult to define unambiguous rules of using prophylaxis in the cases of osteonecrosis of the jaws, being
a result of the bisphosphonate therapy. Each case should
be considered individually, having regard to the good
of the patient. Doctors should remember that the chances
to encounter people using bisphosphonates (both men

and women) in the ageing Polish society are significant.
These patients might not inform the dentist about using
this medicine or may simply not be aware that this could
affect the process of wound healing. It seems reasonable
to pay more attention to a general medical interview,
which would facilitate proper prophylaxis application.
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Abstract
Periodontal diseases affect up to 90% of the population worldwide. Deficiencies in vitamins, minerals and
polyphenolic compounds, whose main sources are fruit and vegetables (F&V), may predispose to these
diseases. The PICO (Patient, Intervention of interest, Comparison or Control Intervention, and Outcome)
question was: What is the effect of F&V intake on the outcomes of periodontal diseases, observed in either
experimental or observational studies of human populations suffering from periodontitis or gingivitis,
compared to controls without intervention or healthy people.
The review was conducted using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) protocol for search strategy, selection criteria and data extraction. The searched databases
included MEDLINE (PubMed), Scopus and Google Scholar. A total of 181 potentially relevant articles were
identified, which were then evaluated according to pre-specified criteria relating to relevance and quality.
Finally, 15 articles were selected for review. Four articles described intervention studies, 3 reported on
prospective and retrospective cohort studies, and 8 concerned cross-sectional studies. A total of 10,604
people aged 15–90 years took part in the studies. On the basis of the research it can be concluded
that the consumption of at least 5 servings of F&V per day may prevent the progression of periodontal
diseases, especially periodontitis, and even tooth loss. Moreover, incorporation of specific F&V into the
diet or, alternatively, their lyophilized forms, and nutritional education activities seem to support the
standard of care therapy of gingivitis and periodontitis. However, further observational and well-designed
experimental studies, with homogeneous periodontal status outcomes, are needed to confirm these
findings. Furthermore, professional dietetics care for periodontal patients should become an integral
component of the healthcare program.
Key words: diet, fruit, vegetables, periodontal diseases
Słowa kluczowe: dieta, owoce, warzywa, choroby przyzębia
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Introduction

Search strategy

Periodontal diseases refer to a range of serious pathological conditions that occur in the tissues surrounding the teeth in response to bacterial accumulation or
dental plaque. It is estimated that they affect as much as
90% of the population worldwide, and almost half of the
world’s population suffers from periodontitis.1–3 The
classification established during the 2017 International
Workshop for a Classification of Periodontal Diseases
and Conditions distinguishes dental biofilm-induced
gingivitis, non-plaque-induced gingival diseases and
conditions, necrotizing periodontal diseases, periodontitis as a manifestation of systemic diseases, forms of the
periodontal disease previously recognized as ‘chronic’
or ‘aggressive’, now grouped under a separate category
– ‘periodontitis’, and progressive and acquired deformities and conditions.4 A significant role in the pathogenesis of periodontal diseases is attributed to the formation of bacterial biofilm on tooth surfaces, i.e., dental
plaque.2,5 However, what triggers the progression of inflammatory conditions is the disturbance of the equilibrium between the pathogenic bacteria attacking the
periodontal tissue and the host’s defense mechanisms.
The severity and progression of the diseases is a result
of numerous factors, including genetic predisposition,
age, general health condition, and improper nutrition.
It has also been observed that the prevalence of periodontitis is greater in smokers, less educated individuals
and those of a lower socioeconomic status.6 Untreated
periodontitis disturbs the process of mastication and
may lead to partial or total tooth loss.7,8 Problems associated with the mastication of food affect the composition of the diet and result in further deterioration of the
patient’s health condition. It has been confirmed that
patients suffering from periodontitis have higher rates
of diabetes, cardiovascular disease and cerebral stroke,
with the risk increasing with age.9,10 Typically, patients
seek medical attention only in situations requiring dental intervention or pharmacological treatment. However,
next to adequate oral hygiene, proper diet composition
seems to be an effective measure to prevent the diseases
or even to modulate an already existing condition.11
It has been confirmed that deficiencies in several nutrients, such as vitamins and minerals, strongly enhance
the progression of periodontal diseases.12,13 The primary
sources of these important nutrients include fruit and
vegetables (F&V). A PICO (Patient, Intervention of interest, Comparison or Control Intervention, and Outcome) question was formulated to identify key words
that would drive the literature search.14 The PICO question was: What is the effect of F&V intake on the outcomes of periodontal diseases, observed in either experimental or observational studies of human populations
suffering from periodontitis or gingivitis, compared to
controls without intervention or healthy people.

The MEDLINE (PubMed), Scopus and Google
Scholar electronic databases were searched to find articles that might answer the above question. The cutoff date for this search was December 15, 2017. The
search was limited to studies on human subjects, published between 1990 and 2017, in English, and available in full text. The search terms were: [periodontitis
OR periodontal OR chronic periodontitis OR periodontal disease OR periodontal diseases OR aggressive periodontitis] AND [fruit OR fruits OR vegetable
OR vegetables] AND [longitudinal OR studies OR supplementation OR consumption OR prospective studies OR cohort studies OR randomized clinical trial OR
cross-sectional studies OR intervention]. No other restrictions were established, and the free-text strategy
and Medical Subject Headings (MeSH) terms were applied in the search process. This systematic review was
conducted in line with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
statement.15

Study selection and eligibility
criteria
The study selection was conducted independently
by 2 reviewers (ASR, KM), with any disagreements resolved by the 3rd reviewer (JB). The eligibility criteria
were formed based on the study question. This systematic review considered only original studies with the
following designs: randomized controlled trials (RCTs),
and cohort and cross-sectional studies on the effect
of F&V intake on gingivitis and periodontitis patients.
We also decided to exclude descriptive observational
studies (e.g., case studies), reviews, systematic reviews
with and without meta-analysis, letters, book chapters,
reports, studies without an abstract or where the full
text was not available, research conducted on cells, research conducted on nonhuman species, studies conducted only among healthy people or among patients
with oral diseases other than gingivitis and periodontitis (e.g., caries), and studies evaluating the effect of extracts derived from F&V or, for example, mouthwash
enriched with F&V extracts. Moreover, only papers in
English were included. Due to the potential erosive effect of fruit juice,16 studies on fruit juice intake were
also excluded from this systematic review. Different
age groups were included in this study and there was
no restriction on the severity of periodontitis or gingivitis. The following periodontal outcomes were used
to assess the periodontal status: pocket depth/probing
pocket depth (PD/PPD), plaque index (PI), bleeding
index (BI), bleeding on probing (BOP), alveolar bone
loss (ABL), clinical attachment level (CAL), attachment
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loss (AL), gingival cervical fluid (GCF), gingival index
(GI), gingival recession (GR), modified gingival index
(MGI), community periodontal index of treatment
needs/community periodontal index (CPITN/CPI),
sulcus bleeding index (SBI), vascular endothelial
growth factor (VEGF), and tooth loss (TL). Periodontal disease events noted during the observational period were also used to assess the periodontal status.
The concentration of vitamin C in blood serum, ferricreducing antioxidant power (FRAP) and Trolox equivalent antioxidant capacity (TEAC) were determined. For
evaluating the inflammation status, the concentration
of interleukin 1β (IL‑1β) and interleukin 6 (IL‑6) was
measured. All the papers included in references were
additionally reviewed, but there was only 1 report that
met all the inclusion criteria. The literature search is
illustrated in Fig. 1.

Analysis of study bias and quality
To assess the potential sources of bias, the studies were
reviewed using the critical appraisal checklists from
the Scottish Intercollegiate Guideline Network.17 Analysis of the quality of the RCTs was independently performed by 2 investigators (ASR, KM), using a 9-category
scoring system, being a modified version of the system proposed by Downs and Black.18 The cohort and
cross-sectional studies were also assessed by 2 reviewers (ASR, KM) in terms of their methodological
quality, using an adapted Newcastle-Ottawa Quality
Assessment Scale for cohort studies19 and a separate
scale for cross-sectional studies.20

Data extraction
Data items extracted from the included papers were
as follows: author, year, country, study design, study
duration, sample size, participant characteristics (age,
gender and periodontal status), method(s) for assessing
F&V intake, periodontal status indicator(s), intervention (I) and control (C) conditions in RCTs, and results
reported for periodontal status indicators. The data
was extracted independently by 2 authors (ASR, KM),
with any conflicting judgments discussed and a 3rd independent judgment (JB) sought if agreement could
not be reached.

Search results
In total, electronic search through the 3 databases
and references revealed 181 potentially relevant papers. Seventy-five papers were selected from the
MEDLINE (PubMed) database, 55 from the Scopus
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database, 50 from the Google Scholar database, and
1 from the reference lists. During the first screening,
based on title and abstract, 120 records were excluded
from future analysis. In addition, 12 studies were excluded from analysis due to duplication. In the next
step, 34 full-text articles failed to meet the inclusion
criteria. Overall, a total of 15 articles were enrolled
into the qualitative synthesis and systematic review.

Quality assessment
Four of the studies examining dietary interventions
obtained an overall average rating of 88%, which allowed these studies to be classified as high-quality.21
For example, the study by Staudte et al. met 7 out
of 9 conditions and obtained a total score of 77.77,
and was qualified as a high-quality study.22 In the case
of all the assessed observational studies, sample representativeness was considered to be adequate and
the presence of periodontal diseases was confirmed
by clinical indicators reported at baseline. The comparability of the study groups based on age, gender
and socioeconomic factors was described. Follow-up
and outcome assessment was judged to be adequate in
all studies. Only 1 study did not describe the timeline
of the research.23 Sample size or power calculations
were reported in 5 studies.24–28 Periodontal therapy
was provided by a range of operators, including specialists, general dentists and hygienists. Overall, the
methodological quality of all the observational studies
was considered to be medium.

Study characteristics
The total number of subjects participating in the
studies selected for review was 10,604. The age of the
participants in the studies ranged from 15 to 90 years.
One study was conducted with children and teenagers,29 15 studies involved adults,22–36 while older adults
(≥65 years) participated in 9 studies.22,24,25,27,28,31–33,36
One study included pregnant women.35 Among the
studies selected for review, 4 involved dietary intervention experiments,22,32–34 1 was a retrospective cohort study,26 2 were prospective cohort studies,24,36
and 8 were cross-sectional studies.23,25,27–31,35 The consumption of F&V was mostly assessed using the Food
Frequency Questionnaire (FFQ) method,26,28,30,33,35,36
the food diary method33 and the 24-hour recall method.26–28,30,31 We abstracted the following data from each
study: author’s first name, year of publication, country
where the study was conducted, study design, study duration, sample size, characteristics of the participants,
use of periodontal indices, and results. The studies selected for review are characterized in Table 1.
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Fig. 1. Flow chart of the literature review process
SLR – systematic literature review.
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39 F and 21 M; aged 30–60 years;
chronic periodontitis

51 F and M; aged 30–65 years;
chronic periodontitis

17 F and 7 M; aged ≥18 years;
gingivitis

Staudte et al.
Germany, 200522

Chapple et al.
UK, 201232

Zare Javid et al.
UK, 201433

Widén et al.
Sweden, 201534

625 M; aged 43–86 years;
healthy and with periodontitis
600 subjects (294 F and 306 M);
aged 70 years;
healthy and with periodontitis

Schwartz et al.
USA, 201224
6 years

15 years

6 years

PI; GI; PPD; CAL; TL
PD; GR; AL
PD; AL
CPITN 0 – healthy;
CPITN 3 – periodontitis,
PD ≥ 4 mm
BOP; PD
CPI

frequency of F&V intake and calculating HEI
(a well-balanced diet: HEI > 80)
F&V intake
F&V intake
consumption of citrus fruit and other fruit (apples, grapes
and mixed fruit)
I tertile – the lowest F&V intake (1.5–5.0 servings*/day)
II tertile – medium F&V intake (5.1–6.7 servings/day)
III tertile – the highest F&V intake (6.8–16.8 servings/day)
consumption of vegetables

intake of dark green and yellow vegetables
intake of other F&V

fruit intake as a dietary fiber source

Prospective cohort studies

guava fruit intake as a vitamin C source

ABL; PPD; TL; plaque
accumulation
change in TL over 6 years;
number of periodontitis
events over 6 years

plasma level of vitamin C;
ABL

CPITN

frequency of F&V intake

Retrospective cohort studies

TL: extraction of ≥1 tooth

BOP; level of IL-1β, IL-6 and
VEGF in GCF

consumption of green and yellow vegetables, other
vegetables and fruit

Cross-sectional studies

↓ PPD; ↓ BOP; ↑ CAL
(after just 2 months of dietary treatment)

PPD; BOP; CAL; GCF; MGI;
recession; cumulative
Quigley–Hein index

↓ ABL; ↓ PPD; ↓ TL (at ↑ high-fiber fruit intake)
(for subjects aged ≥65 years)
↓ number of periodontitis events over 6 years
(at ↑ intake of dark green and yellow vegetables
[g/kg])

↓ ABL (at ↑ guava fruit intake)

↑ CPI (at ↓ vegetable intake)
(for BMI > 23 kg/m2)

↓ PD in nonsmokers
(>5 servings/day of F&V)

↓ PD ≥ 4 mm
(in participants with CPTIN 3 in the citrus group)

↑ PD; ↑ AL
(≤4.5 servings/day of F&V without potatoes and
other starchy vegetables) no statistical significance
↑ PD; ↑ AL
(<5 servings/day of F&V)

↓ CAL; ↓ TL (at ↑ intake of F&V)

↓ CPITN (at ↑ intake of green F&V)

↓ TL
(in the group eating vegetables other than green
and yellow)

↓ BOP; ↓ IL-1β, IL-6, VEGF in GCF
(only in the group consuming 500 g bilberries/day)

TEAC and FRAP in plasma
↑ TEAC
and saliva; PI; GR; BI; CAL; PD (I vs C in T1 and T2)

↓ SBI in nonsmokers;
↑ vitamin C level in smokers and nonsmokers

Results

Serum level of vitamin C;
PPD; SBI; PI

Periodontal indices

ABL – alveolar bone loss; AL – attachment loss; BI – bleeding index; BMI – body mass index; BOP – bleeding on probing; C – control group; CAL – clinical attachment level; CPITN/CPI – community periodontal index of treatment
needs/community periodontal index; F – females; FRAP – ferric-reducing antioxidant power; F&V – fruit and vegetables; GCF – gingival cervical fluid; GI – gingival index; GR – gingival recession; HEI – healthy eating index;
I – intervention group; IL-1β – interleukin 1β; IL-6 – interleukin 6; M – males; MGI – modified gingival index; PD – pocket depth; PI – plaque index; PPD – probing pocket depth; SBI – sulcus bleeding index; TEAC – Trolox equivalent
antioxidant capacity; TL – tooth loss; VEGF – vascular endothelial growth factor; *a serving means 125 mL of fresh, frozen or preserved fruit or vegetables, or 250 mL of green leafy vegetables or salads, or 1 piece.

Yoshihara et al.
Japan, 200936

53 F and 45 M; aged 39–50 years;
healthy and with periodontitis

Amaliya et al.
Indonesia, 201526

Study design

Dietary interventions
I – 2 grapefruits/day + dietary recommendations; smokers
2 weeks and nonsmokers
C – smokers and nonsmokers on a usual diet
I – diet + lyophilized fruit and vegetables (FV) and fruit /
8 months vegetables / blueberries (FVB)
C – placebo (primarily microcrystalline cellulose)
I – nutritional education + check-up meetings: before the
6 months study (T0), after 3 months (T1) and after 6 months (T2)
C – control meetings without education
I – 250 g bilberries/day or 500 g bilberries/day
7 days
CI – placebo (potato starch)
CII – standard of care therapy (debridement only)

1,002 pregnant women;
Tanaka et al.
aged 30 years;
28 months
Japan, 200735
healthy and with periodontal diseases
81 F; aged 46–58 years;
Yamori et al.
6 years
healthy and with periodontitis
Tanzania, 201130
340 F and M; aged 18–70 years;
Bawadi et al.
6 months
healthy and with periodontitis
Jordan, 201125
3,107 F and 2,945 M;
Nielsen et al.
aged ≥30 years;
2 years
USA, 201631
healthy and with periodontitis
Rivas-Tumanyan et al. 182 F and 43 M; aged ≥60 years;
2 years
Puerto Rico, 201327 healthy and with periodontitis
227 F and 252 M; aged ≥15 years;
Blihnaut and Grobler farm workers;
12 months
South Africa, 199229 healthy and with periodontal diseases
63 nonsmokers, 23 smokers,
Dodington et al.
F and M; aged 34–90 years;
18 months
Canada, 201528
chronic generalized periodontitis
388 F and 413 M; aged 18–25 years;
Tomofuji et al.
students;
–
Japan, 201123
healthy and with periodontitis

51 F and 29 M; aged 24–65 years;
chronic periodontitis;
smokers and nonsmokers

Table 1. Fruit and vegetables (F&V) intake and periodontal diseases – data analysis
Study
Study
Population
duration
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Fruit and vegetables consumption
as an adjunct to standard of care
treatment (dietary intervention
studies)
Although diet is described as a modifiable risk factor for
periodontal diseases,37 data on dietary manipulations where
F&V were added to the diet of patients with periodontal
diseases is very limited. Our review found 4 such dietary
intervention studies.22,32–34 In the study by Staudte et al.,
it was found that incorporation of 2 servings of grapefruit
(500 g) into the diet of smoking and nonsmoking patients
diagnosed with chronic periodontitis resulted in a significant increase in blood serum vitamin C concentration after a 2-week intervention in comparison to a control group
consuming a usual diet.22 Moreover, among diseased nonsmokers, a significant reduction in the value of SBI was also
observed.22 Widén et al. reported a significant reduction
in BOP, as well as in the concentrations of proinflammatory cytokines (IL-1β and IL-6) and VEGF in GCF among
individuals with gingivitis who consumed 500 g bilberries
per week in comparison to controls receiving a placebo.34
Moreover, it was stated that the intake of 500 g bilberries
caused similar changes in BOP as did standard of care therapy (debridement only).34 Significant improvements in the
PPD and BOP values were observed after only 2 months in
patients suffering from chronic periodontitis who received
nonsurgical treatment and freeze-dried F&V.32 In a 6-month
study conducted by Zare Javid et al. among adults suffering
from chronic periodontitis who had completed nonsurgical treatment, nutritional education activities focusing on
adequate intake of F&V (≥5 servings daily) were linked
with a significant increase in plasma total antioxidant capacity, as measured by the TEAC assay, compared to the
control group.33 No significant differences were observed
between the groups with respect to the periodontal indices
measured (PI, GR, BI, CAL, and PD) or the FRAP index.33
To conclude, on the basis of the collected dietary intervention studies, it can be stated that the incorporation of F&V
into the diet, especially citrus fruit, berries and lyophilized
F&V, as well as nutritional education activities focusing on
adequate F&V intake, may be useful as an adjunctive measure in the management of periodontitis or gingivitis. However, further RCTs are required to confirm this effect.

Fruit and vegetable intake in
the prevention of periodontal
diseases (cohort and crosssectional studies)
We saw an association between F&V intake and perio
dontal health in 8 cross-sectional studies and 3 cohort
studies. For example, Yamori et al., in a study of 81 women

aged 46–58 years, reported that the severity of periodontitis (assessed on the basis of the CPITN) was inversely
correlated with the frequency of intake of green F&V.30
Bawadi et al. stressed that a well-balanced diet (as assessed
by the healthy eating index, HEI > 80) with adequate intake of F&V (min 5 servings per day) was associated with
improved CAL.25 It was also observed that higher intake
of F&V was related to a lower number of lost teeth.25
In a study conducted by Rivas-Tumanyan et al., it was
shown that among elderly patients, having at least 2 teeth
with the AL score of ≥6 mm and at least 1 tooth with the
PD value of ≥5 mm was significantly associated with low
intake of F&V (<5 servings per day).27 In a study conducted during the years 2009–2010 and 2011–2012 on
a population of 6,052 adults, Nielsen et al. observed that
insufficient intake of F&V of ≤4.5 servings per day was associated with an increase in PD and AL; however, this relation was statistically insignificant.31 Blihnaut and Grobler,
in a study of 479 fruit pickers in South Africa, assessed the
relationship between periodontal health (evaluated on the
basis of CPITN) and the intake of fresh fruit (including
citrus fruit, apples, grapes, and mixed fruit).29 The recom
mended daily fruit intake was established as at least 8 apples, 8 bunches of grapes, 8 oranges or mandarins, or 11
fruits being a mixture of different kinds. In individuals
eating citrus fruit, PD ≥ 4 mm was diagnosed less often.29
Similarly, during an 18-month observation, Dodington
et al. recorded that increased intake of F&V (≥5 servings
per day) was associated with a significantly lower incidence of PD > 3 mm.28 However, this association was seen
only among nonsmokers. Tomofuji et al. observed that
the frequency of vegetable consumption among obese
students diagnosed with periodontitis was significantly
lower (10.9%) than among non-obese individuals (33%).23
No such association was found in underweight students
and students with normal body weight.23 In a study conducted by Tanaka et al., involving 1,002 pregnant women,
a relationship between the intake of F&V and TL was
seen.35 The lowest number of lost teeth was recorded
in the group of women consuming the largest amounts
(>170 g per day) of vegetables other than green or yellow,
such as cabbage, radishes and onions.35 The protective
role of adequate F&V intake on periodontal health, as reported by cross-sectional studies, was also confirmed in
2 prospective and 1 retrospective cohort studies. For example, Schwartz et al. observed among veterans aged over
65 years that the intake of high-fiber fruits, such as bananas, apples, pears, oranges, and plums, was associated
with a lower risk of progression in ABL, PPD and TL.24 No
significant associations were seen in younger veterans.24
Moreover, the intake of dark green and yellow vegetables
was negatively correlated with the number of periodontitis events during the 6 years of observations conducted in a group of 600 older adults.36 In her retrospective
study, Amaliya et al. found opposite associations between the consumption of guava fruit, rich in vitamin C,
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and the amount of ABL.26 To conclude, the findings from
the collected studies suggest strong inverse associations
between the progression of periodontal diseases, especially periodontitis, and adequate consumption (at least
5 servings a day) of F&V. In this matter, special attention
should be given to adequate consumption of dark green
and yellow vegetables (spinach, broccoli, yellow peppers,
and carrots) and some other vegetables (cabbage, radishes
and onions), and fruits with a high content of vitamin C
(black currants, grapefruits and oranges) and dietary fiber
(bananas, apples, pears, berries, and plums).

Discussion
The data collected from the cross-sectional studies and
confirmed by the prospective and retrospective cohort
studies clearly indicates that the recommended intake
of F&V (at least 5 servings a day) is a significant factor
that can prevent the progression of periodontal diseases
and even tooth loss among people at all ages. It should
be highlighted, however, that smoking is a significant risk
factor in the progression of periodontitis, irrespective
of the actual intake of F&V.37 Our findings were similar
to those presented by Nanri et al. and Moynihan, where
higher F&V consumption was also associated with better oral health-related quality of life.38,39 Moreover, our
systematic literature review indicated that incorporating
F&V (especially citrus fruit and berries) into the diet, as
well as nutritional education activities that stress the need
for adequate intake of F&V by individuals with various
forms of periodontal diseases, could lead to a significant
enhancement in the oral health status by improving gingival inflammation indices34 and inhibiting the progression
of periodontitis.22,33,34 An interesting alternative seems to
be provided by the potential use of freeze-dried F&V in
the treatment of periodontitis.32 This particularly pertains
to individuals who, due to the progression of periodontitis
and disturbed mastication (i.e., older adults) do not consume adequate amounts of fresh F&V. It has been stated
that almost 85% of patients currently reporting periodontitis are 65 years or older,40 which is due to the fact that
the number of teeth decreases with age and the remaining teeth get more exposed and sensitive to pathogenic
agents. Periodontitis leads to difficulties in the consumption of certain types of foods, especially raw F&V, which
are hard to chew. Therefore, in the case of such people,
lyophilized F&V products could constitute an interesting
approach to the prevention of periodontal diseases, and
these products could be recommended as safe adjuncts to
nonsurgical periodontal therapy in patients with gingivitis and periodontitis.
Fruit and vegetables are a good source of multiple nutrients, including vitamins A, E and C, and phytochemicals, as well as dietary fiber. All these compounds can affect periodontal health, as they function as antioxidants,
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antibacterial agents (inhibiting the adhesion of such
pathogens as Streptococcus mutans to plaque) and enhancers of cell-mediated immunity.32,41,42 For example,
grapefruits are among the richest dietary sources of vitamin C.39 Two portions of grapefruit provide about 240 mg
of vitamin C.34 The mechanism of action of vitamin C is
associated with its antioxidant properties, which help to
reduce the production of reactive oxygen radicals, formed
during inflammatory processes.39,43 Staudte et al. stress
that adequate intake of vitamin C is crucial in collagen
synthesis and in preventing excessive permeability of the
gingival tissue.22
Berry fruits, such as cranberries, bilberries and blueberries, are also a significant source of flavanols, anthocyanins and proanthocyanidins. These compounds inhibit
the formation of biofilm on tooth surfaces, at the same
time exhibiting strong antioxidant and anti-inflammatory
activity.34 Yellow and dark green vegetables may also have
beneficial effects on periodontal health, mostly because
they are a source of antioxidants and may lower pH levels,
thus reducing the number of pathogens.36 Lectins, prostaglandins and thiosulfates contained in onions have antiinflammatory and antibacterial properties.44,45 Lupenol
present in white cabbage exhibits anti-inflammatory activity.46,47 Radish is a good source of glucosinolates, which
have antioxidant properties.48 A number of mechanisms
have been proposed to explain the relationship between
the intake of high-fiber food and periodontal diseases.
The protective effect of fiber consists in controlling serum glucose levels and insulin resistance, since diabetes
has been unequivocally confirmed as a major risk factor
for periodontitis.24 Moreover, high-fiber foods mechanically remove plaque from tooth surfaces.49
Our study has several strengths. Our systematic review was based on 8 cross-sectional studies, as well as on
2 prospective studies and 1 retrospective cohort study, all
of them conducted on various populations, which allowed
us to conclude that higher intake of F&V is positively associated with the periodontal health status. However,
this systematic review also has several limitations. Firstly,
the studies included in the systematic review used different periodontal disease indices, which made the results
of those studies difficult to compare. Secondly, different
studies used different methods of dietary assessment,
such as 24-hour recall, food diaries and FFQ. Moreover,
in the cohort and cross-sectional studies, either the frequency of F&V intake or the consumption of various fruit
(e.g., rich in vitamin C and dietary fiber) and vegetables
(e.g., dark green and yellow) was evaluated. Thirdly, there
were differences in the classification of F&V across studies. Types of consumed F&V differed according to geographical locations. These factors could affect our results.
Fourthly, there were only a few dietary intervention studies that might confirm the effect of F&V as an adjunctive measure in the management of periodontal diseases.
Therefore, more high-quality dietary intervention studies,
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focusing on different age groups, but with special attention paid to older age groups, are required to confirm our
findings. Dietary advice for the prevention of oral diseases
also has to be a part of routine patient education practices. However, we should also highlight that there is growing awareness among dental professionals of the beneficial effects of adequate diets on the periodontal tissue
condition. According to Kelly and Moynihan, 66% of the
surveyed dentists stated that an adequate, well-balanced
diet significantly affected the progression of periodontal
diseases.50 Most respondents declared that the intake
of vitamin C was significantly associated with improved
periodontal health (70.2%), with the recommended level
of F&V intake ranking 2nd (64.3%).
This systematic review suggests that the consumption
of F&V, at least 5 servings per day, especially dark green
and yellow vegetables (spinach, broccoli, yellow peppers,
and carrots) and some other vegetables (cabbage, radishes, onions), as well as fruit rich in vitamin C (black currants, grapefruits, oranges) and dietary fiber (bananas,
apples, pears, berries, and plums) may prevent the progression of periodontal diseases, especially periodontitis,
and even tooth loss. Moreover, incorporation of specific
F&V (berries, citrus fruit) into the diet or, alternatively,
their lyophilized forms, and nutritional education activities seem to support the standard of care therapy of gingivitis and periodontitis. However, further observational
and well-designed experimental studies, with homogeneous periodontal status outcomes, are needed to confirm these findings. Furthermore, professional dietetics
care for periodontal patients should be an integral component of the healthcare program.
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Abstract
Rett syndrome is a progressive pediatric neurodevelopmental disorder, predominantly affecting females,
characterized by a seemingly normal prenatal and perinatal period, followed by neurodevelopmental
stagnation, and then rapid regression.
The purpose of this study was to provide an update of the literature on the oral aspects of Rett syndrome
and their possible treatment in patients suffering from this pathology. After an electronic and manual
search in MEDLINE (PubMed) and the Cochrane Library, 12 articles were found, for a total of 142 patients
affected by Rett syndrome. A high prevalence of bruxism, anterior open bite, ogival palate, sucking
habits, and difficulties in maintaining oral hygiene was noted. There were also oral findings related to
the pharmacological treatment, which included xerostomia, glossitis, erythema multiforme, gingival
hyperplasia, dysphagia, and lingual paralysis. It is important for the dentist to know what problems related
to the oral cavity can be encountered in a patient diagnosed with Rett syndrome and what preventive
measures can be applied.
Key words: autism, bruxism, Rett syndrome, oral manifestations
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Introduction

Results

Rett syndrome is a progressive pediatric neurodevelop
mental disorder, which was first described by Andreas
Rett in 1966. It is an X chromosome-linked condition,
which almost exclusively affects females. The estimated
prevalence of the disorder ranges from 1:10000 to 1:15000
in newborns.1
Rett syndrome is a neurodegenerative disease, charac
terized by a seemingly normal prenatal and perinatal pe
riod and healthy development for 6–18 months, followed
by a period of neurodevelopmental stagnation, and then
rapid regression: loss of previously acquired speech, cogni
tive skills, purposeful hand skills, and active play interest.
A further deterioration of cognitive abilities leads to au
tistic-like attitudes, mental delay and motor disturbances
like ataxia, apraxia and tremor. Seizures, stereotypical
movements of the hands, hyperventilation, and periods
of apnea when awake are also common.2–4 Progressive
muscle atrophy of the distal arms and legs, weight loss,
growth retardation, and kyphosis can also be found.2,3
In 1999, some mutations in the methyl-CpG-binding
protein 2 gene (MeCP2, a transcriptional regulator gene)
were identified as the causes of the condition, even if
some rarer mutations in other genes could be found, par
ticularly in CDKL5 in the infantile seizure onset variant
and FOXG1 in the congenital variant.5–8
Only a few studies on the oral signs and symptoms
of Rett syndrome can be found, and there are no up-to-date
literature reviews on the oral manifestations in these pa
tients. The purpose of this study was to provide an update
of the literature on the oral aspects of Rett syndrome and
their possible treatment in patients suffering from this pa
thology.

The research identified 12 articles, for a total of 142 pa
tients affected by Rett syndrome.
It was decided that case reports would also be included
in the review, since, taking into consideration the scarcity
of studies on this topic, it was regarded important to make
the spectrum of cases to be reviewed as wide as possible.
The first analyzed case of dental treatment applied to pa
tients with Rett syndrome, described in the literature, re
garded the endodontic treatment of a superior central in
cisor, performed under general anesthesia in a 12-year-old
patient.9 The treatment was implemented after a facial
trauma, which occurred during a seizure. Among the ana
lyzed articles, this was the only one that reported dental
treatment caused by a facial trauma in a patient with Rett
syndrome.9
Pagnacco et al. presented the case of a 5-year-old girl
with caries of the deciduous dentition, dental wear and
abundant sialorrhea10; in this case, dental treatment was
also carried out under general anesthesia due to the im
possibility of providing care on an outpatient basis.
What is clear from our analysis is that the most frequent
oral manifestations in Rett syndrome are bruxism, mul
tiple cavities and drooling.
Coleman et al., in a 1988 study, reported evidence
of bruxism in 95% of 63 patients with Rett syndrome, as
well as atypical swallowing in 65% of cases and hypersali
vation in 84%.11
Buccino and Weddell, in a case report, emphasized the
absence of decay in a 4-year-old child, in whom, however,
there were signs of abrasion over all the teeth (particularly
of the upper and lower anterior sector teeth) and mobility
of grade 2 of teeth 51 and 61 due to bruxism and finger
sucking.12 These authors also reported hypersalivation,
drooling and ogival palate. The prevention of oral disease
was the only recommendation made – establishing con
trol of bruxism and traumatism, improving oral hygiene
with the help of the parents, daily application of topical
fluoride gel or rinses, and frequent follow-up visits.
Peak et al. found bilateral hypertrophy of the masse
ters and bruxism with widespread signs of abrasion in
a 5-year-old patient.13
Furthermore, Magalhães et al., in 13 patients, found
bruxism as the only oral symptom of Rett syndrome, with
out evidence of carious lesions, but with dental abrasion
and muscular dysfunction as a consequence of grinding.14
In their study, they tried subjecting patients to acupunc
ture sessions, performed on a weekly basis for an average
of 3 years and 4 months in order to reduce grinding hab
its, but concluded that it was impossible to evaluate the
effectiveness of the therapy.
In a case report of a 5-year-old girl, Alpoz et al.
showed radiographically an enlargement of the joint
space around the temporomandibular joint (TMJ),
presumably linked to a considerably retracted position

Material and methods
An electronic search in MEDLINE (PubMed) and the
Cochrane Library of publications from January 1985
to September 2017 was performed using the following
search terms: [rett syndrome] AND [oral OR dental OR
dentist OR bruxism]. Moreover, a manual search of the
bibliographies of all full text articles was also conducted.
The selected studies had to meet the following inclu
sion criteria:
– publications in English and Italian in the dental litera
ture;
– case reports, case series and reviews that clearly de
scribe the oral manifestations or dental feedback or
problems related to dentistry in patients with Rett
syndrome, or clinical case studies with the description
of the provided dental treatment.
Research papers that did not clearly describe the signs
and symptoms of Rett syndrome, or did not specify the
provided dental treatment were excluded from the study.
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of the condyles due to the loss of the vertical dimension,
resulting from the strong occlusion.15 They treated her
with a soft splint, and even a special design of the splint
was developed in order to avoid the anterior mandibular
movement.
A study of 17 girls affected by Rett syndrome conduct
ed by Ribeiro et al. showed signs of gingivitis with con
siderable plaque accumulation as well as thumb sucking
habits in all patients, and also bruxism in 82% of cases,
non-physiological dental abrasion (more common in the
anterior deciduous teeth) in 71%, carious lesions in 59%,
ogival palate in 53%, oral breathing in 41%, infant swal
lowing in 29%, jaw lateralization in 12%, and open bite in
more than 80% of cases together with bruxism and finger
sucking.3 A single finding by the authors of migrant glos
sitis in one of the patients cannot be confidently related to
Rett syndrome.
Other case reports and studies also highlighted the
abovementioned signs.1,4,16,17
The most comprehensive systematic review of the
dental literature on the subject was presented by
Fuertes‑González et al., who listed all the oral findings in
35 patients: xerostomia, stomatitis, glossitis, erythema
multiforme, sialorrhea, dysgeusia, gingivitis, parotid
gland swelling, periodontal abscesses, sinusitis, dysphagia
and tongue paralysis due to drugs, digital-manual suck
ing/nibbling, bruxism, oral breathing, tongue thrusting,
dribbling, mandibular lateralization, gingivitis, caries,
high-arched palate, open bite, traumatism, dental wear,
sialorrhea, and masseter hypertrophy.18
In the analyzed studies, great attention was paid to
the need for prevention.19 Patients with Rett syndrome
present with severe psychomotor delay, autistic attitudes
and loss of ability to perform controlled voluntary move
ments. All this results in a difficult management of the pa
tient in terms of providing dental treatment by the dentist
and maintaining oral hygiene at home. Therefore, in these
patients, prevention procedures are essential. The den
tist must implement preventive procedures with frequent
follow-ups to monitor bruxism and the onset of possible
caries and abrasion. On the other hand, the role of the
parents is to ensure fundamental home-based prevention
regarding oral hygiene, including frequent application
of fluoride gels or systemic fluoride prophylaxis.6 Even
a diet with few cariogenic foods can help to control cari
ous disease.1
Deep carious lesions associated with pain may neces
sitate follow-up sessions of the compromised teeth under
general anesthesia or sedation.4
To reduce the problems related to bruxism, associ
ated with dental abrasion and muscular dysfunction,
Magalhães et al. suggests the use of modified daytime and
nocturnal bites.14 The upper dental elements are covered
to reproduce the myocentric occlusion and the posterior
margin of the bite extends posteriorly to the hard palate.
Many authors recommend using a resin bite exclusively
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during the day, since the sucking habits (oro-digital habits)
and the severe degree of mental delay could make it dan
gerous to use at night.12,15 Moreover, these bites cannot
be used in patients with deciduous dentition.13 In such
a case, Chattopadhyay and Arora advise parents to orga
nize frequent visits to the dentist to check the progression
of grinding and the hypertrophy of the masseters, and as
sess the possibility of introducing a bite at an appropri
ate time.1 Friedlander et al. also consider the possible use
of myorelaxants or benzodiazepines to control grinding
in the most severe cases.19
Furthermore, in their study, Friedlander et al. point at
another oral manifestation in Rett syndrome – the pos
sible erosion of the surfaces of the teeth, caused by the
exposure to acids, consequent upon gastroesophageal
reflux, quite common in patients with Rett syndrome.19
Among the 12 analyzed studies, only that of Di Bona
shows no evidence of diurnal or nocturnal grinding;
therefore, it can be concluded that this clinical sign can be
found in almost all patients with Rett syndrome.9
Ten studies out of 12 investigated the presence or ab
sence of caries, and multiple cavities were found in 37.2%
of patients (29 patients out of 78). These results are in
dicative only. In the case of younger patients, caries may
not yet have arisen because of their early age or the pa
tients simply benefited from excellent oral hygiene put
into practice by their caretakers. It should also be noted
that in some cases there might be no signs of bruxism due
to the young age of the patients. What can be gathered
from our review is that, due to the difficulty of obtain
ing adequate compliancy as well as the possible presence
of gastroesophageal reflux, these patients are at a higher
risk of developing caries than the rest of the healthy pedi
atric population. Bruxism seems to be a common finding
in a high percentage of patients.
Drooling, deep bite and ogival palate are not reported
in all the studies; therefore, a reliable statistical analysis
of these problems is difficult. It is not possible to provide
accurate data on the percentage of caries, since the pa
tients’ age is not a homogeneous variable; consequently,
a statistical comparison cannot be made. Moreover, in the
analyzed studies, the diagnostic approach to the various
dental problems is not uniform.

Discussion
There are 2 types of oral manifestations associated with
Rett syndrome: those related to drugs taken by patients
and those derived from Rett syndrome itself.
Among the latter, which are not pathognomonic for the
syndrome but rather accompany it, and their prevalence
in Rett syndrome patients is higher as compared to the
healthy population, we found mainly bruxism, anterior
open bite, ogival palate, sucking habits, and difficulties in
maintaining oral hygiene (Table 1).
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Table 1. Oral manifestations in Rett syndrome in the analyzed studies
Number
of patients

Age [years],
for groups
– median (IQR)

Di Bona
19859

1

12

traumatism

Alpoz et al.
199915

1

5

bruxism

Chattopadhyay and Arora
20141

1

4.5

Bathla et al.
201016

1

8

Magalhães et al.
200214

13

9 (3–16)

Buccino and Weddell
198912

1

4.25

Ribeiro et al.
19973

17

7.33 (2.7–12.7)

Peak et al.
199213

1

5

bruxism, masseter hypertrophy

Pagnacco et al.
198810

1

5

caries of the deciduous dentition, dental wear, abundant sialorrhea

Fuertes-González et al.
201118

35

6.8 (2.7–21.0)

Janas and Osica
20154

1

18

Coleman et al.
198811

63

data not
available

Authors

Oral manifestations

digit sucking, phalangeal wounds and wasting, poor control of the tongue, difficulties with
swallowing, caries, grinding
grinding, high-arched palate, dental attrition, caries
bruxism
high-arched palate, bruxism, digit sucking
digital-manual sucking/nibbling, bruxism, oral breathing, tongue thrusting, dribbling,
mandibular lateralization, gingivitis, caries, high-arched palate, open bite

xerostomia, stomatitis, glossitis, erythema multiforme, sialorrhea, dysgeusia, gingivitis, parotid gland
swelling, periodontal abscesses, sinusitis, dysphagia and tongue paralysis due to drugs, digital-manual
sucking/nibbling, bruxism, oral breathing, tongue thrusting, dribbling, mandibular lateralization,
caries, high-arched palate, open bite, traumatism, dental wear, masseter hypertrophy
grinding, bruxism, difficulties with chewing and swallowing, neglect of oral hygiene, oral
inflammation with hypertrophic gingiva, pulp gangrene
bruxism, atypical swallowing, hypersalivation

IQR – interquartile range.

The events related to the pharmacological therapies to
which these patients are subjected (mainly anxiolytic and
anticonvulsant) include xerostomia, glossitis, erythema
multiforme, gingival hyperplasia, dysphagia, and lingual
paralysis.1,19
It is important for the dentist to know what problems re
lated to the oral cavity can be encountered in a patient dia
gnosed with Rett syndrome and what preventive measures
can be applied. To date, there has been no specific type
of dental treatment that could be used in these patients;
however, prevention is essential. Grinding and the presence
of multiple cavities are the most frequent dental findings.
Grinding (more frequently diurnal rather than noctur
nal) should be monitored over time to evaluate wear of the
dental elements and to decide whether to intervene with
a bite.14,19 Caries prevention often needs to be done with
the help of parents due to the patients’ mental delay. Topical
fluoride applications are recommended to reduce the risk
of caries, as are frequent checks by the attending dentist.11,17
When it is necessary to intervene, the literature describes
the use of mouth props to secure a degree of stability and
oral opening, in order to facilitate dental exploration and/or
treatment. As regards behavioral management, some au
thors suggested the application of certain techniques used
in autism (routines and the avoidance of noise).13

Some authors used sedation with nitrous oxide,15 while
others combined it with sublingual midazolam.17 In turn,
some investigators used general anesthesia,11,12 due to
the medical risk and the lack of the patient’s cooperation
needed for correct dental treatment.19
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Abstract
Odontogenic keratocyst (OKC), in the last decade sceptically referred to as keratocystic odontogenic
tumor (KCOT), is known for its subclinical extensive growth potential and significant rate of recurrences.
Odontogenic keratocyst, being the third most common cystic lesion (10–20%) of the maxillofacial region,
is often recognized as a sporadic lesion and is well-documented in the literature. Multiple presentation
of these cysts over a lifetime is relatively uncommon and is usually seen in conjunction with nevoid basal
cell carcinoma syndrome (NBCC), orofacial digital syndrome, Noonan syndrome, Ehlers–Danlos syndrome,
Simpson–Golabi–Behmel syndrome, or other syndromes. The ‘two-hit’ hypothesis postulated by Knudson
best explains this anomaly, wherein multiple OKCs associated with the syndromes arise as a consequence
of the allelic loss in the patched (PTCH) gene, mapped to the long arm of chromosome 9q22.3-q31.
A partial expression of the gene may result in multiple OKCs (5%) without any related syndromes. Though
concurrent occurrence of non-syndromic multiple OKCs is a rare phenomenon, a handful of cases have
been documented over the past few years. Adding to this, we report a case of multiple OKCs occurring
synchronously and bilaterally in all 4 quadrants in non-syndromic, otherwise healthy persons, which could
indicate a shift in trend.
Key words: multiple, odontogenic cysts, keratocyst, non-syndromic
Słowa kluczowe: mnogie, zębopochodne torbiele rogowaciejące, rogowaciejący guz nowotworowy,
bezobjawowy
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Introduction
Odontogenic keratocyst (OKC) is a distinctive form
of developmental odontogenic cyst that deserves special
consideration owing to its specific histopathological features and clinical behavior. Odontogenic keratocysts arise
from the dental lamina, its remnants or odontogenic basal
cell hamartia.1 Multiple OKCs usually occur at younger
age as a component of nevoid basal cell carcinoma syndrome (NBCCS) or Gorlin–Goltz syndrome, orofacial
digital syndrome, Noonan syndrome, Ehler–Danlos
syndrome, Simpson–Golabi–Behmel syndrome, or other
syndromes. The patched (PTCH) gene, a tumor suppressor gene located on chromosome 9q22.3-q31, is involved in both sporadic OKCs and OKCs associated with
NBCCS.2 A partial expression of the PTCH gene may result in the occurrence of only multiple recurring OKCs,
without any associated systemic findings.3 The term ‘multiple’ refers to the lifetime history of the patient and not
to many cysts present at any one time. Any patient with
more than 1 OKC other than a recurrence is generally
said to show some other features of the syndrome, albeit
only minor anomalies, which may be revealed only during full examination.4 Contrary to the above statement,
we report a case of multiple OKC occurring at one time
in all 4 quadrants, without any syndromic features found
during systemic examination.

Case report
A 28-year-old female patient was referred from a private clinic to our institution (Department of Oral Pathology and Microbiology, the A.B. Shetty Memorial Institute
of Dental Sciences, NITTE (Deemed to be University),
Deralakatte, India) to evaluate an incidental finding
of cyst in the orthopantomogram (OPG). Three months
before the patient reported to our institution, the extraction of the bilateral lower third molars, followed by
the drainage of the abscess was carried out, and medical
termination of pregnancy was advised due to the spread
of infection from the periapical abscess and adverse effects of antibiotics. During extraoral examination, diffuse
bilateral swelling of the face was noticed (Fig. 1). Hypertelorism was evident. During intraoral examination, there
was no cortical expansion noticed. The orthopantomogram revealed ill-defined radiolucency present bilaterally
in the posterior region of the maxilla and the mandible,
impacted teeth 18 and 28, and loss of cortication in the
anterior ramus of the mandible (Fig. 2).
The presence of syndrome in this patient was ruled out
after detailed clinical examination, blood tests, and chest
and skull radiograph procedure. In order to enucleate the
cyst, the patient was subjected to surgery, supplemented
with an intraoral application of Carnoy’s solution. There
was performed extensive curettage bilaterally, along with

Fig. 1. Clinical picture showing diffuse swelling of the face

the extraction of the embedded teeth on either side. Primary closure was done. The patient had an uneventful
post-operative course and was discharged the next day.
All the excised cystic lining from the 4 quadrants was sent
for histopathological evaluation.
The histopathological report revealed that the cystic
lining of all 4 lesions was parakeratinized stratified squamous epithelium of uniform 6–8-cell thickness (Fig. 3).
The lining epithelium consisted of well-defined columnar
basal cells in a palisaded arrangement with polarized nuclei and surface corrugation. The underlying connective
tissue capsule showed loose bundles of collagen fibers, inflammatory cells – predominantly lymphocytes, and numerous blood vessels, lined by endothelial cells. Satellite
cysts (Fig. 4,5) and epithelial remnants were observed in
the connective tissue capsule. In a few areas of the satellite
cysts, budding of the basal layer into the connective tissue

Fig. 2. Orthopantomogram (OPG) showing multilocular radiolucency
in all 4 quadrants
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wall was also noticed. Thus, the final diagnosis was OKC.
The patient had been followed up for the subsequent
6months at the time of this report.

Fig. 3. Section stained with hematoxylin and eosin (H&E) showing cystic
lining with palisaded basal cells and surface parakeratinization (×100)

Fig. 4. Section stained with H&E showing a satellite cyst along with
budding of the basal layer into the connective tissue wall (×40)

Fig. 5. Section stained with H&E showing a satellite cyst along with
budding of the basal layer into the connective tissue wall (×100)
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Discussion
Odontogenic keratocyst, in the last decade sceptically
referred to as keratocystic odontogenic tumor (KCOT),
is deemed an odontogenic cyst of developmental origin.5 Odontogenic keratocyst was first identified and described in 1876, and further characterized by Phillipsen
in 1956.acc.6 The emphasis on keratinization was considered deceptive, masking other histological characteristics that were actually responsible for the biological behavior of the cysts.7 In 1963, Hansen pointed out that the
designation ‘keratocyst’ was used invariably to describe
any keratin-forming jaw cyst and highlighted the need
for specific histological criteria.acc.4 Studies by Browne
(1971) and Forssell and Sainio (1979) showed that the
characteristic epithelial lining of OKC was unique, different from the metastatic keratinizations in other jaw
cysts, affirming its recognition as a discrete entity.acc.4
Odontogenic keratocysts occur over a wide age range
from the 1st to the 9th decade, commonly involving the
mandible. Sporadic and non-syndromic OKCs are reported to have bimodal age incidence with the 1st peak
in the 2nd–3rd decade (15–45 years), and the 2nd peak in
the 5th decade or later (55–65 years), with the maxilla
commonly involved.4 In females, the 2nd peak of incidence is often 1 decade earlier as compared to males, but
this can vary among races. However, OKCs associated
with syndrome show only 1 peak of incidence at the age
of 10–30 years.4 Ours is a case of non-syndromic OKC
in a patient of 28 years, probably exhibiting the 1st peak
of incidence, thereby mandating long-term follow-up
and patient education on the possibility of the 2nd peak
of incidence.
A slightly higher prevalence of OKC is reported in
males than in females, with a ratio of 1.42. But the male
to female ratio in the case of multiple OKCs associated
with syndrome is 1:1, indicating its relatively higher
incidence in females as compared to sporadic OKCs.8
This is in contrast to this case report of a female presenting with multiple OKCs without any features in
line with syndrome, portraying the rarity of this case
and imposing a diagnostic challenge. Odontogenic
keratocysts showed a higher incidence rate in Caucasian males than in black males in 2005.acc.4 This was expected to be reversed in the course of time, taking into
consideration the selection bias in the previous studies,4 but a systematic review by MacDonald-Jankowski
from 2010 still showed a relatively lower incidence in
South African blacks; they were more prone to ameloblastoma than to OKC.9
Multiple OKCs mean the occurrence of these cysts over
a lifetime, and only 5% of such cases have been reported
in non-syndromic individuals. Hardly a handful of cases
showing synchronous presentation of multiple OKCs at
one time have been reported in the literature (Table 1).10–13
Ours may be the next case following.
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Table 1. Literature review of multiple non-syndromic odontogenic
keratocysts (OKCs) in all 4 quadrants
Age
[years]

Gender

Satellite cysts and/or
odontogenic remnants

Bartake et al.
201110

20

F

satellite cysts

Kargahi and Kalantari
201311

11

M

–

Kurdekar et al.
20133

23

M

satellite cysts and
odontogenic remnants

Maheshwari et al.
201512

20

M

–

Reddy et al.
201613

14

F

satellite cysts

Study

F – female; M – male.

Radiographically, OKCs may occur as unilocular or
multilocular radiolucency. Sometimes the unilocular radiolucency appears to have a scalloped border, suggesting unequal growth activity, and is often misinterpreted
as multilocular radiolucency. Voorsmit described such
types as ‘multilobular’.acc.4 Varied presentations of OKCs
in the radiograph are interpreted based on their anatomical locations as follicular keratocyst (envelopmental/replacemental type), extraneous and collateral types. In our
case, the cysts in the mandible appeared as multilocular
radiolucency and the cysts in the maxilla were of follicular
keratocysts associated with impacted teeth 18 and 28.
Nevoid basal cell carcinoma syndrome is associated
with a mutation in the PTCH gene at 9q22.3-q31. The
patched (PTCH) gene is a tumor suppressor gene which
encodes a transmembrane receptor for the sonic hedgehog pathway in humans, controlling cell patterning and
growth of various organs, including tooth development.14
Knudson’s ‘two-hit’ or ‘multiple-hit’ hypothesis best explains this mutation, wherein basal cell carcinomas and
keratocysts associated with NBCCS emerge as the result
of the first hit of the allelic loss of PTCH within the precursor cell. Sporadic OKC is an outturn of 2 somatic hits
in which the mutations of PTCH within locally susceptible
cells ultimately result in the allelic loss.2 The absence of all
the manifestations of NBCCS, which may be due to the
variability of the PTCH gene expression, highlights the
need to periodically monitor patients with multiple OKCs.
Biological behavior of OKCs associated with NBCCS is
more aggressive and these cysts have higher recurrence
rates (63%) compared with solitary keratocysts (37%).15
Recurrent OKC may develop in 3 different ways: by incomplete removal of the original cyst lining; by retention
of daughter cysts, from microcysts or epithelial islands in
the wall of the original cyst; or as new OKCs from epithelial offshoots of the basal layer of the oral epithelium.
The latter case supports the hypothesis of Shear and Altini (1976), which addresses the possibility of initiating
the process of cyst formation by the overlying epithelium
under the influence of residual ectomesenchymal induc-

tive activity.acc.4 The presence of a higher number of satellite cysts, odontogenic epithelial remnants and a higher
number of mitotic figures in the epithelium lining of the
parent cyst cavity of OKCs associated with NBCCS indicates an inherent genetic potential for proliferation
of odontogenic epithelium in syndromic patients.4 In our
case, OKCs presented a bizarre picture of satellite cysts
and odontogenic epithelial remnants in almost all of the
multiple cysts, making the diagnosis difficult and necessitating periodic follow-ups to elicit recurrences and also
delayed presentation of syndromic features, if any.
Treatment of OKC is generally classified as either aggressive or conservative. The goal is to choose the right
modality, carrying the lowest risk of recurrence and least
morbidity, and, at the same time, restoring the morphology and function of the affected area. Therapeutic interventions of OKC include marsupialization and enucleation,
combined with adjuvant cryotherapy with Carnoy’s solution, and marginal or radical resection.16 Voorsmit et al.
advocated excision of the overlying mucosa and popularized the use of Carnoy’s solution as a chemical fixative.acc.17
Carnoy’s solution contains ferric chloride (dehydrating
agent), absolute alcohol (fixative hardening the tissue by
shrinkage), chloroform (increasing the speed of fixation),
and glacial acetic acid (making the tissue swell and preventing over-hardening), which cauterize and fix the tissues to a predictable time-dependent depth. At the same
time, the neurovascular bundle is protected by a coat
of vaseline. Its average depth of penetration is 1.54 mm
after 5 min of application.18
With tetrad OKC presentation being reported only in
the present decade, documentation of such cases throws
a light on the changing trend in OKC presentation. Thus,
it is important to report such cases, taking into account
their oddity and perplexing clinical presentation, which
pose a diagnostic and therapeutic challenge. Thorough
clinical evaluation assisted with appropriate investigations ruled out the presence of syndrome in our case.
However, genomic studies were not carried out to determine the presence of syndrome, if any.

Conclusions
The possibility of multiple OKCs should be considered
in any patient with OKC. Therefore, careful histopathological and radiological examination of any other existing
lesion should be done. Any patient reporting with multiple OKCs should be evaluated thoroughly for the possibility of NBCCS, as OKC may be the first and only manifestation of this syndrome. Furthermore, due to the fact
that OKC associated with this syndrome has a higher rate
of recurrence than the isolated cases, a very strict followup has to be conducted, along with serial screening for
the development of malignancies and other complications
beside OKCs, for a long period of time. Most important
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of all, care should be taken for complete excision and
thorough enucleation. The increase in the reported cases
of non-syndromic multiple OKCs from 2011 to 2018, in
conjunction with the present case report, reflect a change
in trend, where multiple OKCs may not necessarily be associated with NBCCS.
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