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Fig. 1. TotalFill BC Sealer: backscatter scanning electron micrographs at ×1000 magnification (A); EDS X-ray microanalysis (B)  
EDS – energy dispersive spectroscopy. 

Fig. 2. GuttaFlow Bioseal: backscatter scanning electron micrographs at ×1000 magnification (A); EDS X-ray microanalysis (B)

Fig. 3. TotalFill BC Sealer: backscatter scanning electron micrographs at ×2500 magnification (A); EDS X-ray microanalysis of particles and cementation phase (B1–B5)
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GuttaFlow Bioseal showed multiple aggregates of nano
particles. The EDS analysis showed that these very small, 
round particles were mainly composed of  silicon, calci-
um, zirconium, and oxygen. Among these nanoparticles, 
larger roundish particles were present. The particles with 
a diameter of about 5–10 µm contained calcium, silicon 
and phosphorus; the smaller particles (approx. 2–3 μm) 
were rich in calcium, silicon, zirconium, and oxygen. The 
point analysis also showed aluminum (Fig. 4).

Neither TotalFill BC Sealer nor GuttaFlow Bioseal con-
tained bismuth.

Discussion
The present study tested 2 calcium silicate-based root 

canal sealers recently introduced on the market. As pre-
dicted, EDS showed the presence of calcium, silicon and 

Fig. 4. GuttaFlow Bioseal: backscatter scanning electron micrographs at ×2500 magnification (A); EDS X-ray microanalysis of particles and cementation phase (B1–B7)

Table 1. Percentage (wt%) of elements in the tested root canal sealers

Element
Root canal sealer

TotalFill BC Sealer GuttaFlow Bioseal

C 4.21 ±0.51 9.16 ±0.74

O 40.7 ±3.31 21.41 ±1.811

Na trace trace

Mg – trace

Si 1.67 ±0.88 26.89 ±3.52

Ca 45.1 ±3.72 2.09 ±0.74

Fe – 1.02 ±0.31

Zn – 4.31 ±1.0

Zr 7.3 ±0.72 32.26 ±4.73

Hf – trace

Cu trace –

Tc trace –

Data is presented as mean ± standard deviation (SD).
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oxygen in the composition of both TotalFill BC Sealer and 
GuttaFlow Bioseal. This observation suggests that these 
sealers would probably favor bioactivity and would be ex-
pected to interact with the dentin. Such bioactivity has 
been demonstrated by other root canal sealers containing 
calcium silicates in a similar amount.6,20,21

The analysis of  the chemical composition of  TotalFill 
BC Sealer also showed the presence of  traces of copper 
and technetium. Although they can adversely affect hu-
man health, the very small amount of them in the tested 
sealer is clinically insignificant.21,22 In GuttaFlow Bioseal, 
zinc, magnesium, iron, and aluminum were also found. 
While the relatively small amount of magnesium and alu-
minum does not raise concerns, the relatively high con-
tent of iron (1.02 wt%) and zinc (4.31 wt%) requires test-
ing the toxicity of these heavy metals.

Several reports have shown that calcium silicate-based 
root canal sealers have an  unfavorable effect on tooth 
color, which is of clinical relevance in anterior teeth.13,23 
Causal are heavy metal compounds such as bismuth ox-
ide, used as a radiopacifier.23 However, increasing the con-
centration of  bismuth oxide to increase radiopacity has 
no significant effect on the level of  discoloration.24 The 
present study showed that neither TotalFill BC Sealer nor 
GuttaFlow Bioseal contained bismuth. However, Gut-
taFlow Bioseal contains iron (1.02 wt%), which has the 
potential of  staining the tooth. For this very reason, the 
chemical composition of  conventional mineral trioxide 
aggregate (gray MTA) was changed many years ago (iron 
was eliminated) and an  improved formulation was later 
introduced as white MTA.13,25

The EDS analysis showed that both TotalFill BC Sealer 
and GuttaFlow Bioseal are rich in zirconium and oxygen. 
Zirconium oxide is an alternative radiopacifier, which has 
been recently manufactured and used to limit the content 
of heavy metals and substitute bismuth oxide in calcium sil-
icate-based materials. Zirconium oxide has become popu
lar due to adequate radiopacity and lack of  interference 
with the hydration of calcium silicate-based materials. This 
oxide, in comparison with bismuth oxide, is more biocom-
patible and does not cause tooth discoloration.22,25

The SEM analysis confirmed that both TotalFill BC and 
GuttaFlow Bioseal consisted of  very small particles, al-
though in the case of GuttaFlow Bioseal, particles of a dia
meter of approx. 10 μm were also observed. In an earlier 
study on other calcium silicate-based root canal sealers, 
the size of the particles was also evaluated.19 BioRoot RCS 
was composed of particles of a diameter of 5–30 μm and 
MTA-FILLAPEX was rich in elongated particles – approx. 
10–15 μm in length – and roundish particles – approx. 
2–3 μm in diameter.19 In the research by Hoikkala et al., 
the SEM examination of GuttaFlow Bioseal revealed bio-
active glass-ceramic particles with pointed edges, em-
bedded in a  polydimethylsiloxane matrix. The particle 
size of  this ceramic varied in the range of  20–40  μm.26 
Some authors suggest that the particle size is important,  

because it determines many properties of the material.23,25 
Smaller particles may better penetrate dentinal tubules, 
which is confirmed by the research by Akcay et al.27 The 
authors tested dentinal tubule penetration of 4 different 
sealers: iRootTM SP (nowadays TotalFill BC Sealer), Gut-
taFlow Bioseal, AH PlusTM, and MTA-FILLAPEX. The 
iRoot SP sealer exhibited a  significantly higher dentinal 
tubule penetration than other sealers, which can be at-
tributed to its very small particle diameter (<2 μm). Small 
particles also hydrate faster than larger particles due to 
their higher surface-to-volume ratio and provide a  low 
film thickness of  the root canal sealer, which is suitable 
for this dental material and may improve the clinical per-
formance of root canal filling.24,28

Conclusions
TotalFill BC Sealer represents a higher degree of purity 

in comparison with GuttaFlow Bioseal. The clinical impli-
cations of metals contained in GuttaFlow Bioseal need to 
be investigated. Both materials have a fine particle struc-
ture that is desirable for root canal sealers.
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Abstract
Background. Diastema can be closed using conservative and non-conservative techniques. Composite 
resin wings and ceramic veneers are the most common treatment options if there is no indication for orth-
odontic treatment. A novel ultra-conservative technique has been introduced to the practice, i.e., porcelain 
sectional veneers can be fabricated with no or minimum preparation. However, porcelain is known for its 
poor mechanical properties and the long-term survival of such restorations is questionable.

Objectives. This paper aimed to investigate the mechanical aspects of  porcelain sectional veneers by 
means of the finite element method (FEM).

Material and methods. A  three-dimensional (3D) model of porcelain sectional veneers on the upper 
central incisors with diastema was obtained by the reversed engineering method starting from a cone-beam 
computed tomography (CBCT) image. A 100 N occlusal force was applied parallel and 135° to the longitu-
dinal axis, respectively. For each direction the force was applied once with direct contact and again with no 
contact with the porcelain sectional veneers. For each of the resulting 4 scenarios, a 3D finite element analysis 
was simulated and the maximum equivalent von Mises stress was compared to porcelain flexural strength.

Results. Higher stresses were detected when the force was applied on the porcelain sectional veneers and 
they were increased dramatically with the inclined force.

Conclusions. Direct occlusal contact has to be avoided when using porcelain sectional veneers and the 
margin positions must be chosen carefully. The occlusal scheme must be noted carefully before choosing 
this type of restoration.

Key words: finite element, diastema, porcelain sectional veneers, no-prep
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Introduction
The awareness of  the importance of  dental tissue is 

spreading among patients nowadays; however, increased 
esthetics is continuously required.1–3 

One of  the most frequent dilemmas that may be en-
countered in the dental office is which of the 2 common 
treatment plans for sound teeth to choose in the case 
of diastema. The first one is closing the diastema by com-
posite resin; this technique may be more conservative for 
the tooth structure, but it still does not offer the great-
est esthetics and the teeth are susceptible to color change 
overtime.4–11 The second one – ceramic laminate veneers 
– offers much better esthetics than composite resin, more 
durability and resistance to color changes, and is consid-
ered a minimally invasive technique, which is regarded as 
an advantage.12–17 

Now we are looking for techniques which might com-
prise the best of  the above-mentioned approaches. The 
porcelain sectional veneer has been suggested as an inno-
vative ultra-conservative technique that covers only part 
of the tooth surface without any preparation to be made 
and has the esthetic appearance of the ceramic laminate 
veneer.18–24 

This paper aimed to study the mechanical aspects 
of  porcelain sectional veneers by means of  a  three-di-
mensional (3D) finite element analysis and by compar-
ing the maximum von Mises stress with porcelain flexural 
strength in order to predict the prognosis of such restora-
tions.

Material and methods
A 3D model of porcelain sectional veneers on the up-

per central incisors with diastema was prepared by the 
reversed engineering method.

A cone-beam computed tomography (CBCT) scan for 
a 20-year-old patient’s maxilla with a diastema between 
the upper central incisors was obtained. The data set for-
mat known as “dicom” was imported into Mimics® v. 17.0 
(Materialise Interactive Medical Image Control System; 
Materialise, Inc., Leuven, Belgium) in order to create sepa
rate two-dimensional (2D) masks for each of the follow-
ing: the bone, periodontal ligaments, pulp, dentine, and 
enamel (Fig. 1). Then, the masks were converted into 3D 
geometric models and porcelain sectional veneers were 
designed digitally with a gradual thickness from 0.1 mm 

at the buccal surface of the tooth to 1 mm at the contact 
point mesially. To simplify the model, it was cropped to 
a block containing the upper incisors and canines (Fig. 2).

The resulting masks were exported in STL format to 
3-matic® software v. 9.0 (Materialise, Inc.). The model was 
smoothed and converted into Non-Uniform Rational Basis 
Spline (NURBS), then exported as an  IGS file to Power-
Shape 2015 software v. 15.1.4 (Delcam, Birmingham, UK), 
which was used to convert the NURBS model to a volumet-
ric model, and a parasolid file (X_T format) was obtained.

Fig. 1. Masks representing the model tissues Fig. 2. 3D geometrical model
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After that, the final model was imported into ANSYS® 
Workbench v. 15 (ANSYS, Inc., Canonsburg, USA) , and 
the following steps were performed: 
1.	Verification of  contact surfaces between different 

bodies and bonding them together to ensure continu
ous displacement during loading. The cement layer 
was simulated by defining bonded contact between 
the enamel and the porcelain sectional veneers.

2.	Defining material properties: bone is an inhomo-
geneous, anisotropic material, but since it is not 
possible to accurately represent the non-linear 
behavior and inhomogeneity of bone, it was con-
sidered to be linear, elastic, homogeneous, and 
isotropic in this study; thus, it can be defined with 
both Young’s modulus of  elasticity and Poisson’s 
ratio. Table 1 shows the values for the materials 
used in this study.25,26 

Statistical analysis

Since no repetitive tests were executed in this study 
(n  =  1), comparison of  the results of  each tested model 
was made by descriptive statistics.

Fig. 3. Scenario a-1: The force is applied on the tooth structure only and 
not on the porcelain sectional veneer, and the force direction is parallel  
to the tooth longitudinal axis (0°)

Fig. 4. Scenario a-2: The force is applied on the tooth structure only and 
not on the porcelain sectional veneer, and the force direction is 135°  
to the tooth longitudinal axis palatally

Fig. 6. Scenario b-2: The force is applied on the tooth structure and on 
the porcelain sectional veneer, and the force direction is 135° to the tooth 
longitudinal axis palatally

Table 1. Material properties of the model components

Materials 
properties Bone Periodontal 

ligament Pulp Dentine Enamel Porcelain

Young’s 
modulus 
[MPa]

13,700 50 2.1 18,620 84,000 82,800

Poisson’s 
ratio

0.30 0.49 0.45 0.31 0.31 0.35

Fig. 5. Scenario b-1: The force is applied on the tooth structure and  
on the porcelain sectional veneer, and the force direction is parallel  
to the tooth longitudinal axis (0°)

3.	Defining boundary conditions: the model was sup-
ported from the bottom to allow the bone to bend 
under load; the occlusal force was represented in 
4 cases according to the area of effect and force di-
rection27–29:
(a-1) the force is applied on the tooth structure only (the 

palatal surface) and not on the porcelain sectional ve-
neer, and the force direction is parallel to the tooth 
longitudinal axis (0°) (Fig. 3);

(a-2) the force is applied on the tooth structure only (the 
palatal surface) and not on the porcelain sectional ve-
neer, and the force direction is 135° to the tooth lon-
gitudinal axis palatally (Fig. 4);

(b-1) the force is applied on the tooth structure (the 
palatal surface) and extended to the porcelain sec-
tional veneer, and the force direction is parallel to the 
tooth longitudinal axis (0°) (Fig. 5);

(b-2) the force is applied on the tooth structure (the 
palatal surface) and extended to the porcelain sec-
tional veneer, and the force direction is 135° to the 
tooth longitudinal axis palatally (Fig. 6).

Force magnitude was 100 N in each case. After that, the 
4 case models were meshed into 62,595 tetrahedral ele-
ments, 12,0485 nodes and processed, and the maximum 
equivalent von Mises stress in the porcelain sectional ve-
neers was obtained and compared to porcelain flexural 
strength.
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Results
The maximum equivalent von Mises stress of the por-

celain sectional veneers for each case is shown in Table 2.
Higher stresses were detected when the force was ap-

plied on the porcelain sectional veneers.
Also, the inclined force caused more stress regardless 

of the force point of effect.
Stress distribution was similar in all cases; the thin 

margins of porcelain sectional veneers, especially at the 
buccal aspect, suffered the maximum stress. There was 
another concentration point at the interior angle opposite 
to the incisal angle of the tooth.

Discussion
Many treatment plans have been suggested for diaste-

ma closure, e.g., orthodontic treatment, laminate veneers, 
crowning, and composite restorations.30 Still, there may 
be a gap between achieving high esthetics and conserving 
dental tissues.

One of  the novel approaches suggested for diastema 
closure is using porcelain sectional veneers (also called 
partial veneers),18–24 which provide ceramic esthetics and 
do not require dental tissue preparation. 

Porcelain is known to have excellent esthetics but low 
strength,31 and sectional veneers are characterized by very 
thin margins, so it is legitimate to question their strength 
and durability. This paper is concerned with studying the 
mechanical aspects of porcelain sectional veneers in 4 dif-
ferent scenarios related to force direction and force point 
of effect using the finite element method (FEM).

The finite element method is a virtual numerical ana
lysis that can bring acceptable and reliable results if the 
conditions of simulations are as accurate as possible. On 
the other hand, FEM is a subjective method, which may 
provide different outcomes if different researchers-pro-
gramers introduce their own vision of the loading con-
ditions, material properties and boundary conditions. 
Therefore, FEM cannot be a  complete substitute for 
clinical studies, but it is more like a guide, especially in 
cases where the studies are difficult to conduct or ethi-
cally unacceptable. 

Durability of  the restorations under loading condi-
tions can be foreseen by comparing the maximum value 
of equivalent von Mises stress of the material to its flexu
ral strength.

Porcelain flexural strength may vary depending on the 
brand and manufacturer, but generally it is accepted to be 
80–110 MPa.32,33 Based on the results obtained in the pre
sent study, it can be noted that if the porcelain sectional ve-
neer is out of occlusion and the occlusal force is parallel to 
the longitudinal axis of the tooth, the equivalent von Mises 
stress is lower than the flexural strength and restoration sur-
vival can be expected. On the other hand, the occlusal forces 
acting directly on the restoration may lead to stresses which 
cannot be tolerated and a fracture will probably occur.

Angulated force increased the stresses dramatically, 
even if no direct contact to the restoration was found; the 
occlusal scheme of  the patient could have a great influ-
ence on restoration survival, especially anterior excur-
sions, which induce oblique occlusal forces. Parafunction-
al habits may also lead to such forces and have the same or 
even greater effect on the restoration.

By observing the stress distribution, it can be noted that 
the thin margins of  the sectional veneer exhibit the maxi-
mum stress values, and the margins must be checked regu
larly to avoid any complications and to ensure good marginal 
integrity; it can be expected that having a strong bite might 
cause the chipping of the buccal porcelain margins, which 
may affect the esthetics dramatically. Moreover, the interior 
angle opposite to the incisal angle must be taken care of by 
providing adequate thickness and rounding the angle, which 
can reduce stress concentration in this area.

Porcelain sectional veneers have mechanical limitations 
and thus good clinical judgment must be made according 
to the patient’s needs, occlusion and bite force. However, 
further clinical studies have to be conducted, and clinical 
evidence and long-term success must be verified. 

Conclusions
Within the limitations of this numerical analysis study, 

it can be concluded that porcelain sectional veneers are 
an esthetic option with low mechanical properties and as 
such must not have a direct occlusal contact. The oblique 
forces, which may be induced by anterior excursions or 
parafunctional habits for instance, threaten the survival 
of the restorations, even if they are not applied directly on 
the veneers, and may lead to failure. This feature distin-
guishes porcelain sectional veneers from ordinary porce-
lain full laminate veneers. The thin margins of porcelain 
sectional veneers are considered to be a weak point, and 
they must be positioned carefully and checked regularly.  
Attention must be paid due to strong occlusal forces, 
which may cause buccal margin chipping rather than frac-
ture or debonding.
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Abstract
In recent years, the World Health Organization (WHO) has undertaken wide-ranging epidemiological re-
search with the purpose of discovering and confirming correlations between mental disorders and somatic 
diseases. Despite strong evidence for the existence of a two-way dependence between psychological dis-
orders and general diseases, interest in studying the similar impact of oral health is still low. The purpose 
of  this paper was to investigate the multidirectional dependencies between mental, oral and somatic 
health, and the importance of an interdisciplinary approach to each psychiatric patient.

The PubMed, MEDLINE, Web of Science, and Google Scholar databases were searched for articles published 
between 1994 and 2018 which involved studies examining the interdependencies between oral, general 
and mental health, using the following keywords: “comorbidities”, “common mental disorders”, “mental 
health”, “oral health”, “depression”, “periodontitis”, and “WHO”. This review highlights the fact that there is 
still limited discussion on the importance of the impact of oral health on the general health of psychiatric 
patients. Data gathered in this paper suggests that an oral examination of mentally ill patients should be 
considered mandatory.

Key words: mental health, oral health, World Health Organization, interdisciplinary approach
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Introduction
Mental disorders are considered to be a  vital compo-

nent of the global burden of illnesses worldwide. They are 
proven to have a significant influence on constricting the 
physical fitness, increasing the rate of death and exacer-
bating other chronic diseases.1 Neuropsychiatric diseases, 
including depression, bipolar disorder, schizophrenia, 
anxiety disorders, or developmental delays, apart from 
being the cause of disability on a global scale, are also re-
sponsible for reducing life expectancy.2 According to the 
statistics, 1 in 6 people show the characteristics of com-
mon mental health disorders (CMD), and half of  them 
present symptoms which justify intervention from health 
service employees.3

Every year, new dependencies are discovered between 
mental disorders, oral cavity health and general diseases. 
The aim of  the following article was to analyze current 
activity in the literature and to present information re-
garding the potential influence of mental diseases on the 
condition of  the oral cavity from the perspective of oral 
medicine and general medicine (Fig. 1).

Mental disorders and the World 
Health Organization initiative

Due to the significance of mental disorders and difficul-
ty in diagnosing them, in 2000, the World Health Organi-
zation (WHO) created the World Mental Health Survey 
Initiative (WMH-SI), aiming to collect detailed data from 
around the world on the frequency of occurrence and the 
correlation of  mental disorders, conduct disorders and 
the use of psychoactive substances.4 The WMH-SI con-
sortium consists of  a  representative study on a  national 
and regional scale in 27 countries, representing all parts 
of the world. The final sample exceeds 144,000 interviews, 
according to the data from 2015 (https://www.hcp.med.
harvard.edu/wmh/).

The data collection is based on factually unified in-
terviews performed by qualified pollsters with no clini-
cal experience. All surveys use the same Composite 
International Diagnostic Interview (CIDI), designed by 
WHO, which assures the compatibility of  the data col-
lected worldwide.5 The CIDI questionnaire is a  multi-
level screening module which evaluates diagnosis, per-
formance, treatment, risk factors, socio-demographic 
correlations, and methodological factors. It also in-
cludes questions concerning somatic illnesses diagnosed 
by a doctor. Computer-generated diagnosis is assisted by 
definitions and criteria based on the 4th edition of  the 
Diagnostic and Statistical Manual of  Mental Disorders 
(DSM-IV) and the 10th revision of the International Sta-
tistical Classification of  Diseases and Related Health 
Problems (ICD-10).6

Mental health and somatic health
The WMH-SI demonstrated the influence of  mental 

disorders on the prevalence of  many general diseases. 
For instance, anxiety disorders, depression, intermittent 
explosive disorders, and medication and alcohol abuse 
were linked with increased rates of  future peptic ulcer 
disease, diagnosis of hypertension and heart diseases.7–9 
A general association was observed between the preva-
lence of mental disorders and an  increase in the prob-
ability of  cancer after they occurred. Depression was 
more strongly connected with independently reported 
tumors detected at the early stages of  life, and with 
women. Post-traumatic stress disorder (PTSD) was also 
connected with the occurrence of  tumors detected at 
the early stages of life.10 Depression and impulse control 
disorders (especially eating disorders) correlated with 
an increase in the incidence of diabetes.11 The findings 
of the analysis indicate a connection between these two 
states – mental and somatic – and support arguments 
in favor of the early detection and treatment of mental 
disorders. The data emphasizes the importance of moni-
toring the physical health of people with such illnesses.

Mental and oral cavity wellness
Oral cavity diseases, including tooth decay, have a nega-

tive impact on quality of life among children and adults. 
Dysfunction of the masticatory apparatus translates into 
lingering discomfort and difficulties in one’s social life.12 
Kisely indicated a  two-way association between oral 
health and mental health.13 It is assumed that at least half 
of  dental patients feel anxiety before going to a  dentist 
and some of  them develop anxiety disorders – dento-
phobia, for instance.13,14 In spite of the existing evidence 
of  the poor oral cavity health of  people suffering from 
mental disorders, that association is still marginalized.  

Fig. 1. Relationships between mental, oral and general health
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Chronic periodontitis has been recognized as an indepen-
dent factor of  an increased risk of  depression.15 Among 
adult patients suffering from at least 1 mental disorder, 
there is a twofold increase in the risk of encountering den-
tal defects that require treatment.16

People with diagnosed anxiety disorders or depression 
use dental services considerably less frequently, and are 
more prone to tooth loss than mentally healthy people, 
by about 30%.13,17 Observed changes in behavior include 
a gradually increasing indifference toward their own state 
of wellness, changes in eating habits, leading to increased 
consumption of foods rich in carbohydrates, and brush-
ing teeth less often, behavior which conduces to the deve
lopment of dental caries, periodontal diseases and tooth 
loss.18–20 Chronic stress, anxiety and symptoms of depres-
sion are connected with a reduction in the amount of sa-
liva produced and a feeling of oral cavity dryness.21 Drying 
of the mucous membrane renders it vulnerable to injuries 
and hinders self-cleaning of the tooth surfaces and of the 
periodontium.

Anxiety disorders and depression are notable risk fac-
tors of parafunctional activity, especially bruxism. It leads 
to temporomandibular joint disorders (TMDs), tooth 
abrasion and overextension, and subsequent loosening 
of  teeth.22 The inability to chew properly, arthralgia and 
speaking problems are the causes of both biological and 
interpersonal dysfunctions that affect one’s mental state. 
Due to the multidirectional relationship between TMDs 
and mental health, it is often difficult to assess whether 
TMDs are the cause or the effect of mental disorders.23 
Moreover, the intense pain associated with arthralgia, 
caused by muscular disorders, in patients who also suf-
fer from psychosomatic pathologies, is known to notably 
worsen oral health-related quality of life.24 Parafunctions 
are also responsible for premature injuries of  fixed and 
mobile prosthetic fillings, due to their occlusal overex-
tension, which impedes the effective rehabilitation of pa-
tients in need of  prosthetic restorations.25 The manner 
of  pharmacological treatment of  patients with mental 
disorders may intensify any adverse behavior and may 
pose a  risk of oral cavity diseases, mainly escalating the 
dryness of  the mucous membrane.16,26 The side effects 
of such medication also include inflammation of the sa-
liva glands, gums and the mucous membrane of the oral 
cavity. Moreover, drugs categorized as selective serotonin 
reuptake inhibitors (SSRIs) may escalate bruxism, while 
long-term usage of heterocyclic compounds may increase 
tooth decay due to an increased craving for sweets.27

Oral cavity health and somatic 
diseases

Periodontitis is a chronic bacterial disease which leads 
to the damage of the structures holding the teeth in the al-
veolus, like the gingiva, alveolar process and periodontal 

fibers. The pathogenesis of this particular disease includes 
chronic inflammation states, which change the balance 
between many systems, including the nervous, immune 
and hormonal systems.28 There is ample evidence that 
existing periodontal disease affects the incidence and 
exacerbation of  numerous systemic diseases. The most 
commonly described ones include diabetes, osteoporosis, 
respiratory system diseases, rheumatic diseases, obesity, 
erectile dysfunction, kidney problems, dementia, some 
malignant tumors, and cardiovascular diseases – primar-
ily atherosclerosis and its complications.29–32

The development of  periodontitis is dependent upon 
a specific vulnerability and the presence of bacterial dys-
biotic microflora.33 According to Socransky, Porphyromo-
nas gingivalis, Tannerella forsythia and Treponema denti-
cola belong to the red complex and are most commonly 
detected in the areas altered by the disease.acc.34 However, 
Porphyromonas gingivalis is considered the primary bac-
terium which determines the beginning of periodontitis; 
this microbe is able to disturb the physiological balance 
between the bacteria inhabiting the oral cavity and the 
immune response of the host on a molecular level.35 Por-
phyromonas gingivalis demonstrates the ability to spread 
throughout the body through bacteremia, causing distant 
infections and the exacerbation of existing diseases. The 
bacteria have the ability to penetrate the circulatory system 
through the epithelial surface altered by inflammation. In-
habiting and proliferating on the blood vessel endothelium 
surfaces, it initiates the process of atherosclerosis. Its DNA 
may be found on the atherosclerosis-affected plaques in 
the coronary vessels of  people who died of  cardiac ar-
rest.36 A high amount of Porphyromonas gingivalis in the 
periodontal pockets of pregnant women, or its presence 
in the amniotic fluid or on the surface of the placenta, in-
creases the risk of premature birth, which in turn consti-
tutes a major cause of death for infants.37 Tooth loss due to 
tooth decay and periodontitis is a vital factor in the occur-
rence of many malignant tumors, including cancer of the 
head and neck areas, or of the esophagus and stomach.38–40

Summary
Despite the major significance of mental disorders as a glob-

al health concern, their occurrence along with other comor-
bidities, and the possible cause–effect links between them 
and the most commonly occurring general diseases, they still 
have not been thoroughly researched. Only in recent years, 
due to the concerns of WHO, has wide-ranging epidemio-
logical research aimed at discovering and confirming such 
correlations been undertaken. Kisely’s insight shed light on 
the existing undisputed correlation and interaction between 
mental health and oral health. Although oral cavity diseases 
are vitally relevant to physical health, they are closely related 
to the occurrence and course of  chronic somatic diseases 
which are frequently encountered in psychiatric patients.13  
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This argument and the adverse effects of  mental disor-
ders on the medical condition of  the oral cavity suggest 
the need for increased attention and dental care in this 
group of patients.

The epidemiological research connected with CIDI, in 
relation to the somatic medical status, is based on the in-
formation about the health of the people surveyed, not on 
medical examinations. Broadly speaking, this may result 
in the collected data being imprecise, for a variety of rea-
sons. However, most people undergo periodic health 
examinations, ensuring that they possess at least some 
general knowledge about their illnesses and overall medi-
cal condition. Using the information gleaned from a doc-
tor, they answer the questions in epidemiological ques-
tionnaires like CIDI. Regrettably, elements of oral cavity 
health are often omitted from the survey.41 In many coun-
tries, there are free preventative programs for examining 
children’s dentition. However, adult patients are required 
to buy insurance or to pay for the examination, which in 
some parts of the world significantly decreases the avail-
ability of dental services, and consequently decreases the 
awareness of the oral medical condition.42,43 There is also 
a tendency that, with age, the frequency of regular dental 
health examinations is reduced.44

Therefore, it is vital to collect the broadest possible 
scope of  information concerning the magnitude and the 
types of dental health issues, e.g., by adding relevant ques-
tions to the main part of large epidemiological question-
naires like CIDI. This addition could facilitate the identi-
fication of further correlations between mental health and 
oral health. Moreover, dental problems such as halitosis, 
bleeding gums, pain, bruxism, tooth loosening, or tooth 
loss are easily recognized by patients, and provide an im-
portant and readily available source of supplementary in-
formation on the health status of the people surveyed.

The existing evidence for the multidirectional depen-
dencies between oral, mental and somatic health disor-
ders highlight the need for a broad view of each patient. 
A  comprehensive examination of  an individual, often 
exceeding the scope of  knowledge of  a  single specialist, 
leads to effective preventative and curative treatment.

Conclusions
There are multidirectional dependencies between men-

tal disorders, oral health and general health. Psychiatric 
patients require special dental care, as they have a  con-
siderably higher risk of general diseases, including exacer-
bated secondary ones, because of the often poor condition 
of their oral cavity. An oral examination of people suffering 
from mental disorders should be considered mandatory. 
Adding the right questions about oral health to the general 
part of mental health diagnostic questionnaires would help 
to further study the relationship between mental health 
and the diseases of the stomatognathic system.
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Abstract
Subcutaneous emphysema (SE) is a rare but potentially life-threatening complication in dental procedures. 
The development of SE and pneumomediastinum (P) during tooth extraction is an uncommon complica-
tion. The roots of the second and third lower molars (and, rarely, of the premolar and first molar) commu-
nicate directly with the sublingual and submandibular spaces. Occasionally, after a dental operation, the 
pressurized air from the drill is forcefully injected into the surrounding subcutaneous tissues proximal to the 
extraction site in the facial planes. The air might pass through the sublingual and submandibular spaces 
to the pterygomandibular, parapharyngeal and retropharyngeal spaces, and to the mediastinum. Molar 
extraction is a common procedure in dental surgery.

We report a rare case of extensive cervicofacial SE as well as P, following mandibular second molar extrac-
tion with the use of a high-speed dental handpiece, which is specifically designed for restorative treatment. 
Careful observations of the symptoms and clinical course, and an early initiation of pharmacologic therapy 
are recommended.
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Introduction
Mediastinal emphysema or pneumomediastinum (P) is 

defined as the presence of air or another gas within the 
mediastinum. This is a rare and generally benign self-lim-
ited condition that can be categorized as spontaneous or 
traumatic.1 Spontaneous P is determined by the appear-
ance of free air in the mediastinum that is not preceded 
by trauma, surgery or other medical procedures, i.e., vig-
orous Valsalva maneuver, childbirth or injury during in-
tubation.2 Pneumomediastinum is often associated with 
subcutaneous cervical and supraclavicular emphysema.

Molar extraction is a common procedure in dental sur-
gery. Common complications that may occur post-proce-
dure include pain, trismus, infection, bleeding, maxillary 
sinus perforation, injuries to the lower alveolar nerve, and 
maxillary tuberosity fracture.3 Subcutaneous facial, cervi-
cal and supraclavicular emphysema, pneumothorax and P 
are rare complications.4

A rare case of  extensive cervicofacial subcutaneous 
emphysema (SE) and P, following second lower molar ex-
traction with the use of a high-speed dental handpiece, 
which is specifically designed for restorative treatment, 
is reported here. Issues relating to the diagnosis, etiology 
and management of  these complications are discussed. 
Occasionally, after a  dental operation, the pressurized 
air from the drill is forcefully injected into the surround-
ing subcutaneous tissues proximal to the extraction 
site in the facial planes. The air may cause SE, airway 
compromise (due to the accumulation of air in the retro-
pharyngeal, prevertebral and danger spaces), gas embo-
lism, infections of the soft tissues, pneumothorax, P, and 
pneumopericardium.5,6

We present a case of extensive SE, which was probably 
caused by the use of an air-water-cooled high-speed dental 
handpiece when extracting a mandibular second molar.

Case report
A 30-year-old Caucasian woman came to the De-

partment of Emergency Medicine at the Civic Hospital 
of  Palermo, Italy, complaining of  fever, left periorbital 
edema, and swelling in the neck, face and chest, accom-
panied by audible and palpable crepitus, which is typical 
of SE. The symptoms appeared after dental surgery per-
formed with a  high-speed dental handpiece, normally 
used to dissect the tooth and to remove it from the alveo-
lar bone tissue.

The patient had a strong sensation of pressure-aspira-
tion in the retrosternal site during extraction, and did not 
suffer from lung or thoracic diseases.

When she arrived at our hospital, her vital signs were: 
temperature – 37.1°C; heart rate – 70 beats/min; respira-
tory rate – 18 breaths/min; blood pressure – 125/80 mm 
Hg, and oxygenation – 98%. The blood test and electro-

cardiogram were within normal limits. Intraoral examina-
tion revealed good oral hygiene and absence of bacterial 
infection. There was an enlargement of the cervicofacial 
soft tissues and crepitation on palpation of that region.

Computed tomography (CT) showed significant left SE 
in the periorbital, submandibular, sublingual, and medias-
tinal spaces (Fig. 1–6). Pneumothorax, parenchymal and/or  
pleural abnormalities were excluded.

Conservative medical treatment consisted of  intrave-
nous administration of  corticosteroids (betamethasone: 
4 mg / 2 mL / 8 h / 7 days) and antibiotic therapy (Tazocin®:  
4 g – Cubicin®: 250 mg / 8 h / 7 days) and complete bed 
rest. Cough suppressants and laxatives can be used to pre-
vent gas embolism.

Fig. 1. Subcutaneous emphysema in the submandibular space

Fig. 2. Presence of air in the spaces of the left periorbital soft tissues
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The CT scan taken 1 week after the medical treatment 
showed air reduction in the left periorbital region (Fig. 7).

The discharge prescription contained 3rd generation 
cephalosporins (Ceftibuten®: 400 mg / 24 h / 5 days) to 
prevent low respiratory tract infections in a patient who 
stayed in a subintensive care unit.

Another CT scan taken after 3 weeks showed air re-
duction in the left masseter and pterygoid muscles, and 
in the perimandibular space as well as the resolution of P 
(Fig. 8–10).

After 1 month, the patient had a complete clinical and 
radiological recovery without a recurrence of the disease 
(Fig. 11).

Fig. 3. Presence of air in the left subcutaneous tissues of the neck

Fig. 4. Computed tomography (CT) scan of the chest revealing 
pneumomediastinum

Fig. 5. Subcutaneous emphysema in the area of the pterygoid medial muscle

Fig. 6. Subcutaneous emphysema in the area of the masseter muscles

Fig. 7. Periorbital soft tissue air is partially reabsorbed after 1 week



A.M. Cuccia, A. Geraci. Emphysema after dental extraction206

Discussion
Subcutaneous emphysema is a complication in dental 

procedures (principally dental extractions and restorative 
procedures). The mechanism leading to SE and P after mo-
lar extraction has been identified. There may be 2 expla-
nations for this mechanism: the compressed air procedure 
(high-speed dental handpiece, air-water syringe), and the 
communication between the oral cavity and deeper tissue.7 
Understanding the anatomy and the mechanics of  injury 
will help to anticipate the onset of SE and P.

The roots of  the second and third molars (and, rarely, 
of the premolar and first molar) communicate directly with 
the sublingual and submandibular spaces. These spaces are 
separated by mylohyoid muscle fibers. Only the loose con-
nective tissue rather than true fascia actually separates one 
side of the floor of the mouth from the other; it is an ana-
tomic situation that permits air to spread bilaterally with 
ease in the soft tissues. The sublingual space communi-
cates anteriorly with the submental space and posteriorly 
with the lateral pharyngeal spaces in the neighborhood 
of the posterior edge of the mylohyoid muscle. This space 
is bounded laterally by the submandibular skin, superficial 
fascia, platysma muscle, the superficial layer of  the deep 
cervical fascia, and the lower border of the mandible. These 
neck spaces communicate with the parapharyngeal, ptery-
gomandibular and retropharyngeal spaces.

The retropharyngeal space (RS) extends from the skull 
base (clivus) to the upper mediastinum (from T1 to T6 
vertebrae), lies posterior to the pharynx and esopha-
gus, and is anterior to the prevertebral musculature. It 
is bounded by the buccopharyngeal fascia anteriorly, the 
prevertebral fascia posteriorly and the carotid space later-
ally. The normal contents of RS include fat, small vessels 
and lymph nodes.8,9

Fig. 8. CT scan showing reduced air in the subcutaneous tissues  
of the base of the neck after 3 weeks

Fig. 9. Subcutaneous emphysema in the left pterygoid medial muscle 
regresses after 3 weeks

Fig. 10. Subcutaneous emphysema in the left masseter muscle regresses 
after 3 weeks

Fig. 11. CT scan showing resorption of air after 1 month
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The alar fascia, a part of the deep cervical fascia, origi-
nates as a well-defined midline structure at the level of C1 
vertebra and can be identified down to C6 vertebra, and 
does not reach the base of the skull.10

This thin fascia divides RS into 2 components: the an-
teriorly positioned, true or proper RS, and the posteriorly 
situated, danger space of Grodinsky and Holyoke. The alar 
fascia fuses with the visceral fascia obliterating the true RS. 
The danger space extends further inferiorly into the pos-
terior mediastinum to the level of the thoracic diaphragm 
and is named as such, because it provides a conduit for in-
fections to spread from the pharynx to the mediastinum.

Since the alar fascia is very thin, the danger space 
and the true RS cannot be distinguished by imaging in 
a healthy patient.10 The symptoms depend on the amount 
of  air, its location and the presence of  infection, caused 
by the diffusion of microorganisms of the oral microbial 
flora in the submandibular space.

Patients have otalgia, Eustachian tube dysfunction with 
temporary hearing loss, dysphagia, dysphonia, compres-
sion of the venous trunks (congestive heart failure), com-
pression of  the trachea (asphyxia), compression of  the 
sympathetic trunk, P, pneumopericardium, Ludwig’s an-
gina as well as mediastinal and pleural space infections.11

Air in the mediastinum can cause venous vasodilation 
and hypotension, hypercapnia, acidosis, and gaseous em-
bolism. Death can occur due to a  large gas bubble that 
prevents the ventricle from pumping blood into the pul-
monary artery and to the lung.

The differential diagnosis of P includes Quincke’s ede-
ma, allergic reactions caused by the local anesthetic, he-
matomas (in patients taking both anticoagulant and plate-
let aggregation inhibitors), and soft tissue infections.12

Palpable crepitus of the face and neck, crackling sounds in 
the lungs, the presence of Hamman’s sign (crunching, rasp-
ing sound, synchronous with the heartbeat as a result of the 
heart beating against air-filled tissues), radiography, and cer-
vical and thoracic CT facilitate making an accurate diagnosis.

Conclusions
Sometimes patient can have breathing problems during 

or after dental and oral surgical procedures. This dyspnea 
can be caused by an allergic reaction to local anesthetic, but 
also by barotrauma and pneumothorax. Subcutaneous em-
physema is a rare complication of dental procedures. The 
medical community should be aware of this complication. 
The appearance of sudden swelling and soft tissue palpable 
crepitus should give rise to a strong suspicion of SE. Care-
ful observation of the symptoms and clinical course, and an 
early initiation of pharmacologic therapy (broad-spectrum 
antibiotics and 100% oxygen inhalation) are recommend-
ed. The high-speed dental handpiece and air/water syringe 
that exhaust air into the surgical field should not be used, 
even in the absence of a mucoperiosteal flap.
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Abstract
According to the classification of the World Health Organization (WHO), the most common childhood ma-
lignant neoplasms include leukemia, lymphomas, and neoplasms of the central nervous system (CNS) and 
the sympathetic nervous system. Cancer diseases themselves as well as their treatment carry a high risk 
of both early and distant effects.

The most common dentition disorders resulting from the radiotherapy of the head area and chemotherapy 
in patients up to the age of 6 years include root agenesis, V-shaped roots, microdontia, hypoplasia of the 
maxilla and the jawbone, hypodontia, and enamel hypoplasia and hypomineralization.

Patients undergoing oncological treatment at the age of <6 years should receive adequate and long-term 
monitoring due to the possible distant effects of the underlying disease and its treatment. The radiotherapy 
of the head and neck region performed on a growing patient significantly worsens the patient’s prognosis 
and results in a number of irreversible complications.

Planning appropriate orthodontic treatment in such patients contributes to increased comfort later in the 
patients’ lives. Oncology patients do not require special orthodontic procedures; however, the high risk 
of  complications does encourage the planning of  orthodontic treatment with the least burden. Dental 
care for a  young patient with a  history of  oncological disease requires the interdisciplinary cooperation 
of a pedodontist, orthodontist, prosthetist, and dental surgeon.

Key words: chemotherapy, radiotherapy, dental abnormalities, pediatric oncology
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Introduction
The World Health Organization (WHO) and the Interna-

tional Classification of Childhood Cancer (ICCC) state that 
the most common childhood neoplastic diseases include leu-
kemia, Hodgkin’s lymphomas, non-Hodgkin’s lymphomas, 
central nervous system (CNS) tumors, and tumors of  the 
sympathetic nervous system. Childhood tumors are rare, af-
fecting 1 in 600 children during the first 15 years of life.1 Early 
diagnosis and effective therapy of an oncological disease pro-
vides the patients with a chance for long-term survival.2

The main methods of treatment used in pediatric oncol-
ogy include surgery, irradiation and chemotherapy. The use 
of combined treatment, conducted according to the latest 
standards of  cancer treatment, increases the chances for 
treatment success and improves the survival rates during 
the developmental period after the oncological disease.3 
Both radiotherapy and chemotherapy demonstrate a num-
ber of side effects, causing damage to soft tissues and to the 
respiratory, cardiovascular, skeletal, and hormonal systems.4 
The destructive effect on the teeth at the developmental 
stage is also well-known. The complications of  oncologi-
cal therapy include tooth agenesis, root underdevelopment, 
V‑shaped roots, microdontia, hypodontia, and tooth erup-
tion disorders. These complications have a significant ad-
verse effect on the patient’s quality of  life after treatment, 
and their severity often correlates with the intensity of the
rapy and the developmental stage of the patient.5–8

Tooth development is a  long-term process which can 
be subject to internal and external factors. Amelogenesis 
and dentinogenesis may be disturbed by radiation when 
a beam is directed at the oral cavity or its surroundings. 
The teeth that are positioned along the radiation beam 
receive 45% of the administered dose.9 However, radiation 
directed at distant areas of the body does not have a sig-
nificant effect on the development of the teeth. Accord-
ing to Dahllöf et al., the radiation dosage which induces 
histological changes in the developing permanent tooth 
bud is 10 Gy.10 High doses of radiation result in the death 
of ameloblasts and odontoblasts, regardless of their stage 
in the cell cycle. The development of dental tissues is sup-
pressed, therefore the partially formed teeth, due to root 
agenesis, remain in the bone.11

The effects of  direct irradiation of  bones, soft tissues 
and blood vessels are dose-dependent and are most 
prominent in fast-growing patients (children under 6 
years of age and children during puberty). Impaired blood 
supply to these areas may lead to osteoradionecrosis, but 
this disorder is rare in juvenile patients.12

Irradiation of CNS may inhibit the hypothalamic–pitu-
itary function, resulting in reduced production of growth 
hormone and thyroid-stimulating hormone. Conse-
quently, this may adversely affect odontogenesis and cra-
niofacial development, causing asymmetrical facial bone 
growth, for example. Growth disorders and symptoms 
of premature puberty have also been observed.13,14

The short-term side effects of  chemotherapy include 
cytotoxicity, bone marrow suppression, increased suscep-
tibility to infection, xerostomia symptoms, more cario-
genic bacteria in the oral cavity, and increased suscepti-
bility to periodontal diseases and fungal infections.15 The 
long-term complications of  chemotherapy, reported in 
the literature, include missing tooth buds, microdontia, 
tooth crown hypoplasia, deficient enamel mineralization, 
and disturbed formation of  the tooth root.15–17 Chemo-
therapy-induced dental anomalies occur when the patient 
is treated before the age of 6 years. The degree of damage 
to the teeth and bones depends on the patient’s age, and 
the type and duration of chemotherapy.

Despite these documented threats of temporary or per-
manent side effects, cancer treatment must be applied as 
a  life-saving or necessary procedure for the patient. Mo
dern methods of  cancer treatment significantly increase 
the survival rates, which means that an  increasing num-
ber of children are referred for orthodontic treatment af-
ter their cancer treatment.18,19 The appropriate diagnosis 
of abnormalities, both systemic and local, helps in planning 
the proper treatment of any complications, including orth-
odontic ones, in oncological patients.20 The management 
of patients affected by the complications in the masticatory 
system resulting from chemotherapy and radiotherapy is 
not significantly different from routine orthodontic proce-
dures, yet it must take into account any existing disorders.

Case presentation

Case 1

At the age of 2 years, Patient B.D. was diagnosed with 
embryonal rhabdomyosarcoma, which was present in the 
nasal part of  the throat, the paranasal sinuses, and par-
tially in the orbits and the middle cranial fossa.

Due to the extent of the tumor, the patient was at first 
treated with chemotherapy, followed by surgical treat-
ment, involving a partial removal of the neoplastic lesion. 
Subsequently, the chemotherapy continued along with the 
irradiation of the tumor-affected area, the sphenoidal si-
nus and the nasopharynx at a dose of up to 5.4 cGy/week. 
The treatment was completed in 2015.

The patient reported to the Department of Orthodon-
tics at the Medical University of Warsaw (Poland) at the 
age of 8, 3 years after the end of cancer treatment (Table 1, 
Fig. 1–4).

Treatment with an  orthodontic block appliance was 
planned at the first stage based on a clinical examination, 
and the analysis of  diagnostic models and radiological 
scans. The construction bite was done at a 3-millimeter 
gap between the front teeth. The patient used the block 
appliance for 3 h during the day and overnight in order to 
relieve the front teeth and to increase the range of man-
dible abduction (Fig. 5).
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The patient’s guardian was informed about the high 
risk of  losing the permanent teeth with aplastic roots 
and the possibility of  future prosthetic treatment. At 
follow-up, after 6 months of  treatment with an  orth-
odontic appliance, the range of  mandible abduction 
had improved to 33 mm.

Fig. 1. Extraoral photo of patient B.D.

Fig. 2. Profile photo of patient B.D.

Fig. 3. Intraoral photo of patient B.D.

Fig. 4. Panoramic X-ray of patient B.D. at the age of 7

Fig. 5. Block appliance of patient B.D.

Table 1. Examination of the patient, Case 1

Case 1

Examination of the patient

Extraoral Intraoral

•	 asymmetry of the middle and lower face  
(eye socket, mouth corners and palpebral fissures)

•	 hypoplasia of the maxilla and the mandible
•	 shortened lower face

•	 reduction of mandibular abduction to 25 mm
•	 pink, moist mucous membrane
•	 marginal gingivitis
•	 present teeth: 21, 22, 26, 31, 32, 36, 41, 42, 46, 63, 73, and 83
•	 tooth 21 with pathological mobility (3rd degree)
•	 significant demineralization of the enamel (white and dark spots)

Radiological status at the age of 7 (2 years after the completion of cancer therapy)

•	 a lack of buds for teeth 15, 25, 45, 35, 37, and 47
•	 a complete lack of roots for teeth 11, 12, 21, 22, 23, 13, 14, 24, 16, 26, and 46 (the apical foramen closed – inhibition of development)
•	 delayed tooth root development diagnosed in relation to teeth 41, 42, 31, 32, 33, 43, 34, 44, and 36 with the apical foramen open
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Case 2

Patient J.G. was diagnosed with stage 4 Burkitt’s lym-
phoma at the age of 4 years. Burkitt’s lymphoma is a non-
Hodgkin’s lymphoma originating from B lymphocytes. 
The patient had neoplastic lesions in the abdominal 
cavity, which had additionally infiltrated the cranio-
facial bones and the thyroid gland. The cancer treat-
ment included 10  months of  chemotherapy (Table  2,  
Fig. 6–9).

Due to the low risk of  complications, good overall 
health and the lack of other contraindications, it was pos-
sible to start orthodontic treatment earlier than after the 
normally required 2-year period since the completion 
of  the oncological therapy. The first stage of  treatment 
consisted in the preparation of child prostheses in order 
to restore the biting and chewing functions, to improve 

esthetics and to enable better pronunciation. The alveolar 
process of the maxilla and the alveolar part of the man-
dible showed signs of  significant atrophy, resulting in 
unfavorable conditions for prosthetics. The patient’s co-
operation was limited, which made it difficult to perform 
clinical procedures (Fig. 10–12).

Fig. 7. Profile photo of patient J.G.

Fig. 8. Intraoral photo of patient J.G.

Table 2. Examination of the patient, Case 2

Case 2

Examination of the patient

Extraoral Intraoral

•	 preserved facial symmetry
•	 sunken subnasal region
•	 shortened lower face

•	 extensive dental deficiencies (present teeth: 72, 73, 82, and 83)
•	 small spots of enamel demineralization
•	 significant atrophy of the alveolar process of the maxilla and the alveolar 

part of the mandible
•	 normal mucous membrane

Radiological status at the age of 6 (2 years after the completion of cancer therapy)

•	 a lack of buds in the case of permanent teeth 45 and 15
•	 delayed development of the roots of the permanent teeth (narrow, V-shaped roots)
•	 teeth 46 and 36 in Demirjian’s developmental stage F
•	 buds of teeth 17, 27, 37, and 47 in Demirjian’s stage C show signs of enamel formation on the chewing surface, small amounts of dentin are visible
•	 teeth 41, 42, 31, and 32 demonstrate Demirjian’s stage F – roots of an inverted funnel shape, with the apical foramen open
•	 teeth 43, 33, 34, 34, 25, 24, 45, and 14 show the beginning of root formation, corresponding to Demirjian’s stage D

Fig. 6. Extraoral photo of patient J.G.
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Fig. 9. Panoramic X-ray of patient J.G. at the age of 6

Fig. 10. Intraoral photo of the condition of the maxilla and the madible of 
patient J.G.

Fig. 11. Intraoral photo of the maxilla of patient J.G.

Fig. 12. Patient J.G. with the appliance after 6 months of use. Lack of 
proper stability of the appliance

After 6 months of  treatment, the lower appliance 
showed poor stability due to the growth of the patient and 
the eruption of the molars. At follow-up at the age of 7, 
the eruption of teeth 46, 36 and 26 had begun, with mi-
nor signs of disturbed enamel mineralization in the form 
of small white spots.

Discussion
When planning orthodontic treatment of a patient with 

a history of a neoplastic disease, it is important to work 
with their oncologist. The patient’s health status and 
prognosis should be considered in their therapy.

The following factors of an increased risk of complica-
tions are mentioned in the literature: cancer diagnosis 
at the age of <8 years, radiotherapy of the entire body or 
of the head and neck (with a dose of over 2.4 cGy), a dia
gnosis of a solid tumor (located in the craniofacial region, 
in particular), hypothyroidism, hypopituitarism, <2 years 
passed since the end of  chemotherapy or radiotherapy, 
stem cell transplantation, abnormal development of  the 
tooth root, and gingival hypertrophy after treatment with 
drugs such as cyclosporin A.21,22 In the literature, there 
can be found recommendations to start orthodontic treat-
ment at least 2  years after cancer therapy has finished, 
when the patient’s oncological disease is in a state of per-
manent remission. The recommended withdrawal period 
was maintained when treating the patients presented 
herein. When performing extractions due to orthodontic 
indications, the 24-month waiting period should be ob-
served because of the increased risk of osteonecrosis af-
ter completing radiotherapy. Oncological patients whose 
treatment consisted only of surgical procedures, without 
irradiation or chemotherapy, have no indications to post-
pone the commencement of orthodontic treatment.23

Comparing the first patient, who underwent chemo-
therapy and radiotherapy, with the other one, who was 
subjected only to chemotherapy treatment, it can be 
concluded that radiotherapy directed at the craniofacial 
region at a  developmental age significantly worsens the 
prognosis. It inhibits or significantly delays the deve
lopment of  the permanent teeth buds, disrupts the de-
velopment of the craniofacial bone – which may lead to 
an unsightly asymmetry of the face – and it additionally 
contributes to disrupted enamel mineralization.

Due to the possible consequences of  cancer therapy 
– increased susceptibility to infections, reduced immuni-
ty and a tendency for mucous membrane atrophy, not to 
mention xerostomia – appliances with the lowest possible 
irritation of  the mucous membrane should be selected 
in case of  such complications. When salivary secretion 
is disturbed, the risk of  caries development is addition-
ally increased; thus, more frequent fluoridation and more 
frequent oral hygiene check-ups are recommended.24 In 
the cases of  the patients presented herein, there was no 
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disturbance of  salivary secretion or damage to the oral 
mucosa. The tolerance of both the block appliance used 
to treat the first patient and of the prosthetic plates in the 
other patient was very good.

It is important to assess the rate of growth in the pa-
tient and to consider administering growth hormone 
to normalize the pattern of craniofacial bone growth.25 
Craniofacial bone development disorders can be ob-
served in the first patient, in whom the location of the 
tumor itself influenced the deformations. The tumor 
infiltrating the basal area of the skull, the effects of sur-
gical tumor resection and radiation therapy directed at 
the craniofacial region all contributed to the asymmetry 
of the eye sockets, reduction in the length of the face and 
inhibited development of  the mandible. On the other 
hand, the collapse of the subnasal area and the shorten-
ing of the lower face in the second patient were mainly 
due to the premature loss of the deciduous teeth, atro-
phy of the alveolar process of the maxilla and the alveo-
lar part of  the mandible, and reduced height of  occlu-
sion. However, skeletal changes occurring as the patient 
grew cannot be ruled out.

Symptoms of temporomandibular joint dysfunction are 
observed in patients undergoing the combination therapy 
of chemotherapy and radiotherapy of the entire body. Pa-
tient B.D. in this study suffered from lock-jaw, which sub-
sided with the use of a relieving appliance. The reduced 
extent of the mandibular abduction caused difficulties in 
obtaining impressions and adjusting the orthodontic ap-
pliance.

Oncological patients do not require special orthodon-
tic procedures, yet the high risk of complications encour-
age the planning of orthodontic treatment with the least 
burden. It is recommended to use low force in order to 
minimize the risk of root resorption (since the roots have 
already been shortened as a result of radiotherapy), to ac-
cept the compromised results of simple mechanical treat-
ment, and to complete orthodontic treatment earlier than 
usual or to treat only the upper dentition.26,27

Orthodontic treatment must include a risk assessment 
regarding the loss of  the teeth with significantly short-
ened roots. There are no contraindications to implanta-
tion in patients with a medical history of a neoplastic dis-
ease, but due to the continued growth of a minor patient, 
it must be postponed. Patients should have any missing 
teeth replaced with prostheses and plate prostheses un-
til fixed, implant-based prosthetic restorations can be 
provided.28–30 The example of  patient J.G. illustrates the 
problems which may appear in oncological patients with 
extensive tooth deficiencies. The loss of the alveolar pro-
cesses in the maxilla and the alveolar region of the mandi-
ble resulted in unfavorable cconditions for the prosthetic 
base. Initially, the stabilization of  the complete superior 
prosthesis and partial inferior prosthesis was obtained, al-
lowing the patient to use prostheses, but not at mealtimes 
– the patient was unable to adapt to eating with prostheses.  

Unfortunately, there was a  rapid loss of  the initial pros-
thesis stabilization due to the patient’s growth and to the 
progressive eruption of the permanent teeth.

As cooperation with the patient is limited and he is re-
luctant to undergo clinical procedures, it is difficult to pre-
pare new prosthetic restorations at the intervals of seve
ral months, though the patient does regularly report to 
follow-up appointments for the tooth eruption to be ob-
served. The eruption of the first permanent molars should 
improve the stabilization of subsequent prostheses.

Conclusions
Based on the analysis of  the available publications, it 

can be concluded that among patients who were subject-
ed to oncological treatment before they reached the age 
of 6 years, the following complications of the masticatory 
system are most commonly observed: hypodontia, abnor-
mal structure of  the tooth roots, enamel abnormalities, 
premature loss of  the permanent teeth, xerostomia, and 
gingivitis. Radiotherapy and chemotherapy are indepen-
dent risk factors for adverse dental and facial bone effects. 
Patients undergoing oncological treatment at the age 
of <6 years should receive adequate and long-term moni-
toring, owing to the possibility of  distant effects of  the 
underlying disease and its treatment. Radiotherapy of the 
head and neck region administered to a growing patient 
can significantly worsen their prognosis and may result in 
a number of irreversible complications.
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