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ABBREVIATIONS

EDS Electrodermal screening
DED Dental electro-diagnostics
LTT Local thermometric test
ММА Methyl methacrylate
NRLI National reference laboratory for immunology
NCIPD National center of infectious and parasitic diseases
CAP Chronic apical periodontitis
ABC Antibody binding capacity
ASTM American Society of Testing and Materials
BIS-GMA Bisphenol A-glycidyl methacrylate
BMS Burning Mouth Syndrome
BOP Bleeding on probing 
CAL Clinical attachment level 
CBCT Cone beam computed tomography 
CD Differentiation marker
CD4+ Lymphocyte T-helper population
CD8+ Lymphocyte Cytotoxic T population
EGDMA Ethylene glycol dimethacrylate
HEMA 2-hydroxyethyl methacrylate
IFN-γ Interferon gamma
IgA Immunoglobulin A
IgG Immunoglobulin G
IgM Immunoglobulin M
IL Interleukin
NK Natural Killer cells
PAI Periapical Index
PMMA Polymethyl methacrylate
PSI Periodontal screening index
TEGDMA Triethylene glycol dimethacrylate
TNF Tumor necrosis factor
TNFa Tumor necrosis factor α
UDMA Urethane dimethacrylate
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INTRODUCTION

Contemporary dental medicine offers a wide range of materials 
and techniques for the rehabilitation of the dentomaxillofacial system, 
which in recent years has led to a dramatic increase in allergic reac-
tions in sensitized patients after dental treatment. 

The treatment of these patients in daily clinical practice is asso-
ciated with a number of medical and social problems. The biocompat-
ibility of dental materials is individual for each patient. Biocompatible 
materials and medicines should not cause toxic reactions, immuno-
logically induced rejection, nor contain components that generate an 
allergic immune response in sensitized patients

Once in the oral cavity, saliva and gastrointestinal tract, dental 
medication or dental material release products that, under certain con-
ditions, can cause direct cell damage or induce an immunological / 
allergic reaction. The local and systemic reactivity in each individual 
is different and this explains why biocompatible materials that persist 
in the oral cavity elicit an immune / allergic response in some patients 
while none is evident in others.

The primary clinical manifestations in sensitized patients range 
from local manifestations (burning sensation, xerostomia, change in 
taste, lichenoid changes), to systemic hives and edema, and very rare-
ly to life-threatening allergic reactions.

Dental medications, and especially materials that permanent-
ly remain in the oral cavity (composites, plastics, metal alloys, etc.), 
cause hypersensitivity reactions mainly of type IV (slow) and less often 
of type I (fast).

Dental material induced adverse reactions are a serious chal-
lenge for the dental specialist, since assessing their biocompatibility 
is a complex, long-term process involving an individual approach for 
each patient.
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When hypersensitivity to a material found in the mouth is proven, 
together with subjective complaints and an objective finding, the patient 
should be offered alternative treatment, given that removal of the prov-
en allergen and immunomodulation of the body to enhance antibody 
production are the priority tasks. It is a challenge for us to study modern 
dental biomaterials (plastics, metal alloys, composites, adhesives and 
cements) that contain a number of individual and group allergens that 
permanently sensitize patients and affect both the general and the local 
reactivity of the body, which are recorded through specific clinical and 
paraclinical studies. The chronic exposure of these sensitizing agents 
to the oral cavity often evolves into sensitization of the whole organism, 
the clinical manifestation of which is greatly aggravated over time.

Our research interests in dental clinical allergоlogy and immunol-
ogy are related to finding options for the treatment of sensitized patients 
with modern dental materials with high biocompatibility and monitoring 
the early and late effects of recovery. This gives us ground to present 
our personal, long-term clinical experience in the effective treatment of 
these patients in the presented scientific work.
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AIM AND TASKS

The aim of this dissertation is to determine the effectiveness of 
the treatment of sensitized patients with biocompatible dental materials.

In order to achieve the above aim, the following tasks have been 
set:

1. To analyze data from the complex oral and allergy diagnostics 
of sensitized patients for the development of an individualized 
treatment plan.

2. To evaluate the efficacy of treating sensitized patients to major 
groups of dental materials standardized as agents for allergic 
diagnostics. 

3. To evaluate the efficacy of treating sensitized patients with 
dental plastics and metal alloys.

4. To develop an individualized treatment plan for dental patients 
with accompanying sensitization to bacteria, food, pollen, and 
more.

5. To investigate the humoral and cellular immune response be-
fore and after endodontic and prosthetic treatment of sensi-
tized patients with biocompatible dental materials.

6. To identify anamnestic and therapeutic approaches which pro-
vide effective treatment for sensitized patients with biocompat-
ible dental materials.
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OWN RESEARCH
MATERIALS AND METHODS

Research design

MATERIAL

The patients included in this dissertation are 565, aged 18-75, di-
vided into two groups: base (BG) - 431 patients with allergic diseases 
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(AL); with systemic diseases (SD); with oral lesions (OL) (Table 1, Figure 
2); and a control (CG) - 134 clinically healthy patients without allergic 
diseases (Table 1, Figures 1, 2 and 3).

Table 1. Distribution of studied patients by age, sexand groups

Figure 1. 
Distribution of 
patients by groups, 
age and sex

Figure 2. 
Distribution of 
BG patients by 
age and sex



10

Figure 3. 
Distribution of 
CG patients 
by age and sex

O n  t a s k s  1  a n d  2  – a total number of 565

•	Primary group – 431

•	Control group – 134 

O n  t a s k  3  – a total number of 300

•	Primary group – 250

•	Control group – 50

O n  t a s k  4  – a total number of 110

•	Primary group – 110

O n  t a s k  5  – a total number of 165

•	Primary group – 132

•	Control group – 33

For the completion of tasks 2, 3, 4 and 5, all patients included in 
this dissertation (565) have undergone complex oral and allergy diag-
nostics (task 1). To complete Task 1, all patients met the basic inclusion 
criteria and signed their informed consent in order to participate

METHODS

Clinical studies

General medical, oral and allergy oriented medical history taken 
with an individual card.

Diagnostic imaging:  orthopantomographs and radiographs
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Complex oral and allergic diagnostics, including an in-depth ex-
amination of the oral cavity to register the condition of the mucous mem-
brane (oral lesions evident), the dentition (dental status and materials 
found in the mouth), gingiva and periodontium (CPITN index).

Tests to determine the general and local reactivity of the or-
ganism

Tests to determine the local reactivity in the dentomaxillofacial
Gehlen electro-skin-test 
Local thermometric test
Thermodiagnostics
Measuring of corrosion potentials
Paraclinical methods
– saliva tests;
– blood and urine tests;
– specific tests according to chief disease (if any);
– allergy tests;
– immunologic tests.

Flow cytometic methods

Method for the evaluation of serum IgG, IgM and IgA immunoglob-
ulins

– Radial immunodiffusion (RID) for the quantification of serum 
IgG, IgM and IgA

Statistical methods

•	Descriptive statistics.

•	One-way ANOVA – a comparison is made between three or 
more samples from incompatible measurements with samples taken from 
Gaussian distribution.

•	Friedman test – a non-parametric test that compares three or 
more matching or paired groups. Matching test that controls the exper-
imental variables between subjects, thus increasing the strength of the 
test.
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•	Mann–Whitney test – to establish intergroup statistically signifi-
cant differences (non-parametric).

•	Two-way ANOVA – identifies two factors that influence the an-
swer. In order to get an answer on three different factors when comparing 
by sex.

•	Spearman non-parametric correlation test – Spearman R, r was 
used to estimate correlation dependencies. A significant correlation is 
considered to be a value of the coefficient R> 0.3 with a degree of statis-
tical significance p <0.05.

•	Wilcoxon matced pairs test – to establish intergroup statistically 
significant differences (non-parametric).

•	Frequency analysis.
•	Linear regression analysis.
Data is processed using Statistica ver. 13.3 (28.10.2017), Graph-

Pad Prism ver. 8.1 (2018), SPSS ver. 23 (16.06.2018) и Microsoft Excel 
2016.

RESULTS AND DISCUSSION

ON TASK 1. To analyze the data from the complex oral and 
allergic diagnostics of sensitized patients for the development of an 
individualized treatment plan

Complex oral and allergic diagnostics were performed on 565 pa-
tients registered in the specialized office of the Department of Imaging 
and Oral Diagnostics of the Faculty of Dental Medicine at the Medical 
University - Sofia, which was carried out in 4 stages:

1. General medical and allergy - oriented history.

2. Clinical and paraclinical studies.

3. Development of an individualized treatment plan.

4. Follow-up examinations and tests to record the outcome of the 
prescribed therapy.

Criteria for patient inclusion in the study:
1. Medically compromised (with allergic, systemic diseases and 

oral lesions) and clinically healthy, over 18 years of age.
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2. Eligible for complex oral and allergic diagnostics:

2.1. Having medical records available: medical history or discharge 
summaries, blood and urine tests (not more than 3 months prior).

2.2. No medications: antibiotics, anti-inflammatory, anti-aller-
gic, analgesics, sleeping pills – in the day of the study and three days 
prior.

2.3. Orthopantomographs and individual tooth radiographs, 3D.

2.4. Without facial cosmetics, men are to be unshaven on the day 
of the study.

2.5. Patients are to not have eaten, or brushed their teeth in the 
day of the study.

2.6. Information from their general practitioner and their dentist on 
all medications and materials used in their dental treatment, and those to 
be used in the future.

Patients for complex oral and allergic diagnostics are referred for 
study to various clinics at the Medical University-Sofia, as well as oth-
ers all over the country. Systemic diseases are recorded using patient 
records (health records, medical history, summaries, current treatment 
information, etc.).

The following examination protocol shall be followed for the 
diagnosis of pathological changes in the oral cavity, including allergic 
reactions and diseases:

1. Complex clinical evaluation of the oral status: extra- and in-
traoral:

•	Oral cavity inspection;

•	Examination of hard dental tissues, available obturations, vari-
ous filling materials;

•	Periodontal examination using a periodontal screening index 
to assess the condition (level) of alveolar bone and the intradental 
septum; 
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•	Occlusion/bite check;

•	Examination of the oral mucosa, oral lesions;

•	Palpation of lymph nodes;

•	N. Trigeminus pressure test; Adler points; capitulum; marginal 
and apical points; percussion test on all teeth;

•	Dental electro-diagnostics;

•	Electro-dermal screening;

•	Local thermometric test;

•	Thermovisual diagnostics;

•	 Measurement of corrosion potential of metal objects in the oral 
cavity (obturations and prosthetics).

2. Diagnostic imaging

•	Ortopantomography;

•	Single intraoral retroalveolar Rö-graphs (Dick);

•	СТ.

3. Allergy tests

•	Pach test – epicutaneous testing to demonstrate hypersensitivity 
to dental medications and materials;

•	Prick-test – to demonstrate hypersensitivity to local anesthetics.

4. Study of microorganism cultures and their sensitivity (only if nec-
essary)

•	Saliva tests – for Candida and other pathogens

5. Full blood count with differential count, biochemistry of blood 
and urine

6. Other specific tests

•	Biopsy (only if necessary).

7. Summary of clinical and paraclinical data.
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8. Consultation with other healthcare professionals in clinically 
healthy and medically compromised patients.

9. Differential diagnosis.

10. Final diagnosis.

11. Individualized treatment plan.

12. Follow-up examinations.

13. Informed consent papers.

According to clinical protocol data:

Patients in the study have some of the following chronic diseas-
es (Table. 2, Figures. 4–7):

•	allergic and autoimmune (rhinitis and rhinosinusitis, allergic 
edema, generalized anaphylaxis, drug intolerance, etc.),

•	dermatoses (Alopecia areata, Erythema nodosum, Lupus ery-
thematosus, Psoriasis vulgaris, Neurodermatitis, Pemphigus, Leukopla-
kia, Lichen planus and others.),  

•	endocrine (diabetes, etc.), 

•	vasculitides (Schonlein–Henoch disease), 

•	cardiovascular (atherosclerosis, ischemic heart disease, endo-, 
myo- and pericarditis, myocardial ischemia, angina pectoris, medias-
tenitis, etc.),

•	diseases of the musculoskeletal system (arthritis – rheumatoid 
and reactive, collagenoses, arthrosis disease),  

•	CNS and PNS diseases (trigeminal neuralgia, multiple sclero-
sis, etc.), 

•	eye diseases (uveitis, iridocyclitis and chorioretinitis).
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Figure 4. 
Endocrine 
diseases

Figure 5. 
Cardiovascular 
diseases

Figure. 6. 
CNS and PNS 
disease

Figure 7.
Eye diseases

Data gathered from medical histories show some local symptoms/
reactions, possible side effects of the dental materials, as well as possible 
alternative causative factors (Table 3).
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Table. 3. Subjective complaints and clinical findings

Symptoms/Reactions Possible causes

Non-specific 
clinical find-
ings

Burning sensation
Dysgeusia
Sensitivity
Itching
Discoloration
Xerostomia
Hypersalivation

General illness
Disorders of the masticatory 
apparatus 
Erythema/lesion
Gingivitis
Medication
Infections (bacterial, fungal, 
viral)
Nutritional deficiencies/ disor-
ders

Specific clini-
cal findings
Intraoral (lo-
cal/diffuse)

Erythema/ ulcerations
Lichenoid lesions
Lesions similar to ery-
thema multiforme
Lupus erythematosus
Aphthous stomatitis

Diseases of the mucous mem-
branes/infections
Drug side effects

Specific ex-
traoral find-
ings

Swelling (Edema)
Rash
Eczema
Cheilitis

General illness
Skin disease
Local infections (bacterial, fun-
gal, viral)

Patients‘ subjective complaints were mainly related to: changes in 
the sensitivity of the teeth and oral mucosa (24.2%); in gustation (28%), 
in olfaction  (15.7%), in the amount of saliva excreted: hypersalivation 
(7.6%) and dry mouth (xerostomia – 14.8%, paresthesias – 12.1%), in the 
the oral mucosa – 21.2% , in the color of the teeth – 22,2%. 

The proven side effects of the application of dental materials are 
presented in Table.4. 

Diseases such as: oral lichen planus (26%), leukoplakia (5.04%), 
cheilitis (12.8%), glossitis (36.8%) and erythema multiforme (4.6%) were 
recorded.

Cancer patients with oral involvement are not included in the pri-
mary group.
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Table 4. Proven side effects of application
of dental materials

Local 
Allergic and 

irritative

Lichenoid lesions/leukoplakia; Erythema/ulcerations; 
Dysgeusia; Intraoral numbness; Itching; Gingivitis; 
Stomatitis; Cheilite; Contact dermatitis; Glossodynia/ 
orodynia

Systemic Hives; Recurrent angioedema; Systemic dermatitis; 
Anaphylactic reaction

Two groups of allergens were identified from the analysis of the 
anamnestic data of the studied patients from the primary group - main 
and accompanying (Table 5): 

Table 5. Types of allergens according to anamnestic data (n = 431)

Main allergens % Accompanying allergens %
Mercury amalgam 10 Food 20

Mercury 35 Bacteria 22

Nickel; Cobalt; 
Chromium 13.2 Indoor allergens; Pollen; 

Industrial allergens
18; 24;

16

Palladium 7.4 Fungal infection 19

Latex 5 Medication 24

Plastics 14 Cosmetics 28

Oral hygiene products 14

In the group of chief allergens, mercury comes first. Table 5, Figure 
8, and for the accompanying - cosmetics, figure. 9:

Figure 8. Main allergens
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Figure 9. Accompanying allergens 

The data analysis from subjective complaints with / without clinical 
findings in the oral cavity in sensitized patients is presented in Table. 6, 
figures. 10 and 11. 

In the presence of nickel-containing metal restorations, the main 
clinical findings that have been reported are: (Table 7, Figs 12–13):

Table 6. Subjective complaints with / without clinical findings
in sensitized patients (n = 431)

Subjective complaints 
with clinical findings % Subjective complaints 

without clinical findings %

Petechiae 12,7 Paresthesia 12.1

Erythema 15.6 Discomfort 45.5

Pigment lesions 28.7 Taste alteration 28

Еrythema exsudativum 
multiforme 4.7 Olfactory alteration 15.7

Lichen Planus 25.96 Cancerophobia 26.4

Leukoplakia 8.04 Burning mouth syndrome 28.31

Gingivostomatitides 36.77

Glossitis 31,77

Angioneurotic edema 17.3

Xerostomia 14.8

Increased salivation 7.6
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Figure 10. Subjective complaints with clinical findings

Figure 11. Subjective complaints without clinical findings

Table 7. Clinical findings in patients with prosthetics with metal alloys

Interoral % Extraoral %

Changes in the color of 
the oral mucosa 22.2 Contact dermatitis 26.6

Changes in the muco-
sal surface 18 Endogenous and 

exogenous eczemata 12.7

Gingival hyperplasia 16.2 Hives 16.6

Changes in the tongue 32.2 Swelling of the face and lips 16

Changes in the floor of 
the mouth 8.6 Change in salivary secretion 11.2

Labial changes 20.3 Paresthesia 12.1

Burning mouth syndrome 32.6
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Figure 12. Intraoral clinical findings in patients with metal alloy 
prosthetics

Figure 13. Extraoral clinical findings in patients with metal alloy 
prosthetics

The data from the results obtained for the common symptoms in 
the patients allergic to dental materials - metals and plastics (Table 8 and 
Figure 14); to dental materials - metals and other allergens (Table 9, Fig. 
15) and a comparative analysis of the general symptoms of allergic pa-
tients (Fig. 16) were analyzed:

The contact of the oral mucosa with the metal ions of the metal res-
torations, surgical implants, combined prosthetics made of metal alloys 
and dental plastics, as well as the contact with harmful physical factors 
from the environment, leads to the occurrence of processes of sensitiza-
tion of the whole organism.

On follow-ups following oral cavity sanitation with biocompatible 
dental materials, 66% of patients report subsiding symptoms of chronic 
fatigue, fibromyalgia, burning, and discomfort.
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Table 8. Common symptoms in patients allergic to dental materials - 
metals and plastics (n = 228)

Symptoms %
Chronic fatigue 28.5
Joint and muscle pain 24.6
Cognitive impairments 3.7
Depression 5.26
Headache 9.21
Fibromyalgia 12.72
Skin rashes 16.23

Figure. 14. Symptoms in patients allergic to dental materials - metals 
and plastics

Table 9. Common symptoms in patients allergic to dental 
materials and other allergens (n = 431)

Symptoms %
Chronic fatigue 28.3
Joint and muscle pain 3.36
Cognitive impairments 24.7
Depression 6.2
Headache 1.8
Fibromyalgia 20.02
Skin rashes 17.05
Discomfort 25,06
Sneezing, watery secretion, nasal congestion 17,4
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Figure 15. Symptoms in patients allergic to dental materials 
and other allergens (n=431)

Figure 16. Comparison of symptoms
 in allergic patients
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RESULTS AND DISCUSSION

In the analysis of the data from complex oral and allergy diagnos-
tics of sensitized patients for the preparation of an individualized treat-
ment plan, the following was established:

1. Patients with cardiovascular disease have the highest percent-
age, followed by those with: endocrine, ocular, allergic and autoimmune, 
dermatological, CNS/PNS diseases. 

2. In the group of patients with allergies and autoimmune disor-
ders the ones with rhinitis are prevalent, patients with oral lichen planus 
and lichenoid lesions are prevalent in the dermatological group, patients 
with diabetes and Hashimoto‘s thyroiditis in the group of endocrine dis-
orders, neuralgia in CNS/PNS disorders and uveitis, iridocyclitis and 
chorioretinitis in those with eye diseases are represented in the biggest 
percentage.

3. Data from patients‘ subjective complaints and clinical findings 
indicate a change in local reactivity in the mouth and oral mucosa in 
24.2%

4. Side effects of dental materials used in treatment were in pa-
tients with lichenoid lesions and oral lichen planus (25.6%).

5. Two groups of allergens have been registered – the main ones 
– from the group of dental materials, of which mercury is with the highest 
allergenic potential in 35% and accompanying ones – from the group of 
cosmetic products, incl. oral hygiene products in 22%.

6. In the clinical findings, patients with dentures with dental metal 
alloys and plastics the intraoral oral changes of the tongue were dominant 
in 32.2% as well as burning mouth syndrome in 32.6%.

7. In common symptoms in allergic patients’ chronic fatigue is dom-
inant with 28.5%.

CONCLUSIONS

1. In patients sensitized to oral dental materials, proven allergens 
should be removed from the mouth and not used in future treatment.

2. Oral hygiene and cosmetic products containing proven allergen-
ic constituents should be avoided in sensitized patients.
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3. In the case of proven sensitization, specific clinical and para-
clinical findings and subjective complaints specific to allergic patients, 
the latter should be offered an individualized treatment plan including 
biocompatible dental materials.

ON TASK 2. To evaluate the efficacy of treating sensitized pa-
tients to major groups of dental materials standardized as allergic 
diagnostic products

In 2011, the first Bulgarian series of allergens (Figure 17) was creat-
ed, prepared by the so-called end product – composites, canal obturations, 
cements, plastics, metal alloys, ceramics, etc., in the form in which they are 
placed in the oral cavity for the final restoration of the form and function of 
the teeth and dental arches. New allergenic diagnostic preparations, made 
from new to Bulgaria dental medicines and materials, are constantly added 
to this series, thus creating an opportunity for its continuous updating.

Figure 17. Bulgarian Dental Screening Series’2011
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Allergenic preparations from individually selected dental mate-
rials for epicutaneous testing according to generally accepted world 
practice are prepared according to the production methodology of the 
Allergy Laboratory at the National Center for Infectious and Parasitic 
Diseases (NCPDB). Each material, depending on its chemical charac-
teristics and physical state, is emulsified in a suitable vehicle to obtain a 
homogeneous mass which allows it to be transferred into a 2 ml syringe. 
The percentage of the active substance for each allergen is determined 
on the basis of world experience in this regard and the preliminary stud-
ies conducted on the extent and nature of the skin-allergic reaction it 
induces in clinically healthy, non-allergic people, without anamnestic or 
clinical evidence of sensitization to it.

A set of Bulgarian allergenic preparations for diagnosis is pre-
sented in Figure 18.

Figure 18. A set of Bulgarian allergenic preparations for the diagnosis of 
allergic reactions based on dental reconstructive materials

The epicutaneous test is read up to day 7 after allergen adminis-
tration. Undoubtedly, interpreting the results of the epicutaneous samples 
requires extremely high professionalism.

Epicutaneous test results are usually scored with (+) as positive 
and (-) as negative and response severity is presented by the plus count. 
Scoring is done according to the requirements of the International Con-
tact Dermatitis Research Group system (ICDRG), as follows: (-) – neg-
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ative/no reaction; (+) – weak positive reaction), (++) – strong positive 
reaction), (+++) – extreme positive reaction), (+?) – doubtful reaction) and 
(IR) – irritant reaction) (Figure. 19).

Figure 19. Degrees of positive allergic reaction in epicutaneous testing 
(Chemotechnique Diagnostics, Vellinge, Sweden)

In the period  between 2012–2019, patients with allergies were 
examined for biocompatibility to a large number of modern dental mate-
rials as indicated in Task 1 (Tables 10–17, Fig. 20–27): root canal filling 
pastes, cement, photo- and chemical polymers, bonds, dental plastics, 
sets of artificial teeth, ceramics and metal alloys.
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Table 10. Patients with hypersensitivity to canal 
filling pastes in groups (n = 565)

Canal filling pastes

№ in 
order Name

Base group (n=431) Control  
group

(n=134)AL
(n=228)

SD
(n=136)

OL
(n=67)

N./% N./% N./% N./%

1 Adseal Root Canal Sealer 7/3,07 3/2,20 2/2,98 1/0,74
2 AHPlus 5/2,19 2/1,47 1/1,49 1/0,74
3 ApexitPlus 2/0,88 1/0,74 1/1,49 0/0,0
4 Biodentin 2/0,88 1/0,74 1/1,49 0/0,0
5 BioRoot 4/1,75 2/1,47 1/1,49 0/0,0
6 Cortisomol SP 15/6,58 6/4,41 ¾,48 2/1,48
7 Endomethasone N 13/5,70 5/3,68 4/5,97 1/0,74
8 EndoRez 39/17,10 16/11,76 7/10,45 3/2,24
9 Eugenol 54/23,68 22/16,18 10/14,92 3/2,24

10 MTA Flow 3/1,32 1/0,74 1/1,49 0/0,0
11 Pulp Canal Sealer 10/4,38 4/2,94 2/2,98 2/1,48
12 Sealapex 10/4,38 4/2,94 2/2,98 2/1,48
13 Sealite Ultra 6/2,63 2/1,47 1/1,49 0/0,0
14 Syntex Cerkamed 5/2,19 2/1,47 2/2,98 0/0,0
15 Topseal 3/1,31 1/0,74 0/0,0 0/0,0
16 Tubli-Seal 10/4,38 4/2,94 2/2,98 2/1,48
17 Vioseal 7/3,07 3/2,20 2/2,98 1/0,74
18 WellRoot bioceramic sealer 4/1,75 2/1,47 1/1,49 0/0,0

Figure 20. Patients with hypersensitivity to canal filling pastes in 
groups
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The allergic potential of the most commonly used canal filling 
pastes has been investigated: epoxy based, silicate, zinc oxide based 
and polymer resins.

In the group of patients with allergic diseases (n = 228), the high-
est biocompatibility in root canal sealers was shown by: ● epoxy based: 
Topseal (1.31%); ● silicate-based: Apexit Plus and Biodentin (0.88%); 
● Zinc oxide based: Sealite Ultra (2.63%); ● polymer resins: Sealapex 
(4.38%). 

They are followed by: ● epoxy based: ANplus (silver free) and 
syntax Cerkamed (2.19%), adseal and topseal-3.07%; ● from the group 
of silicate-based root canal sealers: MTA 1.32%, bioroot and welroot 
(1.75%); ● Zinc oxide based: Tubli Seal and Pulp canal sealer (4.38%), 
endometason (5.70%) and cortisomol (6,58%).

Polymer resins also show different allergenic potential: endores 
(17.10%) and sealapex (4.38%).

The high allergenic potential of eugenol was also confirmed. 
Patients with AL showed hypersensitivity to it in 23.68%, with SD in 
16.18% and with OL in 14.92%. CG patients also exhibited contact 
hypersensitivity to eugenol in 2.24%.

It is noteworthy that the Biodentin root canal sealer has the high-
est biocompatibility and bioactivity. It is a silicate-based restorative 
cement. In the case of fractures of deciduous and permanent teeth, 
it can be combined with other biocompatible sealers-ANplus and gut-
ta-percha. 

Bioroot RCS-ph11 is also a bioceramic sealer, non-toxic, active 
against enterococcus faecalis after days 1, 3, 7. These qualities make 
it a sealer of choice in the treatment of infected root canals in sensi-
tized patients due to the existing cross-sensitization to various types of 
bacterial allergens in the endodontium.
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Table 11. Patients with cement hypersensitivity by groups (n = 565)

Cements

№ in 
order Name

Base group (n=431) Control  
group

(n=134)AL (n=228) SD (n=136) OL (n=67)

N./% N./% N./% N./%
1 Adhesor Fine 9/3,95 9/6,62 7/10,45 2/1,49
2 Base Cement Shofu 3/1,32 2/1,47 1/1,49 0/0,0
3 Fuji Plus 4/1,75 4/2,94 3/4,48 0/0,0
4 GC Equia Capsule 5/2,19 4/2,94 3/4,48 0/0,0
5 GC Fuji IX 4/1,75 3/2,21 3/4,48 0/0,0
6 Glassliner Syringe 5/2,19 4/2,94 4/5,97 0/0,0
7 Harvard cement 9/3,95 8/5,88 7/10,45 2/1,49
8 Ionoseal syringe 6/2,63 5/3,68 4/5,97 0/0,0
9 Kavitan Plus 7/3,07 6/4,41 5/7,46 0/0,0

10 Ketac Cem Plus 7/3,07 5/3,68 4/5,97 0/0,0
11 Ketac Molar 8/3,51 7/5,15 6/8,96 0/0,0
12 Ketac Universal cement 8/3,51 7/5,15 6/8,96 0/0,0
13 Meron plus capsules 9/3,95 5/3,68 4/5,97 0/0,0
14 Multilink 8/3,51 6/4,41 4/5,97 0/0,0
15 Ortho Connect 10/4,38 3/2,21 3/4,48 0/0,0
16 Prevision CB 9/3,95 7/5,15 6/8,96 1/0,75
17 Protemp 4 7/3,08 7/5,15 5/7,46 2/1,49
18 RelyX Unicem 5/2,19 5/3,68 4/5,97 0/0,0
19 Variolink 5/2,19 4/2,94 3/4,48 0/0,0
20 Vitrebond Kit 5/2,19 4/2,94 3/4,48 0/0,0
21 GlasIonomer CX-Plus 5/2,19 5/3,68 4/5,97 0/0,0

Figure 21. Patients with cement hypersensitivityby groups
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Out of the investigated cements Base Cement Shofu is with 
the highest degree of biocompatibility. Only 1.32% of patients with 
AL showed hypersensitivity to it. The same tendency was observed in 
patients with SD (1.47%) and OL (1.49%). Hypersensitivity reactions 
have not been reported in CG patients.

From the group of photo-and chemical polymers: Estelite Alpha 
shows sensitizing potential in patients with AL at 1.75%, which defines 
it as a composite with high biocompatibility. This trend is also main-
tained in patients with SD (1.74%) and those with OL (1.49%). No 
hypersensitivity reactions have been reported in the CG.

Bonds are applied immediately before and after application of 
the composites, but their sensitizing potential is independently investi-
gated. In allergic patients, they showed different sensitizing potential: 
the lowest with Gluma Universal Bond Refill (0.88%) and relatively 
higher potential with: Adper Single bond, Futurabond DC, Gluma 2 
(3,51%).

Dental plastics have proven allergenic potential: Vertex Ther-
mosense shows the highest bioavailability in all study groups (1.32, 
1.47, 4.48 and 2.24%). It is widely used for making partial and com-
plete removable dentures.

Artificial teeth: Ivoclar Vivadent showed the highest biocompati-
bility (0.88 and 0.74%) and the lowest shown by: MK1 and Spofadent 
Plus - respectively for AL (7.46%), for SD (10.29%), for OL (14.92%) 
and for CG (0.75%).

No hypersensitivity to Polaris Yeti was observed in dental ce-
ramics in the study groups. All other ceramics tested also showed 
good biocompatibility.
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Table 12. Patients with hypersensitivity to photo- and chemical polymer 
composites by group (n = 565)

Photo- and chemical polymers

№ in 
order Name

Base group (n=431) Control  
group

(n=134)
AL

(n=228)
SD

(n=136)
OL

(n=67)
N./% N./% N./% N./%

1 Basic 12/5,26 9/6,62 7/10,45 3/2,24
2 Beautifil Flow 10/4,38 7/5,15 5/7,46 0/0,0
3 Ceram X Duo 8/3,51 3/2,21 1/1,49 0/0,0
4 Charisma Flow 7/3,07 2/1,47 2/2,98 0/0,0
5 Dyract XP 8/3,51 3/2,21 1/1,49 0/0,0
6 Evicrol 11/4,82 4/2,94 3/4,48 4/2,98
7 Estelite Alpha 4/1,75 1/0,74 1/1,49 0/0,0
8 Filtek Ultimate 5/2,19 2/1,47 0/0,0 0/0,0
9 Filtek Z 550 5/2,19 2/1,47 0/0,0 0/0,0

10 Gaenial Injectable syringe 5/2,19 2/1,47 1/1,49 0/0,0
11 Gradia Lo Flo 13/5,70 3/2,21 0/0,0 0/0,0
12 Grandioso Heavy Flow syringe 11/4,82 4/2,94 0/0,0 0/0,0
13 Herculite 10/4,38 5/3,68 2/2,98 2/1,49
14 Nexcomp Syringe 11/4,82 6/4,41 3/4,48 0/0,0
15 Polofil Supra 10/4,38 8/5,88 3/4,48 0/0,0
16 Prime dent 9/3,95 6/4,41 0/0,0 0/0,0
17 Swisstec 7/3,07 4/2,94 1/1,49 0/0,0
18 Te Econom Plus 14/6,14 11/8,09 2/2,98 3/2,24
19 Tetric Evo Ceram 7/3,07 2/1,47 0/0,0 0/0,0
20 Twinky 9/3,95 2/1,47 0/0,0 0/0,0
21 Venus flow 10/4,38 3/2,21 1/1,49 0/0,0

Figure 22. Patients with hypersensitivity to photo- and chemical 
polymer composites by group 
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Table 13. Patients with hypersensitivity to bonds by group (n = 565)

Bonds

№ in 
order Name

Base group (n=431) Control  
group

(n=134)AL
(n=228)

SD
(n=136)

OL
(n=67)

N./% N./% N./% N./%

1 Adper Single Bond 8/3,51 2/1,47 1/1,49 0/0,0
2 Futurabond DC 8/3,51 2/1,47 0/0,0 0/0,0
3 Futurabond U 7/3,07 1/0,74 1/1,49 0/0,0
4 Gaenial Bond 6/2,63 2/1,47 0/0,0 0/0,0
5 Gluma 2 Bond 8/3,51 2/1,47 2/2,98 0/0,0
6 Gluma Universal Bond Refill 2/0,88 3/2,21 3/4,48 0/0,0
7 Heliobond 3/1,31 4/2,94 0/0,0 0/0,0
8 Opti Bond FL 4/1,75 2/1,47 1,/1,49 2/1,49
9 Optibond Solo Plus 4/1,75 0/0,0 0/0,0 0/0,0

10 Porcelain Primer 4/1,75 1/0,74 2/2,98 0/0,0
11 PrimeBond Select 3/1,31 0/0,0 0/0,0 2/1,49
12 Prime&Bond Universal 4/1,75 1/1,074 1/1,49 0/0,0
13 Spectrum Bond 3/1,31 0/0,0 0/0,0 0/0,0
14 Single Bond Universal 4/1,75 0/0,0 0/0,0 0/0,0

Figure 23. Patients with hypersensitivity to bonds by group
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Table 14. Patients with hypersensitivity to plastics by group (n = 565)

Plastics

№ in 
order Name

Base group (n=431) Control  
group

(n=134)AL (n=228) SD (n=136) OL (n=67)

N./% N./% N./% N./%
1 Безцветна пластмаса 78/34,21 68/50,00 54/80,60 0/0,0
2 Розова пластмаса 97/42,54 98/72,06 58/86,57 3/2,24
3 Biodentaplast 12/5,26 12/8,82 10/14,92 0/0,0
4 CompoForm UV 10/4,38 11/8,09 9/13,43 0/0,0
5 Duracrol 12/5,26 12/8,82 9/13,43 0/0,0
6 Duracryl Plus 34/14,91 31/22,79 29/43,28 3/2,24
7 Eclipse 11/4,82 11/8,09 10/14,92 0/0,0
8 Flexiplast 10/4,38 9/6,62 8/11,94 0/0,0
9 I-CAB C&B 7/3,07 7/5,15 7/10,45 0/0,0

10 I -Plast CA 7/3,07 5/3,68 4/5,97 0/0,0
11 I -Plast CC 7/3,07 6/4,41 5/7,46 0/0,0
12 I -Plast HC 7/3,07 7/5,15 6/8,95 0/0,0
13 I-Plast OR 7/3,07 7/5,15 6/8,95 0/0,0
14 Meliodent 11/4,82 10/7,35 10/14,92 3/2,24
15 Meliodent RR 12/5,26 8/5,88 8/11,94 0/0,0
16 Molloplast B 12/5,26 8/5,88 8/11,94 0/0,0
17 Pattern Resin i-Red 10/4,38 9/6,62 4/5,97 0/0,0
18 Polyan 8/3,51 7/5,15 7/10,45 0/0,0
19 Qu-resin 18/7,89 12/8,82 12/17,91 0/0,0
20 Superacryl Plus 10/4,38 8/5,88 8/11,94 0/0,0
21 Valplast 13/5,70 11/8,09 10/14,92 0/0,0
22 Vertex 18/7,89 13/9,56 11/16,42 0/0,0
23 Vertex Thermosense 3/1,32 2/1,47 3/4,48 3/2,24

Figure 24. Patients with hypersensitivity to plastics by group



36

Табл. 15. Patients with hypersensitivity to 
artificial teeth by group (n = 565)

Artificial teeth 

№ in 
order Name

Base group (n=431) Control  
group

(n=134)
AL

(n=228)
SD

(n=136)
OL

(n=67)

N./% N./% N./% N./%

1 Acry Rock 8/3,51 7/5,15 7/10,45 1/0,75

2 Huge 11/4,82 9/6,62 8/11,94 0/0,0

3 Ivoclar-Vivadent 2/0,88 1/0,74 0/0,0 0/0,0

4 Kaifeng/sonning 3/1,32 2/1,47 0/0,0 0/0,0

5 Kaitong/bliebell 3/1,32 2/1,47 0/0,0 0/0,0

6 MK1 17/7,46 13/9,56 10/14,92 1/0,75

7 NT Optima 5/2,19 5/3,68 3/4,48 0/0,0

8 Spofadent Plus 17/7,46 14/10,29 10/14,92 1/0,75

Figure 25. Patients with hypersensitivity 
to artificial teeth by group
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Table 16. Patients with hypersensitivity to ceramics by group (n = 565)

Ceramics

№ in 
order Name

Base group (n=431) Control  
group

(n=134)
AL

(n=228)
SD

(n=136)
OL

(n=67)
N./% N./% N./% N./%

1 Ceramco 3 3/1,32 4/2,94 4/5,97 2/1,49

2 Duseram KISS 1/0,44 1/0,74 1/1,49 1/0,75

3 GC Initial LiSi Press 3/1,32 3/2,21 3/4,48 2/1,49

4 Hera Ceram 1/0,44 1/0,74 1/1,49 0/0,0

5 Ips E.Max Press 1/0,44 1/0,74 1/1,49 0/0,0

6 IPS InLine 3/1,32 3/2,21 2/2,98 1/0,75

7 Polaris Yeti 0/0,0 0/0,0 0/0,0 0/0,0

8 Vita Akcent 2/0,88 2/1,47 1/1,49 0/0,0

9 Vita Enamic 2/0,88 2/1,47 2/2,98 1/0,75

10 Vita VM 13 7/3,07 6/4,41 5/7,46 2/1,49

11 Vita VMK 95 8/3,51 7/5,15 4/5,97 1/0,75

12 Vita Оmega 900 7/3,07 6/4,41 5/7,46 1/0,75

Figure 26. Patients with hypersensitivity to ceramics by group

With the highest biocompatibility of dental metal alloys is Heranium 
sun – for AL – 1.32%, for SD – 3.68%, for OL – 5.97% and for CG – 0.75%. 
This metal alloy has a low content of cobalt (43%), chromium (23.45%), 
molybdenum (2%), manganese (0.8%), silicon (1%), iron (27%), etc. 
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Contains no beryllium, cadmium and lead. Our data is in line with Euro-
pean standards for biobearable dental alloys according to EN ISO 7405 
and EN ISO 10993. It is recommended that HeraCeramSun ceramics 
also be used for ceramic structures made of Heranium sun, for which we 
also establish the highest biocompatibility.

Table 17.  Patients with hypersensitivity to metal alloys by group (n = 565)
Metal alloys 

№ in 
order Name

Base group (n = 431) Control  
group

(n = 134)AL (n=228) SD (n=136) OL (n=67)

N./% N./% N./% N./%
1 Argelloy NP Special 7/3,07 8/5,88 7/10,45 0/0,0
2 BioCeram CC 5/2,19 6/4,41 6/8,95 0/0,0
3 BioPontoStar 5/2,19 7/5,15 4/5,97 1/0,75
4 Bondi-loy 7/3,07 6/4,41 5/7,46 1/0,75
5 Cristalloy 7N 18/7,89 11/8,09 10/14,92 2/1,49
6 Cristalloy 9N 20/8,74 15/11,03 13/19,40 2/1,49
7 Crystalloy С 14/6,14 13/9,56 7/10,45 3/2,24
8 Crystalloy silver 7/3,07 7/5,15 6/8,95 0/0,0
9 Heraenium P 6/2,63 6/4,41 4/5,97 1/0,75

10 Heraenium S 7/3,07 7/5,51 8/11,94 0/0,0
11 Heranium Sun 4/1,75 5/3,68 4/5,97 1/0,75
12 Keramit NP 8/3,50 8/5,58 7/10,45 2/1,49
13 Dg-alloy EASY 7/3,07 7/5,15 6/8,95 1/0,75
14 Marranium CC 9/3,95 10/7,35 4/5,97 0/0,0
15 Marranium F1 8/3,50 8/5,88 7/10,45 0/0,0
16 Remanium 2000+ 5/2,19 4/2,94 3/4,48 1/0,75
17 Remanium 2001 6/2,63 5/3,68 3/4,48 2/1,49
18 Remanium GM 380 5/2,19 4/2,94 3/4,48 1/0,75
19 Remanium star 7/3,07 5/3,68 2/2,98 1/0,75
20 Ugirex II 9/3,95 8/5,88 8/11,94 2/1,49
21 Wirobond 280 8/3,50 7/5,15 5/7,46 2/1,49
22 Wirobond C 10/4,38 11/8,09 10/14,92 4/2,98
23 Wirocast 3/1,32 3/2,20 3/4,48 2/1,49
24 Wirocer plus 10/4,38 9/6,62 7/10,45 0/0,0
25 Wiron 99 11/4,82 10/7,35 9/13,43 3/2,24
26 Wironit 12/5,26 11/8,09 10/14,92 2/1,49
27 Wiron light 10/4,38 10/7,35 11/16,42 3/2,24
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Figure 27.  Patients with hypersensitivity to metal alloys by group

The results of the study of the sensitizing potential of the main 
groups of dental materials have been statistically processed, which 
makes them reliable and demonstrative. A large number of patients 
were investigated, some of whom were treated by us personally. In-
dividually selected dental materials with the highest biocompatibility 
were used in their treatment. The results of the treatment were mon-
itored over a sufficiently long period of time, from one to eight years. 
This gives us reason to introduce the possibilities for the treatment of 
sensitized patients with biocompatible dental materials to the scientific 
community in Bulgaria.

When using the One-way ANOVA test, the results on allergic pa-
tients have the same standard deviation, therefore the same dispersion 
– Figures 20-27.

The value p <0.003 of these tests proves that the primary group 
tests (AL, C3 and OL) do indeed have the same variance as the control 
group. When using the Friedman test as a check of the above for the 
validity of the selection so made, the nonparametric test gives a value 
of p <0.001, which shows a comparison of three or more matching or 
paired groups.
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Ranked values in the Friedman test in each row are scored from 
low to high. The ranking is separate by summing the values in each col-
umn. The purpose of using a concurrent test is to control the experimen-
tal variability between the primary and control groups, thereby increas-
ing the strength of the test. Factors not controlled in the experiment 
increase all measurements in the subject. The test classifies values in 
each group and subgroup without being affected by variability sources 
that affect all values equally in a single row.

DISCUSSION OF RESULTS

The data from the analysis of the sensitizing potential of the main 
groups of dental materials determine which of them have the highest 
biocompatibility. On this basis, individually selected biocompatible den-
tal materials may be offered to each sensitized patient for effective 
treatment.

The results of epicutaneous tests should always be consistent 
with the patient‘s history and clinical findings. A positive test may mean: 
clinically relevant allergy, latent allergy without clinical manifestation, 
group allergy, crossd allergic or toxic skin reaction.

The sensitivity and specificity of skin tests is 70-80%. This means 
that a negative test result does not preclude contact allergic reaction 
with the mucous membrane of the oral cavity, skin and gastrointestinal 
tract after dental treatment. This possibility can be minimized by three 
consecutive tests of the patient with the same allergen and with strict 
adherence to the testing conditions. A negative result at least twice shall 
be considered as valid.

Complex oral and allergic diagnostics were performed on all pa-
tients in the primary and control groups. The highest rate of sensitiza-
tion was found in patients with allergic diseases, followed by patients 
with systemic diseases and those with oral lesions (lowest percent-
age).
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Patients with established sensitization to dental materials, when 
taking an allergically directed history, usually report temporary or perma-
nent, short-term or long-term symptoms, including paresthesias, chang-
es in the sensitivity of the teeth, tissues and organs in the oral cavity, 
olfaction, volume of saliva, as well as changes in the texture, and color of 
intra- and extraoral tissues.

On clinical examination, the evident changes in the condition of 
the oral mucosa were also diagnosed - oral lesions: oral lichen planus, 
lichenoid lesions, leukoplakia, white nevus, cheilitis, glossitis, erythema 
exudate multiforme, erythroplakia and others. In the dentition – the dental 
status and the currently placed dental restorative materials, as well as the 
condition of the gingiva and periodontium, are registered.

In everyday clinical practice, dental plastics, restorative composite 
materials, materials for prosthetic restorations of dental arches through 
fixed and movable prosthetic structures, canal sealers, various types of 
posts, impression materials, etc. are primarily investigated. It is known 
that individual protective equipment for patients and the dental team - 
goggles, gloves, saliva suction devices, cups, stoppers, dental dams, 
etc., are also capable of sensitizing the body, regardless of the shorter or 
longer contact with them, but they are not investigated.

The classic protocol for the establishment of sensitization to den-
tal materials, including plastics and alloys, requires that in the first stage 
all materials found in the mouths be examined and, if sensitization is 
detected, alternative restorative materials must be sought through epi-
cutaneous testing. When the patient is unable to provide accurate and 
complete information, major allergens from the dental material groups 
are used: metals, methacrylates, medications, personal and profes-
sional oral hygiene products, topical haptens: propolis (10%), caine mix 
(10%) and more.

Before identifying alternative treatment materials, it is necessary 
to examine both the end products and the major constituents of dental 
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materials in the methacrylate and metal groups with proven allergic 
potential. In the case of hypersensitivity to some of them, other bio-
compatible dental materials are sought which do not contain them or 
their content is very low, which does not affect the sensitizing potential 
of the end product. It is also necessary to determine the presence or 
absence of sensitization to other co-occurring group allergens, such 
as food, bacteria, pollen, household, industrial and other, which affect 
the overall reactivity of the organism and may cause cross-allergic re-
actions with dental reconstructive materials used in the treatment of 
patients with proven sensitization.

This study covered patients with allergy data, including oral med-
ications and materials from all groups, as well as major group allergens. 
The study was performed by intradermal skin samples with standardized 
allergens.

The patients in the primary group were tested primarily for sensiti-
zation to conventional dental plastics containing residual monomers and 
colorants, as well as to artificial teeth. With established hypersensitivity, 
they were given the opportunity to go for new treatment with biocompat-
ible dental materials, in which the residual monomer content was mini-
mized at the stage of production.

An individual set of diagnostic markers is made for each patient 
with oral allergy data. Dental materials with high biocompatibility that the 
patient has not been in contact with are investigated. In the absence of 
data for a contact allergic reaction by an epicutaneous test with negative 
results, twice or three times confirmed an individualized treatment plan 
shall be drawn up, where the materials with which it is to be realized shall 
be explicitly recorded.

The sensitizing potential is determined on the basis of the summa-
ry data from the individual allergy diagnostic charts from the epicutane-
ous testing of the patients included in this dissertation.
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18 types of canal sealers of four major groups- epoxy-based, sili-
cate-based, zinc oxide-based and polymer resins were investigated:

– Canal sealers based on epoxy resins and zinc oxide eugenol 
products show low biocompatibility and cause allergic reactions in sen-
sitized patients, especially when containing paraformaldehyde. These 
sealers are initially toxic, but their toxicity is significantly reduced after the 
final mixing of the components and only minor or no tissue reactions are 
observed and those are not mutagenic.

– In the screening series of Chemotechnique Diagnostics, Vellinge, 
Sweden, eugenol is included as a major allergen due to its proven anti-
genic properties. 

– Analysis of data from patients with allergies to eugenol (or scents) 
showed that they showed hypersensitivity: in AL patients – 23,68%; in SD 
patients – 16,18%; in OL patients – 10,92%, in CG patients – 2,24%. 
Therefore, these patients should not be treated with materials containing 
eugenol, isoeugenol or peruvian balsam.

– The sensitizing potential of canal sealers is most evident in: 
Endorez (17.10%), Cortisomol SP (6.58%), Endometayon N (5.70%) 
containing corticosteroids. Pulp Canal Sealer, Seal Apex and Tubli-Seal 
had the same allergic potential (4.38%), while Apexit Plus and Bioden-
tin (0.88%) had the lowest. Canal sealers with low sensitizing potential 
should be of choice.

– Since all canal sealers have some initial toxicity (on average 
5–8%), it is considered that when applied in conjunction with gutta-per-
cha pins, the contact of the sealers with the tissues in the apical delta or 
periapical area is minimized. This also provides higher sealing capacity 
and the ability for subsequent revision access. This is especially true for 
AH Plus and Sealite Ultra.

– Gutta-percha pins (at room temperature or heated) are charac-
terized by relatively good biocompatibility. 



44

– Calcium hydroxide-based canal sealers have the lowest toxicity 
and highest bioavailability. They ought to be the primary choice.

– Patients sensitized to dental materials exhibit greater hypersen-
sitivity to canal sealers than non-sensitized ones (3,91:0,74%).

21 cements from different groups were studied – classic, chemical 
and photopolymers, glass ionomers

– Cements containing eugenol and coloring agents, temporary ce-
ments and chemically activated polymers have high allergenic potential. 
BG: CG ratio is in average 4,35:0,6%.

– There is high biocompatibility in the eugenol-free photopolymers, 
those which do not come in contact with biological fluids (saliva, blood 
and lymph) and which do not release residual toxic products.

Composites and Bonding Agents - Bonds

– Chemical polymers and ones that contact the vital structures of 
the endodontium, gingival fluid, saliva and oral tissues show higher aller-
genic potential. BG: CG ratio – 1,46:0,21%.

– Composites: ratio BG:CG – 3,27:0,43%.

– Photopolymer bonds and those that polymerize after light irradi-
ation have higher biocompatibility.

In order to avoid cross allergic and toxic reactions, especially in 
vital teeth, salivary secretion is ignored when applying the bond and the 
treatment protocol is strictly followed, including the time of photoactivity in 
order to complete the polymerization cycle.

Dental plastics

– Conventional dental plastics with residual monomer and for-
maldehyde - without heat or light treatment; containing colorants (about 
59%), which are the main cause of contact prosthetic allergic stomatitis 
have high allergenic potential. In pink plastic, the allergic reaction found 
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in BG was, respectively: AL (42.54), SD (72.06%), OL (86.54%). The ratio 
of sensitized patients BG: CG is 67.06: 2.24%, in colorless plastic (54.9: 
0.00%), Duracryl Plus (27: 2.24%).

– Those without residual monomer (heat- or light-treated), mono-
lithic, without additional anchoring elements, such as metal hooks, bars, 
clasps, etc. have high biocompatibility - 89%. The concentrations of re-
sidual monomers are as low as possible and the sensitization – OG – 
9.6, KG – 0.00%.

– Artificial teeth made of plastic have contact sensitization at a ratio 
of BG:CG – 5,2:0,28%.

– Heat-curing acrylic resins have a higher percentage of polym-
erization and a lower level of residual monomers than autopolymerizing 
products and are preferred. The concentration of the residual mono-
mers is minimized by polymerisation for several hours at the highest 
possible temperature and subsequent storage of the prosthesis or or-
thodontic apparatus in water (37° C) for 24 hours before being placed 
to remove most of the soluble substances. Temporary crowns made 
with cold-cured acrylic resin are removed from the teeth before final 
polymerization to avoid thermal damage to the pulp.

Ceramics

– Systemic toxicity and the occurrence of allergic reactions in 
ceramics are considered extremely low: BG:CG – 2,4:0,69%.

– Aluminum oxide ceramic containing lanthanum glass has been 
tested on osteoblasts. After initial adhesion, after 2 or more days, the 
cells show signs of change - necrosis. This is also the case with ceram-
ics consisting of silicon oxide.

– Zirconium oxide is non-toxic in various cell cultures (fibro-
blasts, 3T3 cells, L-929 cells). The smallest particles cause apoptotic 
reactions in human stem cells. However, they are not very important 
in dental medicine, unlike its application in other fields of medicine. 
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Thus, it can be concluded that zirconium oxide ceramics are almost 
noncytotoxic.

Metal alloys

– Metal alloys with nickel sulfate, cobalt and chromium (over 60%), 
with gold and palladium (35%) are of high allergenic potential. In BG, al-
lergic patients are 3.7%, SD – 5.75% and OL – 9.49%. BG to CG ratioon 
average – 6.10: 0.47%.

– Тhose without nickel sulfate are highly biocompatible.

– In patients with allergies to various types of metal alloys, it is rec-
ommended that the prosthetic structures be made of titanium, zirconium 
with or without ceramics and with laboratory composites that have very 
low allergenic potential, on average – 1.5%.

CONCLUSIONS

1. Of the canal sealers with the highest sensitizing potential are: 
Endorez (17.10%), Cortisomol SP (6.58%), Endomethazone N (5.70%) 
containing corticosteroid. Pulp Canal Sealer, Seal Apex and Tubli-Seal 
had the same allergic potential (4.38%), while Apexit Plus and Biodentin 
(0.88%) had the lowest.

2. Of high biocompatibilityy are the photopolymerizing composites 
and cements, free of eugenol, those which do not come into contact with 
biological fluids (saliva, blood and lymph) and which do not release resid-
ual toxic products-monomers, formaldehyde glutaraldehyde, etc.

3. Dental plastics with high bioavailability (89%) are those without 
residual monomer (heat- or light-treated), monolithic, without additional 
anchoring elements, such as metal hooks, bars, clasps, etc.

4. In patients with allergies to various types of metal alloys, it is rec-
ommended that prosthetic structures be made of alloys without nickel sul-
fate, titanium, zirconium with or without ceramics and with laboratory com-
posites, PEEK, which have very low allergenic potential, on average 1.5%.
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ON TASK 3. To evaluate the effectiveness of the treatment of 
patients with suspected or established sensitization to dental plas-
tics and metal alloys

In order to evaluate the efficiency of patients with suspected or 
established sensitization, firstly the main components of dental plastics, 
composites or metal alloys, established allergens, included in the Dental 
screening series DS1000, are studied.  In the case of dental plastics and 
composites, these are monomers № 1, 2, 3, 4, 5, 9, 13, 19, 26, 34, and for 
metal alloys – № 11, 12, 14, 15, 21, 23, 24, 30. Subsequently, according to 
the obtained results, the dental materials for the formulation of standard-
ized preparations for allergy diagnostics are selected individually for each 
patient. A retesting was carried out and at least three or five materials of 
each group were studied. After a thorough analysis of the epicutaneous 
test results, the most appropriate material was chosen. In the present PhD 
thesis, we do not present results from the study of the main allergens in 
dental material contents as an end product. These results are highly in-
formative and serve as a basis in the choice of the definitive products which 
usually contain more than one allergizing element. The allergizing potential 
of the end product which remains permanently in the patient’s mouth is 
important for clinical practice.  The treatment possibilities of patients sensi-
tized to basic dental materials depend on the biocompatibility of the ready 
prosthetic appliances with the oral environment. Local conditions deter-
mine the body’s topical reactivity which is closely interrelated with general 
reactivity. In this regard, we present the results of the most commonly used 
dental plastics: pink plastics, colourless plastics, Duracryl, Vertex, Valplast 
and Meliodent. In metal alloys, the main groups are presented in different 
configurations according to the content of the main happens: nickel-chro-
mium-cobalt; nickel chromium; cobalt-chromium; cobalt-chromium-molyb-
denum; gold-platinum; silver-palladium; titanium.

Patients with evidence of allergy to dental materials are tested 
for hypersensitivity reactions to the main antigens included in the 
group of dental plastics and metal alloys which are also part of the 
contemporary biocompatible dental materials.

The dental screening series DS-1000 (version 2018) includes 34 
allergens. The allergens are prepared from substances which are pres-
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ent in all dental materials and have established allergising properties 
(Table 18).

In studying the sensitizing potential of the main dental allergens 
and the allergens from the group of dental plastics and dental alloys, 
we examined 300 patients in total, divided into two groups- aged be-
tween 18 and 75.

The base group of 250 patients with confirmed allergy to dental 
materials includes: 150 patients with allergic diseases (AL), 60 patients 
with systemic diseases (SD) and 40 patients with oral lesions (OL).

Table 18. Dental screening series DS-1000
Аrt. № Name Conc

1. M-013 Methyl methacrylate 2.0 pet 
2. T-018 Triethylene glycol dimethacrylate 2.0 pet 
3. U-004 Urethane dimethacrylate 2.0 pet 
4. E-007 Ethylene glycol dimethacrylate 2.0 pet 
5. H-013 Bisphenol A glycerolate dimethacrylate (BIS-GMA) 2.0 pet 
6. D-016 N,N-Dimethyl-4-toluidine 5.0 pet 
7. H-014C Benzophenone-3 10.0 pet 
8. B-017 1,4-Butanediol dimethacrylate 2.0 pet 
9. M-007 Bisphenol A dimethacrylate (BIS-MA) 2.0 pet 
10. P-014A Potassium dichromate 0.5 pet 
11. M-005 Mercury 0.5 pet 
12. C-017A Cobalt(II)chloride hexahydrate 1.0 pet 
13. H-010 2-Hydroxyethyl methacrylate 2.0 pet 
14. G-005B Gold(I)sodium thiosulfate dihydrate 2.0 pet 
15. N-002A Nickel(II)sulfate hexahydrate 5.0 pet 
16. E-016 Eugenol 2.0 pet 
17. C-020 Colophonium 20.0 pet 
18. E-015 N-Ethyl-p-toluenesulfonamide 0.1 pet 
19. F-002B Formaldehyde 2.0% aq 
20. T-011 4-Tolyldiethanolamine 2.0 pet 
21. C-022 Copper(II)sulfate pentahydrate 2.0 pet 
22. M-025 Methylhydroquinone 1.0 pet 
23. P-001 Palladium(II)chloride 2.0 pet 
24. A-022 Aluminium(III)chloride hexahydrate 2.0 pet 
25. C-026 Bornanedione 1.0 pet 
26. D-045 Dimethylaminoethyl methacrylate 0.2 pet 
27. H-004 1,6-Hexanediol diacrylate 0.1 pet 
28. H-016 Drometrizole 1.0 pet 
29. T-027 Tetrahydrofurfuryl methacrylate 2.0 pet 
30. T-008 Tin 50.0 pet 
31. S-017 Sodium tetrachloropalladate(II) hydrate 3.0 pet 
32. C-035 Carvone 5.0 pet 
33. M-006B 2,2-bis(4-(2-Methacryl-oxyethoxy)phenyl)- propane(BIS-EMA) 2.0 pet
34. G-003A Glutaral 0.2 pet
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Control group: 50 clinically healthy patients without any history 
of allergy.

Men: women – 81/169:13/37
Fig. 28 presents the distribution of patients according to groups 

and gender.

Fig. 28. Sensitised patients- distribution in groups and gender 

The data from the obtained results on patients’ sensitisation to 
dental plastics from the main and control groups are presented in table 
19 and 20 and fig. 29, 30, 31 and 32.

Fig. 29. Sensitised patients to dental plastics, distribution in groups and gender 
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Fig. 30. Non-sensitised patients to dental plastics, distribution in groups

Fig. 31. Sensitised patients to dental plastics, distribution 
according to diseases 

Fig. 32. Non-sensitised patients to dental plastics, 
distribution according to diseases 
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From the base group (250 patients), 112 (44,8%) have sensitivity 
towards pink plastics, 93 (83,04%) of them having AD, 12 (10,7%) – SD 
and 7 (6,03%) – OL; patients without sensitisation: 138 (55,2%). Control 
group of patients (50), 36 (72%) (Table 21, fig. 33) have sensitisation 
towards pink plastics.

Table 21. Patients with AD, SD and OL and without sensitisation to pink plastics  

Pink plastics Sensitized
Num./%

Non-sensitized
Num./%

BASE GROUP
AL 93/83,04 57/41,30

SD 12/10,7 48/34,78

OL 7/6,03 33/23,91

Total: 250 112/44,8 138/55,2

CONTROL GROUP
Total:  50 36/72 14/28

The highest sensitisation rate to pink plastics is found among pa-
tients with allergic diseases and those from the control group.

Fig. 33. Patients with AL, SD, OL with/without 
sensitization to pink plastics 
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From the base group (250 patients), 98 (39,2) have sensitisation 
to colourless plastics and of them: 79 (80,61%) with AL; 12 (12,24%) with 
SD and 7 (7,14%) with OL; 152 (60,8%) were without sensitisation. From 
the control group of patients (50), 23 (46%) have sensitisation to colour-
less plastics (table 22 and fig. 34).

Table 22. Patients with allergic and systemic diseases and oral lesions, with and 
without sensitisation to colourless plastics

Colourless 
plastics

Sensitized
Num./%

Non-sensitized
Num./%

BASE GROUP
AL 79/80,61 59/38,82

SD 12/12,24 61/40,13

OL 7/7,14 32/21,05

Total: 250 98/39,2 152/60,8

CONTROL GROUP
Total:  50 23/46 27/54

Fig. 34. Patients with AL, SD and OL with/without sensitization to 
colourless plastics 

In conclusion, the highest colourless plastics sensitisation rate was 
found among patients with allergic diseases and those from the control group. 



54

From the base group (250 patients), 98 (39,2%) have Duracryl sen-
sitisation and from them 78 (79,6%) have allergic diseases; 12 (12,24%) 
with systemic diseases and 8 (8,16%) with oral lesions; 152 (60,8%) have 
no sensitisation. In the control group of patients (50), 22 (44%) have Du-
racryl sensitisation (table 23 and fig. 35).

Table 23. Patients with allergic and systemic diseases, and with oral lesions, 
with and without Duracryl sensitisation  

Duracryl Sensitized
Num./%

Non-sensitized
Num./%

BASE GROUP
AL 78/79,6 59/38,82

SD 12/12,24 63/44,48

OL 8/8,16 30/19,74

Total: 250 98/39,2 152/60,8

CONTROL GROUP
Total:  50 22/44 28/56

Fig. 35. Patients with AL, SD and OL with/without Duracryl 
sensitisation 

In conclusion, the highest Duracryl sensitization rate was found 
among patients with allergic diseases and these from the control group. 
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From the base group (250 patients), 97 (38,8%) have Vertex sen-
sitisation and 76 (78,35%) of them have allergic diseases; 15 (15,46%) 
have systemic diseases and 6 (6,15%) – oral lesions; without sensitisa-
tion: 153 (61,2%). From the control group (50) 19 (38%) patients have 
Vertex sensitisation (Table 24 and fig. 36).

Table. 24. Patients with allergic and systemic diseases and oral lesions, with 
and without Vertex sensitization 

Vertex Sensitized
Num./%

Non-sensitized
Num./%

BASE GROUP
AL 76/78,35 57/37,26

SD 15/15,46 59/38,56

OL 6/6,15 37/24,18

Total: 250 97/38,8 153/61,2

CONTROL GROUP
Total:  50 19/38 31/62

Fig. 36. Patients with AL, SD and OL, with/without Vertex 
sensitisation  

In conclusion, the highest Vertex sensitisation rate was found 
among patients with allergic diseases and these from the control group. 
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From the base group (250 patients), 97 (38,8%) have Valplast sen-
sitisation and 71 (78,9%) of them have allergic diseases; 12 (13,3%) have 
systemic diseases and 76 (7,8%) - oral lesions; patients without sensiti-
sation: 160 (64%). From the control group (50) 18 (36%) patients have 
Vertex sensitisation (Table 25 and fig. 37).

Table 25. Patients with allergic and systemic diseases and oral lesions, 
with and without Valplast sensitisation  

Valplast Sensitized
Num./%

Non-sensitized
Num./%

BASE GROUP
AL 71/78,9 59/36,88

SD 12/13,3 61/38,13

OL 7/7,8 40/25

Total: 250 90/36 160/64

CONTROL GROUP
Total:  50 18/36 32/64

Fig. 37. Patients with AL, SD and OL, with/without Valplast 
sensitisation

In conclusion, the highest Valplast sensitisation rate was found among 
patients with allergic diseases and these from the control group.



57

From the base group (250 patients), 89 (35,6%) have Meliodent 
sensitisation and 71 (79,77%) of them have allergic diseases; 11 (12,4%) 
have systemic diseases and 7 (7,87%) – oral lesions; patients without 
sensitisation: 161 (64,6%). From the control group (50) 15 (30%) patients 
have Vertex sensitisation (Table 26 and fig. 38).

Table 26. Patients with allergic and systemic diseases and oral lesions, 
with and without Meliodent sensitisation  

Meliodent Sensitized
Num./%

Non-sensitized
Num./%

BASE GROUP
AL 71/79,77 61/37,89

SD 11/12,4 68/42,24

OL 7/7,87 32/19,9

Total: 250 89/35,6 161/64,6

CONTROL GROUP
Total:  50 15/30 35/70

Fig. 38. Patients with AL, SD and OL, with/without Meliodent 
sensitisation

In conclusion, the highest Meliodent sensitization rate was found 
among patients with allergic diseases and these from the control group.
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Patients with evidence of allergy to metal alloys were examined 
for contact sensitisation and combination of the main antigens such as 
nickel, cobalt, chromium, molybdenum, aluminum, manganese, titani-
um, beryllium, zinc, copper, gold, silver, palladium and zirconium. When 
bio-tolerance to titanium and its alloys and to zirconium was established, 
they were used as alternatives for the successful insertion of dental im-
plants in edentulous jawbones, as well as fabrication of various prosthetic 
appliances for fixed and removable prosthetic treatment.

300 patients, aged 18 to 75 years, were examined for sensitisation 
to basic metal dental alloys containing different combinations from metals 
such as nickel, cobalt, chrome, gold, palladium and titanium and were 
divided into two groups (table 27):

Base group (BG) of 250 patients, 150 (60%) having allergic dis-
eases (AL), 60 (24%) – systemic diseases (SD) and 40 (16%) – oral 
lesions (ОL) (table 27, fig. 39 and 40).

Control group (CG): 50 clinically healthy patients with no history 
of allergy (table 27, fig. 39 and 40).

Fig. 39. Patients sensitised to the main metal alloys (distribution 
according to groups and diseases) 
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Fig. 40. Patients non-sensitized to the main metal alloys 
(distribution according to groups and diseases) 

Following the statistical analysis conducted by Two-way ANOVA, 
we can see that the distribution of the sum from the squares is divided 
into four components, namely AL, SD, OL and CG. Each of the figures 
from 28 to 38 presents components from tables showing the sums of 
squares, degrees of freedom, mean square and F ratio. The F ratio 
of the mean square value for these sources of change to the residu-
al mean square in Two-way ANOVA with multiple measurements has 
concurrence. This is noticeable since the null hypothesis is correct and 
F varies in the interval between 0,91 and 0,96, and since it is close to 
1,00, therefore the arrangement or hypothesis is correct, and are used 
to determine the P-values.

The studies conducted after obtaining F of sensitized patients 
show the following: the P-value of the column coefficient is obtained- 
р=0,0004, it is lowest in analysis conducted of patients with OL and high-
est (р=0,0007) in patients with AL. For the control group – р=0,0005. The 
obtained results show that the values р<0,01 are statistically significant 
and the patients’ treatment was conducted correctly.

For non-sensitized patients the P-value of the coefficient of col-
umns, which are р=0,0003, was determined – the lowest value was again 



61

in patients with OL and highest (р=0,0008) in patients from the CG. The 
value of patients with AL– р=0,0006 is in the middle. The obtained results 
show that the values of р<0,01 are statistically significant and that the 
patients’ treatment was properly conducted. 

Meanly, the treatment effect is different from the random varia-
tion. Since P-value on interaction is high, the treatment effect is not the 
same on every row for each gender. In fact, these studies have opposite 
effects for men and women (fig. 28).

 Fig. 39 and 40 show a linear regression analysis, the linear equa-
tions for patients’ groups, indicated above for main metal alloys, can 
be seen. The figures are constructed on the basis of the percentage 
results from table 27 showing the coefficient of determination R2, which 
for both cases (sensitised and non-sensitised patients) is above R²>0,9. 

On fig. 39 the patient groups with sensitisation to metals have 
negative correlation since the slope of the sample has a negative sign 
which is reflected by the decrease of the metal alloy from nickel-chrome 
to titanium.

The data from the results (fig. 40) show patient groups with non- 
sensitisation to metals and have a positive correlation, and the slope 
of the sample has a positive sign for each which is reflected by the 
increase of the metal alloy from nickel-chrome to titanium.

On both figures (39 and 40) the equation of the two groups-OL and 
CG- stand out, they are identical in patients with sensitisation to metals 
and patients without sensitisation to metals, the slopes of the sample 
and coefficients of determination have equal values. There is difference 
in the AL and SD groups. The coefficients of determination (R²≈0,95) 
stand out in groups AL and SD and R²≈0,94 – in OL which indicates the 
careful observation of these patient groups distributed in time.

The indicated linear regression equations for patients with and 
without sensitisation are valid only for the study of metal alloys reported 
in table 27 and visualised on fig. 39 and 40.
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CONCLUSIONS

1. The evaluation of sensitisation to main dental plastics and met-
al alloys reveals a constant trend for higher rate in patients with allergic 
diseases which can be related to cross sensitisation between the vari-
ous dental materials which are simultaneously and constantly in contact 
with the oral mucosa.

2. The processes of dental plastic ageing in the oral cavity en-
vironment are related to the active discharge of formaldehyde which, 
when coming in contact with the oral fluids, turns into paraformaldehyde 
known as a strong biochemical process inhibitor.

3. When evaluating the sensitising potential of dental plastics, 
which come in contact with oral tissues, the fact that the external en-
vironment includes many household, professional, physical, food and 
other allergens the greater amount of which are also plastics and meth-
acrylates, is also taken into account. These substances may directly 
cause cellular damage or induce an inflammatory reaction by stimulat-
ing cellular synthesis of some proteins (e.g. pro-inflammatory mediators 
– IL-1 and IL-6).

4. Toxicity of dental plastics and metal alloys is related to the 
ability of some of their components such as methacrylates and metal 
elements to induce damage of some tissues and organs. In local toxicity 
manifestation, the adverse reactions occur at the site of application- in 
dental medicine mainly in the dental pulp and periodontal ligament, in 
the gingiva and periodontium, as well as in the oral mucosa and in sys-
temic toxicity- in body regions remote from the application site.

5. Dental prosthetic materials can damage DNA as well through 
intracellular level increase of reactive oxygen radicals.

6. In determining the sensitisation potential of main dental restor-
ative and prosthetic materials, it is essential to be aware of an estab-
lished or suspected patient allergy to other group allergens as well.
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ON TASK 4. To prepare an individualized treatment plan for 
dental patients with concomitant sensitisation to bacteria, food, pol-
lens etc.

Following establishing sensitivity to dental materials present in the 
mouth and those used in a future dental treatment, patients are referred 
for determination of sensitisation to a standard series of allergens (bacteri-
al, food, pollen, domestic etc. allergens) by intradermal and percutaneous 
skin allergy test. The test is performed in the allergy surgery in the allergy 
laboratory of the NCCPD (National Centre of Contagious and Parasite 
Diseases). The establishment of concomitant sensitisation to bacterial, 
fungal, food, domestic, industrial, professional etc. allergens is of particu-
lar importance for the individual treatment plan of dental patients. The re-
moval of the established allergens from the group of dental materials is 
the first and main stage of specific therapy for patients with evidence of 
allergy. In the cases of concomitant hypersensitivity to allergens present 
simultaneously in the internal and external environment of the body, it is 
obligatory for them to be identified and, if possible, removed or limited 
in their proximity and duration of impact. In cases of unambiguously es-
tablished hypersensitivity to the main group of allergens, their elimination 
begins simultaneously with the dental treatment, the specific desensitisa-
tion including not only removal of allergens but also concomitant immu-
nomodulating therapy with the purpose of increasing the level of specific 
antibodies in saliva and the body as a whole.

We present data from analysis of 110 patients with evidence of al-
lergy to dental materials at a mean age of 49,9±14,3 - 29 (26,4%) men and 
81 (73,6%) women examined by a standard series of allergens (bacterial, 
food, pollen, domestic etc.) through a prick and intradermal test (table 28 
and fig. 41).

The results are presented on the basis of: there is/isn’t sensitisation 
to the tested allergen, i.e. diameter ≥3 mm or ≥7 mm, respectively, are 
perceived as positive.

In 107 (97, 3%) patients sensitisation to one or more of the exam-
ined allergens was established (table 29 and fig. 42).
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Table 28.  Sensitised patients according to gender and age 

Min Max Mean± SD p-value

Men (n=29) 17 75 45,2±16,6
0.040

Women (n=81) 27 79 51,6±13,1

Total (n=110) 17 79 49,9±14,3

Fig. 41. Sensitised patients according to gender and age

Table. 29. Sensitised patients according 
to the number of positive tests 

Number of positive tests per a 
patient 

Number 
of patients (%)

1 sensitisation 17 (15,9)

2 sensitisations 28 (26,2)

3 sensitisations 30 (28,0)

4 sensitisations 17 (15,9)

5 sensitisations 12 (11,02)

6 sensitisations 2 (1,9)

8 sensitisations 1 (0,9)
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Fig. 42. Sensitised patients according to the number of positive tests 

The highest percentage of sensitisations are recorded to G3staphep-
iderm (90.2%), followed by G1Strhaem (87, 0%) and G2strhaem (86, 
2%). There is no positive result for cow’s milk in the examined group. In 
the distribution according to gender, there is a significantly higher share 
of men with sensitisation to household dust and DI fungi in comparison to 
women (table 30 and fig. 43 and 44).

Table 30. Sensitised patients according 
to the number of positive tests 

Total
Num. (%)

Men
Num. (%)

Women
Num. (%) p-value

Household dust (n=100) 33 (33,7) 14 (51,9) 19 (26,0) 0,018

G1Strhaem (n=23) 20 (87,0) 8 (88,9) 12 (85,7) 1,000

G2strhaem (n=29) 25 (86,2) 9 (90,0) 16 (84,2) 1,000

G3staphepiderm (n= 61) 55 (90,2) 15 (93,8) 40 (88,9) 1,000

G4Staphaureus (n=104) 43 (41,3) 14 (50,0) 29 (38,2) 0,370

D7Candidaalb (n=106) 70 (66,0) 19 (70,4) 51 (64,6) 0,644

DIFungal (n=106) 16 (15,1) 8 (27,6) 8 (10,4) 0,036

Б1 Grass (n=23) 7 (30,4) 2 (25,0) 5 (33,3) 1,000

А1Dpteron (n=107) 28 (26,2) 11 (37,9) 17 (21,8) 0,136

В7Egg protein (n=90) 5 (5,6) 2 (8,3) 3 (4,5) 0,606

В4 Cow’s milk (n=17) 0 (0,0) 0 (0,0) 0 (0,0) -

Soy (n=93) 9 (9,7) 3 (12,0) 6 (8,8) 0,698
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Fig. 43. Sensitised patients according to the number of positive tests (x>40%)

Fig. 44.  Sensitised patients according to the number of positive tests (x>40%) 

Results from the conducted test of statistical hypotheses at signifi-
cance level p = 0.05: P-value is high and it may be suggested that the cor-
relation is due to random sampling and is in normal ranges for the stud-
ied sensitized patients according to the number of positive tests. When 
choosing the non-parametric Spearman test, the confidence interval of 
the correlation coefficient by reasonable approximation was calculated. 
This approximation shows the use of a small confidence interval (table 29 
and 30 and fig. 42–44).
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P-value for non-parametric correlation of Spearman is high and 
the data suggests that the correlation is real. It will change from neg-
ative to positive correlation. The whole interval consists from values 
close to 1 which are considered correct, and then we have serious proof 
that there is a correlation in the conducted tests.

 The chief aim of our study, related to the treatment of biocompat-
ible dental materials of sensitised patients, determined the necessity, 
in parallel with all the specific dental methods used, to take the neces-
sary measures to correct the altered immunological reactivity of these 
patients. Generally speaking, we can claim that as people with various 
allergic diseases, they have a suppressed Th1 immunological reactivity 
and predominance of that of Th2 type which is related to the release of 
larger amounts of IL-4 and IL-13, which stimulate Ig-antibody synthesis. 
Therefore, it is important for these patients, as a concomitant therapy, to 
be treated, if possible, with preparations stimulating Th1 immunological 
reactivity which is manifested by increased secretion of IL-2 and gamma 
interferon, which suppress IgE class antibody synthesis. In this regard, 
one possibility is the use of some polybacterial immunostimulants such 
as the Bulgarian agent Respivax. It has experimentally and clonical-
ly established ability to stimulate the Th1 immunological reactivity with 
increased synthesis of gama-interferon, higher IgG-antibody levels, of 
lung surfactant and potent activation of phagocytic activity. Its intake 
by sensitised patients would definitely have a positive effect and would 
lead to the reduction of their allergic predisposition which would facili-
tate the work of the dentist. 

Apart from the strife to alter the immunological reactivity from Th2 
to Th1 type of allergic patients, it is extremely important to influence 
their specific sensitisation to certain allergens. Our effort should focus 
on three directions: restricting the contact with the respective aller-
gen/s, applying an appropriate symptomatic/pathogenic treatment and 
the most important of all – conducting allergen-specific immunotherapy/
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vaccination which is the only etiopathogenic treatment method for al-
lergic diseases leading to continuous and lasting clinical response of 
patients.

For this purpose, apart from the well-taken targeted history and 
the specialised clinical examination, it is necessary to perform the nec-
essary allergy tests, in vivo/skin-allergy samples and in vivo/serological 
tests together with clinical allergologists in order to establish the etio-
logical causative agent- allergen responsible for the observed allergic 
disease. This would allow performing a quality allergen-specific immu-
notherapy/vaccination.

CONCLUSIONS

1. There is no doubt that the implementation of a holistic approach 
in the treatment of sensitised patients is a prerequisite for a much more 
successful treatment performed by the dentist. This imposes work in a 
close collaboration with an interdisciplinary team using the possibilities of 
the modern achievements of immunology and allergology.

2. Patients’ history data and the results from skin allergy tests are 
the basis of application of individualized treatment approach and person-
alized immunotherapy for each separate patient, as well as of treatment 
result control.

ON TASK 5. To examine the humoral and cellular immune re-
sponse prior to and following endodontic and prosthetic treatment 
of sensitised patients with biocompatible dental materials 

Endodontic treatment and retreatment with contemporary dental 
materials from the group of sealers was performed on patients sensitised 
to the most common sealers in every-day dental practice following the 
development of an individualized treatment plan. 

According to the individual patients’ needs, the treatment plan in-
cludes recommendations on:
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	exact endodontic treatment of poorly treated teeth with/without 
periapical changes (post treatment periodontitis) detected at di-
agnostic imaging studies;

	exact endodontic treatment of untreated teeth with periapical 
lesions (primary periodontitis);

	 follow-up examinations.

Endodontic treatment of patients with biocompatible dental mate-
rials is performed with a view to achieving maximum treatment quality 
and long-term biotolerance of the body. This allows for the evaluation and 
beneficial change in the patients’ systemic immunity indices as a result of 
the pronounced treatment effect.

Follow-up examinations following treatment in patients with evi-
dence of allergy to biocompatible dental materials.

– On year 1st 

The diagnostic algorhythm of the complex oral and allergy diagnos-
tics is applied in all follow-up examinations. All patients meet the same 
requirements. A brief history is taken on: patient’s condition during, im-
mediately after and a year following the treatment; subjective complaints 
in the area of the treated tooth/teeth; changes in the topical and general 
reactivity. It is obligatory during the first examination to register the result 
of the performed endodontic treatment through partial radiographs which 
are compared to radiographs made before the treatment. Reporting the 
quality of endodontic treatment is performed by the criterion developed by 
us. In the individual form for complex diagnostics we mark the presence 
or absence of activity in the area of endodontically treated teeth.

Patients who have undergone prosthetic treatment are also taken a 
history concerning the postoperative period, taking into account possible 
early and late reactions that occurred during and following the treatment.

– On the 4th and 8th year, the procedure is similar to the one in 
the first follow-up – the degree of bone regeneration in the periapical tis-
sue is examined radiographically (according to specific radiological cri-
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teria) following retreatment or possible resorptive changes in the bony 
structure  of the periapical area and the quality of endodontic treatment 
is evaluated.

Patients, according to their immune status are selected without any 
pronounced periodontal pathology: radiographic evidence demonstrating 
lack of bone loss, periodontal depth (PD) and clinical attachment level 
(CAL) <3 mm; <20% areas of plaque accumulation, major bleeding (MB) 
and bleeding on probing (BOP).

The exclusion of patients diagnosed with generalized chronic perio-
dontitis was based on the fact that the presence of chronic periodontal in-
fection, accompanying focal pathology in allergic patients, would influence 
the results from the immunologic examination. The criterion used by us for 
exclusion of the diagnosis chronic periodontitis includes a preclinical and 
clinical index.

Criteria for excluding the diagnosis chronic periodontitis

1. Orthopantomography – indicative information on the condition 
(level) of the alveolar bone and intradental septum can be obtained from 
panoramic radiography. In patients, in whom bone loss has not been 
identified radiographically, the periodontal screening index is applied.

2. PSI-periodontal screening index

To identify patients with chronic periodontitis, a quick reference 
index for the evaluation of the periodontal status – PSI-periodontal 
screening index – was used. The periodontal screening index gives 
the opportunity for obtaining information on the existing periodontal pa-
thology quickly. The PSR index is developed in similarity to CPITN and 
is the quickest and easiest way to make an evaluation of an existing 
periodontal problem. The depth of the periodontal sulcus is measured 
by probing. The aim of probing is to reach the gingival attachment (epi-
thelial attachment) and thus to identify the depth of the gingival sulcus. 
Since the gingival sulcus surrounds the tooth and its different regions, 
the epithelial attachment may be in different condition- probing is per-
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formed at several locations. They may be 4 or 6 depending on the 
type of index which is used to objectify the periodontal status. In sim-
plified screening indexes probing may be performed at one point only. 
In every probing around a tooth, the probe is not taken out so that the 
gingival margin is not injured but it is only moved into the direction of 
the next point.

All measurements are performed at six points on 6 representa-
tive teeth: mesio-buccally, centro-buccaly, disto-buccally, mesio-lingually, 
centro-lingually and disto-lingually. Probing is performed on quadrants.

Orthopantomography, as well as pre and postoperative intraoral 
and retroalveolar radiographies (using Dick’s method), were performed 
on all patients.

The need for individual periodontal treatment for each patient was 
identified through postoperative radiographs in patients with evidence for 
allergy. The teeth in need of endodontic treatment were provisionally di-
vided into two main groups:

1) Teeth with initial periodontitis caused by complication of car-
ies that has not been treated endodontically (non-vital teeth with CAP 
(Chronic Apical Periodontitis).

2) Teeth with secondary periodontitis caused by inappropriate en-
dodontic treatment with/without radiographically detectable periapical le-
sions (post-treatment periodontitis).

Registering treatment outcome by Rö-criterion for successful en-
dodontic treatment

	With respect to quality of the sealer following 

	With respect to bone regeneration of the periapical lesion 

Data analysis of pre- and postoperative radiographs of our clin-
ical cases following the treatment with biocompatible sealers shows 
clearly the good result: a homogenous, dense, even shadow of the 
canal filling paste along the entire length of the root canal with lack of 
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pores. The root filling ends at the level of the radiographic apex. No 
fractured instruments, as well as perforations, can be observed.

No early postoperative hypersensitivity to the used canal seal-
ers was identified according to the history data. The above-mentioned 
has not been identified after the follow-up evaluations as well (table 
31 and fig. 45).

Table 31. Follow-up examinations

B
as

e 
gr

ou
p

Sub-
group

Early follow-up from
month 1 to year 1

Late follow-up from
year 4 to 8

Examined With im-
provement Examined With improvement

431

AL
228

173
(76% of 

228)

121
(70% of 

173)

64
(37% of  

173)

Absence of allergic reaction in 
53. (83% of 64)

SD
136

57
(42% of 

136)

46
(81% of  

57)

12
(21% of 

57)

The general condition based on 
allergic reactions does not wors-
en in 12. (100%)

OL
67

62
(92% of 

67)

30
(48% of  

62)

8
(13% of  

62)

Intermittent recurrence of oral 
lesions in 0. (0% of 8)

TOTAL 431
292

(67,7% of 
431)

197
(67,5% of  

292)

84
(28,8% of 

292)

65
(77,4% of 84)

Result analysis from the early follow-up examination shows that 
67,5% of examined patients have experienced improvement after the 
treatment with new biocompatible dental materials. In late follow-up 
examinations, 77,4% confirmed the results from the early ones. Pa-
tients with allergy diseases (83%) declare lack of allergic reactions 
throughout the period of observation. Following the removal of the 
established allergens and new treatment with biocompatible materials, 
patients with systemic diseases do not report any allergic conditions 
and diseases.

The same is valid for patients with oral lesions.
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Fig. 45. Follow-up examinations after treatment 

RESULTS AND DISCUSSION 

132 patients with established allergy to previously used in en-
dodontic treatment root sealers from different origin – most commonly 
ones containing eugenol or resorcinol-formalin and in non-vital teeth 
with established activity as areas of disorder, underwent exact endo-
dontic retreatment and root canal obturation with biocompatible dental 
sealers: Bioroot, AH Plus, MTA etc.

The outcome of the endodontic treatment was registered with the 
help of formulated and protected by us criteria for successful endodon-
tic treatment. On the presented radiographs, with regard to the quality 
of the sealer following treatment: a homogenous, uniform density along 
the entire length of the sealer substance, with lack of pores; root sealing, 
ending at 0 to 2 mm short of the radiographic apex, was established.

No overpressing denser than 1mm of Rö apex, no fractured in-
struments, as well as perforations were found.

With regard to bone regeneration of the periapical lesion, no 
pathological changes in the width and contour of the periodontal liga-
ment were found. No postoperative clinical symptoms were established 
in the data from the history.
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It is important to note the fact that we have followed-up radiograph-
ically the teeth treated by us for a period of 8 years. An important as-
pect in studying the early and late endodontic treatment effect is the time 
elapsed after its completion.

According to the European Society of Edontology, in order to de-
termine an endodontic treatment a successful one, it is necessary for it to 
be followed-up for a period of four years.

Through clinical and radiographic data, endodontic treatment of 
patients was determined as successful in 98% of cases. 

It is of extreme importance for sealing materials to have an ac-
ceptable degree of tissue compatibility since these materials are in close 
contact with vital tissue at the root apex (i.e. they are not separated by an 
epithelial barrier equivalent to an implant).

The appropriate sealer needs to be tissue compatible in the long 
term and should not be neurotoxic. Sealers which release calcium hy-
droxide and stimulate cyst formation are recommended in case their con-
tent remains constant and do not become permeable with time.

No systemic toxicity was established with any of the studied seal-
ers. Rare cases of allergy towards epoxy-based and zinc oxide eugenol 
products, and especially in those that contain paraformaldehyde, have 
been reported.

Canal sealers based on calcium hydroxide are characterized by 
low toxicity, which is observed shortly after their application. There is 
indication that these materials can stimulate the formation of hard tis-
sue. Nevertheless, the low marginal adaptation and the slight release 
of substances due to increased solubility is a potential risk factor for 
this group of materials. Root sealers based on calcium hydroxide are 
also characterized by selective antimicrobial activity with little or no 
impact on Enterococcus faecalis and Candida albicans. Their antimi-
crobial effect (and cytotoxicity) is lower than that of zinc oxide eugenol 
sealers.
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Amalgam and silver gutapercha pins are no longer recommended 
for retrograde root canal fillings. Modified zinc oxide eugenol materials 
and light curing glass ionomer cements, as well as polyketone-based im-
pregnators (possibly in combination with prefabricated inserts) are the 
better alternative. On the basis of many in vitro and in vivo studies and 
clinical trials, MTA can be suggested as a biocompatible material for retro-
grade sealing of the root tip. The results from studies of newly introduced 
materials show their good biocompatibility; they provide a favorable envi-
ronment for the cells, have cell-proliferative and osteogenic capacity but 
additional studies and clinical trials are necessary.

Modified zinc oxide eugenol and polyketone based materials (pos-
sibly combined with titanium or ceramic insert) show good results in the 
application of retrograde obturations for root canals. Composite resins 
have contradictory results and MTA can be an excellent alternative.

Canal sealers are highly biologically active shortly after mixing 
them. In direct contact with unidentified canal sealers, sensitized patients 
may patients may exhibit a hypersensitivity reaction if the form of pain on 
percussion, oedema in the periapical region or further from the treated 
tooth, single or multiple transient rash units, generalized urticaria. Dentist 
should avoid such contacts.

Allergy to dental materials as an aetiological factor for the occur-
rence of a number of allergic systemic diseases has been clearly es-
tablished. The social significance of allergy to dental medications and 
materials should be interpreted not only for its topical damaging effect but 
also for its systemic manifestations which can be induced in remote body 
organs and systems through in situ release of inflammatory mediators 
with remote spectrum of activity.

In order to study the treatment efficiency of sensitised patients 
with biocompatible dental materials we analyzed the possibilities of main 
groups of dental materials with confirmed allergising potential, most com-
monly used in daily dental practice and with most prolonged contact with 
the tissues and organs in the oral cavity and the whole organism.
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Humoral immune response 

The humoral immune response is related to the stimulation of dif-
ferentiation and proliferation of B-lymphocytes. This happens following 
the interaction of the antigen (“processed” by the macrophages) with 
B-lymphocytes. A branch of B-cells, which consequently differentiate 
into plasma cells producing antibodies (immunoglobulins), which are 
specific for the corresponding antigen, appears. IgG is an important 
infection chronification index while IgM is the first to react in infection 
and is indicative of a new one. IgA exists in two forms – a serum and a 
secretory one. In the serum, it is a monomer which forms immune com-
plexes little in size and also exhibits bactericidal properties towards 
Gr (-) microorganisms. In the present study only the serum form of IgA 
was studied.

The scarce information in the scientific literature related to the 
change in serum immunoglobulin levels prior to and following treatment 
of   patients with evidence of allergy to bacteria and dental materials, 
provokes us to conduct our own research and to attempt and offer our 
opinion on the matter.

Radial immunodiffusion (RID) was used in order to register the 
total immunoglobulin level and to determine the concentrations of se-
rum IgG, IgM and IgA, 6 and 8 months following treatment with biocom-
patible dental materials.

 Results from studies of humoral immunity indicators of patients 
prior to and following treatment are included in table 32 and fig. 46–49 
for immunoglobulins IgG, IgA and IgM (the red lines on the graph in-
dicate the reference values). Reference values: IgG: 2.11–37.74 g/L; 
IgA: 0.35–6.34 g/L; IgM: 0.27–4.84 g/L.

Result analysis from the study indicates that the amounts of se-
rum immunoglobulins IgG, IgA and IgM in patients with evidence of 
allergy are within the reference ranges (table 32, fig. 46–49).
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Table 32. Average values of immunoglobulins IgG, IgA and IgM in serum of 
patients with allergy 

Concentration 
(g/L)

Minimum 
value

Mean 
value

Maximum 
value

Standard 
deviation

IgG 7,48 11,62 18,31 2,36

IgA 0,75 2,46 4,69 0,86

IgM 0,48 1,43 2,75 0,42

Fig. 46. Average values of immunoglobulins IgG, IgA and IgM in serum of 
patients with allergy

Fig. 47. Values of serum immunoglobulin IgG of patients with allergy
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Fig. 48. Values of serum immunoglobulin IgA 
of patients with allergy

Fig. 49. Values of serum immunoglobulin IgM 
of patients with allergy

The established statistically significant decrease in the IgA 
values (Wilcoxon, p<0,05) and increase in IgМ values (Wilcoxon, 
p<0,05) following treatment was also within the reference ranges. No 
significant changes in IgG values prior to and following the treatment 
of studied patients were found (table 33 and 34 and fig. 50–52).
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Table. 33. Average values of immunoglobulins IgG, IgA and IgM in serum of 
patients following treatment 

Concentration 
(g/L)

Minimum 
value Mean value Maximum 

value
Standard 
deviation

IgG 8,02 10,94 15,62 2,16

IgA 1,17 1,94 2,96 0,54

IgM 0,90 1,69 3,19 0,69

Fig. 50. Mean values of immunoglobulins IgG, IgA and IgM in serum of pa-
tients following treatment 

Table 34. Comparative presentation of mean values of serum 
immunoglobulins before (1) and after treatment (2) 

Index Mean value Standard 
deviation Р

IgG – 1 11,5653 2,31421 0,3

2 10,9360 2,15755

IgA – 1 2,4300 ,72587 0,001

2 1,9387 ,53500

IgM – 1 1,3073 ,43198 0,03

2 1,6873 ,69385
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Fig. 51. Comparative presentation of IgA values 
prior to and following treatment 

Fig. 52. Comparative presentation of IgM values 
prior to and following treatment 

The values of all immunoglobulins are within the reference ranges 
both prior to and following treatment.

When comparing the values before and after treatment, it is obvi-
ous that the ones of IgM (p<0,05) following treatment increase significant-
ly. Regarding IgA levels data shows a significant decrease of the immu-
noglobulin following treatment (p<0,05), and regarding IgG, no significant 
difference was found before and after treatment. An insignificant change 
in immunoglobulin values, without exceeding the reference ranges, corre-
lates as well with B-lymphocyte levels in which no significant differences 
were found before and after treatment as well. 
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RESULTS AND DISCUSSION

The immune reaction was not limited to the involved tissues and 
structures surrounding the teeth. There is data that antigens from the root 
canal and periapical lesions induce systemic immunological reaction dis-
tant from the manifestation site. Soluble mediator substances (cytokines, 
prostaglandins, leukotrienes etc.) produced by activated lymphocytes and 
macrophages in the sites of topical irritation, initiate significant changes in 
remote biological body systems. Specific evidence concerning this prob-
lem can be obtained by studying the changes in the parameters of the 
systemic immunoinflammatory response.

To ascertain the possible problems in the humoral (antibody) im-
mune response, the serum levels of IgG, IgM and IgA prior to and follow-
ing treatment were studied. 

 Our results show that a year following the treatment of endodon-
tic lesions, a significant increase only of serum IgM concentrations was 
found. The change in serum IgM concentrations – elevated levels fol-
lowing the treatment is an indicator for the influence of the topical treat-
ment on the systemic humoral response. The change in other systemic 
inflammatory markers (serum complement activity, T-lymphocyte sub-
populations) following the retreatment of apical periodontitis confirms 
the fact that the immune reaction is not restricted only to the periapical 
tissues and is a “useful model” for investigating the link between  the 
topical chronic tooth inflammation and the systemic immunoinflammatory 
response of the body. This model is used in Bulgaria as well.

Immunoglobulin M (IgM) is the first to appear following an antigen 
stimulus, its presence in serum is an indicator for “fresh infection”. Anti-
bodies from this class are synthesized in the initial stage of the immune 
response and are some of the first which are released which is due to 
their high ability for effective binding to the antigen. They activate the 
complement approximately 100 to 400 times more effectively than IgG. 
In our research, it is immunoglobulins from class M that are elevated 
following endodontic treatment. Furthermore, our expectations in relation 
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to higher IgG levels before treatment and their decrease after treatment 
were not confirmed, bearing in mind the fact that immunoglobulins from 
this class are a main indicator for chronicity of allergic reaction. Regard-
ing IgG levels, no significant differences were observed before and after 
the endodontic treatment of apical periodontites.

Our results on serum IgG, IgA, IgM levels, prior to and following 
chronic diffuse periodontitis treatment, show that the concentrations of 
the studied immunoglobulins are in reference ranges. The elimination of 
the available root sealer with ascertained sensitising potential and sub-
sequent retreatment with a biocompatible one leads to considerable de-
crease in the amount of circulating IgG, IgA, IgM which is an indirect 
index for the change in the immune response following treatment and it is 
a “good prognostic symptom” as well.

The levels of serum IgG, IgA, IgM in patients with allergy to dental 
materials and healthy controls disclose a slight decrease following the re-
moval of the allergens but remain within reference ranges i.e. the change 
of the allergising dental materials does not significantly change systemic 
immunity – total immunoglobulins.

Our results give us grounds to assume that the removal of aller-
gens from dental sealer does not influence the parameters of the humoral 
immune response and it remains in reference ranges. The total immuno-
globulins are not indicative and cannot be used as a diagnostic criterion 
for the evaluation of the treatment effect.

Measuring the serum immunoglobulin of the three main types IgG, 
IgM, IgA is of essential diagnostic significance, most of all in the primary 
and secondary immune system deficits, different infectious, autoimmune 
and other diseases. Probably the lack of immune system deficits in the 
patients studied by us, as well as the weak but chronic antigen stimuli ac-
companying the allergic reaction do not cause significant changes in the 
systemic antibody response. Serum immunoglobulin concentrations also 
vary with age, the environment, as well as within the norm of a 24h-hour in-
terval. Analyzing the too scarce information in previous studies and based 
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on our results, we cannot commit to a general assumption. However, we 
believe that serum levels of total IgG, IgM, and IgA have weak information-
al and diagnostic value for the dental specialist with a view to the follow-up 
of the treatment effect after the removal of confirmed allergens from the 
group of dental materials. Follow-up of the specific immunoglobulin level, 
in particular serum IgG, would probably have greater diagnostic value.

CONCLUSIONS

1. No statistically significant differences were found in the mean 
values of serum immunoglobulins IgG, IgA and IgM in patients with ev-
idence of allergy. 

2. A statistically significant decrease in IgA values and elevation 
of IgM levels was found following the treatment with biocompatible den-
tal materials, these values not being within the reference ranges. 

3. No significant changes in the IgG values were found prior to 
and following the treatment of allergic patients with biocompatible den-
tal materials. 

4. Study of the serum levels of total IgG, IgA and IgM have poor 
informative and diagnostic value for the specialist in dental medicine 
with a view to follow-up of the treatment effect in some patients with 
evidence for allergy. 

5. Treatment of allergy to dental materials does not cause signif-
icant quantity changes in the serum antibody response (total immuno-
globulins).

Cellular immune response

The basic indicators of cellular immune status in clinical practice 
used are differential blood count, as well as major lymphocyte popula-
tions in peripheral blood. The percentage and absolute count of total lym-
phocytes (CD45+), Т-lymphocytes (CD3+), Т-helpers (CD4+) и Т-cyto-
toxic (CD8+) lymphocytes, as well as В (CD3-CD19+) lymphocytes and 
NK-cells (CD3-CD56+) were determined by flow cytometric analysis.
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The baseline study results show that the absolute count and rel-
ative share of the main cellular populations of patients with evidence of 
allergy were within the reference ranges (table 35, 36 and fig. 53–60).

Table. 35.  Average values of the absolute count of basic lymphocyte 
populations in peripheral blood (cells/mcl) of patients with allergy

Cl/mcl Minimum 
value

Mean 
value

Maximum 
value

Standard 
deviation

Total lymphocytes 
(CD45+) 688 2070 2821 551

Т-lymphocytes 
(CD3+) 492 1507 2256 482

Т-helper
(CD3+/CD4+) 290 902 1536 304

Т-cytotoxic 
(CD3+/CD8+) 160 487 1060 222

В-lymphocytes
(CD3+/CD19+) 87 234 519 109

NK-cells 
(CD3-/CD56) 83 304 712 136

Fig. 53. Average values of the absolute count of basic lymphocyte popu-
lations in peripheral blood (cells/mcL) of patients with allergy 
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Table 36. Relative share of basic lymphocyte populations in peripheral blood of 
patients with allergy 

% of total 
lymphocytes

Minimum 
value

Mean 
value

Maximum 
value

Standard 
deviation

Т-lymphocytes 
(CD3+) 40 72 88 8.7

Т-helpers 
(CD3+/CD4+) 26 43 57 7.7

Т-cytotoxic 
(CD3+/CD8+) 11 23 41 7.1

В-lymphocytes 
(CD19) 4 11 24 4.7

NK-cells (CD56) 6 15 43 7

Fig. 54. Relative share of basic lymphocyte populations in peripheral 
blood of patients with allergy 

Fig. 55. Values of the absolute count of CD45+ cells in peripheral 
blood of patients with allergy 
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Fig. 56. Values of the absolute count of CD3+ lymphocytes in 
peripheral blood of patients with allergy 

Fig. 57. Values of the absolute count of CD4+ T-lymphocytes in 
peripheral blood of patients with allergy 

Fig. 58. Values of the absolute count of CD8+ T- lymphocytes in 
peripheral blood of patients with allergy 
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Fig. 59. Values of the absolute count of CD19+ lymphocytes in 
peripheral blood of patients with allergy 

Fig. 60. Values of the absolute count of CD56+ lymphocytes in 
peripheral blood of patients with allergy 

With regard to the average values of the absolute count of the 
relative share of major cellular populations, prior to an following treatment 
of allergic patients, significant differences were not found (Student test, 
p>0.05 for all indicators examined) (table 37, 38, 39, 40 and fig. 61 and 
62). The obtained results indicate that the treatment does not cause 
considerable quantitative changes in the basic lymphocyte populations 
(total Т-lymphocytes; Th-helpers; Tc/s cytotoxic/suppressor; NK-cells; 
В-lymphocytes).

These results lead us to assume that the treatment effects of 
allergy to dental materials are probably related to more discreet changes 
on the receptor, functional and regulatory level.
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Table 37. Average values of the absolute count of basic lymphocyte populations 
in peripheral blood (cells/mcl) of patients following treatment 

Cl/mcl Minimum 
value

Mean 
value

Maximum 
value

Standard 
deviation

Total lymphocytes 
(CD45+) 1445 2059 3290 492

Т-lymphocytes (CD3+) 1118 1540 2533 366

Т-helpers 
(CD3+/CD4+) 554 880 1520 267

Т-cytotoxic 
(CD3+/CD8+) 246 515 916 200

В-lymphocytes (CD19) 72 216 508 120

NK-cells (CD56) 117 297 632 136

Fig. 61. Average values of the absolute count of basic lymphocyte 
populations in peripheral blood (cells/mcl) of patients following treatment 

Table 38. Relative share of basic lymphocyte populations in 
peripheral blood of patients following treatment 

% of total 
lymphocytes

Minimum 
value

Mean 
value

Maximum 
value

Standard 
deviation

Т-lymphocytes (CD3+) 65 75 85 5,7

Т-helpers 
(CD3+/CD4+) 26 43 58 8

Т-cytotoxic 
(CD3+/CD8+) 12 25 40 6.7

В-lymphocytes (CD19) 5 10 26 4.7

NK-cells (CD56) 6 14 24 5.3
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Fig. 62. Relative share of basic lymphocyte populations in peripheral 
blood of patients following treatment 

Table 39. Comparative representation of the average values of the 
absolute count of basic lymphocyte populations in peripheral blood 

of patients before (1) and after (2) treatment (Wcx, p>0.05)  

Lymphocytes Mean value Standard 
deviation P

CD45 AC – 1 2021 565 0,8

2 2059 492

CD3 AC – 1 1525 464 0,9

2 1540 366

CD4 AC – 1 871 302 0,9

2 880 267

CD8 AC – 1 511 221 0,9

2 515 200

CD19 AC – 1 209 102 0,8

2 216 120

CD56 AC – 1 254 108 0,1

2 297 136
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Table. 40. Comparison of the relative share of the basic lymphocyte populations 
in the peripheral blood of patients prior (1) and following (2) treatment

Lymphocytes Mean value Standard deviation P

CD3% – 1 75 5,8 0,9

2 75 5,7

CD4% – 1 43 8,2 0,8

2 42 7,9

CD8% – 1 25 7,2 0,7

2 25 6,7

CD19% – 1 10 4,3 0,6

2 10 4,6

CD56% – 1 12 4,6 ,1

2 14 5,3

DISCUSSION OF THE RESULTS 

Due to the specific organisation and conservativeness of the im-
mune system, statistically significant deviations in the main indicators 
of the humoral and cellular immunity in peripheral blood occur relatively 
rarely and slowly.  Deviations are usually observed in connection with high 
antigen load, generalized and long-term responses and immune deficit 
from various origins. Antigen irritation from sensitizing dental materials 
is prolonged (chronic) but weak in its nature. In patients with evidence of 
allergy to dental materials, the absolute count and relative share (%) of 
basic lymphocyte populations do not differ statistically from the values of 
healthy individuals. Additionally, in the course of treatment, these values 
do not change significantly.

From the thorough review of the specialized literature it can be 
noted that the predominant number of publications refers to the manifes-
tation of the cellular and humoral immune response topically. The role of 
CD4+ (Т helpers) in response to antigen irritation has been ascertained. 
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In contrast, the lack of CD8+ (Т suppressor and cytotoxic lymphocytes) 
and NK+ T-cells does not exert a significant effect.

The correlation Th/Tc lymphocyte (CD4+/CD8+) is different in the 
peripheral blood of patients with evidence of chronic antigen irritation in 
comparison to healthy controls. This data attests for the role of the cellu-
lar immune response, for the course and outcome of the allergic disease 
depending on the balance between t-helpers and T- cytotoxic lympho-
cytes. Most of the above-mentioned results are not fully comparable to 
ours since they are not attributable to systemic changes in blood but re-
flect the topical immune response. 

Regarding T-helpers and T-cytotoxic lymphocytes, when examin-
ing the quantitative expression of the activation marker CD38 on CD4+, 
CD8+ lymphocytes, respectively, before and after treating allergic pa-
tients, no statistically significant deviations were found in studying the 
basic lymphocyte populations of the patients. However, while studying 
their degree of activation by determining the activation marker CD38, the 
changes were significant.

The change in the main indicators of cellular immunity is a signal 
for immune deficit or autoimmune condition. The lack of significant differ-
ences in the values before and after the treatment indicated that the treat-
ment of allergic diseases does not lead to a change in the basic indicators 
of the cellular immune response studied in peripheral blood. Probably the 
effects from the removal of bacterial antigens, as well as allergens from 
dental materials with long-term stay in the teeth and jaw are related to 
more discreet changes on the receptor, functional and regulatory level.

CONCLUSIONS

1. The baseline study shows that the absolute count and relative 
share of the basic cellular populations in peripheral blood (total Т-lympho-
cytes; Th; Tc lymphocytes; NK and В-cells) of patients with evidence of 
allergy are within the reference ranges.

2. Regarding the average values of the absolute count and relative 
share of the basic cellular populations in peripheral blood (total Т-lym-
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phocytes; Th; Tc lymphocytes; NK and В-cells) before and after treating 
allergic patients, no significant differences were found as well.

3. The obtained results indicate that the treatment of allergy to den-
tal materials does not cause significant quantitative changes in the basic 
lymphocyte population (total Т-lymphocytes; Th; Tc lymphocytes; NK and 
В-cells) in peripheral blood.

4. The effects of treating allergy to dental materials are probably 
related to changes on the receptor, functional and regulatory level. 

Level of ex vivo activation of basic lymphocyte populations

Level of ex vivo activated Th-lymphocytes (CD4+)

T-helper lymphocytes are helper-inducer subpopulation which 
plays a leading role in immune response regulation. Following antigen 
stimulation, activation molecules are expressed on the cellular surface, 
these molecules are indicators for the degree of activation of the sub-
population of lymphocytes. Determination of the expression of the sur-
face antigen CD38 is a method for evaluation of the lymphocytic effector 
function. The CD38 receptor is perceived as a marker for immune acti-
vation chiefly in chronification of the reaction and is found in activated T, 
B and NK cells. In the present study on the determination of the ex vivo 
lymphocyte activation, the expression of CD38 antigen on Т-helper and 
Т-cytotoxic lymphocytes is used for the evaluation of the antigen load of 
the activated lymphocytes.

The absolute count and percent of major T-lymphocyte popula-
tions varies within the reference ranges in the baseline study, as well 
as in the treated patients and healthy controls. These results guide us 
towards studying slighter changes by determining ex vivo activation of 
T-helper lymphocytes by quantitative expression of the activation mark-
er CD38 on CD4+ lymphocytes before and after treatment. The data 
from our study indicate that the count of CD38 molecules on the surface 
of CD4+ Т-lymphocytes (CD4+CD38 ABC) in patients with evidence of 
hypersensitivity before the treatment is significantly higher in compar-
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ison to healthy controls (6776 vs. 2876, MW p<0.05). Removal of the 
allergen leads to significant reduction in the count of CD38 activation 
molecules on T-helper lymphocytes in treated patients (5534 vs. 6776, 
WCx p<0.05) (fig. 63). 

Level of ex vivo activated T-cytotoxic lymphocytes (CD8+)

CD8+ T-lymphocytes are a cytotoxic suppressor subpopulation, 
chiefly with an effector function in the cellular-mediated immune re-
sponse. The absolute count and percent of T-lymphocyte population (in-
cluding T-suppressor cells) are within the reference ranges before and 
after treatment, as well as in the control group.

Fig. 63. Quantitative expression of  CD38 on CD4+ Т-lymphocytes prior to 
and following treatment in comparison to healthy individuals 

Activation of T-suppressor lymphocytes was determined by the 
quantity expression of the activation marker CD38 on CD8+ cells prior 
to and following treatment. 

The of the expressed activation molecules count on CD8+ Т-lym-
phocytes (CD8+CD38 ABC) prior to treatment does not differ from the 
mean level of healthy controls (1706 vs. 1532, MW p>0.05). Follow-
ing treatment this value was significantly elevated in comparison to 
expressed CD38 activation molecule count before the treatment but 
within the normal ranges for healthy individuals (1870 vs. 1532, MW 
p<0.05) (Fig. 64).
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It is noteworthy that the quantitative expression of CD38 recep-
tor on the different T-cellular populations in patients before treatment 
is elevated with the helper (CD4+), but not with cytotoxic lymphocytes 
(CD8+) in comparison to control values.

Fig. 64. Quantitative expression of  CD38 on CD8+ Т-lymphocytes prior to 
and following treatment as compared to healthy individuals 

Level of ex vivo activated NK-cells 

NK-cells are an effector component of congenital immunity with 
direct cytotoxic function or through cytokines in immune simulation. NK-
cells are studied in different allergens including bacterial and viral infec-
tions as well as tumour processes. Furthermore, they are leading cyto-
toxic effectors in the early immune response and a main source of IFN-γ, 
potentiating the development of an effective response of the Тh1 type.

To determine the level of ex vivo activation of lymphocytes, one 
of the earliest changes in cellular activation was used – CD69 antigen 
expression on NK cells. With the help of a flow-cytometry analysis, the 
changes in the relative share of CD69+ NK-lymphocytes and mean fluo-
rescence intensity (MFI) of CD69 on them in patients prior to and follow-
ing treatment were studied. 

The relative share of CD69+ NK-cells in the group of patients with 
allergy does not differ statistically significantly from the control values 
(p>0.05) (fig. 65). On the other hand, in patients prior to treatment, the 
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intensity of CD69 mean fluorescence intensity (MFI) on NK-cells is signif-
icantly higher in comparison to healthy controls (CD69 MFI 269 vs. 116 
p<0.05) (fig. 66), which is an indicator for immune activation of NK-cells.

In the comparative analysis of patients with evidence for allergy 
prior to and following treatment, no statistically significant changes in the 
relative share of CD69+ NK-cells (p>0.05) were found (fig. 67).

Healthy Prior to treatment

Fig. 65. Relative share of CD69+ NK-cells in patients with allergy compared 
to healthy individuals  

Healthy Prior to treatment
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Fig. 66. CD69 expression intensity on NK-cells in patients with allergy prior 
to treatment in comparison to healthy individuals 

Prior to treatment Following treatment

Fig. 67. Relative share of CD69+ on NK-cells in 
patients with allergy prior to treatment 

In contrast, a significant decrease in the CD69 expression intensity 
on the surface of NK-cells in treated patients in comparison to patients 
before treatment was found (234 vs 90 p<0.05) (fig. 68).



97

Fig. 68. CD69 expression intensity on NK-cells in 
patients with allergy prior to and following treatment in 

comparison to healthy individuals 

RESULTS AND DISCUSSION

From the above-mentioned results it is noteworthy that the studied 
CD38 receptor quantity expression (MFI) of the different T-cell popula-
tions in patients prior to treatment, it is elevated on the helpers (CD4+), 
but not on cytotoxic lymphocytes (CD8+) in comparison to control values. 
This fact confirms the antigen chronic irritation whose expression is the 
elevated quantity expression of the activation marker CD38 on T-helpers 
in peripheral blood. The simultaneously registered tendency for decrease 
in the CD38 molecule count on helper lymphocytes following the con-
ducted treatment suggests that allergen removal leads to a decrease in 
the activated Th cells which participate actively in the immune response. 
This result can be perceived as a response to the adequate treatment 
with biocompatible dental materials. Bearing in mind CD8+ lymphocytes’ 
suppressor function, namely that they suppress the activity of Т-(CD45+) 
and В-lymphocytes (CD19+), we can evaluate that change as an indica-
tor accompanying the elimination of the chronic antigen irritation and in 
particular allergic reaction.

It has been ascertained that Тh-mediated activity (CD4+) plays an 
important role in the expansion of periapical tissue lesions on the basis 
of allergic reactions to canal sealers while Tc (CD8+) function is probably 
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related to their stabilization. An interesting fact is that T-helpers do not 
cause direct bone resorption in situ but activate the macrophages which, 
in turn, release bone resorptive interleukins. CD38 receptors increase 
their expression between the 24th and 48th hour following physiologi-
cal activation and have a direct relation to triggering cellular proliferation. 
The trend, ascertained in our results, towards an increased quantitative 
expression of the activation marker on T-helpers in whole blood prior to 
treatment can be explained with the readiness of the body to react to the 
increased antigen irritation accompanying the allergic reaction. On the 
other hand, the decrease in the quantitative expression of the activation 
market on T-cytotoxic lymphocytes CD8+ is probably related to the atten-
uation of the immune response as a result of anti-allergic treatment and 
retreatment with biocompatible canal sealers.

Th-mediated activity is directly related to the prolonged presence 
of root sealers in the root canals towards which the patients have exhibit-
ed hypersensitivity. Tc-function is related to the attenuation of the allergic 
reaction following the removal of the allergen. The trend to a decrease 
in CD38 molecules on the helper lymphocytes following the conducted 
treatment suggests that removal of the allergen leads to a reduction in 
the activated helpers, actively participating in the immune response, a 
fact that can be assumed as indirect evidence regarding the effect of 
treatment with biocompatible dental materials.

The prolonged contact of the allergen with the periapical tissues 
is in correlation with high degree immune activation of lymphocytes. The 
CD38 receptor is perceived as a marker of immune activation and is 
found in activated T-lymphocytes, NK-cells. The CD38 molecule is ex-
pressed as a part of the allergising potential of dental materials in patients 
with established hypersensitivity.

Regarding the study of spontaneous activation of NK-lymphocytes 
(MFI of the early activation marker CD69), our results show that the ex 
vivo expressed CD69 count on NK-cells is elevated in patients with evi-
dence of allergy prior to treatment. On the other hand, the relative share 
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of NK-cells expressing CD69 prior to therapy is commensurate with that 
of healthy controls. Therefore, the prolonged chronic irritation from al-
lergising dental materials does not change the share of activated NK-
cells but leads to higher levels of their spontaneous activation which is 
an indicator of antigen stimulus. In contrast to this fact, the ascertained 
considerable decrease in the intensity of CD69 expression on the surface 
of NK-cells in treated patients in comparison to patients prior to treatment 
is in correlation with interruption of the action of the allergenic material.

The need to include activation markers as an important part of the 
diagnosis of the allergenic potential of dental materials is confirmed. 

CONCLUSIONS

1. The CD38 molecule count on the surface of t-helper lympho-
cytes (CD4+) is significantly higher in patients with evidence of allergy 
prior to treatment in comparison to healthy controls. The topical treat-
ment of allergy through the removal of the established allergen and its 
substitution with biocompatible material leads to a significant decrease 
in the CD38 activating molecule count on T-helper lymphocytes (CD4+) 
in patients with adequately conducted treatment with biocompatible root 
sealers. These results evidence for the reduced antigen irritation as a re-
sult of the conducted treatment, an expression of which is the decreased 
activation of T-helper lymphocytes. 

2. The number of expressed CD38 activation molecules on CD8+ 
T-suppressor lymphocytes before treatment does not differ from the mean 
level in healthy controls. After healing, this value was significantly in-
creased compared to the amount of CD38 activation molecules expressed 
before treatment, but within the reference range for healthy subjects.

3. The quantitative expression of the CD38 receptor on different 
T-cell populations in patients before healing was increased on helper 
(CD4 +) but not on cytotoxic lymphocytes (CD8 +) compared to controls. 
This fact confirms the need to treat patients with allergy data with biocom-
patible dental materials.
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4. The reported tendency to decrease the number of CD38 mole-
cules on helper lymphocytes after treatment indicates that the treatment 
of allergic patients leads to a decrease in activated helper lymphocytes 
actively involved in the immune response. This fact is indirect evidence of 
the attenuation of the allergic reaction resulting from the treatment.

5. Given the suppressive function of CD8+, namely, to suppress 
the activity of T- and B-lymphocytes, their increase after treatment can be 
evaluated as a good prognostic marker accompanying the removal of the 
proven allergen from the group of dental materials.

6. The relative proportion of CD69+ NK-cells in the allergic pa-
tient group did not differ statistically from the control values. On the other 
hand, in patients prior to remediation, the intensity of CD69 expression on 
NK cells was significantly higher than in healthy controls, which is indica-
tive of immune activation of NK-cells. In contrast, there was a significant 
decrease in the expression rate of CD69 on NK-cells in healed patients 
compared to patients before treating.

7. The prolonged action of root canal fillings with proven aller-
genic potential does not alter the proportion of activated NK-cells, but 
results in a higher level of spontaneous activation, which is indicative 
of an antigenic stimulus. The reduced intensity of CD69 expression 
on NK-cells reflects a decrease in allergenic action due to adequately 
conducted treatment.

ON TASK 6. Identify anamnestic and therapeutic approaches 
that provide effective treatment for sensitized patients with biocom-
patible dental materials

The side effects induced by dental materials are varied, which is 
why assessing their biocompatibility is a complex and lengthy process 
involving the implementation of many experimental clinical and paraclin-
ical studies. Based on the extensive clinical and research experience of 
dental clinical allergy specialists in the present scientific work, we attempt 
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to identify dental biomaterials that provide a good medical and socio-eco-
nomic prognosis for dental treatment of sensitized patients.

Collection of anamnestic data and testing for allergy to dental 
materials is always part of the patient‘s primary medical examination. 
Information on proven or suspected sensitization to dental materials or 
other allergens should be kept up to date. In Bulgaria, as mentioned 
above, allergenic preparations for epicutaneous testing for dental ma-
terials are standardized and prepared in the allergy laboratory of the 
National Center for Infectious and Parasitic Diseases. Three series of 
allergens are also used for epicutaneous testing for dental materials: 
for patients, for staff and for screening (Chemotechnique Diagnostics, 
Vellinge, Sweden).

Due to the risk of toxic or allergic reactions and the reading of false 
positives, epicutaneous testing should only be performed with standard-
ized diagnostic preparations.

Diagnosis of the sensitizing potential of drugs and materials used 
in dental practice is classically performed on the skin. Compared to the 
skin, oral mucosa is more resistant to external antigens, such as infec-
tious agents (bacteria, fungi, viruses), as well as to chemical and physical 
agents, medicines, foods, pollen and more.

In clinical oral and dental medicine, contact hypersensitivity reac-
tions to dental drugs and materials have been reported in patients with 
a longer oral stay and with anamnesis data on undetected and unpre-
dictable allergy to other allergens, including those with high allergenic 
potential, such as non-allergenic potential metals and alloys, dental and 
household plastics, foods, personal hygiene products, massively used 
medicines, latex, cosmetics and more.

In proper endodontic and prosthetic treatment of patients with no 
evidence of allergy so far, but with subjective complaints and clinical pic-
ture of oral allergic syndrome, hypersensitivity may be detected in epicu-
taneous testing with dental materials used in their treatment.
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The main dental materials used in the treatment of sensitized pa-
tients are grouped according to their use in dental practice, allergic poten-
tial, type and frequency of their contact allergic reactions in the oral cavity 
and throughout the body.

Root canal filling materials

Root canal fillings should be compatible with periapical tissues in 
the long term. The biocompatibility of the canal sealers used in endodon-
tic treatment is considered to be a prerequisite for a successful healing 
process, among other factors.

Highly biocompatible are the sealers that release calcium hydrox-
ide and stimulate bone formation. Their composition is constant and does 
not depend on the period of stay in the endodontium.

Dental practitioners should use in their clinical practice root ca-
nal fillings with appropriate biological properties and in accordance with 
physical and chemical adequacy requirements.

From an allergic point of view, the choice of a definitive root canal 
filling must also take into account the following facts:

Allergic reactions to gutta-percha are very rare. It is recommend-
ed to avoid contact of the gutta-percha with the apical periodontium in 
patients with latex allergy. In the literature, cases of patients with prov-
en latex allergy have been described in which endodontic treatment with 
gutta-percha has been completed successfully and without symptoms of 
allergy.

The most widely used root canal sealers contain sensitizing 
components.

Several epoxy-based canal sealer pastes are also used in our 
country.

The product AH26 is available in two versions – with and without 
silver. This product was later called AH Plus (also marketed as Top 
Seal).
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Our own clinical studies have found that the epoxy root canal 
sealer AH26 causes acute allergic reactions immediately after its intro-
duction into the root canal, and until definitive hardening, the patients‘ 
subjective complaints (pain, burning, feeling of chewing discomfort) 
gradually decrease. In these patients, the sealer allergy test is positive. 
The ratio of positive allergic reactions to AH26 and AH Plus is 3:1. In 
some cases, we find generalized rash on the head and neck, as well 
as itching on the palms. This is of particular importance when selecting 
sealers in patients with proven allergy to formaldehyde or other compo-
nents (e.g. BADGE and Bismuth (III) oxide).

The root canal sealer Epiphany shows low antimicrobial activity 
against Enterococcus faecalis compared to Endomethasone, Seala-
pex and Diaket, but it is slightly higher than that of AH26. The antimi-
crobial properties of Resilon and EndoRez against bacteria such as 
Enterococcus faecalis have not been established. The antimicrobial 
properties of these materials are rather limited. We analyze them in 
relation to cases of established concomitant bacterial allergy in the 
root canal.

Calcium hydroxide-based root canal sealers have different compo-
sition, but two major constituents – calcium hydroxide and salicylate are 
always present.

Of particular interest is the induction of calcified tissue, both in the 
treatment of apical periodontitis and in the closure of still open apical 
foramena. We detect osteocementation around the open apex when 
administered with calcium hydroxide suspensions for three and six 
months. Clinical therapeutic success (barrier formation) varies between 
74% and 100%.

The mechanism of induction of solid (fibrous) tissue has not yet 
been elucidated. A connection between the highly alkaline medium and 
the calcium ions released from the root canal sealer has been estab-
lished. Alkalization of the periapical tissues retains root resorption, in-
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hibits osteoclastic activity, influences cell differentiation, and activates 
macrophages, resulting in calcium phosphate complexes. The increased 
formation of extracellular adenosine triphosphate (ATP) accelerates the 
mineralization of dentin and cement of the dental root and enhances 
the antibacterial and anti-allergic properties of these materials. Calci-
um hydroxide helps release dentin growth factors, such as transforming 
growth factor beta 1 (TGF-β1), which may also be involved in the for-
mation of solid tissues.

The biocompatibility of mineral trioxide aggregate (MTA) is as-
sociated with the release of calcium hydroxide as a by-product of the 
hydration reaction.

MTA does not cause periapical inflammation as it has good ce-
mentoblast inductive effect. A thick layer of cement is formed around 
the apex of the tooth in almost 100% of cases 5 months after treatment. 
MTA is as effective as epoxy or calcium hydroxide based and mixed with 
zinc oxide root canal sealers. MTA stimulates the release of cytokines 
from bone cells, which promotes solid tissue formation.

The group of zinc oxide-eugenol-based sealers includes a rela-
tively large number of different products. Some of them contain supple-
ments such as thymol or thymol iodide to increase their antimicrobial 
effect. Other products contain hydroxyl apatite or calcium hydroxide to 
improve apical sealing and bone regeneration. Carnation oil and Pe-
ruvian balsam may be used as alternatives to eugenol. Carnation oil 
is a natural raw material that contains approximately 70-85% eugenol. 
Eucalyptus oil is also partly used instead of eugenol. Zinc oxide-eugen-
ol-based sealers may also contain rosin to increase adhesion, to regu-
late the rate of reaction during preparation, and to reduce their solubility 
or disintegration. Some zinc eugenol-based sealers contain paraformal-
dehyde, incl. SPAD (87% in one of the two liquids). The chemical syno-
nym for formaldehyde is trioxymethylene. Formaldehyde enhances the 
disinfectant effect of materials but is a strong allergen. The use of root 
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canal sealers containing paraformaldehyde has been rejected by the 
European Society of Endodontics.

Allergic reactions to canal sealers containing zinc oxide eugenol 
have been observed in patients with or without a previously identified 
allergy. Contact urticaria has been reported in the mandible after expo-
sure to formaldehyde-containing canal sealers. In epicutaneous testing, 
a positive reaction to formaldehyde is usually found.

Our clinical observations have also identified cases of allergic 
reactions to formaldehyde in endodontic sealers – mainly phase I and 
phase II anaphylactic shock with generalized urticaria, respiratory and 
other reactions.

Based on the composition of the canal sealer alone, no systemic 
toxicity and allergy should be expected. The type of patient‘s immune 
response to major and concomitant allergens and delayed-type allergic 
reactions is important.

Silicone based canal sealers

Silicone-based canal sealers are less cytotoxic on different cell 
lines than other ones (such as zinc oxide eugenol and EndoRez) and 
less induce apoptosis. GuttaFlow exhibits relatively low cytotoxicity and 
less cell damage than resin-based systems or AH26 and is only slightly 
more cytotoxic than pure silicone sealer.

Silicone sealers are bactericidally ineffective in Enterococcus 
faecalis dentin infestation, unlike AH Plus and zinc oxide-eugenol seal-
ers. This fact is related to the occurrence of simultaneous sensitization 
to the canal sealer and bacterial flora of the infected root canal.

Recently, new bioactive materials have been introduced to re-
generate periapical bone tissue. Osteoinductive materials induce bone 
formation by initiating differentiation of pluripotent connective tissue 
cells to bone-forming cells. These materials serve as scaffolds for the 
insertion of precursor osteoblasts.
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Endo sequence root repair material (ERRM), powder and paste

Ready-to-use, pre-mixed bioceramic materials – ERRM (Brasse-
ler USA, Savannah, GA, USA), which are recommended for the correc-
tion of root canal perforations, apical surgery, apical apexification, and 
dental pulp capping, have been developed. Both forms showed in vitro 
biocompatibility similar to gray or white MTA (WMTA).

Nanobioceramics (Bioaggregate), bioceramic cements

These materials represent a modified or synthetic version of the 
original MTA.

The bioceramic cement iRoot BP Plus (Innovative BioCera-
mix Inc., Vancouver, Canada) is fully laboratory-synthesized and wa-
ter-based. A clinical in vitro cell compatibility study found that iRoot as 
well as MTA were biocompatible and did not induce cytotoxic reactions.

In order to preserve the properties and clinical applications of 
MTA and eliminate its negative characteristics, a new endodontic ce-
ment based on calcium aluminate has been developed – EndoBinder 
(Binderware, São Carlos, SP, Brazil).

Generex A (Dentsply Tulsa Dental Specialties, Tulsa, OK, USA) 
is a calcium silicate-based material that bears some resemblance to 
ProRoot MTA but is mixed with unique gels instead of water used with 
MTA.

Capasio (Primus Consulting, Bradenton, FL, USA) consists 
mainly of bismuth oxide, dental glass and calcium alumina silica with a 
gel based on polyvinyl acetate. Capasio and MTA assist the deposition 
of apatite during exposure to synthetic tissue fluid, thus possessing 
a mineralizing capacity. When used as a sealer on the root tip, Ca-
pasio is more likely to penetrate the dentin tubules. When compar-
ing Generex A, Generex B, Capasio with Ceramicrete-D (magnesium 
phosphate-based), Generex A was found to be the only new generation 
endodontic material to support primary osteoblastic growth. Only when 
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Generex A and MTA were administered did cell growth and proliferation 
occur throughout the experiment.

Recently, the powdery Capasio has been refined and renamed 
Quick-Set (Primus Consulting), and the cationic surfactant has been 
removed from the liquid component, which is thought to affect cellu-
lar compatibility. In modern studies with cells similar to odontoblasts, 
Quick-Set and MTA show similar cytotoxic profiles. The toxicological 
risks in vitro over time dependent elution of the toxic components are 
negligible.

The powder component of Biodentine (Septodont, Saint Maur Des 
Fosses, France) consists mainly of tricalcium silicate, calcium carbonate 
and zirconium, while the liquid contains calcium chloride and water. Indic-
ative of Biodentine‘s bioactivity is the formation of apatite after immersion 
in phosphate. Ingestion of elements (Ca and Si) by root canal dentin is 
more pronounced when using Biodentine than MTA.

Nanocomposites are a new class of composite materials with sig-
nificant potential. PNC is a generic term for polymer materials loaded with 
minimal amounts of nanoparticles – clay, carbon nanotubes and others, 
dispersed to nanosize.

Another innovative material prepared to overcome some of the dis-
advantages of MTA is partially stabilized iron-free cement (PSC).

New material for retrograde root tip filling - New resin cement, NRC.

It‘s a fluid and powder system. The fluid consists of hydroxyethyl 
methacrylate, benzoyl peroxide, toluidine and toluene sulfinate. The pow-
der is composed of calcium oxide, calcium silicate, and triphenyl bismuth 
carbonate.

Allergic reactions to dental materials with a temporary stay in the 
oral cavity are considered mainly in the context of zinc oxide eugenol 
pastes and polyether-based materials. Allergies to zinc oxide eugen-
ol-based imaging materials have been observed in animal experiments 
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and in patients, and the causes are likely to be eugenol and / or rosin 
allergens. Extraoral symptoms were observed, with swelling of the lips 
and extensive exanthems on the face and neck. The polyether imprints 
caused redness and edema, including a severe grade II allergic reaction 
that was controlled by antihistamines and corticosteroids.

Temporary acrylic soft plastics for relining of removable dentures 
are materials for short contact with the oral mucosa. They may contain 
plasticizers - e.g. saliva soluble phthalates which enhance the imbibition 
of the soft plastic and together with the highly porous surface create con-
ditions for bacterial, candidiasis and / or allergic (due to the presence of 
methacrylate monomers – e.g. 2-HEMA) denture stomatitis. The use of 
soft lining materials is recommended for the relining of silicone base

Temporary crown and bridge materials are often used in daily 
practice.

Dental composite resins and bondings are divided into:

•	composites by chemopolymerization;
•	composites by photopolymerization;
•	composites by ddual polymerization.

They have low biocompatibility and high toxo-allergenic potential 
because after the final solidification, the content of residual monomer that 
is actively released into the oral cavity is very high – up to 45%.

All composite resins and bondings contain acrylate sensitizers. 
Increasingly, cases of hypersensitivity to dental acrylates have been re-
ported in patients sensitized to a different exposure than dental – e.g. 
household or professional.

Symptoms of sensitized to composite patients include clinical find-
ings such as: lichenoid reactions, stomatitis, cheilitis, glossitis, perioral 
eczema, and urticaria-like rashes. Subjective complaints vary in charac-
ter, strength and limitation, but most often patients report burning in the 
mouth, change in taste and salivation, carcinophobia. Usually, they asso-
ciate the onset of discomfort with dental treatment.
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In contact with skin or mucous membranes, these materials 
can cause an allergic reaction. Simultaneous sensitization to various 
acrylates in the composition of the composites may occur. It is consid-
ered that the most common sensitizer among patients is HEMA, which 
is currently used as a component in a large number of bonding agents, 
often in combination with organic solvents (acetone, alcohol), which 
facilitate its penetration through the skin and mucous membranes.

Bondings used together with composites contain methacrylates, 
solvents, initiators and inhibitors. The main components of the bond-
ing are HEMA and BIS-GMA. On the cytotoxicity scale, HEMA is less 
toxic than other methacrylates such as BIS-GMA, UDMA and TEGD-
MA. However, at high concentrations it can show remarkable cytotoxic 
effects.

Depending on the type of polymerization, dental resins may 
contain between 0.1 and 5% of residual monomers and additives, 
mainly MMA and formaldehyde. These substances can contribute sig-
nificantly to the manifestation of local effects, such as contact allergic 
reactions in the form of prosthetic stomatitis, lichen-like reactions of 
the lips and oral mucosa. To prevent allergies, the best possible way 
is to follow the technology of the polymerization process. The concen-
trations of residual monomers should be as low as possible.

Thermopolymerizing acrylic resins have a higher percentage 
of polymerization and a lower level of residual monomers than au-
topolymerizing products and should be preferred. The concentration 
of residual monomers is minimized by polymerisation for a few hours 
at the highest possible temperature and subsequent storage of the 
prosthesis or orthodontic apparatus in water (37° C) for 24 hours be-
fore placement to remove most of the soluble substances. Temporary 
crowns made with cold-cured acrylic resin must be removed from the 
oral cavity before final polymerization to avoid thermal damage to the 
pulp.
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Dentures should not be worn overnight to avoid irritation of the 
mucous membrane as a result of residual monomers accumulating 
therein.

Like composites for clinical use, laboratory composites are com-
posed of filler particles in a resin matrix. The particle size may be from 
0.04 μm to over 100 μm. They can be lithium aluminum silicate, boro-
silicate alumina, barium glass or silica. Modern laboratory composites 
are as close as possible to natural dental tissues. They are highly bio-
compatible and, by this indicator, leading and preferred for prosthetic 
treatment, including constructions on implants of patients sensitized to 
dental resins and dental metal alloys.

Today, the laboratory composites of GS, Haereus Kulzer, Miche-
rium, 3M ESPE, KERR and others are an appropriate alternative in 
treating patients with allergies to metals and alloys on implants and 
natural teeth. Aside from solving the issue with allergic reactions and 
diseases in the oral cavity and throughout the body, they also meet 
the increased requirements regarding the aesthetics, function and 
length of stay of prosthetic structures in the oral cavity. In the field of 
implantology, they can be a tool of choice for both allergic patients 
and for the resolution of occlusal articulation problems associated with 
the occurrence of implant-bone traumatism. When comparing different 
hypoallergenic materials for indirect restorations (gold, noble alloys, 
ceramics, zirconium, laboratory composites) by several economic crite-
ria: time required, direct costs, investment in equipment, cost of repair 
or replacement of the structure LK clearly rank first. If we exclude met-
als as non-aesthetic and non-modern, laboratory composites are more 
accessible to a wider range of patients.

The use of laboratory composites for the treatment of complete 
edentulation with removable structures on their implants is extended 
with DENTSPLY‘s ECLIPS® system, which offers an alternative in 
the form of a polymer resin without the presence of polymethyl meth-
acrylate, with several colors of pink resin.
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Despite the availability of such an arsenal of laboratory materials, 
totally edentulous allergic patients with implants requiring mobile struc-
tures remain problematic. Only polyether ethers (PEEK) meet all expec-
tations in terms of: strength, wear resistance, soft transfer of chewing 
pressure, hypoallergenicity.

Polyether ether ketones

Today, more than ever, materials and technologies from other fields 
of science are coming into dental medicine. One of the most promising 
new materials is polyether ether ketone [PEEK – chemical formula O- 
(C6H4)-O-(C6H4)-O(O)-(C6H4)].

More than two decades ago, the biocompatibility of polyether ether 
ketones was strongly demonstrated. PEEK is increasingly used in ortho-
pedics for trauma and spinal implants. By the end of 1990 PEEK had 
become known as a leading thermoplastic material, a candidate for re-
placement of metal implants, and especially for the purposes of orthope-
dics and traumatology.

In 1992 PEEK was used for dental use first in the form of aesthetic 
abutments and later as implants. Unfortunately, PEEK is poorly X-rayed 
and the implant is not easily visualized on conventional radiography. A 
much larger REEC entry into dental implantology is forthcoming. Current-
ly, its use is limited to the production of implant grafts and milled skeletons 
for structures on natural teeth and implants.

BioHPP (High Performance Polymer)

Bredent‘s BioHPP is PEEK-based material. Due to its excellent 
stability, optimized polishing capabilities and low affinity of the plate to 
it, BioHPP is practically ideal for the production of high-quality prosthetic 
structures with verylarge indications. The material does not dissolve in 
water, does not interact with other materials or tissues, making it biocom-
patible and suitable for allergic patients. In order to use the characteristics 
of BioHPP in the most comprehensive way, the feedstock must be used 
by a procedure specially designed for this purpose.



112

Reinforced laboratory composites

Fiber reinforced composites (FRC) are widely used in dental prac-
tice. They can be used to make different types of removable and non-re-
movable structures in prosthetics and orthodontics. The types of com-
posites are separated according to the material from which the fibers in 
them and the polymer matrices are made - glass, carbon, kevlar, metal 
filaments.

Glass-ionomer Cements

No proven allergic reactions in dental patients or specialists to 
components of conventional glass-ionomer cement have been reported 
to date.

Dental ceramics

Dental ceramics include various non-metallic inorganic materials, 
which are mainly used for various prosthetic structures and are also used 
as coatings for titanium implants, as ceramic implants or as bone replace-
ment materials.

Special ceramic materials have properties, some of which are sim-
ilar to metal systems and are very attractive not only in their application 
but also in economic terms. Modern ceramic materials are characterized 
by high hardness and abrasion resistance, excellent high temperature 
strength, high thermal resistance, chemical inertness and high biocom-
patibility.

Certain ceramics, such as those used for implants, are easily toler-
ated by the tissues and help accelerate biological processes that promote 
the formation of new bone tissue. These ceramics belong to the group of 
biologically active materials.

Bioceramics are natural or synthetic materials, suitable for incorpo-
ration into living tissues and in particular prosthetic dentistry, implantology 
and maxillofacial surgery, and have been used as biomaterials for a long 
time. So far, no ceramics have been created to build a healthy and bio-
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compatible inner surface with bone. Ceramics, on the other hand, allow 
direct adhesion between bone tissue and implant without the need for an 
internal layer of fibrous soft tissue.

Hybrid ceramics

VITA ENAMIC is the first dental hybrid ceramics that combines the 
positive qualities of ceramics and composites. The material is suitable for 
making crowns in the distal area.

Porcelain masses used in prosthetic dental medicine have excel-
lent physical and biological properties, do not absorb and dissolve in wa-
ter, are biologically inert, have no toxicity

Zirconium oxide

The biocompatibility of zirconium oxide has been confirmed by the 
successful application in medicine as material for knee and hip joints for 
over 30 years. High functional stability and corrosion resistance, as well 
as impeccable aesthetic and mechanical characteristics are indisputable 
advantages of the material. Zirconium oxide does not cause tissue irrita-
tion or allergic reactions, does not participate in galvanic processes and 
is radiolucent. Compared to metal-based prosthetic structures, the zir-
conia bridge structures almost completely exclude sensitivity to thermal 
irritation due to thermal insulation and low thermal conductivity, which are 
characteristic of ceramic elements.

In patients with sensitization data to noble and base metal alloys 
with or without nickel sulfate content, zirconium oxide structures are pre-
ferred.

Zirconium is a high-quality material used in prosthetic dentistry and 
implantology. Due to its excellent biological characteristics, zirconium is 
nowadays a preferred material for modern dental restorations.

Zirconium-containing calcium promotes osteoblastic proliferation 
and enhances the osteointegration of titanium and ceramic implants. The 
amount of calcium in zirconium is important for obtaining an optimal bio-
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active surface and improving its biocompatibility without reducing its me-
chanical strength.

Activators and inhibitors

Widely used activators (mainly in acrylic denture products) are in-
cluded in the commercial dental Epi-test series, namely tertiary amine N, 
N-dimethyl-p-toluidine (DMpT) and the 4-tolyldiethanolamine accelerator. 
Despite their widespread use, there are only a few reports of allergic re-
actions to dental use.

UV absorbers

2-hydroxy-4-methoxy-benzophenone (benzophenone-3): benz-
ophenones are UV absorbers in some dental composite materials and 
resins, textiles and sunscreens, no allergic reactions have been reported 
in dental medicine.

Due to the short time of contact with the human body, there is no 
evidence of the toxic effects of print materials in patients when properly 
administered. This also applies to materials with relatively high local tox-
icity, e.g. C-silicones. The incidence of allergic reactions is low.

Some gloves, such as latex gloves, may disrupt the normal po-
lymerization of some materials (e.g. silicones). In cases of latex allergies 
should be used vinyl gloves.

The eyes must be protected by suitable goggles when using liquid 
catalysts.

A-silicones and hydrocolloid alginates are considered non-toxic. 
The biocompatibility of C-silicones is the lowest, while the local toxicity 
of other imprinted materials varies. Due to the short time of contact with 
the oral mucosa, the higher cytotoxicity of C-silicones should not have 
adverse effects on patients.

The use of periodontal dressings is currently controversial. Alterna-
tively, rinsing with 0.2% chlorhexidine is recommended.
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Distinguishing periodontal dressings by eugenol and non-eugen-
ol containing does not correspond to their biological activity. Due to the 
divergent results on biocompatibility, no uniform recommendations can 
be made for a specific material. Eugenol-containing materials and those 
containing Peruvian balsam may cause allergic reactions in sensitized 
persons, with the possibility of cross-sensitization.

Allergic reactions to oral hygiene products are relatively rare and 
often affect atopic patients. Patients with allergic conditions such as 
asthma, hay fever, or allergic skin reactions are particularly susceptible. 
These patients should be informed about potential allergens in mouth-
wash and toothpaste.

The widespread use of chlorhexidine in oral hygiene products often 
leads to acute allergic reactions.

Metal alloys 

Благородните сплави са с високо и ниско съдържание на злато:

– сплави с високо съдържание на злато (Au): от Au и платина 
(Pt), от Au, Pt и паладий (Pd), от Au, Pt и сребро (Ag) или мед (Cu).

– сплави с ниско съдържание на злато (Au): от Au и Pd, Pd, Au и 
сребро (Ag) (бели благородни сплави).

Неблагородни сплави – хром (Cr), никел (Ni), стомана (Fe, C), 
кобалт (Co), хром (Cr), молибден (Mo), титанови сплави.

The chip test can be used to analyze the composition of fixed 
intraoral metal restorations or fittings. Diagnosis of contact hypersensi-
tivity related to the administration of a dental material is only possible if 
there is a link between clinical signs of allergy with a positive allergen 
response during epicutaneous testing.

Some of the major constituents of metal alloys such as: gold, 
nickel, cobalt have proven allergenic potential.
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Biocompatibility of metals

A number of metals can cause contact urticaria, e.g. cobalt and 
nickel. Platinum (Pt) is a strong type I allergen; iridium (Ir), one of the plat-
inum group metals, is also known to induce respiratory allergies and con-
tact urticaria. Other metals in the platinum group that induce a fast-type 
allergic reaction are ruthenium (Ru), rhodium (Ro) and palladium (Pa). 
Sodium fluoride has caused contact urticaria in several cases described.

Nickel: According to a number of studies, incl. ours, nickel is the 
most common cause of contact allergy (72%). It is 10 times more com-
mon in women than in men. It has been established that, in general, nick-
el hypersensitive individuals do not show clinical symptoms with nick-
el-containing orthodontic therapy, despite cases of allergic skin reactions.

Cobalt allergy is often associated with nickel or chromate; for ex-
ample, cobalt allergy is the result of simultaneous sensitization (18.5%) 
since cobalt is present in nickel and chromate products.

Chromatic contact allergy varies by clinical presentation (10%). 
It is often not clear whether chromates or other metals and metal salts 
cause allergic reactions to dental alloys. Patients with a generalized form 
of eczematoid dermatitis after denture with a metal skeleton have been 
described. Skin tests are highly positive for nickel and chromium and der-
matitis subsides after stopping wearing dentures. In most cases where 
the allergic reaction is due to a metal chrome object, the real sensitizer is 
nickel. A single case of hand dermatitis has been described in a patient 
allergic to chromate but negative to nickel in epicutaneous testing.

So far, a relatively small number of cases of palladium-induced 
allergy of dental origin have been reported. They are mostly related to the 
use of dental alloys. It is reported that nonspecific symptoms such as ir-
ritation of the oral mucosa resolve when palladium-containing dental res-
torations are removed. A case of combined hypersensitivity to palladium 
and platinum from dental alloy has also been reported. There are edema 
and pain in the oral mucosa adjacent to the metal structures. Affected 
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regions sometimes have bullous and ulcerative changes and get infect-
ed. Symptoms completely resolve after replacement with biocompatible 
ceramic and titanium constructions.

Oral symptoms caused by an allergy to metal gold in dental ap-
plications are manifested as erythema with or without erosions and li-
chenoid reactions. There is probably a correlation between the positive 
reaction to gold in the epicutaneous test and the presence of dental gold. 
However, relatively few positive reactions to gold (7 – 10%) are consid-
ered to be in the epicutaneous test were clinically relevant to oral findings. 
Most importantly, there is no correlation between the positive results of 
the epicutaneous test and the BMS. Since allergic reactions to golden 
salts in the epicutaneous tests are frequent and the mechanisms of oral 
lichen planus and burning mouth syndrome are different from allergic, 
there is no guarantee that the symptoms in patients with positive results 
will disappear after removal of dental gold.

Contact stomatitis also occurs with cross-sensitization to Palladi-
um and platinum as additional metals in gold alloys for cermet. The symp-
toms are recurrent pain and swelling of the oral mucosa, with periodic 
development of bullous and ulcerative lesions, which resolve after the 
removal of structures.

There were no credible differences in serum cytokine levels in 
patients with titanium implants to allow for more definite conclusions on 
their clinical relevance. We assume that the release of proinflammatory 
mediators reflects a “normal” non-specific response in patients exposed 
to titanium particles. 

Still little is known about the immune mechanisms responsible 
for the good tolerability to titanium dental implants, but based on our 
results, we can assume that adaptive mechanisms exist as well. Our 
clinical studies have identified 0.6% allergy to titanium with a clinical 
picture including: urticaria, eczema, oral mucosal erythema, dekeratini-
zation, hyperplastic response of peri-implant tissues, eosinophilia and 
systemic symptoms – DRESS.
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For the preparation of an individual therapeutic plan for the treat-
ment of patients with data on suspected or established sensitization to 
dental materials and other group allergens, it is necessary to:

1. Identify the possible causes of sensitization.

They may be of a dental/oral or non-dental/oral nature (Fig. 69).

2. The treatment of allergic diseases shall be based on the following 
basic principles:

– removing the allergen or contact with it;

– conducting drug therapy aimed at influencing the pathogenetic 
mechanisms of the allergic reaction and from there to suppressing its 
symptoms;

– conducting allergen-specific immunotherapy (hyposensitization /
vaccination with the responsible allergen), i.e. carrying out etiopathogenet-
ic treatment, which not only affects the symptoms of the allergic disease 
but alters the patient‘s overall immunological reactivity to that allergen.

Figure 69. Possible causes / factors for sensitization to dental materials 
(cited by Schmalz, 2002)
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These basic principles apply fully to the theory and practice of den-
tal medicine.

Patients with allergic reactions in the oral cavity and periodontium 
to various dental materials and medicines, but with no evidence of sensi-
tization to conventional allergens (mainly atopic)

Atopic hypersensitivity is a form of allergic reaction related to type I 
antibody dependent allergic reactions, according to the Gell and Coombs 
classification. It is characterized by the following:

– Certain heredity (familial predisposition) with predominance of cer-
tain HLA loci and large polymorphism of genes involved in its realization.

– Increased and enhanced synthesis of IgE antibodies.

– When introduced into the skin atopic allergens (house dust, mi-
cro-ticks in it, pollen and mold allergens, epidermal formations, some 
foods, bee venom, etc.) histamine is released and skin reaction with 
papules and erythema develops as a result of the allergen reaction with 
skin-related IgE class antibodies, the so-called. reagents.

The clinical manifestations of atopic hypersensitivity are some of 
the most common allergic diseases: allergic bronchial asthma, season-
al and often year-round allergic rhinitis, urticaria, atopic dermatitis and 
many others. A major goal in the diagnosis of atopy is the demonstration 
of specific IgE antibodies to an allergen. In vivo, this is done by skin-al-
lergic samples, and in vitro - by detecting them in serum and other body 
fluids, or by identifying various biologically active substances (mediators, 
cytokines, etc.) released by the interaction of the allergen with its homol-
ogous IgE antibodies.

This form of allergic hypersensitivity is most suitable for treatment 
by the method of allergen-specific immunotherapy.

– The necessary specialized dental treatment is carried out, with 
the removal of the material causing sensitization and its replacement with 
a biologically acceptable one.
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– Simultaneously, general non-allergenic treatment of the patient 
starts with the use of second-generation antihistamines that do not have 
a sleeping effect: e.g. Xizal, Erius, Claritin, Zodak, Fortecal, Rupafine and 
many more. This treatment should be continued for at least 1 to 3 months 
in order to reduce the patient‘s allergic predisposition. In more severe 
cases, glucocorticosteroids may also be used for oral administration, e.g. 
Prednisolone 5 mg given in a gradually decreasing regimen of 3 x 2 tab-
lets per day to 1 tablet per day for 15-20 days. In these cases, it is most 
appropriate to seek consultation with an allergist who can prescribe other 
medicines that reduce the allergic status and carry out appropriate treat-
ment.

Patients with allergic reactions in the oral cavity and periodontium 
to different dental materials and medicines, but with sensitization to some 
of the conventional allergens

In this case, two specific groups of patients should be considered 
separately: atopic and food allergy sufferers.

– The necessary specialized dental treatment is carried out with 
the removal of the material causing sensitization and its replacement with 
a biologically acceptable one.

– Simultaneously, general non-allergenic treatment of the patient 
starts using second-generation antihistamines: e.g. Xizal, Erius, Clari-
tin, Zodak, Rupafine, Fortecal, Evofex, and many more. This treatment 
should be continued for at least 1 to 3 months in order to reduce the pa-
tient‘s allergic predisposition. In more severe cases, glucocorticosteroids 
may also be used for oral administration, e.g. Prednisolone 5 mg given in 
a gradually decreasing regimen of 3 x 2 tablets per day to 1 tablet per day 
for 15-20 days. In these cases, it is most appropriate to seek the advice of 
an allergist who may prescribe other allergy-lowering medications and to 
conduct appropriate treatment. This determines the need for the dentist 
to be aware of the mechanism and clinical manifestations of atopic hyper-
sensitivity, as well as the methods for its specific diagnosis and treatment.
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– The latter is especially important for patients with atopic hyper-
sensitivity with sensitization to dust allergens, micro-ticks, pollen aller-
gens, epithelial formations, bee venom or mold allergens. In these cas-
es, drug treatment can be enriched by the use of membrane stabilizers 
of basophils and mast cells releasing histamine and other biologically 
active substances – the sodium cromoglycate group – e.g. Bikromate, 
Kuzikrom, Intal and others. The use of leukotriene receptor inhibitors 
would be very successful – e.g. Singler / Montelukast, which suppress 
the action of leukotrienes. This should be done necessarily after con-
sulting an allergist!

– The most important thing in this category of patients is the pro-
vision of allergen-specific immunotherapy, as the only etiological causal 
treatment of the allergic condition, which alters the patient‘s immunologi-
cal reactivity and creates long-term immunity to the allergen. The mecha-
nism of allergen-specific immunotherapy is associated with modulation of 
the immune response from Tx2 to Tx1 immunological reactivity, which in-
hibits the synthesis of allergen-specific IgE antibodies and stimulates the 
so-called blocking IgG4 antibodies which neutralize the allergen. IgG4 
antibodies have a 1000-fold greater affinity for the allergen and inhibit its 
binding to its homologous IgE antibodies on the surface of mast cells, ba-
sophils and eosinophils and hence the triggering of the allergic reaction. 
The world and Bulgarian experience show that no less than 70% of cas-
es treated with this therapy have a very good and lasting clinical effect. 
This treatment, of course, should be carried out only by allergists but it 
is important that dentists are familiar with it and refer patients to them for 
consultation and treatment.

– An important group of patients is the one with food allergy. In 
addition to all the aforementioned, related to specialized dental treat-
ment, general non-allergenic treatment, and in some cases allergen 
specific immunotherapy, it is very important to recommend to the pa-
tient a proper diet, appropriate diet, in order to avoid aggravation of the 
allergic condition.

* * *
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Diagnostic and therapeutic approaches to research
on patients with data on hypersensitivity to dental materials

DIAGNOSTIC APPROACHES

Anamnestic approaches

♦  Subjective symptoms

♦  Past and present diseases

♦  Allergies (past, present)

♦  Taking medication (before and now)

♦  Past research, treatment performed

♦  Cigarettes and alcohol

♦  Piercings in the oral cavity and / or elsewhere

♦  Routine oral hygiene - personal, professional

♦  Social status

Clinical approaches

A. Overall health status

B. Oral status

♦  Dental status

♦  Dental materials (obturations, fixed structures, etc.)

♦  Abrasion

♦  Carious lesions

♦  Periodontal status

♦  Salivation

♦  Temporomandibular functions

– Joints

– Muscles

♦  Occlusion / articulation

♦  Removable prosthetic structures
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 – Functional load

♦  Oral mucosa

– General status

– Lesions in contact with dental materials

– Lesions without contact with dental materials

– Lesions – detailed description (color, surface, density, mor-
phology)

♦  Diagnostic Imaging

– Orthopantomography and 3D

– Carious lesions

– Periodontium marginal / apical

– Endodontic treatment

– Impacted teeth

– Other findings

♦  Further research (if necessary)

– Vitality of the dental pulp

– Fungal and bacterial infection

– Sialometry

– Biopsy

♦  Tooth and dental tissues

♦  Organs and tissues in the oral cavity

Conclusion – final diagnosis

Treatment approaches

♦  Teeth treatment

♦  Periodontal treatment

♦  Treatment of symptoms and syndromes with manifestations in 
the oral cavity associated with teeth and dental tissues

♦  Treatment of temporomandibular joints
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♦  Treatment of oral mucosa

♦  Treatment of symptoms and syndromes of common systemic 
diseases with manifestation in the oral cavity

♦  Treatment with biocompatible dental materials

♦  Follow-up examinations at 1, 4 and 8 years after final treatment.

♦  Late results in the first, third and fifth years after treatment.

* * *

Effective treatment of patients with sensitization data with biocom-
patible dental materials is related to the introduction and development of 
advanced nanotechnology in dental medicine. These materials are ap-
plied in all fields of dental treatment: cariesology, endodontics, pediatric 
dentistry, periodontics, prosthetics, implantology, orthodontics, oral and 
maxillofacial surgery, dental clinical allergy and oral pathology.

The treatment of teeth, periodontium, soft and hard tissues and 
organs in the oral cavity as well as in the head and neck requires the 
introduction of the latest biocompatible dental materials and technologies 
of the latest generation (Fig. 70).

CONCLUSIONS

1. Diagnostic, anamnestic, clinical and paraclinical approaches 
have been developed to determine the type of reactivity of sensitized 
patients.

2. Therapeutic approaches have been developed to provide 
effective treatment for sensitized patients with bioavailable dental ma-
terials.

3. From the main groups of dental materials, after long-term 
follow-up of clinical results, those with the highest bioavailability were 
identified.
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CONCLUSION

The general reactivity of the organism is of great importance for 
its proper functioning and for the ability to respond adequately to var-
ious irritations coming from its environment or from pathologically al-
tered tissues within it. Therefore, it is important to diagnose the altered 
general reactivity.

The general medical status of patients with sensitization to dental 
restorative materials shows a wide variety of allergic diseases, such as: 
bronchial asthma, allergic rhinitis and rhinosinusitis, allergic conjuncti-
vitis, atopic dermatitis (eczema), contact dermatitis, acute and chronic 
hives, food allergy, drug allergy, insect allergy, anaphylaxis, serum dis-
ease, hereditary angioedema.

Various pathological changes in the tissues and organs in the 
oral cavity can be an expression of common diseases, allergies, lo-
cal toxic and mechanical irritations. It is common knowledge that some 
common diseases (diabetes, anemia, etc.) are often first manifested 
with intraoral manifestations, and it is the dentist who directs the patient 
to the appropriate specialists. Pathological findings on the oral mucosa 
are important diagnostic value not only as a result of the sensitizing 
effect of various antigens and haptens, but also as an indicator of the 
general state of the body.

During the examination of the oral cavity, it is necessary to regis-
ter the various restoration materials and prosthetic materials, as well as 
their condition and the period of their stay.

Devitalized teeth with and without endodontic treatment can re-
main asymptomatic in the jaw for years and possibly have an allergic 
effect through the bacterial flora in the root canals and periapex and 
through the medicines used in endodontic treatment. Spontaneous pain 
symptoms do not appear as a criterion for allergic diseases. Devitalized 
teeth exert their sensitizing effect through the damaged mesenchyme, 
whereby the degrading products of the proteins lead to sensitization 
and allergenization of the whole organism.
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The data from the analysis of the sensitizing potential of the main 
groups of dental materials determine which of them have the highest bio-
compatibility. On this basis, individually selected biocompatible dental 
material may be offered to each sensitized patient for effective treatment.

The results of epicutaneous tests should always be consistent 
with the patient‘s history and clinical findings. A positive test may mean: 
clinically relevant allergy, latent allergy without clinical manifestation, 
group allergy, crossed allergic or toxic skin reaction.

The sensitivity and specificity of skin tests is between 70-80%. 
This means that a negative test result does not preclude contact allergic 
reaction with the mucous membrane of the oral cavity, skin and gastro-
intestinal tract after dental treatment. This possibility can be minimized 
by testing the patient with the same allergen three times in a row, sub-
ject to strict testing conditions. At least twice the negative result estab-
lished shall be considered as valid.

The data from the complex oral and allergic diagnostics applied 
in all examined patients were processed and analyzed. The highest rate 
of sensitization was found in patients with allergic diseases, followed 
by patients with systemic diseases and those with oral lesions (lowest 
percentage).

Patients with established sensitization to dental materials, when 
taking an allergically directed history, usually reported temporary or 
permanent, short-term or long-term symptoms, including paresthesias, 
changes in the sensitivity of the teeth, tissues and organs in the oral 
cavity, taste, volume, taste, volume saliva, as well as changes in the 
texture, relief and color of intra- and extraoral tissues.

During the clinical examination, the available changes in the con-
dition of the oral mucosa were also diagnosed - oral lesions: oral lichen 
planus, lichenoid lesions, leukoplakia, white nevus, cheilitis, glossitis, 
erythema exudate multiforme, erythroplasia and others. The current 
dental restorative materials, as well as the condition of the gingiva and 
periodontium were registered.



128

In cases of proven sensitization in everyday clinical practice, the 
presence of dental resins, restorative composite materials, materials for 
prosthetic restoration of dental rows through fixed and movable pros-
thetic structures, root canal fillings, various types of pins, imprint ma-
terials, etc. are carefully examined. Individual protective equipment for 
patients and the dental team - goggles, gloves, saliva ejectors, cups, 
stoppers, rubber dam, etc. are also able to sensitize the body, regard-
less of the shorter or longer contact with it, but they are not investigated 
with the exception of latex.

The classical protocol for the establishment of sensitization to 
dental materials, including resins and alloys, requires all of those avail-
able in the mouth to be examined in the first stage and, if sensitization to 
them is found, alternative restorative materials must be sought through 
epicutaneous testing. When the patient or dental practitioner is una-
ble to provide accurate and complete information, major allergens from 
the groups of dental materials are investigated: metals, methacrylates, 
medicines, personal and professional oral hygiene products, topical 
haptens: propolis (10%), caine mix (10%), etc.

In cases of hypersensitivity, other biocompatible dental materials 
are sought that do not contain them or their content is very low, which 
does not affect the sensitizing potential of the total final product. It is 
also necessary to determine the presence or absence of sensitization 
to other co-occurring group allergens, such as food, bacteria, pollen, 
household, industrial and other, which affect the overall reactivity of the 
organism and may cause cross-reactions with dental reconstructive ma-
terials used in the treatment of patients with proven sensitization.

An individual set of diagnostic markers is to be made for each patient 
with signs of oral allergy. Dental materials with high biocompatibility that 
the patient has not been in contact with yet shall be investigated. In the 
absence of evidence for contact allergic response after an epicutaneous 
test with twice or thrice confirmed negative results, an individual therapeu-
tic plan has to be prepared that explicitly records the materials to be used.
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The allergenic potential of the most commonly used root canal 
filling pastes has been analyzed: epoxy, silicate, zinc oxide and polymer 
resins.

In the group of patients with allergic diseases (n=228), the ca-
nal sealers with the highest biocompatibility were: ● epoxy resin-based: 
Topseal (1.31%); ● silicate-based: Apexit Plus and Biodentin (0.88%); 
● zinc oxide-based: Sealite Ultra (2.63%); ● polymer resins: Sealapex 
(4.38%).

Ranked after them come: ● epoxy resin-based: AHplus (silver 
free) and syntax Cerkamed (2.19%) and adseal and topseal – 3.07%; 
● from the group of silicate root canal sealers: MTA 1.32%, bioroot and 
welroot (1.75%); ● zinc oxide-based: Tubli Seal and Pulp canal sealer 
(4.38%), endometason (5.70%) and cortisomol (6.58%).

The polymer resins also show different allergenic potential: en-
dores (17.10%) and sealapex (4.38%).

The high allergenic potential of eugenol was also confirmed. 
Patients with AL showed hypersensitivity to it in 23.68%, with SD in 
16.18% and with OL in 14.92%. CG patients also exhibited contact hy-
persensitivity to eugenol in 2.24%.

It is noteworthy that the Biodentin sealer has the highest biocom-
patibility and bioactivity. It is a silicate-based restorative cement. For 
fractures of temporary and permanent teeth, it can be combined with 
another biocompatible sealer AHplus and gutta-percha.

With the highest degree of biocompatibility of the examined ce-
ments is Base Cement Shofu. Only 1.32% of patients with AL show 
hypersensitivity to it. The same tendency was observed in patients with 
S3 (1.47%) and OL (1.49%). Hypersensitivity reactions have not been 
reported in CG patients.

From the group of photo and chemo-polymers: Estelite Alpha 
shows sensitizing potential in 1.75% patients with AL, which defines it 
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as a composite with high biocompatibility. This trend is also maintained 
in patients with SD (1.74%) and those with OL (1.49%). No hypersensi-
tivity reactions have been reported in CG.

Bondings are applied immediately before and after application of 
the composites, but their sensitizing potential is independently investi-
gated. They showed different sensitizing potential in allergic patients: 
lowest in Gluma Universal Bond Refill (0.88%) and relatively higher in: 
Adper Single bond, Futurabond DC, Gluma 2 (3.51%).

Dental plastics have proven their allergenic potential: Vertex 
Thermosense shows the highest biocompatibility in all study groups 
(1.32, 1.47, 4.48 and 2.24%). It is widely used for making partial and 
total removable dentures.

Tooth sets: Ivoclar Vivadent show the highest biocompatibility 
(0.88 and 0.74%) and the lowest: MK1 and Spofadent Plus - respective-
ly for AL (7.46%), for SD (10.29%). for OL (14.92%) and for CG (0.75%).

In dental ceramics, no hypersensitivity to Polaris Yeti was detect-
ed in the study groups. All other ceramics tested also showed good 
biocompatibility.

In dental metal alloys, the highest biocompatibility is shown by 
Heranium sun – for AL – 1,32%, for SD – 3,68%, for OL – 5,97% and for 
CG – 0,75%. This metal alloy has a low content of cobalt (43%), chromi-
um (23.45%), molybdenum (2%), manganese (0.8%), silicon (1%), iron 
(27%) and more. It is free of beryllium, cadmium and lead. Our data is 
in line with European standards for bio-tolerable dental alloys according 
to EN ISO 7405 and EN ISO 10993. It is recommended that HeraCer-
amSun ceramics be used on ceramic structures made of Heranium sun, 
for which we also establish the highest biocompatibility.

The results obtained from the study of the sensitizing potential of 
the main groups of dental materials have been statistically processed, 
which makes them reliable and demonstrative. A large number of pa-
tients were investigated, some of whom were treated personally by us. 
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In their treatment, individually selected dental materials with the highest 
biocompatibility were used. The results of the treatment were monitored 
over a sufficiently long period of time, from one to eight years. This 
gives us a reason to introduce to the scientific community and dental 
doctors in Bulgaria the possibilities for the treatment of sensitized pa-
tients with biocompatible dental materials.

Our scientific results can serve to theoretically justify and put into 
practice adequate preventive measures both in patients with sensitiza-
tion data and in dentists who are exposed to a dual risk – as patients 
and as professionals.

A change in the basic indicators of cellular immunity is a signal of 
immune deficiency or autoimmune condition. The absence of significant 
differences in values before and after treatment indicates that treatment 
of allergic diseases does not lead to a change in the underlying param-
eters of the cellular immune response examined in peripheral blood. 
The effects of the removal of bacterial antigens as well as allergens 
from long-lasting dental materials in the masticatory system are likely 
to be associated with more discrete changes at receptor, functional and 
regulatory levels.

The need to include activation markers as an important part of 
diagnosing allergenic potential of dental materials is confirmed.

The analysis of some parameters of the cellular and humoral sys-
temic response in whole blood before and after treatment of patients 
with allergy data to major groups of dental materials with high sensi-
tizing potential, such as methacrylates, sealers and dental alloys con-
taining titanium, shows that the removal of the proven allergen from the 
group of tested dental materials did not change the levels of total immu-
noglobulins, the absolute numbers and the ratios of the main circulating 
lymphocyte populations. The effects of the treatment of allergic patients 
sensitized to dental materials are associated with changes in the recep-
tor, functional and regulatory levels – cytokines, activation lymphocyte 
markers. Timely treatment and the associated attenuation of immune 
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activation is a good preventative measure against the development of 
chronic allergic diseases and systemic disorders.

Statistically significant changes in the levels of some cytokines 
and activation lymphocyte markers in the peripheral blood of patients 
before and after treatment can be used clinically to monitor its effect.

We believe that the results of our study are evidence to support 
the need for the prevention and treatment of allergic diseases initiated 
by dental drugs and materials with proven high sensitizing potential in 
both systemically healthy and sensitized patients with a view to prevent-
ing systemic complications.

Still, little is known about the immune mechanisms responsible 
for good biocompatibility.

After establishing the biocompatibility of the appropriate dental 
material to be used in the treatment of allergic patients with a view to 
maximizing long-term therapeutic success, the presence of sensitization 
to major group allergens known to initiate a cross-reaction is also manda-
tory. This determines the level of local and general reactivity of the organ-
ism and assesses the need for specific and nonspecific desensitization, 
which should precede the new treatment with biocompatible dental mate-
rials but may also accompany it if the patient has another major allergic or 
systemic disease. This applies to the group of sensitized patients.

This dissertation presents our many years of personal clinical and 
practical experience in defining effective approaches for the treatment 
of sensitized patients. The development of modern nanotechnology in 
the field of medicine, and in particular of dental medicine, necessitates 
their timely introduction into practice and enhancement of the knowl-
edge and skills of dentists. And the best planned dental treatment can 
create serious problems for sensitized patients due to the underesti-
mation of the need to pre-determine the sensitizing potential of dental 
materials as well as the patient‘s reactive type – clinically healthy or 
sensitized. In order to achieve the best effect on the oral and general 
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health of the patient, the dental anamnestic, diagnostic and therapeutic 
approaches of the dental physician, individually tailored to each patient, 
are most important in dental treatment.

CONCLUSIVE DEDUCTIONS

After a thorough analysis of the effectiveness of the treatment of 
sensitized patients with biocompatible dental materials, the following con-
clusions can be drawn:

1. In cases of proven allergy to the dental materials available in 
the mouth, they should be removed and not used in future treatment.

2. The anamnestic data and the results of complex oral and aller-
gic diagnostics of sensitized patients require the use of an individualized 
therapeutic approach, personalized immunotherapy and control of the 
results of treatment.

3. Sensitization to major allergens from dental plastics and metal 
alloys is consistently high in patients with allergic diseases, which may 
be associated with cross-sensitization between them and their constant 
contact with the oral mucosa.

4. Simultaneous sensitization to dental materials from different 
groups and with different allergenic potential leads to the risk of initiation of 
a number of allergic reactions and diseases in the oral cavity and beyond.

5. Treatment of sensitized patients to dental materials does not 
induce significant quantitative changes in serum antibody response (to-
tal globulins) and in major lymphocyte populations (total T-lymphocytes, 
Th-helper cells, Tc-cytotoxic, NK-cells, B-cells) in peripheral blood.

6. The prolonged action of root canal fillings with proven allergenic 
potential does not alter the fraction of activated NK cells, but results in a 
higher level of spontaneous activation, which is indicative of an antigenic 
stimulus. The reduced intensity of CD69 expression on NK cells reflects 
a decrease in allergenic action due to adequately conducted treatment.
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7. The suppressive function of CD8 + on the activity of T and B 
lymphocytes and their increase after treatment can be assessed as a 
good prognostic marker accompanying the removal of the proven aller-
gen from the group of dental materials.

8. Diagnostic and therapeutic approaches have been developed 
and implemented to ensure the effective treatment of sensitized patients 
with bioavailable dental materials.

9. After long-term follow-up of the clinical results, biocompatible 
dental materials have been identified, which can be used to perform con-
servative and prosthetic dental treatment of patients sensitized to conven-
tional dental materials: modern canal sealers, photopolymer composites, 
thermal and photosensitive plastics, titanium alloys, zirconium, ceramics, 
laboratory composites, PEEK.

10.  A holistic approach is needed in the treatment of patients who 
are sensitized as a prerequisite for their much more successful treatment 
by the dental practitioner. This requires working in an interdisciplinary 
way in close collaboration, taking advantage of the modern advances in 
immunology and allergology.

CONTRIBUTIONS

Confirmative and original in nature and of relevance to theory and 
practice:

1. The biocompatibility of major groups of dental materials were 
analyzed and graded.

2. Modern biocompatible dental materials were identified, provid-
ing a good medical and socio-economic prognosis of dental treatment for 
sensitized patients.

3. Anamnestic, clinical, and therapeutic approaches have been 
established to provide effective treatment with up-to-date biocompatible 
dental materials to patients with sensitization data to major specific and / 
or group allergens.

4. The timely removal of dental materials with sensitizing potential 
from the oral cavity of allergic patients results in the attenuation of sys-
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temic immune activation and is a good means of prevention against the 
development or aggravation of pre-existing systemic disorders.

5. A complex of laboratory immunological methods for the evalua-
tion of the remedial effect in sensitized patients was worked out for daily 
practice.

6. Changes in the basic parameters of the cellular and humoral 
systemic response in whole blood of sensitized patients before and after 
treatment with biocompatible dental materials were analyzed.

7. The cytokines with the most informative value were selected to 
determine the Th1 / Th2 response.

8. Treatment of sensitized patients with biocompatible dental ma-
terials was performed.

9. The results of treatment for a period of one to eight years were 
monitored.
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