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Dear members of Balkan Association of Orthodontic Specialists,
Dear members of Bulgarian Orthodontic Society, 
Dear guests and friends,

Last September on the shores of Lake Ohrid we all parted in excellent mood, smile 
on our faces, and a promise to see each other again next year in Sofia for the 4th 
Congress of BAOS.
But plans are often set to change and there are barriers, much stronger than our 
desire to gather together.
An obstacle of global proportion emerged before us. 
We went through different phases: from organizing a Congress to welcome you all in Sofia and enjoy our 
hospitality, through a partial presence event, for only Presidents of the Societies to come, until we reached 
our final decision to go entirely virtual.
I would like to thank my BAOS friends who encouraged me to go for an online congress. I would also like 
to thank all speakers who will take part in the scientific program, and lastly, to thank all colleagues who 
followed patiently the changes in the dates.
The motto of the BAOS Congress 2020 is:
Sapience
Science
Solution
Sapience stands for Sancta Sapientia/ Agia Sofia/ Светая София Премудрост Божия – the Holy Wisdom. 
It has two meanings: first – the name of Bulgaria’s capital city. 
Second, the wisdom of experience and knowledge. 
Science stands for our attempt to present evidence-based Orthodontics – modern research in diagnosis and 
treatment.
The prominent writer and scientist Isaac Azimov once said: 
“Right now science gathers knowledge faster than society gathers wisdom.”
Thus, the last word of our slogan is Solution – how to solve clinical problems combining gathered wisdom 
and scientific evidence.
I am deeply convinced that the friendly atmosphere we are used to in our BAOS meetings will be missed, but I 
wish us all that only 2020 be like this and we’ll all meet next year in Belgrade with new energy! Our invitation 
for you all to visit Sofia in safer times remains!
With no further ado I open the 4th Congress of the Balkan Association of Orthodontic Specialists. 
Let‘s support the colleagues who are about to present their work! 
I wish it to be productive and worth your time, even though virtual. 

Laura Andreeva
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Bone-Borne expansion of maxilla

Heinz Winsauer
Austria

A great smile is the most common desire expressed by most patients before orthodontic treatment. But the 
underlying anatomical structures do not always allow this. There are possibilities but also limits within the alveolar 
envelope for dental expansion. Beyond these limits relapse and periodontal damage might be expected. 
Widening the skeletal base leads to simplified and accelerated dental treatment with stable results and a pleasing 
appearance. Pure bone borne miniature expanders anchored on orthodontic mini-implants allow maxillary 
expansion without dental side effects or the need for surgical assistance even in mature adults.
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Dental factors associateD WitH Dental traumatic injuries 
(Dti)

Çeljana toti
Tirana, Albania

DTIs are a great concern for every dentist. They are the second more frequent problem in dentistry. According 
to the literature the prevalence of DTIs varies from 6-49%, trauma occurs more often during the first decade of 
life, rarely after the age of 30. They represent an irreversible injury. In many cases, an interdisciplinary treatment 
is needed. For all these reasons, scientists are studying more in depth the cause of traumas and factors that may be 
associated with them.

In this lecture we will show the results of a study about DTIs, performed in Tirana.  The aim of the study was to 
find out general information about them (prevalence, differences between genders, type of trauma more frequent, 
cause of trauma, the most vulnerable tooth, etc.). We also investigated about different factors associated with DTIs. 
We will be more focused on dental factors (molar class, overjet, overbite, etc.) associated with DTIs. We found a 
strong correlation between DTIs and large over-jet, lip incompetence and compared our findings with other similar 
studies. 

Arguments about early or late treatment, will be discussed. We will present information that recent literature offers 
about different appliances we can use to improve the situation and prevent DTIs. The treatment of some clinical 
cases will illustrate our experience on this issue. 

Even though we focused on dental factors associated with DTIs, based on literature, many other factors such as 
social, psychological, financial factors are engaged. Preventive measures should not be addressed only to dentists, 
but also to global politics against bullyism and violence, financial back-up to health promoting schools, safe traffic 
transport, the use of helmets and mouth guards during sport activities and an overall safer environment. 
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Diagnostic Dilemmas anD tHerapeutic options in 
ortHoDontics

moschos papadopoulos 
Greece, Thessaloniki

Proper diagnosis is especially important in order to achieve the correct and wished orthodontic treatment outcome. 
Diagnostic procedures in orthodontics usually include a detailed medical and dental history, clinical and functional 
examination, radiological examination, and cephalometric and model cast analysis. In addition, and depending 
on the needs of each patient, other diagnostic procedures may be (and sometimes must) be used, such as cone 
beam computed tomography (CBCT) and 3D imaging. Depending on the diagnostic parameters of the various 
orthodontic problems there are interventions that either have to be performed or should be avoided.
Failure to receive or/and analyze diagnostic data can lead many times to failure or even worse in iatrogenic effects. 
Further, it is also very important to take into consideration the fact that actually diagnosis should be considered 
as a continuous process in orthodontics, which should be repeated at each patient appointment. Of course, not all 
diagnostic information should be obtained each time, but the orthodontist should evaluate the patient‘s clinical 
status at each visit, and check if all is going well and according to the original treatment plan, or if adverse effects 
have begun to occur, for which the relevant treatment measures or alternatives should be taken immediately.
This lecture will present and discuss by means of several clinical cases  the proper use and interpretation of 
diagnosis and the corresponding treatment alternatives, which may occur in the everyday clinical practice. 
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extractions in function of facial Balance anD staBilitY

predrag janosevic
Serbia, Niš

Orthodontic treatment in 21 century brings question haw often we need extractions? 
Can expansion or distalization replace extractions in many cases? One thing is for sure, contemporary orthodontics 
try to avoid extractions as much as its possible. Why is that so?
On one hand aesthetics criteria are changing faster than before.  It is recommended to have wider smile without 
black buccal corridors. We consider that prominent lips and faces are more attractive.
Fast treatment is also imperative and extractions means that spaces in dental arches should be closed using good 
bio mechanical tools that require more time.
One should never forget that beside occlusion  we must consider facial appearance and that we need to achieve 
stabile results. Because of that reasons good and detail diagnosis is essential before we make decision are we going 
to extract or not. The aim of the lecture is to show haw extraction treatment can be used to improve facial aesthetic, 
to obtain more stabile results and haw to identify patients who can be treated without extractions. 
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interDisciplinarY collaBoration in tHe treatment of aDult 
patients WitH class iii malocclusion

alexandru ogodescu
Romania, Timișoara

  
    In memoriam 

One of the most severe malocclusion in adults, the class III malocclusion, assume a compex, interdisciplinary 
approach. The lack of skeletal growth limits the therapeutic options to only two possibilities: camouflage or 
orthognathic surgery.
These compex cases require careful planning, an interdisciplinary therapeutic concept and patient cooperation. 
Orthodontic therapy in such cases has its limits and must be correlated with other specialities of dental medicine 
like periodontology, prosthodontics or surgery. 
What are the best diagnostic tools? What are the best interdisciplinary collaboration protocols? How do we 
approach and treat such cases?
The presentation will discuss these issues, illustrate them clinically and try to elucidate which are the most relevant 
factors to be considered for the different treatment strategies and how we do the risk management in such cases.
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interDisciplinarY approacH.  mutual effect of Bite on tHe 
foot, posture, emotions anD BiocHemistrY. 

clinical oBservation

maria vasilyeva
Russia, Moscow

According to the literature, up to 76% of patients who go to the dentist have complaints related to the 
temporomandibular joint (TMJ). TMJ dysfunction is a condition which dentist meets every year more and more 
often, and diagnosis and treatment of such patients at the present time is an urgent task. The lack of a unified 
concept in the etiology and pathogenesis of the disease has led to different approaches in the diagnosis and 
treatment of this pathology, especially in children. 
In dental practice, it is customary to focus on the TMJ and occlusion of the teeth, without considering the variety 
of extra-articular factors. Understanding of the relationships of functional processes in the body prompted us to 
pay special attention to the foot, as an organ of proprioception. Virard in 1860 put forward the hypothesis that 
multimodal sensorimotor system, which provides stability of the person. In addition to the organ of vision and 
inner ear, it includes TMJ and skin sensitivity of the feet.
For our research we used „Integrated diagnostic chart of patients with TMJ dysfunction“ (that we have developed), 
x-ray analysis, functional analysis of the dentition on Myotronics K7 and T-scan.

Results
1. TMJ dysfunction and malocclusion in 100% of cases is combined with impaired longitudinal and transverse arch 
of the foot. 
2. Hollow and pseudo field foot deformities are a marker of chronic stress. 
3. In the process of planning a comprehensive dental rehabilitation of the children, it is necessary to assess the 
condition of the feet.
4. Patients with a violation of the position of the tongue, infantile swallowing and mouth breathing should be sent 
to the podiatrist to exclude the pathology of the feet.
5. Flat feet, valgus feet, and other disorders of the musculoskeletal system, which the patient turns to the doctor-
Podiatry, require mandatory consultation of a dentist to avoid TMJ disorders.
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mYofunctional tHerapY: a tool for proper occlusion 
management at Developing Dentition

gabriela Kjurchieva-chuchkova
Republic of North Macedonia, Skopje

The individual growth and development, the most diverse complex and challenging natural phenomenon, depends 
on dynamic balance of the hard and soft tissue of the craniofacial complex and dentoalveolar structures. Although 
90% of skeletal growth of the face occurs before the age of 8 years, growth continues in various forms and bone 
remodeling responded to functional influences over the entire lifespan.
Even the smallest change in functional forces can drastically affect this sensitive equilibrium, a fact that we easily 
forget and ignore. The teeth and their associated support structures respond to continuous forces applied through 
orthopedic appliances with a complex biologic reaction which will affect the growth of the bones of the face and 
jaws in the period of their intense development in a small child only when they have the potential for rapid change 
and development.
Soft tissue dysfunction influences the course and results of orthodontic treatment, and certainly the stability of the 
orthodontic outcome. Appropriate identification of soft-tissue dysfunction, and its influences on the developing 
denture could be used as a quid line when and how to perform a proper myofunctional orthodontic treatment to 
achieve an appropriate functional occlusion with a correct ligament in three dimensions, significantly improve the 
facial profile, and a stable and healthy temporomandibular joint.
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neW cHallenges in cHilDren anD Young aDults’ortHoDontic 
treatment

irina n. Zetu
Romania, Iasi

In the recent years, orthodontics and dento-facial orthopedics had experienced an intense development in treating 
children and young adults. In young patients, the success key is to monitor the developing occlusion, the dental 
spaces, to assess the bone deficiency and the quality of the attached gingival tissue establishing in the same time 
the treatment objectives for each patient, in a step by step manner and in the context of a multidisciplinary team. 
From the variety of old and new techniques and materials, the orthodontist has to discern what has remained true 
in regard to what needs to be changed. Nowadays, we see that the current technologies allow us to do extreme tooth 
movement and almost any orthognathic surgery correction is technically possible. 
The future of the children and young adults orthodontic treatment is communication with the patient, perfection 
of the selected techniques and accomplishment of a more complete diagnosis centered on the human being as a 
whole.
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open Bite treatment WitH invisalign aligners

David raičković
Croatia

When it comes to open bites, whether they are dental, skeletal or both at the same time, I am sure that we all will 
categorize them as challenging and difficult orthodontic anomalies to treat. 
After doing countless cases of treating open bites with fixed appliances (brackets and wires) and also with 
Invisalign aligners I can easily state that my “weapon of choice” for open bite malocclusion is absolutely Invisalign 
aligners. The biomechanical fact of the aligner is that it’s a “closed system” where teeth are surrounded by the plastic 
of the aligner. This is giving us a biomechanical advantage in corrections in vertical dimensions. Nevertheless, 
your biomechanical knowledge and treatment plan concept has to be correct and predictable. Without that all the 
advantages that aligner is giving us are useless and treatment might end up with a failure. My goal is to show you 
biomechanical aspects and treatment plan assembly when treating open bites. 
In my humble opinion the predictability, efficiency, practicality and capability of Invisalign aligners in treating open 
bites is second to none!
Join me in my lecture where I will show you cases, mechanics, attachment, and protocols for treating various open 
bite malocclusion with Invisalign aligners. 
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ortHoDontHic mYtHs anD facts

neda stefanovic
Serbia, Belgrade

All medical professionals, including Specialists of Orthodontics and Dentofacial Orthopedics, strive to base 
their practice on evidence. However, obtaining adequate evidence is not always easy, especially when it comes 
to orthodontic treatment modalities. Firstly, we cannot give our patients the placebo. Secondly, as much as we 
know about growth, development, and aging, there is no certain way to predict the response to treatment or no 
treatment. Therefore, many times we lack what is considered good-quality research.
For a long time, Systematic Reviews and Meta-Analyses have been on the top of the hierarchy of scientific evidence. 
Most clinicians like them since they are easy to understand and interpret. Nevertheless, they are often based on 
retrospective or cross-sectional studies that can be flawed for numerous reasons, including patient selection bias.  
By summarizing and presenting the evidence from currently available literature, this lecture will try to bring more 
light to present-day orthodontics discussions and dilemmas, like the connection between orthodontic treatment 
and the airway, class II correction, use of CBCT in orthodontic diagnostics, maxillary expansion, aligner treatment, 
distalization,  etc. 
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simplifYing tHe class ii anD class iii ortHoDontic treatment

ana cantor
Spain, Málaga

Traditionally the sagittal problem is the most difficult aspect to solve in the orthodontic treatment. The most 
common way to solve this is by extractions or using complex appliances and many times without being able to 
achieve the expected or desire results. It is important to try not to impact negatively in patient´s facial aesthetic.
The Carriere Motion appliance is a simple, efficient and fast tool that will give us the possibility to solve sagittal 
discrepancies in almost every kind of malocclusion of any age of the patient.
It has been shown as a respectful appliance to manage the hard tissues of the patient that in the end will be 
responsible of facial harmonization.
In this lecture we are going to see class II cases that will correct the occlusion, function and aesthetics of hard and 
soft tissues, we will be able to analyze the impact on the airway and how we can improve the TMJ function. We will 
touch some key points in facial aesthetics in the soft tissues profile cephalometric analysis that could be our “must” 
in the orthodontic treatment. On class III we will be showing an alternative to surgery in complex cases. Lastly we 
will treat mixed dentition cases in order to drive in an early stage the direction of growth and the balance between 
the maxilla and mandible and the improvement of the respiratory function. This last aspect is very important for 
the good academic performance of the kids.
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space closure WitH continuous arcHWire anD sliDing 
mecHanics. unDerstanDing limits anD common mistaKes

giorgio fiorelli
Italy, Arezzo

Sliding mechanics is the most common way of closing spaces. Unfortunately, this approach is frequently coupled 
with unsatisfactory results. In this lecture we will analyze the mechanics of sliding between the bracket and the 
wire, the role and meaning  of friction, the common mistakes and the possible unsatisfactory outcomes, We will 
then describe ways to improve this mechanics and propose alternative ways to close spaces.

14



IV  CONGRESS OF BALCAN ASSOCIATION OF ORTHODONTIC SPECIALISTS

tHe crucial role of ortHoDontics in tHe multiDisciplinarY 
treatment of paeDiatric osas

Derek mahony 

This study followed 3329 children between ages of  7-9 yo, who were referred to me for an orthodontic consultation 
by their general dentist. The purpose of the study was to see what combination of treatments would most reduce 
the impact of sleep disordered breathing, in the paediatric population. Based on the signs and symptoms of sleep 
disordered breathing problems, 3326 patients had the standard orthodontic records of study casts, X-rays/CBCTs, 
extra oral and intra oral photographs, as well as a baseline sleep study (PSG) or an overnight pulse oximetry. Sleep 
studies revealed mild to moderate sleep aponea, or other symptoms of SDB. 21 patients PSG studies showed no 
SDB. The patients were assigned to 1 of 4 treatment groups, plus a control group who did not receive any treatment 
(group 5): 1) ENT surgery only, or 2) ENT surgery and Myofunctional therapy, with a night time appliance 
(myobrace) (MFT) or 3) ENT surgery and orthopaedics/orthodontics, and 4) ENT surgery, orthopaedics/
orthodontics, MFT and a night-time appliance (myobrace). Sleep studies were performed for all patients, at 
baseline, and then after ENT intervention, after orthopaedic treatment, and finally after MFT. By comparing 
the results, the best outcome, for RDI reduction, was obtained when ENT surgery, myofunctional therapy and 
orthodontic therapy were used. Complete resolution of OSAs, in children, requires appropriate orthodontic 
treatment, such as maxillary development, maxillary protraction, and mandibular translation.
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tHe canines: Do We neeD tHem or not?

enita nakaš  

Teeth according to  Darwin represent the first line of defense in the struggle for existence. The presence of tooth 
provides a significant advantage in survival because it facilitates more comfortable access to food. Teeth are also the 
final frontier of the adaptation in masticatory function. Canines teeth are very important, based on the fact that they 
are the guidance of the occlusion, which means they are important in masticatory function. Given the importance 
of these teeth for nutrition it would be justifiable to wonder why there is often disturbance in the eruption?  
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tHe use of tHe  latest tecHnologies in tHe teamWorK in cleft 
lip anD palate treatment – mK experience

radmila Dimovska
Republic of North Macedonia, Skopje

Twenty first century has brought revolutionary changes in quality of human life in many ways, including oral health 
care. Newer technologies and materials are coming up every day which has helped in newer strategies for diagnosis, 
prevention and quality treatment outcome. Treatment of the patients with clefts is a long and multidisciplinary 
process with the participation of many specialties which form “the cleft team”, including the work of the most 
important members in the team, the maxillofacial surgeon and the orthodontist. The orthodontist enters the team 
a few days after the baby is born with pre surgical orthodontic therapy in order to prepare it for a further surgical 
treatment. Lip correction is performed on the age of 3 months and the palatal correction after the child milky teeth 
are present in the mouth around turning of 2 year of age. The first phase of the orthodontic treatment consist out 
a distraction of the maxillary segments which results in a soft and hard tissue or cleft lip and palate direction. The 
second phase of the orthodontic treatment is being conducted in order to incite a normal occlusion or if a skeletal 
discrepancy exists, to prepare jaw arches for orthognatic surgery leading the patient with normal occlusion, anatomo 
- morphological and functional face expression, normal chewing, normal speech development, and development of 
the patient into a healthy socialized person. All of these is helped with the latest technologies: 3D intraoral scanner, 
The use of cone beam computed tomography (CBCT) is the newest innovation and it has multiple application in 
orthodontics, from analysis of root canal anatomy to orthognathic surgical planning and evaluation of treatment 
outcome. Skeletal anchorage systems, 3D imaging and virtual treatment planning, 3D surface scanning, CAD-
CAM are the few recent advances in field of orthodontics. These are likely to revolutionize the current orthodontic 
clinical practice in next decade helping to have a better treatment to patients with any kind of cleft.
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use of intrusion arcH for Deep Bite correction: 
introDuction

oliveira, W

introduction
Deep bite is a very common finding in the clinic of orthodontics, and its correction may involve intrusion of 
maxillary incisors, intrusion of mandibular incisors, extrusion of posterior segment or any combination of those. 
The proper correction of this type of discrepancy require differential mechanics, and the use of intrusion arch 
associated to the segment arch technique allows us to apply the most suitable mechanics.

aim 
The aim of this article is to show the intrusion arch capabilities to correct the deep bite according to the nature of 
the discrepancy.

results
The mechanics to be employed should respect the nature of the discrepancy, which often require an appliance that 
is able to produce a force system suitable for a specific problem. When an intrusion of anterior teeth is required to 
correct the deep bite the intrusion arch is a type of appliance that allow us to produce the proper force system, not 
only in respect to its magnitude, but also the line of action of the force needed to intrude teeth with different axial 
inclinations.

conclusions
The intrusion arch is an appliance that offer the possibility to customize the mechanics for deep bite correction. 
The possibility of controling the magnitude and direction of the force system enhance the outcomes and reduce the 
side effects.

Keywords: Deep bite correction, intrusion arch
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alteration of tHe muscular activitY During Different pHases 
of comBineD treatment in patients WitH sKeletal class iii

stoichkova v*., gioeva Yu.a.**, persin l.s.***, alimova a.v.****

aBstract
Introduction: Patients with mesial occlusion often neglect the symptoms and search help when it is too late for 
conventional orthodontics and the combined orthodontic and surgical treatment is the only option. In these cases, 
the esthetics is not the only problem but the disorders in the muscular tonus of the m.masseter, m. orbicularis oris, 
body posture and mandible movements.

aim: To investigate the muscular activity, body posture, movements of the lower jaw in patients with skeletal class 
III during different phases of the combined treatment.
Material and methods: 36 patients (10 male and 26 female), age 18-44-years-old have been studied before and 
after phase I (orthodontic preparation of the arches), phase II (orthognatic surgery) and phase III (orthodontic 
improvement of the occlusion). The functional activity of the masseter and orbicularis oris muscles has been 
studied. Myotonometry, kynesiography and computer optical topography (COT) were carried out in every patient 
at each of the phases.

results: Pretreatment the tonus of m. masseter dexter in Class III patients was lower than in Class I patients: at 
rest - less than 34,88 ± 3,01 myotones (40% less than in Class I patients, P< 0,001), during maximum contraction - 
less than 27,89 ± 3,77 myotones (28% less than in Class I patients, P< 0,001). The tonus of m. orbicularis oris has 
decreased during phase I and II of the combined treatment (55,68 ± 7,82 myotones pretreatment and 41,45 ± 3,33 
myotones after the orthognatic surgery) and slowly normalized towards the end of the treatment (up to 44,26  
4,02 myotones during the III phase – post surgical orthodontics). The results of COT show statistically significant 
posture disorders in all patients at the beginning of the treatment. In the frontal plane scoliosis was found in 47,22% 
of all patients. In the horizontal plane – rotation in 38,89%. In the sagittal plane – rounded back in 30,56%. At the 
end of phase I the posture statistically got worse in 11,12% of all patients (scoliosis I degree, kyphosis and round 
back). In the end of phase III the posture improved in 38,88% and the number of patients with scoliosis I degree 
decreased from 50% to 33,33%. Patients with vertebral disorders decreased from 19,44% to 8,33%. 
During phase I, there was improvement in the vertical and sagittal movement of the mandible while in the 
transversal way (left and right) it was worse. After phase II and in the end of the combined treatment, improvement 
in the sagittal and transversal movements was registered. The vertical movements were limited by 5,75-8,64 mm. 

conclusion: The tonus of all muscles has decreased during phase I and II of the combined treatment and has 
increased during phase III, still remaining less than norm at the end of the treatment. The use of COT is essential 
for the further orthodontic retention, normalization of the posture and the function of the muscles, as well as for 

*DDS, MSc, PhD, Assist. Prof. Department of Orthodontics, Moscow State University of Medicine and Dentistry by A.I. Evdokimov, Mos-
cow, Russia
** DDS, MSc, PhD, DSc, Professor Department of Orthodontics, Moscow State University of Medicine and Dentistry by A.I. Evdokimov, 
Moscow, Russia
*** DDS, MSc, PhD, DSc, Professor, Head of Department of Orthodontics, Moscow State University of Medicine and Dentistry by A.I. 
Evdokimov, Moscow, Russia
****DDS, MSc, PhD, Assist Prof. Department of Orthodontics, Moscow State University of Medicine and Dentistry by A.I. Evdokimov, 
Moscow, Russia
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the general treatment plan.

Key words: muscular activity, function, posture, computer optical topography, kynesiography, myotonometry, 
skeletal Class III

According to different authors the frequency of Class III malocclusion is quite high. (Gioeva Yu.A., 2006,; Grigorieva 
O.Sh., 2013; Persin L.S., 2008; Shishkin K.M., 2010). Mesial occlusion is found in 8-16% of the Russian population 
(Gioeva Yu.A., 2016) and the most severe type of Class III is the skeletal one. The combined treatment of patients 
with skeletal Class III can be divided into four phases: orthodontic leveling and alignment for both dental arches, 
orthognathic surgery, finishing orthodontics, retention and rehabilitation.
First phase – presurgical orthodontics - includes de-compensation of the arches: alignment and coordination of the 
arches so that jaws can be positioned in the desired location without interference from the position of the teeth. It is 
of great importance to inform the patient at the beginning of the treatment that at the end of the first phase, the soft 
tissue profile of the patient will get worse as a result of the decompensation of the arches.
The second phase of the combined treatment is the orthognathic surgery. We believe that reducing the size only of 
the mandible leads to less space for the tongue and to higher risk of sleeping apnea and relapse as well. That is why 
we highly recommend performing the orthognatic surgery on both jaws.
During the third phase the orthodontists improves the occlusal contacts in order to achieve good stability of the 
result. 
In the fourth stage rehabilitation is performed with different specialists, including physiotherapists, osteopathists, 
etc.
aim of tHe stuDY: to investigate the muscular activity, body posture, movements of the lower jaw in patients 
with skeletal class III during different phases of the combined treatment.
material: 36 patients have been studied before and after phase I, II, III and IV (pic.1). 

Picture 1. Distribution of the patients by gender and by type of growth.
 
metHoDs: The functional activity of the masseter and orbicularis oris muscles has been studied. Myotonometry 
was carried out with the aid of original program, developed at the Department of Orthodontics of The Moscow 
State University of Medicine and Dentistry (pic.2). Kynesiography and computer optical topography (COT) were 
performed in every patient at each of the phases (pic.3).
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Picture 2. Results of myotonometry of M. Masseter dexter et sinister 

Picture 3. Results of the kineziography of a patient with skeletal Class III.

Different movements of the mandible were studied: protrusion, laterotrusion, maximum opening, velocity, 
myocentrica and swallowing.
The functional activity of the masseter and orbicularis oris muscles has been studied in every patient at each of the 
phases. Every measurement was performed three times and the average value was taken.
Computer optical topography (COT) scan has been used for the diagnostics of anomalies of the posture and the 
vertebral column.
COT is a modern non-contact and harmless method for examination of patients. 
It provides non-contact precise determination of the form of the dorsal surface of the body and determining the 
lateral tilt angle of the vertebral column. The method gives reliable information concerning both vertebral column 
status, and changes in body posture of patients during their dynamic observation.
COT is used both for children from 5 years of age, and patients with scoliosis, as well as for evaluation of short-term 
and long-term treatment effectiveness.
This method is absolutely harmless for the patient and the medical staff, as only light flux is being used during the 
check-up. 
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Stages of picture processing include: a-initial picture; b- induced picture; c-surface model; d-curvature preparation 
(pic. 4).

Picture 4. Computer optical topography of the spine.
The method of computer optical topography (COT) allows to determine: 
1. Deviation of the body axis in the anterior and sagittal planes.
2. Deviation of the vertebral column axis, Cobb’s degree of deviation.
3. Magnitude of torsion component.
4. Skew of pelvis in the three planes.
5. Body posture status in the sagittal plane.
6. Body equilibration in the horizontal plane.
7. Functional mobility of the vertebral column.
The sagittal analysis of COT allows the doctors to determine:
1. Height of lordosis and kyphosis arches (H, in mm).
2. Circumscribed aperture angle of lordosis and kyphosis (CAA). 
3. Inscribed aperture angle of lordosis and kyphosis (IAA).
4. Projective angle of lordosis and kyphosis (PA).
5. Cumulative normalized height of lordosis and kyphosis arches (CNH).
6. Body tilt angle at rest (ST).
7. Angular position of lumbar lordosis peak relatively C7 at rest (SK).
8. Angular position of thoracic kyphosis peak relatively the gluteal furrow at rest (SN).
RESULTS: The tonus of m. masseter in Class III patients at the beginning of the treatment was lower than in Class 
I patients and slowly has normalized towards the end.
The tonus of m. orbicularis oris decreases during the first, second and third phases of the combined treatment which 
might be due to the presence of braces and short post treatment observation period (55,68 myotones before the 
combined treatment and 44,26 myotones at the end) (Table 1).

Table 1. Mean values of the M.Orbicularis oris in Class III 
patients: at the beginning of the combined treatment (M1), 

before BSSO (M2), 1 month after BSSO (M3) 
and at the end of treatment (M4).
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On picture 5 are presented the changes in the muscle activity of the masseter and orbicularis oris muscle during the 
combined orthodontic and surgical treatment of Class III patients and comparison with the normal values (pic.5).

Picture 5. Changes in the muscular activity during the different phases of the combined treatment of patients with skeletal Class III.

The results of COT show statistically significant posture disorders in all patients at the beginning of the treatment. 
In the frontal plane scoliosis was found in 47,22% of all patients. In the horizontal plane – rotation in 38,89%. In 
the sagittal plane – rounded back in 30,56%. At the end of phase I the posture statistically got worse in 11,12% of 
all patients (scoliosis I degree, kyphosis and round back). In the end of phase III the posture improved in 38,88% 
and the number of patients with scoliosis I degree decreased from 50% to 33,33%. Patients with vertebral disorders 
decreased from 19,44% to 8,33%.
During the first phase of the combined treatment improvements of the vertical movements (opening and closing) 
and improvement of the protrusive movements (forward and backward) were found. But there was worsening of the 
transversal movements of the mandible.
Results according to the kyneziography: During phase I, there was improvement in the vertical and sagittal 
movement of the mandible while in the transversal way (left and right) the movement got worse. After phase II and 
in the end of the combined treatment, improvement in the sagittal and transversal movements was registered. The 
vertical movements were limited by 5 to 9 mm. 
conclusion: The tonus of all muscles has decreased during phase I and II of the combined treatment and 
has increased during phase III, still remaining less than norm at the end of the treatment. The analysis of the 
kynesiography has shown worsening of the lateral movements of the mandible in the end of treatment but improving 
in the opening and forward movement of the lower jaw. Therefore, rehabilitation is indicated after the combined 
treatment in order to normalize the movement of the mandible and the muscular tonus. The use of COT is essential 
for the further orthodontic retention, normalization of the posture and the function of the muscles, as well as for 
the general treatment plan.   
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application of Digital arcHive WitH ZuB stuDio for 
preDictaBilitY anD evaluation of ortHoDontic treatment 

atanasov or*, Dinkova m.**

aBstract

aim
The present study aims to present the software tool ZUB STUDIO for creating a digital archive, for predictability 
and evaluation of orthodontic treatment.
Materials and methods
The method „ONE PATIENT - ONE FILE“ was developed for obtaining a complete dental orthodontic file of the 
patient and applied to 10 patients treated with DENTALIGN and 10 patients treated with braces.
Upper and lower dental arch impressions were taken from each patient. X-ray diagnostics (OPG, TRG), extra- and 
intraoral photo documentation and complete orthodontic analysis were performed. 
For the preparation of digital models, conventional plaster models are scanned or direct scans of the dental arches 
are applied with the help of a 3D scanner, Trios 3Shape. The scans are converted for visualization and editing with 
ZUB Studio 3D software tool. The models are superimposed and compared according to the main parameters of 
the biometric analysis. The patient‘s file is archived in ZUB Studio and the 3D Dental Archive (3DDA) is ready.
Results
In nine patients the treatment with DENTALIGN was completed according to the virtual analysis.  In one patient 
an additional step of aligners was required. Six patients treated with the fixed technique needed a finishing stage 
with 1 to 3 steps of aligners.
The superimposition from ZUB Studio showed that the treatment planned and committed with DENTALIGN 
was more controlled and predictable.
ZUB Studio allows the creation of a digital archive for unlimited time.

conclusion
Our software tool ZUB Studio makes the comparative analysis of the treatment progress possible.  The 
superimposition from ZUB Studio showed that the treatment plan and achieved treatment with DENTALIGN was 
more controlled and predictable.

introDuction
Digitalization process is everywhere around us. The digitalization in dentistry opened many interesting topics. 
During the last 10 years in the digital laboratory workflow of DENTALIGN, we have always face the problems 
with the results observation and the treatment control. For our needs we have decided to develop a user-friendly 
software tool, which is easy for integration in the daily business of the dental laboratory and clinic. In our daily 
business we try many software solutions, but it was not possible to find an easy way to collect all data that we want. 
The best option is if we can use for our 3D digital archive (3DDA) a program which is made for this purpose. We 
need a software which can collect, compress, edit and store all 3D data of a patient in only one computer file. But 
the storage is not the main benefit of the digital 3D archive with ZUB Studio.
aim 

*DENTALIGN Department R&D
**Associate Professor, Department of Orthodontics, Faculty of Dental Medicine, Medical University - Sofia, Bulgaria
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The present study aims to present the software tool ZUB STUDIO for creating a digital archive, for predictability 
and evaluation of orthodontic treatment.

materials anD metHoDs
The method „ONE PATIENT - ONE FILE“ was developed for obtaining a complete dental orthodontic file of the 
patient and applied to 10 patients treated with DENTALIGN and 10 patients treated with braces.
Upper and lower dental arch impressions were taken from each patient. X-ray diagnostics (OPG, TRG), extra- and 
intraoral photo documentation and complete orthodontic analysis were performed. 
For the preparation of digital models, conventional plaster models are scanned or direct scans of the dental arches 
are applied with the help of a 3D scanner, Trios 3Shape. The scans are converted for visualization and editing with 
ZUB Studio 3D software tool. The models are superimposed and compared according to the main parameters of 
the biometric analysis. The patient‘s file is archived in ZUB Studio and the 3D Dental Archive (3DDA) is ready.

results
Four out of ten patients treated with fixed appliance – braces, were completed according to the virtual setup. Six 
patients needed a finishing stage with 1 to 3 steps of aligners.
Nine out of ten patients, treated with DENTALIGN, were completed according to the virtual analysis. In one 
patient, an additional step of aligners was required.
The superimposition from ZUB Studio showed that the treatment planned and committed with DENTALIGN 
was more controlled and predictable.
ZUB Studio allows the creation of a digital archive for unlimited time.

Discussion
In the orthodontic practice, plaster models are used for analysis, diagnosis, control of treatment. According to 
the conventional methods of analysis, the models cannot be superimposed, which does not allow to make a 
differentiated assessment of the movements. The software tool ZUB Studio is an open system that allows us to 
collect, compress, edit and store all 3D data of a patient in only one computer file. (Fig. 1) It allows superimposition 
of models in different formats and from different stages of the maxillofacial development of the individual. With 
the information from the superimposition, the clinician can make a differentiated and accurate assessment of 
changes in both the movements of the teeth in the dental arches and changes in the maxillofacial area. [2]

Fig. 1 Convert and archive scanned models
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A number of authors share the notion that 3D technology successfully replaces the archives of gypsum models 
and thus the clinician can easily find the model in a second and, if necessary, reproduce it [1, 5, 8]. N. Brusco, M. 
Andreetto, L. Lucchese, S. Carmignato, G. M. Cortelazzo describe the idea of creating a „virtual plaster library“, 
in which the space-consuming gypsum models of the dental arches can be replaced by digital 3D models. This 
alleviates problems with storage and access to information. The resulting 3D data is guaranteed, long-term protected 
and preserved indefinitely. [4,7]
With ZUB Studio it is possible to track the full progress of growth, treatments and relapses of the patients’ dentition, 
using:

- Initial models
- Stage models of different treatments
- Successfully-finished treatment models
- Relapse models
- Models which track the growth process

Collecting 3D digital archive files (3DDA) created with different scan and design technologies in personal patient 
file (*.zub), facilitates the processes in the dental practice. [3, 6]
Here are the files (*.stl and *.obj) and the technology sources that can be used:  

- laboratory 3D scanners
- intraoral 3D scanners
- 3D software products for dental design
- 3D x-ray technologies
- engineer scanners and mobile phones

The superimposition of 3D dental treatment stage models helps for easy visualization and analysis of the results. 
After superimposition of the available 3D models is made, we have a good base for predictability analysis. (Fig. 2)

Fig. 2 Creating a 3D digital archive file (3DDA) through superimposition

ZUB Studio allows independent: diagnosis, manipulation, control of the progress of treatment and archiving in the 
clinic of the dentist by himself or his team.
The standard way to plan and show the results is with pictures and photos (Fig. 3) Here we have pictures from the 
start and the end of the treatment. In the middle there is a picture of the virtual setup that we plan. Just before the 
braces removal, there is a good progress but the case is not finished as it is planned. [8, 9]
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Fig. 3 Standard way to plan and show the results

We prepared and stored with ZUB Studio a 3D file of the same patient. (fig. 4) A superimposition is made. The 
white model is the initial one. The blue is the virtual setup model. The red is the result achieved by the treatment 
with fixed appliance - braces. Indicative for the accuracy of the treatment and the control are the differences between 
the blue and red areas.
In the upper jaw it is clear in what areas the treatment is successful and where the results are not good enough. There 
is a good progress for the lower jaw treatment, but again there are deviations in some of the areas. The virtual setup 
model is in blue and the model of the actual result is in red.

Fig. 4 Zub Studio superimposition of patient’s treatment with braces - a. Upper jaw; b. Lower jaw; c. Occlusion – right view; d. Occlusion – 
frontal view; e. Occlusion – left view. 

1. Initial model - before the treatment
2. Superimposition before and after treatment with braces

3. End of treatment with braces
4. Superimposition between the end of treatment with braces and the finishing with DENTALIGN digital aligners.

5. End of treatment
6. Superimposition between the initial model, end of treatment with braces, the finishing with DENTALIGN digital aligners.
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conclusion
Our software tool ZUB Studio makes the comparative analysis of the treatment progress possible.  The 
superimposition from ZUB Studio showed that the treatment plan and achieved treatment with DENTALIGN was 
more controlled and predictable.
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application of tHe neW fiBer-reinforceD composite material 
(trilor) for caD/cam tecHnologY in tHe retention pHase of 

ortHoDontic treatment

Yordanova sv.*, Yordanova m*, Zhekov Y.**

introDuction
The research for the most suitable retention appliance is still ongoing. The entry of new materials and technologies 
requires the study of their possibilities for application in the retention phase of the orthodontic treatment.

purpose
To establish the possibilities of the glass fiber reinforced composite material (TRILOR) for the manufacture of a 
fixed orthodontic retainer by CAD/ CAM technology.
Materials & Methods
The patient P.A. aged 27 years had been treated orthodontically (MBT 0.22“) by an incisor extraction.  He has 
been planned for placement of a fixed lingual retainer in the lower jaw, made by CAD / CAM technology from 
the new glass fiber reinforced composite material (TRILOR). The laboratory and clinical protocols of work are 
presented in detail.

results
The new biocompatible glass fiber reinforced composite material (TRILOR) is suitable for the fabrication of a 
fixed retainer by the CAD/ CAM technology.
The created lingual retainer entirely satisfies the adhesive, adaptive, oral-hygienic and aesthetic requirements of the 
orthodontic retainers.
The described clinical and laboratory stages of work are clear, easy to apply and guarantee the accuracy and 
precision of the result.

conclusion
 Modern CAD/ CAM technologies offer opportunities for a production of a completely digitalized orthodontic 
retainer from a new composite material. Further studies on long-term retention properties of this appliance are 
required.
 
Keywords: fixed retainer, CAD / CAM, fiber-reinforced composite material

introDuction
Retainer-appliance are designed to maintain the position of teeth following orthodontic treatment. It can be 
removable or fixed (1).
Orthodntists` research for the most suitable retention appliance is still ongoing. In addition,  patients` demands to 
better retainers are increasing in terms of material, aesthetics, and durability.
CAD/CAM technology opens opportunities to produce metal free, esthetic restorations of acceptable mechanical 
properties that would not be possible by traditional laboratory procedures (2, 3).

*Associate Professor in the Department of Orthodontics, Faculty of Dental Medicine, Medical University - Plovdiv, Bulgaria
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The entry of new materials and technologies requires the study of their possibilities for  application  in the retention 
phase of the orthodontic treatment.

purpose
To establish the possibilities of the glass fiber reinforced composite material (Trilor) for the manufacture of a fixed 
orthodontic retainer by CAD/ CAM technology.

materials anD metHoDs
The patient P.A. aged 27 years with skeletal and dental class I, upper and lower crowding hyperdivergent type, had 
been treated orthodontically (MBT 0.22“) by one lower incisor extraction (fig 1).

Fig 1. Intraoral view at the end of the orthodontic treatment

He has been planned for placement of a fixed lingual retainer in the lower jaw, made by CAD / CAM technology 
from the new glass fiber reinforced composite material (Trilor). 
The laboratory and clinical protocols of work are as follows: 

i. clinical steps:
The patient was scanned with an intraoral scanner (Trios, 3Shape) to generate the STL file of the mandible (Fig 2).

Fig 2. Mandibular intraoral scan

ii. laboratoty steps:
1.The retainer was designed to fix lower teeth lingually from canine to canine. The thickness of the retainer measured 
as a cross sectional width is 0.6 mm. Borders of the retainer are limited in the middle third of the clinical crowns. 
Vertically it should be at a 2 mm distance from the incisal edges and the marginal periodontium. Тhe thickness of 
the cementing layer is set to be 50 microns (Fig 3). 
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Fig 3. CAD of the retainer 
   Sirona inLab (Dentsply Sirona

The building material (Trilor®, BiolorenS.r.I.) consists of resin and a multi directional reinforcement of fiberglass. 
The manufacturer claims following benefits: lightweight, durable and resilient, no firing requirements, high flexural 
and compressive strength, biocompatibility, and adjustability (Fig 4).

Fig 4. Manufacturer: Bioloren s.r.l. –21047 Sarano (VA) Italy

2. After milling, the orthodontic retainer was covered with nano-filled, light-cured, protective coating made of 
composite resin / GC Optiglaze /. Тhe inner surface were sandblasted with Al2O3 (particle size 50μm, Renfert 
Basic Classic; RenfertGmbh& Co - Hilzingen) at a pressure of 2 to 3 bars (Fig 5).

Fig 5. Orthodontic retainer after milling.
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iii. clinical steps:
1. Cleaning the lingual surfaces of the teeth from plaque and calculus.
2. Isolation of the field with a rubber dam.
3. Application of a silane coupling agent to inner surface of the retainer (Monobond Plus by IvoclarVivadent).
4. Etching the enamel surfaces with 37% phosphoric acid gel for 20 seconds.
 5. Cementation of the orthodontic retainer with dual cure resin cement (Variolink Esthetic DC, IvoclarVivadent).

results:
Ø The new biocompatible glass fiber reinforced composite material (Trilor) is suitable for the fabrication of a fixed 

retainer by the CAD/ CAM technology.
Ø The created lingual retainer fulfill most of the requirements of the fixed retainers:

- It fits perfectly to the lingual surfaces of the teeth and there is no need of any further adaptation. 
- It allows physical movements of the teeth because of the elasticity of the material.
- Material and method of fabrication and positioning of the retainer reduces the debonding failure. 
- It is metal free and has smooth surface and thus covers oral-hygienic and aesthetic demands of the   patients.

Ø The described clinical and laboratory stages of work are clear, easy to apply and guarantee the accuracy and 
precision of the result

Discussion
Conventional fixed retainers are usually: multistranded wire bonded to every tooth; rigid wire bonded canine-
to-canine and fiber reinforced retainer. CAD/CAM retention wire is already available as a method for prolonged 
stabilization of the dentition after orthodontic tooth movement /4/. It surpasses conventional permanent 
retainers in many aspects.  But for patients allergic to metals or sensitive to metallic taste as well as parodontically 
compromised orthodontic patients, Trilor CAD/CAM retainer is a better alternative.
The fiber retainer is considered more prone to fracturing (5). The production method of Trilor ensures a secure 
level of adhesion between the fibers and the resin matrix. This method makes Trilor retainer more durable and 
resilient and thus less susceptible to fractures.
Another advantage of the proposed CAD/CAM retainer is that it can be fabricated and placed completely passive 
to the teeth. This guarantees no unwanted tooth movements after cementing the retainer.
Problem with the fixed retainers can be poor patient acceptance. Trilor has a low specific weight. That is why it 
provides higher patient satisfaction and comfort during function.  
The disadvantage of this fiber reinforced composite material is its plaque retention due to the insufficient degree of 
polishing.
Optiglaze is a nano-filled, light-cured, protective coating for restorations made of composite resin. It provides an 
esthetic and glossy surface to composite restorations, artificial teeth, removable dentures, provisional crowns and 
custom acrylic trays (6). It has also been proposed to cover CAD/CAM fiber-reinforced composite adhesive splint 
made by Trilor (7).
We used the same protective coating to ensure a perfectly smooth surface of the Trilor retainer and thus reduce the 
microbial adhesion.

conclusion:
Modern CAD/ CAM technologies offer opportunities for a production of a completely digitalized fixed orthodontic 
retainer from a new composite material /Trilor/. 
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The retainer entirely satisfies biosafety requirements, patients’ esthetic expectations and possess optimal mechanical 
properties. 
Further studies on long-term retention properties of this appliance are required.
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comBineD ortHoDontic-ortHognatHic treatment of 
sKeletal class ii: effects on tHe soft tissue profile

gurguriev st.*

Some severe cases of class II mandibular malocclusion, adult cases with no residual growth left or those that have 
gone into relapse despite having undergone previous treatment might require combined orthodontic treatment 
as well as orthognathic surgery. Proper diagnosis and prognosis is paramount for the evaluation of the end result 
not only for the occlusal relations, but for the patient’s profile and facial aesthetics as well. This study concerns 
itself with the correlation between the alterations of the soft tissues and skeletal structures of patients with class II 
malocclusions who have undergone orthodontic treatment as well as mandibular sagittal split osteotomy. 

aim
To qualify the prognostic utility of lateral cephalometric analyses for determining soft tissue alterations, especially 
the relation between jaw medialisation distance and thickness of upper and lower lip

goals
� Patients undergone orthognathic surgery in the university clinic Carl Gustav Carus between 2008-2011 were 
chosen from the clinical Data bank

� Criteria for patient selection:
1.    Skeletal Class II with retrognathic lower jaw
2.    Patients undergone only monomaxillary orthognathic surgery: sagittal split osteotomy Obwegeser/Dal Pont
3.    Surgery was performed by the same surgeon
4.    All patients had finished their skeletal development and were above the age of 18

� Determination of parameters for cephalometric analysis

metHoD
� 60 patients were chosen from the databank, as they met the criteria
� Cephalometric analysis was made before and after orthognatic surgery
� Statistical analysis of the cephalometric parameters:
A  Pearson’s correlational analysis with applied Bonferroni correction was performed. 

� 39 skeletal and soft tissue parameters were analyzed in each cephalometric analysis both before and after 
surgery. Visualized Treatment Objectives (VTOs) were traced before and after the osteotomy. The data was 
arranged in a harmony box and the facial growth type was determined. Important parameters like the position and 
length of the upper and lower jaw, length of lower jaw medialization and their relationships to the soft tissues, such 
as the upper and lower lip positioning, the submental and nasolabial angles were determined.

* DDM, Medical Student
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analysis before surgery

analysis before surgery
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analysis after surgery

analysis after surgery
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results
� A significant difference in the patient’s facial type was discovered, notably an increase in the upper and lower 

gonial angles, ML-NL angle, Björk angle, and Index (< 0,003). 
� There was no objective difference in the hyoid-menton (Hy-Me) distance (=0,894).
� Significant differences in the length and thickness of the upper and lower lips based on their positions in 

relation to the esthetic line before and after surgery were noted.
� The distances of both upper and lower lips to the esthetic line were significantly shortened (alpha<0,0083).
� The alteration of the lower lip was much more profound and it showed a positive medium strong correlation 

to the skeletal structures, especially SNPg and SNB.
� The Table below showcases the significant correlations  between the soft tissues and skeletal structure and the 

strength of the correlations.

pearson’s r-correlations

Discussion
The determination of the facial type is paramount for the orthodontic diagnosis, prognosis and treatment 
planning. For many patients the aesthetic results and the effect of the treatment on their profile is as important as 
fixing their occlusion  (Cunnigham et al, 1996, Rustemeyer et al, 2010). Furthermore, the aesthetic results have 
made an enormous improvement in the last twenty years and patients undergone combined orthodontic and 
orthognathic treatment show much less deviations in their profiles from the normal population than previously 
(Papadopoulos et al, 2009).

Variable
Nasolabial Submental

H-Line E-Line UL-EL-distance 
mm

LL-EL-distance

angle ̊ angle ̊ mm

ANB angle ̊

Before - - - - - -
After - - - - - -

Difference - - - - - + medium

SNA angle ̊

Before - - - - - -

After - - - weak - medium - + medium

Difference - - - - - -

SNB angle ̊

Before - -medium - weak - medium - + medium
After - - - medium - medium - + medium

Difference - weak - - - -

SNPg angle ̊

Before - - medium - medium - medium + weak + medium

After - - - medium - medium + weak +medium

Difference - medium - medium - - - -

Hy-Me 
distance mm

Before - weak - - - + medium + medium
After - - - - - + medium

Difference - - - - -

UJ-Length 
mm

Before - - - - - -
After - - - - - -

Difference - - - - - -

LJ-Length 
mm

Before - - - - - + weak
After - - - - - -

Difference - - - - - -
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The lateral cephalometric analysis has proven itself to be an effective and reliable prognostic method for planning 
sagittal split osteotomies  (Rustemeyer, Martin, 2011).  There are different factors that determine the behaviour 
of the soft tissues, such as individual morphology, thickness and tone of the lips, subcutaneous fat deposits, 
etc.  (Kneafsey et al, 2008, Forssell et al, 1998). This is why an exact determination of the lower lip position 
after sagittal split osteotomy is not possible and a deviation of 2-3mm is to be expected (Uppada, Reddz & 
Sinha, 2014). This goes along with the results of this study, as all the significant correlations cap at a medium 
correlation strength (See Table 1). 
A significant alteration of the upper lip positioning is not to be expected when monomaxillary orthognathic 
surgery, such as the sagittal split osteotomy, is performed  (Storms et al, 2017).  The evidence from this study 
supports this, as there are almost no significant correlations between the alterations the skeletal structures of the 
upper jaw and the soft tissues before and after surgery. There is only a correlation of medium strength between 
SNA and the Esthetic line, but this could be explained by the alteration of the E-line parameters because of the 
medialization of the lower jaw. 
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cepHalometric appraisal of tHe ef Braces appliance 
application in Distal Bite treatment

georgiev K.*, Krasteva s.**

introDuction

In today‘s hectic life reduction of the orthodontic treatment time is crucial for both patients and their parents and 
there is a global trend towards one-stage therapy even of skeletal malocclusions14. Distal bite is a common problem 
not only among the Bulgarian population, but also worldwide4. In most of the cases it is due to retromandibulia9 
- distal position of the lower jaw - and is almost invariably associated with a problem in muscle tonicity or the 
presence of a bad habit1,6. The treatment of this type of distal bite requires functional therapy5 by repositioning the 
lower jaw forward via acting on the propulsor muscles and the temporomandibular joint.
There is a wide variety of removable and fixed functional appliances applied in clinical practice to achieve this 
orthopedic effect. One of the contemporary methods for the correction of distal bite in combination with fixed 
technique is the application of the EF Braces appliance13 (fig. 1 A).

                                                                                                                           

Fig. 1 Facial view of EF Braces trainer

It belongs to the group of myofunctional appliances which not only exhibit skeletal effect by changing the three-
dimensional position of the jaws, but also affect the tonicity of soft tissues and have a beneficial impact on the 
functions in the maxillofacial complex12. This prefabricated appliance is made up of silicone and designed with 
slots for the braces so as not to interfere with the mechanical action of the fixed appliance. The EF Braces trainer 
also impacts the long-term stability8 due to its positive effect on the soft tissue matrix.

aim
The aim is to illustrate the therapeutic effects of the EF Braces trainer used in adolescent patients.

materials anD metHoDs
Three growing patients aged 13, 14 and 15 with retromandibulia treated with fixed appliances were followed. 
They underwent non-extraction treatment, had no hypodontia or previously extracted teeth and were motivated 
for myofunctional treatment. MBT 0,022” braces were bonded in the upper and lower arch and aligning phase 

*Ass. Prof. in the Department of  Orthodontics, Faculty of  Dental Medicine, MU-Plovdiv
**Head and Assoc. Prof in the Department of  Orthodontics, Faculty of  Dental Medicine, MU-Plovdiv
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was completed reaching 0.016 X 0.022” SS archwires in both jaws. At this stage the EF Braces appliance was 
implemented as part of the treatment. Patients were instructed to wear it for 12 hours a day including nightwear. 
To account solely for its effects, no new active elements were added to the treatment with the fixed technique until 
class I molar relationships were reached. Profile cephalograms15 were made before the trainer inclusion and after 
completing the functional treatment. We examined the skeletal parameters SNA, SNB and ANB as well as the 
inclination of the upper and lower incisors using the angles I/SN and i/MP.

results 
The functional treatment of all three patients lasted 6 to 8 months, during which class I sagittal relationships were 
reached. Normalization of the ANB angle values was reported mainly at the expense of SNB angle increase. There 
was a slight increase in the angle i/MP and a slight decrease in the angle I/SN (Table 1).

Table 1 Parameters’ values before and after treatment with EF Braces

Discussion
The solitary application of trainer appliances causes medialization of the lower jaw accompanied by protrusion of the 
lower front teeth and retrusion of the upper front teeth2,3,5,11. This tendency was maintained and confirmed among 
the patients we studied treated with the EF Braces appliance in combination with fixed technique. Similar results 
were reported by Li X and Mahony D7,8 in their studies on the combined therapy with myofunctional appliance 
and multibracket system. The change in the sagittal position of the upper and lower incisors is less pronounced 
compared to most functional appliances which is probably because of the action of the fixed technique. There is 
a need to study a larger contingent of patients and perform more in-depth studies to confirm these results and to 
specify the effects of the appliance.

conclusion
The EF Braces appliance can be used to orthopedically correct the distal bite by medializing the lower jaw during 
the peak of growth2,7,8,11. Its sagittal dentoalveolar effects include protrusion of the lower front teeth and retrusion of 
the upper front teeth3,7,11.
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comparison BetWeen stanDarD anD moBile pHotograpHY in 
ortHoDontics

mariyanov m.*

aBstract

introDuction: Dental photography is an increasingly important part of clinical practice in Dental Medicine. 
The DSLR cameras or more modern mirrorless full-format cameras are the best choice to make quality photos of 
patients. With the constant improvement of technology in recent years, mobile dental photography is gaining more 
and more popularity. Mobile phones have almost completely replaced compact cameras in everyday life. The main 
disadvantage is that when taking photo with them, the image is distorted. 

aim: The aim is to determine whether a mobile phone can be used to take standard pictures of patients in daily 
orthodontic practice.

material anD metHoDs: A total of 165 extraoral photographs were taken of 33 patients. 5 photos were 
taken of each of them: one with a DSLR camera and four with a mobile phone with different magnification x2, x3, 
x4 and x5 and respectively from different distances. In each photo, five linear indicators were measured - two in the 
vertical direction and three in the horizontal. 
Results: In the photos taken with a mobile phone at all magnifications there is a deformation of the image compared 
to the photos taken with a DSLR camera. The largest deformation is at twice the magnification. The image is close 
to the photos taken with a DSLR camera at four and five times the magnification. 

conclusion: The mobile phone is applicable for the dental extraoral photography. At four times 
magnification(x4) and distance of 110 cm the deformation of the image is negligible and the quality of the photos 
is good.

Keywords: Mobile dental photography; extraoral photos

introDuction
Dental photography is an increasingly important part of clinical practice in Dental Medicine. In some disciplines, 
such as Orthodontics, quality photographs are a mandatory part [1]. In other specialties, they are an integral part 
of the work protocol of dentists who publish scientific articles and/or present their cases to colleagues. In the field 
of „Aesthetic Dentistry“ photographs are a tool for analysis and treatment plan in the preparation of the so-called 
DSD (digital smile design)
To take quality photos, there is a need of DSLR camera or more modern mirrorless full-format cameras. In recent 
years, there has been increasing interest in mobile dental photography. The main disadvantage of mobile phones is 
that when shooting with them, image distortion occurs [2]. The reason is that the lenses that integrate into them 
have very little focal length. The optimal focal length of a lens for dental photography is 100 mm [3,4], and in 
phones the focal length is from 2 mm to a maximum of 5 mm. The software in the phones solves this problem to 
some extent.

*Assistant professor, Medical University of Sofia, Faculty of  Dental Medicine, Department of Orthodontics
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aim
 The aim is to determine whether a mobile phone can be used to take standard pictures of patients in daily 
orthodontic practice. 
To achieve the formulated goal, the following tasks were set:

•	 To	compare	the	extraoral	photos	of	patients	taken	with	a	DSLR	camera	and	a	mobile	phone;
•	 To	give	recommendations	for	the	optimal	distance	from	the	photographed	subject	when	shooting	with	a	

mobile phone in order to create quality photos.

material anD metHoDs
 The number of patients was 33 of whom 11 (33.3%) were men and 22 (66.7%) were women. A total of 165 
extraoral photographs of patients were taken. Comparisons were made between extraoral images of patients taken 
with a DSLR camera and a mobile phone. The mobile phone images were taken with different magnification x2, x3, 
x4 and x5 respectively from different distances: 50 cm, 80 cm, 110 cm and 140 cm (figure 1). The purpose of zoom 
shooting was to increase the distance from the lens to the subject to reduce image distortion.
The photos were taken according to the established rules and requirements for dental photography[5] for capturing 
the frontal view of the patient:

•	 The	whole	face,	from	hair	to	neck,	should	be	visible;
•	 The	mouth	should	be	closed	with	relaxed	lips;
•	 The	vertical	midline	of	the	face	should	be	in	the	middle	of	the	image;
•	 Both	ears	should	be	visible;

The mobile phone is a Samsung Galaxy 9 Plus. The telephoto camera of the phone was used, which gives twice the 
optical magnification of the image. The settings of the camera of the phone when shooting are: professional mode; 
aperture-2.4, ISO 100, speed 1/50s. The matrix of the phone is 12MP Back-lit CMOS.

Figure 1. The protocol for the extraoral photographs: a - taken with DSLR camera; 
b – taken with a mobile phone with magnification х2; c - taken with a mobile phone with magnification х3; d - taken with a mobile phone with 

magnification х4; e - taken with a mobile phone with magnification х5

Reference points were selected to compare the different photos. The photos were done with a ruler and were 
calculated in IC Measure software. Linear measurments were used, and the measured distances were in the vertical 
and horizontal directions. 
The data was processed with the IBM SPSS Statistics 25.0 statistical package. A 95% confidence interval (p<0.05) 
was chosen for a significance level at which the null hypothesis was rejected. Descriptive, variational, and graphical 
analysis, Mauchly test for multivariate normality, Shapiro-Wilk test for normality distributions, nonparametric 

a b c d e
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Friedman test for hypothesis for difference between several dependent samples, and nonparametric Wilcock test for 
two dependent samples were applied.
 
 Linear measurments that were used are (figure 2):
1. ZA-ZA – upper face width
2. Or-Or – distance between points Orbitale
3. Ac-Ac – distance between points Ac (nasal alar crest - most lateral point in the curved base of nasal alar)
4. Tr-Me – Physiognomic face height
5. Sn-Me – lower face height

Figure 2. Linear measurments: 1. ZA-ZA – upper face width; 
2. Or-Or – distance between points Orbitale ; 

3. Ac-Ac – distance between points Ac 
(nasal alar crest - most lateral point in the curved base of nasal alar); 

4. Tr-Me – Physiognomic face height; 
5. Sn-Me – lower face height

results
The results of table 1 show that significant differences of the subsequent measurements compared to the photos 
taken with DSLR camera are established with variables ZA-ZA, Or-Or and Sn-Me. Тhe exact differences are shown 
in Table 2.

Table 1. Dynamics of the studied variables.
*- the same letters horizontally mean no significant difference from the first dimension, and different - the presence of such (p<0,05)
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Table 2. Comparative analysis of the differences in the studied variables compared to the first measurement point (photos taken with a DSLR 
camera)

For ZA-ZA the average values of measurements 2, 3 and 4 are significantly lower than the first, and for 5 - statistically 
significantly higher (figure 3). The largest in absolute value difference compared to the first measurement is 
observed in measurements 2, and the smallest - in measurement 4

Figure 3. Dynamics of the ZA–ZA variable

In the case of Or-Or, significantly higher average values compared to the first measurement are observed only 
in measurements 4 and 5 (figure 4). The largest difference is observed in measurement 5, and the smallest - in 
measurement 2.

Figure 4. Dynamics of the Or-Or variable
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For Sn-Me, the average values of measurements 2, 3, 4 and 5 are significantly lower than the first (figure 5). The 
largest in absolute value difference compared to the first measurement is observed in measurement 2, and the 
smallest - in measurement 5.

Figure 5. Dynamics of the Sn-Me variable

Discussion
Significant differences are observed for variables ZA-ZA, Or-Or and Sn-Me. The change in ZA-ZA (upper face 
width) indicates a decrease in width - the face looks narrower. The biggest change is at magnification x2 (-0.58cm), 
and the least at magnification x4 (-0.07cm). It is noteworthy that at a magnification x5 the width increases 
compared to photos taken with a DSLR camera (+ 0.09cm).
The distance between the Orbitale points increases with each larger magnification, and the difference from the 
photo taken with a DSLR camera at magnification x4 and x5 is statistically significant. At magnification x3 the 
difference is 0.04 cm, and at four times - 0.05 cm, i.e. the difference is negligible.
In all the photos taken, a statistically significant change in the values for the Sn-Me distance was observed, i.e. the 
height of the lower facial third appears to be reduced, but not at the expense of the total height of the face (there is 
no statistically significant difference in the Tr-Me variable). The smallest difference is at five times magnification 
(-0.07 cm), followed by four times magnification ( -0.13 cm) The decrease of the lower third is compensated by a 
slight increase of the upper two thirds of the face.
The change in distance in the widest part of the nose Ac-Ac begins with a slight increase, followed by a monotonous 
decrease at magnification x3, x4 and x5. No statistical significance was observed for any of the values.
 
conclusion
Modern Мobile phones can do very nice photos, but when the object is too close there is always some distortion. 
To move the camera away from the object the photos can be done with some magnification. 
The smallest change in the image compared to the photos taken with a DSLR camera is observed in the photos 
taken with a magnification of four or five times. However, at higher magnifications the quality decreases. 
The best magnification for taking extraoral photos in orthodontic practice is the four times magnification(x4) and 
the distance to the patient - 110 cm.
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correction of Deep overBite in groWing patients WitH 
aligners–casereport

Dilkova n.*, evangelopoulos e.*, panteli i.**

aBstract
Deep overbite is one of the most frequent malocclusions in growing and non – growing patients. In adult patients it 
could lead to a complicated pathology associated with destruction of periodontal and hard dental tissues and TMJ 
problems. 

tHe aim of the following study is to present the possibility to correct deep overbite in growing patients with 
aligners.
 
materials anD metHoDs
A 12 – year – old female patient, elected representative to demonstrate the clinical steps. The treatment started 
in late mixed dentition with the following problems: tooth position discrepancies in both arches, spacing in 
lower dental arch, deep overbite. Full orthodontic analysis of digital casts, x-rays (panoramic and cephalometric) 
and photographs (extra- and intraoral) was done before, during and after the treatment. The active treatment 
was performed in several stages with aligners. The retention appliances chosen were removable vacuum-formed 
retainers. 

results 
The final result showed teeth leveling in both arches and reduction of the overbite.

conclusion 
Correction of deep overbite with aligners in teenagers is a convenient and efficient treatment method that can 
eliminate the undesirable consequences on hard and soft tissues in adulthood.

Deep overbite is one of the most frequent malocclusions in growing and non-growing patients in which the upper 
anterior teeth overlap more than 2/3 of the clinical crown of the lower anterior teeth when posterior teeth are closed 
in maximum intercuspation.
While a deep bite may or may not be an esthetic concern for most patients, its presence usually indicates there are 
other problems that should be addressed. Over-erupted lower anterior teeth tend to wear down more quickly. If a 
patient is biting into the palate, painful sores or ulcers may develop. In adult patients it could lead to a complicated 
pathology associated with destruction of periodontal and hard dental tissues and TMJ problems. 
Aim of the following study is to present the possibility to correct deep overbite in growing patients with aligners.

materials and methods
A 12-year-old female patient, elected representative to demonstrate the clinical steps. 
The treatment started in late mixed dentition with the following problems:

-tooth position discrepancies and constrictionin both arches; 
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-spacing in lower dental arch; 
-dental Class II and skeletal Class III; 
-dental deep bite. 

Full orthodontic analysis of digital casts, x-rays (panoramic and cephalometric) and photographs (extra-and 
intraoral) was done before, during and after the treatment. 
The active treatment was performed in several stages with alignersthat were changed every 7 days, worn 20-22 hours 
per day. The treatment was held with initial set of 18 aligners and two additional sets of aligners –20 and 14 aligners.

Initial records  
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Final records
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results
The final result shows teeth leveling in both arches, closing of all spaces, modifying the skeletal class and reduction 
of the overbite.
The retention appliances chosen are removable vacuum-formed retainers, worn every night.
Conclusion
Correction of deep overbite with aligners in teenagers is a convenient and efficient treatment method that can 
eliminate the undesirable consequences on hard and soft tissues in adulthood.
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Dental arcH siZe: sapience, science, solution 

gurgurieva v.*, andreeva l.**

introDuction 
Intercanine distance of the dental arch is one of the most stabile parameters of the dentition. It demonstrates 
insignificant changes in terms of age and range1,3,7. Nature integrates the ideal structure with the ideal function, 
thus defining stability. 
In architecture, the arch is curved masonry construction consisting of a number of wedgelike elements set with the 
narrower side toward the opening in such a way that forces on the arch are transmitted as vertical or oblique stresses 
on either side of the opening. The arch has one key block for stability and two wedgelike blocks for the shape. In a 
sense, the arch is the most significant shape in Orthodontics. The human dentition is aligned in the shape of an arch. 
The visible part of the dental arch is like an iceberg – only tooth crowns are visible. The dental arch is a complex 
structure, consisting of elements with different strength – alveolar bone, tooth roots and periodontium (figure 1). 

Fig. 1 Comparison between an ancient Roman arch and the transverse parameters of the dental arch

Historically, orthodontists observed this perfect anatomical structure and analysed its parameters – width, length, 
perimeter, shape. They divided the dental arch in three segments – one frontal and two lateral. Right at the cross 
section from frontal to lateral segments stands the canine tooth – single of its kind, with a unique shape, especially 
of its root. It is debatable to which segment it actually belongs, usually falls with the anterior teeth, since it is visible 
during smiling. However, the permanent canine formation and eruption occur a lot later than the rest of the anterior 
teeth. In some orthodontic prediction methods for dental arch space, the canine is assigned to the lateral segment. 
The anatomical accordance of the maxillary and mandibular dental arches varies. The ellipsoid shape of the ideal 
maxillary dental arch provides wider intercanine distance. Whereas, the parabolic shape of the ideal mandibular arch 
allows it to stand under the upper arch and thus endure significant magnitude of the masticatory forces.
Essentially, the cuspid is the pillar of stability for the dental arch. In this way it is the singular and most solid tooth 
in the dentition. It is mandatory for every dental clinician to preserve it in the dentition it as long as possible. For 
the orthodontist it is the key to maintain the long-term stability of the orthodontic treatment result. Thus, it is the 
wedgelike block in the arch structure.
Maintaining the patient‘s initial mandibular arch form seems more appropriate than changing to a preconceived 
„ideal arch form.“ The pre-treatment arch form seems to be a better guide to future arch form stability. The greater 
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the treatment change, the greater the tendency for relapse1,6,7.
Intercanine and intermolar widths significantly increase between 3 and 13 years of age in both the maxillary and 
mandibular arches. After the complete eruption of the permanent dentition, there was a slight decrease in the dental 
arch widths, more in the intercanine than in the intermolar widths3,4,5.
It needs to be remembered that the changes in arch dimensions as well as tooth position and inclination are, in part, 
compensatory mechanisms that serve to maintain the balance among the various functional and structural demands 
placed on the face and dentition. Many of these changes are difficult to predict in the deciduous dentition stage5.

aim
To estimate the long-term dynamics of intercanine distance, anterior arch width and the apical base width of the 
maxilla.

material
The patients included in this study had undergone orthodontic treatment and were selected according to their 
post-retention phase. The early post-retention period was 2-5 years after orthodontic treatment and was presented 
in Group I. The late post-retention period sample, Group II, consisted of patients with over 5 years after the 
orthodontic treatment.
Patients were also selected according to their dentition stage:

•	 early	mixed	dentition:	initiated	orthodontic	care	included	prevention	or	interceptive	treatment
•	 late	mixed	 dentition:	 usually	 phase	 I	 of	 an	 orthodontic	 treatment,	 before	 comprehensive	 treatment	 has	

started
•	 forming	permanent	dentition
•	 formed	permanent	dentition	
•	 permanent	dentition	with	at	least	one	erupted	third	molar
Group I consisted of 106 patients: 
•	 88	with	permanent	dentition,	further	subdivided	in:	

* 20 with forming permanent dentition; 
* 58 with formed permanent dentition 
* 10 with fully formed permanent dentition and at least one erupted third molar. 

•	 18	in	mixed	dentition:	
* 10 with early mixed dentition
* 8 with late mixed dentition

Group II included a total of 41 patients: 
•	 33	with	permanent	dentition:

* 7 with forming permanent dentition
* 23 with formed permanent dentition a
* 3 with formed permanent dentition with at least one erupted third molar

•	 6	with	early	mixed	dentition		
•	 2	with	late	mixed	dentition

metHoDs 
The methods used have already been introduced in a previous study2. The maxillary and mandibular intercanine 
distance was measured with digital calliper, resolution ±1х10-2, accuracy ±2х10-2. The measuring points are: 
the lowest point on the gingival margin of the canine’s lingual surface, regardless if it is primary or permanent. 
Advantages of the proposed measuring point are:
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 1. It is located in the alveolar bone area.
 2. It only requires present primary and permanent canine, thus can be used in every dentition stage. 
 3. It is very stable and is not influenced by tooth position or abrasion of the cuspid tip (figure 2).

Fig. 2 The measuring points of intercanine distance: the lowest middle gingival margin edge point of the canine’s lingual surface

Fig. 3 The measuring points – dental arch width and apical base

These particular parameters were selected because they represent three levels of transverse growth in the mandible 
and the maxilla. Apical base width involves the basal bone level; the intercanine width – the dento-alveolar level, 
and the anterior arch width is more of the intra-arch level.  
Furthermore, 3 time periods for taking measurement the transverse parameters were set:

•	 T1:	after	finishing	orthodontic	treatment	with	fixed	technique
•	 T2:	after	orthodontic	treatment	with	fixed	technique	and	after	early	retention	period	2-5	years
•	 T3:	after	orthodontic	treatment	with	fixed	technique	and	after	the	late	retention	period	5	years	and	over	

results
Figure 8 presents the distribution of the sample according to the dentition type. As evident the majority of the 
patients are formed permanent dentition with or without third molar/s present.
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         Fig. 4 Dentition type

The dynamics of the 3 investigated parameters in the different dentitions in the selected time periods are presented 
in figure 5. Most significantly is affected the anterior arch width (PP) immediately after the orthodontic treatment 
has ended. This probably due to shaping of the dental arch and obtaining the correct arch form.
In the period following post-retention, the arch width minorly decreases width about 0.5 mm, which is clinically 
insignificant.
The maxillary intercanine distance (CC) increases with about 2 mm. In fact, in the forming permanent dentition 
after treatment the intercanine distance even decreases. This can be explained with buccal positioning of the upper 
canine pre-treatment, and their corrected position post-treatment.
Maxillary apical base (AB) width is significantly increased after orthodontic treatment in the late mixed dentition, 
which coincides with the most active physiological growth of the basal bone. At the end of the post-retention period 
the AB width decreases, since active growth has also ceased.

Fig. 5 Dynamics of the investigated parameters during the 3 time periods
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The next charts are demonstrating the amount of change that occurs in the first parameter – the intercanine distance, 
during the 3 time periods and through the different dentitions.
In the early mixed dentition (figure 6), CC increases with less than a millimeter, 0.73 mm. Since the initial 
measurement was made before early orthodontic treatment, e.g., in the primary canine area, and the final measuring 
was done in formed permanent dentition, the 0.5 mm post-retention increase is probably to the active growth of the 
maxilla. The total increase of the intercanine distance for this period is 1.25 mm.

Fig. 6 Intercanine distance in early mixed dentition

The next dentition type is late mixed (figure 7). The beginning of the orthodontic treatment coincides with active 
growth of the dental arch and the increase is with 1.24 mm. In the post-retention period CC decreases with 0.6 mm, 
thus amounting a total of 0.5 mm overall increase.

Fig. 7 Intercanine distance in late mixed dentition
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The forming permanent dentition (figure 8) shows slight decrease in the CC distance after orthodontic treatment 
and this tendency remains in the post-retention period. Overall, in this group, the intercanine distance reduces with 
about 1 mm.

Fig. 8 Intercanine distance in forming permanent dentition

In patients with formed permanent dentition (figure 9), the CC distance increase with 1.54 mm. In average, this 
amount decreases with 0.5 mm in the post-retention period, thus amounting to overall increase of 1 mm.

Fig. 9 Intercanine distance in formed permanent dentition

Figure 10 presents the intercanine width changes in a dentition with completed development. The post-treatment 
increase is 1 mm, and remaining growth is 0.6 mm, thus a total of 1.6 mm increment.
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Fig. 10 Intercanine distance in formed permanent dentition with at least one third molar present  

The second investigated parameter is dental arch width. The maxillary dental arch width increases with 7.32 
mm (figure 11) from early mixed dentition in the beginning of the orthodontic treatment to formed permanent 
dentition at the end of the early post-retention period. Because of the long monitoring period and the orthodontic 
treatment, the physiological growth contributes to the increase in the value.

Fig. 11 Anterior arch width increments from beginning of treatment in the early post-retention period

The overall increment of the maxillary apical base after orthodontic treatment for all dentition types is 1.24 mm. 
There is decrement of 1 mm, however, in the early post-retention period and the apical base width remains the same 
as before the orthodontic treatment. The insignificant increment of the parameter is rather due to the physiological 
growth, which occurs during orthodontic treatment, than to the treatment itself.
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Fig. 12 Apical base width increments from beginning of treatment in the early post-retention period

The patients who were monitored over 5 years post-treatment provide two results. Firstly, the existence of a dynamic 
in the anatomical structures, included in the study. Secondly, long-term stability of the orthodontic treatment results 
can be evaluated. 
The intercanine distance changes continue well into late post-retention period (figure 13), as values range from 1.5 
to 2.5 mm.

Fig. 13 Overall dynamics of the intercanine distance

The anterior arch width increases comparably to the early post-retention group – around 7 mm for the entire time 
period (figure 14).
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Fig. 14 Anterior arch width increments in the late post-retention period

The apical base width in the long-term follow-up group shows increment of 1.5 mm after the end of the orthodontic 
treatment (figure 15). In the late post-retention period, an insignificant change can be detected.

Fig. 15 Apical base width increments in the late post-retention period

conclusion 

1. The early mixed dentition patients observed up to T2 – T3 showed increase of the intercanine distance with 
0.5 mm. AB increases with 0.82 mm and remains below 1mm. 

2. The late mixed dentition patients observed up to T2 showed decrease of the intercanine distance. In T2 dental 
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arch width increases and then decreases in T3 with 2.10 mm. AB increases with 2.75 mm and then significantly 
drops, remaining unchanged from the beginning to the end of the observed period. The PHYSIOLOGICAL 
GROWTH is an essential factor.

3. The patients with unformed permanent dentition observed up to T2 – T3 presented decrease in the maxillary 
intercanine distance in the both retention period. AB increases with about 0.5 mm and dental arch width remains 
stable. 

4. The patients with formed permanent dentition observed up to T2 T3 presented increase of maxillary 
intercanine distance.

5. The patients with formed permanent dentition with at least one third molar observed up to T2 presented 
increase of the maxillary intercanine distance within 2.5 mm.

6. In the permanent dentition stages dental arch width and AB decrease – probably due to cessation of the natural 
growth. 

7. The dynamics in the maxillary intercanine distance varies within the range of 0,5 – 0,9 mm in the analyzed 
dentition stages.

As a 
sapience – the long-term follow-up of orthodontic patients proves that dental arch shape, length and width should 
remain unchanged as much as possible.
science – the longitudinal research findings of the changes in 5 dentition types in 3 time periods show similar 
results. The changes of the 3 parameters, regardless of the dentition, remains in range of 2-2.5 mm.
solution – to maintain the long-term stability of an orthodontic treatment, the clinician’s objective should be to 
achieve the result only make minor changes to the shape and size of the dental arch.

Key words: intercanine distance, stability of dental arch, longitudinal study
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Determination of tHe main reasons for Difficult nasal 
BreatHing in cHilDren WitH primarY anD mixeD Dentition

valcheva Z.*, arnautska H.* , ivanova g.*, atanasova i.*

introDuction 
According to the literature, the prevalence of mouth breathing children vary from 5% to 75% 8. A wide range 
of groups of study children are described in the literature and different rates of mouth breathing in children are 
obtained.

aim
The aim of this article is to determine and analyse the main reasons for difficult nasal breathing in children in 
primary and mixed dentition

material anD metHoDs 
For the purposes of this article 1667 children between the ages of 3 and 12 were studied. All of the studied children 
were examined by the same doctor of dental medicine, and were consulted and diagnosed by an ear-nose-throat 
specialist as well.

results
The results in this study indicate that out of all of the examined 1667 children between 3-12 years, 24,70% are 
diagnosed with difficult nasal breathing. The main reason for the difficult nasal breathing in primary dentition 
is allergic rhinitis (n=30). The second cause in this studied age group is adenoid hypertrophy (n=25). In the 
early mixed dentition, the most common cause of the difficult nasal breathing is adenoid hypertrophy (n=184). 
The percentage of children in late mixed dentition (n=224) with adenoid hypertrophy decreases (n=26) and the 
percentage of children with hypertrophy of the palatine tonsils increases.

conclusion
The main reason for the difficult nasal breathing in primary dentition is allergic rhinitis (54,50%), whereas in early 
mixed the main cause of mouth breathing is adenoid hypertrophy.

Keywords: difficult nasal breathing, allergic rhinitis, adenoid hypertrophy

introDuction
Difficult nasal breathing is a condition, where there is partial or total, temporary or permanent obstruction of the 
airways and the processes of inhaling and exhaling are carried out through the mouth. In cases where there isn’t a 
morphological or anatomical cause for mouth breathing, it is described as a harmful habit.
Slim и Finn 5,7 divide the etiological factors, which can cause mouth breathing in three groups:

- Obstructive;
- Anatomical;
- As a result from a harmful habit, without the presence of another reason for normal nasal breathing.
Some authors13 divide difficult nasal breathing according to the longevity of:

* Department of Orthodontics, Faculty of dental medicine, Medical University of  Varna, Bulgaria
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1) Temporary difficulty in nasal breathing – it occurs from common cold, caused by rhinoviruses, in some infectious 
diseases, inhaling of dust, cinder, etc.

2) Permanent difficulty in nasal breathing – it occurs from a deviation of the nasal septum, chronic inflammation of 
the sinuses, nasal polyps, tumors in the nose or the paranasal sinuses, chronic rhinitis, etc.
The causes, that lead to irregular function of the nose can be systematized in two groups 3,12:

i. first group – conditions, that disturb breathing as a function
1. Hypertrophy of the adenoids
2. Chronic allergic rhinitis
3. Hypertrophy of the tonsils
4. Deviation of the nasal septum
5. Polyps and tumors

ii. second group – morphological
1. Compression of the maxilla

According to Andreeva 3 the cause for developing compression of the maxilla is change in the anatomy of the middle 
facial region. Compression of the maxilla leads to a decrease in the nasal ventilation, which can cause difficulty in 
nasal breathing.

2. Tongue
The absence of forming activity from the tongue on the maxilla may lead to deviation in its development. As a result, 
it starts to fall behind in growth and development and remains hypoplastic. On the other hand, the tongue changes 
its position in the oral cavity and in some cases stimulates the growth and development of the mandible 1,2,3,6 .

3. Absence of contact between the upper and lower lip
The reasons for this can be anatomical or functional. According to Andreeva3,12 the absence of contact between the 
lips is frequently caused by functional difficulties. The short upper lip is an anatomical cause and predisposition for 
the absence of the stomion reference point, but not an obligatory factor in children with difficult nasal breathing 3.

aim 
The aim of this article is to determine and analyze the main causes for the appearance of difficult nasal breathing 
in primary and mixed dentition.

materials anD metHoDs
 1667 children from Varna, aged 3-12 years old were examined. All of the children were separated in groups based 
on gender and type of dentition.
– primary dentition, early mixed and late mixed dentition. During the first examination of each child, the type of 
breathing was registered – through the nose or through the mouth. Each child’s breathing was examined with the 
help of a dentist mirror (Mirror test), using Horoshilkina’s method or with the help of Massler’s butterfly test 3,6.
The children, that we diagnosed with difficult nasal breathing, were examined by an otorhinolaringologist, who 
confirmed or denied the placed diagnose.

results
 Out of all of the examined children 412 or 24,7% were diagnosed with difficult nasal breathing and 317 or 19,0 % 
were diagnosed with the harmful habit of staying or sleeping with an open mouth (table 1)
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Тable 1 Distribution of the examined children, based on the way of breathing and type of dentition

The distribution of the examined children according to the etiological factor, which is determined as a cause for 
obstruction of the airways is as follows:

- Hypertrophy of the adenoids - 235 children, 25 of whom are with primary dentition, 184 with early mixed 
and 26 with late mixed dentition;

- Hypertrophy of the tonsils - 39 children, 17 of whom are with early mixed and 22 with late mixed dentition;
- allergic rhinitis - 134 children, 30 of whom are with primary dentition, 73 with early mixed and 31 with late 

mixed dentition;
- nasal polyps – 2 children with early mixed dentition;
- Deviation of the nasal septum – 2 children with early mixed dentition;

out of all of the examined children, 317 or 19,0 % are diagnosed with the harmful habit of staying or sleeping with 
an open mouth. The remaining examined 938 children are nasal breathing or 56,3% of the total examined count.
During the examination of the causes for mouth breathing according to the type of the dentition, we have established 
the presence of a significant difference (χ2=151,70; р<0,001) and a moderate relation (ρ=0,323; р<0,001) between 
the examined factors (fig. 1). Out of all of the mouth breathing children (n=729, 100%) 55 have primary dentition, 
450 have early mixed dentition and 224 have late mixed dentition.
The results from the study show that in primary dentition in all of the examined mouth breathing children (n=55, 
100%) there is no observation of a harmful habit for staying or sleeping with an open mouth and the main reason for 
difficult breathing is allergic rhinitis (n=30, 54,50%). The second most frequent cause in this examined age group is 
the hypertrophy of the adenoids (n=25, 45,50%).
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Fig. 1 Reasons for the appearance of mouth breathing in clinical group 1 and clinical group 2, according to the type of dentition

In early mixed dentition (n=450, 100%) the most frequent cause for difficult nasal breathing is hypertrophy of 
the adenoids (n=184, 40,90%). In this age group the percentage of children with allergic rhinitis decreases (n=73, 
16,20%). The harmful habit of staying and sleeping with open mouth emerges as a cause for mouth breathing in 
children (n=172, 38,20%). In a relatively small percentage of children with early mixed dentition (n=17, 3,80%) the 
cause for difficult nasal breathing is hypertrophy of the tonsils.

In late mixed dentition (n=224, 100%) the percentage of children with hypertrophy of the adenoids decreases 
(n=26, 11,60%), allergic rhinitis is discovered in 31 of the examined children or 13,80% and the percentage of 
children with hypertrophy of the tonsils increases (n=22, 9,80%). The highest percentage is in the group of children 
with a harmful habit present for breathing through the mouth,instead of through the nose (n=145, 64,70 %).
We have applied a multiprogress analysis on all 412 examined children with difficult nasal breathing in order 
to establish and analyze the risk factors, leading to mouth breathing. By examination of the main factors, which 
influence the severity of orthodontic deformities in primary dentition, the presence of two predictors is established 
– gender and sagittal distance in the frontal area (table 2).

Table 2 Multiprogress analysis for establishing the predictors, influencing the severity of orthodontic deformities in primary dentition

Indicator Non-standard 

ratio B 

Standard 

 
t p Ratio of 

determination 

Female 

gender 

0,32

1 

0,63

7 

4,6

2 

< 

0,001 

40,60 

% 

Sagittal 

distance in 

the frontal 

area 

 

0,23

9 

 

0,28

5 

 

2,3

7 

 

0,022 

 

8,10 % 
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The results of the analysis show, that the female gender is connected in 40,60% with the degree of the severity of 
orthodontic deformities in primary dentition, whereas sagittal relations in the frontal area have a ratio of 8,1% in 
relation to the severity of orthodontic deformities.
The multiprogress analysis of the early mixed dentition determines the following factors as significant for the 
severity of orthodontic deformities (table 3):

Table 3 Multiprogress analysis for determining the main factors, influencing the severity of orthodontic deformities in early mixed dentition

The misalignment of the midlines influences the degree of severity of orthodontic deformities in 4,70% of the 
cases, where we have established moderately severe deformities in 50,00% of the cases and severe deformities in the 
remaining cases.
The sagittal distance influences 3,50% of the cases of variations in the severity of orthodontic deformities. On 
the other hand, the female gender influences the severity if the deformities in 3,30%. The is an established gender 
dimorphism in the severity of the deformities.
The etiological factor for difficult nasal breathing influences the severity of the deformities in 2,60% of the cases. 
Where there is hypertrophy of the adenoids (210 children in total), there are moderately severe deformities in 
72,90% of the cases, whereas the presence of hypertrophy of the tonsils (17 children in total) leads to no deformity 
or slight deformity in 88,30% of the cases. In cases with chronic allergic rhinitis (73 children in total) there are slight 
deformities in 76,70%. The analysis of the main risk factors, linked to the severity of orthodontic deformities in late 
mixed dentition, doesn’t show the presence of any new factors, except the ones present in the early mixed dentition. 
This proves that the factors which have an influence on the early mixed dentition continue to effect the late mixed 
dentition if there is no treatment or removal of the etiological factor.
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Discussion
According to literary data the frequency of mouth breathing children varies from 5% to 75% 8. It is observed more 
frequently in girls, rather than boys68. A wide variety of examined groups of children and different frequencies of 
the prevalence of mouth breathing in children are described in literature 8,9,11.
The results in this study indicate that out of all of the examined 1667 children between 3-12 years, 24,70% are 
diagnosed with difficult nasal breathing and 19,00% have a harmful habit. Similar results were observed by Bojkova6, 
who determined that out of 2384 children 45,7% have pathological changes, 37% of which are mouth breathing.
There is no statistically significant difference between girls and boys in the three examined groups. It is possible to 
say that in children with difficult nasal breathing there is a slight prevalence in females, whereas the harmful habit of 
mouth breathing is more prevalent in males.
We have determined that in primary dentition the main cause is allergic rhinitis in 54,50% of the cases, while in early 
mixed dentition the main cause is hypertrophy of the nasopharyngeal tonsil (40,90%). In late mixed dentition the 
main factor is the presence of a harmful habit (64,70%).
Allergic rhinitis is the most common allergic condition and according to literary data, its frequency exceeds 30% 
in children and 40% in adults14. A wide variety of studies show that urban population suffers twice as much from 
allergic rhinitis compared to village habitants. Nowadays the increase of allergic rhinitis is caused by the appearance 
of new allergens, smoking, pets, foods and frequent viral infections in children.
In the literature the percentage of children with hypertrophy of the adenoids as an etiological factor for mouth 
breathing varies between 10.2% and 62%. The difference in the percentage can be explained with the different 
opinion of the authors, concerning the precise phase of adenoid hypertrophy, which is determined as pathological 
and leads to mouth breathing22.
In correspondence to the data, described in the literature, our studies of the early mixed dentition confirm that the 
main cause for the appearance of mouth breathing is the hypertrophy of the nasopharyngeal tonsil (40,90%), and in 
late mixed dentition – the presence of a harmful habit (64,70%)

conclusion 
Out of all of the examined children 24,70% are diagnosed with difficult nasal breathing, the most prevalent causes 
being hypertrophy of the adenoids and allergic rhinitis. In primary dentition the main reason for difficult breathing 
is allergic rhinitis (54,50%), whereas in early mixed dentition the main reason is hypertrophy of the adenoids 
(40,90%) In late mixed dentition the main reason for mouth breathing is the presence of a harmful habit (64,70%).
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Determining tHe Degree of nasal oBstruction in cHilDren 
WitH Difficult nasal BreatHing in primarY anD mixeD 

Dentition

valcheva Z*, arnautska H.* , ivanova g.*, atanasova i.*

introDuction 
Difficult nasal breathing is the condition where there is a partial or full, temporary or permanent obstruction of the 
airway and the processes of inhalation and exhalation are carried out through the mouth.

aim 
The aim of this article is to determine the degree of nasal obstruction in children diagnosed with difficult nasal 
breathing in primary and mixed dentition.

material anD metHoDs 
For the purposes of this article 412 children between the ages of 3 and 12 were studied. All of the studied children 
were examined by the same doctor of dental medicine and were consulted and diagnosed by an ear-nose-throat 
specialist as well. We used the methods of acoustic rhinometry and rhinomanometry and the nasal resistance was 
reported in five obstruction classes.

results
In deciduous dentition the children with first degree of obstruction predominate (54,50%), followed by those 
with third degree (38,20%). In early mixed dentition the percentage distribution of second and third degree of 
obstruction is the same (45,70%). In late mixed dentition the greatest number is comprised of the children with first 
degree of obstruction (57,00%).

conclusion
Our results show that of all the children with difficult nasal breathing 99 (24,00%) have first degree of nasal 
obstruction, 162 (39,30%) have second degree, followed by 151 children (36,70%) with third degree.
Keywords: degree of nasal obstruction, difficult nasal breathing, type of dentition- As a result from a harmful habit, 
without the presence of another reason for normal nasal breathing.

introDuction
Difficult nasal breathing is a condition, where there is partial or total, temporary or permanent obstruction of the 
airways and the processes of inhaling and exhaling are carried out through the mouth. In cases where there isn’t a 
morphological or anatomical cause for mouth breathing, it is described as a harmful habit.
Rhinoscopy is one of the objective paraclinical methods of examination, which is used to examine the nasal cavity 
with nasal speculum and to determine whether there is difficult nasal breathing 4. There are two main types – 
anterior and posterior rhinoscopy. These methods register the following degrees of adenoid hypertrophy:

1. First degree – adenoid hypertrophy up to 25%, where the tonsils take up less than 25% of the transversal 
dimension of the oropharyngeal space.

2. Second degree – adenoid hypertrophy from 25% to 40%, where the tonsils take up to 50% of the transversal 
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dimension of the oropharyngeal space.
3. Third degree – adenoid hypertrophy from 50% to 74%, where the tonsils take up to 74% of the transversal 

dimension of the oropharyngeal space.
4. Fourth degree- adenoid hypertrophy above 75%, where the tonsils take up to 75% or more of the transversal 

dimension of the oropharyngeal space.
Acoustic rhinometry is one of the standard diagnostic instruments for objective evaluation of the nasal 

accessibility 4. It gives information about the geometry of the nasal cavities with the help of sound waves, generated 
from an appliance. Acoustic rhinometry can discover tight spot areas of the nose, which could lead to its obstruction.

According to Clement1 et al, anterior rhinomanometry is still the standard method for objective evaluation of the 
airflow through the nose. The airflow is measured with the help of this method (in mL/s) using a consistent pressure 
of 150 Pa. The nasal resistance is measured with the following obstruction classes 5,6,7:
Class 1 (VR<=0.75, Flow > 500 Pa) – very low (absent) degree of obstruction
First degree of obstruction, Class 2 (VR=0.75-1.00, Flow =300- 500 Pa)
– slight degree of obstruction
Second degree of obstruction, Class 3 (VR=1.00-1.25, Flow =180-300 Pa)
– moderate degree of obstruction
Third degree of obstruction, Class 4 (VR=1.25-1.50, Flow =60-180 Pa) – severe degree of obstruction
Fourth degree of obstruction, Class 5 (VR>1.50, Flow <60 Pa) – really severe degree of obstruction

aim 
The aim of this article is to determine the degree of nasal obstruction in children diagnosed with difficult nasal 
breathing in primary and mixed dentition.

materials anD metHoDs
412 children with difficult nasal breathing from Varna, aged 3-12 were examined. All of the children were 
divided based on gender and type of dentition – primary dentition, early mixed and late mixed dentition. With 
the aim of determining the degree of nasal obstruction, the condition of the nasal mucosa, hypertrophy of the 
adenoid vegetations, the presence of secretion, deviation of the nasal septum and nasal polyps and tumors, we 
have used the methods of anterior and posterior rhinoscopy, acoustic rhinometry and rhinomanometry. The 
otorhinolaryngologist uses a Hartmann nasal speculum for performing anterior rhinoscopy, and for posterior 
rhinoscopy – a nasopharyngeal mirror. With the help of these methods we have determined the degree of adenoid 
hypertrophy.
the acoustic rhinometry is performed using a miniprobe, consisting of a 10 sm tube with equal internal cross 
section. On one end of the tube there is generated puls pressure (sound impulse) from a transducer or a plug. 
There is a microphone, placed in the middle of the tube, which notes the time and amplitude of the passing sound 
impulse, before it reaches the cavity. There are waves forming, which point out the place of the obstruction in 
mm and volume. This method of examination shows the reaction of the mucosa in allergic patients, as well as the 
effectiveness of different local medicaments, which turns it into a very suitable method for diagnostics and treatment 
of allergic rhinitis.
the anterior rhinomanometry is performed using a Combi 4000 M appliance from the firm Homoth Medical 
Electronics Ltd. (Germany) with the aim of evaluating the nasal resistance according to obstruction classes.

results: 
Out of all 412 children, 99 (24,00%) have first degree of nasal obstruction, 162 (39,30%) have second degree, 
followed by 151 children (36,70%) with third degree (table 6).

72



IV  CONGRESS OF BALCAN ASSOCIATION OF ORTHODONTIC SPECIALISTS

The children with primary dentition predominantly experience first degree of obstruction (n=30, 54,50%), 
followed by third degree (n=21, 38,20%). In the early mixed dentition, the percental distribution of the second and 
third degree of obstruction is the same (n=127, 45,70%). In the late mixed dentition, children with third degree 
of obstruction are the most numerous (n=45, 57,00%), followed by second degree of obstruction (n=31, 39,20%) 
(table 1).

Table 1 Percental distribution of the children with difficult nasal breathing according to the degree of nasal obstruction and the type of dentition

There has been a significant difference established in the degree of nasal obstruction in different types of dentition 
(χ2=131,14; р < 0,001), where the first degree of obstruction is more characteristic for the primary and late mixed 
dentition, while the second and third are more characteristic for early mixed dentition.
In 30 of the examined children with primary dentition, allergic rhinitis was the cause for the appearance of difficult 
nasal breathing. In the remaining 25 the cause for difficult nasal breathing is hypertrophy of the adenoids.
Table 2 shows that 30 of the examined children experience first degree of difficult nasal breathing. In second place 
are the children with third degree. Second degree of obstruction is observed only in 4 of the examined children and 
they all have hypertrophy of the adenoids. First degree is characteristic only for children with allergic rhinitis, while 
second and third degree are found in children with hypertrophy of the adenoids.

Table 2 Distribution of the children with difficult nasal breathing (DNB) in primary dentition according to the etiological factor and the degree of 
nasal obstruction

Type of 
dentition 

 
Degree of 
nasal obstruction 

Primary 

dentition 

(n=55,100%) 

Early mixed 

dentition 

(n=278,100%) 

Late mixed 

dentition 

(n=79,100%) 

First degree 

(n=99) 

30 

(54,50%) 

24 

(8,60%) 

45 

(57,00%) 

Second degree 

(n=162) 

4 

(7,30%) 

127 

(45,70%) 

31 

(39,20%) 

Third degree 

(n=151) 

21 

(38,20%) 

127 

(45,70) 

3 

(3,80%) 

Fourth degree 

(n=0) 

- - - 

Cause for DNB: 

Degree of obstruction: 

Hypertrophy of the 

adenoids 

Allergic 

rhinitis 

First degree: I-st degree of severity of 
orthodontic deformities  

0 0 
II-nd degree of severity of 
orthodontic deformities 

0 30 
III-rd degree of severity of 
orthodontic deformities 

0 0 
Second degree: I-st degree of severity of 

orthodontic deformities 
0 0 

II-nd degree of severity of 
orthodontic deformities 

3 0 
III-rd degree of severity of 
orthodontic deformities 

1 0 
Third degree: I-st degree of severity of 

orthodontic deformities 
0 0 

II-nd degree of severity of 
orthodontic deformities 

12 0 
III-rd degree of severity of 
orthodontic deformities 

9 0 
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Regardless of the degree of DNB, there have been deviations in the arches and the occlusion from second degree in 
45 of the children with primary dentition, which requires frequent check-ups. In 10 children there is a code 3 degree 
of severity of orthodontic deformities, which indicates a present deformity with a tendency for deterioration and a 
need for orthodontic treatment (table 2).

Table 3 shows distribution of the degree of obstruction according to gender and type of dentition in children with difficult nasal breathing

In 50,70% of the girls with DNB there is third degree of obstruction, while in 48,60% of the boys there is second 
degree. In primary dentition in both genders first degree of obstruction is prevalent. In early mixed dentition in girls 
third degree of obstruction is prevalent – in 64,20%, and second degree in boys – 62,20%. In late mixed dentition 
both genders have first degree of obstruction in highest numbers and the numbers of second and third degree are 
decreasing compared to the previous group.

Indicator 

Obstruction 
 

Children with difficult nasal 
breathing 

Gender girls absence - 

first degree 40/17.6 % 

second degree 72/ 31.7 % 

third degree 115/ 50.7 % 

boys absence - 

first degree 59/ 31.9 % 

second degree 90/ 48.6 % 

third degree 36/ 19.5 % 

Type of 
dentition 

primary girls absence - 

first degree 16/ 53.3 % 

second degree 4/ 13.3 % 

third degree 10/ 33.3 % 

boys absence - 

first degree 14/ 56.0 % 

second degree - 

third degree 11/ 44.0 % 

early mi�ed girls absence - 

first degree 4/ 2.5 % 

second degree 53/ 33.3 % 

third degree 102/ 64.2 % 

boys absence - 

first degree 20/ 16.8 % 

  second degree 74/ 62.2 % 

third degree 25/ 21.0 % 

�ate mi�ed girls absence - 

first degree 20/ 52.6 % 

second degree 15/ 35.5 % 

third degree 3/ 7.9 % 

boys absence - 

first degree 25/ 61.0 % 

second degree 16/ 39.0 % 

third degree - 
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Figure 1 illustrates the results from the analysis of the degree of severity of orthodontic deformities using index of 
malocclusion severity assessment by Petrunov2. In early mixed dentition with first degree of obstruction in 50,00% 
of girls there is a determined first degree of orthodontic deformities, which are found in similar frequency for second 
and third degree of orthodontic deformities (respectivelly 25,00% each). In 80,00% of boys there is slight degree of 
deformity, and in 20,00% there is moderate degree of deformity.
In late mixed dentition there is an increase of the degree of severity of orthodontic deformities in both genders. In 
girls the percentage of cases with slight degree of deformity is increased – 65,00% and 15,00% for cases with severe 
degree of orthodontic deformities. The results for boys are similar to the ones for girls. In males there is a decrease in 
the percentage of first degree deformities (44,00%) and an increase of the moderately severe and severe deformities 
(32,00% and 24,00% respectivelly).

Fig. 1. Percental distribution of the degree of severity of orthodontic deformities according Petrunov 2 in first degree of obstruction

Figure 2 shows the results from the analysis of the severity of orthodontic deformities based on the type of dentition 
and gender in children with second degree of obstruction. The results indicate the presence of statistically significant 
difference in the severity of orthodontic deformities and the type of dentition in both girls (χ2=12,79; р<0,05) and 
boys (χ2=19,10; р<0,001).
In early mixed dentition in 69,80% of the girls there is an established slight degree of deformity and in 30,20% 
moderately severe deformity. For boys with the same kind of dentition most frequent are moderately severe 
deformities – 64,90%.
In late mixed dentition there is an increase in the degree of severity for both genders. For girls the percentage of 
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slight deformities decreases significantly (26,70%), the share of moderately severe deformities remains the same 
(33,30%), but there are cases with severe degree of deformities – 40,00%, which are prevalent. For boys the achieved 
results are similar.

Fig. 2. Percental distribution of the degree of severity of orthodontic deformities according Petrunov 2 in second degree of obstruction

For children with third degree of obstruction we have established a significant difference between early and late 
mixed dentition in both genders (respectivelly χ2=49,95; р<0,001 и χ2=11,19; р=0,004) (fig.3)
In early mixed dentition for girls the highest percentage is for cases with moderately severe deformities – 62,70%, 
followed by cases with slight deformities
– 35,30%. For boys second and third degree of orthodontic anomalies are established in similar numbers by 
Petrunov31 (respectivelly 52,00% and 48,00%).
In late mixed dentition for girls the slight deformities increase in number (66,70%) while the number of moderately 
severe deformities decreases significantly (33,30%).
It is determined that moderately severe and severe deformities in difficult nasal breathing are highest in the early 
mixed dentition. Very severe deformities are observed more frequently in late mixed dentition and in forming 
permanent dentition, most commonly in first and second degree of obstruction. Their absence in third degree 
of nasal obstruction is explained with well-timed prophylaxis and treatment of the slight forms, as well as non-
admission of deterioration of the deformity.
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Fig. 3. Percental distribution of the degree of severity of orthodontic deformities according Petrunov2 in third degree of obstruction

Discussion 
According to our research of all of the examined children with difficult nasal breathing 24,00% are with first degree 
of nasal obstruction (slight degree of resistance), 39,30% are with second degree (moderate degree of resistance), 
followed by 36,70% with third degree (high degree of resistance). By examining the degree of severity of orthodontic 
deformities using the Petrunov index 2, we have established that in the group with difficult nasal breathing only in 
3,60% there is no deviation in the occlusion or the present deformity is very slight. In early mixed dentition the 
percentage of children with slight deformities is high (50,70%) as well as moderately severe deformities (45,70%). 
In late mixed dentition there are children with severe deformities, whereas there are no children with very slight 
deformities. This is explained with the persistence of a harmful habit or an unremoved morphological reason for 
mouth breathing, which lead to deterioration of the slight forms of orthodontic deformities. In this age there is no 
self-correction of malocclusions such as distal
occlusion, open occlusion or overjet. Similar results report another authors 3.

conclusion 
Out of all 412 examined children 24,00% have first degree of nasal obstruction, 39,30% have second degree, 
followed by 36,70% with third degree.
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In primary dentition the children with first degree of obstruction are prevalent (54,50%), followed by third degree. 
In early mixed dentition the percental distribution of second and third degree of obstruction is the same (n=127, 
45,70%). In late mixed dentition the children with first degree of obstruction are prevalent (n=45, 57,00%), 
followed by second degree (n=31, 39,20%).
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DisorDers of eruption-infraoccluDeD primarY molars anD 
its ortHoDontic implication

atanasova i., ivanova g., arnautska H., valcheva Z. 

aBstract
Infraoclussion is define as tooth out of occlusal contact,non reaching the occlusal plane, submerge tooth or tooth 
with retained or incomplete eruption [17]. Infraocclusion of primary molars is condition which occurs pre- or 
post-eruption of teeth, occasionally even before the complete root formation of primary molars. The diagnosis 
includes clinical and paraclinical records-lack of normal occlusion-the opposing molars in the area seem to be 
out of contacts. A solid sound in percussion present. The radiograph demonstrates a break in the continuity of 
the periodontal membrane, absence of permanent successor could present as well. From the orthodontic point of 
view an overretained primary tooth often accounts for the ectopic eruption or impaction of the permanent tooth. 
Infraoccluded second primary molars are unable to withstand the mesial shifting of the first permanent molar, the 
loss of arch length is observed and supraeruption of apposing tooth might present.
Keywords: Ankylosis; Infraocclusion; Primary molar; Root resorption;PDL

aim 
The aim is discussion of  diagnostic possibilities for infraoccluded  deciduous primary molars, clinical manifestation  
and some treatment approaches. 

materials anD metHoDs
The opinions of known orthodontists  were reviewed. Some criteria of clinical and paraclinical  features of 
infraocclusion  were presented with aid of diagnostic records from the  Orthodontic department patients of  Dental 
Faculty-Medical University -Varna.

introDuction
Infraoclussion is define as tooth out of occlusal contact, non reaching the occlusal plane, submerge tooth or tooth 
with retained or incomplete eruption. [17] Each tooth is attached to and separated from the adjacent alveolar bone 
by  a heavy collagenous supporting structure, the periodontal ligament (PDL). Under normal circumstances ,the 
PDL occupies a space approximately 0.5 mm in width around all parts of the root. [24] The PDL is arranged as a 
network of parallel collagenous fibres ,running  from cementum of the root surface to the relatively dense bony plate-
the lamina dura. The collagen  of the ligament is constantly being remodelled  and renewed during normal function.
[9] The eruption mechanism appears to depend on metabolic  events within the PDL, including but not limited to 
formation, cross-linkage and maturational shortening of collagen fibres. [21] The forces generated within the PDL 
itself  can produce tooth movement. Two other major components of the ligament must be considered-1. cellular 
elements-local cellular population [5] and cells with hematogenous origin, 2.-the tissue fluids. Damage to the PDL 
cells during extra-alveolar period leading to absence of its vitality, allows resorption of the root and replacement 
by bone-Replacement resorption (Ankylosis) [15]. In growing child ankylosis results in infraocclusion of affected 
tooth. Ankylosis is restriction of tooth movement and eruption caused by a pathological condition, usually due to 
trauma or infection. Some authors reported that ankylosed teeth can demonstrate some degree of mobility [4]
Epideamiology and aetiology:

* 
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The vast majority of the cases reported with ankylosed teeth are in primary dentition [8]. The most affected 
teeth are the mandibular primary second molars , with equal incident in left and right side of the  dental arch. The 
prevalence of primary molars in infraocclusion varying between 1-9%. [17]. Others researchers point incident 
of primary molars ankylosis  between 1,5-9,9% [23]. Biederman reports the prevalence of ankylosis in primary 
dentition  10 times grater then in permanent dentition and 2 times more often in lower dental arch then upper 
one [8.] The factors which play role in development of ankylosis of primary teeth are hypodontia of permanent 
teeth, developmental imperfection of PDL, local  mechanical trauma, local metabolic disturbances, damages of  the 
ligament, premature eruption of permanent first molar or combination of the above.[18] The most often traumatic 
injury causing the ankylosis of teeth is luxation-30-44% of all dental trauma, affected almost 6% of population [14]. 
The local viral infection might have play role for ankylosis-an example varicella zoster virus who cause deficiency 
and damage of dental follicle innervation. [7]. The role of genetic and epigenetic factors are considered-gene defects 
leading to deficient ligament could be initiators of ankylosis [8].  A lot of current researches discussed the impact of 
genetic factors for ankylosis development in primary molars [13,16] .

patHogenesis
Tronstad describes the onset of process of ankylosis after extensive necrosis of PDL and following bone deposition 
directly over the root surface. Tronstad insists that the major reason for this is dental trauma, especially luxation. 
According to Andersson, the critical amount of ligament damage  causing ankylosis should be 20%[4]. If less then 
20%, the PDL has potential to overcome the breakdown and reattachment of the ligament fibres can occur.[1,2]. 
At the moment of ligament destruction and blood flow alterations , quickly  changes in the chemical environment 
occur. The inflammation process is triggered. The chemical messengers affects cellular activity, enzyme levels 
change and  cell differentiation is stimulated. The osteoblasts numbers increase dramatically and quiqly,compared 
to the numbers  of fibroblasts and cimentoblasts. The root surface is covered by osteoblasts that laid bone directly 
over it and tight connection between bone and root surface is established.[19]

Diagnosis anD clinical manifestation
The ankylosed primary molars are present in the dental arch in infraoclusion  with tendency for over retention 
beyond the time for spontaneous exfoliation and replacement by the permanent succeeder. Becker explains 
that the teeth adjacent to the primary infraocluded tooth are shifted towards it because of over stretching of the 
transseptal fibres connecting the teeth in the dental arch. An open bite can be observed when the ankylosed tooth 
and adjacent teeth are in infraocclusion,due to impossible compensation of the opposing teeth, probably because 
of tongue interposition between them.[12]. Supraeruption of opposing to the infraoccluded tooth is also possible. 
The clinical evidence could be a solid sound on percussion ,but some authors argue that it present only in one third 
of the cases with ankylosis.[25] If  the ankylosis   affects 10-20% of the PDL, the percussion test is not persistent 
clinical finding[4]. Reduced mobility and  lack of it in buccolingual direction is not mandatory clinical sign as well 
in cases of less then 20% ankylosis of  root surface[4]. Becktor at al. suggest that the  reduced vertical height of the 
alveolar bone proximity of the root apices to the lower border of mandible and bended roots are realible signs of 
ankylosis presented on radiograph[7]. The contemporary approach for diagnosis is CBCT (Cone beam computed 
tomography). It should be pointed that replacement resorption is possible in both-vital and non vital teeth but 
with infection free   root canal system. In cases with endo-infections ,the bacterial endotoxins penetrates trough 
dental root apex and accessories canicular system leading to inflammation resorption  of surrounding bone tissue 
and dental root apex  in attempt  of limitation  and neutralisation of  infectional elements [27] The external root 
resorption might be stopped by elimination of the endo-infection[11], but replacement resorption can not-it is a 
progressive process.[3]
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The infraocclusion can be classified as light,moderate or severe-based on lost of vertical position relative to the 
neighbouring  teeth and level of adjacent contact point.
Classification of Brearley[6]
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Discussion
In the management of the infraocluded tooth/teeth, early recognition and diagnosis are extremely important. 
The treatment approaches involve  periodically assessment due to possibility of spontaneous exfoliation-within 
6 months after the replacement  schedule,   surgical removal [26] and /or orthodontic treatment-with aid of  
removable appliances, space maintainers-TPA, Lingual arch etc., composite over infraoccluded teeth  for  occlusal 
contacts correction[22]. The timing of the removal of an ankylosed tooth is based on the position of the first 
permanent molar and the extend of the resorption of the primary tooth. Where space has been lost due to migration 
or tipping  of the first permanent molar, orthodontic uprighting and alignment are considered. Surgical removal 
of the ankylosed primary tooth  is to be avoided  before eruption of the first permanent molar. In cases  where the 
permanent premolars are congenitally absent(congenital agenesis), early removal of the submerging primary molar  
might be indicated. Some ankylosed teeth are firm, not mobile and difficult to remove intact surgically. There may 
be significant comorbidity associated with surgery.[20] Appropriate management of an ankylosed primary molar 
consists of maintaining it until an interference with eruption or drift of other teeth begins to occur. Then extracting 
it and placing a lingual arch or other appropriate appliance if needed. Vertical bony discrepancies will be eradicated 
when the succedaneous tooth brings bone with it during eruption. The ankylosed primary tooth should be extracted 
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if no permanent successor present to avoid developing of long-term periodontal issues and a large vertical occlusal 
discrepancy[24]

conclusion
It is quite common for primary molars to become infraoccluded with serious orthodontic implication over developing 
occlusion and dental arches[26]. Multifactorial aetiology playing role in the development of infraocclusion of 
primary teeth . The importance of prompt diagnosis and management   of ankylosed teeth have significant impact on  
inter-and inner- arch discrepancies. Multidisciplinary orthodontic-surgical approach of treatment is recommended 
according to degree of infraocclusion, presence of a permanent tooth, degree of deciduous molar root resorption, the 
maturity and position of the permanent successor.  Some researches suggest  no significant differences between the 
exfoliation of infraoccluded and non-infraoccluded primary molars. However, radicular resorption of infraoccluded 
molars presented a clear delay or was totally absent in infraoccluded molars associated with premolar agenesis[10]
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ectopic eruption of permanent first molars

ivanova g., atanasova i., arnautska H., valcheva Z.

introDuction
Ectopic permanent molar eruption is most commonly seen as incomplete eruption  and meso-angular impaction 
beneath the distal of the deciduous second molar. The upper first molars are most commonly affected and can 
present with an atypical resorption of the distal root of second deciduous molar and in some cases leading to its 
premature loss. The presence of molar ectopia may be used as an early indicator for the future development of other 
associated dental anomalies.(5)
Nikiforuk who also classified ectopic eruptions, defined them as “a condition in which the permanent teeth, because 
of deficiency of growth in the jaw or segment of jaw, assume a path of eruption that intercepts a primary tooth, 
causes its premature loss and produces a consequent malposition of the permanent tooth. (9)
The prevalence of ectopic eruption of FPMs (first permanent molars) varies from 0.75% to 6% in different 
populations worldwide (3,5). Young found that ectopic eruption was approximately present 3% of the time.
Young (14) classified ectopic eruption of the permanent first molar into two forms: 
reversible; and irreversible (called “jump” and “hold”). In the reversible form, the ectopically erupting permanent 
first molar frees itself spontaneously from a locked position and erupts into occlusion. This reversible pattern 
occurs in approximately 66% of ectopically erupting permanent maxillary first molars. In the irreversible form, the 
permanent first molar remains in a locked position until active treatment is provided or premature exfoliation of a 
primary second molar occurs.
Ectopic eruption of FPMs can be associated with other dental anomalies such as infraocclusion of primary molars, 
agenesis of the second premolars, supernumerary teeth and reduced size of maxillary lateral incisors.
If the ectopic eruption received NO treatment it may cause (13):

•	Space	loss	for	the	erupting	permanent	premolar-	impaction	of	nonerupted	second	premolar
•	Malocclusion-	Class	II
•	Decreased	arch	length

                                                                                                Fig. 1 Ectopic position of first permanent molar

etiological factors
Possible etiologic factors of this anomaly are insufficient intercuspid and anteroposterior growth of the jaws, 
asynchronization between eruption of the FPMs and bone growth at the tuberosity region, smaller maxilla, 
posterior position of the maxilla in relation to the cranial base, abnormal eruption angle or delayed calcification 
of the FPM, premature eruption of this tooth with inadequate anterior movement of the deciduous dentition. 
(2,4,10) Genetic influence on a multifactorial basis is also postulated.
Proximal caries or loss of teeth causes arch length reduction in the primary dentition, which may affect the 
prevalence of the ectopic eruption of the first permanent molar. This reduction in arch length may allow the 
eruption of first permanent molar that would otherwise have been ectopically erupted under the distal undercut of 
the second primary molar, in a more mesial position. The caries status of the second primary molars seems to be 
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the most influential extrinsic factor that could affect the prevalence of ectopic eruption of FPM. (5)
Different etiologic factors may lead to ectopic eruption. Genetic factor has been reported. Bjerklin and Kurol (7) 
discussed the attribution of local factors that may cause this anomaly including:

- larger permanent molars,
- pronounced mesial angle of eruption, 
-  crowding,
- a tendency for shorter maxilla, 
- abnormal shape of the second primary molar crown.

                                                                                                        Fig. 2 Bilateral impaction of first permanent molars

Chapman (4) was one of the earliest to report about the ectopic eruption. He mentioned four cases of ectopic 
eruption of the maxillary first permanent molars in which he described four possible factors: 

a. small arches 
b. deviant paths of eruption of the permanent molar
c. lack of forward movement of all primary teeth 
d. early eruption of the maxillary first permanent molars.

Pulver’s investigation proposes more than one etiologic factor to be responsible for ectopic eruption (10). Following 
an extensive study of ectopic eruption, he found that:

•	The	mean	size	of	the	maxillary	primary	and	permanent	teeth	in	the	affected	individuals	are	significantly	larger..
•	The	lengths	of	the	maxilla	in	affected	individuals	were	significantly	smaller	than	the	known	standards.	Further,	

the maxillae were positioned in a more posterior relationship to the cranial base.
•	Some	of	the	affected	maxillary	first	permanent	molars	showed	delayed	calcification.
•	There	was	an	abnormal	angulation	of	eruption	of	the	maxillary	first	permanent	molars.

The etiology of ectopic eruption can, therefore, be summarized as being a disturbance of the differential growth 
pattern of the individual. Different tissues and organs grow at different rates and at different times. A delicate balance 
normally exists between the timing and rate of growth. Differential growth is the basis for normal and harmonious 
completion of various physiologic processes including the eruption of teeth. Whenever this balance is disturbed, 
whether due to congenital factors or environmental interferences, an abnormal situation develops. It is, therefore, 
evident that whatever the etiological factor, a disturbance in the balance between the rate of jaw growth, the rate of 
eruption of the first molars, and/or sizes of the teeth produces ectopic eruption.

Diagnosis
Early diagnosis of this anomaly can be made during a routine radiographic examination before the eruption of FPMs, 
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usually between five and seven years of age. The earliest radiographic sign of ectopic eruption is the superiorly and 
mesially directed FPMs. Clinician should also have a suspicion for ectopic eruption if there is a delay (more than 6 
months) or abnormal eruption position of one or more FPM compared with the other FPMs. (1) 

clinical anD raDiograpHic features
Clinical features that ectopic maxillary molars eruption display may vary from early signs such as canting of the 
upper second deciduous molar occlusal plane, through to asymmetric molar eruption pattern, or overt impaction 
with the distal cusps only visible through the mucosa and the mesial marginal ridge gingival to the maximum 
bulbosity of the second deciduous molar. Later presentation may involve the presence of premature mobility, acute 
pain and/or infection related to the resorption of the second deciduous molar.

                                                                                                                      Fig.3 Radiographic sign of ectopic eruption

Ectopic eruption was categorized according to a grading system proposed by Barberia-Leache et al., which is based 
on the resorption rates of the primary molars (1). 

•	 Grade	 1:	 mild	 causing	 limited	 resorption	 to	 the	 cementum	 or	 with	 minimum	 dentine	 penetration	 of	 the	
primary second molar.

•	Grade	2:	moderate	causing	resorption	of	the	dentine	without	pulp	exposure	of	the	primary	second	molar.	
•	Grade	3:	severe	causing	resorption	of	the	distal	root	leading	to	pulp	exposure	of	the	primary	second	molar	
•	Grade	4:	very	severe	causing	resorption	that	affects	the	mesial	root	of	the	primary	second	molar.

                 Fig. 4 Grades of impaction by Barberia-Leache et al.
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Kennedy (6) suggested that spontaneous self-correction depends on the degree of root resorption and the amount 
of enamel ledge of second primary molar entrapping the ectopic FPM. Kennedy described a protocol of radiographic 
monitoring for a period of 3-6 months with assessment for first molar vertical position change. Improvement 
without further resorption would prompt continued monitoring. Lack of vertical improvement without further 
resorption would prompt intervention and exposure of the tooth.
Early diagnosis of ectopic eruption is essential for the delivery of appropriate treatment. If the resorption degree 
is slight or moderate, no treatment is required and spontaneous self-correction can be expected. However, if the 
resorption degree is severe or very severe, the majority of the cases do not self-correct and treatment is needed. If 
appropriate treatment cannot be provided, this may result in premature loss of the second primary molar, resultant 
space closure in the area and potential impaction of the second premolar.

management
•	 	The	 chief	 goal	 in	 correcting	 ectopic	 eruption	 is	 distal	 displacement	 of	 the	 permanent	molar	 to	 its	 normal	

position in contact with the distal aspect of the second primary molar. Even if the second molar is subsequently 
prematurely lost, a space maintainer can be used to prevent untoward tooth movement until eruption of the 
second premolar. Sometimes, the primary second molar can be retained even with extensive resorptive 
damage.

•				It	has	also	been	shown	that	at	age	seven	most	children‘s	permanent	molars	with	reversible	ectopic	eruption	
laid freed themselves. Therefore, postponing treatment to a later age is not recommended. Early treatment 
may prevent a space loss of 6 to 8 mm (11)

•	 Early	 correction	 of	 ectopic	 eruption	 is	 very	 essential,	 especially	 when	 roots	 of	 second	 primary	 molar	 is	
severely resorbed even prior to eruption of permanent first molar. In such cases, exposing permanent first 
molar surgically and distalising it is the safer option rather than waiting for permanent first molar to erupt and 
later distalise it.

favourable factors for self correction are: age less than 7years, resorption of cementum or dentine only without 
progression into the pulp chamber of the second deciduous molar, first molar position apical to the CEJ of the 
second deciduous molar with minimal resorption present.
unfavourable factors include an age greater than 8 years and increased resorption into the pulp chamber of the 
second deciduous molar.

treatment objectives may include:
•	 -	Distalisation	of	ectopic	molars	into	normal	antero-posterior	relationship
•	 -	Maintenance	of	buccal	segment	integrity
•	 -	Maintenance	of	favourable	exfoliation	sequence
•	 -	Prevention	of	vertical	occlusal	irregularities	to	supra-eruption	of	unopposed	molars
•	 Maintenance	of	overall	arch	dimentions

methods for correction
1) Interproximal wedging 
1.1) Metal or Elastomeric separators 
1.2) prefabricated separating spring -kesling separator
 1.3) Brass ligature wire (8,12)
 1.4) helical separating spring
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 2) Distal tipping 
2.1) Transpalatal arch with a distal hook
2.2) Fixed appliance - compressed coil spring

Fig. 5 Different treatment technique for correction 
of ectopic eruption of FPM

conclusion
Early diagnosis will allow timely prophylaxis and intervention to prevent the disruption of local occlusal relationship 
and reduce or prevent the need for much more complicated treatment in the future if the second primary molar is 
lost prematurely leading to significant space loss and second premolar impaction. A diagnosis may also provoke 
greater vigilance in siblings due to a familial tendency and observation for associated dental anomalies. 
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evaluation of tHe possition of tHe loWer tHirD molars in 
aDult patients from Bulgaria anD russia

stoichkova v.*, andreeva l.**

aBstract

introduction: Third molars are the last teeth to erupt in the mouth and often there is no space for them in the 
dental arch. Sometimes they induce tension between the front teeth that leads to misalignment in the frontal 
segment of the arch. Extraction of the wisdom teeth is a questionable choice for the long-term stability after 
orthodontic treatment.

aim: to study the position of the third molars in the lower arch in patients from Bulgaria and Russia.
Material and methods:  The panoramic X-rays of 67 Russian and 34 Bulgarians with mean age of 26 were involved 
in the investigation. All patients had 32 teeth with no orthodontic treatment in the past. The analysis of Haavikko 
for inclination of the axis of the third molar compared to the axis of the second lower molar was used. The 
analysis of Pell and Gregory, which gives more accurate definition of the position of the upper and lower 8ths, was 
conducted for all the patients.

results: According to the Haavikko analysis only 9% from the Russians had normal position of the left third 
molars (angulation from 0° to 10°) while in the Bulgarian group the percentage was twice higher - 15%. In both 
groups equal amount-around 25% had 75% chance for retention and inclination of more than 20°. On the right side 
normal position had 23% of the Russians and again 15% from the Bulgarians. Bad prognosis for 75% of impaction 
had 42% of the Russians and 355 of the Bulgarians.
Analysis of Pell and Gregory showed significantly different results – 1/3 of all patients had normal position of the 
third molars and good chances for eruption both on the left and on the right side of the lower jaw.

conclusion:  In the Bulgarian group the retention of third molars is more rarely observed than in the Russian 
group but when impacted the molars had higher degree of impaction in Bulgarians. The method of Pell and 
Gregory is more informative and precise for measuring the lower third molar impaction and is a method of choice 
for best prediction results of the dental treatment.

Keywords: lower third molar impaction, Pell and Gregory classification, retention by Haavikko, wisdom teeth

aim of tHe stuDY: to evaluate the position of the lower third molars in patients from Bulgaria and Russia.

material of tHe stuDY: 4397 panoramic X-rays of adult patients were studied (pic. 1). The panoramic 
X-rays of 67 Russians (33 men and 34 women) and 34 Bulgarians (8 men and 26 women) with average age of 26 
were involved in the investigation (pic. 2). All patients had 32 teeth with no orthodontic treatment in the past. The 
criteria to be included in the research are as follows: Age of the patients – over 18. All 32 teeth to be present. No 
crowns, no implants, no bridges and no orthodontic treatment in the past. From all 4 397 panoramic X-rays only 
101 fulfilled the criteria of the study (pic.3). From all 101 patients, 60 were females and 41 males (pic. 4).

*DDS, MSc, PhD, Private Dental Clinic “Premier Stomatologia”, Moscow, Russia
**DDS, MSc, PhD, DSc, Professor, Head of Department of Orthodontics, Medical University Sofia, Bulgaria

91



IV  CONGRESS OF BALCAN ASSOCIATION OF ORTHODONTIC SPECIALISTS

metHoDs of tHe stuDY: In order to evaluate the position of the lower third molars we decided to use 2 
methods. The one of them is the classification of Pell and Gregory. The authors determine the impaction of the 
wisdom teeth according to Ramus Mandibulae and to the occlusal plane of the second molar. According to the 
position of the wisdom teeth in the mandible regarding to Ramus Mandibulae there three classes of impaction 
(pic. 5):

Class I third molar impaction – The crown of the third molar is anterior of the anterior border of the Ramus 
Mandibulae.

Class II third molar impaction – ½ of the crown of the third molar is covered by the anterior border of the 
Ramus Mandibulae.

Class III third molar impaction – The crown is fully covered by the anterior border of the Ramus Mandibulae.
According to this classification the depth of impaction of the third molars can be divided into three classes 

regarding to the position of the occlusal plane of the wisdom tooth (pic. 6):
Class A – the occlusal plane of the third molar is at the same level as the occlusal plane of the second molar.
Class B –the occlusal plane of the third molar is between the occlusal plane of the second molar and the cervical 

line of the second molar.
Class C – the occlusal plane of the third molar is apical to the cervical line of the second molar.

The second method that we have used in our investigation is the method of a Japanese scientist Haavikko. He 
suggests to measure the angle between the long axis of the lower second and third molars. Angulation between 0 
and 10 degrees means good prognosis and enough space for eruption. Angle between 10 and 20 degrees means that 
there is only 50% chance for normal eruption. And the most unfavorable prognosis with 75% chance for retention 
is in cases with angle more than 20 degrees. 

results: Distribution of the third molar impaction according to the method of Haavikko by teeth and 
nationality. On Table 1 it is shown that only 9% of all lower left wisdom teeth will erupt properly in the Russian 
group and 14,5% in the Bulgarian group. In 25% the prognosis is unfavorable with 75% chance of impaction. Distal 
inclination of the crown is found in 36,5-43,9% of the lower left molars of the patients and it is -7,6 degrees for the 
Russians and -13,1 for the Bulgarians.
On the right side of the mandible 20% of the lower third molars had good position which is statistically significant 
more than on the left side.  But they also had more unfavorable prognosis – 35-42% of all lower right third molars 
had 75% chance to be impacted. Distal inclination was found in 27,3-41,2% of the teeth and was -8,9 degrees for 
the Russians and -14 degrees for the Bulgarians, which is higher than on the left side.
Bulgarians had better prognosis (15%) but higher degree of distal inclination. The worst prognosis was observed 
in both nations equally – about 25%. 
On the right side the situation is much better, especially for the patients from Russia (Table 2.). Normal position 
was found in 23% of the cases, compared to only 9% on the left side. If for the Bulgarians this percentage is equal for 
both sides (14,5%), for the Russians the difference is 2,5 times. The bad prognosis for both nationalities increases 
sufficiently – 1,5 time more teeth with angulation of more than 20 degrees.
According to the classification of Pell and Gregory, the distribution of the impaction of the lower third molars had 
shown higher number of impacted teeth on the right side. Class II B means that the tooth is between the occlusal 
plane and the cervical line of the second molar and half covered by Ramus Mandibulae. In Class III are those 
wisdom teeth that are fully impacted both according both to the Ramus and to the second molar. 
On Table 3 the impaction of the lower left third molars according to Pell and Gregory is presented. It is seen that 
in proper position (Class A) are almost 1/3 of both Russians and Bulgarians. In Class II A (the occlusal plane of 
the third molar is at the same level of the occlusal plane of the second molar but is half covered by the ramus) were 
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14% of the teeth in the Bulgarians which is 3 time more compared to the Russian group.
On the right side of the mandible 35% of the patients had normal position of the wisdom teeth and no impaction 
in 1/3 of the cases (Table 4.). Class II A impaction had again The Bulgarians 2,5 times more compared to the 
Russians. Therefore, we may conclude that if a wisdom tooth is impacted in the Bulgarian group, then this tooth has 
higher degree of retention than in the Russians. At the same time more patients in Bulgaria have normal position of 
the wisdom teeth i.e. the cases with impaction are rarely observed but with more unfavorable position.

finDings. The position of the lower third molars in young adults from Russia and Bulgaria was determined. 
Two methods for evaluation of the position of third molars were compared and significant differences were found 
between them. Distal inclination was found in the position of teeth with impaction Class II A.
Comparing both methods for evaluation of the position of the third molars, it was found out that according to 
the method of Pell and Gregory around ½ of all teeth were in Class I i.e. they had more favorable prognosis for 
eruption. At the same time, according to the analysis of Haavikko, the percent is only  of all patients.
It was found out that there were significant differences in the degree of impaction between the left and right third 
molars.
According to the Haavikko analysis only 9% from the Russians had normal position of the left third molars while in 
the Bulgarian group the percentage was  twice higher – 15%. In both groups equal amount – around 25% had 75% 
chance for retention and inclination of more than 20°.On the right side, normal position had 23% of the Russians 
and again 15% from the Bulgarians. Unfavorable prognosis for 75% of impaction had 42% of the Russians and 35% 
of the Bulgarians.

conclusion The retention of third molars among the Bulgarians was more rarely observed compared to the 
Russian patients while the molars had higher degree of impaction in Bulgarians. The method of Pell and Gregory 
is more informative and precise for measuring the lower third molar impaction and is a method of choice for best 
prediction results of the dental treatment.
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Picture 1. Orthopantomogram of 32-years-old 
patient with impacted third molars.

Picture 2. Distribution of the patients 
by nationality and gender.

Picture 3. Total number of examined patients and number 
of patients included in the investigation.
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Picture 4. Distribution of the patients by gender.

Picture 5. Classification by Pell and Gregory regarding to 
Ramus Mandibulae into Class I, II and III

Picture 6. Classification by Pell and Gregory according to the 
occlusal plane into Class A, B and C

Table 1. Prognosis for retention of the lower left third molars according to Haavikko by nationality.
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Table 1. Prognosis for retention of the lower left third molars according to Haavikko by nationality

Table 2. Prognosis for retention of the lower right third molars according to Haavikko by nationality.
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Table 3. Distribution of the impaction of the lower left third molars according to Pell and Gregory by nationality.

Table 4. Distribution of the impaction of the lower right third molar according to Pell and Gregory by nationality.
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evaluation of sKeletal maturitY using manDiBular canine 
calcification stages

atanasova, i.*

introDuction 
The term „skeletal maturation“ refers to the developmental process by which the skeleton is gradually transformed 
from cartilage into bone. There is a concordance between the rate of skeletal maturation and the rates of other 
developmental processes, such as linear growth, the decline in growth potential, and puberty[4]. In orthodontics 
and dentofacial orthopedics skeletal maturity stage can have a considerable influence on diagnosis, treatment goals, 
treatment planning, and the outcomes of orthodontic treatment. Children growth shows considerable variation 
in the chronological ages at which individual children reach similar developmental events. Recent research has 
demonstrated that sexual development really begins much earlier than previously thought [17]. In girls epiphyseal 
fusion for the main limb bones  is some two or three years  in advance of boys (Scheuer and Black,2004). The 
difference in dental development is generally less, but girls still reach development stages on average  about six 
months in advance of boys [16]. In early-maturing girls, the adolescent growth spurt often precedes the final 
transition of the dentition , so that by the time the second premolars and second molars erupt, physical growth 
is all but complete [23]. Most commonly used methods for growth evaluation are somatic that is based on 
the general body changes along with development of the secondary sexual characteristics and the radiological 
assessment of hand– wrist radiograph [2-10], Cervical Vertebrae Maturation (CVM) [12,1], serial cephalometric 
methods or panoramic radiographs (dental maturation) [14-18]. Nolla CM[13] and Demirjian A[5] state  that 
tooth mineralization stages are preferable to ages of tooth eruption in the assessment of dental maturity because 
mineralization is affected much less by local environmental influences and is measurable over a much longer period 
of time.

aim
The purpose of the article is to present the method of defying the calcification stages of mandibular canine and its 
potential as indicator of skeletal maturation growth phase based on literature review.  
Materials and methods
Method of Coultinho, Buschang and Miranda[3], Method of Hagg and Taranger [11]
Literature review 

Discussion
Dental calcification stages of the mandibular canine provide readily available and easily recognized indications 
of the maturity status of a person. Panoramic radiograph is the most preferable and reliable x-ray diagnostic 
tool which can be used for assessment of dental age and mineralization phase of each tooth. Even though CVM 
(Cervical Vertebral Maturation) method is a reliable method for the evaluation of the growth phase [1], it requires 
a lateral cephalometric radiograph, which is not always compulsory pre-treatment record for every patient. So as 
an alternative to CVM method, dental development has also been widely investigated as a potential predictor of 
the growth phase. A significant correlation between the calcification stages of the mandibular canine and skeletal 
maturity was found. The calcification stages of the mandibular canine show satisfactory diagnostic performance 

*
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only for assessment of pre-pubertal growth phases [21]. In addition, hypodontia of permanent canine is extremely 
rare and the prevalence ranges from 0.18% to 0.29%. Mandibular permanent canines rarely show morphological 
variations in their development. Method of Coultinho, Buschang and Miranda studied the association between the 
canine calcification and epiphyseal-diaphyseal stages of ossification for third proximal, middle and distal phalanges 
and fifth proximal phalanx. The stages were assessed using Hagg and Taranger  method [11]. A close association 
was found between the stages of mandibular canine calcification and the skeletal maturity indicators:

Fig.1 Calcification stages of the mandibular canine [13], 
Method of Coultinho, Buschang and Miranda [3]

Fig.2 [21] Method of Hagg and Taranger[11]
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1. Assessment of mandibular canine calcification stages The calcification stages of the left permanent mandibular 
canine were assessed according to the method of Demirjian et al. [5](stages E to H), on panoramic radiographs. 
These stages are defined as: 

2. Stage E – The walls of the pulp chamber form straight lines, the continuity of which is broken by the presence of 
the pulp horn, which is larger than in the previous stage and the root length is less than the crown height. 

3. Stage F – The walls of the pulp chamber form an isosceles triangle, with apex ending in a funnel shape, and the 
root length is equal to or greater than the crown height. 

4. Stage G – The walls of the root canal are parallel and its apical end is still partially open. 
5. Stage H – the apical end of the root canal is completely closed, and the periodontal membrane has a uniform 

width around the root and the apex.

•	Canine	stage	F	indicates		the	initiation	of	puberty.
•	2.The	timing	of	stage	G	coincides	with	the	capping	of	the	third,	middle	and	the	fifth	proximal	phalanges	and	the	

presence of the adductor sesamoid. It is indicative of PHV-peak height velocity-pubertal growth spurt
•	3.The	intermediate	stage	between	stages	F	and	G	should	be	used	to	identify	the	early	stages	of	the	pubertal	growth	

spurt.[19] Fig.2

1.Sesamoid: [19]
Presence  of the ulnar sesamoid is seen during the acceleration period of pubertal growth spurt-onset of PHV in 86% 

of girls and 92 % of boys
2.Middle Third Phalanx: [11]
MP3 F:The epiphyses is as wide as metaphysis. This phase is attained before pubertal onset by about 40% of the 
subjects and at PHV by the rest of the subject
MP3 FG:The epiphysis is as wide as the metaphysis  and there is a distinct medical and or lateral border of the 
epiphysis forming a line of demarcation at right angles  to the distal border. This stage is attained  one before  or at 
PHV.
MP3 G:The sides of the epiphyses  have thickened  and also cap its metaphysis, forming an edge distally at one or 
both sides. This stage is attained at or one year after the PHV
MP3H:Fusion of the epiphyses and metaphysis  has begun and it is attained  after PHV but before the end of growth 
spurt by practically  all the boys and about  90% of of girls
MP2 I:Fusion of the epiphyses and metaphysis  is completed. The stage is attained before or at end of PHV in all 
the subject except a few girls 
Distal third Phalanx:[11]
DP3 I: Fusion of the epiphyses and metaphysis  is completed.

The distal epiphyses of the radius(R)[11]
Stage I- fusion of the epiphyses and metaphysis  has begun
Stage IJ-fusion  is almost completed but there is still a small gap at one or both margins.
Stage J- Fusion of the epiphyses and metaphysis  is completed.
R-I- is attained 1 year before or at end of the pubertal growth spurt by about 80 % of the girls  and about 90% of the 
boys.
R-IJ and R-J are not attained before  the end of the PHV by any subject
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conclusion
Successful treatment of skeletal disharmonies may be achieved by growth modification in patients that have a certain 
amount of growth remaining. There are wide individual variations in the timing, duration and velocity of growth, 
and therefore we need to assess individual development stages. Timing plays a crucial role in the outcomes of 
treatment for skeletal  discrepancies  in growing patients [15,7]. Dental calcification stages of the mandibular canine  
is a simple first-level diagnostic test for maturity status of  a person.
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Mandibular canine; skeletal maturation; calcification stages; dental age
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evaluation of comBineD treatment WitH mecHanical 
acting appliance anD functional appliance on sKeletal anD 

Dentoalveolar tissue

popova, Y*

The topic for functional appliance treatment effects was controversial since the last century. Combination of 
mechanical active appliances - braces and functional appliances – trainers, could use the capabilities of both 
treatment mechanics. Treatment with braces allows the alignment of the dental arches and the trainers improve 
the occlusal contacts and balance of the muscles, which gives precondition for the stability of the treatment result.
“Trainer for Braces” assists the orthodontic treatment. It is a prefabricated functional appliance that has channel to 
fit over orthodontic braces. T4B eliminates the undesirable muscle compression, positions the jaws edge to edge, 
influences the undesirable myo-functional habits (Fig. 1).

Fig.1. Trainer T4B combined with braces

The aim of the present study was to estimate the treatment effects of the combination between the mechanically 
acting braces and functionally acting trainers. 

materials anD metHoDs
Twenty class II patients were treated with combination of braces and trainer (T4B). The patients completed the 
treatment with occlusive molar class I relationship. All patients had an initial profile X-ray and the same final records. 
AUDAX software was used to create customized cephalometric analysis and all cephalometric X-rays were analyzed. 
The evaluation of the treatment effects was made by comparing the initial (T1) and final cephalometric analysis 
(T2). 

results 
Comparison between cephalometric analysis of the initial (T1) and final x-ray (T2) showed us decrease of sagittal 
skeletal discrepancies (angle ANB) mainly due to the change of mandible position (angle SNB) (Tabl.1).

* Assistant Professor, PhD, Medical University – Sofia, Faculty of dental Medicine, Department of Orthodontics
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Table 1. Sagittal skeletal changes

Vertical skeletal dimensions showed us no significant difference during combined treatment with braces and trainer 
T4B (Tabl. 2).

Table 2. Vertical skeletal changes

Dentoalveolar treatment effects are mesial movement of the mandibular and maxillary incisors and decrease of 
interincisal angle values (Tabl. 3).                                                                                                  

Table 3. Dentoalveolar changes

104



IV  CONGRESS OF BALCAN ASSOCIATION OF ORTHODONTIC SPECIALISTS

Discussion:
A wide range of functional appliances is available for correction of skeletal Class II malocclusions. Functional 
appliances are correcting Class II malocclusion effectively by mandibular growth stimulation with slight 
dentoalveolar effects, without any restriction effect of maxillary growth (1, 2, 3, 4, 5).
Prefabricated removable functional appliances induces basical dentoalveolar changes and sagittal growth of the 
mandible, increases the SNB and reduces the ANB angle (6, 7)
The main advantage of “Trainer for braces” is the possibility to combine removable functional appliances with 
mechanical acting bracers in one phase treatment of Class II malocclusion. The T4B disoccludes the dentition 
allowing the teeth to move more freely by the braces and eliminate undesirable muscle pressure (8).
The present study shows us that the chin position can be affected by the chosen therapy. This demonstrates that 
therapy with combination of T4B and bracers has a slight skeletal treatment effect and more pronounced dental one. 
Unfortunately, we could not differentiate treatment results from the growth changes. It would have been desirable to 
compare the data of the treated patients with longitudinal growth data of untreated class II malocclusions (9, 10).

conclusion
Desired treatment effects with the combination of the present appliances were achieved: improvement of the 
patient‘s skeletal Class II pattern, improvement of the profile, established Class I molar relationship, relieved 
crowding in both arches. It’s impossible to determine treatment effects with braces and trainer separately.
Well-aligned teeth and optimal occlusal relationships combined with muscle balance are pre-requisites for the stable 
result and esthetic smile.
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factors Determining Bulgarian ortHoDontists’ cHoice of 
retainers

Kalaydzhieva m.*, Krasteva s.**

introDuction
Retention is always required after active orthodontic treatment  in order to prevent or minimize the occurrence of 
relapse.  According to the literature, the criteria for choosing a specific type of orthodontic retainers have not been 
fully studied.

aim
To study the retention protocols practiced by orthodontists in Bulgaria, as well as the factors that influence the 
choice of retainer type.

materials anD metHoD 
A survey was conducted among members of the Bulgarian Orthodontic Society. The questionnaire consisted 
of 19 questions concerning the application of a particular type of retainer depending on the type of the initial 
malocclusion that was treated, the factors determining the choice of retainer type as well as the duration of the 
retention period. 
RESULTS: The type of initial malocclusion as well as the patient’s myofunctional condition and age are paramount 
for the orthodontists’ choice of retention protocol.  Treatment results, patient’s motivation and the presence of 
third molars are also important factors. Factors such as dental anatomy and patient’s preference are less important 
when choosing the type of retainer. Regarding the choice of retainer depending on the type of the treated 
malocclusion, orthodontists most commonly use a fixed retainer after treatment of diastema, rotations, elderly 
patients and anterior extrusion. Removable retainers are applied  in cases of posterior crossbite, Class I crowding 
without extractions and anterior intrusion. A combination of both fixed and removable retainers is applied after 
extraction treatment, overjet, open bite, as well as in cases of treatment after relapse.

conclusion
The conducted survey provides information about the key factors that determine the choice of retention protocol 
and the application of specific retainers depending on the initial malocclusion that was treated.
Key Words: orthodontic retention, retention protocols, removable retainer, fixed retainer

introDuction
Retention is the phase of orthodontic treatment that maintains teeth in their orthodontically corrected positions 
following the cessation of active orthodontic tooth movement (1). The rationale for retention includes 
reorganization of the tissue, minimizing changes caused by growth and allowing neuromuscular adaptation to the 
corrected tooth position (2). To minimize or prevent a relapse, almost every patient who has had orthodontic 
treatment is given some type of retainers (3) Retention appliances are vital for successful orthodontic treatment, 
as the post-treatment stability of any corrected malocclusion is unpredictable (4) Because of the importance of 

* Assis. prof., Department of  Orthodontics
** DMD, Ph.D. Assoc. prof., Department of Orthodontics, Faculty of Dental Medicine – Medical University – Plovdiv, Bulgaria
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retention, a systematic organization of the retention phase, including choice of retainer is essential to the success of 
both the orthodontic treatment and the orthodontic practice. 
Many factors should be considered when deciding what type of retainer to give to each patient such as pretreatment 
situation, oral hygiene, end result, periodontal tissue, patient motivation, and patient age (3, 5, 6). 
Nevertheless, there is no agreement in the literature concerning the duration of the retention period or choosing 
the best type of a retainer.

aim
The purpose of this comprehensive survey on retention protocols among Bulgarian orthodontists is to identify 
the factors that determine the retention procedures used and to compare the results with those of similar studies.

materials anD metHoDs
The study participants were orthodontists registered with the Bulgarian Orthodontic Society who are currently 
practicing in this country, as well as postgraduate students in Orthodontics and general dental practitioners who 
practice as orthodontists. Full lists of the names and e-mail addresses of orthodontists were provided by the 
Bulgarian Orthodontic Society. The online link to the survey was then sent via e-mail. 
The questionnaire consisted of 19 questions. The first three questions provide information on gender, duration 
of orthodontic practice and practice setting. The following five questions provide information about the timing of 
retention protocol selection, the factors determining the selection of retention protocol, and types of retainers that 
were commonly used.  The last seven questions provide information on the duration of retention and scheduling 
of the follow-up appointments.  
The data analysis was performed using Statistical Package for Social Sciences (SPSS) software version 25 (2017) 
and Minitab version 18.1 (2017) to derive descriptive statistics. The choice of statistical methods is made 
according to the type of data, the distribution of quantities and the tasks guiding the current research. The trends 
in responses were described in percentages. 

results
The questionnaire was sent to 97 orthodontists and had a return rate of 46.4%. The demographic characteristics of 
the participants in the survey are shown in Figure 1.

Figure 1. Distribution of participants by gender
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The majority of the participants were female (73%). More than a half of the respondents (58%) worked in both 
private practices and universities, followed by practitioners in private practices (37%) (Figure 2). 32% of the 
orthodontist had an experience of 5-16 years, followed by orthodontists who have practiced more than 25 years. 
(Figure 3)

                                                                                                         Figure 2. Distribution of participants by practice sitting

Figure 3. Distribution of participants by  
orthodontic experience

Most of the practitioners take the decision of retainer’s type before the onset of orthodontic treatment, followed by 
the orthodontists who decide the type of retention after the active treatment has finished. (Figure 4)   

                                                                                                                                                                             

Figure 4. Decision time for retainer’s type
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The type of initial malocclusion (89%) as well as the patient’s myofunctional condition (71%) and patient’s age 
(69%) are paramount for the orthodontists’ choice of retention protocol. Treatment results, patient’s motivation 
and the presence of third molars are also important factors. Factors such as dental anatomy and patient’s preference 
are less important when choosing the retainer type. (Figure 5)

Figure 5. Graphical illustration of the factors that influence retainer choice

Regarding the choice of retainer depending on the type of the treated malocclusion, orthodontists most commonly 
use a fixed retainer after treatment of diastema, rotations, elderly patients and anterior extrusion. Removable 
retainers are the preferred choice for retention in posterior cross bite cases, Class I non-extraction cases and intrusion 
of anterior teeth.  A combination of a bonded retainer and a removable retainer is the preferred choice of retention 
following treatment of anterior open bite, overjet, class I extraction cases and orthodontic retreatment. (Figure 6) 

                                              

Figure 6. Retainer choice by orthodontists according to the type of treatment
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Discussion
This is the first comprehensive survey to identify retention protocols of specialist orthodontists in Bulgaria. 
Studies suggest that relapse can be reduced, to some extent, by taking into account the findings at the onset of 
orthodontic treatment (7, 8). Our survey reveals that the original malocclusion is reported to be the most important 
factor influencing the choice of retainer type. Despite similar reports in other surveys (9, 10, 11), researchers find 
no relationship between pretreatment  malocclusion and  post treatment stability and relapse 12, 13. 
Half of the orthodontists in Bulgaria consider the wisdom teeth as an important factor in choosing the type of 
retention, which does not coincide with the results of other studies. (3, 10, 11, 14,). This results can be explained 
by the existing data in the literature, which suggest an important role of the wisdom teeth in incisor irregularity (15, 
16).  However, other studies fail to show link between the presence of wisdom teeth and lower incisor crowding 
(17, 18). Late incisor crowding is multifactorial in nature and factors other than third molars play an important role.
According to our findings fixed retainers are the most commonly prescribed retainers after treatment of diastema, 
teeth rotations and adult patients. This tendency is also observed among orthodontists in Netherlands (3), 
while orthodontists in Norway use a combination of removable and fixed retainers (11). The application of dual 
retention- fixed retainer combined with removable retainer is preferable after extraction treatment, overjet, open 
bite, as well as in cases of retreatment. This is probably a safety measure adopted by orthodontists in order to prevent 
relapse in high risk cases or in cases with bond failure of the fixed retainer. According to the studies of Johnston CD 
(2015) and Litllewood SJ (2017) a combination of fixed and removable retention is recommended in high-risk 
cases (19, 20). This type of retention prevents dental changes in cases of bond failures and deleterious effects on the 
periodontium caused by unintentionally active retainers and holds transverse dental arch dimension (21). 

conclusion
The conducted survey provides information about the key factors that determine the choice of retention protocol 
and the application of specific retainers. Almost all orthodontists consider the original malocclusion to be the most 
important factor when selecting the type of retainer. The variation among orthodontists in this survey with regard 
to their retainer choices after specific treatment types indicates the need to develop an evidence-based practice 
guideline for retention procedures after orthodontic treatment.  
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genetic factors for HYpoDontia

Yordanova t *. , gurgurieva-andreeva l.*, ignatov n.**

introDuction
Tooth agenesis (TA) is one of the most common developmental anomalies that affects the number of teeth. In the 
last decade, it was revealed that genes, coding the occurrence of TA are also linked to specific malignancies, such as 
ovarian, colorectal, squamous cell carcinoma of the esophagus and others. 
Further research into these already identified groups of genes and the discovery of new ones requires an ongoing 
coordinated multicentered effort. So far, a substantial pool of knowledge has been gathered, with the prospects of 
a bigger discoveries.

aims 
To create a database, linking TA with known related malignancies. This will allow for the development of an 
computer algorithm able to predict which malignancy is most likely to occur, based on the type of diagnosed TA. 
Materials and methods
We conducted a search in PubMed, EMBASE and Cochrane Library databases for original research articles, linking 
TA and malignancy disease. GOLD and OMIM genetic databases were additionally searched to identify more 
related genes.

results
We identified more than 200 genes involved in tooth development. The search emphasizes the functional 
importance of Msx1, Pax9, Pitx2, and Lef1 genes in proper tooth formation and morphogenesis, since the absence 
of these genes results in arrest of tooth development at the bud stage (1). In humans, the best characterized 
mutations for both syndromic and nonsyndromic TA involve MSX1 and PAX9, with concordance between mouse 
and human phenotypes. Additional mutations in genes belonging to the canonical Wnt pathway (i.e., AXIN2, 
LRP6, WNT10A, WNT10B) have also been increasingly implicated in the susceptibility to nonsyndromic TA (1, 
2, 3, 4, 5).
In the recent years a strong correlation was found between tooth agenesis with several malignancies. It appears that 
ovarian and colorectal cancer are genetically linked to TA via several common genes. Squamous cell carcinoma of 
the esophagus also appears to be genetically linked to hypodontia. 

* Department of Orthodontics, Faculty of Dental Medicine,Medical University – Sofia
** Orthogyn Medical and Dental Center
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Fig. 1 Causal mutations in 15 genes belonging to 3 major pathways seems to be responsible for non-syndromic TA

ovarian cancer 
Current studies demonstrate an incidence of hypodontia in 19.3% of the patients with ovarian cancer. Some of the 
genes related to hypodontia could also be related to ovarian cancer as women with hypodontia have 8 times higher 
risk of ovarian cancer. Some of the genes that are related to hypodontia are paired box 9 (PAX9), MSX1, and axis 
inhibition protein 2 (AXIN2). These genes are also expressed in tumor cells of the female reproductive system 
(6). The majority of missing teeth are either maxillary second premolars or maxillary lateral incisors and more 
often they are missing unilaterally. So hypodontia could potentially become a risk marker for future ovarian cancer 
development:

Table 1 Gene mutations involved with TA and ovarian cancer. Bonds J. et al.

A future step could be the earlier referral of such patients for ovarian cancer screening. According to van Nagell et 
al., if a correlation was found between hypodontia and ovarian cancer in more prospective studies, then semiannual 
screening should become the standard of care for those women in order to achieve earlier detection.
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colorectal cancer
Colorectal cancer (CRC) is the third most commonly diagnosed cancer in the world and a leading cause of cancer-
related deaths. Its etiology is multifactorial and around 33% of all cases are attributed to genetic factors. Lammi et al. 
reported that mutations in the tumor suppressor gene AXIN2 were found co-segregating with colorectal cancer and 
tooth agenesis in a large multiplex family. Moreover, these authors showed the expression of AXIN2 in developing 
mouse teeth and suggested that genes involved in colorectal cancer could also be involved in tooth development. 
Wnt pathway genes have also been shown to play critical roles in tumorigenesis, particularly in colorectal cancer.
Single nucleotide polymorphisms in CDH1, BMP2, BMP4, and GREM1 genes, known to have important roles in 
craniofacial and/or tooth development, have also been reported in association with CRC.
From the thirty CRC-predisposing variants assessed, genome-wide significant associations between TA and loci on 
1q41 and 12q13, containing DUSP10 (dual specificity phosphatase 10) and ATF1 (activating transcription factor 
1) genes, respectively, were revealed (7):

Table 2 Genes involved in the pathogenesis of TA and CRC. Williams, M.A. et al.

squamous cell carcinoma of the esophagus
The PAX9 gene is expressed in neural crest-derived mesenchyme, which is involved in odontogenesis. Condensation 
of mesenchyme must occur around the tooth bud epithelium. PAX9 mutations are likely to manifest as agenesis 
of second molars or a combination of agenesis of second premolars and mandibular incisors. PAX9 mutations 
also influence the position and morphology of teeth in affected individuals. PAX9 plays a critical role in fetal 
development and cancer growth. It is involved in cell proliferation, apoptotic resistance, and cell migration and has 
been shown to be a prognostic marker of esophageal squamous cell carcinoma (8).
Algorithm of risk prediction
Based on the existing link between aforementioned malingnant diseases and TA we created a computer algorithm, 
aiming to predict the individual risks for a certain neoplasm, based on the type of existing hypodontia.
After initial examination of the patient’s dentition, the following information is gathered:
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•	 Number	of	missing	teeth;
•	 Type	of	missing	teeth	(incisors,	premolars,	molars,	third	molars)
•	 Location	of	missing	teeth	(uni-	or	bilateral;	upper,	lower	jaw	or	both)

Based on this information the algorithm generates a list of genes which could be involved in a given type of TA. If 
mutations in these genes are then identified it will enable earlier referral of such patients for further cancer screening 
and/or profilaxis.

the rationale of the algorithm

Fig. 2 Major steps in the clinical implementation of the algorithm

Discussion
Nowadays, a large number of genetic tests exists, allowing to screen for a substantial variety of genetic conditions. 
A major drawback, however, is the fact that these tests are usually not able to identify non-syndromic, isolated gene 
mutations.
Therefore, the presence of a specific type of TA could provide the means of discovering single gene mutations that 
could be responsible for increased malignancy risks later in life.
Current scientific evidence suggests that TA is associated mainly with ovarian, colorectal and esophagial cancer, but 
there are more canditates to be added to the list in the nearest future. The algorithm’s database will be continuously 
updated to reflect the new findings, thus rendering this tool even more efficient.

conclusion 
Research in cell biology and human genetics has shown genetic overlap in the occurrence of tooth agenesis and 
certain human cancers. Genes that participate in dental development, when mutated, provide greater viability for 
development of some cancers. As a conclusion,  people with dental agenesis are more likely to develop some type of 
cancer because they already contain a mutated pre-established genotype expression.
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leveling WitH continuous arcH or segmenteD arcH 
tecHniQue – proBlems anD suggestions

arnautska Hr.*,  oliveira W.**

aBstract

introDuction
Alignment can be realized with continuous arches or with segmented arches. The use of full arch wire may produce 
a lot of side effects, because we can’t predict the forces and moments which the wire will generate. Segmented 
arches give  a better distribution of forces and allowed to predict, the forces and moments developed in relation to 
all of the brackets. 

aim: The aim  of the article is to show how using the biomechanical principles of the segmented arch  technique 
in the stage of  leveling we can optimize the orthodontic treatment and reduce the side effects of the straight arch 
technique. 

Discussion 
The use of an continuous arch in the leveling and alignment phase has many limitations and contraindications. This 
is due to the generation of forces and moments that lead to movements that are difficult or impossible to predict. 
Therefore, the application of a straight wire in the leveling phase is recommended in cases of small crowding, the 
need for small movements, as well as the use of straight wire in small segments for limited alignment. In all cases 
with moderate and severe crowding, severe canine or premolar root angulation, canines or incisors extrusion or 
retraction, molar uprighting, periodontal health compromised teeth, as well as between teeth in low geometries I 
to III, leveling with segmented arches, loops or cantilevers is highly recommended.

conclusion
Every clinician must know the biomechanical principles and the possibilities and limitations of the system he 
applies. The most effective orthodontic treatment requires the ideal mechanical approach for the individual 
patienт and dental arch. In this aspect, the segmented arch technique can support the straight arch technique in 
several clinical situations to reduce side effects and optimize orthodontic treatment.

Key words: segmented arch technique, biomechanics, geometries, straight arch technique
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introDuction 
To bring teeth into alignment a continuous arch mechanics or segmented arch mechanics can be used. The 
continues arch approach may produce a lot of side effects, because the forces and moments which the wire would 
generate might be unpredictable. Segmented arch wires provide a better control of force systems, what is important 
to reach the desire dental movement.  A straight wire technique is characterized as statically indeterminate force 
system which limits the orthodontist in selection of dental elements on which the forces and the moments should 
act. 
The orthodontist predicts how a tooth will move by “reading” of the arch wire. “Reading” means placing the wire 
in one bracket and determining the linear and angular changes required of the other bracket.  In 1974, Burstone 
and Koenig introduced the idea of statically indeterminate systems in Orthodontics and determine six geometry 
classes(7). They represent six specific geometric relationships between two brackets and give us understanding 
about applications of forces and moments generated by the statically indeterminate system. (Fig .1) According to 
Burstone, the orthodontist’s priority is  to recognize whether the direction of the forces and moments applied are 
in agreement with the desire movements (14).

To aid in understanding the complex force system produced along the whole arch when it is placed in slots of  the 
brackets in the mouth, Burstone used a two-tooth segment or system, representing the basic unit of a malocclusion, 
which is actually  series of two-tooth segments. Understanding the fundamental relationships between the insertion 
of active wires into brackets and the forces and the moments produced between two-teeth is the initial step toward 
knowing the mode of action of any appliance(14). The force system acting on the entire dental arch must be in 
equilibrium. To understand it, we must “ read” the action of the archwire between every two brackets and the 
existence of the six geometries from class I to class VI and knowing that in geometry I the forces are greatest, and 
in geometry VI there is only a moment and no resulting forces. The deactivation of the archwire leads to a change 
in the position of the teeth and hence the geometries, which is associated with changing in the force system. 
(fig.1)  Figure 1 shows the change in the ratios of forces and moments depending on the different angulation of the 
two teeth. The forces gradually decrease with increasing geometry. The direction of the moments is the same in 
geometries from I to III. The moment in one of the tooth also decreases until it completely disappears in geometry 
IV. In geometry V the direction of the moment is reversed and finally reaches the same magnitude of the moment 
of the other tooth at geometry VI. Both moments are in opposite directions in geometries V and VI. In geometry 
VI there are no forces in both teeth. Understanding of these specific geometric relationships between two brackets 
help the orthodontist to recognize the direction of the forces and moments applied from the archwire and achieve 
the desired movement. 

aim: The aim  of the article is to show how to use the biomechanical principles of the segmented arch wire 
technique in the stage of leveling and alignment  and how it can be used to optimize the orthodontic treatment and 
reduce the side effects of the straight arch technique.
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Fig.1 The six classes of Geometries . The stright arrows represent the forces and the curved arrows represent the moments (13)

Discussion: 
leveling of incisors
The use of a continuous arch  wire in the leveling and alignment phase has many limitations and contraindications. 
This is due to the generation of  forces and moments that provide movements which are difficult or impossible to 
predict. 
When we use continuous arch wire, that is tide  into  the brackets on all the teeth, many forces and moments are 
generated  like these at the fig.2a. These are forces and moments only at buco-lingual plane , but there are  forces 
and moment at all 3 planes . The force system  established with respect to at least some teeth is inconsistent with 
the treatment objective and this is the reason why there are many side effects of applying a whole archwire. At fig.2b 
shows only the useful forces and moments that will lead to the desired tooth movements.

Fig. 2 a) the action of the straight arch wire and b) the desirable forces and moments that can be achieved with segmental technique ( Blue arrows 

– wanted force and moments; Red arrows- unwanted forces and mo
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In the analysis of the dental arch it is necessary to define the teeth which will be a passive unit (anchorage unit) and 
which will be the active unit. This will result in better prediction of dental tooth movements. Forces and moments 
applied would be easy controlled and  undesired effects eliminated . We have to determine the force system needed 
to move the active unit and this will guarantee us the shortest possible path of movement and biologically safe 
treatment .
To avoid these side effect of the continuous arch we need to determine the geometry between every two brackets 
and apply a simple rule: When a ratio corresponding to high geometry (from IV to VI) like between the two 
central incisors at fig. 2 , the better option is  to use a piece of straight wire or minor bends like v-bend or step-bend 
activation. This will help us to determine the forces and moments that will occur in each of the two teeth involved 
in the system and will allow us to neutralize unwanted and use only the useful effects of the applied force system. 
High Geometry have lower F /D ( less rigidity)  and determine more homogenous movement. (13)
In the cases of irregularities where low geometries (I, II, III) are present, minor bends and straight archwire should 
be replaced by loops designed for correction of the specific problem and  undesired effects  will be avoided.

Fig. 3 The desired forces and moments for predictable teeth movement

Figure 3 shows the geometry VI between the two central incisors and the application of a straight archwire will 
create two moments with opposite directions, which will rotate the incisors and lead to their leveling in the dental 
arch. Geometry II (low geometry) is shown between the central and lateral incisors and the application of a straight 
archwire will cause the creation of a force system with the proper moments and forces, but also with many side 
effects, which will lead to inhomogeneous movements that harm the periodontium. At fig.4 is shown a way in which 
we can achieve the desired forces and moments by avoiding unwanted ones.

Fig.4 Applying a straight arch wire  and a cantilever 
to achieve the desired effect
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Using predictable force system with respect to moment/force ratio, we can control the force system with precision 
and avoid or minimize the undesirable side effects. (9) Using  the piece of straight wire between the central incisors 
with geometry VI , will generate equal  moments with opposite direction and this will level the incisors without 
forces and side effects. Using two cantilevers between the molars and lateral incisors are helping us to generate 
only forces without moments at the lateral incisors. The side effect will involve the first molars, where the moment 
and force are generated.  TPA and the passive arch in the lateral section will play role in the neutralization of the 
unwanted effect.
Another option in the presence of low geometry (from I to III) between adjacent teeth to avoid side effects it’s to use 
a rectangular loop. According to Birte Melsen with the application of a rectangular loop can be created any force and 
moment ratio at the anterior bracket, a pure force (geometry IV) , a pure moment or any other combination.(10) 
At fig. 5 there are high geometry (V) between two central incisors and low geometry (II) between the two upper 
laterals

Fig. 5 Clinical case with class V geometry between 11 and 21 and application of the straight wire Class II geometry between lateral incisors and 

application of the rectangular loop

The configuration of the loop inserted in the lateral incisor brackets needs to have the maximum deflection at the 
terminal ends of the wire. A different configuration would determine a higher load/deflection ratio. The rectangular 
loop on the lateral incisors is asymmetrically activated on two different planes, as the position of the two teeth is 
not symmetrical. 
Recognition of geometries and the use of pieces of straight archwire in segments with high geometry relations or 
bending of the rectangular loop between different teeth in a ratio of   low geometry allows the orthodontist to apply 
only useful forces and moments to achieve the desired tooth movements. The use of segmented arch wire help us 
to estimate the force system that these segments will generate and these will allow us to control it and use them for 
proper alignment. (1,2,4)
Many side effects of  leveling and alignment with a statically undetermined system are difficult to understand and 
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predict. When we use straight archwire between the incisors with different vertical position, their  vertical alignment 
may end up with a different axial inclination(“ x” axis). The forces  applied to the teeth are in the opposite directions 
and does may not pass through the centers of resistance. As a result  two opposite moments  will be produced and 
move the apices in different direction . The magnitude of the moments depend on the distance between the bracket 
and CR of the tooth and on the amount of forces. (fig.6)(13)

Fig.6 Two incisors seen in a lateral view, which are undergoing vertical alignment. As a result, unpredicted third order movements of the teeth 

might take place.(13) 
 

The approach in this case is the assessment of the ratio of the two incisors and the recognition of the low class 
geometry. Applying a continuous archwire in this case will result in unwanted root torque. To avoid this side effect 
we can apply a rectangular loop.

Fig 7. Low geometry between two incisors – rectangular loop to get right force and moments that we need

The rectangular loop give us the opportunity for the three-dimensional control of single tooth movement and help 
us to generate the right force system which minimized the undesired side effects. When maximum control of tooth 
movement is desired, rectangular loops are the first choice for intrasegmental alignment, due to their simplicity and 
large range of activation. (10)
At the point of dissociation, the rectangular loop delivers a constant moment to force ratio to the anterior unit (the 
internal bracket), and it can be activated for the production of forces or moments alone.
According G. Fiorelli the moment-to-force ratio at the posterior unit is large when the loop is used for vertical 
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corrections, but the ratio is relatively constant.  For this reason the rectangular loop is an ideal system to correct 
situations of geometry I to III.(13)
What can we do when we detect the presence of a different vestibular or lingual root torque after leveling with a 
straight archwire?
In cases where we have to correct torque it is better to use torque arch or rectangular loop. It is almost impossible to 
make precise bending of the straight archwire to correct the root torque  due to the small interbracket distance, the 
magnitude of vertical forces, as well as the load/deflection rate.
The torque arch represents a force system, which is biomechanically statically determinate(fig.8). This arch is 
inserted into the brackets only anteriorly (sometimes only into one or two incisor brackets) and just ligated to the 
side segments. When activated for a vestibular root torque, the arch delivers intrusive forces on the incisors and 
a lingual root torque will represent extrusive forces on these teeth. The M/F ratio is determined by the length of 
the torque arch distal extension. Тhe longer  arch  arms will deliver the bigger moment and the smaller force. The 
optimal moment for a lingual root torque seems to be approximately 400 to 500 gmm per tooth.(13,15)

Fig. 8 Torque arch for vestibular root torque for 22 tooth(the forces and moments in blue are  activation force system. The forces and moments in 
red are deactivation force system).

A different system to obtain incisor torque is a rectangular loop. This loop should have a design with its terminal free 
end perpendicular to the occlusal plane and capable of torque activation. This activation is easier to control when 
the active end is inserted into a vertical tube, e.g., the vertical tube of a Burstone canine bracket, or if the bracket is 
placed with a 90 degrees rotation(z axis), thus placing the slot with a vertical orientation. The same method can be 
applied to gain third order control of the premolars. (5,13)

Fig.9 The terminal end of the loop (beta titanium .017“x0.25“ )is activated in order to obtain a vestibular root moment. A rigid stainless steel 
wire is in contact with bracket to prevent extrusion of the incisor
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leveling of canines 
The application of the straight wire mechanics for canine movement is related to many side effects on the lateral 
incisor and first premolar.
An extrusion of canine with continuous arch  will generate mesially inclination and intrusion  of the premolar and 
the lateral incisor(the red arrows). Forces and moments calculated at the CR of all of the posterior teeth are very 
large( green arrow) and produced opening the bite and loss of vertical control with anchorage loss. (3,4)

Fig. 10 Leveling a canine with a continuous archwire.(4)

When we use straight archwire for canine alignment, the force system is determined by many factors – material, cross 
section, friction, deflection, interbracket distance and others. When placed a NiTi arch in the slot of the bracket on 
the canine with pure axial inclination, we need to apply two vertical forces to ligate the arch to  the adjacent teeth.
(Fig.11a and b) These forces will intrude the premolar and extrude the incisors. These two forces create a couple 
at the canine bracket and the effect will be mesial movement of the canine’s crown and pull the entire dentition 
forward.(4,11) (fig.11c and d)

Fig.11The effect of continuous archwire of canine uprighting (4)

Fig.12 Side effects of leveling the canine by a continuous archwire- Rowboat effect (4).
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As a result of leveling with a continuous arch wire  will appear an iatrogenic reverse curve of  Spee, an open bite at 
the premolar area, reopened space, and a deep bite. This is generally inconsistent with the treatment goal. 
What can we do to avoid this side effect?
The simplest appliance for canine uprighting is a cantilever(statically determined system), extending anteriorly 
to the incisors or posteriorly to the molars. The attention must be paid to the vertical forces acting on both the 
active and passive unit. The vertical force in the canine is at vestibular direction relative to the Cres and this causes 
palatal rotation of the canine. According to the law of equilibrium, the molar will be affected by intrusive force and 
counterclockwise moment. These side effects on the passive unit can be neutralized by TPA and a passive hard SS 
archwire, bypassing only the canine.

Fig.13 A) System of forces produced by a cantilever 
(statically determined system).

B) Palatal bar used to control any undesired 
effects on the anchorage unit. (11)

Fig 14. A combination of a bypass arch and a 
cantliver spring. A cantliver with a helix 

and hook at the canine ( green ligature or O ring) 
deliveres only a force to the canine(4)

The force system, generated by a cantilever at the molar is equivalent to the force at the canine where a single point 
contact of application exist. We can easily determine the force system by measuring the force at the canine with 
a dynamometer and knowing the length of the cantilever  arm to determine the magnitude and the direction of 
the  force and the moment  at the molar and to predict the clinical result. This is the way we will keep the desired 
movement and we will neutralize the side effects.
Another efficient system for a combined canine extrusion and uprighting uses a rectangular loop extending from the 
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posterior segment. (fig.14) (Statically undetermined system)

Fig.15 System of forces produced by a rectangular loop 
(statically undetermined system) (4)

The activated rectangular loop (light blue) must be adjusted so as to determine the final position of the tooth. When 
inserted into the slot (dark blue), its deactivation will move the tooth in the previously established position
A rectangular loop gives us a power system that we can predict and control. It can be activated so that we get pure 
force or pure moment, or a combination of both in the canine.(10) The moment obtained with a canine can be 
very low and even missing and this depends on the point of application of force on the horizontal arm of the loop. 
Rectangular loops are very useful where  low geomtries ratios  between the  brackets are established.
At fig.  16 is presented а cantilever canine root spring , which is engaged at the canine bracket slot and is engaged  
to the molar tube. The canine is with mesial inclination of the crown. The force system of the spring produces a 
desirable moment, which will derotate and extrude the canine. If  the extrusion is undesired ,it can be avoided by 
using a bypass wire touching the occlusal surface of the bracket. At the same time the equivalent force system to the 
molar will display intrusion and counter clock wise rotation. To avoid  these side effects TPA may be use as well as 
hard SS wire in the whole arch.

Fig.16 A canine loop for extrusion and distal movement of the crown–
 the canine is with mesio palatal rotation.

A cantilever canine root spring was used for rotation and extrusion of canine with mesiopalatal rotation.(fig.17)  
There is  no canine bypass, so the extrusive force on the root spring slightly extruded the canine, which was 
indicated. The force system of the root spring produced a desirable moment, and the extrusive force helped to erupt 
the canine (red arrows in a).
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Fig 17 A cantilever canine root spring. The force system of the root spring produced a desirable moment, (a) Before canine root movement. (b) 
After root movement.

Leveling of premolars

The application of the straight archwire in the premolar for leveling and alignment follows the same rules as for the 
canines and the incisors leveling. An important point is the recognition of the type of geometry ratio between the 
premolars in the three planes. In the presence of  low geometry, the application of rectangular loops and cantilevers 
is necessary. If the ratio indicates high geometry, a piece of straight archwire or V-bend are recommended. (6,17)
At fig 18  from occlusal view you can see Class I  geometry between  molar and second premolar. The piece of 
straight wire is tied to the molar and second premolar brackets. If the premolar is active unit, this configuration is 
inconsistent because it moves the tooth buccally  and  an undesirable moment that rotates the premolar mesially is 
generated (13)

      
      Fig 18. Leveling of the premolar with continuous archwire (13)

A piece of straight wire is used to correct the position of the second premolar. (fig.19a) This is statically indeterminate 
force system corresponding to geometry I. Assuming that the active unit is the premolar, as a result of Geometry 1 
and the straight  archwire, in addition to the desired vestibular force, unwanted medio-lingual rotation will occur 
(counterclockwise moment). The force and moment in the passive unit (molar) will be neutralized by the lingual 
arch. To avoid unwanted rotation in the premolar, we can use a rectangular loop, which will create the  the needed 
force in the vestibular direction
A rectangular loop is used to correct the lingual position of tooth 35 ( fig.19b), while the molar is stabilized by a 
passive lingual arch. The type of activation (see loop shape before activation- in red)and the position of the loop, 

a b
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which is ligated at the dissociation point, lead to the generation of  a pure buccal force that will be delivered for the 
entire deactivation process. This loop allows control over the inconsistent force system that a linear wire would 
generate.

Fig. 19 Force system created at a) leveling with straight wire; b) leveling with a rectangular loop

In vertical direction in low geometry relation we have to use again loops to defined the force system  needed to move 
the active unit (fig. 20)

Fig. 20 The rectangular  
loop application for low geometry between molar and premolars (13)

The application of the rectangular loop to correct the discrepancies in the three planes depends on the point of 
attachment of the loop according to  the point of dissociation and depending on this, clockwise or counterclockwise 
moments, or no moment will be generated. This makes the application of the rectangular loop easy and allows us to 
“read “the archwire and accurately predict the tooth movements. Applying a straight wire  in these cases may cause 
a round trip movement what could increase the iatrogenic damages to periodontium and roots. 
 In conclusion, many authors  summarized that the desired and undesirable effects of the application of the stright 
wire treatment and segment technique are(3,8,12,16): 

advantages of segmented arch mechanics:
•	 One	 of	 the	 major	 advantages	 of	 segmented	 mechanics	 is	 that	 create	 consistent	 force	 system	 from	 an	
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inconsistent configuration.
•	 Precise	control	over	the	active	and	passive	unit	
•	 It	is	safe	for	the	teeth	because	it	helps	to	neutralize	unwanted	movements	after	“reading”		the	archwire
•	 Differential	tooth	movement	is	possible.
•	 There	are	better	controlled	tooth	movement	than	continuous	mechanics.
•	 Decreasing	the	load	deflection	rate	and	minimize	friction
•	 Increased	distance	between	brackets	allows	rational	moment/force	usage
•	 Therefore	proper	segmented	design	is	very	important	to	minimize	side	effects.	That’s	why	good	knowledge	

about biomechanics is required using segmented.
The application of straight wire techniques is easy, takes less time in the chair and no complicated bends are 

required. But there are a lot of disadvantages:
•	 Inability	to	“read”	the	archwire	and	analyze	the	force	system.	We	don‘t	really	know	what		force	magnitude	

we‘re using (we can‘t measure it) and we can‘t predict the side effects
•	 Tendency	 for	 initial	 over	 activation	 of	 elastic	 and	 spring	 forces,	 causing	 initial	 tipping	 and	 inadequate	

rebound time for uprighting.
•	 Limited	ability	 to	produce	differential	anchorage,	optimal	 tooth	movements	or	control	 for	side	effects	 in	

complex cases.
Therefore, the application of a straight wire in the leveling phase is recommended in cases of mild crowding, the 
need for small movements, as well as the use of straight wire in small segments for limited alignment. In all cases 
with moderate and severe crowding, severe canine or premolar root angulation,canines or incisors extrusion or 
retraction, molar up righting, periodontal health compromised teeth, as well as between teeth in low geometries I 
to III, leveling with segmented arches, loops or cantilevers is highly recommended.

conclusion
Knowledge of biomechanics principles is highly recommended to overcome  the limitations of the Continuous arch 
mechanics. The most efficient orthodontic treatment requires the ideal mechanical approach for the individual 
patient and the type of dental arch. In this aspect, the segmented arch technique can be used together with the 
straight arch technique in many clinical situations to reduce side effects and optimize orthodontic treatment.
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management of impacteD upper central incisor: a clinical 
case report

astrug-markman l.*, Yordanova gr.**

aBstract
We present a clinical case of a 9.5-year-old Caucasian girl with a impacted upper right central incisor.
The patient was concerned and came to the office as she had a missing central incisor and the aesthetic was 
compromised. A clinical examination was performed an X-ray were done. On The OPG seemed like the upper 
incisor is perpendicular to the axes of the other incisors and has a 900 rotation. At the clinical examination the 
incisor edge could be palpated into the vestibular fold near the ligaments of the frenulum. A CBCT scan was also 
done in order to establish the relationship with the lateral incisor and other relevant structures and was also helpful 
in establishing an existing abrasion on the incisor edge. The patient was in late mixed dentition with very few fully 
erupted teeth, premolars were partially erupted and not in occlusion yet, the canines were not through at all, as a 
result we were faced with an anchorage problem. 
The treatment was performed in collaboration with an oral surgeon and was done a few stages. A closed eruption 
technique was used in combination with a palatal anchorage in order to allow the change of direction of the tooth 
during it’s traction.
We believe that this technique helped us preserve the level of the gingival margin in the vestibularly impacted 
tooth. In the last phase of the orthodontic treatment, the Incisor was introduced into the dental arch and the final 
alignment was done. 
During the treatment was used slow orthodontic traction with palatal anchorage which helped preserving the 
periodontal health of the tooth and the apical development was normal.
A well-coordinated interdisciplinary approach is of upmost importance if we want to archive a good final result.

Key words: Impacted upper incisors, Surgical-orthodontic treatment, crown-root direction, CBCT examination

introduction
The problem of the impacted upper incisors is usually discovered by the patients and their parents at an early age. 
The lack of a central incisor can be very traumatic for children and therefore patients seek orthodontic care in a 
timely manner1, 2. The problem is of low incidence and it can be disguised by the presence of a retained temporary 
incisor. The incisor can be completely or partially retained, depending on the cause of the eruption failure. The 
most common reasons for the retention can be trauma in children hood, early loss of deciduous tooth followed 
be the closure of the space in the dental arch, supernumerary teeth, odontomas, dilacerations, cysts or dense 
mucoperiosteum or submucosa, endocrinal disorders, certain syndromes etc.
The evaluation of impaction or the delay of the eruption is done in relationship to the time of eruption of the lower 
incisors and the central upper incisor on the other side. When the problem is early detected the approach could 
be surgical removal of the mechanical obstruction and waiting for the spontaneous eruption3. The position and 
the localization of the impacted tooth is very important for the management. One of the most difficult positions 
for traction is when the incisor is located along the hard palate or it is in an inverted position4,5. One factor that 
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significantly increases the duration of treatment is the height of the bone over the impacted tooth6.
For the diagnosis we routinely use X-rays or CBCT scan, which allows us to have more detailed information 
regarding the position of the impacted tooth, its relationship with the adjacent structures, root positions of the 
adjacent teeth, vestibular compact bone, nasal cavity and etc. The prognosis of the impacted tooth is determined 
mostly by its position, the amount of bone structure over it, as well as it’s angulation5,7. During the assessment, 
attention should be paid also to the stage of development of the apexes, the presence of a follicular sac and other 
anatomical structure which could have an impact on the future treatment plan. 
For the successful management of the case it is very important to choose the right surgical technique (open or 
closed) as this can have a huge impact on the periodontal health of the tooth in the long run and the aesthetic 
appearance of the gingiva and its contour8.

clinical case
We present a clinical case of a 9.5-year old Caucasian patient with an impacted upper right central incisor.
The patient came to the office in regards to a missing upper incisor and as a result a compromised aesthetics. The 
temporal right central incisor was lost 2,5 years ago and the permanent one hasn’t erupted so far  (fig. 1). The 
incisal edge of the tooth could be palpated on the vestibular side close to the ligaments of the frenulum.

Figure 1: Smile and intraoral status the patient

Figure 2: The perpendicular position on the impaction incisor in regards to the axes of the other incisors.

On the X-rays, that have been done, it can be clear seen the position of the impacted tooth, which is perpendicular 
to the axes of the rest of the incisors and there is a 90 rotation. The follicular sac was also present. (fig. 2).
On the CBCT can be seen the closed position of the lateral incisor and an abrasion on the incisor edge of the 
impacted tooth and slight dilaceration of the root (fig. 3). 
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Figure 3: a. The position of the impacted incisor to tangentially the root of the lateral incisor b. Abrasion lesion along its cutting edge and root 
dilaceration

The patient had only a few fully erupted tooth, the premolars were partially erupted and the canines was still to 
erupt. The patient also had a retroclined lower incisor as well as a class III tendency (fig. 4).

Figure 4: Initial status

The orthodontic treatment plan was to use a closed eruption technique for the impacted tooth. After the traction 
of the incisor the aim was to level both arches, maintain the class I molar relationship and afterwards to maintain 
the result. 
The treatment lasted 20 months. It was done in a few stages, first the preparation before the surgery. Second was the 
referral to the oral surgeon and the surgery was performed. During the last one the tooth was recovered and aligned 
with the rest of the arch. It was decided to use a modified TPA due to the shortage of anchorage and as it was most 
suitable in regards of the position of the impacted tooth.  After the surgery the incisor was attached through a chain 
to the arm of the TPA. The direction of the traction was helping to change the direction of the tooth and move it 
close to the alveolar ridge and closer to the palate (fig. 5).

Figure 5: First stage of treatment
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Figure 6: Treatment progress

Figure 7: After treatment

The final result was pleasing for the patient, the tooth was recovered and the aesthetics restored. There is more to 
be desired from the cosmetic dentist who restored the abrasion on the incisor edge and probably 12 needs a bit of 
cosmetic work too. The gingival edges are not the same for both incisors but are close and the patient is happy with 
the result and doesn’t want any further interventions. The periodontal health seems to be preserved. 

Discussion
In cases of orthodontic traction of unerupted teeth, gingival recession and long clinical crowns are often seen. 
Satisfactory aesthetic demands are not always met9. The choice of a surgical technique is very important for the 
outcome. A study was published in 2015 by Shi X10, in which was found that there was no significant difference in 
the root development, root canal width and there was similar alveolar bone loss between the impacted tooth and 
the collateral one after the closed-eruption technique. This technique imitates the normal eruption of the tooth and 
thus we believe that it helps develop a normal gingival margin. Whether the result will be favourable depends also 
on the position of the impacted tooth, whether or not it passes through the kerinized gingival on its way of eruption 
and on the orthodontic forces applied11. There were a few studies done to assess the periodontal heath, gingival 
margins, bone loss, etc. for such teeth12. In our case the level of gingival margin was satisfactory. There was no 
significant increase in the crown length or a gingival recession as has been reported by some authors.  
It has been described in the literature similar cases where a palatal placed mini implant13 has been used as an 
anchorage support. The use of a modified TPA proved to be simple, less invasive, simple to use and effective as we 
managed to achieve a good final result.      
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conclusion 
The treatment of an impacted central incisor is always a challenge from the choice of the right surgical technique 
to the final result. In order to achieve the best possible outcome for the patient both functional and aesthetic it is 
extremely important the right management and interdisciplinary approach. 
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ortHoDontic HealtH in prescHool cHilDren in Bulgaria

stoichkova v.*

introDuction 
The number of young patients searching for orthodontic help is increasing nowadays. More and more patients have 
crowded teeth, lack of space for eruption of permanent teeth, open mouth and caries. The prevalence of orthodontic 
anomalies in the different countries is different and may alter in the regions of the same country. 

aim
To determine the orthodontic health among preschool children aged 2,5 – 6,5 years-old in Sofia, Bulgaria. 

material anD metHoD:
136 preschool children aged 2,5-6,5-years-old from 7 kindergarten groups in Sofia were examined by an orthodontist. 
Specially designed for the investigation orthodontic cards were filled in during the examination. Standard scientific 
methods were used: documentary, clinical, statistical and graphical.

results 
From all 136 kids only 40 of them had normal occlusion. Compression of the upper and lower arches was observed 
in 47-52% of the kids. Distal occlusion was found in 60% of the examined 3-years-old patients and gradually 
decreased to 30% in the 6-years-old. Mesial occlusion was not found in any of the examined children. Deep bite was 
found in 38% in the 3-years-old and its prevalence increased up to 53% in the 6,5-years-old in combination with 
traumatic bite. Open bite was observed in only 10% of the patients. (Table 1).

Table 1. Prevalence of different types of malocclusions in different age groups in preschool children (in %).

Clinical example: Patient with a deep traumatic bite, bad habit – sucking of the lower lip which leads to retrusion of 
the lower incisors (pic. 1 – a,  b; pic. 2 – a, b).

Picture 1. Extraoral photos of a 5-years-old girl M. 
(a – biting/sucking the lower lip, b-right profile).
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Picture 2. Intraoral photos of a 5-years-old girl M. (a – frontal view teeth in occlusion, b – right side teeth in occlusion).

conclusion 
The prevalence of malocclusions in preschool children in Sofia is high (71,1%). The percentage of the mouth-
breathing patients reaches 78%. The promotion of orthodontic health is necessary and might be achieved by 
educational programs both for patients and teachers in the kindergartens.

Key words: orthodontic health, deep bite, open bite, distal occlusion, preschool children, malocclusion.
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ortHoDontic-surgical approacH in HYperoDontia in tHe 
molar segment

Yordanova, gr.*, gurgurova, g.**

aBstract
The supernumerary teeth are additional teeth or tooth-like structures that may or may not have been erupted in the 
dental arch. 
We present a 19-year-old patient with a supernumerary lower left molar. The patient seeks an orthodontic 
treatment for distance between teeth in both dental arches. An X-ray examination was performed, which revealed a 
supernumerary lower left molar in the area of the lower left first and second molars. The tooth had the size and shape 
of a premolar and was located between the distal root of the first and the medial root of the second molar. Occlusally 
there is no access for its extraction. The only surgical access is from the palatal alveolar wall, which would be very 
traumatic for the molars and the patient.
The orthodontic treatment was performed with distalization of the second molar in order to open access to the 
supernumerary tooth. After straightening and distalization of the second molar, a spontaneous eruption of the 
supernumerary tooth was observed, which made its extraction possible. The orthodontic treatment continued with 
medialization of the second molar and closure of the space. The complete orthodontic treatment achieved perfect 
levelling of the two dental arches and normalization of the occlusal relations between them.
The least invasive treatment is most beneficial for patients. Therefore, orthodontic treatment was performed with 
distalization and then medialization of the lower left second molar to ensure the least traumatic extraction of excess 
molar.

Key words: Supernumerary teeth, Lower molar, Distalization and medialization of molars

introDuction
The supernumerary teeth are additional teeth or tooth-like structures that may or may not have been erupted in the 
dental arch. In some cases of hyperodontia they do not need treatment, in other ones their extraction is required.
Clinical problems, which supernumerary teeth creating are: impaction or ectopic eruption, crowding, root resorption 
of adjacent teeth. The orthodontic approach of cases with supernumerary teeth varied depending from the position 
of the element in excess and of the complexity of the clinical case. Often the single extraction of the supernumerary 
tooth was indicated, while in other cases the extraction of the tooth was needed in addition to orthodontic treatment 
to gain sufficient space for the neighboring tooth with delayed eruption1.
The reported prevalence of this abnormality varies between 0.1% and 3.8% in the permanent dentition2. Celikoglu 
et al.3 find that the frequency of hyperodontia is 1.2% and only 20% of them are erupted in dental arch. 
There are reported data for more frequent hyperodontia among male: male/female in ratio from 1.8:13,4  to 
2.2:15. The anterior area is more often affected than distal area. According to some investigation, the form of 
supernumerary tooth was conical (65.0%), supplemental (23.7%), tuberculate (10.8%) and (0.5%) odontoma5. 
Most supernumerary teeth are idiopathic. Patients are frequently affected by a single supernumerary, less by double 
or more supernumeraries6. 
The precise etiology of supernumerary teeth is unknown, Mali et al.7 discusses the phylogenetic theory as a 
regression to the anthropoids whose dental formula had more teeth.  According to theory of evolution the „fourth 
molars“ are rudimental organs.
Supernumerary teeth in most cases have not erupted and they eruption mechanism still needs elucidation8.
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X-ray identification is really important for finding the asymptomatic supernumerary teeth. СВСТ has been used as 
a complimentary diagnostic test. Because of superimposition of bone structures, not always the separate structure 
components or radix resorption in adjacent teeth, can be differentiated. For this reason, the CBCT examination has 
been recommended9. 
Treatment depends on their type, position and possible complications, identified both clinically and radiographically. 
Although surgical extraction is the most common treatment, another option is to reposition supernumerary teeth 
in the dental arch10.

clinical case
We present and discuss a clinical case of a 19-year-old patient with a supernumerary lower left molar.
The patient seeks an orthodontic treatment for tremas in both dentitions. An X-ray examination was performed on 
this occasion, which revealed a supernumerary lower left molar in the area of the lower left first and second molars 
(fig. 1). The tooth had the size and shape of a premolar and was located between the distal root of the first and the 
medial root of the second molar. 

Figure 1: X-ray and CBCT examination

Figure 2: The position of supernumerary molar

The treatment plan included extraction of the lower left third molar. The orthodontic treatment was performed with 
distalization of the second molar in order to open access to the supernumerary tooth.
After straightening of the second molar and distalization of the second molar, a spontaneous eruption of the 
supernumerary tooth was observed, which made its extraction possible (fig. 3). 
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Figure 3: Process of distalization of the second molar and eruption of the supernumerary tooth

Figure 4: Medialization of the lower second molar and closing the space in the arch

The orthodontic treatment continued with medialization of lower second molar and space closure in lower dental 
arch; all tremas was reduced in both dental arches; a good coverage of occlusion was achieved. The bone in the area 
of extracted tooth was fully recovered and the medialization of second molar wasn’t embarrassed.

Figure 5: The treatment progress
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Discussion 
The approach in cases with hyperodontia is extraction of the supernumerary teeth. Not in all cases the extraction 
is possible before the orthodontic treatment. Often as problem appear the close position of supernumerary tooth 
to mandibular canal; unfavorable lingual surgical approach to the supernumerary tooth; not completed root 
development of adjacent teeth and etc. The possibilities of contemporary orthodontics allow movement of teeth, 
which support the surgical approach to these teeth. This processes elongate the orthodontic treatment, but favor 
the surgical manipulations.
In present case the extraction of supernumerary tooth was absolutely atraumatic, because it was done when the toot 
was fully erupted, not on impacted tooth, as its position was initially. The treatment finished with good leveling of 
both dental arches and excellent occlusal relations between them. The oral health of the patient and esthetic were 
improved.

conclusion  
The least invasive treatment is most beneficial for patients. Therefore, orthodontic treatment was performed with 
distalization and then medialization of the lower second left molar to ensure the least traumatic extraction of excess 
molar.
Orthodontic treatment was in two phases. By moving the lower second molar in two opposite directions, we 
ensured the safest extraction of supernumerary molar. The treatment improved the occlusion, the arrangement of 
the teeth and the smile of the patient, the excess molar was extracted atraumatically. 
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pillars of ortHoDontic-surgical collaBoration: WHat 
exactlY We aim to togetHer 

Yanev n.*

 
aBstract:
Since W R Proffitt’s and other leading experts’ recognition of the fundamental benefits of close surgical-orthodontic 
collaboration in the second half of 20th century, it has been a constant upgrade and structural build up of the 
one and only way of correctly manage the complex skeletal maxillo-mandibular deformities - through a joint 
interdisciplinary orthognathic team work. 
In many countries, such teams are the essence of the good medico-dental practice in performing orthognathic 
treatment per se, but in others - the treatment approach to the skeletal maxillofacial and dentoalveolar deformities 
has been somehow deeply fragmented and both the orthodontists and the surgeons have been following their own 
way of not only managing patients, but even training on a specialty pathways which have a negligible insight on 
the interdisciplinary collaboration and the details one needs to bear in mind in order to build up a comprehensive 
treatment plan.
This overview focuses on the main aspects of the practical orthognathic collaboration from a surgical point of 
view and is part of a more general effort to widely promote joint orthognathic team practices, in areas of south-east 
Europe where they have not been adopted yet.

introDuction:
Ever since the formulation of the contemporary orthodontic concepts, the close collaboration between orthodontists 
and surgeons in a wide spectrum of maxillofacial deformities has been highlighted[1]. An early example of such 
collaboration is the famous interdisciplinary team of Vilray Blair – one of the fathers of orthognathic surgery in 
America and Edward Angle – the foundation stone layer of the modern orthodontics. In close cooperation between 
these two colossal figures at the end of 19th and beginning of 20th century, the first mandible orthognathic osteotomy 
eventuated[2]. Later on, variety of leading orthodontists, formulated the importance of precise dentoalveolar and 
skeletal correction as a primary goal in every comprehensive treatment approach. Among them, Lawrence Andrews’ 
Six keys of normal occlusion[3] and elements of harmony[4] and William Proffitt’s Contemporary Orthodontics, 
including the Envelope of discrepancy[5] and Hierarchy of stability, among many others, clearly demonstrate the 
ever so important connection between these two otherwise definitely separate clinical specialties, in the field of 
maxillofacial deformity treatment.

aim of orthognathic approach:
To find, analyze and correct a skeletal maxillofacial deformity in close professional collaboration between surgical 
and orthodontic specialists

orthognathic pathway: 
In order to follow a structured approach in performing orthognathic treatment, a specific pathway should be 
formulated to facilitate the orthodontic-surgical collaboration and support the good practice.
In our approach we follow two main pathways, depending on whether the orthodontics will initiate the treatment 
(classic route) or the surgery instead (surgery first or novel route):

*Maxillofacial Surgeon and Head of Unit University Hospital N.I.Pirogov, Sofia, Bulgaria
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I. Classic Route Treatment  Stages  (Average treatment duration – 1,5 – 2 years)
Stage I- Referral to an orthodontist or surgeon; assessment; initial plan
Stage II- Joint maxillofacial-orthodontic clinic 
Stage III- Orthodontic Treatment
Stage IV- Joint maxillofacial-orthodontic clinic
Stage V- Surgical Planning – Classical: impressions, face bow, model surgery, splints; or Contemporary: virtual 
planning
Stage VI- Orthognathic Surgery
Stage VII- Completion orthodontic treatment
Stage VIII- Retention + Joint clinics follow up

II. Surgery First Orthognathic Treatment Stages (Average treatment duration – 6 – 9 months)
Stage I- Referral to orthodontist or surgeon, assessment, initial plan
Stage II- Joint maxillofacial-orthodontic clinic 
Stage III- Surgical Planning – Classical: impressions, face bow, model surgery, splints; or Contemporary: virtual 
planning
Stage IV- Orthognathic Surgery
Stage V- Orthodontic treatment+Completion
Stage VI- Retention + Joint Clinics follow up

orthognathic surgery criteria (representative):
AAOMS Criteria[7]

A. Anteroposterior discrepancies: established norm=2mm
1. Maxillary/mandibular incisor relationship
a. Horizontal overjet of +5mm or more
b. Horizontal overjet of zero to a negative value
2. Maxillary/mandibular anteroposterior molar relationship discrepancy of 4mm or more (norm 0 to 1mm)
3. These values represent two or more standard deviation from published norms

B. Vertical discrepancies
1. Presence of a vertical facial skeletal deformity, which is two or more standard deviations from published norms 
for accepted skeletal landmarks
2. Open bite
a. No vertical overlap of anterior teeth
b. Unilateral or bilateral posterior open bite greater than 2mm
3. Deep overbite with impingement or irritation of buccal or lingual soft tissues of the opposing arch
4. Supraeruption of a dentoalveolar segment due to lack of occlusion
 
C. Transverse discrepancies
1. Presence of a transverse skeletal discrepancy, which is two or more standard deviations from published norms
2. Total bilateral maxillary palatal cusp to mandibular fossa discrepancy of 4mm or greater, or a unilateral discrepancy 
of 3mm or greater, given normal axial inclination of the posterior teeth.    
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D. Asymmetries.  
Anteroposterior, transverse or lateral asymmetries greater than 3mm with concomitant occlusal asymmetry

IOFTN UK Criteria[8]

5. Very great need for treatment
5.1 Defects of cleft lip and palate and other craniofacial anomalies
5.2 Increased overjet greater than 9mm
5.3 Reverse overjet ≥3mm
5.4 Open bite ≥4mm
5.5. Complete scissors bite affecting whole buccal segment(s) with signs of functional disturbance and/or occlusal 
trauma
5.6 Sleep apnoea not amenable to other treatments such as MAD or CPAP (as determined by sleep studies)
5.7 Skeletal anomalies with occlusal disturbance as a result of trauma or pathology

4. Great need for treatment
4.2 Increased overjet ≥6mm and ≤9mm
4.3 Reverse overjet ≥0mm and ≤3mm with functional difficulties
4.4 Open bite <4mm with functional difficulties
4.8 Increased overbite with evidence of dental or soft tissue trauma
4.9 Upper labial segment gingival exposure ≥3mm at rest
4.10 Facial asymmetry associated with occlusal disturbance

3. Moderate need for treatment
3.3 Reverse overjet ≥0mm and ≤3mm with no functional difficulties
3.4 Open bite <4mm with no functional difficulties
3.9 Upper labial segment gingival exposure <3mm at rest with no evidence of gingival/periodontal effects
3.10 Facial asymmetry with no occlusal disturbance

2. Mild need for treatment
2.8 Increased overbite but no evidence of dental or soft tissue trauma
2.9 Upper labial segment gingival exposure <3mm at rest with no evidence of gingival/periodontal effects
2.11 Marked occlusal cant with no effect on the occlusion

1. No need for treatment
1.12 Speech difficulties
1.13 Treatment purely for TMD
1.14 Occlusal features not classified above

orthognathics vs orthodontics: 
When an orthognathic maxillofacial deformity is recognized in a patient around or after completion of his/her 
skeletal growing, two main managing options exist – a camouflage orthodontic treatment alone or a combined 
orthodontics and surgery (orthognathics). The two approaches significantly oppose each other –while in the classic 
orthognathic surgery preparation, teeth need to be decompensated and positioned correctly in relation to the bony 

144



IV  CONGRESS OF BALCAN ASSOCIATION OF ORTHODONTIC SPECIALISTS

base of each jaw individually[9], the camouflage orthodontics brings teeth together in occlusion despite the jaw 
misalignment, enhancing the pathological dental compensations and leaving the soft tissue envelope and profile 
unchanged. 

So in order to sculpt an orthognathic face, the joint team needs a combined concept of function and beauty, which 
from a surgical perspective is based on the following three main objectives:
- Envisage the optimal soft tissue, profile and occlusal changes for correction of the given patient’s deformity.
- Decide what jaw movements are required in order to correct the deformity and obtain each of these changes.
- Achieve the optimal teeth position in each of the dental arches by orthodontic means, to support the stable jaw 
position post surgery and the long term function, aesthetics and stability.

conclusion:
The orthognathic surgery is a fastidious field, which requires a close attention to each detail and a dedicated 
professional team work. The two pillars of this team are the well prepared and devoted orthodontic and 
orthognathic surgery specialists and alongside them a long list of other dental, medical, psychological technical and 
other specialty representatives, constructing the contemporary orthognathic team – the one being able to transform 
each challenging maxillofacial deformity case into a harmonious and well-favored orthognathic face.   
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prevalence of malocclusions in cHilDren WitH speecH sounD 
DisorDers

stoichkova v.

introDuction 
According to different studies, the presence of speech sound disorders has increased drastically in the past 10 years. 
Many logopedists refer their patients to the orthodontist for help, searching the reason for the speech sound disorder 
in the dentofacial malformations. Therefore, it was decided to conduct a study about the correlation between the 
logopedic status and the orthodontic one.

aim 
To determine the prevalence of malocclusions in children with speech sound disorders.

material anD metHoD 
24 children (9 girls and 15 boys) aged 5-6,5-years-old were examined by a logopedist and an orthodontist. The 
kids were attending a government kindergarten in the town of Sofia and had been taking logopedic lessons for few 
months with slight improvement of the speech but not much enough to pronounce correctly all the sounds. That 
was the reason for the logopedist to search the help of the orthodontist in order to achieve good results in the speech 
therapy. The logopedic status was determined according to the presence or absence of Sigmatismus interdentalis, 
Rhotacism, Lambdacism and Paraphasia. The orthodontic examination included the presence or absence of deep 
bite, open bite, over jet, compression, midline shift, Class I, II or III and bad habits (mouth breathing, tongue trust, 
thumb sucking). The frenulum of the upper and lower lip, and the tongue were examined.

results
All 24 children had articulation disorders: 79% Sigmatism, 100% Lambdacism, 75% Rhotasicm, 42% Paraphasia, 
12,5% total absence of “r”, 42% unstable “r”, 17% total absence of “l” (Table 1).
It was interesting to find out that more than half of the children with speech sound disorders (58%) had normal 
orthognathic occlusion with Class I. While more than ⅓ of all children (38%) had distal occlusion or Class II. 
Mesial occlusion (Class III) had only 4% of the kids. In 33,3% we have observed deep bite, in 17% - open bite. Space 
between the upper and lower incisors in the sagittal plane (overjet) was found in 29% of the patients (Table 2). Half 
of the studied boys and girls had compression of the dental arches and 58% had bad habits (54% mouth breathers, 
8% thumb sucking, 21% tongue trust) (Table 3). The anomalies in the frenulum were found as follows: 29% had 
short or wide tongue frenulum and 29% had short frenulum of the upper lip. 16% had cross bite. The upper and the 
lower midlines did not conduct to each other in 16% and the midline shift was in all cases to the right side. 
                                                       
                                                                                                                                  Table 1. Prevalence of speech sound disorders (in %).

*DDS, MSc, PhD, Orthodontist and Owner of Happy Smiles Dental Clinic, Sofia, Bulgaria
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Table 2. Distribution of the malocclusions in %.

Table 3. Distribution of the bad habits in %.

clinical exam: A 6-years-old girl with an open bite, tongue trust and Sigmatismus interdentalis (pic.1 - a, b, c, d).

Picture 1. Extraoral photos (a –  smile, b – serious, c – tongue trust, d – open bite).

а b

c d
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conclusion 
1/4 of all patients with articulation disorders had normal occlusion. 1/5 of all children with Class I had severe defects 
in pronunciation. Orthodontic malocclusions lead to speech sound disorders in most of the cases. The presence of 
bad habits in the growing child leads to different types of orthodontic anomalies, including compression of the 
upper arch, protrusion of the front teeth, overjet and openbite. In some of the cases the bite is not the only reason for 
speech sound disorders and help from a logopedist should be searched. Speech therapy should be provided together 
with the orthodontic treatment for best results.
Key words: children, malocclusion, speech sound disorders, bad habits, mouth breathing, compression
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rapiD palatal expanDer maDe using Direct metal laser 
sintering tecHnologY

petrunov vl.*

aBstract 
Digital technologies are increasingly integrated into dental specialists’ everyday practice. Their development 
enabled options in diagnostic imaging, prosthetics, and implantology, never seen before, which are now regarded as 
digital revolution. Orthodontics is not an exception; these technologies are used for archiving models, digital set-up 
and aligners manufacturing. The employment of CAD/CAM technologies improved the abilities of planning and 
making prosthetic constructions. The CAD/CAM system comprises the following components: a digital imaging 
scanner, CAD-software for construction design, CAM-software for generating NC data, which will be transmitted 
to the end-product digital manufacturing machine. Our purpose is to present the possibilities of the CAD/CAM 
technologies for a rapid palatal expander (RPE) manufacturing. 

aim 
Our  objective is to demonstrate the advantages of CAD-CAM methods and, particularly, the Direct Metal Laser 
Sintering (DMLS) for RPE manufacturing. 

materials anD metHoDs
Models were scanned with SWINGTM laboratory scanner. Exocad Dental software was used to design the 
construction. The appliance was manufactured by DMLS and the screw was further fixed by a laser soldering 
machine. 

results
The method we used has many advantages. Before all, the very precise positioning of the screw when planning the 
appliance. The other elements are designed against this position. The dental base and the bearing structure are all-
in-one with a laser-soldering fixed screw. Soldering with a low melt solder and the related adverse effects are avoided. 

conclusion
The employment of CAD/CAM technologies in orthodontic appliances design and manufacturing results in lower 
manufacturing time, reduced possibility of technological errors, higher end-product precision and enhanced patient 
comfort.
Key words: RPE, CAD/CAM, Exocad, Direct metal laser sintering

The maxillary transverse deficiency is one of the most common malocclusions. Data show that its occurrence 
varies between 8 and 24% [4], the percentage for Europe being 13-23% [5]. Correction of compression is achieved 
through expansion. There are many known methods based on it [12], both with removable and fixed appliances. 
One of the most efficient methods is the RPE. The aim of the rapid palatal expansion is to achieve maxillary 
expansion primarily for account of skeletal changes. This requires the application of forces of high magnitude, which 
can be up to 4.5 kg [11]. Another effect of the RPE is an enlargement of the nasal cavity and nasopharyngeal width 
and indirect improvement of the nasal breathing [14]. 
The main indication of the RPE can be systemized as [15]:
•	 Transverse	maxillary	deficiency

*Assoc. prof. - Orthodontic department, FDM - Sofia 
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•	 Severe	crowding	as	a	result	of	compression
•	 Nasal	stenosis	cases
•	 For	enlarging	the	maxillary	apical	base
•	 Class	III	malocclusion	treatment	with	a	facemask,	to	facilitate	protraction,	whether	or	not	maxillary	expansion	is	

required.
•	 Cleft	palate	patients
The first RPE prototype was proposed by Emerson Angell in 1860 [16]. In the 1960s and 1970s, the appliance was 
further popularized by Haas [9] and Bienderman [2].
There are two RPE appliances that are commonly used at present: acrylic and metal. The support in the first ones is 
acrylic and completely covers premolars and molars, involving part of the mucosa palatally. One of the advantages of 
the acrylic RPE according to McNamara, is that the disarticulation effect of the acryl facilitates maxillary expansion 
and releases the mandible for spontaneous expansion, after the restrictive effect of the maxilla is eliminated 
[10]. If there is class II malocclusion as well, spontaneous medialization of the mandible is often observed due 
to disarticulation. The effect may be intensified when it coincides with the late mandibular growth. Besides the 
transverse effect, this expander has a vertical effect as well. Disarticulation in the area of all teeth blocks the eruption 
of posterior teeth and makes it a suitable appliance for hyperdivergent patients. The acrylic expander, however, has 
some disadvantages: it is large and significantly reduces the space for the tongue. The acryl thickness is 2-3 mm. 
Another disadvantage is related to the traumatization of the mucosa palatally and the difficulties in maintaining oral 
hygiene.
The classic metal expander uses factory bands, connected with a soldered wire structure and the RPE screw is 
soldered to them. The main disadvantages of the banded expander are related to the soldering of components. New 
elements are introduced as a result of the flame soldering which increase the risk of change in the corrosion potential 
in the oral cavity [13]. Another problem is the possibility of annealing of bands during heating, which makes them 
soft and subject to deformation when adjusted. All these flame-soldering-related disadvantages may be avoided if 
laser welding is applied. Thus, both metal surfaces in the contact area are melted with the help of a laser and then 
fused. No additional solder is used. 
Digital technologies are increasingly integrated into dental specialists’ everyday practice. Their development 
enabled options in diagnostic imaging, prosthetics, and implantology, never seen before, which are now regarded as 
digital revolution. Orthodontics is not an exception; these technologies are used for archiving models, digital set-up 
and aligners manufacturing. The employment of CAD/CAM technologies improved the abilities of planning and 
making prosthetic constructions. The CAD/CAM system comprises the following components: a digital imaging 
scanner, CAD-software for construction planning, CAM-software for generating NC data, which will be transmitted 
to the end-product digital manufacturing machine. Our purpose is to present the possibilities of the CAD/CAM 
technologies for a rapid palatal expander (RPE) manufacturing.

aim 
Our  objective is to demonstrate the advantages of CAD-CAM methods and, particularly, the Direct Metal Laser 
Sintering (DMLS) for RPE manufacturing.

materials anD metHoDs 
Models were scanned with SWINGTM laboratory scanner. Exocad – Matera (Exocad GmbH) dental software was 
used to plan the construction. The appliances ware manufactured by direct metal laser sintering (DMLS) and the 
screw was further fixed by a laser soldering machine.
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results 
The method we used has many advantages. Before all, the very precise positioning of the screw when planning the 
appliance. The other elements are planned against this position. The dental base and the bearing structure are all-in-
one with a laser-soldering fixed screw. Soldering with a low melt solder and the related adverse effects are avoided. 
Аlso the necessity of preliminary separation of teeth required when fixed banded appliances are used is avoided. 
This means less chair time.

Discussion
Model scanning and subsequent STL-file generation are the first steps in our technology. We use a laboratory 
scanner to scan the model, which is previously cast in plaster. This is a more accurate method when a full dental arch 
is concerned. However, for orthodontic demands intraoral scanning is an acceptable alternative for full-arch scans 
[3]. This file is imported in the CAD software. The classic method of making the appliance starts with adjusting the 
bands. Design is accomplished digitally and begins with the positioning of the screw. The software allows this to be 
done very precisely. The screw position can be controlled according to the mid palatal plane (fig. 1A) and occlusion 
plane (fig. 1B).

Fig. 1 The screw position according to: A -  the mid palatal plane; B -  occlusion plane

The distance between the screw level and the crown of the teeth can be measured (fig. 2). The center of resistance 
of the segment is located about 8-10 mm from the middle of the crown [8]. Good screw planning improves the 
biomechanics of the appliance and increases patient comfort.

Fig. 2 Measurement of the distance between the screw level and the middle of the crown
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The borders of the construction are outlined by drawing a curve and the position of each point may be modified. 
(fig.3). Тhe software allows us to set accurate values of the distance gap, thickness, and profile of the structure (fig.4). 

                                                                                                                
                                                                                                                 Fig. 3 Border contour

Fig. 4 A- Control of the distance gap, the minimum thickness set, and the added thickness. B - Determining the profile of the structure

Тhe next step is to model the connecting arms. Тhe dental anchorages and the arms connecting them to the screw 
are designed all-in-one. The exact distance from the mucosa may be set.

Fig. 5 The planned distance 
and the distance on the model

After the computer design of the appliance is completed, the software generates an STL file, which is sent to 
the metal laser sintering machine. This technology was proposed and patented in the end of the last century by 
Deckard [6]. As this technology develops, it becomes increasingly integrated into dental medicine, especially 
in the prosthodontics and implantology. As the thickness of the sintering layers is between 20 and 70 µm, the 
precision of the finished construction is explicitly high and commensurable with a precisely cast construction [7]. 
The technological risks in this methodology are considerably fewer. Co-Cr dust was used for the direct metal laser 
sintering. The sintered construction (Fig. 7) made of this material displays far better mechanical and biological 
characteristics [1]. The composition and mechanical characteristics of the alloys are given in the table 1.

A B
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Table 1. Composition and mechanical characteristics of the alloys

Usually, the appliance is made as one component and the screw is welded to it. A laser welding or an electric welding 
machine is used. These machines melt both metals at their contact point, as mentioned above (fig. 7).

                                                                                       

                                                                                                                                
                                                                                                                               Fig. 6 Tungsten inert gas (TIG) welding

After welding the screw, the construction must be separated into two parts, which allows the screw activation.

                                                                                                                                                                                                    Fig. 7 The final result
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As we said, one of the advantages of the acrylic expander is disarticulation. We take advantage of this by 
disarticulating occlusally with Triad gel (fig.8). The advantage of disarticulation with this material is that it provides 
sufficient resistance even at lesser thickness. Contrary to the acrylic appliances, the required thickness is ensured 
only occlusally. The remaining parts of the construction are of maximally reduced thickness. If a disarticulation 
surface is fractured, it could be directly repaired.

Fig. 8 Disarticulation with Triad gel

Fig. 9 shows the superimposition of the digital models before (blue) and after (white) expansion.

                                                                                                                

                                                                                                              Fig. 9 The superimposition before and after expansion

conclusion 
The employment of CAD/CAM technologies in orthodontic appliances planning and fabrication results in lower 
manufacturing and chair time, reduces the possibility of technological errors, higher end-product precision, and 
quality, enhanced patient comfort. Digital technologies facilitate fabrication, provide lower failure rates, and make 
the final result more predictable. They enable the realization of many clinician’s ideas, whose implementation with 
the classical laboratory methods is too challenging. We should not forget, however, that though software is a perfect 
tool, it does not change the design principles and requires no less clinical thinking and experience.

154



IV  CONGRESS OF BALCAN ASSOCIATION OF ORTHODONTIC SPECIALISTS

references
1.  Baila D., Experimental research on bionanopowder used in SLS and DMLS processes for medical implants manufacturing, U.P.B. 

Sci Bull., 2014; Ser. B; 76; 4: 225-33
2.  Biderman W., A hygienic appliance for rapid expansion, JCO; 1968; 2; 2: 67-70
3.  Brown G., Currier G., Kadioglu O., Kierlb J., Accuracy of 3-dimensional printed dental models reconstructed from digital intraoral 

impressions, Am J Orthod Dent Orthop, 2018; 154: 733-9
4.  Brunetto DP, Sant’Anna EF, Machado AW, Moon W. Non-surgical treatment of transverse deficiency in adults using Microimplant-

assisted Rapid Palatal Expansion (MARPE). Dental Press J Orthod, 2017; 22; 1: 110-25
5.  Ciambotti C., Nagan P., Durknee M., Kohli K., Kim H., A comparsion of dental and dentoalveolar beetween rapid palatal 

expansion and nickiel-titanium palatal expansion appliances. Am J Orthod Dent Orthop, 2001: 119: 11–20
6.  Deckard C, 1986, Patent US 4863538-A, Method and apparatus for producing parts by selective sintering
7.  Dikova T., Vasilev T, Dzhendov D., Ivanova E., Investigation the fitting accuracy of cast and slm Co-Cr dental bridges using cad 

software, J of IMAB 2017; 23; 3: 1688-96 
8.  Fiorelli G., Melsen B., Biomechanics in Orthodontics 4.0 - Online Textbook: http://www.ortho-biomechanics
9.  Haas A., Rapid palatal expander of the maxillary dental arch and nasal cavity by opening the midpalatal suture, Angle Orthod., 

1965; 35: 200-17
10. McNamara Jr J., Brudon W., Orthodontics and dentofacial orthopedics, 2001, 1-st ed. Needham Press, 554; Chapter 13, Facial 

mask: 211-32
11. Mutinelli S, Cozzani M. Rapid maxillary expansion in contemporary orthodontic literature, APOS Trends Orthod, 2016; 6: 

129-36
12. Nowak R., Strzałkowska A., Zawiślak E., Treatment Options and Limitations in Transverse Maxillary Deficiency, Dent. Med. 

Probl. 2015; 52; 4: 389–400
13. Shigeto N., Yanagihara T., Hamada T., Budtz-Jørgensen E., Corrosion properties of soldered joints. Part I: Electrochemical action 

of dental solder and dental nickel-chromium alloy, J Prosth Dent, 1989; 62; 512-5
14. Stoilova-Todorova M., Krasteva S., Stoilov G., Effects of rapid maxillary expansion on nasal cavity and upper jaw, Orthod review, 

2017; 19; 2: 34-8
15. Stoilova-Todorova M., Krasteva S., Stoilov G., Etiology of transverse maxillary insufficiency and indications for orthopedic 

expansion through rapid maxillary expansion, Orthod review, 2017;19; 2: 29-33
16. Timms DJ. Emerson C Angell (1822-1903). Founding father of rapid maxillary expansion. Dent Hist. 1997; 32: 3-12

aDDress for corresponDence:
MU - Sofia, Faculty of Dental Medicine 
Orthodontics Department
e-mail: dr.petrunov@mail.bg 

155



IV  CONGRESS OF BALCAN ASSOCIATION OF ORTHODONTIC SPECIALISTS

rotateD upper first permanent molar – etiological
factors. relateD arcH anD occlusal Discrepancies

ivanova g.*, atanasova i.*, arnautska H.**, valcheva Z.*

introDuction
Permanent maxillary first molar rotation has important implications in static occlusion. Upper first permanent 
molars are of prime diagnostic value as they define the positioning of later erupting teeth and by this a.o. anterior 
crowding,  functional problems and diagnostic decisions, effectiveness, efficiency and stability.

aim
The aim of the article is to determine permanent maxillary first molar rotation and its relationship with different 
individual arch and occlusal discrepancies.

Discussion
Maxillary molar rotation is a common finding in orthodontic patients with arch length discrepancies. This rotation 
on axis can result because of early extraction or proximal carries of primary second molar. Difference in the tooth 
size and jaw size can also lead to such rotation. Lemons and Holmes (9) indicated that about 1-2 mm space is utilized 
by maxillary first molar rotation in class II malocclusion. (Fig. 1) Lack of buccal offset and end-to-end permanent 
molar relationship are the manifestations of such rotation and mesial drifting of upper first molar. 

                                                                                             Fig. 1 Effect of rotation

Patients with ClassII malocclusion also have high prevalence of mesiopalatal rotation of the maxillary first molars, 
ranging from 83 to 95%. (8,9)This is of great clinical relevance because the molar occlusal surface occupies a larger 
space on the arch as it rotates in the mesiopalatal direction owing to its trapezoidal shape. This hinders proper dental 
intercuspation (5) (Fig. 2). The greater the severity of Class II malocclusion, the greater the mesiopalatal rotation of 
the molars (10). The rotation allows the anteroposterior interarch discrepancy to be decreased.

                                                                   Fig.2 Class II malocclusion 

*
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etiological factors
Loss of arch-length has been related mainly with tooth migration following premature loss of primary teeth. It is 
considered one of the most frequent etiology for space loss. Ab to 8mm could be lost in the arch due to premature 
loss of upper second deciduous molars.(12,13)

 other factors initiating rotation of the molars:
- Abnormality in Shape and Size of the arch
- Abnormality in Shape and Size of the Premolars 
- Congenitally missing teeth
- Variation in the crown shape of the first molar
- generalized proximal caries in primary dentition
- retention/impaction of canines and premolars

consequences of rotated upper first permanent molars:
- narrowing of the arch
- crowding in the incisors area
- mesial migration of the posterior teeth
- overjet
- blocked canine space for eruption
- edge-to-edge occlusion
- increasing the overbit

Fig. 3 a,b,c Narrow arch, crowding of the incisors, migration of posterior teeth, blocked canine and second premolar space

There are several factors associated with the causation of rotation of molars. Some of these are quite clearly defined 
and easy to recognize, both in their pathology and etiology. The primary cause in every form of malocclusion may 
be said to be either lack or excess of growth of bone.
Despite the good positioning of premolars and canines, in some cases, rotation of the first molar occurs due to 
incorrect positioning induced by local etiologic factors, such as proximal caries, during development of the mixed 
or permanent dentition.(4)
If the maxillary permanent canine does not take up its position in the arch at the proper time, soon after the eruption 
of the premolars, the permanent molars take advantage of the extra room provided by the spacing of the premolars 
and rotate in a mediolingual direction. The deciduous canine does not preserve sufficient space for its broader 
successor, and the latter will be unable to find room in the arch unless the rotation of the molars is corrected. A 
leveling wire positioned without prior correction of the molars can promote buccal inclination of the upper second 

a b c
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molars and palatal movement of the upper second premolars causing premature contacts in addition to jiggling(17)
The age range between 7 and 10 years proves to be best for tipping or bodily moving six year molars distally to 
recover lost arch space.
Atkinson supports Hellman’s theory concerning the axis of rotation. He states: “In many instances in which the 
anterior teeth arc lapped, there is a forward rotation of the masillary first permanent molar. These teeth rotate 
readily, the lingual root acting as the cеnter of rotation. (7) (Fig. 4)

                                                                      Fig. 4 Center of rotation (CR) of first permanent molar

The occlusal arch length and width is affected by molar rotation. The consequences of the malposition are that the 
tooth occupies excessive space in the dental arch and that the buccal cusps occlude with a tendency to a Class II 
molar relationship. The palatal cusp, however, often occludes correctly in the fossa of the opposing molar.

Fig. 5 Class II 
maloclussion, cusp-to-cusp oclussion

Molar rotation represents an average situation of ¼ of Class II, in other words around 2 mm (16). Such a gain in 
space may mean more conservative procedures in borderline cases. (14)
Lamons and Holmes observed the most significant rotation in patients with early loss of the second deciduous 
molars. Early loss of second primary molars with subsequent loss of space continues to be the most difficult 
problem to manage.In 6 and 7-year-old children, the highest percentage of prematurely lost teeth falls on the 
second temporary molars (61.67%), the reason for which is the longest period of action of external aggressive 
environmental factors on them.
The clinical relevance of molar rotation correction (molar derotation) pertains to at least 3 major aspects: 
1) improve-ment of molar relation in the sagittal plane; (3,6,8,11)
2) gain inarch perimeter; (1,2,15)
3) enhancement of long-term stability oforthodontic treatment outcomes because of better interdentalcontact 
points. (6,18)
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Fig. 6 Early loss of the second deciduous molars

Fig. 7 Consequences of rotation of upper first permanent molars

conclusion
Angulations  of upper first permanent molars are of prime diagnostic value as they define the positioning of later 
erupting teeth and by this a.o. anterior crowding,  functional problems and diagnostic decisions, effectiveness, 
efficiency and stability. Occlusion, especially in orthodontics during growth, is a process, a process of growing and 
shifting interactive systems. Orthodontics is navigation of systems. The upper first permanent molar seems to be 
the steering wheel.
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simulation of functional appliances treatment effects to 
increase patient compliance

popova, Y.

The functional appliances are one of the preferred treatment options for class II growing patients. They have skeletal, 
dental and soft tissue treatment effects. Their main disadvantage is the need of patients’ cooperation, because they 
are removable.
Nowadays teenagers are involved in digital technology, and they perceive the visual simulation of the treatment 
better than the verbal explanation. We as doctors, could use virtual technology to motivate our growing patients to 
be cooperative during the treatment, as we show them simulation model of the treatment result. 

The aim of the present study was the setup of a treatment effects simulation model to increase patient’s compliance 
during treatment. Removable functional appliances which were used for mixed dentition required patient’s 
compliance. In order to obtain our goal, we have compared skeletal, dental and soft tissue effects of two removable 
functional appliances. The data obtained has been used to set up a treatment simulation model. 

materials anD metHoDs: Sixty-four class II, growing patients were randomly divided in two groups. The 
first group was treated with Klammt’s Elastic Open Activator and the second group with Trainer (Fig. 1). All patients 
have initial records (profile X-ray and right profile extraoral photo) and the same final records. AUDAX software 
was used to create customized cephalometric analysis for our study and all cephalometric X-ray were analyzed. 
Treatment effects combined with growth were estimated by comparing initial and final cephalometric analysis of 
every patient. The AUDAX software superimposes initial right extraoral photos over cephalometric analysis of initial 
X-ray to obtain better visualization. And the same procedure was made with the final records. Simulation model of 
treatment effects was made by implementation of treatment effects’ data into VTO of superimposed image.

Fig. 1. Klammt’s Elastic Open Activator and Trainer (T4K)

results: 
Intergroup treatment changes were compared by using independent T-test.
Intergroup comparison of 8 vertical skeletal measurements showed us statistically significant difference only for 
lower anterior facial height. The Klammt’s group produced an increase with 4.3 mm. comparing with the trainer 
group - 2.9 mm (Tabl. 1). 
There is no significant intergroup difference in sagittal skeletal, dentoalveolar  and soft tissue dimensions during 
treatment with Klammt’s appliance and treatment with trainers (Tabl. 2, 3, 4).

* Assistant Professor, PhD, Medical University – Sofia, Faculty of dental Medicine, Department of Orthodontics
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Table 1. Vertical skeletal changes – intergroups treatment comparison

Table 2. Sagittal skeletal changes – intergroups treatment comparison

Table 3. Dentoalveolar changes – intergroups treatment comparison

Table 4. Soft tissue changes – intergroups treatment compariso

162



IV  CONGRESS OF BALCAN ASSOCIATION OF ORTHODONTIC SPECIALISTS

Evaluation of treatment changes was made by using Paired Samples T-test. 
Vertical skeletal changes: Statistically significant changes were observed only for linear vertical measurements that 
results from growth. But angular measurements are stable during treatment, which means that there is no change in 
the vertical growth pattern during treatment with Klammt‘s elastic Open Activator and Trainer appliance (tabl. 5).

Table 5. Vertical skeletal treatment changes

The sagittal, skeletal and angular measurements showed us improvement in the mandibular-maxillary relationship; 
the angle ANB reduced by 1.4° in Klammt’s group and by 1,6° in Trainer group, because of increasement in SNB 
values. The SNPg angle increased also significantly during treatment. This demonstrates that during treatment with 
Klammt and Trainer we have anteriorly positioned chin.
Linear sagittal measurement: Mandibular length (distance from point Condylion to skeletal Pogonium according to 
McNamara) increased more than Maxillary length which lead to improvement in mandibular-maxillary differential, 
because of mandibular growth. Wits appraisal also decreased its value after the treatment (tabl. 6). 
Dentoalveolar treatment changes were similar in both treatment groups. We observed decrease in overjet and 
overbite and palatal inclination of the upper incisors related with increase of interincisal angle values (tabl. 7).
Soft tissue changes demonstrated significantly reduced facial convexity during treatment with both appliances. We 
also observed improvement in lips area, decrease of upper and lower lip prominence according to Esthetic line (tabl. 
8).

163



IV  CONGRESS OF BALCAN ASSOCIATION OF ORTHODONTIC SPECIALISTS

Table 6. Sagittal skeletal treatment changes

Table 7. Dentoalveolar treatment changes
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Table 8. Soft tissue treatment changes

Treatment effect dates were used for creation of treatment simulation model. Initial profile X-ray analysis and initial 
extraoral profile photo were put in to VTO environment and virtually modified by using cephalometric software. 
Finally, we obtained our simulation model of desired treatment result (Fig 2).

Fig. 2. Simulation model of Functional appliances treatment effects

Discussion 
Most of the removable functional appliance have a similar mode of action. They position the mandible anteriorly, 
stimulate dentoalveolar changes and produce small but statistically significant mandibular growth by condyle 
remodeling (1, 2).
 Treatment effects simulation is applicable for non-growing patients, because precise growth changes prediction is 
difficult to be made. However, the removable functional appliances are used during active growth. For these reasons, 
treatment simulation model isn’t a diagnostic tool for the growing patient, it’s a communication tool in those cases 
(3, 4).
Virtual simulation of the treatment result could be used as a communication method to present the desired 
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treatment goal to the growing patients and their parents. The visualization of the future treatment results improves 
patients’ compliance (5, 6).
Conclusion: The treatment results achieved with removable functional appliances are limited by growth potential 
and patient’s compliance. We could increase patient’s compliance by using contemporary digital visualization.
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specifics of speecH tHerapY Diagnosis in patients WitH 
congenital orofacial cleft

alagiozova p.*, Yordanova gr.*

aBstract
Patients with clefts have damaged speech organs, which rarely approaches the anatomical and physiological norm. 
The pronunciation, tempo and fluency of speech are directly dependent on the type and size of the deformation. 
We present 30 patients aged 6.7 to 18.5 years. All patients underwent soft palate surgery.
Clinical observation: lower jaw - size and mobility, upper jaw - development, shape and size, the position of the 
teeth, occlusion, hard and soft palate - shape, size, scars, symmetry, color, mobility, tonsils – hypertrophy, nasal 
cavity - deformation of the nose and nasal septum. Hearing test by audiometric examination. Clinical test of the 
breathing, volitional control of breathing during speech. Check of the swallowing, verification of velopharyngeal 
function - static and dynamic. Speech check - initial general conversation with the child to determine the general 
features of speech and checking the pronunciation. 
Patients with clefs have delayed sound development compared to the norm. Speech is hypernasal to varying degrees, 
change in the tempo and fluency of speech - shortening syllables, omitting sounds and syllables in words without 
the child pausing in their place. Children have difficulties with grammatical word formation, their lexical use in 
sentences and syntactic rules of the language. 
The great variability of speech and language disorders requires the development of an individual therapeutic 
program for each child depending on its characteristics. 

introDuction
Early surgical intervention of children with congenital orofacial clefts in recent years in Bulgaria has greatly changed 
the anatomy and physiology of the speech apparatus at the age of normal acquisition of language and speech. Thus, 
changing the clinical picture of speech disorders associated with this type of maxillofacial anomalies. 
The features of communication disorders in these patients are connected with: type and severity of cleft, age and 
time of palate repair, efficacy of repair, unrepaired residual cleft, presence of fistula, status of velopharyngeal function, 
hearing status, and socioeconomic and linguistic status that could impact communication in this population1.
Children with orofacial clefts have a damaged speech apparatus, which rarely approaches the anatomical and 
physiological norm2. The pronunciation, tempo and fluency of speech are directly dependent on the type and size of 
the deformity, the scope and effectiveness of surgical and orthodontic correction, the child‘s ability to learn speech 
and language, and last but not least the social environment he/she lives in3. 
There has been much debate and research on delineating the most appropriate timing for palate repair that would 
be optimal for the development of speech without compromising orofacial growth4. The first assessment of 
communication skills should begin in infancy even before the child begins to speak, focusing on the language skills 
and emerging sound production1.
The anatomical features of the speech apparatus of patients with congenital clefts are directly related to the incorrect 
pronunciation. In these children, speech errors are essentially articulatory and phonological errors5.
Their speech is characterized by many speech errors such as sound deletion and substitutions. Progress from 
one to the next indicates a maturing sound system. One of the early signs of progress towards acquiring a mature 
sound system is reduction in use of consonant deletions. Simplification of word forms would indicate a less mature 
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phonological system. A second sing of progress is the reduction of consonant substitutions in which one sound 
replaces another in systematic ways such as “wabbit” becomes “rabbit” or ‘tat” becomes “cat”. Substitutions reflect 
the child‘s active generation of speech production rules and these rules progressively approach adult pronunciation 
patterns6,7,8. Children with clefts have a delay in a specific type of language development, rather than generalized 
language delays9.
The hard palate is where the consonant sounds are formed – sh, zh, ch (ш, ж, ч in Bulgarian), the soft palate - the 
so-called velar consonants – k, g, h (к, г, х in Bulgarian).
In speech realization, the soft palate acts as a barrier to the nasal cavity and does not allow the exhaled air stream to 
resonate. 
Young children with clefts scor significantly lower on measures of speech and language compared to children without 
clefts. As children with clefts aged, their expressive language performance became more similar to their peers10.

aim
The objective of the study was to analyze data from the diagnostic examination of orthodontically treated patients.

materials anD metHoDs
This study include at 30 children aged 6.7 to 18.5 years, 17 boys and 13 girls treated in the orthodontic practice of 
Dr. P. Alagiozova and Assoc. Prof. Yordanova until 2019. 
All patients have underwent soft palate surgery. Other bone structures have been corrected in a few patients.
 
1. to all patients performed clinical tests in relation to the study which include:  (fig. 1).
� Maxillofacial apparatus condition: lower jaw - size and mobility, upper jaw - development, shape and size, the 

position of the teeth in the individual jaw, occlusion;
� Hard palate - shape, size, scars, closure;
� Soft palate - size (relative to the throat), scars, symmetry, colour, mobility;
� Tonsils – hypertrophy;
� Nasal cavity - deformation of the nose and nasal septum.

                                                                                                
        Figure 1: Hard and soft palate

In Bulgarian language there are basically 3 ways to articulate consonant sounds (the so-called consonants):
First: articulation through a barrier made between the lips or the tongue when pressing it to the teeth, the alveolar 
ridge or the hard palate - barrier (plosive sounds) - p-b, t-d, k-g (п-б, т-д, к-г in Bulgarian).
Second: articulation through a narrow passage in the vocal tract - the so-called fricative consonants – f-v, s-z, sh-zh-h 
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(ф-в, с-з, ш-ж-х in Bulgarian).
Third: articulation through a barrier and a passage - affricate consonants containing elements of the other two 
groups - ts, dz, ch, dzh (ц, дз, ч, дж in Bulgarian). Here the barrier and the passage at the place of articulation 
coincide and the articulatory act in their pronunciation is unified.
There are 2 more consonants in the Bulgarian language - the lateral sound „l“ and the vibrant sound „r“.
Both sounds are characterized by their late appearance in language development - after 8 years of age.
In patients with clefts, the articulatory foci (place of articulation) are shifted, thus changing the way of speech 
articulation of consonant sounds.

2. audiometry test, Hearing test. Due to frequent rhinitis, children with congenital clefts are hearing impaired. 
They have a reduced ability to auditory differentiation of high-frequency sounds - s, z, sh, zh (с, з, ш, ж in Bulgarian) 
and therefore are not able to correctly pronounce these sounds.

3. Breathing test - frequency of inhalations, duration of exhalation flow, type of exhalation - oral or nasal, volitional 
control of breathing during speech. In children with congenital clefts, the change in the ratio between the phases 
of inhalation and exhalation during speech is quite specific. The duration of exhalation is significantly shortened, 
the frequency of inhalations is increased. There is a nasal discharge of the exhaled air stream during speech. All this 
affects the tempo, fluency, intonation and resonance of speech.

4. swallowing study - normally or by interposing the tongue between the teeth.

5. verification of the velopharyngeal function - static and dynamic - in phonation.

6. speech check - initial general conversation to determine the general features of speech: degree of intelligibility, 
presence of specific speech articulation, hypernasality, speech rate, presence of compensatory motor reactions - 
facial grimacing.

7. pronunciation check. Study of all sounds in the Bulgarian language - isolated, in syllable, in words, in sentences 
(isolated sentences in provoked answers and dialogue). The sound context in which the studied sounds are given is 
strictly controlled - words saturated with nasal sounds, without nasal sounds, with a balanced sound composition.

results anD Discussion
Patients with clefts experience delayed sound development. Typical speech disorders that occur in all situations are 
the following:
Speech is hypernasal to varying degrees, depending on the number of oral fricatives replaced with nasal ones.

typical mistakes:
� Skipping the initial plosive or fricative in a straight syllable: (fold - old, hat - at).
� Cluster (syllable-initial) reduction up to the stressed vowel sound sky-ai (шкаф – аф in Bulgarian).
� „H“ sound in nasal sounds.
� Replacing fricatives with plosives: s-t, z-d (с-т, з-д in Bulgarian), as well as replacing consonants with vowel 

sounds, most often with the sound „a“ („ъ“ in Bulgarian).
� Pulling the articulation of sounds forward in the speech apparatus, instead of the velar „k“ and „g“ – „t“ and „d“, 

as well as pulling backwards and replacing „r“ with „к“.
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Changing pace and fluency of speech - shortening of syllables, omission of sounds and syllables in words, without 
the child pausing in their place. Thus the length of the word is shortened and the intelligibility is reduced.
Children with many articulation errors and low speech intelligibility have difficulty with grammatical word 
formation, their lexical use in sentences and the syntactic rules of the language.
The children do reading and writing errors. The most mistakes are made in dictation; the least mistakes are made 
in copying text.

Figure 2: Treatment progress the patient with hard palate cleft

Surgical correction at an early age significantly improves phonetics. Orthodontic treatment of occlusal disorders and 
the arrangement of teeth are also a factor in improving and developing speech skills (fig. 2). They contribute to the 
aesthetic facial changes and increase the social self-confidence of the patient.

conclusions
1. There are various disorders of speech and language development.
2. The great variability of speech and language disorders requires the development of an individual therapeutic 

program for each child depending on his/her specifics.
3. An effective cleft therapy should include not only surgical, orthodontic and speech therapy correction, but also 

coordination of each type of therapy with the others.
4. Speech therapy correction should start in the pre-verbal stage and be part of the general program of early 

intervention conducted by parents in natural family environment for the first 3 years and continue in special 
speech therapy rooms. Speech therapy work should end with the child‘s literacy before starting school to prevent 
reading and writing disorders. During the first 2 years of school, the child must be monitored by a speech 
therapist.
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tHe relationsHip BetWeen frenal attacHments anD gingival 
recessions in anterior crossBite cases

Krasteva s.*,  Krasteva st. **

introDuction 
Abnormal frenal attachments can lead to esthetic problems, diastemas and gingival recessions./9,10/ Abnormal 
frenal attachments is one of the morphological factors for the development of gingival recession. /2,3,5,9,10,11 / 
According to Placek et al. classification (1974) there are four distinguishable types of maxillary labial frenulum:
1. Mucosal: The frenulum reaches and includes the mucogingival junction without crossing the attached gingiva.
2. Gingival: The frenulum crosses the attached gingiva but does not extend coronally through the line passing the 

base of the midline papilla. This line is described as the line marking the base of the midline papilla connecting 
the gingival margins of the two central incisors. This kind of frenulum is considered physiological norm.

3. Papillary: The frenulum crosses coronally the line, marking the base of the midline papilla without visibly 
extending to the palatal surface and without whitening of the palatal surface of the midline papilla or the incisive 
papilla even when greater tension is applied to the frenulum.

4. Papilla penetrating: The frenulum crosses coronally the line, marking the base of the midline papilla in 
combination with visible extension to the palatal surface or whitening of the palatal surface of the midline papilla 
or the incisive papilla when greater tension is applied to the frenulum.

materials anD metHoDs 
80 people (36 women and 44 men) aged 18 to 52 years (mean age of 25.66±10.51 years) with crossbite of  a single 
or group of  teeth in the frontal area of  the dentition were studied. They were all admitted for consultation and 
treatment in the Department of Periodontology and Oral Diseases and the Department of Orthodontics, Faculty 
of Dental Medicine, Medical University of Plovdiv. The examination was performed in a clinical setting under good 
lighting by the same clinician after obtaining verbal consent from the patient. The labial frenula were registered by 
gentle pulling of the lip. We used the classification by M. Placek, M. Skach, L. Mrklas (1974), which distinguishes 
four types of maxillary labial frenula-mucosal, gingival, papillary and papilla penetrating./9,10/
The statistical analysis of the data was performed with the statistical package IBM SPSS version 24.0.0.

results 
The type of frenal attachments of the 80 examined patients is analyzed in the upper and lower jaw. In the upper jaw 
the gingival type of frenulum had the highest relative share (86,25%), followed by the mucosa l(6,25%), papillary 
(5%) and papilla penetrating (2,5%).
The results were similar in the lower jaw. The gingival type had the highest percentage (87,5%), followed by the 
mucosal (10%) and papillary (2,5%). No papilla penetrating type was registered in the lower jaw (0%).
Diagram 1 illustrates the percentage distribution according to the type of frenal attachments in the upper and lower jaw.

*Associate Professor in the Department of Orthodontics, FDM, MU – Plovdiv
** Chief Assistant Professor in the Department of Periodontology and Oral Diseases, FDM, MU 
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Diagram1. Percentage distribution of the patients according to the type of frenal attachments in the upper and lower jaw

In summary, the frenal type in the upper and lower jaw has a similar distribution.
In the upper jaw, the gingival type predominates, followed by the mucosal, papillary and papilla penetrating.
In the lower jaw, the distribution is the same as in the upper jaw, but the papilla penetrating type is missing.
Discussion: The abnormal frenal attachment is a morphological factor for the development of gingival recession./9,10/ 
Our results clearly indicate that in the studied contingent frenal attachment does not affect the occurrence of gingival 
recession. In patients with complete skeletal growth and crossbite in the frontal segment of  a single or group teeth, 
the main morphological factors for the presence of recessions are: the alveolar bone condition, the inclination of the 
incisors in the upper and lower jaw, the gingival biotype and last but not least the occlusal trauma from this kind of 
bite./1,2,3,4,6,7,8/
Conclusion: In the studied contingent the frenal attachment does not affect the occurrence of the gingival recessions 
because in our sample the gingival type of frenulum prevails.
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tHermal BeHavior of as receiveD Bio-active ® ortHoDontic 
arcHWires stuDieD BY Dsc metHoD

gueorguieva m.*,  petrov v.*,  andreeva l.*, petrova n.***, Delcheva Z.***, stoyanova-ivanova a.**

summarY
BIO-ACTIVE is a brand new Ni-Ti archwires, which exert progressive forces, from the midline to the posterior 
sectors. Each Ni-Ti alloy has a specific temperature range (TTR) in which the phase transition from martensite 
to austenite and vice versa takes place. Between the specific temperatures Mf (finish martensitic) and Af (finish 
austenitic) of the alloy, the so-called thermoelastic behavior occurs. The differences between the Af  in the three 
regions, may lead to some changes in modulus of elasticity of each sector, resulting in a variable force release along 
archwire’s length without changing the cross-section size (lowest in the frontal area, increasing at the premolar and 
highest at the molar). The aim of our research is to determine Austenite finish temperature at each segment (frontal, 
premolar and molar) of as received Bio-active® archwire. As received upper Bio-active®  orthodontic archwires 
with dimensions 0.016 x 0.022 inches, were investigated by DSC method. Each of the wire segments was prepared 
as follows: one side of the archwire was divided into three 15 mm long segments representing incisor, premolar, 
and molar sections. Thus, from one investigated archwire are formed six samples. Upon cooling each segment has 
presented an R-phase. Incisor, premolar and molar segments have different Af and peak temperatures and they 
decrease from anterior to posterior, so that the posterior segment has the lowest Af and peak temperatures. The dual 
peaks in each segment can be interpreted as a two-step transformation from martensite to an intermediate R phase 
and then to austenite. 
Key words: Bio-active®, DSC – method, Af temperature, Mf temperature, frontal segment, premolar segment, molar 
segment.

introDuction
 Bio- active ® archwires are brand new Nikel – Titanium (Ni-Ti) archwires, which exert progressive forces from the 
midline to the posterior sectors. [1] They are made of Ni-Ti alloy, so they have a specific transition temperature range 
(TTR) in which the phase transformation occurs [2][3]. The unique properties of Ni-Ti orthodontic archwires are 
due to the temperature at which the transition between the two phases occurs – Austenite finish temperature (Af.). 
Austenite final point is the most important temperature to determine from the clinical and manufacturer’s point of 
view. It is considered to be the most important since at this phase, the alloy is stable and exhibits the final work-
suitable shape. Ni-Ti archwires with Af much lower than the temperature of the oral cavity, do not poses the “shape 
memory” effect, but rather the superelasticity, as no thermal transition between the two phases is observed [4]. 
By a specific manufacturing processes, Af can be set close to the mouth or room temperature. The phase 
transformation is one of the factors influencing superelastic behavior and shape memory effect of the archwires [5].
Differential scanning calorimetry is a thermal method used to study the phase transformation, and behavior of Ni-Ti 
orthodontic archwires [6].
On fig. 1 is presented a thermal diagram of Ni-Ti archwire, which contains peaks corresponding to the phases. Upon 
heating, the starting temperature (As) indicates the temperature at which martensite starts to convert to austenite. 
(Af) is the temperature at which transformation of austenite is finished. The second peak represents the direct 
transformation from austenite to martensite upon cooling. The martensite starting temperature (Ms) indicates 

* Faculty of Dental Medicine, Medical University of Sofia, St. G. Sofiiski Blvd., 1431 Sofia, Bulgaria.
** G. Nadjakov Institute of Solid State Physics, Bulgarian Academy of Sciences, 72 Tzarigradsko Chaussee, 1784 Sofia, Bulgaria.
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the temperature at which austenite begins to convert to martensite, and the final temperature (Mf) represents the 
complete transformation to martensite. There is another peak, “The R phase”.  It is a transitional phase in which 
austenite and martensite are observed both. It may or may not be presented in the heating and cooling curves [7].

Fig. 1 DSC - thermogram of orthodontic archwires

Although Bio-active ® archwires are made of Ni- Ti alloy, their thermal behavior has not been studied yet.
The aim of our research is to determine Austenite finish temperatures (Af ) at each segment (frontal, premolar and 
molar) of as received Bio-active® archwires, as phase transformation temperatures for each orthodontic archwire can 
provide a more detailed analysis of the physical properties of the archwires and their behavior in clinical use.

materials anD metHoDs 
As received upper Bio-active®  orthodontic archwires with dimensions 0.016 x 0.022 inches, were investigated by 
DSC method. Each of the wire segments was prepared as follows:
Initially, the middle of each archwire in the area of the central incisors is marked with a thin marker (0.5 mm). With 
millimeter paper we measure 15 mm on both sides from the middle line so as to form a frontal 30 mm segment 
corresponding to the area of the incisors (A-B). New 15 mm are measured from both ends of the frontal segment on 
both sides, corresponding to the area of the premolars or premolar segment (B-C). Again, at the end of the premolar 
segment, 15 mm are measured backwards and the final molar segment (C-D) is formed (fig.2) The marked places 
are cut with an orthodontic cutter. From one investigated archwire are formed 6 samples.

Fig 2. Archwire segments used in DSC study
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A DSC apparatus TA Instruments is used for the thermal scanning of archwire samples from different segments. 
About 4 mgs of the material are placed in aluminum pan and another empty aluminum pan is used as a reference. 
The principle of operation of the device consists in the conversion of the differential temperature between the 
sample and reference to differential heat flow. A calibration run using indium standard is performed before the 
testing archwire samples. The system heats to + 80° C and cools to - 80° C with a rate of 10 degrees per minute us an 
isothermal mode for 10 minutes before starting heating and cooling is used. Argon purge gas with a flow rate of 30 
ml/min is applied in the heating/cooling chamber, to avoid water condensation and oxidation of the material. When 
the sample undergoes a transition associated with a change in enthalpy, this reaction is recorded as endothermic 
or exothermic. Also the starting and finishing transition temperatures between the phases are registered. The 
Specialized software TA TRIOS was used to analyze the results. 

results
The thermograms of each segment (frontal, premolar and molar) of Bio-active® archwires are shown on fig. 3, 4, 5. 
Each thermal diagram, contains peaks, corresponding to the phases. On the three thermograms are shown As, Af, 
Ms, Mf and Rs temperatures of all six tested segments. We have three main groups frontal, premolar and molar. First 
segment of a group (frontal, premolar or molar) is marked with green and the second is marked with orange colour.  
It is obvious that temperatures of first and second segment of one group does not show significant differences. But 
there is big difference in Af temperatures between frontal, premolar and molar segments: 

Fig. 3 DSC-thermogram of the frontal segment

Fig. 4. DSC- thermogram of the premolar segment
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Fig. 5. DSC- thermogram of the molar segment

The Af temperature of frontal segment is set close to the mouth temperature, so at room temperature (26° C) the 
wire is in martensite phase, which makes the wire more elastic. The difference in Af temperatures between frontal 
and molar segments is 5.3 degrees, between frontal and premolar part is 3.2 degrees and between premolar and 
molar is about 2 degrees (Fig 6). The Af temperatures decrease from anterior to posterior, so that the posterior 
segment has the lowest Af. Upon cooling each segment has presented an R-phase.

Fig.6. Differences in Af of the three segments

Discussion
From clinical point of view, determination of Af is of most importance, because it shows full austenite transformation. 
During that phase the wire becomes stiff and returns to its original shape, which is the driving force for the tooth 
movement. In our research we found that the frontаl segment of Bio-active® archwires demonstrates an Af close 
to the oral temperature, whereas premolar and molar segments have an Af close to the room temperature. Ohara 
[4] mades a research on eleven types of Ni-Ti archwires. He also found that Bioforce anterior GAC, NeoSentalloy 
80,160,240 GAC and CuNiTi 40 Ormco, possess Af point close to the oral temperature. At room temperature the 
archwires are in phase between austenitic and martensitic phase, so they are extremely malleable. The martensite to 
austenite transformation is initiated when the archwire is placed into the mouth because the temperature increases. 
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On the other hand, Bioforce posterior GAC, CuNiTi 27 and Nitinol HA exhibit Af point below oral temperature, 
which means that changes in the alloys take place before the archwire is placed in the oral environment and it is in 
austenite phase. Posterior segments do not possess shape memory effect, but superelasticity. According to Mehta 
[8], the Af temperatures correlate with lower load levels indicating that the stress levels at which the superelastic 
transformation takes place is lower for the segments of the wire which have higher Af temperatures. That statement 
corresponds to the advertisement of the manufacturer for variable force release along the length of the Bio-active ® 
archwires [1]. The lack of information about thermal behavior of Bio-active® GC archwires provoke us to make the 
research.  

conclusions
Based on the present finding of  0.016 x 0.022 inch Bio-active® archwires we can conclude:
1. Frontal segment of Bio-active® has a shape memory effect, so is more elastic at room temperature and can be 

easily inserted into the extremely rotated teeth. 
2. Premolar and molar segments possess superelasticity, as no heat transition between the two phases (martensite- 

austenite) is reported, but only through stress. The transformation has taken place outside the oral cavity, and the 
archwire is in the austenite phase, so its placement in cases of heavy crowding is difficult and additional cooling 
is needed.

3. Due to variable force release along the length of wires, Bio-active® can be used as a initial archwires in treatment 
with fixed appliances. 

4. For better clinical use we recommend cooling before inserting the archwire in the brackets.
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