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I. INTRODUTION 

Orthodontic retention is the culmination of all orthodontic knowledge. This is the 

phase in which, after detailed planning and exact treatment, the achieved treatment 

result must be maintained. 

Orthodontic retention is an integral part of  the orthodontic therapy. Regardless of 

the patient's age, the orthodontic malocclusion or the type of the orthodontic 

treatment mechanics, almost every patient after completion of the active 

orthodontic treatment needs some retention method to maintain the result. The need 

to preserve the achieved results is mainly related to two factors:  

1) understanding that posttreatment changes in the occlusion are expected if the 

dentition is not stabilized; 

2) the increasing demand for maintaining a perfect aesthetic result for indefinite 

period of time.  

A well-aligned anterior segment in the lower dental arch is an important 

characteristic of the successful orthodontic treatment, not only because of the 

aesthetics and patient’s well-being, but also because the relapse in this area can 

affect the stability and functionality of occlusion and the position of maxillary 

incisors. The right choice of retention appliance is essential to reduce the risk of 

relapse and to stabilize the teeth and the periodontal structures. Currently, there are 

various retention appliances used to maintain the orthodontic result. One of the 

most commonly prescribed removable retainers in the upper dental arch is the 

Hawley retainer. An alternative to the Hawley retainer, which has become very 

popular in recent years, is the vacuum-formed retainer. Fixed retainers are used for 

long-term retention, especially in the lower dental arch. So far removable and fixed 

retainers are the only means of preventing orthodontic relapse, but according to the 

literature there are not enough scientific evidence for their effectiveness. There are 

various variations in the orthodontic retention strategies, different types of retention 

appliances, as well as patient’s individual factors that make the choice of a specific 

retention protocol a challenge for every clinician. 

It has been shown to relapse occurs in approximately 70% of orthodontically 

treated cases. Some of these changes will be due to orthodontic relapse, and others 

will be due to normal age-related changes. The problem for the orthodontist is that 

not only is it impossible to predict which cases will relapse, but it is also impossible 

to predict the extent to which it will happen. The greatest tendency of the teeth to 

return to their initial malposition is observed in the first two years after treatment. 
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This reflects how unstable the orthodontic treatment is, as well as the inability to 

define the causes of these changes. 

According to the literature there are no parameters that are sufficiently reliable and 

that can serve to predict the potential and the degree of relapse. Therefore, 

identifying potential risk factors, as well as finding a relationship between changed 

parameters during orthodontic treatment with orthodontic relapse, will be of a 

clinical importance to build a better strategy for achieving orthodontic stability. 
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II. AIM AND TASKS 

The aim of the dissertation is to evaluate the advantages and disadvantages of 

removable and fixed orthodontic retention devices in patients treated non-

extractionally with a fixed technique. 

 

To achieve the formulated aim we set the following tasks: 

 

1. To conduct a survey among orthodontic praticioners in Bulgaria in 

connection with their preferred retention appliances - Hawley retainer, 

vacuum-formed retainer and fixed retainer. 

 

2. To assess the changes in the upper and lower dental arch at the beginning, 

end of treatment and up to two years of the retention period performed with 

removable retainers (Hawley retainer or vacuum-formed retainer) in the 

upper jaw and fixed retainer in the lower jaw. 

 

 

3. To assess the changes in the upper and lower incisors inclination on profile 

cephalometry before treatment, after treatment and up to two years of the 

retention period with removable retainers (Hawley retainer or vacuum-

formed retainer) in the upper jaw and fixed retainer in the lower jaw. 

 

4. To emphasize the advantages and disadvantages of the two retainer types - 

Hawley retainer in the upper jaw / fixed retainer in the lower jaw and 

vacuum-formed retainer in the upper jaw / fixed retainer in the lower jaw. 

 

 

5. To create a prognostic criteriа for relapse based on changed parameters 

during treatment. 
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III. MATERIAL AND METHODS 

 

Material and methods task 1 

1. Material 

A questionnaire was conducted among orthodontic specialists and dentists 

specializing in Orthodontics regarding the retention methods and appliances they 

use to minimize orthodontic relapse during the retention phase.  

Socio-demographic and professional characteristics of the participants in the 

survey 

45 participants took part in the questionnaire, including 33 women (73.3%) and 12 

men (26.7%). The relative share of women is significantly higher than that of men 

compared to Fisher's exact test, p <0.001. (Fig. 1) According to the duration of the 

orthodontic practice, 22.2% of the respondents indicated clinical experience of up 

to 5 years; 33.3% - 6-15 years; 13.3% - 16-25 years and the remaining 31.1% have 

practice for more than 25 years. (Fig. 2) 

 

 

Figure 1. Distribution of the participants by 

sex  

Figure 2. Distribution of the participants 

according to the duration of the orthodontic 

experience 
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According to the institution in which they work, the distribution of participants is 

as follows: 4.5% - university; 37.7% - private practice; 57.8% - university and 

private practice. (Fig. 3) 

2. Methods 

The survey was conducted by creating a dissertation anonymous Questionnaire 

containing 19 questions. The first three questions provide an information on 

gender, duration of orthodontic practice and whether or not the participants in the 

survey belong to an academic community. The following five questions provide an 

information about the timing of the retention protocol selection, the factors 

influencing the retention protocol selection, and the application of a specific 

retainer type. The next seven questions provide an information on the duration of 

the retention period and the frequency of follow-up examinations after orthodontic 

treatment. 

The criteria for the participants in the survey are: 

- Members of the Bulgarian Orthodontic Society (BOS) 

- Clinical experience of the respondents at least 3 years 

The survey was designed according to the basic requirement for a questionnaire - 

discretion, minimal loss of time for survey participants, an importance of the data 

collection, clearly formulated questions. 

Figure 3.  Distribution of the participants by practice setting 
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The questionnaire was sent to 97 orthodontists via e-mail. The list with the e-mail 

addresses was provided by the Bulgarian Orthodontic Society. 45 colleagues 

responded to our invitation to participate, for which we express our deep gratitude. 

The observation time took place in the period October-February 2018-2019. 

 

Materials and methods task 2 

1. Materials 

Orthodontic plaster models of 70 patients aged between 11 and 23 years were 

studied. The study involved patients who had undergone non-extraction orthodontic 

treatment with fixed appliances (straightwire technique, .022 slot). All patients 

were treated by postgraduate students enrolled in a three-year post-graduate 

residency programme at the Department of Orthodontics in the Faculty of Dental 

Medicine in Plovdiv  and Department of Orthodontics in the Faculty of Dental 

Medicine in Sofia, Bulgaria. Patients were treated with a fixed technique (MBT or 

Roth prescription). 

The present study included data from 70 patients divided into two groups: 

- First group: 35 patients with removable Hawley retainer (HR) in the upper 

arch and a canine-to-canine fixed retainer in the lower arch bonded to all six 

anterior teeth (group HR-FR). 

- Second group: 35 patients with removable vacuum-formed retainer (VFR) 

in the upper arch and a canine-to-canine fixed retainer in the lower arch 

bonded to all six anterior teeth (group VFR-FR). 

The mean age of patients in the first group (HR-FR) was 14 ± 3.15 years, with an 

age range between 10.75 years and 23 years. The study group included 12 (34%) 

men and 23 (66%) women, with a significantly higher share of women, p = 0.016. 

(Fig. 4) The mean age of male (13.16 ± 3.37 years) and female (14.46 ± 3.01) 

patients was similar, with no statistically significant difference, p = 0.253. 34% of 

the participants were men and 66% were women in permanent dentition.  
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According to the type of growth, the following distribution of patients in the study 

group was found: normodivergent type in 8 patients (23%), hyperdivergent in 18 

patients (51%), hypodivergent in 9 patients (26%). A predominant presence of 

patients with a hyperdivergent type of growth is emerging. According to the 

skeletal class, 8 (23%) patients were categorized into skeletal class I; 20 (57%) in 

skeletal skeletal class II and 7 (20%) in skeletal class III. 

The second study group (VFR-FR) included 35 patients retained with a vacuum-

formed retainer (VFR) in the upper jaw and fixed retainer (FR) in the lower jaw. 

The mean age of the patients was 16.28 ± 6.49 years, with an age range between 

12.25 years and 26.75 years. Gender distribution shows a significantly higher 

relative share of women 69% (n = 24) compared to men 31% (n = 11), p = 0.004. 

The mean age according to the sex of the patients was very similar: men (16 ± 5.32 

years); women (16.41 ± 7.06), no significant difference, p = 0.863. (Fig. 5) 

 

Figure 4. Demographic date for patients with HR in the 

upper jaw and FR in the lower jaw 
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According to the type of growth, the following distribution was found: 

normodivergent type in 9 (26%) patients, hyperdivergent in 13 (37%) patients and 

hypodivergent in 13 (37%) patients. According to the skeletal class, the highest 

relative share (60%) is made up of patients with skeletal class II, followed by 

skeletal class I (27%) and skeletal class III (13%). 

2. Methods  

The patients / their parents were informed in detail about the nature of the 

forthcoming study. Informed consent was obtained for the necessary tests from the 

patient / their parents. 

The criteria for inclusion in the study were: 

1. No abnormal functions were noted during the pre-treatment clinical 

examination; 

2. Patients with complete permanent dentition; 

3. Patients with active orthodontic treatment with fixed appliances. 

Exclusion criteria were patients with: 

1. Hypodontia in the frontal and lateral segment in the dental arch 

2. Severe jaw malocclusion requiring complex orthodontic-surgical treatment. 

3. Single-jaw treatment 

4. Previous orthodontic treatment 

Figure 5. Demographic date for patients with VFR in the upper jaw and FR in the 

lower jaw      
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The study methodology includes a clinical examination of patients according to the 

already described criteria. The day before the debonding of the fixed appliances an 

impression from the lower jaw was taken from each patient with an impression 

material – aliginate material Kromopan (class A type 1). The impression was 

poured with Class 3 hard plaster (Elite Ortho). The fixed caine to canite retainer 

was bent on the plaster model. The material for bonder retainer is a Twistflex 

0.0195” wire, bent and individually adapted to the lingual surfaces of the lower six 

anterior teeth.  

The following day, the fixed appliances were removed and impressions from the 

upper and lower jaw were taken. The accuracy and passiveness of the prepared 

wire for bonded retainer was checked before bonding. 

The lingual surfaces of the lower anterior teeth were polished with polishing paste, 

after which an etching gel was applied for 30 seconds. After washing and drying 

the tooth surface, an adhesive material was applied, which was polymerized for 20 

seconds. A small amount of Transbond XT composite (3M Unitek) was placed on 

the lingual surfaces of the lower incisors with subsequent adaptation of the retainer, 

according to its predetermined position on the plaster model. The composite 

material was polymerized for 20 seconds. This was followed by placement of the 

composite material on the lingual surfaces of the lateral incisors and subsequent 

polymerization for 20 seconds, composite material on the lingual surfaces of the 

canines was placed and polymerization for 20 seconds. After bonding of the fixed 

retainer to all six anterior teeth, all exposed parts of the wire were covered with 

liquid composite, leaving the interproximal parts of the retainer free of composite. 

A Hawley retainer or VFR was fabricated on the upper plaster model. The VFR and 

Hawley retainers were delivered to the patients the day after brackets removal. 

Patients were instructed to wear the removable retainers all day long for the first six 

months, then only at nighttime for the next 18 months. Control examinations were 

performed every 4 months and at the end of the second year of the retention period, 

impressions from the upper and lower jaw were taken. 

The patients were divided into two groups based on the type of retainer: 
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First group: Hawley retainer in the upper jaw; fixed retainer bonded to all six 

anterior teeth in the lower jaw. (Fig. 6 A, B) 

Second group: Vacuum-formed retainer in the upper jaw; fixed retainer bonded 

to all six anterior teeth in the lower jaw. (Fig. 7 A, B) 

3. Biometric methods 

 

Cast models records were analyzed at pretreatment and end of treatment (T0-

T1) and between the end of treatment and the end of a two-year retention 

period (T1-T2). The measured variables were:   

 

Figure 6. A) Hawley retainer in the maxilla; B) Bonded retainer to all six 

anterior teeth in the mandible 

B A 

Figure 7.  A) Vacuum-formed retainers in the maxilla; B) Bonded retainer to 

all six anterior teeth in the mandible     

A B 
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- Little Irregularity Index (LII);  

- interpremolar width (PP); 

- intermolar width (MM);  

- intercanine width (CC); 

- dental arch length (L). 

 

The linear measurements on the gypsum models were obtained with an electronic 

digital caliper TWIN-CAL TESA (IP40 150 SQ) with an accuracy of 0.01 mm. 

Method for evaluation of the amount of crowding in the area of the incisors 

Little’s irregularity index (LII) 

The irregularity index was calculated based on the linear anatomical contact points 

displacements of upper and lower anterior teeth, parallel to the occlusal plane. The 

sum of the discrepancies is the value of the index and the deviations are measured 

on a scale from 0 to 10+ as follows: 

0-perfect alignment; 

1 - 3 mm minimal irregularity; 

4 - 6 moderate irregularity 

7 -10 severe irregularity; 

> 10 very severe irregularity. 

Method for evaluation of the transversal dental arch parameters  

To measure the transversal changes in PP and MM we applied Little’s 

methodology. 

Interpremolar width (PP) - The distance between the tip of the buccal cusp of the 

right first premolar to the tip of the buccal cusp of the left first premolar. If the 

cusps tips were worn, the point of measurement was the middle of the cusp surface. 

Intermolar width (MM) - The distance between mesiobuccal cusp tip of the right 

first permanent molar to the mesiobuccal cusp tip of the left first permanent molar. 

If the cusps tips were worn, the point of measurement was the middle of the cusp 

surface.  

Intercanine width (CC) - The distance between the deepest point at the base of the 

gingival margin of the clinical crown on the left and right permanent canines. 
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Arch length (L) - The sum of the right and left distances from the mesial contact 

points of the first permanent molars to the contact point of the two central incisors 

or in the presence of space to the midpoint between the central incisors. 

 

Material and methods task 3 

1. Materials  

To perform the third task, cephalometric analyzes on profile teleradiographs for 

patients from both groups were performed in the three study periods: before 

treatment, after treatment and up to two years of retention period. The profile 

teleradiographs were obtained using a 3D X-ray machine (Proline PM 2002 CC 

model; Planmeca Oy, Helsinki, Finland). The focus median plane distance was 152 

cm with a standardized exposure of 73 kV, 15 mA for 0.64 s. 

2. Methods 

Angular and linear measurements were obtained on profile teleradiography. 

Cephalometric analysis in central occlusion was performed with the software 

program AudaxCeph Advantage (version 5.2.0.). The program allows design of 

individual models for cephalometric analysis according to the indicators required 

for the study, as well as setting reference values of these indicators. (Fig. 8) 
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Bony reference points: 

Point N- the most anterior and superior point of the nasofrontal suture; 

Point S - center of sella turcica; 

Point ANS - spina nasalis anterior; 

Point PNS - spina nasalis posterior; 

Point A – the deepest point from the curve on the anterior surface of the upper jaw, 

between point ANS and the alveolar bone; 

Point B – the deepest point from the curve on the anterior surface of the lower jaw, 

between the point Pog and the alveolar bone; 

Point Pog - the most anterior point of the mandibular symphysis; 

Point Me - the most inferior point of the mandibular symphysis; 

Point Gn - the midpoint between the points Me and Pog; 

Point Co – the midpoint between the most posterior and the most superior part of 

articular head; 

Point Go - the middle between the posterior and the most inferior point of the 

mandibular angle; 

Point Go - the point of intersection of the tangent line along the posterior border of 

mandibular ramus and the tangent line along the lower border of mandibular body.  

Figure 8. Bony reference pints and planes used in the 

cephalometric analysis 
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Reference planes: 

SN- anterior cranial base; 

FH construction - Structural Frankfurt plane. The plane constructed between point 

S, deviated 7° caudally from the plane SN; 

SpP - spinal plane at the base of the upper jaw, connecting points ANS and PNS; 

OcP - Functional occlusal plane. It connects the middle contact point between the 

mesial cusps of the first permanent molars with the middle contact point of the first 

premolars or primary molars; 

MP - Mandibular plane. Tangent to the lower edge of the mandible, connecting 

the lowest point in the mandibular symphysis with the lowest point in the angle of 

the mandibule. 

N perpendicular - perpendicular to the structural Frankfurt Plain in point N; 

NA - line connecting point N with point A; 

NB - line connecting point N with point B; 

I – long axis of the upper central incisor; 

i – long axis of the lower central incisor; 

 

Cephalometric parameters for skeletal jaw relationships: 

∢SNA - Angular measurement for assessment of the sagittal position of the upper 

jaw. It is constructed by connecting the points: point S, point N and point A. The 

range extends from 82° to 84° (Steiner); 

∢SNB - Angular measurement for assessment of the sagittal position of the lower 

jaw. It is constructed by connecting the points: point S, point N and point B. The 

range extends from 78° to 80° (Steiner); 

∢ANB - Angular measurement for assessment of the sagittal relationships between 

the upper and lower jaw. It is constructed by connecting the points: point A, point 

N and point B. Reference values from 0° to 4° are accepted for skeletal class I jaw 

relationships.  

∢ SNPog - Angular measurement for assessment of the anterior - posterior position 

of the mandible. The cephalometric parameter takes into account the position of the 

anterior surface of the mandibular symphysis (point Pog) relative to the cranial 

base (plane SN) 

 

Skeletal growth type parameters: 

∢ SN/MP - Angle between the anterior cranial base S-N and the mandibular plane 

MP. Values between 29° and 35° are considered normodivergent growth pattern. 
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∢ SpP/MP - Angle between the mandibular plane MP and the palatal plane SpP, 

average norm 25° 

∢ SN/Y - Angle between the cranial base S-N and the Y axis (the line connecting 

point S with point Gn), average norm 66 °. 

 

Cephalometric parameters for dento-alveolar relationships: 

I-NA (mm) - S linear measurement from point aj to the N-A line, measured in mm, 

to determine the sagittal position of upper central incisor. The anterior point of the 

vestibular surface of the crown ai lies 4 mm in front of the N-A line. Norm 4 mm.  

∢I-NA (°) - Angular reading for the inclination of the upper central incisor. This is 

the angular relationship between the central axis of the upper central incisor I and 

the line connecting point N with point A. Norm 22°. 

i-NB (mm) - A linear measurement indicating the position of the lower central 

incisor relative to the N-A line. This is the distance from the most anterior point of 

the vestibular surface of the lower central incisor bi to the line connecting point N 

with point B. The anterior point of the vestibular surface of the crown bi is located 

4 mm from the line N-B. Norm 4mm. 

∢i-NB (°) - Angular measurement indicating the inclination of the lower central 

incisor with the line connecting point N with point B. Norm 25°. 

∢ I/SN (°) Angular reading that indicates the inclination of the long axis of the 

upper central incisor relative to the cranial base S-N. Norm 102-105 ° 

∢ i/Mp (°) - Angular reading that indicates the inclination between the long axis of 

the lower central incisor relative to the mandibular plane MP. The range is + 7° to -

8.5°. 

 

Material and methods task 4 

1. Material 

To perform the fourth task, we used orthodontic plaster models and profile 

teleradiography of patients from both groups at the three time points: before 

treatment, after treatment and at the end of the second year of the retention period.  

2. Methods 

The data from the biometric and cephalometric measurements at the three time 

points (initial, final, two-year retention period) are compared for each patient from 

the two study groups to assess the changes. The same parameters were compared 
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between the two study groups to evaluate the effectiveness of both types of 

retention. 

Material and methods task 5 

 

1. Materials 

Orthodontic plaster models and profile teleradiography of patients from both 

groups at the three time points: before treatment, after treatment and at the end of 

the second year of the retention period. 

2. Methods 

To perform the fifth research task and to identify potential predictors for regression 

in the Little irregularity index at the end of the retention period in the HR- FR 

group, we used the model of Shields, Little and Chapko and divided the study 

group of 35 patients into two subgroups according to LII values after the retention 

period (T2). 

The first group included patients with LII values in T2 ≤ 4 mm, and the second 

group included patients with LII values in T2> 4 mm. The categorization was made 

for the upper and lower jaw separately. Data analysis includes binary logistic 

regression, ROC curve, sensitivity, specificity and criterion limit value. Four binary 

regressions were performed, two for the upper jaw and two for the lower jaw. The 

dependent value was expressed separately for the upper and lower jaw with the 

following two values:  

- 0 = patients with LII values in T2 ≤ 4 mm; 

- 1 = patients with LII values in T2> 4 mm.  

We performed two binary regressions for each jaw. 

In the first binary logistic regression we included the studied parameters [L, MM, 

CC, PP, I / SN ° / i / MP °, I / NA ° / i / NB °, I / NAmm / i / NBmm] at the three 

time points (T0) before treatment, after treatment (T1) and after the retention period 

(T2). 

With the second binary logistic regression we tested the prognostic role of the 

change in the values of L, MM, CC, PP, I / SN ° / i / MP °, I / NA ° / i / NB °, I / 

NA mm / i / NB mm after treatment (T0-T1) and after the retention period (T1-T2) 

on the likelihood of regression to a more severe degree of Little irregularity. 
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In the VFR-FR group, the Little Irregularity Index showed a lower relapse rate than 

in the HR-FR group. At the end of the retention period, in 92% of patients the 

index of irregularity was in the range between 0 and 3.5 mm, except for two cases 

of moderate degree and one with severe degree of irregularity. For this reason, it 

was not possible to apply the model of Shields, Little and Chapko (1985) in the 

group VFR and FR, in which patients are categorized into two groups, LII in T2 ≤ 

4 mm and LII in T2> 4 mm. Instead, patients were categorized according to the 

following criteria:  

- LII in T2 ≤ 1 mm;  

- LII in T2> 1 mm.  

The categorization was made for the upper and lower jaw separately.  

Similar to the analyzes in the HR- FR group, we performed two binary regressions 

for each jaw. As with the HR and FR group, Wald's method was used to gradually 

eliminate predictors without statistical significance (Wald’s backward method). All 

tested predictors were tested for multicollinearity and singularity. The results of the 

binary regressions were supplemented by ROC curves, sensitivity and specificity 

and cut-off criteria. 

3. Statistical methods used in the study 

The analysis of the survey data was performed with the statistical programs IBM 

SPSS, version 25 (2017) and Minitab version 18.1 (2017). 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 results of the first task present the distribution of the answers of the 

respondents in number and percentage. Statistical comparisons to establish 

dominant trends were performed using the Chi-square test, for questions involving 

more than two answers, and using the Fisher test for proportional comparison of 

answers with two options. 

The analysis of the data from the second research task was performed with the 

statistical program IBM SPSS, version 26 (2018) and the specialized program for 

medical analysis MedCalc, version 19 (2018). For the correct choice of statistical 

methods, long-term values were checked for normality of the distribution by the 

Kolmogorov-Smirnov test. In the presence of a normal distribution, parametric 

statistical methods were applied. In case of violations in the requirements for 

normal distribution or in data measured on dichotomous, nominal and ordinal 

scales, we used non-parametric statistical analyzes. 
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In the fourth task, a t-test for independent samples was used to compare the data 

between the two patient groups. 

For the fifth task, the data analysis includes binary logistic regression, ROC curve, 

sensitivity, specificity and criterion limit value. Four binary regressions were 

performed, two for the upper jaw and two for the lower jaw. 

We used Wald's backward method to gradually eliminate predictors. All tested 

predictors were tested for multicollinearity and singularity - an important 

prerequisite for the validity of the analysis. 

The results of the binary regressions were supplemented with ROC curves, 

sensitivity and specificity values and cut-off criteria. The interpretation of the area 

under the curve was consistent with the following reference ranges: 

- 90-1 = high reliability / association; 

- 0.80-0.89 = good reliability / association; 

- 0.70-0.79 = acceptable reliability / association; 

- 0.60-0.69 = low reliability / association; 

- 0.50-0.59 = no reliability / association. 

IV. RESULTS AND DISCUSSION 

Task 1  

To conduct a survey among orthodontic praticioners in Bulgaria in connection 

with their preferred retention appliances - Hawley retainer, vacuum-formed 

retainer and fixed retainer. 

 

1. Results 

 

 

To the question "When do you decide the retention protocol?", the highest 

percentage of participants (40%; N = 18) answered at the beginning of treatment; 

30% at the end of treatment; Figure 9 illustrates the proportional distribution of 

responses. 
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Respondents had to determine the degree of importance of the factors that influence 

their choice of retention protocol. The ranking by importance was made on the 

basis of the following two criteria:  

1. The percentage of participants categorized a factor as very important;  

2. The cumulative percentage of very important and important. 

 

The first factor pretreatment malocclusion was determined to be very important by 

88.9% of the participants. 95.6% of the participants determined the myofunctional 

condition as a very important or important factor, p <0.001. The third most 

important factor is the age of the patient, considered as a very important factor by 

68.9% of participants. The fourth most important factor is the result after 

treatment considered a very important or important factor by 84.5% of 

respondents. Third molars are considered a very important factor by 33.3% of 

participants. which identifies third molars as the fifth very important or important 

factor, according to 84.5% of participants. Significantly dominant is the percentage 

of participants (86.7%) who consider the patient's motivation to be a very 

important or important factor (p <0.001). 

 

Overall, the percentage of respondents who consider the level of oral hygiene as a 

very important or important factor is 66.7% and is significantly higher than the 

percentage of orthodontists who consider it not very important factor, p = 0.0016. 

The opposite trend is observed regarding the importance of the last three factors: 

dental anatomy, the desire of the patient / parent and the sex of the patient. Given 

these factors, the majority of participants expressed the opinion that they are or are 

not very important and irrelevant to the choice of retention protocol.  

Figure 9. Distribution of the participants according to the time 

when they choose the retention protocol  
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60% of respondents consider dental anatomy to be not very important factor or 

irrelevant. Although dental anatomy is not an important factor for a great number 

of participants, the difference with those who define it as an important factor is not 

statistically significant, p = 0.059. A similar trend is observed for the next factor, 

patient / parent desire. The prevailing opinion is that this factor is not very 

important or insignificant, which is expressed by 80% of the participants, p <0.001. 

The least important factor for the choice of retention protocol is patient’s sex, 

which is defined as not very important by 35.6% of respondents and insignificant 

by 25%. 

 

The answers to the next question provide an information about the application of 

different types of retainers depending on the pretreatment malocclusion. In the 

treatment of diastema, the majority of respondents (N = 32; 71.1%) indicated the 

use of a fixed retainer, 26.7% (N = 12) use a fixed and removable retainer. In 

treatment of rotations, 66.7% (N = 30) of the participants used a fixed retention 

appliances; 31.1% (N = 14) use fixed and removable. In adult orthodontic 

treatment, 49% (N = 22) of the respondents indicated a fixed retainer, 44.4% (N = 

20) fixed and removable and 6.6% (N = 3) removable. (Fig. 10) 

 

When extruding anterior teeth, 44.4% (N = 20) of the participants prescribe a fixed 

retainer; 37.8% (N = 17) fixed and removable; 17.8% (N = 8) removable retainer. 

Figure 10. The most commonly used retainers after treatment of specific 

malocclusion 
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The highest percentage (62.2%; N = 28) of participants use removable retainers in 

patients with cross-bite. 

51.1% (N = 23) of the participants indicated that they use fixed and removable 

retainer after treatment of overjet; 28.9% (N = 13) use a removable retainer; the 

remaining 20% (N = 9) indicate a fixed retainer. A similar trend is observed after 

treatment of anterior open bite. 51.1% (N = 23) of the participants use a fixed and 

removable retainer; 28.9% (N = 13) use a fixed retainer; the remaining 20% (N = 

9) use a removable retainer. 

24 of all participants (53.3%) answered that they take into account the upper and 

lower incisors inclination reported on the TRG after treatment when prescribing 

specific type of retainer. The remaining 21 (46.7%) answered negatively. 37.7% of 

the participants answered that they monitor whether or not there is a change in 

the inclination of the TRG incisors during the retention period. The remaining 28 

(62.3%) gave a negative answer. 

The following two questions provide an opportunity for participants to determine 

which types of retainers are most commonly used in the upper and lower jaw. In 

the upper jaw, the highest number of respondents use a vacuum-formed retainer 

(35.6%), 24.4% use a combination of a fixed retainer and vacuum-formed 

retainer, followed by a Hawley retainer. A fixed retainer (66.7%) is most often 

used in the lower jaw, followed by a combination of a vacuum-formed retainer and 

a fixed retainer (17.7%). 

2. Discussion 

The data from the survey show that the majority of the participants determine the 

type of retainer at the beginning of the treatment (40%) and at the end of the 

treatment (30%). Of a paramount importance for the choice of retention method is 

the type of the initial malocclusion. Half of the respondents determine wisdom 

teeth as an important factor in choosing the type of retention, which does not 

coincide with the results of other studies. The obtained results can be explained by 

the existing data in the literature, which suggest an important role of third molars in 

lower anterior crowding. However, the results from other studies show that there is 

no link between the presence of wisdom teeth and the crowding in the mandibular 

anterior segment.  

The results from our study show that the most commonly used upper retainer is the 

vacuum-formed retainer (35.6%), followed by a combination of fixed and vacuum-

formed retainer, followed by the Hawley retainer (24.4%). These results coincide 

with the results of other studies. On the other hand, only one of the respondents 
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mentioned Hawley retainer as a choice of retention appliance in the upper dental 

arch. The probable explanation for the observed trend towards more frequent use of 

vacuum-formed retainers than Hawley retainers is the greater patient’s co-operation 

with vacuum-formed retainers rather than with Hawley retainers.  

The majority of the respondents prefer fixed retainer (66.7%) for a retention 

appliance in the lower dental arch. Among the advantages of fixed retainers are 

their efficiency, aesthetics, and good patient acceptance. Studies show that, 

compared to vacuum-formed, fixed retainers are more effective in terms of the 

stability of the mandibular fragment. However, other studies have found that even 

with a fixed retainer, relapse can still occur in the mandibular incisors. 

Most of the respondents apply a retention period with a fixed retainer between 2-5 

years in adolescent patients. The results obtained are similar to the results of other 

studies. Although there is no consensus in the literature on removal times of fixed 

retainers, Zachrisson recommended longer retention with fixed retainers until 

skeletal growth is complete. 

 

Task 2 

To assess the changes in the upper and lower dental arch at the beginning of the 

treatment, end of the treatment and up to two years of the retention period 

performed with removable retainers (Hawley retainer or vacuum-formed 

retainer) in the upper jaw and fixed retainer in the lower jaw. 

 

1. Results 

 

1.1. Group HR in the upper jaw and FR in the lower jaw 

 

Dynamics of the Little Irregularity Index (LII) in the upper and lower jaw 

The dynamics in the Little Irregularity Index (LII) at the three time points (T0-

before treatment, T1-after treatment and T2-at the end of the retention period) can 

be traced from the statistics presented in Figure 11. 
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In the upper jaw, before treatment LII had an average value of 12.22 ± 4.92 mm, 

and after treatment 1.70 ± 1.65 mm. There was a significant decrease in the value 

by 10.51 mm as a result of the orthodontic treatment (p <0.001). In the period 

between the end of treatment and the end of the retention period there was an 

increase in LII from 1.70 mm to 5.23 mm ± 2.86, with a significant difference of 

3.53 mm (p <0.001). 

A similar trend is observed in the lower jaw, but it should be noted that the 

changes are smaller. Before treatment, LII had a mean value of 8.74 ± 4.52 mm 

and decreased to 2.01 ± 1.76 mm after treatment. The difference of 6.73 mm is 

statistically significant (p <0.001). In the period between the end of treatment and 

the end of the retention period, an increase in LII from 2.01 mm to 4.14 ± 2.31 mm 

was observed, with a significant difference of 2.13 mm (p <0.001). 

 

Dynamics in the values of the intermolar width (MM) in the upper and lower jaw 

In the upper jaw, a significant increase in MM was found as a result of the 

treatment. Before treatment MM has a value of 50.26 ± 3.18 mm, which increases 

to 51.44 ± 2.40 mm after treatment. At the end of the 2nd year in retention, a slight 

increase from 51.44 ± 2.40 mm to 51.89 ± 2.35 mm was observed, but the 

difference of 0.44 mm did not reach significance (p = 0.071). 

Figure 11. Dynamics in the individual and mean values of Little’s 

Irregularity Index (LII) in the maxilla and mandible in HR-FR 

group.   
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An increase in MM of 44.81 ± 3.07 mm before treatment to 46.29 ± 2.42 mm after 

treatment was also found in the lower jaw. At the end of the retention period, there 

was a significant decrease in the intermolar width from 46.29 ± 2.42 mm to 45.42 ± 

2.16 mm, with a difference of 0.86 mm (p = 0.003). 

 

Dynamics in the values of the interpremolar width (PP) in the upper and lower 

jaw 

At the beginning of treatment, PP in the upper jaw had a mean of 39.94 ± 2.40 

mm, which increased to 43.97 ± 2.27 mm after treatment. The increase in PP width 

by 3.66 mm was statistically significant (p = 0.001). In the period between the end 

of treatment and the end of the retention period there was a slight decrease in PP 

width from 43.97 ± 2.27 mm to 43.69 ± 2.05 mm, but the difference of 0.28 mm is 

not significant (p = 0.220). 

The trend in the lower jaw is similar to that in the upper jaw. Prior to treatment, 

PP width was 33.34 ± 2.66 mm on average, which increased to 36.34 ± 1.92 mm 

after treatment. The increase of 3 mm is statistically significant (p <0.001). In the 

period between the end of treatment and the end of the retention period, we found a 

slight decrease in the value of PP width from 36.34 ± 1.92 mm to 36.01 ± 1.63 mm, 

with a minimum difference of 0.32 mm (p = 0.123). 

Dynamics in the values of intercanine width (CC) in the upper and lower jaw 

At the end of the treatment, an increase in CC width from 24.86 ± 2.23 mm to 

26.58 ± 2.36 mm was found in the upper jaw. The difference of 1.71 mm is 

significant at error level 0.05 (p = 0.049). At the end of the retention period, a slight 

decrease in the intercanine width was observed from 26.58 ± 2.36 mm to 26.25 ± 

1.82 mm, but the difference of 0.32 mm was not significant (p = 0.248). 

In the lower jaw, the trends are similar to those in the upper jaw. At the end of 

treatment, the CC width increased from 20.09 ± 1.66 mm to 21.59 ± 1.33 mm, with 

a significant difference of 1.50 mm (p = 0.033). At the end of the retention period, 

the value decreased to 21.47 ± 1.43 mm, but the difference of 0.12 mm was 

minimal, without statistical significance (p = 0.468). 
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Dynamics in the values of the dental arch lenght (L) in the upper and lower jaw 

At the end of the treatment, we found an increase in the L in the upper jaw, from 

68.08 ± 4.66 mm to 69.96 ± 4.04 mm, with a significant difference of 1.87 mm (p = 

0.036). At the 2nd year of retention period, a new increase of 70.06 ± 4.19 mm was 

reported, but with a minimum difference of 0.10 mm, without statistical 

significance (p = 0.736).  

In the lower jaw, at the end of the treatment there is an increase in the L from 

59.79 ± 3.72 mm to 62.16 ± 3.20 mm. The difference of 2.37 mm is of high 

statistical significance (p <0.001). After the retention period, we found a decrease 

in L by 0.36 mm, from 62.16 ± 3.20 mm to 61.80 ± 3.49 mm, without statistical 

significance. 

 

1.2. Group VFR in the upper jaw and FR in the lower jaw 

Dynamics in the Little Irregularity Index (LII) in the upper and lower jaw 

In the upper jaw, the LII decreased by 7.66 mm, from 7.91 ± 5.51 before 

treatment to 0.25 ± 0.58 mm after treatment, with а significant change (p <0.001). 

In the period between the end of treatment and the end of the retention period there 

was an increase in LII by 0.95 mm, from 0.25 mm to 1.20 mm ± 1.27, with a 

significant change (p <0.00. The trend in the lower jaw is similar. Before 

treatment, LII had a mean value of 7.08 ± 4.98 mm and decreased to 0.25 ± 0.596 

mm after treatment. The reduction in LII was 6.83 mm and was statistically 

significant (p <0.001). In the period between the end of treatment and the end of the 

retention period, an increase in LII from 0.25 mm to 1.28 ± 1.78 mm was observed, 

with a significant difference of 1.03 mm (p = 0. 001). (Fig. 12) 
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Dynamics in the values of the interpremolar width (PP) in the upper and lower 

jaw 

In the upper jaw, an increase in PP between the pretretament and the end of 

treatment was found, from 40.53 ± 3.44 mm to 43.40 ± 2.45 mm. The increase in 

PP by 2.87 mm was statistically significant (p <0.001). In the period between the 

end of treatment and the end of the retention period there was a decrease in PP by 

0.34 mm, from 43.40 mm to 43.06 ± 2.43 mm (p = 0.001). In the lower jaw, a 

significant change was reported between the beginning of the treatment and the end 

of the treatment, from 33.99 ± 2.73 mm to 35.43 ± 1.88 mm, with a significant 

increase of 1.44 mm (p = 0.003). In the period between the end of the treatment and 

the end of the retention period there was a decrease in the value of PP from 35.43 

mm to 35.15 ± 1.86 mm, with a minimum difference of 0.31 mm (p = 0.141). 

Dynamics in the values of the intermolar width (MM) in the upper and lower jaw 

In the upper jaw, before treatment, MM had a value of 50.53 ± 3.82 mm, which 

increased to 51.43 ± 2.98 mm after treatment, with a significant difference of 0.90 

mm (p = 0.020). During the retention period, a decrease from 51.43 to 51.07 ± 3.05 

Figure 11. Dynamics in the individual and mean values of the Little 

Irregularity Index (LII) in the upper and lower jaw in patients with VFR and 

FR    
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mm was observed, with a significant change of 0.36 mm (p = 0.004). An increase 

in MM width of 44.79 ± 3.35 mm before treatment to 46.15 ± 2.95 mm after 

treatment was also found in the lower jaw, with a significant change of 1.36 mm 

(p <0.001). At the end of the retention period, a decrease in intermolar width was 

observed from 46.15 to 45.55 ± 3.01 mm, with a significant difference of 0.60 mm 

(p = 0.001). 

Dynamics in the values of intercanine width (CC) in the upper and lower jaw 

Intercanine width (CC) in the upper jaw showed an increase of 0.36 mm at the 

end of the treatment, from 25.43 ± 2.78 mm to 26.79 ± 1.80 mm, but without 

statistical significance (p = 0.456). At the end of the retention period, CC decreased 

by 0.32 mm (p = 0.004). In the lower jaw at the end of the treatment, CC increased 

from 20.31 ± 2.09 mm to 21.31 ± 1.63 mm, with a significant difference of 1.00 

mm (p = 0.003). At the end of the retention period, the value decreased to 20.80 ± 

1.56 mm, with a significant difference of 0.51 mm (p = 0.003). 

Dynamics in the values of the dental arch lenght (L) in the upper and lower jaw 

In the upper jaw, at the end of the treatment, a reduction in L was found from 

70.40 ± 4.86 mm to 69.12 ± 4.67 mm. At the end of the retention period a decrease 

of 0.42 mm was reported, with statistical significance (p = 0.016). In the lower 

jaw, at the end of the treatment there was an increase in L from 61.40 ± 4.15 mm to 

62.49 ± 4.01 mm, without ignificant difference of 1.09 mm (p = 0.136). At the end 

of the retention period there was a decrease in length by 0.89 mm, from 62.49 mm 

to 61.60 ± 3.62 mm with statistical significance (p = 0.032). 

Discussion Task 2 

First group of patients: HR in the upper jaw and FR in the lower jaw 

The data from our study show an increase in the Little index in the upper jaw with 

an average value of 5.23 mm ± 2.86 during the retention period. Other studies have 

reported significantly lower LII values during a period of maxillary retention with 

Hawley retainers. Rowland et al found an increase in the irregularity index of 0.51 

mm over a 6-month retention period. (Rowland H 2007) Kaya et al followed 

patients in a six-month of retention period and found an increase in the index of 1.5 

mm. (Kaya Y 2019). The differences in the data can be explained by the shorter 

follow-up period compared to our study. Although there is no consensus on the 

duration of the retention period with removable retainers, many authors recommend 

that the duration of the retention period should be at least 1 year. (Melrose C 1998) 

(Tynelius E 2010). 



 

32 
 

When interpreting the results it is very important to take into account the 

differences in the initial values of LII and the severity of the pretreatment crowding 

when comparing the results with other studies. Some authors report significantly 

smaller degree of pretreatment incisor crowding compared to the higher  

pretreatment values in our sample, which means that the amount of the expected 

relapse will be significantly lower. 

At the end of the retention period, MM width in the maxilla was maintained. Our 

data are consistent with those reported by other authors (Rowland H 2007) 

(Ramazanzadeh B 2018) (Barlin S 2011) (Dayer K 2012) (Lang G 2002). It is 

important to note that comparison with other studies is difficult due to the shorter 

follow-up period of some studies. (Ramazanzadeh B 2018) (Barlin S 2011) 

Unlike the upper jaw, there is a significant reduction in MM at the end of the 

retention period in the lower jaw by 0.86 mm. Other studies have also reported a 

significant reduction in MM in the lower dental arch with a fixed retainer. (Glenn G 

1987) (Lang G 2002) The results can be explained by the fact that the fixed retainer 

does not reach the molar area and the stability in this segment of the dental arch 

depends entirely on the excellent interdigitation of the buccal segments. 

As a result of the treatment in our sample there was a significant increase in CC 

width in both jaws, and this result was maintained at the end 2nd year in retention. 

The good stability in CC width can be explained with the fact that the studied 

gropus were treated without teeth extractions. An increase in CC width is observed 

in cases of extraction in the dental arch, because the canines are moved distally to a 

wider area of the dental arch during the retraction, but much of the achieved 

expansion in the CC area is lost during retention. 

In the post-retention period, the CC width in the lower jaw showed a strong 

tendency to relapse to levels of the initial values. This intercanine inviolability was 

proposed years ago by McCauley, Strang and has been documented by other 

authors. (McCauley 1944) (R. Strang 1952) (Arnold 1963) 

Second group: VFR in the upper jaw and FR in the lower jaw 

In the second patients group with VFR in the upper jaw, the irregularity remained 

in the mild range. The results obtained are similar to those of other authors. (Demir 

A. 2012) (Rowland H 2007) The low relape rates in the upper jaw in the VFR 

group are due to the fact that the VFR covers the vestibular and lingual tooth 

surfaces, as well as part of the alveolar ridge, providing good retention. 

The findings in the individual dental arch with respect to the transverse widths in 

PP and MM are identical in both jaws. We have a statistically insignificant 
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decrease in the widths in the retention period with a value of less than 0.50 mm in 

both jaws. Similar results have been reported in other studies (Rowland H 2007) 

(Demir A. 2012) (Barlin S 2011) (Ramazanzadeh B 2018). 

The changes in CC show a statistically significant reduction in both jaws, but it 

should be noted that the reduction is ≤0.5 mm. This is an evidence that the achieved 

treatment expansion remains stable, despite the fact that in the mandible  only fixed 

retention is applied. In contrast to our findings, other authors reported a higher 

relapse rate in MM and PP with a fixed retainer. (Lang G 2002) 

The increase in L during orthodontic treatment tends to return to pre-treatment 

values. In the lower jaw a slight increase, but in both cases the change in L is not 

statistically significant. We have statistically insignificant changes, which is proof 

that if the original shape of the arc is maintained during treatment, it will tend to 

remain stable in the retention period. The results can be explained with the changes 

in L after treatment. After removal of the fixed treatment appliances there is a slight 

decrease in L in the upper jaw, while in the lower jaw there is a slight increase. 

However, in both jaws, the change in L is not statistically significant. We have 

statistically insignificant changes, which is proof that if the original shape of the 

arch is maintained during treatment, it will tend to remain stable during the 

retention period. 

 

Task 3 

To trace the changes in the upper and lower incisors inclination on profile 

telerentgenography before treatment, after treatment and up to two years of the 

retention period with removable retainers (Hawley retainer or vacuum-formed 

retainer) in the upper jaw and fixed retainer in the lower jaw. 

 

 

1. Results task 3 

First group of patients: HR in the upper jaw and FR in the lower jaw 

 

In the upper jaw, the mean value of I/SN° before treatment was 103.60 ± 6.98°. 

After treatment, we reported an increase in the inclination of I/SN° to 106.03 ± 

7.84°. At the end of the retention period, the inclination increases to 107.40 ± 

7.26°, without significant difference (p = 0.064).  
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Before treatment lower incisors i/MP° had a mean inclination of 3.86 ± 3.23°, 

which increased to 7.03 ± 5.23° after treatment, with a significant difference of 

3.17° (p = 0.001). At the end of the retention period, we reported a decrease by 

0.72° (6.31 ± 5.42°), but without a significant difference (p = 0.323). The results in 

degrees are summarized in Figure 13. 

 

 

Regarding the measured parameters in mm at the three time periods, it was found 

that in the upper jaw, before treatment, the average I/NA value was 1.43 ± 2.38 

mm. After treatment, an increase in the inclination of the upper incisors was found 

with 3.52 ± 2.51 mm, with a significant difference of 2.08 mm (p <0.001). At the 

end of the retention period, the inclination continuous to increase by 0.49 mm and 

reaches an average value of 4 ± 2.59 mm, but without significant difference (p = 

0.78). 

Before treatment i/NB had a mean value of 3.23 ± 2.12 mm, which increased to 

4.71 ± 2.58 mm, with a significant difference of 2.12 mm (p = 0.002). At the end of 

the retention period, we reported an additional increase from 0.52 mm (5.23 ± 2.37 

mm), but without significant difference (p = 0.101). 

Figure 13. Dynamics of inclination of upper (I/SN°) and lower (i/MP°) incisors in 

the HR-FR group 
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Second group of patients: VFR in the upper jaw and FR in the lower jaw 

 

At pretreatment the mean I/SN° in the upper jaw was 104.11 ± 8.89°, and after 

treatment an increase in the inclination of 104.54 ± 7.46º was observed, but the 

difference of 0.43º did not reach statistical significance (p = 0.774). At the end of 

the retention period, I/SN° decreased without significant difference (p = 0.907). 

At pretreatment lower incisors i/MP° had a mean inclination of 5.57 ± 5.81°, 

which increased to 7.37 ± 6.90° posttreatment, with a significant change of 1.80° (p 

= 0.033). At the end of the retention period, an additional increase in the inclination 

by 0.51° was observed, but without significance of the change (p = 0.321). (Fig. 

14) 

 

 

Figure 14. Dynamics in the inclination of upper (I/SN °) and lower (i/MP °) incisors in 

patients with VFR and FR 
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At pretreatment I/NAº was 22.65 ± 7.43º and increased to 23.02 ± 6.26º at 

posttreatment, but the change from 0.63º was not statistically significant, p = 0.810. 

At the end of the retention period, a slight decrease in the angle was observed with 

a minimum value of 0.05º, without statistical significance, p = 0.921. 

 

The inclination of i/NBº increased from 24.28 ± 6.09º to 26.74 ± 5.25º, with a 

significant change from 2.46º, p = 0.009. At the end of the retention period, a new 

increase of 0.08º was reported, without statistical significance, p = 0.857. 

 

In the upper jaw the mean I/NA before treatment was 3.60 ± 2.79 mm. After 

treatment, a minimal reduction of 0.12 mm was found, with no statistical 

significance of the change (p = 0.859). At the end of the retention period, the 

inclination increases with 0.09 mm, which is not statistically significant (p = 

0.731). No significant change was found in the lower incisors. Before treatment, 

i/NB had a mean value of 4.22 ± 2.10 mm, which increased to 4.82 ± 2.46 mm, 

with no significant change (p = 0.085). At the end of the retention period, an 

additional increase from 0.32 mm (5.14 ± 2.51mm) was observed, but without 

significant difference (p = 0.086). 

 

2. Discussion  

 

The result from this study confirms the results of previous studies, which show that 

the achieved incisors angulation as a result of orthodontic treatment remains very 

stable during the retention period. (Schütz-Fransson U 2019) The data from 

cephalometric analysis are comparable to those in the study of Schütz-Fransson et 

al. for 6- and 12-years post-retention period. (Schütz-Fransson U 2019) Although 

the authors do not indicate what kind of removable retainer they studied in the 

upper jaw, they found a small but statistically insignificant increase in the values of 

the inclination of the upper and lower incisors. 

Consistent with our results, other authors also do not find a statistically significant 

change in the upper and lower incisors inclination two years in retention with HRs 

and VFRs.  

On the other hand evidences show that upper and lower incisors inclination tends to 

increase in adolescent untreated patients (Thordarson A 2006). Glenn et al 

concluded that the upper incisors tended to procline, but with respect to the 

inclination of the lower incisors, it remained stable. (Glenn 1987). Brodie studied 

non-extraction orthodontic cases and concluded that after orthodontic therapy, the 

axial inclination of the teeth tends to return to the original pretreatment values. In 

contrast, we demonstrate that the angulation of the upper and lower incisors 

remains stable in both groups (Brodie 1938). 
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Task 4 

To emphasize the advantages and disadvantages of the two retainer types - 

Hawley retainer in the upper jaw / fixed retainer in the lower jaw and vacuum-

formed retainer in the upper jaw / fixed retainer in the lower jaw. 

1. Results  

A comparison was made between the two patient groups: HR-FR group and VFR-

FR group were compared to biometric and cephalometric data in the three study 

periods - before treatment (T0), after treatment (T1) and at the end of the retention 

period (T2). The results of the comparison of biometric parameters show six 

significant differences between patients retained with HR and FR compared with 

patients with VFR and FR, three of which were observed in the Little Irregularity 

Index (LII). 

At the end of treatment, in the HR-FR group, Little's irregularity decreased by an 

average of -10.52 ± 4.69 mm and by -7.66 ± 5.68 mm in the VFR and FR group, 

with a statistically significant difference between the two groups, p = 0.025. At the 

end of the retention period, the mean value of the irregularity index in the HR- FR 

group was significantly higher (3.53 ± 2.72 mm) compared to the VFR and FR 

group (0.95 ± 1.22 mm), p <0.001. 

In the lower jaw, at the end of treatment, the Little Irregularity Index decreased by 

similar averages in both groups, with no significant difference (p = 0.932), but at 

the end of the retention period, the mean relapse was significantly higher in the 

HR- FR group (+ 2.13 ± 2.30 mm) compared to the VFR- FR group (1.03 ± 1.71 

mm), p = 0.027. 

The next significant difference between the two types of retention was observed in 

the change in interpremoral width (PP) in the lower jaw at the end of treatment, 

which has a higher mean value in the HR-FR group (3.00 ± 3.06 mm) compared to 

1.44 ± 2.66 mm in the group with VFR- FR, p = 0.027. 

The last two significant differences between the two types of retention protocols 

are seen in the change in the length of the dental arch (L) in the upper jaw. While in 

the group HR-FR there was an increase in L with an average value of 1.87 ± 5.07 

mm at the end of treatment, in the group with VFR-FR there was a decrease of 1.28 

± 5.96 mm, with a significant difference (p = 0.020). This trend is maintained at the 

end of the retention period, when L increases by 0.10 ± 0.90 mm in the group with 

HR- FR and decreases by -0.42 ± 0.99 mm in the group VFR- FR (p = 0.025). 

The change in the Little Irregularity Index (LII) in both groups is illustrated in 

Figure 15. The fact that there are no individual values of change above the zero 

line shows a decrease in irregularity in all patients as a result of treatment in both 

groups. While in VFR-FR group the majority of patients maintain the achieved 
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results, illustrated by the individual values located on the zero line, in the HR-FR 

group the majority of patients experience relapse. 

 

The other biometric parameters with significant differences between the two patient 

groups are illustrated in Figure 16. 

 

 

Figure 15. Change in the Little Irregularity Index (LII) in the two patient groups     
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In the majority of patients in HR-FR group, there was an increase in the length of 

the dental arch (L) in the upper jaw, with a positive mean value. Conversely, in the 

VFR-FR group, the change in L has a negative mean value. The same trend persists 

at the end of the retention period. 

Interpremoral width (PP) in the lower jaw increases in the majority of patients, but 

with a higher mean in patients with HR and FR. Given the low values of change at 

the end of the retention period, we can assume that in both groups there is a 

retention in interpremolar width in the retention period. 

The results of the comparative analysis between the two patient groups: HR-FR and 

VFR-FR on the change in cephalometric parameters after treatment (T1) and at the 

end of the retention period (T2) do not show a statistically significant difference 

between the two patient groups (T1: p <0.05 for all comparisons). At the end of the 

retention period, no significant difference was found between the two types of 

Figure 16. Change in the length of the dental arch (L) in the upper jaw (Left) in 

both patient groups. Change in the interpremoral width (PP) in the lower jaw 

(Right) in both patient groups.  
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retention regarding the change in cephalometric parameters (T2: p <0.05 for all 

comparisons). 

Discussion  

The data give us a reason to conclude that VFR are more effective in preventing 

relapse in the upper anterior segment. Other authors have reached the same 

conclusion. (Rowland H 2007) (Lindauer SJ 1998) (Lang G 2002) (Ramazanzadeh 

B 2018) (Demir A, Comparison of retention characteristics of Essix and Hawley 

retainers 2012) (Vaida LL. 2020) Other authors did not find statistically significant 

differences in effectiveness of VFR and FR in holding the incisors position. 

(Jäderberg S 2012) (Thickett E 2010) 

The explanation for these results can be found in the differences between the 

degree of pretreatment crowding in the upper jaw in the two study groups. In our 

sample, the initial value of crowding in the upper jaw in patients with HR in the 

maxilla was higher (12.22 mm) compared to baseline values of incisor irregularity 

in the VFR group (7.91 mm). It is well known from the literature that the greater 

the amount of initial crowding, the greater the expected relapse in the retention 

period. (Artun J 1996) (de la Cruz A 1995) (Ormiston JP 2005) (Quaglio CL 2011) 

The higher relapse rate in the HR group can also be explained by the structural 

differences between Hawley and VFR, as VFR tightly covers all tooth surfaces, 

while the horizontal part of the vestibular bow in HR provides point contacts on the 

labial part of the crown and allows gear movement. 

In the VFR-FR group, the irregularity reached values of 1.28 mm (<3.5 mm), 

which is considered a clinically acceptable result. Our results show that even fixed 

retention is not a guarantee of complete long-term stability. Other authors find even 

higher values of irregularity for a retention period of one year. (Gunay 2018) 

Crowding in the mandibular arch has an increasing trend over time despite the 

presence of a fixed retainer (R. A. Renkema AM 2011) (Atack N 2007). passive 

state during fixation. This suggests that either the deformation of the multistranded 

wire allows tooth movements, or that the wire was not in an absolutely passive state 

during bonding. 

The type of wire used for fixed retention is also important. A 0.0195ʺ thick retainer 

wire demonstrates a significantly greater degree of irregularity than a 0.0175ʺ thick 

wire. (Gunay 2018) (Atack N 2007) In contrast to these findings, other authors 

have found that retainers with larger diameter wire will increase the force required 
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to permanently deform the retainer and therefore reduce the possibility of relapse. 

(Bearn 1995) (Störmann I 2002) 

The transverse changes in both dental arches after the end of treatment and within 

the study retention period are almost identical in both groups. As a result of 

orthodontic treatment, there is a significant increase in CC, PP and MM in both 

jaws, which remains stable for the studied retention period. These results give us a 

reason to believe that despite the popular opinion among orthodontists that HR 

provides better retention of transverse dimension, VFR and HP are equally 

effective in maintaining transverse stability in the dental arch. Other authors have 

reached the same conclusion. (Rowland H 2007) (Demir A. 2012) (Ledvinka 2009) 

(Ramazanzadeh B 2018) (Barlin S 2011) (Ashari A 2021) 

Cephalometric measurements showed minimal differences between the two groups. 

At the end of the retention period, some of the parameters change, but it should be 

noted that the value of the change is low and not clinically significant. No 

statistically significant change in the inclination of the upper and lower incisors 

was found 2 years after the end of the retention period, regardless of the type of 

retainer used. The observations of other authors are similar. (Yavari J 2000) (Glenn 

G 1987) (Demir A 2012) (Kaya Y 2019) 

Task 5 

To create a prognostic criteria for relapse based on changed parameters during 

treatment. 

1. Results 

Potential risk factors for relapse in the Little irregularity index at the end of 

the retention period in the HR-FR group 

The model of Shields, Little and Chapko (1985) was used to find potential 

predictors for the regression in the Little irregularity index at the end of the 

retention period in the HR-FR group. We divided the study group of 35 patients 

into two subgroups according to LII values after the retention period (T2). The first 

group included patients with LII values in T2 ≤ 4 mm, and the second group 

included patients with LII values in T2> 4 mm. 

We performed two binary regressions for each jaw.  
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In the first binary logistic regression we included the studied parameters [L, MM, 

CC, PP, I / SN ° / i / MP °, I / NA ° / i / NB °, I / NA mm / i / NB mm] at the three 

time points: (T0) before treatment, after treatment (T1) and after the retention 

period (T2). 

With the second binary logistic regression we tested the prognostic role of the 

change in the values of L, MM, CC, PP, I/SN°/i /MP°, I/NA°/ i/ NB°, I/ NA mm/i / 

NB mm after treatment (T0-T1) and after the retention period (T1-T2) on the 

likelihood of regression to a more severe degree of irregularity. 

Upper jaw 

In the upper jaw, 14 patients with LII ≤ 4 mm were categorized as code 0, and 21 

patients with LII values> 4 mm were categorized as code 1. This division of 

patients forms the dependent binary value in the two upper jaw regression analyzes. 

Results from the binary logistic regression with predictors L, MM, CC, PP, 

I/SN°, I/NA° and I/NA mm at the three time points (T0, T1 and T2) 

The first regression tested the prognostic role of 18 potential predictors, including 

the measurements of L, MM, CC, PP, I/NA ° and I/NA mm at the three time points. 

Of the total values tested, 17 did not have a significant prognostic role in the 

probability of regression in the index of irregularity after the retention period. 

Quantities without a prognostic role include: 

1) all measurements at baseline L (T0) (p = 0.148), PP (T0) (p = 0.936), MM (T0) 

(p = 0.404), CC (T0) (p = 0.430), I / SN ° (T0) (p = 0.546), I / NAº (T0) (p = 

0.765), I / NA (T0) mm (p = 0.984); 

2) six out of seven dimensions after treatment L (T1) (p = 0.148), MM (T1) (p = 

0.404), CC (T1) (p = 0.430), I / SN ° (T1) (p = 0.546), I / NAº (T1) (p = 0.560), I / 

NA (T1) mm (p = 0.985); 

3) all measurements after the retention period L (T2) (p = 0.954), PP (T2) (p = 

0.985), MM (T2) (p = 0.981), CC (T2) (p = 0.982), I / SN ° (T2) (p = 0.980), I / 

NAº (T2) (p = 0.653) and I / NA mm (T2) (p = 0.960). 

Interpremoral width (PP) after treatment (T1) was found to be the only significant 

predictor of the likelihood of regression in the index of irregularity during the 

retention period. The B-factor = 0.372 (p = 0.033) is positive, meaning that higher 

post-treatment PP values are associated with a higher probability of regression in 
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the Little Irregularity Index. According to the Odds Ratio, this chance is 1.64 times 

higher in patients with higher PP (T1) values after treatment. The results of binary 

logistic regression for the upper jaw with a significant predictor of PP are presented 

in Figure 17. The probability of regression in the index of irregularity begins to 

increase when the value of PP after treatment reaches 43 mm and continues to 

increase between 44 mm and 49 mm. (Fig. 17) 

More detailed information on the prognostic role of PP (T1) on regression to a 

higher irregularity degree in the retention period is provided in the following 

analysis, including ROC curve, area under the curve (AUC), sensitivity, specificity, 

and criterion limit value. The AUC value = 0.79 is significant (p <0.001) and 

shows relatively good (79%) reliability in the correct classification of patients in 

both categories, patients with LII in T2 ≤ 4 mm and patients with LII in T2> 4 mm, 

based on of interpremolar width values after treatment (PP-T1). Interpremolar 

width after treatment (PP-T1) showed a sensitivity of 67% and a specificity of 

85%, with a cut-off value> 44.96 mm. This result is close to the conclusions we 

made earlier on the basis of the binary chart, but now we can determine with 

greater precision that in cases when PP after treatment (T1) reaches value higher 

Figure 17. Relationship between the probability of regression in LII (T2) and the PP  

values (T1) 
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than the criterion, the risk of relapse to a higher degree of irregularity during the 

retention period increases. 

Results from the binary logistic regression with predictors corresponding to the 

change in L, MM, CC, PP, I/NA°, I/NA° and I/NA mm between T0-T1 and T1-

T2 

The second binary regression in the upper jaw was based on the change in the 

values of L, MM, CC, PP, I/SN°, I/NA° and I/NA mm after treatment (T0-T1) and 

after the retention period (T1 -T2) on the probability of regression to more severe 

irregularity. 

Of the 14 values tested, only the change in PP after treatment (T1) proved to be a 

significant predictor of recurrence in the index of irregularity after the retention 

period. The remaining 13 values did not show prognostic potential as follows: 

- change L (T1) (p = 0.356); 

- change MM (T1) (p = 0.774); 

- change CC (T1) (p = 0.371); 

- change I / SN ° (T1) (p = 0.556); 

- change I / NA ° (p = 0.334); 

- change I / NAmm (T1) (p = 0.731); 

- change L (T2) (p = 0.482); 

- change in PP (T2) (p = 0.453); 

- change MM (T2) (p = 0.404); 

- change CC (T2) (p = 0.486); 

- change I / SN ° (T2) (p = 0.530); 

- change I / NA ° (T2) (p = 0.633); 

- change I / NA mm (T2) (p = 0.348). 

 

Lower jaw 

 

Two binary logistic regressions similar to those in the upper jaw were performed in 

the lower jaw, supplemented by ROC curves, sensitivity, specificity and criterion 

limits. Patients were categorized into two groups according to the index of 

irregularity in the lower jaw at the end of the retention period. 

The first group (code 0) included 16 patients with LII ≤ 4 mm, and the second 

group (code 1) included the remaining 19 patients with LII> 4 mm. 

 

 

 



 

45 
 

Results from the binary logistic regression with predictors L, MM, CC, PP, 

i/MP°, i/NBº and i/NB mm at the three time points (T0, T1 and T2) 

 

The first binary logistic regression investigated the prognostic role of the 

parameters L, MM, CC, PP, i/MP°, i/NBº, i/NB mm at the three time points (T0) 

before treatment, after treatment (T1) and after the retention period (T2) on the 

probability of regression to a more severe degree of Little irregularity index. 

Of all the values tested, only the inclination of the lower incisors after treatment 

i/ MP° (T1) showed a significant prognostic role in the likelihood of regression to a 

more severe irregularity. Quantities without a prognostic role include: 

 

1) all measurements at base level L (T0) (p = 0.999), PP (T0) (p = 0.967), MM 

(T0) (p = 0.999), CC (T0) (p = 0.985), i/MP° (T0) (p = 0.999), i/NBº (T0) (p = 

0.945) and i/NB (T0) mm (p = 0.948); 

2) six of the seven dimensions after treatment L (T1) (p = 0.999), PP (T1) (p = 

0.998), MM (T1) (p = 0.786), CC (T1) (p = 0.560), i/NBº (T1) (p = 0.471) and 

i/NB (T1) mm (p = 0.976); 

3) all measurements after the retention period L (T2) (p = 0.945), PP (T2) (p = 

0.989), MM (T2) (p = 0.456), CC (T2) (p = 0.678), i/MP ° (T2) (p = 0.890), i/NBº 

(T2) (p = 0.755) and i/NB mm (T2) (p = 0.760). 

 

As in the previous analysis, the B-factor = 0.174 (p = 0.030) indicates a positive 

relationship between the predictor and the dependent value, in which higher values 

of change in i/MP ° after treatment are associated with a higher probability of 

regression in the index. According to the Odds Ratio, this chance is 1.20 times 

higher in patients with a larger change in i/MP ° after treatment. As the slope 

values increase above 10 °, the probability of regression increases. (Fig. 18) 
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The reliability of the prognosis based on the values of the inclination of the lower 

incisors after treatment regarding the potential return to a higher degree of 

irregularity after the retention period was checked by ROC curve analysis. The 

prognostic role of i/MP ° (T1) regarding the correct identification of patients with 

LII in T2 ≤ 4 mm from patients with LII in T2> 4 mm has an acceptable reliability 

of 71% (AUC = 0.710, p <0.017). The change in i / MP (T1) shows a sensitivity of 

68% and a specificity of 75%, with a criterion limit value> 5 °, above which the 

probability of returning to a higher degree of irregularity after the retention period 

increases. 

 

 

Potential risk factors for relapse in the Little irregularity index at the end of 

the retention period in the VFR-FR group 

 

In the VFR-FR group, the Little Irregularity Index showed a lower relapse rate than 

in the HR-FR group. At the end of the retention period, 92% of all patients had the 

irregularity index ranged between 0 and 3.5 mm, except two cases of moderate 

degree and one with severe degree of irregularity. For this reason, it was not 

possible to apply the model of Shields, Little and Chapko (1985) in the group VFR-

FR, in which patients are categorized into two groups, LII in T2 ≤ 4 mm and LII in 

T2> 4 mm. Instead, patients were categorized according to the following criteria: 

LII in T2 ≤ 1 mm and LII in T2> 1 mm. The categorization was made for the upper 

Figure 18. Binary line graph between i/MPº(T1) and LII (T2) in the lower 

jaw 
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and lower jaw separately. Similar to the analyzes in HR- FR group, we performed 

two binary regressions for each jaw. 

In the first binary logistic regression we included all biometric and cephalometric 

parameters [L, MM, CC, PP, I / SN°/ i/ MP°, I / NA° / i/ NB°, I / NA mm / i/NB 

mm] in the three time points (T0) before treatment, after treatment (T1) and after 

the retention period (T2). 

 

The second binary logistic regression included the values corresponding to the 

change in biometric and cephalometric indicators (L, MM, CC, PP, I/SN° / i/MP °, 

I/NA° / i/NB°, I/NA mm / i/NB mm) after treatment (T0-T1) and after the retention 

period (T1-T2). 

Four binary regressions were performed - two for the upper jaw and two for the 

lower jaw. The dependent value was expressed separately for the upper and lower 

jaw with the following two values: 

 

- 0 = patients with LII values in T2 ≤ 1 mm; 

- 1 = patients with LII values in T2> 1 mm. 

 

Similar to the HR-FR group, the Wald's backward method was used to phase out 

predictors without statistical significance. All tested predictors were tested for 

multicollinearity and singularity (Kirk, 1996). The results of the binary regressions 

were supplemented with ROC curves, sensitivity and specificity and cut-off 

criteria. 

 

Upper jaw  

 

In the upper jaw, 23 patients with LII ≤ 1 mm were categorized with code 0, and 12 

patients with LII values >1 mm were designated with code 1. This division of 

patients forms the dependent binary value in the two upper jaw regression analyzes. 

The binary logistic regression, including the biometric and cephalometric 

parameters L, MM, CC, PP, I/SN°, I/NA° and I/NA mm at the three time points 

(T0, T1 and T2) did not show significant predictors for relapse in Little's 

irregularity index with values > 1 mm. Quantities without a prognostic role include: 

 

1) all measurements at baseline L (T0) (p = 0.321), PP (T0) (p = 0.898), MM (T0) 

(p = 0.980), CC (T0) (p = 0.276), I / SN ° (T0) (p = 0.940), I/NAº (T0) (p = 0.574), 

I/NA (T0) mm (p = 0.315); 

2) all measurements after treatment L (T1) (p = 0.064), PP (T1) (p = 0.296), MM 

(T1) (p = 0.915), CC (T1) (p = 0.202), I/SN ° (T1) (p = 0.653), I/NAº (T1) (p = 

0.978), I/NA (T1) mm (p = 0.843); 
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3) all measurement at the end of the retention period L (T2) (p = 0.156), PP (T2) 

(p = 0.385), MM (T2) (p = 0.941), CC (T2) (p = 0.164) , I/SN ° (T2) (p = 0.266), 

I/NAº (T2) (p = 0.306) and I/NA mm (T2) (p = 0.728). 

 

From the second binary logistic regression, including the values corresponding to 

the change in biometric and cephalometric parameters (L, MM, CC, PP, I/NA°, 

I/NA° and I/NA mm) between T0-T1 and T1-T2 it was established prognostic role 

of the change in the length of the dental arch (L) at the end of treatment (T1) (p = 

0.019) and lack of such in other indicators: 

 

- change MM (T1) (p = 0.493); 

- change CC (T1) (p = 0.426); 

- change I/SN° (T1) (p = 0.431); 

- change I/NA° (p = 0.339); 

- change I/ NA mm (T1) (p = 0.169); 

- change L (T2) (p = 0.138); 

- change in PP (T2) (p = 0.339); 

- change MM (T2) (p = 0.624); 

- change CC (T2) (p = 0.927); 

- change I/SN° (T2) (p = 0.827); 

- change I/NA° (T2) (p = 0.395); 

- change I/NA mm (T2) (p = 0.667). 

 

The B-coefficient = 0.178 (p = 0.049) indicates a positive relationship between the 

predictor and the dependent value, in which higher values of change in L after 

treatment are associated with a higher probability for relapse in the Little 

Irregularity Index with LII values > 1 mm. According to the Odds Ratio, the 

probability of relapse is 1.20 times higher in patients with a greater change in L 

(T1) after treatment. (Fig. 19) 
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The change in L after treatment showed a sensitivity of 71% and a specificity of 

77.78%, with a criterion limit of change L> 0.29 mm. In cases with a change in 

length above the criterion value, the probability of regression to a degree of 

irregularity higher than 1 mm increases. 

 

Lower jaw 

 

In the lower jaw, 18 patients with LII ≤ 1 mm were categorized with code 0 and the 

other 17 patients with LII values > 1 mm were classified with code 1. 

The first binary logistic regression examined the prognostic role of the parameters 

L, MM, CC, PP, i/MP°, i/NBº, i/NB mm at the three time points (T0) before 

treatment, after treatment (T1) and after retention period (T2) on the probability of 

regression to more severe Little irregularity index. From all tested values, only 

intercanine width (CC) after treatment showed a significant prognostic role in the 

likelihood of regression to Little's irregularity index. 

 

 

Figure 19. Binary fitted line graph of the change in L (T1) versus LII (T2) in the upper 

jaw  
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Quantities without a prognostic role include: 

 

1) at baseline L (T0) (p = 0.812), PP (T0) (p = 0.428), MM (T0), p = 0.279), CC 

(T0) (p = 0.553), i/MP ° T0) (p = 0.216), i / NBº (T0) (p = 0.723) and i/NB (T0) 

mm (p = 0.156); 

2) after treatment L (T1) (p = 0.814), PP (T1), p (0.857), MM (T1) (p = 0.577), i / 

MP ° (T1) (p = 0.332), i/NBº (T1) (p = 0.700) and i/NB (T1) mm (p = 0.096); 

3) at the end of the retention period L (T2) (p = 0.933), PP (T2) (p = 0.200), MM 

(T2) (p = 0.202), CC (T2) (p = 0.598), i/MP° (T2) (p = 0.704), i/NBº (T2) (p = 

0.727) and i/NB mm (T2) (p = 0.287). 

 

 

The binary graph in Figure 20 illustrates the relationship between CC (T1) and the 

probability of regression in the irregularity index at the end of the retention period. 

As the values of CC (T1) increase, the probability of relapse decreases to zero. 

 

The B-factor (-0.61) has a negative sign indicating a negative association between 

intercanine width (CC) and the probability of regression to the Little irregularity 

index (p = 0.018). The odds ratio OR = 0.543 showed a reduced likelihood of 

Figure 20. Binary fitted line graph in the relationship between CC (T1) 

versus LII (T2) 
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regression according to Little in patients with higher intecanine width values at the 

end of treatment. 

 

The role of CC (T1) in predicting the likelihood of patients being categorized as LII 

in T2 ≤ 1 mm or LII in T2> 1 mm is associated with a good confidence level of 

80.1% (AUC = 0.801, p <0.001). 

CC (T1) values ≤ 19.45 mm are associated with an increased likelihood that 

patients will be categorized in group LII in T2> 1 mm. Conversely, if the 

intercanine width at the end of treatment has a CC (T1) value> 19.45, the chance of 

regression of LII to T2> 1 mm is significantly reduced. This value is associated 

with a high sensitivity of 91.67% and a specificity of 70%. 

The second binary logistic regression analyzed the prognostic role of the change in 

the values of L, MM, CC, PP, i/MP °, i/NBº and i/NB mm after treatment (T0-T1) 

and at the end of the retention period (T1 -T2) on the probability of regression on 

the Little index at the end of the retention period. The results do not give grounds to 

use the tested values to predict regression in the Little irregularity index. At the end 

of treatment, the results showed a lack of significant predictors based on the change 

achieved as a result of the treatment: 

 

- change L (T1) (p = 0.556); change in PP (T1) (p = 0.668); 

- change MM (T1) (p = 0.302); 

- change CC (T1) (p = 0.352); 

- change i/MP° (T1) (p = 0.975); 

- change i/NBº (T1) (p = 0.112); 

- change i/NB mm (T1) (p = 0.344). 

 

No significant predictors were identified at the end of the retention period based on 

the values of the change: 

 

- change L (T2) (p = 0.468); 

- change in PP (T2) (p = 0.073); 

- change MM (T2) (p = 0.119); 

- change CC (T2) (p = 0.879); 

- change i/MP° (T2) (p = 0.549); 

- change i/NBº (T2) (p = 0.344); 

- change i/NB mm (T2) (p = 0.089). 
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2. Discussion  

 

Biometric prognostic criteria  

 

HR-FR group 

 

As a result of the regression analyzes performed for HR-FR group, no correlation 

was found between the therapeutic expansion in the intercanine dimension and the 

incisor relapse during retention phase. Since intercanine width remains stable 

within the 2 years retention period, our results correspond to the concept of 

preserving the original dimensions of the intercanine width. Our data are in 

agreement with the results of Paquette et al., who reported that the relapse in the 

intercanine area should not be noted as the sole cause of post-retention crowding. 

 

Other authors have investigated the correlation between intermolar expansion and 

post-retention incisor crowding but have failed to establish an association between 

therapeutic expansion in intermolar width and relapse in the anterior mandibular 

segment. Our results confirm that overextension in the interpremolar area of the 

dental arch is associated with a higher relapse rate in the area of incisors in the 

retention period. 

 

VFR-FR Group 

 

In the upper jaw, a prognostic role of the change in the length of the dental arch (L) 

at the end of treatment and regression to a higher degree of irregularity in the 

retention period was established. Increase in upper dental arch length with more 

than 0.29 mm as a result of treatment increases the likelihood of regression in the 

irregularity index to values greater than 1 mm in the retention period. The studies 

of Kahl-Nieke et al and Årtun et al also support the established correlation, 

according to which the increase in dental arch length is associated with post-

retention crowding. 

In the lower jaw, of all the tested parameters only the intercanine width (CC) 

showed a significant prognostic role regarding the probability of regression in the 

Little irregularity index. There was a reduced likelihood of crowding in patients 

with higher intercanine width values at the end of treatment. If the intercanine 

width at the end of treatment has a CC value (T1)> 19.45, the chance of incisor 

relase above 1 mm in the retention phase is significantly reduced. 

 

As a result of regression analyzes, we found that if the achieved therapeutic 

intercanine width at the end of treatment had a value of 19.45 mm, the chance of 
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regression of LII to values above 1 mm in the retention phase is significantly 

reduced. 

The correlation can be explained by the amount of expansion achieved as a result 

of orthodontic therapy, which is within the normal biological expansion of 1 mm. 

 

Cephalometric prognostic criteria  

 

XP-FR Group 

 

As a result of the regression analyzes, a connection was established between the 

change in the lower incisors inclination and the retention crowding. An increase in 

the inclination of the lower incisors i/ MP° with more than 5 ° as a result of 

treatment is associated with a 1.20 higher risk of returning to a more severe degree 

in the Little irregularity index during the retention period. The study results show 

that the stability of the position of the incisors depends on the normal inclination of 

the incisors relative to the basal bone after orthodontic treatment, which is 

confirmed by other authors. 

The increased lower incisors inclination at the end of treatment in the HR-FR group 

can be explained with the fact that the study group consisted of patients treated 

without extractions despite the high initial irregularity numbers and the severe 

crowding. One of the therapeutic approaches to create space in the dental arch is by 

protrusion, which explains the increased cephalometric values in the angulation of 

the lower incisors at the end of treatment. The established correlation shows that 

when lower incisors procline more than 5 degrees they get in unbalanced position 

and is a prerequisite for future relpase in the lower jaw and increases the irregulrity. 

Our data confirm the statement that if long-term stability in the position of the 

incisors is to be achieved, the inclination of the lower incisor must be kept 

unchanged during orthodontic treatment. The data of many authors fail to prove a 

relationship between the change in post treatment incisors inclination  and post-

retention mandibular crowding. 
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V. CONCLUSIONS 

Conclusions task 1 

 

To conduct a survey among orthodontic praticioners in Bulgaria in connection 

with their preferred retention appliances - Hawley retainer, vacuum-formed 

retainer and fixed retainer. 

 

1. 40% of the orthodontists determine the type of retainer at the beginning of 

orthodontic treatment, and 30% - at the end of treatment. 

2. The type of the initial malocclusion is of a paramount importance when 

choosing the retention method. 

3. The most commonly prescribed retainer after treatment of diastema, 

rotations, adult orthodontics, extrusion of anterior teeth is bonded retainer. 

4. Half of the respondents take into consideration the final angulation of the 

incisors when choosing the type of retention appliance. 

5. The most commonly prescribed retention appliance in the upper jaw is the 

vacuum-formed retainer, and in the lower jaw - the fixed retainer. 

6. Half of the respondents use myotrainers as a retention appliance. 

7. Clinicians recommend longer day-time wear of removable retainers in the 

upper jaw than in the lower jaw. 

8. The average duration of retention in young individuals with fixed retainer is 

2 to 5 years, while in adult patients long-term retention is recommended. 

9. 1/4 of the respondents recommend lifelong retention in young individuals 

and 1/3 in adult patients. 

10. The majority of the respondents schedule the first follow-up appointment in 

the retention phase between the 1st and the 2nd month after treatment, and 

second follow-up appointment- 5 months after the first check-up. 
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Conclusion task 2  

 

To assess the changes in the upper and lower dental arch at the beginning, end 

of treatment and up to two years of the retention period performed with 

removable retainers (Hawley retainer or vacuum-formed retainer) in the upper 

jaw and fixed retainer in the lower jaw. 

 

1. As a result of the treatment, the irregularity index decreases from severe to 

mild or to zero in both patient groups. 

2. At the end of the two-year retention period in the HR-FR group, the index 

irregularity increases to a moderate degree in the upper and lower dental 

arch, while in 92% of cases in VFR-FR group, the irregularity index 

increases to mild degree in both jaws. 

3. Significant increase in transversal parameters was observed in the upper and 

lower arches at the end of treatment in both groups. 

4. The transverse parameters in both arches remain stable within the two-year 

retention period with the two retention protocols. Only the intermolar width 

in the lower jaw decreases in the HR-FR group. 

5. In the VFR-FR group there is a decrease in the lower dental arch length 

during the retention period, while in the group with HP-FR there is stability 

of the result in both jaws. 

 

Conclusions task 3  

 

To assess the changes in the upper and lower incisors inclination on profile 

cephalometry before treatment, after treatment and up to two years of the 

retention period with removable retainers (Hawley retainer or vacuum-formed 

retainer) in the upper jaw and fixed retainer in the lower jaw. 

 

 

1. As a result of the treatment, the inclination of the upper and lower incisors 

increases significantly in both groups. 

2. At the end of the retention period there is a retention of the achieved linear 

and angular position of the upper and lower incisors in both types of 

retention. 
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Conclusions task 4 

 

To emphasize the advantages and disadvantages of the two retainer types - 

Hawley retainer in the upper jaw / fixed retainer in the lower jaw and vacuum-

formed retainer in the upper jaw / fixed retainer in the lower jaw. 

1. VFRs are more effective in preventing relapse in the upper anterior segment 

compared to HRs during the retention period 

2. Despite the fixed retainer in the lower dental arch in both groups, the index 

irregularity in the mandible increases significantly more in the HR-FR group. 

3. Hawley retainers are more effective in stabilizing the maxillaty dental arch 

length during the retention than vacuum-formed retainers. 

4. Both retention protocols provide reliable stability in the transverse 

parameters in the dental arches during the retention period. 

5. Both types of retention are equally effective in maintaining the achieved 

angulation of the incisors during the two-year retention period. 

 

Conclusions task 5 

To create a prognostic criteria for relapse based on changed parameters during 

treatment. 

1. Overexpansion in the premolar area in the upper dental arch in the range of 

44-49 mm is associated with a higher relapse rate in the incisor area during 

the retention period. 

2. Overextension in the interpremolar segment increases the risk of relapse in 

the upper dental arch 1.64 times. 

3. The most significant predictor for increased risk of relapse to a more severe 

irregularity in the retention phase is the interpremolar width at the end of 

treatment. 

4. An increase in the lower incisors’ inclination more than 5° from the 

maximum norm (reported by Downs) at the end of treatment is associated 

with a higher risk of relapse to a more severe irregularity during the retention 

period. 

5. An increase in the upper dental arch length more than 0.29 mm as a result of 

the orthodontic treatment is associated with 1.20 times higher risk for relapse 

to irregularity values greater than 1 mm in the retention period. 
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6. The risk of crowding in the lower dental arch over 1 mm in the retention 

phase increases if the post treatment intercanine width in the lower arch is 

less than 19.45 mm. 

VI. INFERENCES  

1. The application of a specific retention protocol is an individual decision for 

each clinician which is determined by the specific circumstances of each 

case, patient's age, type and severity of the initial malocclusion. 

2. Unlike Hawley retainers, vacuum-formed retainers demonstrate greater 

efficiency in stabilizing the result in the area of the incisors in the upper jaw. 

3. Hawley retainers and vacuum-formed retainers have similar clinical efficacy 

in stabilizing the maxillary transverse dimension. 

4. Fixed retainers can be a reliable retention appliances for maintaining stability 

in the mandibular anterior segment. 

5. Vacuum-formed retainers, Hawley retainers and fixed retainers are equally 

effective in maintaining post-orthodontic angulation of the incisors in the 

upper and lower arch. 

6. The risk for crowding relapse in the lower jaw is higher if the lower incisors 

are proclined more than 5° from the maximum norm (reported by Downs) 

due to the orthodontic treatment. 

7. Overextension in the area of the premolars during orthodontic treatment 

leads to relapse in the area of the incisors. 

8. Even small changes in the maxillary dental arch length over 0.3 mm as a 

result of the orthodontic treatment are associated with an increased risk of 

relapse in the frontal segment. 
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VII. CONTRIBUTIONS 

 

1. For the first time in our country is conducted a questionnaire designed to 

determine the retention methods and retention appliances used after active 

phase of the orthodontic treatment. 

2. For the first time in our country the changes in the transverse and sagittal 

parameters in the upper and lower dental arches are assessed in a 2-year 

follow-up period with removable retainers in the upper jaw and fixed 

retainers in the lower jaw. 

3. For the first time in our country the changes in the cephalometric parameters 

in a two-year retention period are studied. 

4. The advantages and disadvantages of the three types of retainers are 

emphasized - vacuum-formed retainer, Hawley retainer and fixed retainer. 

5. Prognostic criteria for the expected relapse have been established. 
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