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USED ABBREVIATIONS  

 

DP – dental practitioner  

Al2Cl3 – aluminum chloride 

CAD / CAM – Computer aided design / Computer aided manufacturing 

Fe2(SO4)3 – Ferrous sulfate 

IOS – Intraoral scanner 

NaCl – Sodium chloride 

 

ABBREVIATIONS USED IN TABLES 

 

Χ
2
 – Chi-square value (Fisher's test) 

U – Mann–Whitney U test 

p - numerical value 

t - Student's t-test 

df- degrees of freedom 

mean square - mean square value 

F- Analysis of variance 

Sig.- statistical significance 

SEM- standard error of the mean 

SD standard deviation 
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I. Introduction 
 

Clinicians often offer fixed structures (crowns and bridges) to patients as an option for treating 

defects in the rows of teeth. Whether to protect the tooth from breakage, improve aesthetics or restore 

damaged surfaces, crowns provide a solution to a variety of restorative needs. 

Keeping the operating field dry is very important in the fixed type of construction to create 

precise impressions. If the field is not maintained dry, the impression will be hindered, which in turn 

will affect the marginal integrity. Marginal integrity is one of the main requirements for restorative 

prostheses to maintain good periodontal health. 

To clearly determine the location of any lines, it is necessary to go beyond their boundaries. 

Therefore, with the setting of the margins the prepared tooth, it is necessary to get impression of the 

gingival sulcus, therefore the process of retraction and management of soft tissues today is a 

mandatory preliminary stage to obtain an accurate and detailed impression. 

The purpose of temporary displacement of the gums (retraction) is to dilate the gingival 

sulcus, block the bleeding and reduce the secretion of gingival fluid. Without this important clinical 

step in prosthetic dentistry, optimal qualities and long-term success of fixed prostheses cannot be 

ensured. For this reason, the research is aimed at verifying the methods and tools that are part of this 

routine procedure. 

II. Objective and tasks 
 

The objective of the dissertation is to evaluate the physicochemical and mechanical properties 

of the made retraction cords for the study in vitro, and to determine the retraction of the gums by 

digital imaging technique. 

 

Task No 1. Conducting a survey among dental practitioners (DP) on the use of retraction methods in 

routine use. 

 

Task No 2. Production of two types of retraction cords using "braiding" technology without and with 

monofilament. 

 

Task No 3. In vitro study of the time course of fluid absorption by retraction cords immersed in 

hemostatic solutions. 

 

Task No 4. Development of experimental bodies and comparative study of the tensile strength of 

retraction cords in experimental conditions depending on the type of cord and impregnation with 

hemostatic solutions. 

 

Task No 5. Clinical examination using an intraoral scanner to visualize the retraction and opening of 

the gingival pocket when using various retraction devices. 

  

III. Material and methods 
 

1. Material and methods for Task No 1 

1.1. Unit of observation: 

The logical unit of observation is 226 DPs. 

 

1.2. Signs of observation. 

Factorial signs – sex and length of service 

Resultant signs - Determined by the questions in the survey. 

Time of the survey - By its nature, the survey is cross-sectional and was conducted in the period from 

February 2020 to June 2020. 

Organization of the survey - The survey is anonymous and voluntary, through an online survey form. 
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1.3. Survey method. 

The questionnaire consists of 2 demographic and 8 target questions, aimed at studying the used 

retraction methods, tools and problems related to their use. 

 

1.4. Statistical methods for information processing. 

The collected primary information is coded and entered into a computer database, where statistical 

grouping, recoding and analysis are performed. The data were processed using the specialized 

statistical product SPSS (version 20). Microsoft Office products are used for processing of tables and 

graphics.  

 

In the statistical processing of the collected primary information were used: 

  

 Descriptive analysis. Including: 

 One-dimensional tables of the frequency distribution (determination of structure by relative 

shares) and the variety of features characterizing the different parameters (the variety of 

possible answers to questions). 

 Two-dimensional tables of frequency distribution (cross-tabulation) to search for a 

relationship between category values. Analysis of variance of quantitative variables - for 

calculation of average values and indicators for scattering of quantitative features.  

 Nonparametric analysis - search for statistical dependence between two traits, measured in 

qualitative scales, using χ
2
 (Pearson's agreement criterion, chi-square). 

 Correlation analysis - the analysis was used to assess the strength of the relationship between the 

studied indicators: Kendall’s tau-b correlation coefficient and Spearman’s rho correlation 

coefficient. 

 Graphic analysis - to illustrate processes and phenomena. 

 A critical significance level of 0.05 is used. 

The null hypothesis is rejected at a value of p> 0.05 (H0), and at the alternative (H1) P <0.05. 

 

2. Materials and methods for task No 2 
 

For the implementation of task 2, two types of retraction cords were made with the assistance of Iskra 

LTD, Parvomay. The first type of retraction cord is 100% cotton without core. The second type has a 

monofilament core, with a composition of 92% cotton and 8% polyamide (Fig. 1). 

 

 
Fig. 1. Retraction cords using "braiding" technology. 

 

The cord is produced on a circular braiding machine by Herzog (Germany) with 8 carriers using 

braiding system. The even number of braiding carriers shapes a round braid. 

 

3. Materials and methods for task No 3 

 

For this study was selected the commonly available retraction cord Ultrapak # 00 (Ultradent Products, 

South Jordan, Utah, USA), as well as the two cords made under Task No 2. From each type of cord - 

100% cotton braided cords, 92% cotton and 8% polyamide braided cords and 100% cotton Ultrapak # 

00 knitted were cut into 90 pieces, a total of 270 samples with identical length of 50 mm. These 90 

pieces from each cord group were then divided into three groups of 30 pieces according to the type of 
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retraction drug in which they were tested. The various solutions used for retraction of the gingival 

pocket were 0.9% NaCl; 10% Al2Cl3 from Roeko and 12.7% Fe2(SO4)3 from Ultradent (Fig. 2). 

 

 

 
Fig. 2. Hemostatic solutions used as a drug for retraction of the gingival pocket. 

 

 

The amount of liquid absorbed is determined by subtracting the value of the weight of the sample 

measured before immersion (dry) from the value of the weight measured at the end of immersion (wet) 

with an analytical balance (ACS 120-4, Kern, BRD) (Fig. 3). Measurements were performed with a 

single measurement accuracy of ± 0.1 mg. Thirty samples (n = 30) from each group of sutures were 

immersed in 50 ml beakers filled with solutions of sodium chloride, aluminum chloride and ferrous 

sulphate for a time course of 10 sec, 30 sec, 60 sec, 120 sec, 180 sec, 300 sec and for 1200 sec, as the 

samples were taken out for control. 

  

 

 

 
 
Fig. 3. Measuring the mass of the cord together with the absorbed fluid using an ACS 120-4 analytical balance. 

 

 

4. Materials and methods for task No 4 

 

A matrix form of silicone (Silibest, BMS Italy) was made (Fig. 4), from which we made 450 

experimental units with the help of pink plaque wax. 

 

 

 
Fig. 4 Silicone matrix 

 

The experimental units thus prepared were fixed on a round polypropylene pad. Around the pad we 

placed a cuff of pink plaque wax with a height of 20 mm and a thickness of 1.5 mm (Fig. 5). 
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Фиг. 5. Подготвени прототипни опитни тела за изработване на матрична форма. 

 

The prepared setup was filled with laboratory silicone for model duplication (Elite Double 22, 

Zhermack Italy) (Fig. 6). 

 

 
 

Fig. 6. Stages of making a final matrix form. 

 

After elasticizing the silicone mass, the wax prototypes were removed, and thus the finished shape for 

making the future prototypes was obtained. The tested retraction cords were placed in the vacated 

nests, and they were fixed with epoxy resin (Epovit, Vector) (Fig. 7). 

 

 
Fig. 7. Stages of making the final form of the test samples. 

 

 

We divided the experimental units into 3 groups of 150 units, depending on the type of retraction cord 

tested (Ultrapak # 00; the the two cords made under Task No 2). These 150 cords of each group were 

then divided into three groups of 50 experimental units, which we subjected to a tensile strength test 

(dry; soaked for 20 min in 0.9% NaCl solution (Fig. 8) and 10% solution of Al2Cl3, respectively. 
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Fig. 8 Test group soaked in 0.9% NaCl solution 

 

We tested the tensile strength in the LMT 100 micro-tensile apparatus (LAM Industry, Italy)  (Fig. 9).  

 

 

 
Fig. 9. Test specimen in the retaining elements of the LMT100 apparatus. 

 

 

5. Material and methods for Task No 5 

  

Objective: Quantitative assessment of the achieved retraction of the gingival margin as a result of the 

application of two methods for chemical-mechanical retraction. 

 

Material: The task involved 30 healthy volunteers (n = 14 men, n = 16 women) aged 19 to 31 years. 

 

Object of observation: The changes in the vestibular retracted area of the first mandibular molars 

after the application of both retraction means. 

 

Units of observation: Retracted gingival margin in the vestibular area in the observed 44 mandibular 

molars of 30 patients. 

 

Signs of observation. 

1. Factorial signs 

- Tested retraction methods; 

- Gender; 

- Age; 

- Grouping of teeth (left and right lower molars); 

- Periodontal biotype 

- Area of measurement (medio-vestibular, middle, distovestibular) 

- Bad habits (smoking, alcohol). 

2. Resultant signs 

Linear difference in mm between unretracted/ retracted gingival margin. 
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Time of observation:  

- March – May 2021 

 

Technical units (place of observation): 

- - CAD / CAM Center of Dental Medicine, R&D Institute MU - Plovdiv; 

 

Observation bodies: 
The research was performed by the doctoral student under the guidance of her academic supervisors. 

 

Retraction devices (retraction methods used): 

 

1. Retraction cord without core - 100% cotton soaked in 10% Al2Cl3 solution 

2. Retraction cord with a monofilament core - 92% cotton and 8% polyamide soaked in 10% solution 

of Al2Cl3. 

 

Clinical protocol: 

 

1. Completion of informed consent and acquaintance of the volunteers with the nature of the study. 

2. Taking a sector double-layer single-jaw impression from the left and/ or right half of the lower row 

of teeth. 

3. Casting of a model from hard plaster. 

4. Production of a splint using the method of thermo-vacuum molding. 

5. Forming holes in the splint with a cylindrical drill. 

6. Evaluation of the periodontal biotype using Color HuFriedy probes. 

7. Intraoral scanning of the left and/ or right half of the lower dentition - before placement of the 

retraction device - Pre-scan. 

8. Marking points on the tooth surface (with a permanent marker) through the pre-formed holes in the 

splint. 

9. Placing the retraction cord soaked in 10% aluminum chloride. 

10. Intraoral scan of the mandibular molar together with the retraction cord. 

11. Removal of the cord after water spray irrigation. 

12. Intraoral scan of half of the upper dentition (antagonist teeth). 

13. Intraoral scan of the upper and lower dentition in a bite. 

14. After 14 days of tissue rest, the procedure is repeated with the second retraction device. 

 

Technique of implementation of the used retraction methods: 

 

In the first stage of the clinical study, a sector single-jaw impression is taken from the left and/ or right 

half of the lower dentition using a single-phase two-layer technique with SwissTec condensing C-

silicone (Fig. 10). 

 

Fig. 10 Condensing C-silicone SwissTec. 
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A model of hard plaster is cast, on which a splint is made by the method of thermo-vacuum molding. 

The material for the splint is a plate with dimensions 125 x 125 mm and thickness 1.0 mm (Leone, 

Italy). The device used was PlastvacP7 (BioArt, Brazil) (Fig. 11). 

 

  

 
Fig, 11 PlastvacP7 (BioArt, Brasil) 

 

 

Three holes are formed in the splint with a cylindrical drill in the vestibule-lingual direction for the 

medio-vestibular, middle and distovestibular areas of the left or right mandibular molar (Fig. 12). 

 

  

 
Fig, 12 Shaping the openings in the splint 

 

In a clinical setting, the periodontal biotype was assessed as thin, medium, thick, and very thick with 

Colorvue probes (HuFriedy, USA) (Fig. 13). 

 

 

 
Fig. 13. Measurement of periodontal biotype with Colorvue probes №1,2,3 (HuFriedy, USA). 
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Using the Trios2 scanner (3Shape, Denmark), the second stage of the study was performed - 

scanning the tooth before inserting the retraction cord. The file is converted to STL and stored on the 

computer's hard disk. 

Points were marked through the holes in the splint, which later on helped for the exact position 

of the planes through which the measurement took place, when applying both retraction methods (Fig. 

14). 

).  

 
Fig. 14. Construction of planes in Dental Designer, 3D Preview function. 

 

 

Both types of retraction are performed using the technique of placing a retraction cord in the 

gingival sulcus. The cords are soaked in a 10% solution of aluminum chloride in a 50 ml glass beaker 

for 5 minutes. A retraction instrument is used to carefully place the cord only in the vestibular region 

of the sulcus. The procedure is performed carefully in order not to cause hemorrhage or rupture of the 

marginal gingiva. If the latter condition is not met, the patient is called for re-retraction after a 14-day 

period. After the cords remain for about 2 minutes, the mandibular molars are scanned together with 

the inserted cord using the Trios2 scanner (3Shape, Denmark). After scanning, the cord is soaked with 

water so as not to cause tearing when removed, and then it is removed in non-traumatic way. 

 

Measurement protocol 

1. Open the received order in Dental Designer, using the 3D Preview function. 

2. Construction of a plane through the three points marked in the clinical stage. 

3. Measurement of the distance obtained after retraction. 

 

Using the Dental Designer program (3Shape, Denmark) 3D Preview function, three vestibule-lingual 

planes (in the mediovestibular, middle and distovestibular area) are constructed through the points 

marked in the clinical stage. The difference in mm between the two images (pre-preparation and final 

scan) before and after retraction in the three planes was measured (Fig. 15). The distance obtained 

after retraction is from the highest point of the free gingival margin to the bottom of the gingival 

pocket. 

 

 

Fig. 15. Measurement of the distance obtained after retraction. 

 

Statistical methods: 

The statistical methods were implemented with the statistical program SPSS ver. 20, as the 

results are considered statistically significant at a significance level of p <0.05. 

 

Used statistical analyzes: 

- Descriptive analysis to assess the structure of the studied variables; 

- X
2
-analysis (Chi-squared test) to establish dependencies between quality variables; 

- T-test type (primary-secondary); 
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- Graphic analysis to illustrate the results obtained. 

 

IV. Results and discussion 

 

Results and discussion of task No 1 

This survey, which is cross-sectional in nature, aims to examine various retraction methods 

and tools used in the dental practice. The survey was constructed using 8 questions in three areas: 

methods, techniques and tools.  

In the first question related to the resultant signs "Do you think that the withdrawal 

(retraction) of the gums is necessary to ensure optimal restoration of the teeth in the neck area?" the 

highest percentage is in the answer completely agree 54.4 ± 0.07%, followed by agree 35.8 ± 0.09% 

(Fig. 1). This result confirms the use of retraction as a routine method required for fixed type 

structures to create accurate and precise impressions. 

 

 

 

Completely agree 

Agree 

No opinion  

Disagree 

Completely disagree 

 
Diagram 1. Structure of the answers according to resultant signs - question No 1. 

 

To the second question “In your opinion, which of the following methods is the easiest to 

apply and most effective for retraction of the gums?" 73.5 ± 0.12% of the respondents answered 

“retraction cords”, followed by “retraction pastes” with 8.8 ± 0.34% (Diag. 2). The high percentage of 

responses concentrated in the use of retraction cords in practice is because they cause less trauma to 

the gingival tissue, in contrast to the surgical methods, leading to irreversible destruction of soft 

tissues. The second most common response, the choice of retraction paste, is due to the ease of use, 

consisting of direct injection into the gingival pocket. The retraction pastes also offer better comfort 

for the patient and less probability of an inflammatory reaction. 

 

 

Laser gingivectomy 

 

Electrosurgical  gingivectomy 

Marginal rotary curettage  

Cotton caps 

Retraction paste 

 

Retraction cords  
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Diagram 2. Structure of the answers according to resultant signs - question No 2. 
 

 

To question No 4 “Which of the retraction methods do you prefer in your practice?” 83.2 ± 0.08% 

answered “retraction cords”, followed by “retraction pastes” 6.2 ± 0.30% (Diag. 3). 

 

 

Laser gingivectomy 

 

Electrosurgical  gingivectomy 

Marginal rotary curettage  

Cotton caps 

Retraction paste 

Retraction cords  

 
Diagram 3. Structure of the answers according to resultant signs - question No 4. 

 

 

 

 

 

Completely agree 

Agree 

No opinion  

Disagree 

Completely disagree 

 
Diagram 4. Structure of the answers according to resultant signs - question No 7. 

 

 

 

To question 7 “Do you think there are difficulties in using retraction cords?” the highest percentage 

has the answer "agree" with 50.9 ± 0.16%, followed by "no opinion" with 21.2 ± 0.13% (Fig. 4). 
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High price 

Extended clinical time 

Patient discomfort  

 

Unsuitable retraction cords  

  
Diagram 5. Structure of the answers according to resultant signs - question No 8. 

 

To the last eighth question ”In your opinion, which of the following answers is the biggest obstacle to 

the use of retraction cords?” 42.9 ± 0.09% answered “extended clinical time”, 31.4 ± 0.10% 

“unsuitable retraction laces” and 24.8 ± 0.12% “patient discomfort”. Only two dental practitioners 

answered “high price” – 0.9 ± 0.62% (Diag. 5). The leading answer "extended clinical time" is due to 

the preliminary preparation before the insertion of the cord – local anesthesia, choosing the exact cord 

diameter, time to moisten with the drug and the installation itself, which requires the use of special 

tools and time the retraction cords stay in the gingival sulcus (3-15 min). The second most common 

answer " unsuitable retraction cords" is related to the use of cords from different manufacturers that 

have similar diameter designations, there is a difference in this criterion. 

 

 

Results and discussion of task No 2 

  

In this task, two types of retraction cords with the following technical and technological 

characteristics were produced:  

  

1. First type of retraction cord - without core (Fig. 16) 

 Composition: 100% Cotton 

 Machine: Circular braiding machine with 8 carriers 

 Yarn: Combed cotton with linear density Tt = 7.5 x 2 tex /titer system /, or metric Ne 80/2 

 Number of strands per spool: Cotton 7.5 x 2 tex x 1 strand of yarn 

 Knitting density: 14 loops in 1 cm 

 Weight per 1 linear meter = 0.130 g / m 

 Weight per 1000 lm = 1,300 kg / 1000 m 

 Diameter: 0.75 mm 

 Productivity: 12 m per hour of 1 working head 

 

 

 

 
Fig. 16. Retraction cord without core. 
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2. Second type of retraction cord - with monofilament core (Fig. 17) 

 Composition: 92% Cotton and 8% Polyamide 

 Machine: Circular braiding machine with 8 carriers 

 Braiding yarn: Combed cotton with linear density Tt = 7.5 x 2 tex /titer system /, or metric 

Ne 80/2 

 Core yarn: Monofilament Polyamide 7.7 tex 

 Number of strands per spool: Cotton 7.5 x 2 tex x 1 yarn 

 Knitting density: 14 loops in 1 cm 

 Weight per 1 m = 0.140 g / m 

 Weight per 1000 m = 1,400 kg / 1000 m 

 Diameter: 0.85 mm 

 Productivity: 12 m per hour of 1 working head 

 

 

 

Fig. 17. Retraction cord with monofilament core. 

 

 

Results and discussion of Task No 3 

  

The adsorption capacity (Abs fluid g / g cord) of the cords for the three drugs and the 

incubation time were illustrated by a family of curves for each of the materials used. In each group, 

regardless of the type of cords (Ultrpak № 00, 100% cotton, 92% cotton and 8% polyamide), or drug 

solution (saline, Fe2(SO4)3, Al2Cl3), there is a relationship between the soaking time and the amount of 

fluid absorbed. 

The kinetic absorption shows a logarithmic relationship of the line diagrams. To represent the 

observed statistically significant difference, we use the following symbols: 

 

* - p <0.05 Ultrapak 00 VS 100% cotton, p <0.05 U vs P; 

‡ - p <0.05 Ultrapak 00 VS 92% cotton, 8% polyamide, p <0.05 U vs PP; 

♦ 
- p <0.05 92% cotton, 8% polyamide VS 100% cotton, p <0.05 PP vs P. 

 

 
Diagram 6. Absorption (Abs fluid g / g cord) of cords (U, P, PP) for solution 10% Al2Cl3 and soaking time. 
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In the study in which the retraction cords were tested in aluminum chloride solution (Diag. 6, 7), we 

found a statistically significant difference in the comparison of cords U vs P; U vs PP; P vs PP. The 

highest values are registered for the pair U - PP at t = 20.53 (p <0.001) for a time of 180 sec; at t = 

19.98 (p <0.001) for 300 sec and at t = 22.26 (p <0.001) for 1200 sec. Possible reasons for this 

difference are due to the diameter of the cords, their composition, braiding technology and the used 

drug Al2Cl3. 

 

 

 
Diagram 7. Absorption (Abs fluid g / g cord) of cords (U, P, PP) for solution 10% Al2Cl3 and soaking time 1200 sec 

 

 
Diagram 7. Absorption (Abs fluid g / g cord) of cords (U, P, PP) for solution 12,7% Fe2(SO4)3 and soaking time. 
 

The study of the retraction cords immersed in a solution of 12.7% Fe2(SO4)3 (Diag. 8, 9) 

shows a statistically significant difference between U and PP for a time of 60 sec and 120 sec, which 

persists until the end of time of 1200 s, at t = 11.03 (p <0.001). We find a similar relationship in the 

pairs P - PP, and P - U. 
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Diagram 9. Absorption (Abs fluid g / g cord) of cords (U, P, PP) for solution 12.7% Fe2(SO4)3 and soaking time 

1200 sec 

 

When comparing the solutions Al2Cl3 and Fe2(SO4)3 up to 1200 sec, we find a statistically significant 

difference in both cords subject of task 2 (P and PP). Our study concludes that ferrous sulfate is a 

better drug for increasing the absorption of fluids by the cords. 

 

Results and discussion of Task No 4 

 

When comparing the average durability of the three types of retraction cords, we note that the 

retraction cord with monofilament has highest tensile strength of 41.93 ± 0.47 N/mm
2
, followed 

closely by the cords with the same cotton knit without monofilament - 39.80 ± 0.88 N/mm
2
and lastly 

Ultrapak cord 22.11 ± 0.62 N/mm
2
 (Diag. 10). 

 

 

 

Diagram 10. Comparison between the type of retraction cord and the tensile strength (without solution). 

 

When comparing the average durability of the three types of retraction cords, tested in 0.9% NaCl 

solution, we note that the retraction cord with monofilament has highest tensile strength of 44,30±0,50 

N/mm
2
, followed closely by the cords with the same cotton knit without monofilament - 42,50±0,40 

N/mm
2
and lastly Ultrapak cord 22,07±0,72 N/mm

2
 (Diag. 11). 
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Diagram 11. Comparison between the type of retraction cord and the tensile strength (in 0.9% NaCl solution). 

 

When comparing the average durability of the three types of retraction cords, tested in 10% solution of 

Al2Cl3, we note that the cord with monofilament has highest tensile strength of 41.96±0,52 N/mm
2
, 

followed closely by the average result of the cords with the same cotton knit without monofilament - 

40,30±0,82 N/mm
2
and lastly the trademark Ultrapak 19.75±0.49 N/mm

2
 (Diag. 12). 

 

 

 

 
Diagram 12. Comparison between the type of retraction cord and the tensile strength (in 10% Al2Cl3 solution). 

 

The obtained results are summarized in Diag. 13. 

 

 

 

Diagram 13. Tensile strength of cords (P, PP and U) tested without solution, in 0.9% NaCl solution and in 10% 

Al2Cl3 solution. 

 

 

 

Без разтвор NaCl Al2Cl3

PP 41,9 44,3 42

P 39,8 42,5 40,3

U 22,1 22,1 19,7
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Results and discussion of the Task No 5 

  

The total number of subjects in Task 5 was 30 (44 first mandibular molars were observed), aged 19 to 

31 years, for which the average age was 22.45 ± 2,519 years (Table 1). 

 

Table 1. Distribution by age, smoking, alcohol intake for the study group. 

 Total  Male  Female  

Variable Mean 

or% 

SD±Std Er Mean 

or% 

SD±Std Er Mean 

or% 

SD±Std Er 

Age 22.45 2.519±0.380 22.30 1.867±0.417 22.58 2.992±0.611 

Smoking (% yes) 20.50  25.00  16.62  

Alcohol (% yes) 34.20  2.00  45.83  

 

 

The comparison of the studied group by age and sex, did not show statistically significant 

difference [χ
2
 = 12.593, p> 0.05]. 14 of the respondents, comprising 46.7% of the sample are men and 

16, or 53.3% are women. The respondents set for examination of mandibular molars were 20 for the 

men (45.5%) and 24 for the women (54.55%). 

 

The distribution on the basis of the periodontal biotype (Diag. 14) shows that 17 (38.64%) of 

the respondents have thick, 15 (34.09%) average, 7 (15.91%) very thick and 5 (11.36%) thin. The 

periodontal biotype group was unified by demographic characteristics - sex [χ
2
 = 3,680, p> 0.05] and 

age p> 0.05 (F = 0.942). 

 

 

 

 
Thin Average Thick Very thick 

 

Diagram 14. Distribution of the periodontal biotype. 

. 

 

The comparison between the two factorial signs (periodontal biotype and smoking), shows statistically 

significant difference in the male respondents 8,889 (p = 0.031). The distribution of the answers shows 

that 60% of the men who say they smoke have very thick periodontal biotype, and 40% in the group 

have a thick periodontal biotype. (Diag. 15). 
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Thin Average Thick Very thick 

Diagram 15. Comparison of biotype, smoking and sex (men). 

 

The comparison between the two factorial signs (periodontal biotype and smoking), shows statistically 

significant difference in the female respondents 17,455 (p=0.001). The distribution of the answers 

shows that 75% of women who say they smoke have very thick periodontal biotype and 25% have 

thick periodontal biotype (Diag. 16). The thick biotype and keratinization of the gingiva in such 

patients is due to their frequent exposure to toxins and tars. 

 

 

 
Thin Average Thick Very thick 

Diagram 16. Comparison of biotype, smoking and sex (women). 

 

 

The comparison of the displacement in mm of the two retraction threads - cotton and cotton 

with monofilament, in the separate groups (mediovestibular, middle and distovestibular areas), shows 

statistically significant differences (p <0.001). 

The nonparametric analysis (Wilcoxon-Mann-Whitney test) for group 1, cotton and 

monofilament in the mediovestibular area, shows statistically significant difference between the two 

cords p <0.001 (U = 347.0) (Diag. 17). 

 

 
Diagram 17. Comparison of the average value between P (MV) and PP (MV) in mm. 
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The nonparametric analysis (Wilcoxon-Mann-Whitney test) for group 2 (cotton and 

monofilament in the middle area), shows statistically significant difference between the two cords p 

<0.001 (U = 297.5) (Diag. 18). 

 

 

 
Diagram 18. Comparison of the average value between P (Med) and PP (Med) in mm. 

 

The nonparametric analysis (Wilcoxon-Mann-Whitney test) for group 2 (cotton and 

monofilament in the distovestibular area), shows statistically significant difference between the two 

cords p <0.001 (U = 358.5) (Diag. 19). 

 

 

 

 

 
Diagram 19. Comparison of the average value between P (DV) and PP (DV) in mm. 

 

The comparison of the displacement in mm of the mediovestibular, middle and distovestibular areas 

for the two retraction threads - cotton and cotton with monofilament (Table 40), did not show 

statistically significant differences (p> 0.05). 
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V. Summary and conclusions 
 

1. Summary and conclusions on Task No 1 

  

Summary  

 

Task 1 included a survey among 226 dental practitioners /DPs/. We studied their knowledge of the 

retraction methods, means and problems related to their use. 

The obtained results show that: 

 The DPs are well acquainted with classical mechanical-chemical retraction methods and means 

and less with the surgical retraction of the gingiva. 

 The younger and less experienced the DPs are, the more informed they are and use modern 

retraction methods. Respondents with longer work experience are more likely to use classical 

retraction methods. 

 The data collected in this study shows that the retraction cords are the most easily applied and the 

most effective method for retraction of the gingiva. 

 

CONCLUSIONS 

 

1. Many DPs often use retraction cords as means of retracting the gums in order to ensure 

optimal restoration of the teeth in the neck area, and they are less familiar with the surgical 

methods. 

2. DPs with more work experience, as well as the fresh graduates, use mainly retraction cords for 

retracting the gums. 

3. The younger doctors (with shorter work experience) are more knowledgeable on the surgical 

retraction methods. 

4. The extended clinical time, unsuitable retraction cords, and patient discomfort are among the 

main obstacles the DPs encounters in the use of retraction sutures. 

5. The DPs prefer to use liquid-soaked retraction cords and to apply them using single-cord 

technique. 

 

 

2. Summary and conclusions on Task No 2 

  

Summary  

 

In summary, the implementation of task 2 included production of two types of retraction cords using 

"braiding" technology. The first type of retraction cord is 100% cotton without core. The second type 

has a monofilament core, with a composition of 92% cotton and 8% polyamide. 

 

CONCLUSIONS 

 

1. The technique of braiding the retraction cords plays an important role in their workability.  

2. The dense and consistent knitting using "braiding" technology allows easy placement of braided 

cords in the gingival sulcus using both grooved and smooth instruments, without worries for the 

clinician. 

 

 

3. Summary and conclusions on Task No 3  

 

Summary  

 

Task 3 included performance of quantitative assessment of the liquid absorbed by the retraction cords - 

Ultrapak # 00, braided cords without and with a monofilament core, which were immersed in solutions 
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of 0.9% NaCl; 10% Al2Cl3 and 12.7% Fe2(SO4)3 for 10 sec, 30 sec, 60 sec, 120 sec, 180 sec, 300 sec 

and 1200 sec, respectively, as the samples were taken out for control. 

 

We can summarize that: The results of this study show that the kinetic absorption of the cords 

increases when they are soaked in hemostatic agents. The greatest saturation of the cords with the 

solutions occurs for a time of 1200 sec. Iron sulphate is a better astringent to increase the absorption of 

fluids. 

 

CONCLUSIONS 
  

1. The diameter of the cords, their composition, the knitting technology and the type of drug are the 

possible reasons for the statistically significant difference found in the testing of cords in solutions 

of aluminum chloride and ferrous sulphate. 

2. The cord without monofilament absorbs solutions better and faster than the cord with 

monofilament core. 

3. For a time interval of 1200 sec the retraction cords have the highest absorption capacity. 

4. With iron sulphate the absorption capacity of the retraction cords is higher than with aluminum 

chloride. 

 

 

4. Summary and conclusions on Task No 4  

 

Summary  

 

Task № 4 included performance of comparative study to test the tensile strength of 450 experimental 

units of retraction cords used in task No 3. We divided the experimental units into 3 groups of 150 

units, depending on the type of retraction cord tested (Ultrapak # 00; the the two cords made under 

Task No 2). These 150 cords of each group were then divided into three groups of 50 experimental 

units, which we subjected to a tensile strength test (dry; soaked for 20 min in 0.9% NaCl solution and 

10% solution of Al2Cl3, respectively). 

 

The obtained results show that: 

 When comparing the average durability of the three types of retraction cords, tested in 0.9% NaCl 

solution, we note that the retraction cord with monofilament has highest tensile strength of 

44,30±0,50 N/mm
2
, followed closely by the cords with the same cotton knit without monofilament 

- 42,50±0,40 N/mm
2
and lastly Ultrapak cord 22,07±0,72 N/mm

2
. 

 When comparing the average durability of the three types of retraction cords, tested in 10% 

solution of Al2Cl3, we note that the cord with monofilament has highest tensile strength of 

41.96±0,52 N/mm
2
, followed closely by the average result of the cords with the same cotton knit 

without monofilament - 40,30±0,82 N/mm
2
and lastly the trademark Ultrapak 19.75±0.49 N/mm

2
. 

 

CONCLUSIONS 
  

1. Impregnation with 0.9% NaCl and hemostatic agent 10% Al2Cl3 increases the tensile strength of 

samples with monofilament. 

2. Impregnation with 0.9% NaCl and hemostatic agent 10% Al2Cl3 increases the tensile strength of 

samples without monofilament. 

3. Impregnation with 0.9% NaCl and hemostatic agent 10% Al2Cl3 reduces the tensile strength of 

Ultrapak cord samples. 

4. The analysis showed that when studying the effect of impregnation with 0.9% NaCl on samples 

without and with a monofilament core, their tensile strength increased compared to that without 

soaking in solution. 
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5. Summary and conclusions on Task No 5  

 

Summary  

 

In task No 5 we observed the retracted gingival margin in the vestibular area in 44 mandibular molars 

of 30 healthy volunteers (n - 14 men and n - 16 women). We evaluated the changes in the vestibular 

retracted area of the first mandibular molars in the two retraction methods (the two developed cords 

soaked in 10% Al2Cl3 solution) in three zones - mediovestibular, middle and distovestibular.  

 

From the obtained results it can be concluded that: 

A statistically significant difference was found when comparing 100% cotton and monofilament 

cotton cords applied to the mediovestibolar middle and distovestibolar areas. The monofilament cord 

has an average displacement of 0.28 mm, measured in all three areas. The cotton thread has an average 

value of 0.19 mm for the MV and DV areas, and 0.20 mm for the middle area (Diag.17, 18, 19). 

 

CONCLUSIONS 
  

1. Frequent exposure to toxins and tars, and the use of alcohol cause keratinization of the gingiva, 

and in such patients a thick periodontal biotype is found. 

2. There is a statistically significant difference between the two cords that were produced, as larger 

values of displacement are measured for the retraction cord with monofilament. 
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VI. Contributions 
 

Original contributions 

  

1. For the first time in Bulgaria two types of retraction cords with their own technical and 

technological characteristics are produced and tested. 

2. For the first time in our country an in vitro study is conducted, which studies the absorption capacity 

of retraction cords. 

3. For the first time in Bulgaria a comparative analysis is made between the available and produced 

retraction cords and their tensile strength is tested. 

4. A clinical study was performed to assess the retraction of the gingival pocket when using the 

produced retraction cords using an intraoral scanner. 

5. For the first time in our country a clinical protocol is proposed for recording the displacement of the 

gingival tissues after application of retraction cords by means of an intraoral scanner, without the need 

to take conventional impressions. 

 

 

Contributions with scientific and applied value 

  

1. The research proves that the retraction cords are the most widely used, most easily applied and most 

effective for retraction of the gums among the retraction means and methods. 

2. The author offers original methodology for making experimental units for studying the tensile 

strength of retraction cords after they are immersed in various astringents. 

3. The monofilament core thread has been found to have the highest tensile strength. 

4. It has been found that the kinetic absorption of cords increases when they are soaked in hemostatic 

agents. 

 

 

Confirmatory contributions 

 

1. The work proves the temporary withdrawal of gingival tissues due to the application of retraction 

cords. 

2. Comparative analysis of the effect of soaking retraction cords in different retraction fluids on their 

tensile strength. 

3. The work proves the indisputable relationship between periodontal biotype and bad habits (smoking 

and alcohol). 
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