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ИЗПОЛЗВАНИ СЪКРАЩЕНИЯ 

EMD enamel matrix derivate  

BMPs bone morphogenic proteins  

PRP platelet-rich plasma  

PRF platelet-rich fibrin  

PDGF platelet-derived growth factors  

HU Hounsfield units  

FFBA fresh frozen bone allograft  

FDBA freeze-dried bone allograft  

DFDBA demineralized freeze-dried bone allograft  

DBBM demineralized bovine bone material  

DEB deproteinized equine bone material  

SAL Sterility Assurance Level  

HA hydroxyapatite  

TCP tricalcium phosphate  

BCP Biphasic calcium phosphate  

3D Three-dimensional  

CAD Computer-aided design  

RP rapid prototyping  

PCA polylactic-coglycolic acid  

PGA polyglycolic acid  

PLA polylactic acid  

MSCs multipotent stem cells  

DPSCs dental pulp stem cells  

DTSCs deciduous teeth stem cells  

DFSCs dental follicle stem cells  

PDLSCs periodontal ligament stem cells  
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SCAPs 
стволови клетки от, изолирани от апикалната 

папила  

ATGMs autogenous tooth graft material  

e-PTFE expanded polytetrafluoroethylene  

d-PTFE high density expanded polytetrafluoroethylene  

Ti-e- 

PTFE 

titanium reinforced expanded 

polytetrafluoroethylen  

GTR guided tissue regeneration  

3D Three-dimensional  

PLGA polyglycolic acid copolymer  

PCL polycaprolactone  

PEG polyethylene glycol  

SF silk fibroin  

SSS socket seal surgery  

RST Root submergence technique  

SST socket shield technique  

STL 

модел 

stereolithography model 

RFA – Resonance frequency analysis  

BIC Bone Implant Conatct  

ISQ International Stability Quotient  
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I. INTRODUCTION 

 

The normal healing process of the postextraction socket causes 

significant bone loss and soft tissue collapse. Socket preservation is 

a surgical method which is performed in order to reduce the 

resorption of the alveolar bone in horizontal and vertical directions 

and the collapse of soft tissues, thus avoiding the subsequent 

difficulties in prosthetics and placement of dental implants in the 

relevant area. This clinical approach aims to maintain the volume of 

the remaining bone after tooth extraction, but is also an additional 

condition during the process of preparation for dental implant 

placement. Sufficient bone volume, height and width, as well as its 

quality characteristics are necessary prerequisites to ensure optimal 

mechanical stability of the implant and subsequent osseointegration. 

Various bone replacement materials are used to reduce bone 

resorption and obtain optimal bone volume. However, reaching a 

consensus on the most appropriate material for augmentation and 

socket preservation procedures remains a major issue. Bone tissue 

engineering research aims to induce new functional bone 

regeneration through a synergistic combination of biomaterials, cells 

and factor therapy. The goal is to achieve high quality and quantity 

of mature bone through methods and materials that are less invasive.  

Monitoring the dynamics of bone volume changes after tooth 

extraction is important for objectifying the results of the socket 

preservation procedure with different materials and determining the 

optimal method and material for treatment. Vertical and horizontal 

bone resorption are examined by different methods: measurements 

on plastic models; radiographic analyzes; individually made acrylic 



 
 

7 
 

stents or the use of titanium pins as reference points for 

measurement. These methods have some disadvantages: they are 

time consuming for both the patient and the therapist; the patient is 

subjected to additional radiation; most of them increase the cost of 

treatment / research; they are prone to inconsistencies. 

In this study was made a comparative evaluation of the bone 

resorption after socket preservation procedure on post-extraction 

socket with preserved bone walls. The used materials were: cortico-

cancellous allograft (BoneAlbumin) in combination with PRF 

membrane or PRF as a sole grafting material. Histological and 

histomorphometrical assessment was performed   in order to monitor 

the regeneration of bone tissues. In order to take advantage of the 

non-invasiveness and accuracy of the intraoral scanner Trios, it was 

used to generate virtual models on which the degree of resorption 

and volume changes in the alveolar bone were assessed.  

PRF is a second generation platelet concentrate that can 

accelerate the regenerative processes in soft and hard bone tissues. 

For this reason, research in this study focuses on the osteogenic 

potential of PRF. 
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II. PURPOSE AND TASKS 

 

The aim of the dissertation is to be made a comparative analysis of 

the quantitative and qualitative changes of the alveolar bone after 

socket preservation procedure and to assess the stability of the placed 

dental implants. 

          The realization of the goal is achieved through the 

implementation of five main tasks, namely:  

1. Comparative assessment of the horizontal and vertical resorption 

of the alveolar bone four months after socket preservation with a 

bone graft (allograft) with PRF membrane, with PRF as a sole-

grafting material and in the control group, using virtual models 

obtained with the intraoral scanner of Trios.  

2. Comparative histological and histomorphometric assessment of 

the bone structure obtained four months after socket preservation 

with a bone graft (allograft) with PRF membrane, with PRF as a sole-

grafting material and in the control group.  

3. Comparative radiological assessment on CBCT of bone density in 

Hounsfield units, after socket preservation with a bone graft 

(allograft) with PRF membrane, with PRF as a sole- grafting 

material and in the control group.  

4. Comparative assessment of the primary and secondary stability of 

the placed implants according to the material used for socket 

preservation and analysis of the correlation between bone density 

(HU), the amount of newly formed bone, and the size of the implants.  

5. Algorithm for predicting success after socket preservation. 
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II. MATERIAL AND METHODS 

1. Material  

1.1 Location of the research. 

    The clinical study was conducted in the Department of Oral 

Surgery at the Faculty of Dental Medicine of MU - Plovdiv. The 

histological examination was performed at the Department of 

General and Clinical Pathology, Medical University - Plovdiv. The 

radiographic examination was conducted at the Department of 

Dental Imaging, Dental Allergology, and Physiotherapy, FDM-

Plovdiv.  

1.2 Patients 

    Ninety patients were included in the study. They were divided into 

three groups, each – of 30 pateints. In the first group was performed 

socket preservation with cortico-cancellous allograft and a PRF 

membrane. In the second group the post extraction socket was filled 

only with PRF. The first two groups were assigned as test groups. 

In the third group of patients the postextraction socket was left with 

a blod clot only, but the surgical protocol remained the same. 

    Four months after the procedure, a surgical re-entry was 

performed in order to harvest a bone biopsy and place a suitable 

dental implant, and measure its primary stability. The secondary 

stability of the dental implant was measured 4 months after implant 

placement.  
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1.3 Criteria for patient selection 

 

1/ Including criteria 

 Elian's Class 1 or Misch's Class 1 post-extraction socket 

 Teeth with indications for extraction - Periodontitis chronica, 

Fractura coronae et radix dentis, Destrucio coronae et radix 

dentis, Resorbcio radix dentis (interna et externa), Radix 

dentis; 

 Patients without contraindications for surgery (ASA 1 or 2) 

 Patients with good oral hygiene 

 Accepting the terms and signing the informed consent and 

cooperation through the study. 

2/ Exclusion criteria 

  Presence of severe systemic diseases or immunodeficiency 

  Presence of acute odontogenic infection 

  Patients taking permanent anticoagulants and antiplatelet    

agents 

  Patients on steroid therapy for more than 10 years 

  Lack of adjacent teeth 

  Patients on chemotherapy, radiation therapy and receiving 

bisphosphonates 

  Smokers - more than 10 cigarettes a day 
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2. Methods 

2.1 Clinical methods 

Anamnesis and informant consent 

At the initial visit of the patient, an examination was performed 

and a thorough history was taken. Patients signed an informed 

consent in order to participate in the clinical trial. 

Measurement of the primary and secondary stability of the 

dental implants 

Immediately after implant placement, its primary stability in the 

mesio-distal and vestibulo-lingual directions was measured using 

Osstell Idx. SmartPeg resonators are used. The stability of the 

implant was determined according to the ISQ scale. Four months 

after implant placement, the secondary stability of the implant was 

measured - in the mesio-distal and bucolingual direction (Fig. 1 a 

and b). 

 

 

 

 

 

Fig. 1 a) Implant stability measuring device - Ostell Idx 

 b) SmartPeg attached to the implant 
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2.2 Paraclinical tests 

 Segmental/panoramic radiography - at the first examination 

of the patient 

 CBCT - one week after socket preservation 

 CBCT - four months after socket preservation 

 Control radiography of the placed dental implant. 

 Trios 3Shape intraoral scanner - imaging of the operative 

field during and four months after socket preservation. 

2.3 Therapeutic methods 

2.3.1 Surgical method for socket preservation procedure. 

After administering local anesthesia, with the help of a scalpel 

(blade №15c) an intrasulcular incision was made around the tooth to 

be extracted followed by two vertical incisions  around the medial 

and distal papilla of the adjacent teeth. (Fig. 2a) A trapezoidal 

mucoperiosteal flap was carefully elevated from the underlying bone 

using a small periosteal  elevator. (Fig. 2b, c) At the base of the flap 

was performed periosteal slitting (Fig.2d, e) No additional vertical 

incisions were made on the oral side. Tooth extraction was 

performed carefully and atraumatically using elevators and 

extraction forceps. (Fig.2e) 
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Fig. 2 a) Surgical incision b) Elevation of the mucoperiosteal 

flap c) Elevated mucoperiosteal flap d) periosteal slitting e) 

elongated flap f) atraumatic tooth extraction 
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 The post-extraction sockets from the first group were filled with 

allograft until the edge of the bone walls using appropriate 

instruments. (Fig. 3a), after which a membrane of platelet-rich fibrin 

(PRFm) was placed over it. In the second group, the socket was filled 

only with PRF. (Fig. 3c) In the control group, the postextraction 

socket remained filled only with a blood clot. (Fig.3b) 

 

Fig. 3 a) Post extraction socket filled with bone graft - allograft b) 

control group c) PRF 

2.3.2 Dental implant placement 

Four months after tooth extraction, at the site of the socket 

preservation procedure (Fig. 4a) (including the control group), 

repeated surgical manipulation was performed to harvest a bone 

biopsy and place a dental implant. The surgical technique includes: 

elevation of a mucoperiosteal flap (Fig. 4b), harvesting a bone 

biopsy using a 2.5 mm trephan drill (Fig. 4c), followed by 

preparation of the implant bed (Fig. 4d) and placement of a dental 
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implant (Fig. 4e, f), according to the manufacturer's 

recommendations (фиг.4d) (AB Dental Implants). 

 

Fig. 4 a) clinical picture 4 months after socket preservation b) 

alveolar bone - after 4 months c) biopsy harvesting d) osteotomy 

with a drill e) implant screwing f) placed dental implant g) 

placed suture 
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2.3.3 Postoperative care 

All patients were prescribed antibiotic therapy for 5 days 

(Amoxicillin 1g) and nonsteroidal anti-inflammatory drugs 

(Nimesulide 2 x 100 mg) for 3 days. Patients were instructed to avoid 

mechanical control of the plaque for 2 weeks in the area of the 

operative field. A follow-up examination was performed on the first 

and seventh days after surgery to monitor the healing process, the 

presence of inflammation in the surrounding tissues, or exposure of 

a bone graft. The sutures were removed after 10 days. 

2.4 Histological methods 

After for months during the surgical re-entry a bone biopsy 

using 2.5 - 3 mm trephan drill was harvested from the exposed bone 

in the area of the performed socket preservation. (Fig. 5) 

 

 

 

 

Fig. 5 Bone biopsy 

        The biopsy was fixed in 10% neutral buffered formalin for 12-

24 hours. This was followed by decalcification of the bone fragments 

(decalcifying solution - EDTA, in a microwave oven - 8 cycles of 10 

seconds at 41-43 degrees every 20 minutes, after each cycle in the 

microwave oven the decalcifying solution was changed). The next 

step included paraffin incorporation - the material was dehydrated 

with a suitable alcohol ssolution: 70% ethyl alcohol, 95% ethyl 
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alcohol, 99% ethyl alcohol and clarified with xylene. The bone 

fragments were included in a paraffin block, cut on a rotational basis 

(3-4 microns) and stained with Hematoxylin - Eosin. The 

histological material were examined under a light microscope (x20 

minimum magnification). Digital photos were taken from each slice.  

In the next stage, the digital images from the microscope slides were 

imported into a free-access image processing program (ImageJ). The 

program calculated the percentages of mature bone formation, 

remaining soft connective tissue, and residual bone material / 

immature bone. (Fig. 6 a, b, c). The latter were measured in pixels 

and converted into percentages. The measurements were performed 

by two independent researchers. 
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Fig. 6 а) mature bone b) connective tissue c) residual bone graft – 

marked in yellow 

2.5 Processing and measurements on the virtual models 

      In the present study, a virtual image of the operative field was 

generated using a Trios intraoral scanner (Fig. 7). The scanned area 

includes the alveolar bone around the preserved socket, as well as 

the teeth and soft tissues adjacent to the operative field. The digital 

models were sent to the 3Shape Dental system (3Shape corporation 

Denmark). The dental program of 3Shape includes procedures for 

building an STL model, which will be used in the subsequent 

procedures to assess the reduced bone volume. 

 

 

 

 

 

Fig. 7 Intraoral scanner (Trios 3Shape) 
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2.5.1 Defining the borders of the virtual replica of the operating 

field.     

    Unnecessary fragments were eliminated, leaving within the future 

model elements that are not subjected to change during the 4-month 

period between operative procedures – the adjacent teeth. (Fig. 8) 

 

 

 

 

 

 

 

Fig. 8 Borders of the virtual replica of the operational field 

 

2.5.2 Determination of the occlusal plane       
 

     The correct determination of the occlusal plane is a prerequisite 

for an accurate alignment of the two virtual models obtained during 

the surgical procedures. (Fig. 9) 

 

 

 

 

 

 

Fig. 9 Determination of the occlusal plane 
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2.5.3 Creating the base and saving the finished model. 

      The last step included creating an STL. virtual model of the 

operative field. (Fig. 10) The latter is important because the program 

automatically creates a network that is watertight - "watertight 

mesh". The resulting virtual models were an absolutely accurate 

copy of the clinical situation, which is ensured by the unprecedented 

accuracy of the intraoral scanner used. 

 

Fig. 10 Creating the base and saving the finished model. 

 

2.5.4 Measurement of a reference distance to determine the 

scale.      

     The virtual model obtained according to the described 

methodology was opened in the 3D Viewer 3Shape program. The 

program module allows measuring linear distances on the three-

dimensional model. (Fig. 11) Through the obtained reference value 

in the program, the researcher has the opportunity to set the correct 

scale of the image and perform real measurements. 
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Fig. 11 Measurement of the reference distance to determine the 

scale. 

 

2.5.5 Processing and measurements on models in the Meshlab 

program 

      The STL. Models were imported in into the three-dimensional 

file processing software, “Meshlab” (ISTI—CNR Rome Italy). 

Meshlab is an open system for processing and editing 3D images. 

The two models - during socket preservation procedure and 4 months 

after were aligned to each other in the three-dimensional space. (Fig. 

12 a, b) 
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Fig. 12 a) и b) Process of superimposition of two models - before 

and after. 

     To obtain information for all areas of the defect, multiple cuts are 

made at 0.5 mm. The number of cutting planes/slices depends on the 

size of the extraction site (Fig. 13). 

 

Fig. 13 Performing slices on the virtual models 

      The “measure tool” was used to measure the line spacing 

between the two outer contours of the models. For each pair of slices, 

the following measurements were performed: two horizontal 

distances are measured—vestibular and lingual; and three vertical 
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distances—vestibular, lingual and in the central area of the 

defect. (Fig. 14 a, b) 

 

Fig.14 Measuring the line spacing between the two outer contours 

of the models in different slices. (slice −1.5 and 2.5). (a) slice 1.5 

mm and (b) slice 2.5 mm. 

       To estimate the horizontal resorption, the arithmetic mean of the 

obtained vestibular and lingual distance was calculated for each 

section. To estimate the vertical resorption, the arithmetic mean of 

the three linear measurements was calculated for each of the 

sections. Mean values were calculated for all sections at all three 

measurement points, which allows assessment of resorptive 

processes in different areas of the defect. 

2.6 Statistical methods 

The following factors had a decisive role in the selection of an 

appropriate statistical method: 1) The tasks of the presented 

scientific research; 2) The measuring scales of the data and 3) The 

distribution of the quantities. All values measured on continuous 

scales were checked for symmetry and normality of dispersions 
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using the Shapiro-Wilk test, box plots and skewness values (Kirk, 

1995). The following parametric methods were used in the data 

analysis: 

o One-way ANOVA for comparison of more than two groups 

o Bonferroni test for post-hoc pairwise comparisons 

o t-test for independent samples to compare two groups 

o Pearson's correlation analysis (Pearson r correlation) to study the 

correltaion between two quantities measured on a continuous 

scale with a normal distribution 

o A single linear regression analysis to establish the predictive role 

of a particular 

o Covariance analysis (ANCOVA) for comparison of more than two 

groups, isolating the influence of another quantity (covariate) 

Continuous values at which no normal distribution was established 

(incl. Primary Stability and Secondary Stability of implants) were 

presented with the median value and the range between the minimum 

and maximum value. The statistical analysis included the following 

non-parametric methods: 

o The Kruskal-Wallis test for comparison of more than two groups. 

o Mann-Whitney U test for pairwise comparisons 

o Wilcoxon test to compare two related samples 

o Spearman’s rank-order correlation (to study the relationship 

between two quantities with asymmetric distribution and / or 

measured on an ordinal scale) (Kirk, 1995). 
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II. RESULTS AND DISCUSSION  

 

1. Results and discussion on the first task 

To accomplish the first task was performed a comparative evaluation 

of the horizontal and vertical resorption of the alveolar four months 

after socket preservation with a bone graft (allograft) with PRF 

membrane, only with PRF and in the control group, using the virtual 

models obtained with intraoral Trios scanner. 

1.1 Vertical bone resorption (VR) 

The relationship between the material used for socket 

preservation and the vertical bone resorption was analyzed by One-

way analysis of variance (one-way ANOVA) and post-hoc pairwise 

comparisons using the Bonferoni test. The ANOVA analysis 

revealed a significant correlation between the material used for 

socket preservation and the vertical bone resorbtion, p <0.001. 

(tab.1) 

Table 1: Results from the comparison of VR values in the three 

experimental groups 
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 Pairwise comparisons provided more specific information on 

this relationship as follows: 1) In the control group in which a blood 

clot was used, the highest VR value (1.78 ± 0.33) was reported, with 

a significant difference from the other two groups: Bone (0.93 ± 

0.24), p <0.001; PRF (0.94 ± 0.28), p <0.001; 2) The distribution of 

VR values, as well as the arithmetic mean values for the other two 

materials, Bone and PRF, were very similar to p = 1.00. (diagram 1) 

 

Diagram 1 Individual and arithmetic mean values of VR in the 

experimental groups 

1.2 Horizontal bone resorption (HR) 

The analysis of the horizontal bone resorption was performed in a 

similar manner to that of the vertical resorption presented above. The 

results of the ANOVA analysis showed a significant relationship 

between the material used for socket preservation and the HR values, 

p <0.001. (tab.2) 
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      Table 2: Results from the comparison of HR values in the three 

experimental groups  

 

         The results of the post-hoc analysis determined the following 

trends: 1) The highest value of HR was found in the control group 

(2.88 ± 0.38), with a statistically significant difference compared 

to the other two: Bone (1.50 ± 0.39), p <0.001; PRF (1.56 ± 0.37), 

p <0.001; Horizontal bone resorption in the groups with bone and 

PRF showed close values, with minimal difference (p = 1.00). 

(diagram 2) 

 

 

 

 

 

 

Diagram 2 Individual and arithmetic mean values of HR in the 

experimental groups 
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1.3 Summary of the main results for Task 1 

 

 

 

Diagram 3 Conclusions to Task 1 
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2. Results and discussion on the second task 

 The aim of the second task was to perform a comparative 

histomorphological assessment of bone structure obtained four 

months after socket preservation in the three study groups. 

 

2.1. Newly formed bone 

        A significant correlation was found between the applied 

material and the measured values of newly formed bone (ANOVA, 

p <0.001). More specific information on this relationship was 

provided by pairwise comparisons (Bonferroni). (diagram 4)  

 

 

 

 

 

 

 

 

 

 

Diagram 4 Values of % newly formed bone according to the 

material used for socket preservation 

      The arithmetic mean values showed that the lowest percentage 

of newly formed bone was found in the control group (39.04 ± 

10.89%), which differed significantly from the bone group (63.29 ± 

13.03%; p <0.001) and from the group with PRF (60.79 ± 9.72%; p 
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<0.001). ). In both of the test groups (bone and PRF) the percentage 

of newly formed bone was very similar, with a value of p = 1.00. 

2.2 Connective tissue 

 

 A strong, significant relationship emerged between the measured 

values of connective tissue and the socket preservation material (p 

<0.001). (diagram 5) 

 

Diagram 5 Individual and mean values of connective tissue 

 in the treatment groups 

 The subsequent post-hoc analysis specified the results as follows: 

1) The control group of patients had the highest connective tissue 

value (51.55 ± 12.03), with a significant difference compared to the 

other two groups: Bone (28.27 ± 13.22; p < 0.001); PRF (29.66 ± 

8.14; p <0.001);  

2) In the bone and PRF groups, the connective tissue values were 

very similar, with minimal difference (p = 1.00). 
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2.3 Residual bone particles/immature bone 

      The last analysis for Task 2 was to investigate the potential 

relationship between immature bone or residual graft in microscopic 

preparations and the type of alveolar preservation material in the 

study. Similar values of immature bone / residual graft were 

identified for all study groups: Control 9.41 ± 6.74; Bone 8.69 ± 

5.99; PRF 9.14 ± 6.25. 

The statistical analysis showed no dependence, p = 0.906. (diagram 

6) 

 

 

Diagram 6: Individual and mean values of 

of immature bone / residual graft in the treatment groups 
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2.4 Summary of results for Objective 2 

 

 

Diagram 7 Summary of results for Objective 2 
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3. Results and discussion for Objective 3 

       The purpose of the third task in this clinical study was evaluation 

of the bone density in Hounsfield units (HU) using CBCT in the 

three experimental groups and a comparison between them. 

3.1. Analysis of the correlation between bone density values and 

the material used for socket preservation  

       One-way analysis showed a significant association between 

bone density and the material used for socket preservation (p 

<0.001). (diagram 8) 

 

 

 

 

 

 

 

Diagram 8: Individual and mean values of bone density  

    Specifically, the following trends emerged from post-hoc 

analysis: 1) In the control group was observed significantly lower 

bone density (503.43 ± 96HU) than in the other two groups: Bone 

(776.03 ± 100HU; p <0.001) and PRF (721.86 ± 106HU; p <0.001); 

2) Bone density values in the bone and PRF groups did not differ 

significantly, p = 0.122. 
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3.2. Analysis of the correlation between the age and gender of 

the patients and bone density values 

       In order to examine the correlation between bone density and 

age of the patients, a Pearson Correlation test was performed. The 

results showed no significant linear correlation between the two 

values, r = 0.028, p = 0.794.. (diagram 9) 

 

 

 

 

 

 

 

 

Diagram 9 Absence of significant linear association between bone 

density and the patients’ age 

        The relationship between patients’ sex and bone density was 

examined through comparative analysis of HU values in male and 

female patients. An independent samples t-test was used for this 

purpose. The results do not support the hypothesis of a potential 

relationship between patients' sex and bone density. (diagram 10) 
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Diagram 10 Similar bone density values for the men and women in 

the study group 

 

3.3. Analysis of the correlation between bone density and vital 

bone formation       

The correlation between bone density and vital bone formation was 

examined using Pearson correlation analysis, which showed a 

significant positive linear association between the two mean values, 

r = 0.598, p <0.001. In addition to the correlation analysis, a single 

linear regression analysis was performed to determine the prognostic 

role of bone density with respect to the amount of the  vital bone 

formation (Table 16). A coefficient of determination (R-square) was 

indicated that 35.7% of the amount of the vital bone formation in the 

present sample could be predicted on the basis of bone density 

values. The adjusted coefficient of determination has a close value 

(R-square adj. = 35%) and leads to the conclusion that the prognostic 
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ability of HU in other study groups of patients will be 35%. Based 

on the constant (14.12; p = 0.019) and the B-coefficient (0.06; p 

<0.001), the prognostic equation was compiled as follows: % New 

Bone = 14.12 + 0.06 (HU). (diagram 11) 

 

 

 

 

 

 

 

 

 

Diagram 11 Significant linear correlation between HU and % 

newly formed bone, regression line, R-square value and regression 

equation 
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3.4 Summary of the main trends for Objective 3 

 

 

Diagram 12 Summary of the main trends for Objective 3 
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4. Results and discussion for Objective 4 

          Objective 4: Comparative evaluation of the primary and 

secondary stability of the dental implants placed into the three 

observed groups and to analyze the correlation between implant 

stability, bone density (HU), size of the implants and the amount of 

newly formed bone. 

4.1 Correlation between primary stability and the material used 

for socket preservation 

The Kruskal-Wallis test showed a significant correltaion 

between the material used for socket preservation and the primary 

stability values, p <0.001. (diagram13) 

 

 

 

 

 

 

 

 

Diagram 13 Significantly lower primary stability value in the 

control group and similar values in the bone and PRF groups 
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From the post-hoc pair analysis, the following trends emerged: 

1) The lowest median (61) was observed in the control group, and 

was with a significant difference  from those in the bone group (p 

<0.001) and the PRF group (p <0.001);  

2) The median values for the bone group (70.50) and the PRF 

group (72) were very similar, with no significant difference, p = 

0.307. 

 

4.2 Correlation between secondary stability and the material 

used for socket preservation 

 

 The results of the Kruskal-Wallis test showed a significant 

correlation between the material used for socket preservation and the 

secondary stability values, p <0.001. (diagram 14) 

 

Diagram 14 Significantly lower value of secondary stability in the 

control group and similar values in the bone and PRF groups. 
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The post-hoc pair analysis revealed two main trends: 1) 

The control group had the lowest median (70.50), with a 

significant difference from the bone group (p <0.001) and the PRF 

group (p <0.001);  

2) In the bone group (78) and the PRF group (79), very similar 

values of the median were observed, with no significant difference, 

p = 0.307. 

4.3 Dynamics in values of primary and secondary stability 

in each experimental group formed  

In order to determine the dynamics in the stability values, the 

median primary and secondary stability of each of the experimental 

groups were compared by the Wilcoxon signed ranks test. From the 

results of Table 20 it can be seen that in all experimental groups a 

significant increase in implant stability was observed between 

baseline and four months later, p <0.001. An illustration of the 

dynamics in the stability values for the individual groups is provided 

in table 3. 

Table 3 Dynamics in values of primary and secondary stability 
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4.4 .  Analysis of the relationship of primary and secondary 

stability with bone    density and the amount of bone 

formation in biopsy preparations  

 Primary stability showed a significant moderate  correlation with 

bone density (r = 0.471, p <0.001) according to Cohen's reference 

limits (Cohen, 1988). A significant linear correlation was also found 

with % new bone formation, showing a high positive correlation (r 

= 0.567, p <0.001). (diagram 15) 

 

Diagram 15: Significant linear associations of primary stability 

with bone density and % newly formed bone 

 

The values of the correlation coefficients showed a moderate 

significant association of secondary stability with bone density (rs = 

0.498, p <0.001) and % newly formed bone (r = 0.477, p <0.001). 

(diagram 16) 
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Diagram 16 Significant linear associations of secondary 

stability with bone density and% newly formed bone 

4.5 Analysis of the correlation between implant size and stability 

of the implants 

     For the purpose of this analysis, a covariance analysis 

(ANCOVA) was performed to compare the mean values of primary 

and secondary stability according to the diameter (narrow, standard, 

wide) and implant length (short, standard, long). At the same time 

the material used for socket preservation was considered as a 

covariate (a variable that affects the values of primary and secondary 

stability). The results of the analysis are summarized in Table 4. 
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Table 4 Comparison of primary and secondary stability according 

to the implant size 

 

 

The mean values of primary stability in all three implant sizes, 

based on the diameter of the implants, were similar (narrow 67.75; 

standard 66.78; wide 71.21) with no significant difference, p = 

0.262. The same tendency was observed for secondary stability 

(narrow 73.83; standard 75.25; wide 74.93), with no significant 

difference, p = 0.277.  

 

A similar trend is observed with respect to the length of implants. 
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4.6 Summary of results for Objective 4 

 

 

Diagram 17 Summary of results for Objective 4 
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5. Results and discussion for Objective 5  

Objective 5: To explore whether certain parameters are linked to 

more successful and less successful methods of dental implant 

surgery and possibly create an algorithm with the significant 

predictors of a successful outcome 

5.1 Categorization by importance of parameters that determine 

better treatment outcome in the groups using graft material for 

socket preservation      

  Bone density showed the highest association with the more 

successful outcome of dental implant treatment in the bone and PRF 

groups, with an area value very close to 100% (AUC = 0.950, p 

<0.001). The amount of newly formed bone was identified as the 

second significant factor for better treatment outcome in the bone 

and PRF groups (AUC = 0.928, p <0.001). The next most important 

factor is primary stability (AUC = 0.875, p <0.001) and finally in the 

sequence of importance is secondary stability (AUC = 0.825, p 

<0.001). (tab. 5). 

Table 5: Categorization of parameters related to better treatment 

outcomes using graft material (bone or PRF) 
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5.2 Optimal limit values for bone density, % newly formed 

bone, primary and secondary stability 

In order to determine the optimal limit values for bone 

density,% new bone formation, primary and secondary stability, was 

calculated Youden's index J and the associated optimal values. (tab. 

6). 

Table 6 Optimal values 

 

       5.3. Categorization by importance of the parameters 

determining the more unsuccessful treatment outcome in the 

control group 

In the control group of patients were reported higher values of 

vertical and horizontal bone resorption and a higher amount of 

connective tissue compared to the other two groups (with bone and 

PRF). The highest association with the less successful treatment 

outcome in the control group, without graft material, showed 

horizontal bone resorption with an area almost equal to 100% (AUC 

= 0.989, p <0.001). Vertical bone resorption emerged as the second 
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most important factor associated with a less successful treatment 

outcome without the use of graft material, with a very high value of 

the area under the curve (AUC = 0.971, p <0.001). The third most 

important factor is the amount of connective tissue, also with an area 

over 90% (AUC = 0.922, p <0.001). (Tables 7 and 8). 

Table 7 Categorization of the parameters related to the less 

successful treatment outcome 

 

Table 8 Optimal values distinguishing the less successful method 

of treatment (without graft material) 
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5.4 Summary of the main trends for Objective 5 

 

 

Diagram 18 Summary of the results for Objective 5 
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III. CONCLUSION 

 

According to the literature data, after tooth extraction, the 

alveolar ridge undergoes resorption and remodeling processes. Bone 

resorption is most active during the first year, being most 

pronounced in the first three months, when almost 50% of the 

volume of the alveolar bone is reduced. 

In the present study, it was found that in the two test groups, the 

vertical and horizontal resorption had similar values and were 

significantly less pronounced than in the control group. 

The histological evaluation revealed a significantly similar 

amount of newly formed bone and connective tissue in both of the 

test groups, without a statistically significant difference between 

them. On the other hand, when comparing the percentage 

distribution of residual bone graft / immature bone, between all of 

the experimental groups, no significant difference was found. 

In terms of bone density, the values obtained after measurements 

on CBCT 4 months after socket preservation were close and without 

significant difference between the two test groups. In contrast, in the 

control group were observed significantly lower values - in the lower 

limit of class D3. 

The results of the fourth objective showed a significant increase 

in secondary stability in all three groups. Despite a significant 

improvement in implant stability in all of the groups, the material 

used for socket preservation affected the values of primary and 

secondary stability. A significant linear association was found 

between the values of primary and secondary stability of the 
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implants and bone density, and % of newly formed bone. The size 

and diameter of the implants did not affect the values for primary 

and secondary stability, regardless of the material used for socket 

preservation in the presented study. 

 In the fifth objective of the study were established the parameters 

determining the more successful treatment with dental implants 

using graft material, as well as their optimal values. In descending 

order they are: bone density,: newly formed bone, primary stability, 

secondary stability. The parameters determining the less successful 

method of treatment with dental implants without the use of 

preservation material were also established. In descending order, 

they are as follows: horizontal bone resorption (<2.08), vertical bone 

resorption (> 1.15) and% connective tissue (> 35.98). 

The better results in patients who underwent socket preservation 

procedure confirm that this is an appropriate method to maintain 

bone volume after tooth extraction and to reduce the bone resorption 

and soft tissue collapse that follow. PRF can be successfully used for 

socket preservation with subsequent placement of a dental implant. 
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IV. CONCLUSIONS 

1. The results from the test groups revealed a very good 

potential for preserving the bone volume of the postextraction socket 

by reducing vertical and horizontal bone resorption 4 months after 

tooth extraction. 

2. The values of the vertical and horizontal bone resorption 

were highest in the control group.  

3. Socket preservation with bone or PRF showed higher values 

of bone density measured in Hounsfield units on CBCT than those 

measured in the control group. 

4. The primary stability of the dental implants placed in the test 

groups was high > 70 ISQ. 

5. The primary stability of the implants placed in the patients 

from the control group was medium - 61 ISQ,  

6. There was a significant increase in the secondary stability of 

the implants in the three groups. 

7. The results achieved on all of the objectives in the study 

suggest that socket preservation with bone substitute or biomaterial 

(PRF) gives more reliable results in subsequent implant treatment. 
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IV. CONTRIBUTIONS 

 

1. For the first time worldwide, the Trios 3Shape intraoral scanner is 

used to assess alveolar bone changes in vivo.  

2. For the first time in Bulgaria, the osteogenic potential and the 

application of PRF for socket preservation procedure are described 

on a statistically significant set of patients. 

3. For the first time in Bulgaria a comparative histological and 

histomorphological analysis between socket preservation with 

allograft, PRF, and control group was performed.  

4. For the first time in Bulgaria, a program for graphic processing of 

images with free access (Fiji / ImageJ) is used to calculate the 

percentage of the constituent tissues in the three groups.  

5. For the first time in Bulgaria, a comparative radiological 

assessment of bone density is made, measured in the three planes in 

the three groups.  

6. For the first time are determined the optimal values after socket 

preservation, distinguishing the more successful methods of 

treatment from the less successful ones.  

7. The research provides its own methodology for filling in the 

anamnestic data of the patient, in a form of an electrionic card.  
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