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Abstract  

Periodontal diseases is one of the most relevant and important problem in modern 

dentistry due to their increasing prevalence in population, association with the occurrence of 

focus of chronic infection, progressive development and irreversibility which, in case of 

severe damage of periodontal tissues, eventually leads to a loss of the number of teeth. All of 

the named factors eventually lead to the development of irreversible inflammatory-dystrophic 

and destructive changes in periodontal tissues. During the recent years the method of guided 

tissue regeneration that uses membranes is being successfully used for the treatment of 

periodontal diseases. 
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A comparative study on the mandibular alveolar mucosa lesion healing during 

application of different types of biological matrixes containing decellularized amniotic 

membrane, decellularized amniotic membrane in combination with platelet-rich plasma (PRP) 

growth factors, and decellularized amniotic membrane in combination with PRP growth 

factors and hyaluronic acid was performed. The study proved the acceleration of the processes 

of wound area reduction. Under experimental conditions, the wound healing lasted from day 3 

to day 5 of the study; however, the rate of reduction of the wound area was slower, which 

indicates an alterative stage of the acute inflammatory process. During days 5 – 7 (stage of 

regeneration, the 2nd phase of wound process) the wound area reduced rapidly and by day 14 a 

complete epithelization of the surgical wound was observed in all groups using decellularized 

amniotic membrane. In the group using the combination of PRP growth factors and 

hyaluronic acid the epithelization of wound was already observed on the day 5. In the control 

group healing occurres with scar formation.  

Key words: amniotic membrane; PRP growth factors; hyaluronic acid; 

epithelization; wound healing.  

 

Introduction 

Periodontal diseases is one of the most relevant and important problem in modern 

dentistry [1-4] due to their increasing prevalence in population, association with the 

occurrence of focus of chronic infection, progressive development and irreversibility which, 

in case of severe damage of periodontal tissues, eventually leads to a loss of the number of 

teeth [2, 5-7].  

Since the etiology of periodontitis is diverse, there are numerous hypotheses regarding 

the endogenous and exogenous factors causing it. The most significant local factor is the 

influence of biofilm microflora that includes potential and specific periodontal pathogens [8] 

accompanied by a shift in oral defense mechanisms [9], masticatory dysfunctions due to 

abnormalities of jaw development, traumatic occlusion and early teeth loss [10]. Other 

systemic factors include chronic emotional stress, radiation exposure, insufficient intake of 

vitamins, micro- and macronutrients, concomitant internal organs pathology, endocrine 

disorders etc. [1, 11-13]. 

A long-term influence of the mentioned factors on periodontium and a whole body 

causes a cascade of neuroregulatory, neurotrophic, biochemical, immunological and 

functional disorders, affects metabolism and microcirculation [1, 11]. All of them eventually 

lead to the development of irreversible inflammatory-dystrophic and destructive changes in 
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periodontal tissues [9]. The latter is accompanied by disorders in protein, lipid, carbohydrate 

and mineral metabolism, which determine the multifaceted clinical presentations of the 

disease. Under such conditions, it may be difficult to choose methods of adequate 

pharmacological therapy to achieve rapid reduction of inflammation and restore the structure 

and functions of periodontal tissues [3]. 

This group of patients is commonly diagnosed with concomitant diseases of the 

alimentary canal, cardiovascular, endocrine, urinary, nervous system, blood or immune 

disorders etc. Such systemic diseases may worsen the course of inflammatory-dystrophic 

process in periodontium, increase the chances of alveolar bone resorption with the decrease of 

bone mineral density [14]. Under such conditions the course of inflammatory-dystrophic 

process in the human body is accompanied by the formation of bone and/or epithelial defect. 

This significantly complicates the course of the main disease, may become a concomitant 

disease in case of the presence of generalized periodontitis, and should be taken into account 

when planning the scheme of the complex treatment of certain inflammatory-dystrophic jaw 

lesion. Evidently, in the latter case the bone and/or epithelial defect must be restored.   

During the recent years the method of guided tissue regeneration that uses membranes 

is being successfully used for the treatment of periodontal diseases [15, 16]. Nowadays the 

development of materials which would meet several criteria (in particular delimit the defect 

area for the whole period of periodontal tissues regeneration and, consequently, prevent the 

epithelial ingrowth and facilitate osteogenesis) remains a relevant task. The development of 

organic chemistry has led to real preconditions for the creation of novel synthetic materials 

with unique properties which can meet the mentioned requirements. 

The most commonly used materials for restoration of oral mucosa defects are those that 

require covering by a mucosal membrane, so they must be sutured and not contact with the 

environment of oral cavity. A promising direction in the development of new biological 

materials is the creation of restorative material for the regeneration of oral cavity mucosa that 

would not require suturing under the mucosal membrane [17-19]. 

We have also observed the positive regenerative properties of the platelet-rich blood 

plasma (PRP), which is widely used to increase the concentration of autologous growth 

factors and secretory proteins. The latter increase the effectiveness of regeneration at the 

cellular level [20, 21]. PRP is known to enhance recruitment, proliferation and differentiation of 

cells involved in the process of tissue regeneration [22, 23]. There are also known the positive 

effects of PRP use in patients with mandibular fractures: acceleration of bone repair, prevention 
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(or significant delay) of posttraumatic complications development, better overall treatment 

outcomes, shortened rehabilitation term and decreased term of work ability loss [24]. 

Considering all the abovementioned, we conducted a series of experimental studies to 

establish the effectiveness of different types of biological matrixes containing decellularized 

amniotic membrane (DAM), DAM in combination with PRP growth factors and DAM in 

combination with PRP growth factors and hyaluronic acid (HA) on regeneration of 

mandibular alveolar mucosa defect. 

Aim of the research: to provide comparative evaluation of the regenerative 

effectiveness of biological matrixes, containing decellularized amniotic membrane (DAM), 

DAM in combination with PRP growth factors and DAM in combination with PRP growth 

factors and hyaluronic acid (HA). 

Materials and methods. 

97 male and female Wistar rats weighing 200-250 g were used for the study. The study 

was approved at the meeting of the Ethics Committee of the Georgian National Institute for 

Medical Research.  

Study design. The animals were divided into 4 groups of 24 each. Oral mucosa defect 

of the mandibular alveolar process was created in all animals. General anesthesia was 

administered by intraperitoneal injection of Sodium thiopental (35 mg/kg). The oval area of 

the oral mucosa, measuring 3 mm in diameter, was cut out using surgical scissors without 

damaging underlying periosteum and bone (Fig. 1).   

The first group of 24 rats (12 males and 12 females) was the control one and did not 

receive any treatment of the created alveolar mucosa defect.  

The animals of the second group (n=24, 12 males and 12 females) for regeneration of 

the bone and epithelial cover in the area of the mandibular alveolar mucosa defect were 

treated using decellularized rehydrated amniotic membrane (DrAM). DrAM was fixed to the 

edges of the defect by nodal sutures using atraumatic needle 7/0 (‘Ethicon’). The membrane’s 

size and shape were adapted to the size of defect. (Fig. 2). 

In 24 animals of the third group (12 males and 12 females) the oral mucosa defect was 

closed by DrAM with a layer of PRP applied on its surface. The fixation of amniotic 

membrane was done in the same way as it was described in animals of the second group 

(Fig.3).  

In animals of the fourth group (n=24, 12 males, 12 females) the oral mucosa defect 

was treated with DrAM with PRP and hyaluronic acid applied on its surface (Fig. 4). 
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Fig. 1. Defect of the alveolar oral mucosa Fig. 2. Defect of the alveolar oral mucosa 

covered by decellularized rehydrated 

amniotic membrane 

 

  

Fig. 3. Oral mucosa defect closed with  

DAM+ PRP 

Fig. 4. Oral mucosa defect closed with 

DAM+ PRP+HA 

 

After the surgery, all animals were kept under standard vivarium conditions. Animals 

were euthanized on 3rd, 5th, 7th, and 14th day after the surgery by administration of 

intraperitoneal injection of lethal dose of 0,5% Sodium thiopental solution.  

The rate of wound healing by secondary intention was evaluated by measuring its 

surface area. The rate of wound healing was determined using the formula developed by L.N. 

Popova [25]: a sterile cellophane plate was applied to the wound and the wound contours 

were marked. The obtained pattern was transferred to a graph paper and the wound surface 

area was calculated. Then, the percentage of daily reduction of the wound surface area in 

relation to a previous result was calculated using the following formula: 

 



 

 387 

 (S-S˳)x100 

S  = -----------------, 

S x t 

 

S – the value of the wound surface area during previous measurement; 

S˳ - the current value of the wound surface area; t – the number of days. 

During the normal course of the wound healing, the daily reduction of the wound area 

should be at least 4 %.  

For the description of clinical characteristics of the wound process, we used 

classification created by M.I. Kuzin. According to the latter, the wound process occurs in 

three phases [26]: 

1. Inflammation phase which includes two stages: 1) vascular reactions; 2) removal of 

cell debris and necrotized tissues. 

2. Regeneration phase – formation and maturation of connective tissue. 

3. Reorganization of scar and epithelization. 

Method of PRP preparation. After euthanasia of 1 laboratory rat by the 

intraperitoneal administration of a lethal dose of 0,5% sodium thiopental solution, its blood 

was collected in a test tube which then was placed in centrifuge Kokusan H-9R (Japan). The 

blood was centrifuged for 20 min at 29°С (1600 rpm). After centrifugation the upper and 

middle layers of liquid were removed and transferred to a clean tube. The latter was placed in 

centrifuge again and centrifuged for 15 min (400 rpm). Thus, it was obtained the plasma 

divided into 2 fractions: the upper layer – platelet-depleted plasma, the lower layer – platelet-

rich plasma (PRP). 

Method of preparation of biologically active membrane. To obtain a biologically 

active membrane in combination with PRP growth factors and HA 1 ml of PRP was mixed 

with 0,5 ml of HA in a sterile cup. Lyophilized human amniotic membrane was placed in a 

Petri dish and rehydrated with 0,9% NaCl solution for 40 minutes. Then rehydrated amniotic 

membrane was placed on a sterile table and its anterior surface was covered with PRP with 

HA. After that, the membrane was inverted and its reverse side was also covered with PRP 

and HA.  

Results 

Bleeding occurred immediately after the creation of gingival mucosa defect. In case of 

formation of dense fibrinous clot, the bleeding stopped rapidly. The first day after traumatic 

period was characterized by swelling of the wound tissues, fibrous inflammation with a small 

amount of serous exudate. On the second day in animals of the control group it was observed 
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a notable swelling of surrounding tissues and vascular hyperemia. During the same term, in 

animals of the 2nd, 3rd, and 4th group it was seen a dense elastic mass under the membrane 

(Fig. 5, 6). 

 

  

Fig. 5. Photograph. Restoration of alveolar 

soft tissue defect using DAM. 3rd day of 

experiment. 

 

Fig. 6. Photograph. Restoration of alveolar 

soft tissue defect using DAM+PRP. 3rd day of 

experiment. 

 

Membrane rejection and formation of pale pink mucosa in animals of experimental 

groups – with DAM, DAM+PRP, and DAM+PRP+HA were observed on 3-5th day of 

experiment (Fig. 7, 8). While in animals of the control group the scab still remained on the 

wound surface.  

  

Fig. 7. Photograph. Membrane rejection in 

animals with DAM + PRP. 

3rd day of experiment. 

Fig. 8. Photograph. Membrane rejection in 

animals with DAM + PRP+HA. 

3rd day of experiment. 



 

 389 

Complete visual healing of wounds with regeneration of mucosal defect’s wound 

surface in rats of the second group (treated with DAM) was observed on the 7th day, in 

animals of the third group (DAM+PRP) – on the 5th day, in animals of the fourth group 

(DAM+PRP+HA) – on 4-5th day after trauma (Fig. 9, 10).  

 
 

Fig. 9. Photograph. Regeneration of the 

alveolar soft tissues defect in dynamics using 

DAM+PRP. 

5th day of experiment. 

Fig. 10. Photograph. Regeneration of the 

alveolar soft tissues defect in dynamics using 

DAM+PRP+HA. 

5th day of experiment. 

 

The analysis of the dynamics of surgical wound healing using L.N. Popova’s formula 

revealed the following:  

a) in the second experimental group the daily reduction of the surface area of defect 

comprised 6,6 % on the 3rd day, 5,3 % on the 5th day and 4,8 % on the 7th day;  

b) in the third group of animals (DAM+PRP) the studied value was 8,8 % on the 3rd 

day, 6,6 % on the 5th day, 6,1 % on the 7th day;  

c) in the fourth group (DAM+PRP+HA) the daily reduction of the surface area of 

defect comprised 8,8 % on the 3rd day, 8 % on the 5th day, 6,6 % on the 7th day. These data 

indicate that from the 3rd to the 5th day of pathological process the rate of the wound surface 

area reduction is lower. The latter indicates the phase of inflammation (Table 1).  

Later, after the beginning of the second (regeneration) phase of the wound healing 

(5th-7th day) the wound surface area reduced rapidly and by the 14th day the complete 

epithelization of surgical wound was observed in all groups.   

In the control group during 3rd-5th days of experiment the percentage of the daily 

reduction of wound surface area was less than 4 %, indicating prolonged wound process with 
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alternating periods of exacerbation and remission, increased granulation and delayed 

epithelization.   

Table 1 

The percentage of the daily reduction of surgical wound surface area 

Experimental 

group / Day of 

experiment  

Control DAM DAM+PRP DAM+PRP+HA 

3 5 7 3 5 7 3 5 7 3 5 7 

Daily reduction of 

the wound surface, 

% 

2,2 2,6 2,9 6,6 5,3 4,8 8,8 6,6 6,1 8,8 8,0 6,6 

 

From the 5th to 7th day the percentage of the daily reduction of wound surface area 

slightly increased to 2,9 % (table 1), which may suggest the beginning of reorganization phase 

and the final formation of scar tissue by the 14th day.  

Conclusions 

1. In all four groups the regeneration of the surgical wound occurred by the 14th 

day.   

2. The epithelization occurred more rapidly in the third and fourth groups in 

comparison with the second group. On the 3rd day, the percentage of the daily reduction of 

surgical wound surface area comprised 8,8 % in the 3rd and 4th groups; and 6,6 % in the 

second group.  

3. In the control group, in which regeneration took place without using biological 

membranes, the wound healing was more prolonged, and accompanied by the inhibition of 

granulation formation and subsequent scar formation in the area of the alveolar mucosal 

defect.  

4. In further studies the potential for layered epithelization of soft tissue defects 

will be examined using histological methods of research and evaluation of the restoration of 

blood circulation in the surgical wound area.    
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