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Animal experiments were conducted to observe and analyze the therapeutic effect of platelet-rich plasma 
in regenerated pulp treatment of young permanent teeth, in order to provide valuable guidance on the 
clinical treatment. Six beagle dogs were selected as study subjects with 54 teeth and 108 root canals. Thirty 
six teeth were selected as the control group, without any treatment. Another 72 teeth were randomized 
into the whole blood group (36 teeth) and platelet-rich plasma group (36 teeth) with 72 root canals. The 
model of periapical periodontitis was established and the X- ray and histological results of the whole 
blood group and platelet rich plasma group were analyzed using the Fisher exact probability method. 
After 12 weeks of regenerated endodontic pulp treatment, X-ray examination showed that there was no 
significant difference between the whole blood group and platelet rich plasma group in terms of periapical 
shadow reduction, apical hole closure and thickening of root canal wall. Histology results showed that 
the apical pore part of the root canal in the whole blood group and platelet-rich plasma group was closed 
and the root canal wall was thickened, the cemenoid tissue deposition occurred in the root canal wall and 
apical hole and free cemenoid tissue and dental pulp tissue were generated in the root canal. There was 
no statistical significance between the whole blood group and platelet-rich plasma group in comparison 
to apical closure, new tissue formation of the root canal wall and endodontic pulp tissue formation. The 
application of platelet-rich plasma in the treatment of regenerative pulp can make the root of young 
permanent teeth develop well. If the root periapical tissue fails to bleed to form blood clot in the treatment 
of regenerative pulp, the stent scheme of platelet-rich plasma is more ideal.

Key words: Animal experiment, platelet rich plasma, young permanent teeth, regenerative pulp therapy, 
therapeutic results

*Address for correspondence
E-mail: 1962881038@qq.com

The pulp tissue of young permanent teeth has many 
functions, such as providing nutrition for teeth and 
exerting sensory function and is also closely related to 
the development of teeth. Once the young permanent 
teeth lose the vitality of the pulp before the root is 
fully developed, weak root canal wall and increased 
probability of fracture results. Many factors can cause 
infection and necrosis of the pulp of young permanent 
teeth, such as caries, abnormal tooth development and 
tooth trauma, which will affect the root development 
to different degrees[1,2]. Platelet-rich plasma is a plasma 
with higher platelet content than normal, which is 
extracted from autogenous blood and is rich in platelet 
derived growth factor (PDGF), transformed growth 
factor (TGF), insulin-like growth factor (IGF), vascular 
endothelial growth factor (VEGF) and epidermal 
growth factor (EGF). Platelet-rich plasma is rich in 
fibrin, fibronectin and boronectin, which attract cells to 

migrate and can promote tissue repair, regeneration and 
vascularization. Platelet-rich plasma extracted from 
autologous blood has currently been widely used in 
various fields, such as ophthalmology, otolaryngology, 
sports medicine, neurosurgery, periodontal and jaw 
defect repair[3,4]. In this study, an animal model of 
young permanent periapical periodontitis of beagle dog 
was developed to analyze the possible mechanism of 
regenerative pulp treatment, so as to provide valuable 
reference for the treatment of regenerative pulp. 

Six beagles provided by the Animal Experiment Center 
of Dalian Medical University, with the average age of 
6.2±0.9 mo old, 3 males and 3 females were used. The 
animals had no systemic or oral disease, X-rays showed 
clear deciduous teeth, young permanent teeth with open 
apical foramen of double premolars. Drugs and reagents 
used in this study included, 3 % sodium hypochlorite, 
glycerin, pentobarbital sodium, minocycline, 
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metronidazole, ciprofloxacin, ciprofloxacin II, mineral 
trioxide aggregates, caviton, glass ionic cement and 
atecaine hydrochloride injection. The instruments used 
were, dental X-ray machine, spiral root charger, blood 
cell analyzer and high-speed low temperature bench 
centrifuge. Antibiotic paste was prepared on spot by 
mixing glycerin until becoming thick and creamy[5]. 
The study was carried out with the approval of the 
animal ethics committee of China medical university. 

Six beagles had a total of 54 teeth and 108 root canals, 
36 of which were selected as the control group, 
without any treatment. Another 72 were randomized 
into the whole blood group (36 teeth) and platelet-
rich plasma group (36 teeth), with 72 root canals. The 
tooth simulation of the beagle is shown in fig. 1. The 
animals were anesthetized and a model of periapical 
inflammation was established. Three weeks later, 
X-ray was taken at the root tips to observe whether 
the periapical membrane was widened or there was 
shadow around the root tips, so as to establish the 
model of periapical inflammation. Next, the root 
canal was sealed. Platelet-rich plasma was extracted, 
that is, 6 ml of venous blood was collected from the 
small saphenous vein outside the hind legs of the dog 
by sterile blood collection needle and vacuum blood 
collection (including EDTA-k2) and then the platelet-
rich plasma was separated by secondary centrifugation 
under aseptic state. Finally, regenerated pulp treatment 
was performed. X-ray films were taken at 4, 8 and  
12 w after the treatment with regenerative pulp to observe 
the continued development of tooth roots[6]. After 12 w, 
the experimental animals were sacrificed, jugular vein 
perfusion was performed with 10 % neutral buffered 
formalin fixative solution under general anesthesia. The 
upper and lower jaw bones were removed and tissue 
blocks were prepared. After that, the tissue blocks were 
decalcified at room temperature of 10 % EDTA pH 7.2 
for 12 w. HE staining was performed on tissue masses 
before observing under microscope. With each root as 
a separate observation unit, the X-ray and histological 
results were observed blind by 2 doctors. SPSS21.0 
statistical analysis software was adopted to process 
data. The measurement data were expressed by means 
of mean±standard deviation, with t test conducted for 
intergroup comparison. The enumeration data were 
expressed in terms of natural number (n) and percentage 
( %), with χ2 for intergroup comparison. The intergroup 
difference was considered of statistical value when 
P<0.05. 

Twelve weeks after the implementation of regenerated 

pulp treatment, X-ray examination showed that the 
shadow around the root tip was significantly reduced 
and the root tip was closed and the root canal wall 
was thickened. However, there was no statistically 
significant difference between the whole blood group 
and the platelet rich plasma group, P>0.05, as shown 
in Table 1. The tooth development in the control group 
was normal. The dentin in the inner wall of the root 
canal and the cementum deposition in the outer wall 
thickened the root canal wall. The apical part of the 
root was surrounded by cementum, and the normal 
pulp tissue and periodontal membrane tissue in the 
root canal at the apical orifice were communicating. 
The normal pulp tissue in the root canal was composed 
of odontoblasts, fibroblasts and blood vessels. The 
odontoblast cells were attached to the dentin wall. 
After 3 mo of regenerated pulp treatment, there were 
significant new tissue formation in the root canals of 
the whole blood group and the platelet-rich plasma 
group, and the 2 groups had similar histological 
manifestations under light microscope, as shown in 
figs. 2-5. The comparison of histological observation 
results between the whole blood group and the platelet-
rich plasma group after treatment is shown in Table 2. 

 
Fig. 1: Simulated dental map of a beagle

Index
Periapical 
shadow 

reduction

Apical 
closure

Thickening 
of root canal 

wall
whole blood 
group 36/36 (100.00) 32/36 (88.89) 23/36 (63.89) 

platelet-rich 
plasma group 36/36(100.00) 22/36 (61.11) 24/36 (66.67) 

P - 0.20 0.39

TABLE 1: X-RAY EXAMINATION RESULTS OF 
TWO GROUPS AFTER REGENERATED PULP 
TREATMENT
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on the buttocks, respectively. Secondly, a model of 
periapical inflammation was established. Under general 
anesthesia, beagle’s mouth was opened and the surface 
of the teeth was scraped to collect dental plaque which 

 
Fig. 3: Histology of root canal wall thickening
Histological manifestations of root canal wall thickening 
after treatment between whole blood group and platelet 
rich plasma group

 
Fig. 4: Histology of free cellular cementitious tissue in 
root canal
Histological manifestations of free cellular cementitious 
tissue in root canal between the whole blood group and 
the platelet rich plasma group after treatment

 
Fig. 5: Histology of endodontic cells in medullary tissue
Histological manifestations of endodontic cells in 
medullary tissue between the whole blood group and the 
platelet rich plasma group after treatment

Index Apical closure

Forming 
new tissue 
in the root 
canal wall

Forming 
endodontic 
medullary 

tissue
whole blood 
group 23/35 (65.71) 27/35 

(77.14) 31/35 (88.57) 

platelet-rich 
plasma group 22/30(73.33) 27/30 

(90.00) 28/30 (93.33) 

P 1.00 0.84 1.00

TABLE  2: HISTOLOGICAL OBSERVATION 
BETWEEN WHOLE BLOOD GROUP AND PLATELET-
RICH PLASMA GROUP AFTER TREATMENT

 
Fig. 2: Histology of apical closure
Histological manifestations of apical closure after 
treatment in whole blood group and platelet rich plasma 
group

Platelet-rich plasma is a good substitute for blood clot 
stents and has been used in some clinical cases with 
satisfactory results. In this study, X-ray and histological 
observation were carried out in animal experiments to 
explore the root development and tissue properties of 
tooth regeneration after the application of platelet-rich 
plasma in regenerative pulp treatment. Preoperatively, 
each beagle was fasted for 12 h and then intramuscular 
injection of sumimide II (0.04 ml/kg) into the left 
hip and intramuscular injection of 3 % pentobarbital 
sodium (0.5 ml/kg) into the right hip were given. 
While the animals were anesthetized, the following 
experiments were performed and the anaesthesia time 
was noted. Intramuscular injection of chlorhexidine 
II and 3 % pentobarbital sodium per hour was given 
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was mixed with saline. A high-speed mobile phone 
and a split-drill were used to open and mash the teeth 
of the whole blood group and the platelet-rich plasma 
group. Cotton balls dipped in normal saline with dental 
plaque were placed in the root canal, with zinc oxide 
combined with zinc phosphate cement at the bottom[7,8] 
and the glass ion cement closed the hole for treatment. 
Analgesics were given after the operation. Three 
weeks later, X-ray was taken at the root tips to observe 
whether the periapical membrane was widened or there 
was shadow around the root tips, so as to establish the 
model of periapical inflammation. Next, the root canal 
was sealed. The root canals of the teeth in the whole 
blood group and the platelet-rich plasma group were 
washed slowly with 3 % sodium hypochlorite and 
normal saline successively and then the antibiotic paste 
was introduced into the root canals with a spiral root 
charger and stopped at the root canal mouth. Upper 
zinc oxide + zinc phosphate cement base, glass ion 
cement closed the hole, X-ray was taken at root tip for 
observation for 3 w. Platelet rich plasma was extracted 
and regenerated pulp treatment was performed. Three 
weeks after the root canal was sealed, X-ray was taken 
to understand the disappearance of shadow around the 
root tip. The root canals were rinsed with 3 % sodium 
hypochlorite and sterile saline to flush out the antibiotic 
paste and the root canals were dried with sterile paper 
tips. 

For animals in the whole blood group, the #15 root 
canal stimulated the periapical tissues to bleed, which 
made the blood stop at the enamel cementum boundary 
and covered the mineral trioxide aggregates after the 
formation of blood clots. For the platelet-rich plasma 
group, the obtained platelet-rich plasma was injected 
into the root canal to the enamel cementum boundary 
and the mineral trioxide aggregates were covered after 
coagulation. After X-ray film was taken to determine 
the sealing effect, glass ion cement was filled. X-rays 
were taken at 4, 8, and 12 w after regenerated pulp 
treatment to observe the continued development of the 
root. 

The results showed that the application of platelet-rich 
plasma in the treatment of regenerative dental pulp 
could make the root of young permanent teeth continue 
to develop, which was manifested as the thickening 
of the root canal wall and the closure of the apical 
foramen. In regenerative pulp therapy, cementitious and 
medullary tissues are newly formed in the root canals of 
the scaffolds with blood clots and platelet-rich plasma. 
For the affected teeth, which failed to bleed and form 

blood clots by stimulating the periapical tissue, platelet-
rich plasma is a new choice. These observations are in 
line with previous studies[9-12]. 

In conclusion, histological observation showed that 
in the whole blood group and the platelet-rich plasma 
group, both the inner wall and the apical part of the 
tooth root canal had mineralized tissue deposition, 
which resulted in thickening of the root canal wall 
and closure of the apical pore. The mineralized 
tissues formed were all cementitious tissues rather 
than dentinoid tissues and there were cementitious 
cells. There was no significant difference between the  
2 groups in promoting the thickening of root canal wall. 
Experiments have proved that free mineralized tissue 
can be formed in the root canal after regenerative pulp 
treatment and this tissue is surrounded by cementitious 
cells, which may lead to further growth of mineralized 
tissue and even cause calcification obstruction in the 
root canal. In addition, although platelet-rich plasma 
has been widely used in clinical treatment in recent 
years, the extraction methods of platelet-rich plasma 
are different, so the concentrations of platelets and 
white blood cells in platelet-rich plasma are different. 
Up to now, there is still no unified extraction method 
for platelet-rich plasma used in clinical treatment and 
the role of various growth factors in the treatment of 
regenerative dental pulp needs to be further studied.
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