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a b s t r a c t 

Background: Blood clot (BC) and platelet-rich fibrin (PRF) has been successfully used to biologically treat 

immature roots. It is nowadays considered the treatment of choice. 

Objective: This study aimed to determine the ability of PRF and BC scaffolds to enhance regeneration of 

disinfected root canals and healing of apical periodontitis within experimentally enlarged canal apices of 

dog teeth. 

Methods: Forty-eight root canals in 28 mandibular premolars from 4 healthy adult dogs were exper- 

imentally infected and developed apical periodontitis. The teeth were randomly divided into a control 

(untreated) group, a disinfection only group, a group that received disinfection and a BC scaffold, and a 

group that received disinfection and a BC + PRF scaffold. Healing of the apical radiolucency was evaluated 

by conventional radiography, micro-computed tomography, and histology after 3 months. The data were 

analyzed by χ2 test. 

Results: Healing was achieved in 49% of roots as seen on radiograph and 43% as seen on micro-computed 

tomography. There was no significant between-group difference in the presence or absence of periapical 

radiolucency in the mesial roots when seen on conventional images ( P = 0.255), but there was a signif- 

icant difference in the distal roots ( P = 0.001); similarly, on micro-computed tomography, there was no 

significant between-group difference in the mesial roots ( P = 0.174) but there was a significant difference 

in the distal roots ( P = 0.001). Histologically, apical closure was significantly not greater in the BC + PRF 

scaffold group than in the BC scaffold group ( P = 0.001). 

Conclusions: A mix of BC + PRF scaffold did not improve tissue regeneration in experimentally enlarged 

dog teeth. ( Curr Ther Res Clin Exp. 2021; 82:XXX–XXX) © 2021 Elsevier HS Journals, Inc. 

© 2020 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

Long-standing necrosis of the dental pulp causes suspension of 

acteria in the planktonic phase in the lumen of the root canal, 

s well as formation of bacterial biofilm on the walls of the canal, 

entinal tubules, and lateral canals, leading to periapical disease if 

eft untreated. 1 , 2 This biofilm contains a variety of bacterial species 

nd a matrix consisting of nucleic acids, proteins, polysaccharides, 
∗ Address correspondence to: Saad Al-Nazhan, BSD, MSD, Division of Endodon- 
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nd salts. The complex root canal morphology acts as a shelter for 

he biofilm. Therefore, disinfection of the root canal during instru- 

entation is important. 3 Furthermore, a closed apex allows better 

anagement of the canal filling. 

Regeneration/revascularization of pulp tissue is typically per- 

ormed for a necrotic root canal with a wide-open apex, which al- 

ows ingrowth of periradicular tissue, including blood vessels, the 

eriodontal ligament, and bone-like tissue if a sterile environment 

s maintained. 4 An apical diameter > 1 mm facilitates regeneration. 

owever, smaller diameters reportedly also allow for tissue forma- 

ion. 5 

The apical foramen has been enlarged in both vital and necrotic 

anals in mature teeth to regenerate pulp tissue, 6–8 but causes 
nder the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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evere inflammation due to profuse hemorrhage and necrotic 

entin debris being pushed far into the periradicular tissue, lead- 

ng to seepage of irritants into unfilled root canals if forced beyond 

he apices. 9 

Intentional overinstrumentation of mature teeth with minimal 

pical irritation was believed to contribute to healing of periradic- 

lar lesions and achievement of biological hard-tissue and soft- 

issue barriers in a similar way as revascularized immature teeth. 

 blood clot (BC) often forms during this procedure. Platelet-rich 

lasma (PRP) and platelet-rich fibrin (PRF) have also achieved good 

esults. 10 , 11 BC, PRP, and PRF act as natural scaffolds for numerous 

rowth factors, cell proliferation, tissue regeneration, and root mat- 

ration. The importance of BC, PRP, and PRF in periapical healing 

nd treatment of immature permanent teeth was emphasized by 

stby 6 and Murry. 12 Martin et al 10 used a mixture of PRP and BC 

nd found no histological difference in the tissue that formed in 

he canals. However, no attempt to use a mixture of PRF and BC 

as been reported. 

The aim of this histology, radiographic, and micro-computed to- 

ography (micro-CT) study was to determine the ability of PRF 

nd BC scaffolds to enhance regeneration of infected root canals 

nd healing of apical periodontitis (AP) in experimentally enlarged 

pical delta of mature dog teeth. 

ethods 

thical considerations 

This study was performed in line with the principles of the 

eclaration of Helsinki. It was approved by the Review Board at 

iyadh Elm University College of Dentistry, Riyadh, Saudi Arabia 

approval No. 43333002/34), and College of Dentistry, King Saud 

niversity, Riyadh, Saudi Arabia (approval No. FR-0147). Twenty- 

ight mature mandibular premolar teeth (4 first premolars and 

4 second, third, or fourth premolars) with 52 root canals from 

 healthy mongrel dogs aged approximately 10 months were used 

n this study. The dogs were divided randomly into 4 (experimen- 

al [48 roots] and control [4 roots]) groups. Every effort was made 

o minimize the discomfort of the animals. The regulations of the 

aboratory Animal Unit, Engineer Abdullah Bugshan Research Chair 

or Growth Factors and Bone Regeneration (No. PG0052), King Saud 

niversity College of Dentistry, were strictly observed. 

nimal preparation and root canal infection 

A modified version of the methodology described by Thibodeau 

t al 4 was followed. The animals were anesthetized intramuscu- 

arly with 2 mg/kg Seton 2% (Laboratorios Calier, Barcelona, Spain) 

nd 50 mg/kg Tekam (Hikma Pharmaceuticals PLC, Amman, Jor- 

an) supplemented with local anesthesia with 0.5 mL 2% Xylocaine 

ith epinephrine 1:10 0,0 0 0 (Novocol Pharmaceutical, Cambridge, 

ntario, Canada) per quadrant for all procedures. Before starting 

he experiment an impression of the lower jaw was taken from 

ach dog, a cast stone was made, and an occlusal acrylic bite guide 

as prepared. A slot of the same size as the radiograph film was 

reated on the acrylic bite guide to hold and stabilize the film in 

osition; this ensured that the radiographs were acquired consis- 

ently from the same angle and minimized distortion. 

Preoperative periapical radiographs (7.0 mA, 60 kVp, 0.66 sec- 

nd) were taken of all teeth in each animal using a Heliodent ra- 

iograph machine (Siemens Medical Systems, Erlangen, Germany). 

he pulp chambers of 6 randomly selected matures mandibu- 

ar (second, third, and fourth) premolar teeth per dog were ex- 

osed using a high-speed handpiece with a sterile carbide bur 

nder nonaseptic conditions. Supragingival plaque obtained from 
2 
he teeth was placed into the exposed pulp. The access open- 

ng of the teeth was sealed with intermediate restorative material 

IRM) (Dentsply Caulk, Milford, Delaware). All animals received 0.2 

g/kg butorphanol tartrate (10 mg/mL Torbugesic; Zoetis Animal 

ealth New Zealand Limited, Auckland, New Zealand) as an anal- 

esic on completion of surgery and were monitored in the post- 

perative period. Forty-eight root canals were infected. The teeth 

ere monitored radiographically until evidence of AP was detected 

 ∼2–3 weeks postintervention). 

oot canal disinfection 

The animals were anesthetized (generally and locally with den- 

al nerve blocks) for disinfection of the infected pulp spaces using 

he procedure devised by Thibodeau et al. 4 After rubber dam iso- 

ation, the experimental tooth and operating field were disinfected 

ith 30% hydrogen peroxide followed by 5% tincture of iodine (Al- 

hadine; Riyadh Pharma, Riyadh, Saudi Arabia). The IRM filling was 

emoved using a high-speed handpiece with a sterile carbide bur 

nd a cooling water spray. The root canal apical delta of each tooth 

as enlarged using a size 70 (0.12/17 mm) nickel-titanium GT ro- 

ary file (Dentsply Tulsa Dental Specialties, Tulsa, Oklahoma). 

The infected root canals were disinfected by irrigation with 10 

L 5.25% sodium hypochlorite for 5 minutes, flushing with 10 mL 

.9% saline to remove the sodium hypochlorite, and drying using 

terile paper points. The irrigating needle was carefully placed in 

he canal at 1 mm short of the working length. A paste ( ≤100 

g/mL) containing metronidazole, ciprofloxacin, and cefuroxime 

mixed with 0.9% sodium chloride) was then applied using a ster- 

le Lentulo Spiral in a slow-speed handpiece (Dentsply, Maillefer, 

allaigues, Switzerland). The 24 teeth were sealed with IRM. 

evascularization protocol 

After 4 weeks, the animals were anesthetized (generally and lo- 

ally with dental nerve blocks) and intraoral radiographs of the in- 

ected teeth were acquired using the occlusal acrylic radiograph 

ite guide. After rubber dam isolation, the tooth and operating 

eld were disinfected with 30% hydrogen peroxide followed by 5% 

incture of iodine. The IRM temporary restoration was removed us- 

ng a high-speed handpiece with a sterile carbide bur and a cooling 

ater spray. The root canals were randomly divided into a con- 

rol group, a disinfection only group, disinfection and BC scaffold 

roup, and disinfection and BC + PRF scaffold group. 

The control group consisted of 4 single rooted teeth with un- 

reated root canals. The disinfection only group consisted of 16 root 

anals that were disinfected as described above and then flushed 

ith 5.25% sodium hypochlorite (10 mL/canal) for 5 minutes fol- 

owed by sterile saline. EDTA (Ultradent Products Inc, South Jordan, 

tah) 17% was applied in a volume of 3 mL/canal for 10 minutes, 

fter which the canal was flushed with sterile saline and dried us- 

ng sterile paper points. The access openings were sealed with a 

ouble layer of mineral trioxide aggregate (Dentsply Tulsa Dental) 

nd composite filling material (3M ESPE, St Paul, Minnesota). The 

isinfection and BC scaffold group consisted of 16 root canals that 

ere treated in the same way as the disinfection only group. A 

ize 30 sterile stainless steel hand K-file (Kerr, Romulus, Michigan) 

as then inserted past the apical foramen of the canal into the pe- 

iapical tissue to induce bleeding. When the root canal space was 

lled with blood to approximately the level of the cemento-enamel 

unction, the access openings were sealed with a double layer of 

ineral trioxide aggregate. The disinfection and BC + PFR scaffold 

roup consisted of 16 root canals that were treated in the same 

ay as the disinfection and BC scaffold group, except that after the 

oot canal space was filled with blood to approximately the level 

f the cemento-enamel junction, the upper half of the canal was 
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ried using sterile paper points and filled with fragmented PRF to 

he level of the cemento-enamel junction after induction of clot- 

ing using an endodontic plugger. The PRF was prepared as fol- 

ows. Whole venous blood was drawn from the animals into 10- 

L plain-coated sterile plastic tubes without anticoagulant. The 

lood was immediately centrifuged (DSC-200T tabletop centrifuge; 

igisystem Laboratory Instruments Inc, New Taipei City, Taiwan) 

t 30 0 0 rpm for 10 minutes. This yielded a bottom layer of red

lood cells, an upper layer of acellular plasma, and a clot of PRF 

n the middle. The clot was separated carefully and gently pressed 

nto a dry sterile membrane to remove the fluid. The PRF was then 

ragmented for immediate application. The access openings were 

ealed with a double layer of mineral trioxide aggregate filling ma- 

erial. All teeth were monitored radiographically every month for 3 

onths. 

reparation of tissue samples 

Three months after surgery, the carotid arteries were exposed 

nd cannulated under general anaesthesia induced by intravenous 

njection of 30 mg/kg pentobarbital. The animals were then put to 

eath by intravenous injection of 90 mg/kg pentobarbital. The an- 

mals were perfused with buffered formalin (10%); the jaws were 

hen resected, and sections were cut and placed in 10% formalde- 

yde solution for 1 day. Each jaw was cut into right and left blocks 

r a total of 8 specimens. 

The results of a regenerative procedure performed after exper- 

mental enlargement and infection of canal apices were evaluated 

y radiography, micro-CT, and histology. 

reparation of micro-CT images 

Four specimens were scanned using a SkyScan 1173 micro- 

T instrument, (Bruker, Kontich, Belgium) at medium resolution 

1120 × 1120) and the other 4 specimens were scanned at high 

esolution (2240 × 2240). The following parameters were used for 

he high-resolution scans: 88 kV tube voltage, 90 μA current, 

luminium 1.0 mm filter, 830 msec exposure time, 0.2 ° rotation 

tep (360 ° rotation), and frame averaging of 4. For the medium- 

esolution scans, the parameters were as follows: 88 kV tube volt- 

ge 75 μA current, aluminium 1.0 mm filter, 250 msec exposure 

ime, 0.4 ° rotation step (360 ° rotation), and frame averaging of 6. 

Three-dimensional reconstruction was performed using NRecon 

oftware (Bruker). A 35% reduction in beam hardening and a ring 

rtefact correction of 2 were used to produce cross-sections with a 

efect pixel masking value of 5. 

The reconstructed set of slices was viewed using DataViewer 

oftware (Bruker). Images were displayed as a slice-by-slice movie 

r as 3 orthogonal sections centred at a selected point inside the 

econstructed space. The viewing mode in DataViewer was used to 

otate each of 3 intersecting orthogonal slices independently using 

he mouse. 

The measurements were saved using DataViewer software. Ma- 

ipulation of the x- , y- , and z -axes enabled determination of root 

engths and thicknesses. A transaxial data set was created and 

aved using DataViewer, with the region of interest selected to al- 

ow determination of bone volume and bone mineral density. A 3- 

m circular region of interest was placed at each end of the root 

pex. SkyScan calibration phantoms (8 mm) were scanned (using 

he same settings used to scan the specimens) to calibrate the 

one mineral density using the bundled SkyScan software. 

istology preparation 

After removing excess soft and hard tissue, the specimens were 

ecalcified, first in Formical (Decal Chemical Corporation, Congers, 
3 
ew York) for 3 weeks and then in Immunocal (Decal) for 60 days; 

he solutions were changed 3 times per week. Next, the speci- 

ens were rinsed in running tap water for 24 hours and immersed 

n 70% ethyl alcohol. The specimens were dehydrated through as- 

ending gradients of ethanol and processed using a TP1020 tis- 

ue processor (Leica, Wetzlar, Germany) for 1 hour per station as 

ollows: 1 cycle each of 70%, 80%, and 95% ethanol, 2 cycles of 

00% ethanol, 2 cycles of xylene, and 2 cycles of Paraplast paraf- 

n (Kendall, Mansfield, Massachusetts) at 58 °C. The tissue was re- 

oved from the storage cassettes, embedded in paraffin, and sec- 

ioned using a Leica RM 2145 microtome (Leica). Serial 5-μm-thick 

ections were cut longitudinally through the apical foramen of the 

oots, stained with hematoxylin and eosin, and examined by light 

icroscopy (Leica) at up to × 20 magnification. 

valuation criteria 

Each root was considered a single unit for measurement and 

ssessment purposes. Histology slides were evaluated for the pres- 

nce of new vital tissue inside the canal space, cementum-like tis- 

ue on the internal dentinal wall of the root canal, and apical clo- 

ure and inflammatory infiltration of the periapical tissue. 

The conventional radiographs were placed on a viewing box ( ×
 magnification) in a dark room, and micro-CT images were saved 

o a computer in JPG format. The JPG images were displayed at a 

creen resolution of 1024 × 768 pixels using a desktop computer 

unning the Windows 8 operating system (Microsoft Corp, Red- 

ond, Washington). Two expert endodontists independently eval- 

ated the images obtained preoperatively on the day of disinfec- 

ion with sodium hypochlorite and triple antibiotic paste, as well 

s those obtained postmortem. The images were assessed for ra- 

iographic presence (grade 1: Lesions present with unchanged or 

ncreased radiolucency) or absence (grade 2: No lesions or a clear 

eduction in radiolucency) of periapical radiolucency and closure 

f the root apex. The mean grade was taken as the final grade 

f there was no agreement. The healing outcomes were compared 

ith those of a regular revascularization protocol without PRF per- 

ormed under the same conditions. 

The data were analyzed using χ2 tests. The significance level 

as set at P < 0.05 for the radiographic, micro-CT, and histology 

nalyses. 

esults 

There were no unexpected outcomes following the experimen- 

al interventions, including no changes in behaviour or eating pat- 

erns, except in 1 animal that had total mesial root resorption (as 

 result of a pre-existing canal infection) and another that lost 1 

rown. Tooth mobility was observed buccolingually, mesiodistally, 

r axially when force was applied to the experimental teeth af- 

er 1 week of infection. Purulent discharge via a sinus tract was 

oted in all teeth, indicating pulpal necrosis/suppuration ( Fig. 1 A). 

here was clear radiolucency at the apices of all teeth, indicat- 

ng formation of a chronic apical abscess ( Fig. 1 B); this was also 

vident histologically ( Fig. 1 C). Table 1 and 2 show the number 

f roots and frequency of periapical radiolucency assessed using 

onventional radiography and micro-CT. 

ontrol group 

None of the 4 single-rooted teeth were lost and there was 

o mobility, fracture, or sinus tract. Radiography and micro-CT 

howed an intact periodontal ligament and lamina dura. Histologic 

nalysis showed normal roots with closed apices, a dentin-pulp 

omplex, and periapical tissue. 
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Table 1 

Number of roots with presence or absence of a periapical radiolucency assessed with con- 

ventional radiograph. 

Group Periapical radiolucency ∗ Total ∗

Mesial root Distal root 

Present Absent Present Absent 

Group A: Control 0 (0.0) 4 (100) Not present † 4 (100) 

Group B: Disinfection 4 (25.0) 4 (25.0) 5 (31.25) 3 (18.75) 16 (100) 

Group C: BC 1 (6.7) 6 (40.0) 4 (26.7) 4 (26.7) 15 (100) 

Group D: PRF + BC 4 (25.0) 4 (25.0) 5 (31.25) 3 (18.75) 16 (100) 

Overall (%) 17.6 29.8 25.5 19.6 51 

BC = blood clot; PRF = platelet-rich fibrin. 
∗ Values are presented as n (%). 
† Group A: Tooth has single root. 

Table 2 

Number of roots with presence or absence of a periapical radiolucency assessed with micro- 

computed tomography. 

Group Periapical radiolucency ∗ Total ∗

Mesial root Distal root 

Present Absent Present Absent 

Group A: Control 0 (0.0) 4 (100) Not present † 4 (100) 

Group B: Disinfection 4 (25.0) 4 (25.0) 5 (31.25) 3 (18.75) 16 (100) 

Group C: BC 2 (13.7) 5 (33.3) 6 (40.0) 2 (13.3) 15 (100) 

Group D: PRF + BC 5 (31.25) 3 (18.75) 5 (31.25) 3 (18.75) 16 (100) 

Overall (%) 21.6 23.5 27.5 19.6 51 

BC = blood clot; PRF = platelet-rich fibrin. 
∗ Values are presented as n (%). 
† Group A: Tooth has single root. 

Fig. 1. (A) Radiograph image showing periapical lucency typical of a chronic peri- 

apical abscess (white arrow) and an intense activity of bone resorption, including 

furcation exposure and alveolar crest lose (double white arrow). (B) Clinical pho- 

tograph showing a parulis (gumboil) below the mucogingival line that indicates 

where a fistula from a periapical abscess is draining into the oral cavity. (C) His- 

tologic view of the chronic apical abscess (black arrow). 

MTA = mineral trioxide aggregate filling material. 
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isinfection only group 

None of the teeth were lost and there was no mobility, frac- 

ure, or development of a sinus tract. The radiographic and micro- 

T images showed that half of the teeth had an intact periodon- 

al ligament and lamina dura, as well as closed apices; the other 

alf showed periapical radiolucency. Histologically, half of the teeth 

howed normal periradicular tissue and the remainder had dis- 

ased tissue. Hard (cementum-like) tissue on the internal radicular 
entin walls and loose connective tissue was seen in a few cases. t

4 
C scaffold group 

One mesial root was lost. There was noticeable mobility in 

ome teeth but no fracture or sinus tract. Radiographically, more 

han 65% of teeth had an intact periodontal ligament and lam- 

na dura, whereas the others had periapical radiolucency ( Fig. 2 A). 

ostmortem micro-CT showed narrowing of the root apical walls 

nd hard tissue deposition in the apical third of the root canal 

pace ( Fig. 2 B). Closure of the root apex and healing of AP was seen

istologically ( Figs. 2 C and D). Vascularized loose connective tissue 

as seen inside the root canal space with filling of the internal 

adicular dentin wall of the root canal by mineralized (cementum- 

ike) tissue. A few specimens contained bone-like tissue. 

C + PRF scaffold group 

One of the crowns was fractured. Most of the teeth had mo- 

ility but none developed a sinus tract. Radiographically, less 

han half of the teeth had an intact periodontal ligament and 

amina dura, whereas the others had periapical radiolucency 

 Fig. 3 A). Postmortem micro-CT showed hard tissue in the canal 

pace ( Fig. 3 B). There was histologic evidence of hard tissue 

cementum-like) deposition on the internal root canal walls and 

ital dense connective tissue within the canal spaces in some of 

he samples ( Figs. 3 C and D). A few samples showed bone-like tis- 

ue. Closure of the root apex and healing of AP was seen in a few 

ases. 

After disinfection, 49% of the roots evaluated by conventional 

adiographs and 43% of those evaluated by micro-CT did not show 

eriapical radiolucency. There was no significant between-group 

ifference in the presence or absence of periapical radiolucency 

n the mesial roots on conventional images ( P = 0.255) but there 

as a significant difference in the distal roots ( P = 0.001); similarly, 

n micro-CT, there was no significant between-group difference in 

he mesial roots ( P = 0.174) but there was a significant difference 
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Fig. 2. (A) Premortem periapical radiographic image and (B) micro-computed tomography postmortem showing apical radiolucency (white arrow) with closed apex. The 

histologic view (C and D) using hematoxylin-eosin stain shows closure of the root apex and healing of apical periodontitis. Vascularized loose connective tissue seen inside 

the root canal space and cementum-like (CML) deposition of mineralized tissue filled the apical third of the root canal. Double black arrow shows regular cementum. 

DN = dentin; PDL = periodontal ligament. 
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n the distal roots ( P = 0.001). Histologically, apical closure was sig- 

ificantly not greater in this group than in the BC scaffold group 

 P = 0.001). 

iscussion 

Controlling infection is key to successful treatment of a dis- 

ased root canal regardless of the method used. A dog model was 

sed because of the similarity between dogs and humans with 

espect to apical and periapical tissue repair and the high tissue 

rowth rate in dogs. 4 , 13 

Enlargement of the infected apical foramen was standardized 

sing a size 70 nickel-titanium GT rotary instrument. Fuzz and 

rope 14 found that extensive old perforations have a poor progno- 

is due to significant tissue damage and suggested that such perfo- 

ations should be treated in the same manner as immature teeth. 

Apical enlargement was performed to achieve an open apex for 

egenerative endodontic treatment. An apical foramen > 1.0 mm 

n diameter facilitates cell migration and proliferation by induc- 

ng bleeding. 7 Elimination of the clinical signs and symptoms of 

P, and resolution thereof, is the primary goal of the regenerative 

rocedure. 15 

The disinfection protocol was the same in all our experi- 

ental groups. The root canals were thoroughly disinfected with 

odium hypochlorite and EDTA, which reportedly promotes suc- 

essful revascularization of infected teeth with open apices and 

eimplanted avulsed teeth. 16 , 17 Although EDTA is a weak antimi- 
5 
robial agent, its use during regenerative endodontic procedures 

as recommended by the American Association of Endodontists. 15 

DTA exposes the collagen fibers of root canal dentin after decal- 

ification, resulting in release of growth factors that promote both 

dontogenic differentiation of the migrated cells and angiogenesis. 

urthermore, the exposed collagen fibers reportedly improve adhe- 

ion of newly developing cells. 

The canals in the experimental groups were dressed using a 

riple antibiotic paste, which is widely used in both experimen- 

al and clinical regenerative endodontic studies involving imma- 

ure teeth with infected root canals and AP because of its ability 

o reach the deep dentin layers and eradicate most bacteria. 15 

Lin et al 18 and Al-Tammami and Al-Nazhan 

19 reported that 

ebridement disrupted the biofilm and infected dentin, which 

nhanced attachment of the newly formed tissue to the canal 

alls, and recommended biomechanical debridement of the in- 

ected canal in cases of regenerative endodontic failure. Debride- 

ent was not performed in our study. 

We used the methods described by Thibodeau et al 4 and Stam- 

olsky et al 20 in this study. Anticoagulants were not used during 

reparation of the PRF so that the physiological architecture of the 

issue could be maintained for slow polymerization, which causes 

he release of cytokine molecules during remodeling of the fib- 

in matrix. Entrapment of these molecules within the fibrin matrix 

nd their subsequent incorporation into the molecular architecture 

f the fibrin polymer is probably the mechanism underlying the 

ealing effect of PRF. 
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Fig. 3. (A) Premortem periapical image showed healing of apical periodontitis of the distal root and radiolucency at mesial root (white arrow) and apical root resorption. (B) 

Micro-computed tomography postmortem showing deposition of radiopaque shadow (orange arrow) at the canal wall. (C) Histological section showed deposition of internal 

cementum-like (CML) deposition of mineralized tissue (black single arrow) and ingrowth of fibrous connective tissue. Double black arrow shows regular cementin. (D) High 

magnification of the root apex using hematoxylin-eosin stain. DN = dentin; PDL = periodontal ligament. 
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Conventional radiographs, micro-CT, and histologic analysis 

ere used to evaluate the teeth in this study. However, use of con- 

entional radiographs might lead to underestimation of the lesion 

ize and histological severity. Micro-CT provides images with ex- 

ellent resolution and allows assessment of the lesion in a mul- 

iplanar view, unlike conventional radiography. Micro-CT has not 

een used before to evaluate regenerative endodontic treatments. 

ccording to Balto et al, 21 the accuracy of micro-CT for evaluating 

he status of periapical pathosis is equivalent to that of histologic 

nalysis. 

Regenerative endodontics applied to immature permanent teeth 

ith necrotic pulp and apical pathosis has been successful in both 

uman and animal studies. The high success rate is related to the 

lose proximity of the stem cells to the open root apices, allowing 

heir migration into the root canal space and continuation of root 

evelopment. However, this procedure has been performed only on 

ature teeth in a few experimental studies and case reports. 6 , 7 A 

erforation in the apical third of the root is challenging because of 

he smaller number of apical papilla stem cells in mature teeth. It 

s believed that stem cells of the periodontal ligament, bone mar- 

ow, and surviving dental pulp surrounding the root apex might be 

nvolved in pulp regeneration of mature teeth. 22 

Several therapeutic mechanisms have been proposed for contin- 

ation of root growth, including proliferation of remnant vital pulp 

ells in the apical third of the root canal, which suppress apical 

nflammation, 14 transplantation of apical papilla-derived stem cells 
6 
nto the root canal lumen during apical irritation, 23 and prolifera- 

ion of periodontal ligament cells and formation of a BC contain- 

ng growth factors. 24 Controlling infection in the treated canal is 

andatory for a successful outcome. 

In this study, the density of tissue ingrowth was identical be- 

ween the groups. Cementum-like proliferated periodontal tissue 

as observed along the dentinal root canal walls, as was bone and 

onnective-like tissue. Findings were similar in regenerative en- 

odontic studies of immature 4 , 25 and mature 26 dog teeth. Thi- 

odeau et al 4 suggested that the histology finding of newly de- 

osited hard tissue corresponds to the radiographic findings. 

Use of a BC scaffold to promote growth of new tissue in the 

pical third of the unfilled disinfected root canals of mature teeth 

ith periapical pathosis was first described by Ostby. 6 The growth 

actors present in a BC likely stimulate the undifferentiated precur- 

ors of odontoblasts, fibroblasts, and cementoblasts to differentiate 

nd proliferate. 27 

Use of other scaffolds including PRF, 28 PRP, 10 and soluble col- 

agen, 27 have reportedly resulted in healing of periapical pathosis 

nd continued root development. Both PRF and BC scaffolds were 

sed in our study. PRF constitutes a collection of immune cells 

nd platelets on a fibrin membrane that has been found to pro- 

ote wound healing and bone growth, maturation, and hemosta- 

is. 29 It is frequently used as a resorbable matrix due to its ease of 

reparation and handling. Moreover, PRF contains blood proteins, 

ncluding growth factors, that promote wound healing without 
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nflammation 

29 in response to direction by the fibrin matrix of 

igration of stem cells involved in healing. 

The PRF used in our study was prepared using Choukroun’s 

echnique. 30 The advantage of using PRF over PRP in regenerative 

tudies is that PRP requires addition of anticoagulant agents and 

ovine serum, which limits its clinical use because of the risk of 

ranscontamination. Martin et al 10 treated a case with PRP and 

C in 1 root and BC only in another root after disinfection using 

 triple-antibiotic regimen. They found no histologic difference in 

he tissue formed between the 2 canals. Our findings are similar to 

hose of 2 animal studies 10 , 25 that described the tissue formed as 

one-like, periodontal ligament-like, and cementum-like. 

In this study, healing of periapical pathosis with and with- 

ut apical closure was found radiographically in 67% and 47% of 

eeth, respectively. Complete or partial apical closure and healed 

pical pathosis was seen in all experimental groups. These find- 

ngs are similar to those of Thibodeau et al 4 and Zhang et al. 13 

n radiographs, the healing rate was higher than that reported by 

odríguez-Benitez et al 31 and lower than that reported by Wang et 

l 25 using the same animal model. However, both of those stud- 

es reported low apical closure rates when evaluated histologically, 

hich is more accurate than conventional radiographs. Healing of 

eriapical pathosis, presence of vascularized tissue, and partial clo- 

ure of the apices were all noted histologically in our study. These 

utcomes could reflect the short observation period and the gross 

amage to the periapical area sustained during the experimental 

rocedure. Furthermore, the forces applied during packing of the 

RF might have disrupted the BC by dislodging the apical papilla; 

 similar observation was reported by Palma et al. 32 This might 

xplain the low rate of healing determined on radiographic and 

icro-CT images in this study. Other reports attributed the low 

ealing rate to persistence of bacteria or extrusion of intracanal 

edicaments, resulting in irritation of the apical tissue. 16 There- 

ore, caution is needed when performing regenerative endodontics. 

he findings of this study highlight the importance of histologi- 

al analysis when evaluating regenerative endodontics and indi- 

ate the feasibility of revascularisation of enlarged root apical delta 

ith AP. 

This study has some limitations that stem mainly from the 

mall number of teeth included in the study and the short observa- 

ion time. Further studies are needed to characterize the ingrowth 

issue in more detail to understand the mechanisms of pulp revas- 

ularization and the long-term outcomes for the newly formed tis- 

ues. 

onclusions 

The histologic findings of this study support the feasibility of 

evascularization and root enlargement of necrotic mature teeth 

ith AP. Use of a BC + PRF scaffold in preference to a BC scaffold

or regeneration of enlarged dog teeth does not appear to influence 

ormation of mineralized tissue along the root canal walls. There- 

ore, inclusion of PRF in the BC scaffold is unlikely to be of any 

linical benefit when performing endodontic procedures in human 

atients. 
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