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This case report describes guided pulpal regeneration (GPR) of two immature 
permanent molar teeth with chronic apical abscess, thin dentinal walls, and open 
apices. Both teeth were treated with an identical protocol in two sessions, with 
minimum instrumentation with hand files, irrigation with 1.5% sodium 
hypochlorite (NaOCl), and application of 1:1 mixture of ciprofloxacin and 
metronidazole as an intracanal medicament, blood clot as a scaffold, and mineral 
trioxide aggregate (MTA) as the capping material. At the one-year follow-up, both 
treated teeth were asymptomatic. However, the root development procedure was 
different even in different roots of the same tooth, varying from only an increased 
thickness of dentinal walls to complete closure of the apex along with an increase 
in root length and dentinal wall thickness. It is concluded that the outcome of GPR 
is not completely predictable, and may vary among teeth with similar initial 
conditions and treatment approaches. 
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INTRODUCTION 
Treatment of necrotic teeth with immature 
apices is a clinical challenge. Achieving a 
sufficient apical seal is difficult in teeth with 
open apieces. This condition may be addressed 
by a prolonged calcium hydroxide treatment or 
by the use of calcium silicate-based plugs. 
Nevertheless, common treatment procedures 
such as apexification prevent further root 
development, and make the teeth more 
susceptible to fracture as a result of thin root 
dentinal walls [1]. Today, guided pulpal 

regeneration (GPR) is suggested as almost the 
best possible treatment alternative for 
immature permanent teeth with a necrotic pulp. 
This biologically based procedure is attempted 
to restore the anatomy (apical closure and root 
development) and function of damaged tissues 
[2]. To induce stem cell proliferation, regenerate 
dental pulp connective tissue, and continue root 
maturation, GPR depends on the triad of stem 
cells, scaffolds, and growth factors [3]. According 
to recent evidence, induction of bleeding in the 
periapical tissue of a disinfected root canal, 
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followed by the application of a suitable 
biomaterial, can stimulate tissue engineering 
[4]. There are various protocols for this 
treatment, but most of them follow the same 
principle as suggested: minimal 
instrumentation, irrigation with sodium 
hypochlorite (NaOCl), application of intracanal 
medicament, blood clot formation, or 
introduction of a scaffold into the canal space, 
biomaterial placement, and coronal sealing [5]. 
The available reports of successful GPR 
procedures appear to be attributed to proper 
infection control. Different techniques/methods 
of disinfection (mainly using calcium hydroxide 
or different antibiotic pastes) have been 
introduced for this purpose [6]. Although GPR is 
mainly used for anterior teeth, this technique 
was recently used for treatment of immature 
necrotic molars as well [7].  
This study aimed to monitor the outcome of GPR 
with blood clot scaffold and double antibiotic 
paste (DAP) as an intracanal medicament for 
treatment of immature necrotic molars. In 
addition, a mini-review of the factors affecting 
the outcome of GPR is provided. 
 
CASE REPORT 

Case 1: 
An 8-year-old female patient with a chief 
complaint of pain and abscess in the 
posterior mandible and no history of 
systemic problems was referred to our 
dental clinic. After clinical and radiographic 
dental examinations, tooth #36 was 
diagnosed with chronic apical abscess (Fig. 
1). A pedunculated gingival growth with a 
sinus tract opening was found in the 
vestibule. Following administration of local 

anesthesia using one cartridge of 2% 
lidocaine with 1:80,000 epinephrine (2% 
Xylopen; Exir Pharmaceutical Co., Tehran, 
Iran), the tooth was isolated with a rubber 
dam. Access cavity was prepared, and the 
working length was determined 
radiographically; due to the presence of 
open apices, an electronic apex locator 
could not be reliably used for working 
length determination. Root canal 
disinfection was done with minimum 
mechanical instrumentation with a #30 
stainless-steel K-file (Mani Co., Utsunomiya, 
Japan). Irrigation was performed with 1.5% 
NaOCl (20mL/canal, 5min) with a side-
vented 30-gauge needle (Tribest Co., 
Tehran, Iran). A 1:1 mixture of ciprofloxacin 
(Exir Pharmaceutical Co., Tehran, Iran) and 
metronidazole (Exir Pharmaceutical Co., 
Tehran, Iran) was dissolved in sterile saline 
(DAP) and a 1mg/mL solution of DAP was 
prepared for use as an intracanal 
medicament. After inserting the 
medicament into the canals with a sterile 
#25 K-file (Mani Co., Utsunomiya, Japan), 
the orifices were covered with 
polytetrafluoroethylene (Asia gold Co., 
Tehran, Iran), and the access cavity was 
temporarily restored with glass ionomer 
cement (GC Co., Tokyo, Japan). After 2 
weeks, the patient was recalled for the 
second visit; the sinus tract had been 
completely healed. Local anesthesia was 
induced using one cartridge of plain 3% 
mepivacaine (3% Exicaine; Exir 
Pharmaceutical Co., Tehran, Iran), the tooth 
was isolated with a rubber dam, and the 
temporary restoration was removed.

 

 
Fig 1. Intra-oral view of the tooth. A: First visit; arrow indicates a pedunculated sinus tract in the vestibule B: Second 
visit; the sinus tract healed after 2 weeks. C: 1-year follow-up. 
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Intracanal medicament was removed with saline 
using a side-vented 30-gauge needle (Tribest Co., 
Tehran, Iran) activated with an ultrasonic tip 
(Ultra Mint Pro; Eighteeth Co., China). Final 
irrigation was performed with 5mL of 17% EDTA 
(Morvabon Co., Tehran, Iran). A #25 hand file was 
used to provoke bleeding. The blood clot was 
used as a scaffold, mineral trioxide aggregate 
(MTA; Ex Root, Tehran, Iran) was placed in 
contact with the blood clot 2mm below the orifice, 
a wet cotton pellet was placed over it, and the 
tooth was temporarily restored with glass 
ionomer cement. A third visit was scheduled the 
following week for the patient to check the MTA 
setting before referral for permanent restoration 
with a composite built-up. After one year, the 
patient returned for the follow-up (Fig. 2). The 
patient reported no symptoms, the periapical 
lesion was completely healed, the mesial root 
apex was closed, and the dentinal wall thickness 
of the mesial and distal roots increased but no 
increase in root length was observed. The tooth 
did not respond to the sensibility tests, although 
we did not expect any response.  
Case 2:  
An 11-year-old female patient with a chief 

complaint of pain and abscess in the posterior 
mandible with a bad odor and no history of 
systemic health problems was referred to our 
dental clinic for treatment. Tooth #36 was 
diagnosed with a necrotic pulp with chronic 
apical abscess after clinical and radiographic 
dental examinations (Fig. 3). A sinus tract was 
visible in the vestibule, and a narrow 11-mm-
deep pocket was also found on the distal 
surface of the distal root. The same treatment 
procedure was followed as in the first case. 
Rubber dam was placed after local anesthesia 
was achieved by using one cartridge of 2% 
lidocaine with 1:80,000 epinephrine (2% 
Xylopen; Exir Pharmaceutical Co., Tehran, 
Iran). An access cavity was prepared, and the 
working length was determined using a 
periapical radiograph. Root canal disinfection 
was done with minimum instrumentation 
with a #30 stainless-steel K-file, and 
irrigation with 1.5% NaOCl (20mL/canal) 
using a side-vented 30-gauge needle (Tribest 
Co.,). The same procedure as described for 
Case 1 was used to prepare 1mg/mL 
concentration of DAP (1:1) for use as an 
intracanal medicament. 

 

 
Fig 2. A: Preoperative radiograph; B: Radiograph immediately after GPR. C: 1-year follow-up radiograph. 
 

 

Fig 3. Intra-oral view of the tooth. A: First visit; a pedunculated sinus tract is visible in the vestibule and a 10mm 
narrow deep pocket can be seen in the distal surface. B: Second visit; the sinus tract and narrow deep pocket healed 
after 3 weeks. C: Clinical view of the tooth at the 1-year follow-up was normal.  
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After delivery of the medicament into the canal 
with a sterile #25 K-file (Mani Co., Japan), the 
orifices were covered with 
polytetrafluoroethylene (Asia gold Co.,), and 
the access cavity was temporarily restored with 
glass ionomer cement (GC Co.,). After 3 weeks, 
the patient was recalled for the second visit. 
The sinus tract had been completely healed; 
local anesthesia was administered using one 
cartridge of plain 3% mepivacaine (3% 
Exicaine; Exir pharmaceutical Co.,), the tooth 
was isolated with a rubber dam, and the 
temporary restoration was removed. The 
intracanal medicament was removed with 
saline using a side-vented 30-gauge needle 
with an ultrasonic tip (Ultra Mint Pro; Eighteeth 
Co.,). A final irrigation with 5mL of 17% EDTA 
(Morvabon Co.,) was performed. Bleeding was 
induced with the use of a #25 hand file. MTA 
(Ex Root, Tehran, Iran) was placed in contact 
with the blood clot 2mm below the orifice, a 
wet cotton pellet was placed over it, and the 
tooth was temporarily restored with glass 
ionomer cement. One week later, the patient 
returned for the third appointment to verify the 
MTA settings, after which she was referred for 
permanent amalgam restoration. At the one-
year follow-up, the patient had no symptoms, 
and the periapical lesion had been completely 
healed (Fig. 4). The mesial root canals exhibited 
calcification, while the distal root apex 
displayed near-complete closure, and the 
dentinal wall thickness and root length had 
increased. The tooth did not respond to the 
sensibility tests. 
 
DISCUSSION 

Despite all the efforts and research done in the 
field of GPR, the outcome of GPR is still 

unpredictable. Table 1 provides a summary of 
systematic reviews that compared variables 
influencing the GPR outcome. Based on the 
American Association of Endodontists’ 
statement about the clinical considerations of 
GPR procedures, the outcome of GPR 
treatment is measured by 3 main criteria: the 
first goal is elimination of symptoms and 
evidence of bone healing, the second goal is an 
increase in root wall thickness and/or 
increment in root length (desirable, but 
perhaps not essential), and the third goal is a 
positive response to pulp tests (which if 
achieved, could indicate a more organized 
vital pulp tissue) [8]. A case series conducted 
by Chrepa et al., [9] which was claimed to have 
the largest number of samples among all 
similar studies discussed different factors 
associated with the outcome of GPR treatment. 
They used age instead of the stage of root 
development and apical foramen diameter 
because these factors are strongly correlated 
with each other [9]. A recent meta-analysis 
comparing the outcome of GPR and non-
surgical root canal treatment reported that 
there was no significant difference between 
these methods. The criterion of success in 
their study was the resolution of clinical signs 
and symptoms and healing of periapical 
lesions (indicating the first goal of GPR), but 
there was a significant difference between 
GPR and non-surgical root canal treatment in 
responding to electric pulp test (indicating the 
third goal of GPR) [10]. A meta-analysis 
assessing the effect of the etiology of pulp 
necrosis on the outcome of GPR concluded 
that the outcome of the treatment was the 
same whether the pulp necrosis etiology was 
caries, trauma, or dens invaginatus [11]. 

 

 
Fig 4. A: Preoperative radiograph; B: radiograph immediately after GPR; C: 1-year follow-up radiograph. 
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Table 1. Studies comparing factors affecting GPR 

Author  Aim of the study 
Compared 

factors 
Conclusion 

Fang et al. 

(2018) 

[15] 

To compare the effect of 

apical diameter on 

regenerative endodontic 

outcome  

Clinical success: 

Complete or 

incomplete 

healing 

Clinical success rates were the highest for 

teeth with apical diameters between 0.5 

and 1.0mm 

Koç & Del 

Fabbro 

(2020) 

[11] 

To compare the effect of 

pulp necrosis etiology on 

regenerative endodontic 

outcomes  

Pulp necrosis 

due to caries 

Pulp necrosis etiology did not have a 

significant effect on regenerative 

endodontic outcomes. 

Pulp necrosis 

due to trauma 

Pulp necrosis 

due to dens 

invaginatus 

Chrepa et 

al. (2020) 

[9] 

To assess the predictors of 

regenerative endodontic 

outcome 

Success rate 

Pulp necrosis due to caries, using Ca(OH)2 as 

an intra-canal medicament and 1.5% NaOCl 

was associated with a higher risk of failure 

Root 

development 

Age  
Younger patients had 

more root development. 

sex 
Female patients had 

more root development. 

Etiology of 

pulp necrosis 

Pulp necrosis due to 

caries was a risk factor 

for root development. 

Disinfection 

protocol 

6% NaOCl and full-

strength DAP were 

associated with more 

root development. 

Perioperative 

apical 

diagnosis 

An acute apical abscess 

was associated with 

more root development 

and asymptomatic apical 

periodontitis was 

associated with less root 

development. 

Sensibility test 

response 

Teeth with more root development were 

associated with more sensibility response. 

Discoloration  
Use of MTA as biomaterial was associated 

with tooth discoloration. 

Glynis et 

al. (2021) 

[10] 

To compare regenerative 

endodontic outcomes with 

non-surgical root canal 

treatment 

Resolution of 

signs and 

symptoms 

There was no significant difference 

between the two methods. 

Healing of 

preapical lesion 

There was no significant difference 

between the two methods. 

Response to 

electric pulp 

test 

Response to electric pulp tests was 

significantly higher in regenerative 

endodontic treatment. 
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Table 1 cont’d 

Tang et al. 

(2022) [3] 

To compare the effect of a 

blood clot and platelet 

concentrate as the 

intracanal scaffold on 

regenerative endodontic 

treatment 

Clinical success 
There was no significant difference 

between scaffolds. 

Response to 

cold and electric 

pulp tests 

There was no significant difference 

between scaffolds. 

Periapical 

healing 

GPR with blood clot scaffold resulted in 

more periapical healing. 

Apex closure 
There was no significant difference 

between scaffolds. 

Root 

lengthening 

There was no significant difference 

between scaffolds. 

Root canal 

thickening 

There was no significant difference 

between scaffolds. 

Panda et 

al. (2022) 

[14] 

To compare the effect of a 

blood clot and platelet 

concentrate as the 

intracanal scaffold on 

regenerative endodontic 

treatment 

Dentin wall 

thickness 

There was no significant difference 

between scaffolds. 

Increased root 

length 

There was no significant difference 

between scaffolds. 

Apical foramen 

width  

There was no significant difference 

between scaffolds. 

Vitality 

response 

GPR with platelet concentrate scaffold 

resulted in more significant vitality 

responses. 

Success rate 
There was no significant difference 

between scaffolds. 

Almutairi 

et al. 

(2022) 

[16] 

To compare the effect of 

intracanal medicament on 

intracanal calcification 

after regenerative 

endodontic treatment 

Calcium 

hydroxide paste 

compared with 

antibiotics 

Calcium hydroxide paste as intra-canal 

medicament resulted in more intra-canal 

calcification after Regenerative endodontic 

treatment. 

Hu et al. 

(2023) [2] 

To evaluate treatment 

outcomes of regenerative 

endodontic treatment in 

nonvital immature 

permanent teeth due to 

developmental 

malformation and trauma 

Root 

development 

The etiology influenced the outcome, and 

malformation cases were more likely to 

present with a positive outcome than 

trauma cases. 

 
According to a systematic review and meta-
analysis by Koç and Del Fabbro [11], the 
etiology of pulp necrosis before 
regeneration treatment such as trauma, 
dens evaginatus, and caries did not make a 
significant difference in treatment outcome. 
They highlighted that GPR can be 
successfully applied to immature necrotic 
teeth, irrespective of the specific cause of 
pulp necrosis [11]. However, another study 

showed that the etiology seems to influence 
the outcome of regeneration treatments, as 
the prognosis of malformation cases was 
better than that of trauma cases following 
treatments [12]. 
Two meta-analyses compared the effects of 
different scaffolds on GPR outcome. Tang et al. 
[13] compared blood clots and platelet 
concentrate as intra-canal scaffolds. Based on 
their meta-analysis, there was no difference 
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between these two methods in treatment 
outcome success, root length, thickness 
increment, apical closure, and electric pulp 
test response. Panda et al. [14] conducted 
another meta-analysis comparing outcomes of 
different GPR procedures using apical platelet 
concentrate and blood clots as an intracanal 
scaffold. They showed that these two scaffolds 
led to the same outcome.  
Apical foramen size may affect the outcome of 
GPR. A review conducted by Fang et al. [15] led 
to the conclusion that the highest level of 
success was achieved when the apical foramen 
size was 0.5-1 mm. They also mentioned that 
this might be related to other potential factors 
including patient’s age, the etiology of pulp 
necrosis, presence of preoperative apical 
radiolucency, procedural details, follow-up 
period, or sample size [15].   
The intracanal medicament may also affect the 
outcome of GPR. Almutairi et al. [16] 
conducted a meta-analysis to assess the effect 
of antibiotic paste and calcium hydroxide on 
GPR outcome. Data analysis showed that 
calcium hydroxide placement as intracanal 
medicament resulted in more canal 
calcification compared to antibiotics. 
 
CONCLUSION 

Recent meta-analyses have identified several 
factors associated with favorable outcomes in 
GPR. These include better periapical healing 
with blood clot scaffolds (rather than platelet 
concentrate scaffolds), better pulpal response 
to electric pulp testing with platelet 
concentrate scaffolds (rather than blood clot 
scaffolds), and less intra-canal calcification 
after medication with antibiotic pastes (rather 
than calcium hydroxide paste). Nevertheless, 
the outcome of GPR remains unpredictable 
even in teeth with similar initial conditions 
and similar treatment protocols, or even in 
different roots of the same tooth, and an ideal 
protocol for GPR is still lacking. 
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