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Abstract 

Background: Intraradicular and/or extraradicular bacteria have been consistently associated with primary and post-treatment 
periapical lesions. Although the initial success rate for orthograde endodontic procedures is high, complications after treatment 
are common. If pathosis persists following a root canal procedure, it is advisable to consider endodontic retreatment as the 
primary treatment option. When a non-surgical root canal treatment fails or is insufficient to save the tooth, surgical interven-
tion becomes necessary. The regeneration of large periapical defects can be quite challenging after periradicular surgery. In 
such cases, the proliferation of gingival connective tissue or the migration of oral epithelium into the defect can hinder the 
formation of normal trabecular bone. Guided Tissue Regeneration (GTR) can be used alongside endodontic retreatment to 
facilitate the restoration of hard tissue in cases involving large periapical lesions.   
Aim: The goal is to assess the impact of a resorbable collagen-based membrane and bone graft material following endodontic 
retreatment and cyst enucleation on the healing process of large periapical lesions.   
Methods: Clinical and radiographic evaluations led to a provisional diagnosis of a radicular cyst, which was later confirmed 
through biopsy. Root canal retreatment was undertaken, during which surgical treatment included apical resection without 
retrograde filling and enucleation of the cyst, followed by the placement of the bone graft and the resorbable membrane.   
Result: The combination of bone graft material and a resorbable barrier membrane alongside endodontic retreatment may 
have increased rapid bone regeneration in a large periapical lesion.   
Conclusion: In case of a large periapical lesion the use of a bone graft material and resorbable barrier membrane conjunct 
with endodontic treatment/retreatment is the effective method, which provides the regeneration of a large periapical lesion in 
the shortest possible time. (TCM-GMJ August 2025; 10 (2): P26-P31)  
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  Introduction 
 

eriapical periodontitis, also known as apical 
periodontitis, is an acute or chronic inflamma-
tory lesion around the apex of a tooth root, 
due to bacterial invasion of the tooth's pulp. It 

is often a consequence of untreated dental caries. Other 
contributing factors can include occlusal trauma resulting 
from 'high spots' following restoration work, the expulsion 
of root filling material from the root canal, or bacterial 
infection stemming from the periodontium. Periapical per-
iodontitis can progress into a periapical abscess, resulting 
from the dissemination of infection originating in the 
tooth pulp (odontogenic infection), or it can lead to a peri-
apical cyst, characterized by a fluid-filled structure lined 
with epithelium. 

The radiographic features of early-stage periapical in-

P 
flammatory lesions might not exhibit any radiographic 
alterations - the diagnosis of such lesions depends entirely 
on clinical symptoms. In contrast, more longstanding le-
sions can display either resorption (radiolucent) or sclerot-
ic (radiopaque) features, or a combination of both. Most 
periapical radiolucent lesions typically heal with standard 
Root Canal Therapy (RCT). RCT means shaping, clean-
ing, and decontaminating the spaces using files and irri-
gating solutions, followed by filling the shaped and disin-
fected canals. Although RCT procedures are generally 
effective, symptoms may persist or return (1,2,3)  

In certain instances, bacterial infection can extend to 
the periradicular tissues and lead to an extraradicular in-
fection. Biofilms that adhere to the apical extraradicular 
surfaces have been identified as a potential reason for the 
continued presence of apical periodontitis post-treatment 
Consequently, even when periapical periodontitis with an 
extraradicular infection has undergone conventional root 
canal treatment, healing may not occur if the pathogens 
have already spread beyond the reach of current treatment 
methods (4,5,6). 

 Given this, endodontic surgery is a reliable and effec-
tive treatment option for periapical lesions and is advised 
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in cases of failure after standard endodontic treatment/
retreatment or when orthograde treatment is inappropriate 
(7). In recent decades, the criteria for endodontic surgery 
have decreased. Surgical intervention should only be con-
sidered when non-surgical endodontic techniques have 
failed to resolve the infection and periapical disease. The 
main objective of this procedure is obtaining the regenera-
tion of periradicular tissue, including the formation of a 
new ligament complex through the exclusion of any harm-
ful agent within the physical limits of the affected root. In 
particular, in certain cases, only surgical intervention can 
solve the problem, such as when a chronic lesion is related 
to a periapical cyst (8, 9).                

The surgical options available after unsuccessful RCT 
include Re-Root Canal Treatment (ReRCT) and apicoecto-
my, or extraction. The procedures of apicoectomy mean 
the elimination of necrotic and infected tissues, the resec-
tion of the apical part of the tooth with or without retro-
grade filling to avoid reinfection of the root canal (10, 11).  

In situations involving large periapical lesions, regenera-
tion can be a considerable challenge in periradicular sur-
gery. In these cases, gingival connective tissue may prolif-
erate, or oral epithelium may invade the defect, impeding 
the formation of normal trabecular bone. The outlook for 
apical surgery may be affected by the size or location of 
the periapical bony defect. A substantial lesion can be re-
habilitated using Guided Tissue Regeneration (GTR) 
alongside endodontic treatment/retreatment. According to 
the American Academy of Periodontology, Guided Tissue 
Regeneration (GTR) is defined as a surgical procedure 
with the goal of achieving new bone, cementum, and peri-
odontal ligament attachment to a periodontal disease 
tooth, using barrier devices or membranes to provide 
space maintenance, epithelial exclusion, and wound stabili-
zation. Regenerative techniques are increasingly being em-
ployed in endodontic surgery. Periradicular regenerative 
surgery has presented clinically positive results for ques-
tionable teeth, confirming the formation of new tissues, 
showing radiographic resolution and even histologic evi-
dence of apical tissue regeneration (12,13, 14,15). In GTR, 
the main objective behind the application of a membrane 
is to ease selective migration and the repopulating of pro-
genitor cells in selected areas in the periodontal tissue (16). 
Thus, the fast way in which the oral epithelium proliferates 
and growth of the connective tissue for the bone defects is 
impeded, facilitates bone reparation (17). However, the 
various materials used in these techniques may influence 
healing differently (18, 19).  

 

  Methods 
 

A 24-year-old male patient visited the clinic “Minankari” 
in Tbilisi, Georgia. Ten years prior, he experienced pain 
and swelling in tooth #11 during orthodontic treatment, 
leading to endodontic procedures on #11. The patient had 
been symptom-free for the following decade. Recently, he 
expressed concerns regarding discomfort in relation to 
teeth #11 and #12. He reported no pain or discharge as-
sociated with these teeth. The extraoral examination re-
vealed no abnormalities. An intraoral clinical assessment 

of tooth #11 identified discoloration and inadequate resin 
restorations, while tooth #12 appeared intact. There were 
no signs of swelling, sinus tracts. Hyperemia was noted in 
the soft tissue surrounding teeth #11 and #12. Both teeth 
exhibited tenderness upon percussion and palpation. Eval-
uation of teeth #11 and #12 indicated normal probing 
depth of 3 mm. Pulp sensitivity tests using Endofrost 
(Roeko) showed no response from tooth #12.  

Intra-oral periapical (IOPA) radiograph displayed a satis-
factory root canal filling in #11, while tooth #12 remained 
intact. Significant periradicular bone loss was observed 
around both #11and #12(Fig. 1).  

Cone Beam Computed Tomography (CBCT) revealed 
irregular apical root resorption in tooth #11 (Fig.2.a, 2.b), 
along with the presence of a hypodense osteolytic area 
affecting both #11 and #12, partially bordered by a scle-
rotic halo (Fig. 2.a, 2.c, 2.d). It was noted that the lesion 
affected the root apices of the maxillary right central and 
lateral incisors (#11 and #12), resulting in the disruption 
of the labial cortical bone adjacent to the lesion while the 
palatal cortical walls of #11 and #12 remained intact 
(Fig.2.d, 2.e).  

After a comprehensive review of the images and clinical 
findings, a provisional diagnosis of a radicular cyst was 
established, this was subsequently confirmed through bi-
opsy. The proposed treatment plan included endodontic 
retreatment of #11, endodontic treatment of #12, and 
endodontic surgery#11, #12 utilizing the GTR technique. 
The patient consented to the treatment plan and signed a 
form permitting the implementation and scientific disclo-
sure of his treatment.  

         Access to the canals of tooth #11 was achieved 
with an endo access bur (Dentsply Sirona Inc., Tulsa, Ok-
lahoma). Gutta-percha removal was facilitated using a 
Gutta-Percha solvent (Endosolv E, Septodont Holding, 
Canada) and ProTaper Universal System retreatment files 
(PTUS, Dentsply Sirona Inc., Tulsa, Oklahoma). A drop 
of solvent was applied in the chamber to soften the gutta-
percha, and a total of 0.25 ml was used. PTUS instruments 
D1, D2, and D3 were utilized for the retreatment using 
the crown-down technique up to D3. The working length 
was re-established with an apex locator (Root ZX, J. Mori-
ta Corp., Tokyo, Japan). Each canal (#11, #12) was 
shaped with ProTaper Next rotary files, X1 through X2 
(Dentsply Maillefer, Ballaigues, Switzerland). During the 
instrumentation, the root canals were irrigated with 6 ml 
of 5.25% NaOCl, followed by normal saline. The irrigant 
was activated through passive ultrasonic irrigation using 
passive ultrasonic tips (Irrisafe #20/02, Newtron, Acteon, 
United Kingdom) for 30 seconds each. Calcium hydroxide 
was placed as an intracanal medicament (Ultracal XS, Ul-
tradent, Jordan) for four weeks, and the access openings 
were sealed with a temporary filling material (Coltsol, Col-
tene, Altstatten, Switzerland).  

Single Cone Technique (SCT) was conducted using 
ProTaper Gutta-Percha (Dentsply Maillefer, Ballaigues, 
Switzerland) paired with a Bioceramic sealer (BioRoot 
RCS, Septodont, Saint-Maur-des-Fossés, France). The cor-
onal access was restored with an RMGIC base (Vitremer, 
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3M ESPE AG, Seefeld, Germany) and a composite resto-
ration (Tetric Ceram, Ivoclar Vivadent).  

For the surgical phase, the procedure began with a 
mouth rinse using chlorhexidine digluconate at 0.12% 
(Periogard® Colgate) for one minute. Extra-oral antisepsis 
of the surgical area was achieved using chlorhexidine di-
gluconate at 2%. The periradicular regenerative surgery 
was performed under local anesthesia, as described below. 

Anesthesia was administered through blocking the right 
infraorbital nerve along with supplemental infiltration at 
the tips of the central and lateral incisors, as well as block-
ing the nasopalatine nerve. A total of 8.8 mL of the anes-
thetic Articaine 4% with 1: 100000Articaine® epinephrine 
was utilized.  

 The surgical procedure was performed using Medical 
Dentist Surgical Binocular Magnifying Glasses with a mag-
nification of 4.0X.  

Sulcular horizontal incisions were created in the labial 
area, extending from the distal side of the left central inci-
sor to the distal side of the right canine tooth. A vertical 
incision was made to release #11 and #12. Initially, a par-
tial osteotomy was conducted employing a Piezotome M+ 
(Acteon) with substantial saline irrigation. The lesion was 
curetted using a Lucas-type alveolar curette. The excised 
lesion was submitted for histopathological assessment, 
which indicated a lining of non-keratinized stratified squa-
mous epithelium with mixed inflammatory infiltration, 
leading to a diagnosis of an odontogenic radicular cyst. 

With magnification assistance, the apical three millime-
ters of the right central and lateral incisors were resected 
using a Zecrya No. 151 drill (Dentsply-Maillefer®, Bal-
laigues, Switzerland), cooled with saline during the pro-
cess. The bone cavity was then filled with xenograft GTO 
(OsteoBiol), and a bio-absorbable collagen membrane 
Evolution (OsteoBiol) was placed over it. 

After repositioning the flap, it was first sutured at the 
junction of the vertical and horizontal incisions to achieve 
a tension-free closure. Subsequently, a horizontal suture 
was placed using simple interrupted sutures, followed by 
suturing the vertical incision, all executed with a 4-0 wire 
(VICRYL). 

Post-operative care and pain management instructions 
were provided in writing, which included applying ice, uti-
lizing dental floss, gentle brushing with a soft toothbrush, 
and rinsing with chlorhexidine digluconate at 0.12% for 
one minute after brushing in the morning and evening. 
Dietary recommendations were given, advising a liquid, 
paste, or frozen diet for the first 24 hours, and room tem-
perature or cold food for the next 48 hours. The patient 
was prescribed postoperative antibiotics to be taken three 
times a day for five days and analgesics twice a day for the 
same duration. Seven days later, the patient returned for 
suture removal. 

 

Results and discussion 
 

One week later: The patient was recalled for follow-up 
examinations after 5 and 10 months   

5-month follow- up: #11 and #12 were asymptomatic 

with no signs of infection. Periapical radiography showed 
the regeneration of labial cortical bone (Fig. 3.a, 3.b), al-
most healed at #11(Fig.3.c) and healing process at #12 
(Fig.3.d). 

10-month follow- up: #11 and #12 were asymptomatic 
with no signs of infection. CBCT image showed the thick-
ening of regenerated labial cortical bone (Fig.4.a, 4.b, 4.c) 
and healing was observed at #11(Fig. 4.d) and #12 
(Fig.4.e); however, the repaired alveolar bone appears 
more granular in comparison to the surrounding bone 
(Fig. 4.d, 4.e). 

Surgical intervention may be the only solution to a prob-
lem, such as when a chronic lesion is associated with a 
larger size periapical cyst (7,8,14). In this case, the tomog-
raphy revealed a hypodense area indicative of an inflam-
matory root cyst, which affected #11, #12. Moreover, api-
cal root resorption was noted in #11, likely leading to 
challenges in cleaning and shaping the apical third previ-
ously, which allowed for the retention of contaminated 
materials and biofilm, perpetuating the periradicular issue 
and the formation of a large periapical lesion. In this set-
ting, endodontic surgery was recommended as the pre-
ferred treatment. The steps involved in endodontic surgery 
include the removal of necrotic and infected tissue, resec-
tion of the tooth's apical portion and guarantee this result 
over time with a proper apical seal. Several procedures 
must be carried out properly to render endodontic surgery 
effective such as the hemostasis, the detection and remov-
al of the lesion, the retrograde cavity preparation, and the 
correct placement of the filling materials. By cleaning the 
canal system, and sealing the defect or cavity, the surgeon 
can prevent or diminish the spread of bacteria in the 
periradicular tissues.  The literature emphasizes the im-
portance of this retrograde filling, which should hermeti-
cally seal the root extremity to avoid reinfection of the 
root canal (10,21). The Mineral Trioxide Aggregate (MTA) 
is a hydrophilic biomaterial which has been successfully 
used in root canals since 1993 and has been recommended 
as a gold standard for apical sealing due to its sealing abil-
ity, its osteogenic potential and its biocompatibility. How-
ever, MTA® has a long setting time, poor handling prop-
erties, a high economic cost, low resistance to compres-
sion and flexion, and in addition may cause discoloration 
of the treated tooth. In order to solve the clinical problems 
with MTA®, a wide range of bioceramic materials have 
been developed (22). 

Techniques based on the 3 mm apical resection without 
retrograde preparation may represent a simplified and 
more conservative alternative to the standard procedures 
of apical surgery (23,24). Such simplification could be ac-
ceptable if there were suitable materials and techniques to 
overcome the drawbacks of their classic counterparts. Two 
possible options might be the intentional orthograde posi-
tioning of Mineral Trioxide Aggregate (MTA) or the SCT 
with bioceramic sealer (25,26) followed by the apical resec-
tion without further retrograde steps. The SCT represents 
a further simplification being fewer operators sensitive and 
capable of high-quality sealing ability. Especially in anterior 
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teeth with very difficult local conditions (sharply angled 
teeth, abundant mental protuberance) where ultrasonic 
preparation of retrograde cavity could cause more compli-
cations (micro cracks, axis of retrograde cavity not longitu-
dinal to the axis of the canal) than benefits.  With regard to 
cases with no retrograde filling, there may be some bene-
fits to this solution. 

 In our case the SCT with bioceramic sealer BioRoot 
RCS (Septodont, Saint Maur-des-Fosses, France) was used 
followed by the apical resection without further retrograde 
steps. This sealer consists of a powder and a liquid. The 
powder is composed of tricalcium silicate, zirconium diox-
ide, and povidone, and the liquid is composed of water, 
calcium chloride, and polycarboxylate.  Tricalcium silicate-
based sealers exhibit proven bioactivity in the presence of 
tissue fluids, with the deposition of hydroxyapatite ions on 
the surface of the material. This bioactivity induces the 
formation of hard tissue and the healing of connective 
tissue. Tricalcium silicates are highly hydrophilic which 
provides the advantage of allowing natural humidity in the 
dental canals and tubules, unlike other sealers, the behav-
ior of which is impacted by humidity. They are dimension-

ally stable, and do not contract while hardening, but in fact 
expand slightly, and are insoluble in tissue fluids (25,26, 
27).    

 Regenerative techniques are increasingly being em-
ployed in endodontic surgery; however, the various materi-
als used in these techniques may influence healing differ-
ently. Recent studies have indicated improved outcomes 
for bony lesions treated with regenerative techniques, us-
ing a bone graft material and resorbable barrier membrane 
conjunct with endodontic retreatment. Literature has re-
ported on the use of bone graft materials to improve peri-
apical healing (28, 29, 30 31). 

(32), demonstrated positive healing and repair results of 
Regenerative techniques, as they improve periapical lesion 
healing after endodontic surgery. The combined use of 
collagen membranes and bone graft materials may be ben-
eficial as an adjunct to endodontic surgery.   

 A systematic appraisal of the literature demonstrated 
some general improvement in surgical endodontic out-
comes by Guided Tissue Regeneration techniques. (33) 
conducted a systematic review and meta-analysis evaluat-
ing various bone regenerative materials for periradicular 
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surgery. Their meta-analysis showed higher success rates 
when bone graft materials were used in conjunction with 
barrier materials. (34) appraised the clinical evidence on 
the efficacy of Guided Tissue Regeneration techniques and 
included 11 randomized clinical trials comparing six Guid-
ed Tissue Regeneration techniques, including bone graft, 
membrane, membrane plus bone graft, platelet-rich plasma 
or membrane plus platelet-rich plasma. Both the mem-
brane and the membrane plus bone graft techniques 
demonstrated statistically significant odds ratios compared 
to procedures conducted without Guided Tissue Regener-
ation. 

 In several studies CBCT was reported to be more accu-
rate than periapical radiography and demonstrated a good 
agreement with histopathology, (35,36,37). In the current 
case, the initial radiograph suggests that the lesion appears 
to involve only the right central maxillary incisor. Through 
Cone Beam Computerized Tomography (CBCT), it was 
possible to observe irregular apical root resorptions in the 
involved #11. Also, the presence of an (hypodense) osteo-
lytic area #11 #12 was observed, partially delimited by 
sclerotic halo (hyperdense) (Fig.2). It was observed that 
the lesion involved the root apexes of the maxillary right 
central and lateral #11 #12, promoting rupture of the labi-
al cortical bone adjacent to the lesion, palatal cortical wall 
of #11 and #12 was not involved (Fig.2). 

Overall, the success of endodontic treatment is meas-
ured through a combination of clinical, radiographic, and 
histopathological factors. In terms of radiographic stand-
ards for assessing healing, it is recognized that CBCT 
serves as an essential resource in endodontic procedures, 
particularly for monitoring bone recovery after treatment 
(38,39,40).   

The microsurgical approach with Guided Tissue Regen-

eration is associated with better illumination and enlarge-
ment of the surgical field, thereby providing adequate ac-
cess to the intraosseous defect and debridement thereof 
with greater precision and minimal trauma (41).  

 In the present case, the magnification allowed for a 
greater precision in the management of the enucleation of 
the lesion, as well as primary closure without tension, 
thereby favoring an adequate evolution of the wound with 
minimal discomfort. Additionally, at 5 and 10 months of 
follow-up in the clinical and radiographic evaluation, suc-
cessful results were observed which were attributed to ade-
quate surgical management and the use of correct regener-
ation biomaterials.  

 

Conclusion 
 

The microsurgical management of a radicular cyst using 
the Guided Tissue Regeneration technique, resorbable 
membrane of type I bovine collagen and bovine xenograft 
after apicoectomy of the associated tooth without retro-
grade seal, allowed for successful removal of the periapical 
lesion and generated an environment conducive to healing 
in both hard and soft tissues. The successful outcome of 
this case confirms the efficacy of Guided Tissue Regenera-
tion using correctly-chosen biomaterials for the enuclea-
tion of the radicular cyst. Therefore, dentists should be 
aware of the potential benefits of these biomaterials that 
may be used to provide quality treatments for their pa-
tients.  

 

References 
1. Karobari MI, Veeraraghavan VP, Nagarathna PJ, Varma SR, Kodangattil 

Narayanan J, Patil SR. Predictive analysis of root canal morphology in relation 
to root canal treatment failures: a retrospective study. Front Dent Med. 2025 
Apr 24; 6:1540038. doi: 10.3389/fdmed.2025.1540038. PMID: 40343090; 
PMCID: PMC12058801. 



31  

  TCM&GMJ Vol. 10 Issue 2 2025                                                                                                                                                                                Chichua et  al .                                                                                                                            

2. Siqueira JF Jr, Rôças IN. Present status and future directions: Microbiology of 
endodontic infections. Int Endod J. 2022 May;55 Suppl 3:512-530. doi: 10.1111/
iej.13677. Epub 2022 Jan 13. PMID: 34958494. 

3. Fransson H, Dawson V. Tooth survival after endodontic treatment. Int Endod J. 
2023 Mar;56 Suppl 2:140-153. doi: 10.1111/iej.13835. Epub 2022 Oct 2. PMID: 
36149887 

4. Pérez AR, Rendón J, Ortolani-Seltenerich PS, Pérez-Ron Y, Cardoso M, Noites 
R, Loroño G, Vieira GCS. Extraradicular Infection and Apical Mineralized Bio-
film: A Systematic Review of Published Case Reports. J Clin Med. 2025 Mar 
28;14(7):2335. doi: 10.3390/jcm14072335. PMID: 40217783; PMCID: 
PMC11989643. 

5. Siqueira JF Jr, Silva WO, Romeiro K, Gominho LF, Alves FRF, Rôças IN. Apical 
root canal microbiome associated with primary and posttreatment apical perio-
dontitis: A systematic review. Int Endod J. 2024 Aug;57(8):1043-1058. doi: 
10.1111/iej.14071. Epub 2024 Apr 18. PMID: 38634795 

6. Zhang C., Yang Z., Hou B. Diverse bacterial profile in extraradicular biofilms and  
periradicular lesions associated with persistent apical periodontitis. Int. Endod. J. 
2021; 54:1425–1433. doi: 10.1111/iej.13512. - DOI - PubMed  

7. Setzer FC, Kratchman SI. Present status and future directions: Surgical endodon-
tics. Int Endod J. 2022 Oct;55 Suppl 4:1020-1058. doi: 10.1111/iej.13783. Epub 
2022 Jul 4. PMID: 35670053. 

8. Stueland H, Ørstavik D, Handal T. Treatment outcome of surgical and non-
surgical endodontic retreatment of teeth with apical periodontitis. Int Endod J. 
2023 Jun;56(6):686-696. doi: 10.1111/iej.13914. Epub 2023 Mar 29. PMID: 
36938637. 

9. Gulabivala K, Ng YL. Factors that affect the outcomes of root canal treatment 
and retreatment-A reframing of the principles. Int Endod J. 2023 Mar;56 Suppl 
2:82-115. doi: 10.1111/iej.13897. Epub 2023 Feb 10. PMID: 36710532. 

10.Li H, Guo Z, Li C, Ma X, Wang Y, Zhou X, Johnson TM, Huang D. Materials 
for retrograde filling in root canal therapy. Cochrane Database Syst Rev. 2021 Oct 
14;10(10):CD005517. doi: 10.1002/14651858.CD005517.pub3. PMID: 34647617; 
PMCID: PMC8515509. 

11.AlKhuwaitir S, Patel S, Bakhsh A, Rhodes JS, Ferrández LM, Mannocci F. Prog-
nostic Factors Affecting the Outcome of Surgical Root Canal Treatment-A Retro-
spective Cone-Beam Computed Tomography Cohort Study. J Clin Med. 2024 
Mar 15;13(6):1692. doi: 10.3390/jcm13061692. PMID: 38541917; PMCID: 
PMC10971449.  

12.Alkandari FA, Alotaibi MK, Al-Qahtani S, Alajmi S. The use of guided tissue 
regeneration in endodontic Microsurgery: Setting a threshold. Saudi Dent J. 2024 
Mar;36(3):461-465. doi: 10.1016/j.sdentj.2023.12.005. Epub 2023 Dec 12. PMID: 
38525183; PMCID: PMC10960144. 

13.Bieszczad D, Wichlinski J, Kaczmarzyk T. Treatment-Related Factors Affecting 
the Success of Endodontic Microsurgery and the Influence of GTR on Radio-
graphic Healing-A Cone-Beam Computed Tomography Study. J Clin Med. 2023 
Oct 6;12(19):6382. doi: 10.3390/jcm12196382. PMID: 37835026; PMCID: 
PMC10573613. 

14.Casimmiro M, Romeiro K, Almeida A, Gominho L, Albuquerque D. Clinical 
approach of extensive periapical lesion with periradicular regenerative surgery: A 
case report with 7-year follow-up. Int J Odontostomatol. 2022; 16(4):517-24. 

15.Chi CS, Andrade DB, Kim SG, Solomon CS. Guided tissue regeneration in endo-
dontic surgery by using a bioactive resorbable membrane. J Endod. 2015; 41
(4):559-62. 

16.Parmar PD, Dhamija R, Tewari S, Sangwan P, Gupta A, Duhan J, et al. 2D and 
3D radiographic outcome assessment of the effect of guided tissue regeneration 
using resorbable collagen membrane in the healing of through-and-through peri-
apical lesions - a randomized controlled trial. Int Endod J. 2019; 52(7):935-48. 

17.Gottlow J, Nyman S, Lindhe J, Karring T, Wennström J. New attachment for-
mation in the human periodontium by guided tissue regeneration. J Clin Perio-
dontol. 1986; 13(6):604-16. 

18.Sabeti M, Black N, Ramazani M, Zarenejaddivkolahei N, Moosazadeh M. Opti-
mizing Endodontic Surgery: A Systematic Review of Guided Tissue Regeneration, 
Grafting, and Platelet Concentrates vs. No Intervention. Dent J (Basel). 2025 Feb 
20;13(3):91. doi: 10.3390/dj13030091. PMID: 40136719; PMCID: 
PMC11941754.  

19.Liu TJ, Zhou JN, Guo LH. Impact of different regenerative techniques and mate-
rials on the healing outcome of endodontic surgery: a systematic review and meta-
analysis. Int Endod J. 2021 Apr;54(4):536-555. doi: 10.1111/iej.13440. Epub 2020 
Nov 28. PMID: 33159322. 

20.Chichua M, Matchavariani L. Public Voices in the Environmental Decision Mak-
ing in Georgia. European Journal of Sustainable Development, (2024). 13(1), 356.  
https://doi.org/10.14207/ejsd, 2024.v13n1p356 

21.Amador-Cabezalí A, Pardal-Peláez B, Quispe-López N, Lobato-Carreño M, Sanz-
Sánchez Á, Montero J. Influence of the retrograde filling material on the success 
of periapical surgery. Systematic review and meta-analysis by groups. Coatings. 
2022; 12:1140. 

22.Wang X, Xiao Y, Song W, Ye L, Yang C, Xing Y, Yuan Z. Clinical application of 
calcium silicate-based bioceramics in endodontics. J Transl Med. 2023 Nov 25;21
(1):853. doi: 10.1186/s12967-023-04550-4. PMID: 38007432; PMCID: 
PMC10676601  

23.Jeong-Kui Ku, Woo-Young Jeon, Seung-O Ko, Ji-Young Yoon. Assessing the 
efficacy of apicoectomy without retrograde filling in treating periapical inflamma-
tory cysts. J Korean Assoc Oral Maxillofac Surg. 2024 Jun 30; 50(3):140–145 

24.Angerame D, De Biasi M, Lenhardt M, Porrelli D, Bevilacqua L, Generali L, La 

Rosa GRM, Pedullà E. Root-end resection with or without retrograde obturation 
after orthograde filling with two techniques: A micro-CT study. Aust Endod J. 
2022 Dec;48(3):423-430. doi: 10.1111/aej.12634. Epub 2022 Jun 4. PMID: 
35665570 

25.Casino-Alegre A, Aranda-Verdú S, Zarzosa-López JI, Rubio-Climent J, Plasencia-
Alcina E, Pallarés-Sabater A. Intratubular penetration ability in the canal perime-
ter using HiFlow bioceramic sealer with warm obturation techniques and single 
cone. J Clin Exp Dent. 2022 Aug 1;14(8):e639-e645. doi: 10.4317/jced.59815. 
PMID: 36046173; PMCID: PMC9422975. 

26.Aminoshariae A, Primus C, Kulild JC. Tricalcium silicate cement sealers: Do the 
potential benefits of bioactivity justify the drawbacks? J Am Dent Assoc. 2022 
Aug;153(8):750-760. doi: 10.1016/j.adaj.2022.01.004. Epub 2022 Mar 5. PMID: 
35260235 

27.D'Amico G, Muwaquet Rodriguez S. Effectiveness of tricalcium silicate-based 
cements: Systematic review and meta-analysis. Saudi Dent J. 2024 Feb;36(2):208-
213. doi: 10.1016/j.sdentj.2023.10.015. Epub 2023 Nov 4. PMID: 38419984; 
PMCID: PMC10897538. 

28.Muthanna N, Guan X, Alzahrani F, Saif BS, Seyam A, Alsalman A, Alajami AE, 
Li A. Impact of regenerative procedure on the healing process following surgical 
root canal treatment: A systematic review and meta-analysis. PLoS One. 2025 Jan 
2;20(1):e0312751. doi: 10.1371/journal.pone.0312751. PMID: 39746110; PMCID: 
PMC11695025. 

29.Alajmi B, Karobari MI, Aldowah O. Treatment of a large through-and-through 
periapical lesion using guided tissue regeneration: A case report of 2-year follow-
up. Clin Case Rep. 2022;10(10): e6405. 

30.Shi J, Zhou J, Liu C, Liu Y, Si M. Radiographic bone volume alteration after jaw 
cyst  enucleation with or without simultaneous bone grafts: A prospective ran-
domized study. Clin Implant  Dent Relat Res. 2022 Aug;24(4):468-474. doi: 
10.1111/cid.13099. Epub 2022 May 16. PMID:  35576245.  

31.Flynn R, Foschi F, Maloney B, Creavin G, Duncan HF. The impact of bone 
grafting with/without barrier membrane placement on the outcome of apical 
surgery: A systematic review and meta-analysis. Int Endod J. 2024 Aug;57(8):1006
-1020. doi: 10.1111/iej.14066. Epub 2024 Mar 16. PMID: 38491954. 

32.Liu TJ, Zhou JN, Guo LH. Impact of different regenerative techniques and mate-
rials on the healing outcome of endodontic surgery: a systematic review and meta-
analysis. Int Endod J. 2021 Apr;54(4):536-555. doi: 10.1111/iej.13440. Epub 2020 
Nov 28. PMID: 33159322. 

33.Gómez Mireles JC, Martínez Carrillo EK, Alcalá Barbosa K, Gutiérrez Cortés E, 
González Ramos J, González Gómez LA, Bayardo González RA, Lomelí Mar-
tínez SM. Microsurgical management of radicular cyst using guided tissue regener-
ation technique: A case report. World J Clin Cases. 2024 Mar 6;12(7):1346-1355. 
doi: 10.12998/wjcc. v12.i7.1346. PMID: 38524520; PMCID: PMC10955527. 

34.Sumangali A, Naik AC, Mohan N, Gautam N, Abrol S, Mustafa M, Tiwari H. 
Bone Regenerative Biomaterials in Periapical Surgery: A Systemic Review and 
Meta-Analysis. J Pharm Bioallied Sci. 2021 Nov;13(Suppl 2):S933-S937. doi: 
10.4103/jpbs.jpbs_386_21. Epub 2021 Nov 10. PMID: 35017901; PMCID: 
PMC8686995 

35.Zubizarreta-Macho Á, Tosin R, Tosin F, Velasco Bohórquez P, San Hipólito 
Marín L, Montiel-Company JM, Mena-Álvarez J, Hernández Montero S. Influ-
ence of Guided Tissue Regeneration Techniques on the Success Rate of Healing 
of Surgical Endodontic Treatment: A Systematic Review and Network Meta-
Analysis. Journal of Clinical Medicine. 2022; 11(4):1062. https://doi.org/10.3390/
jcm11041062 

36.Hilmi A, Patel S, Mirza K, Galicia JC. Efficacy of imaging techniques for the 
diagnosis of apical periodontitis: A systematic review. Int Endod J. 2023 Oct;56 
Suppl 3:326-339. doi: 10.1111/iej.13921. Epub 2023 May 4. PMID: 37067066. 

37.Kruse C, Spin-Neto R, Evar Kraft DC, Vaeth M, Kirkevang LL. Diagnostic 
accuracy of cone beam computed tomography used for assessment of apical 
periodontitis: an ex vivo histopathological study on human cadavers. Int Endod J. 
2019 Apr;52(4):439-450. doi: 10.1111/iej.13020. Epub 2018 Oct 25. PMID: 
30267421. 

38.G K, Singh N, Yadav R, Duhan J, Tewari S, Gupta A, Sangwan P, Mittal S. Com-
parative analysis of the accuracy of periapical radiography and cone-beam com-
puted tomography for diagnosing complex endodontic pathoses using a gold 
standard reference - A prospective clinical study. Int Endod J. 2021 Sep;54
(9):1448-1461. doi: 10.1111/iej.13535. Epub 2021 Jul 9. PMID: 33904603. 

39.Sharma G, Abraham D, Gupta A, Aggarwal V, Mehta N, Jala S, Chauhan P, 
Singh A. Comparison of healing assessments of periapical endodontic surgery 
using conventional radiography and cone-beam computed tomography: a system-
atic review. Imaging Sci Dent. 2021 Nov 18; 52(1):1–9. 

40.Rosen E, Salem R, Kavalerchik E, Kahn A, Tsesis I. The effect of imaging mo-
dality on the evaluation of the outcome of endodontic surgery. Dentomaxillofac 
Radiol. 2022 Dec 1;51(8):20220164. doi: 10.1259/dmfr.20220164. Epub 2022 
Nov 11. Erratum in: Dentomaxillofac Radiol. 2023 Nov 1;52(8):20220164c. doi: 
10.1259/dmfr.20220164. c. PMID: 36255349; PMCID: PMC9717397 

41.Antony DP, Thomas T, Nivedhitha MS. Two-dimensional Periapical, Panoramic 
Radiography Versus Three-dimensional Cone-beam Computed Tomography in 
the Detection of Periapical Lesion After Endodontic Treatment: A Systematic 
Review. Cureus. 2020 Apr 19;12(4): e7736. doi: 10.7759/cureus.7736. PMID: 
32440383; PMCID: PMC7237056. 

42.Bud MG, Pop OD, Cîmpean S. Benefits of using magnification in dental special-
ties—a narrative review. Med Pharm Rep. 2023; 96: 254–7. 

https://doi.org/10.1111/iej.13512
https://pubmed.ncbi.nlm.nih.gov/33711170/
https://doi.org/10.3390/jcm11041062
https://doi.org/10.3390/jcm11041062

