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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Aim: To analyze the current literature data on the topic of 

prospects and distant results after endodontic surgery.
Materials and Methods: A systematic review was conducted 

following the PRISMA 2020 guidelines. This review was written 
with the help of literature searches in the electronic databases 
Google Scholar and PubMed. This systematic review aims to 
assess the current literature data on the topic perspectives and 
long-term results after endodontic surgery.

Results: A total of 952 articles were reviewed. After analyzing 
the literature according to the inclusion criteria, the final 
number was 52. Articles whose content related to the concept 
of prospective and distant results after endodontic surgery were 
selected and included in the review.

Conclusion: Endodontic surgery is a useful tool for the dentist 
to ensure long-term tooth preservation. The long-term results of 
surgical interventions show different outcomes and dependence 
on many factors.

Key words. Endodontic surgery, periapical surgery, 
apicoectomy, cystectomy, retrograde filling.
Introduction.

Endodontic surgery is an important tool in the dentist's arsenal 
for the treatment of complex endodontic cases. This area of 
dental practice allows access to pathologic foci associated 
with the roots of teeth, which are inaccessible in non-surgical 
endodontic treatment. Surgical endodontics allows to achieve 
complete treatment of the affected area and create favorable 
conditions for tissue healing.

Current trends in endodontics indicate that microsurgical 
techniques are becoming more widespread. Microsurgical 
protocols, due to their minimally invasive nature, provide a less 
traumatic surgical intervention and accelerated tissue recovery 
in the postoperative period.

However, despite advances in technology and surgical 
techniques, many questions about the long-term efficacy and 
prospects of endodontic surgery remain open. 

This systematic review aims to assess the current literature data 
on the topic perspectives and long-term results after endodontic 
surgery.
Materials and Methods.

An electronic search was carried out using the following 
databases: PubMed, Google Scholar with content related to the 
prospects and long-term results after endodontic surgery were 
selected and included in the review. The search assessed all the 
literature published internationally no later than 2010 year. Four 
medical subject heading (MeSH) terms: endodontic surgery, 
periapical surgery, cystectomy, retrograde filling.

1) Study design:
This systematic review was conducted following the PRISMA 

guidelines. The review adhered to the PRISMA 2020 Checklist 
and was carried out in line with current recommendations for 
systematic reviews and meta-analyses [1,2].

PICO Question: What are the prospects and long-term results 
after endodontic surgery, which materials and techniques 
perform better in extended time?

- P (Population): Teeth undergoing endodontic surgery due to 
pathological processes related to the roots of teeth.

- I (Intervention): Usage of conventional protocol and MTA as 
a filling material.

- C (Comparison): The long-term results for operations with 
diagnostic techniques, other restorative materials, and surgical 
protocols.

- O (Outcomes): Long-term outcomes and prospects after 
endodontic surgery, with focus on materials and techniques 
exhibiting extended efficacy over time.
2) Eligibility criteria:

Publications were included based on the following inclusion 
criteria:

1. Articles dated 2010 and later.
2. Examination of the relevance of data on dental health saving 

programmes for students in the Russian Federation.
3. Consideration of the effectiveness of the implemented 

prevention programmes.
The articles were reviewed and analysed in several stages. The 

first selection criterion was the choice of publications whose 
titles included at least 1 search term. Next, papers dated later 
than 2010 were excluded. At the last stage, the content of full-
text versions of the selected articles was studied.
Inclusion criteria:

1) Articles published in the English language or those having 
a summary in English.

2) Articles published in the Russian language.
3) Case series.
4) In vivo studies.
5) Randomized controlled trials.
6) Randomized experimental trials.
[Studies in which еndodontic surgeries were performed using 

traditional and modified protocols and various filling materials.]
Exclusion criteria:

1) Articles published in language other than English, Russian.
2) Systematic reviews.
3) Abstracts.
4) Letters to editors.
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3) Data collection and data items:
Two authors conducted an initial comprehensive screening 

to identify articles meeting the eligibility criteria. Full-text 
articles were retrieved for further evaluation if they met the 
inclusion criteria. Articles with insufficient data were excluded. 
Discrepancies were resolved through discussion until agreement 
was reached between the two primary authors. 
Data extraction.

A Microsoft Excel spreadsheet (Microsoft Corporation, 
Redmond, Washington) was specifically designed to document 
inclusion and exclusion criteria, along with detailed reasons 
for data extraction processing. Two authors comprehensively 
selected the studies, and any discrepancies were resolved 
through discussion to reach a consensus (Figure 1).
Discussion.

Endodontic surgery has become an integral part of dental 
practice, providing an opportunity to save a tooth in case 
of ineffectiveness of conservative methods of treatment of 
inflammatory diseases of periodontal tissues, cystic formations 
and errors during endodontic treatment of tooth canals.

Studies show that the prevalence of apical periodontitis 
affecting at least one tooth ranges from 12% to 52%. The 
predominant number of patients is found in countries with 
developing economies. There is a clear correlation between 
the development of periodontitis and the presence of somatic 
pathologies. Patients with such diseases as diabetes mellitus, 
liver, blood and bone diseases have an increased risk of 
inflammation and subsequent destruction of periodontal 
tissues [3-6]. Quite often canals omitted during the endodontic 
treatment can lead to periodontal complications and the need for 
apical surgery [7].

Radicular cysts arising from inflammation and infection 
of dental tissues occupy one of the leading positions among 
periapical lesions. The main mechanism of their pathogenesis is 
associated with the proliferation of epithelial islets of Malasse, 
which are activated under conditions of persistent inflammatory 
process [8]. In the case of initial treatment, pathologic formations 
are subjected to standard endodontic therapy. In the absence 
of the expected therapeutic effect and persistence of clinical 
symptoms, the dentist has to resort to endodontic surgery [9].

Endodontic treatment, despite the high degree of development, 
is not without the risk of errors. The most serious complications, 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Flow diagram [1,2].
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potentially jeopardizing the patient's health, are the withdrawal 
of filling material beyond the apical opening of the tooth root, 
apical perforation, and fragmentation of the instrument in the 
tooth canal [10-13]. 

Tooth-preserving surgeries promote alveolar bone 
maintenance, soft tissue aesthetics, and shortened rehabilitation 
period after intervention [14].
Apical resection.

Analysis of the clinical outcomes of different apical resection 
protocols demonstrates significant differences in treatment 
success in different postoperative periods (Table 1).

Table 1. Comparison of operation protocols.

Surgical protocols
Absence of clinical 
symptoms (1-year 
follow-up)

Full restoration of 
bone structure

Traditional protocol
(low-speed handpieces 
for osteotomy, 45° tooth 
root sectioning and 
amalgam use) 

67% 60%

Modernized protocol
(Use of a microscope, 
90-degree resection, 
use of an ultrasonic 
handpiece and retrograde 
MTA filling)

90–92% 71%

A study of the traditional protocol for root apex resection, 
including the use of low-speed osteotomy tips with a 45° 
tooth root section and the use of amalgam as a filling material, 
showed partial success of the performed method. One year 
after the operation clinical symptoms were absent in 67% of 
patients, complete restoration of bone tissue was observed in 
60% of patients. The obtained data are confirmed in the study 
of Alkhuwaitir S et al, where the success rate of amalgam as a 
restorative material was estimated at 48% [15].

A modernised method of operation involving the use of 
microscope, 90-degree root resection, ultrasonic root canal 
treatment and retrograde filling with mineral trioxide aggregate 
cement (MTA) in endodontic surgery resulted in a significant 
increase in success rate. Successful postoperative recovery was 
observed in 90%-92% of cases. Complete healing of the defect 
was recorded in 71% of cases. A five-year follow-up showed 
that dental treatment with MTA is slightly but superior to 
amalgam in terms of clinical outcome. The recurrence rate in 
the group with MTA was only 4%. Piezoelectric instruments for 
osteotomy and resection contribute to a better clinical outcome, 
demonstrating one year after treatment, complete bone recovery 
in 94% of patients [16,17]. Current endodontic microsurgery 
protocols have demonstrated improved efficacy and reduced 
complication rates compared to traditional techniques. А great 
role in the success of treatment has a qualitative homogeneous 
preliminary filling of the tooth root, which can be achieved by 
using sound and ultrasonic condensation of endodontic filling 
materials within a short time (2 s) [18].

The retrograde filling technique can increase the success of 
apexification by reducing root canal contamination and creating 

a seal. The most routine and effective material for this technique 
is MTA. This is largely due to its ability to activate cement 
formation [19-21]. This material demonstrates excellent apical 
sealing, due to its lack of shrinkage, and has a bacteriostatic 
effect (Table 2 and Figure 2) [22].

Table 2. Comparison of density changes according to groups.
Materials Pre-op density Post-op density

MTA 286.47 (199–396.78) 687.73 (103.56–
1289.7)

LPRF 305.3 (71.22–377) 670.81 (186.22–
904.86)

MTA+PRF 85.72 (44.33–200) 728.07 (495.27–
1485.27)

Figure 2. Post-op volume.

A study of MTA in combination with platelet-rich fibrin 
(LPRF) found that using MTA as a retrograde filling material 
resulted in better outcomes than using LPRF alone. The group 
receiving LPRF alone showed the least success, while the group 
receiving MTA in combination with LPRF showed results 
superior to the LPRF group and the maximum density increase 
was found in the MTA+PRF group. The study showed that the 
inclusion of LPRF in the root apex resection procedure did not 
improve bone healing compared to the control group. The use 
of MTA as a retrograde filling material, alone or in combination 
with LPRF, was significantly more effective than in the control 
group. Although not statistically significant, the results suggest 
a possibly better return with MTA alone compared to the 
combination of MTA and LPRF. Thus, the data suggest that 
LPRF does not contribute significantly to periapical healing and 
the choice of appropriate retrograde material is paramount to a 
successful outcome [23]. The use of MTA as a retrograde filling 
material increases the success rate of surgical outcome by 1.5 
times in both the short term (1 year) and long term (Table 3) 
[24].

Compared to a polymer composite (Retroplast), MTA 
is significantly superior in terms of healing percentage, 
demonstrating almost complete tissue recovery [25]. To a minor 
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extent, MTA also performed better than a hardened modification 
of zinc-oxide-eugenol cement (Super EBA) [26]. However, in 
a study by Alkhuwaitir S et al, the success rate in the group of 
patients with MTA insertion was relatively low (64%). However, 
the same study looked at the application of Biodentine, which 
showed significantly higher efficacy, achieving success in 95% 
of cases. Perhaps the higher rate of complete healing with 
Biodentine is due to its ability to accelerate healing. This may be 
due to the significant formation of calcium silicate hydrate and 
calcium hydroxide that is characteristic of this silicate cement. 
This low success rate with MTA is probably due to the size of 
the pathological focus in the preoperative period [15].

The study of retrograde filling materials showed that the use 
of MTA and amalgam in root canals significantly stimulates 
angiogenesis. At the same time, Super EBA demonstrated an 
even lower level of angiogenesis compared to the control group. 
Application of sealant using CS-BG-multi bioactive glass 
showed insignificant proangiogenic properties comparable to 
the control group [27].
Cystectomy.

Apicoectomy performed during the procedure of cyst 
enucleation followed by retrograde filling with MTA ProRoot 
allowed to achieve 99% positive results. This may be due to 
the absence of infection in the root canal, and consequently 
there is no serious dependence on complete root canal sealing. 
A study conducted by KU JK and colleagues confirmed this 
assumption. Retrograde filling is not a necessary factor for 
successful treatment of non-inflammatory cysts, as all cases 
of such treatment ended positively. However, in the case of 
inflammatory cysts, the study showed that the absence of 
retrograde filling after apicoectomy also had a high efficacy rate 
of more than 99% [28].

Radiological observation 12 months after cystectomy noted 
almost complete filling of the defect with newly formed tissue 
[29,30]. Despite this, cases of more rapid bone regeneration 
have been described in the literature. Thus, in a study based on 
a 4-month radiologic follow-up of a patient after cystectomy 
of a radicular cyst using a xenograft (Bioss by Geistlish) and 
Bio-Gide collagen membrane, complete bone regeneration in 
the area of intervention was recorded (Table 4) [31].

The use of regenerative materials such as platelet- and 
leukocyte-rich fibrin (LPRF) and bone allograft show potential 
to accelerate tissue healing and improve surgical success. 
In a study by Garg M and colleagues, it was shown that the 
use of LPRF and freeze-dried bone allograft (FDBA) resulted 
in complete healing of the bone structure within 12 months. 
However, analysis of dynamic parameters revealed more 
favorable results in patients who received LPRF [32]. One-
year follow-up of patients after apical surgery confirmed 
the effectiveness of Bio-Gide membrane application. The 
application of LPRF had no significant effect on treatment 
outcomes [33]. Incorporation of bone regeneration materials 
into the cavity promotes the activation of angiogenesis. The 
greater angiogenic capacity of amniotic membrane compared 
to LPRF has been noted [34]. Corrector of bone and cartilage 
tissue metabolism (Alendronate) in combination with LPRF did 
not cause significant changes compared to the control group. 
The best healing results were observed in the group using LPRF 
in combination with hydroxyapatite [35].

One of the major challenges faced by the dentist during 
cystectomy is to preserve the vitality of teeth protruding into the 
cystic lumen. Clinical cases have described cases of successful 
preservation of the vitality of teeth that are in contact with the 
pathologic focus but are not the causative factor [36,37]. Up 
to 90% of such teeth can be preserved in the oral cavity after 
surgical intervention (Table 5) [33].

Table 5. The dependence of recovery time on the size of the bone defect.
Size of bone defect Time of recovery Healing success rate
2-5.0 mm 3-9 months ± 0.35 75-84% ± 0.45
5.1-9.9 mm 7-12 month ± 0.3 64-73% ± 0.5>10 mm >12 months

There are many factors that directly affect the time and success 
of treatment. The size of the bone defect is one of the most 
significant factors determining the time of complete healing of 
the pathologic focus. Recovery time took from 3 to 9 months for 
foci of 2-5.0 mm in size, 7-12 months for foci of 5.1-9.9 mm, for 
foci of 10 mm in size recovery took up to a year and was noted 
in slightly more than half of the subjects [8,38].

A direct correlation between the success rate of treatment and 
the size of the bone defect has been revealed [37]. Bone defects 
up to 5 mm have a higher success rate (75-84%) compared to 
larger defects (64-73%) [40-43].

Long-term follow-up (5-9 years) showed that the percentage 
of complete tooth healing was significantly lower than the mid-
term (1-4 years) rate of 67% [44]. This is consistent with the 
results obtained in a delayed (10 years) follow-up of maxillary 

Researches Materials Outcomes Value
Alkhuwaitir S, 
et al.
(2-year follow-up)

MTA 63,7%
P = 0,018Biodentine 95,5%

Von Arx T, et al.
(1-year follow up)

MTA 91,3% P = 0,003Retroplast 79,5%
Kim S, et al.
(1-year follow up)

MTA 91,6%
P = 0,08

Super EBA 89,9%

(4-year follow up) MTA
89,5% P =0,063Super EBA

Table 3. Distant outcomes with various materials.

Follow-up 
interval Result LPRF-

group
FDBA-
group Volume

6 months

Uncertain 
healing 0.0% 5.6%

P = 0.002Incomplete 
healing 50.0% 94.4%

Complete 
healing 50.0% 0.0%

12 months Complete 
healing 100.0% 100.0% NA

Table 4. Inter-group comparison of bone healing.
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premolars. However, the study by von Arx et al. demonstrates a 
higher mean success rate of 81.5% after 10 years [45]. The tooth 
survival rate decreases as the postoperative period increases. 
Over a 10-year period, tooth survival decreases from 95% to 
83% [42].

Many studies show different clinical success depending on 
the teeth belonging to different groups. The highest success rate 
was observed among the frontal group of teeth, the percentage 
of restoration of premolars and molars was almost at the same 
level. However, the study by Lai PT et al. demonstrates greater 
treatment success among premolars. 
Diagnostic methods and modern technologies.

The use of magnifying devices during surgical procedures has 
become more common over the years. This helps to improve 
the accuracy and detail of the surgical intervention, which in 
turn allows for more predictable treatment and positively affects 
the outcome of the surgery. The success rate of endoscopic 
endodontic treatment has been reported to be more than 90-95% 
[38,46].

Despite the use of optical devices there is still a risk of making 
mistakes during surgical intervention and manifestation of 
complications in the postoperative period. The most common 
causes of endodontic treatment failures are isthmus and 
untreated root canals, the detection rate of which was 36% and 
6.8%, respectively [47].

Modern endodontic surgery cannot exist without radiographic 
methods of diagnosis and treatment planning [48]. A study 
aimed at comparing 2D (periapical radiography) and 3D 
(CBCT) imaging methods showed no significant differences in 
the assessment of treatment success. However, CBCT provides 
more accurate visualization of the periapical area, allowing for a 
more accurate assessment of the degree of healing and resolving 
cases with uncertain treatment outcome [18]. CBCT has been 
found to have higher diagnostic accuracy than periapical 
radiography and orthopantomogram in both the pre- and 
postoperative periods. CBCT results provide 100% diagnostic 
and follow-up accuracy, which is approximately double that of 
the other two two-dimensional methods [49].

Static and Dynamic Navigation System (DNS) techniques, 
based on the creation of a surgical template through preoperative 
CBCT and real-time computerized tracking of instrument 
positions, respectively, can improve the success of tooth-
preserving surgeries. The DHC-ENDO1 dynamic navigation 
system developed by DCARER Medical Technology has 
achieved a 95% success rate in osteotomy and root resection 
[50]. This technology can reduce access preparation time, 
minimize the amount of excised tissue, reduce the risk of errors, 
and facilitate the search for calcified canals. With dynamic 
navigation, the dentist can perform procedures with greater 
accuracy and efficiency [51]. The operative time is reduced by 
about 2 times when DNS is used regardless of the experience 
of the clinician, which certainly has a positive impact on the 
outcome of the surgery [52].

Conclusion.
Endodontic surgery is a valuable tool in dental practice 

for solving complex endodontic cases where traditional 
conservative methods are ineffective. 

Endodontic surgery can provide successful treatment and long-
term tooth preservation, improving the patient's quality of life. 
However, it is important to realize that the outcome of surgery 
depends on a few factors that have a significant impact on the 
success of the surgical outcome. The results of the authors of the 
different studies show differences in the success rate of different 
restorative materials, which requires further study to obtain 
more homogeneous results.

In the future, it is necessary to continue research in the 
field of endodontic surgery to optimize techniques, develop 
new protocols and materials, and improve the efficiency and 
predictability of treatment.
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РЕЗЮМЕ
ПЕРСПЕКТИВЫ И ОТДАЛЕННЫЕ РЕЗУЛЬТАТЫ 

ПОСЛЕ АПИКАЛЬНОЙ ХИРУРГИИ
Хабадзе З.С, Мер И.Я, Фокина С.А, Митюшкина Т.А, 

Какабадзе Е.М, Бадалов Ф.В, Должиков Н.А, Саидян С, 
Умаров А.Ю, Вехби А.

Медицинский институт, ФГАОУ ВО «Российский 
Университет Дружбы Народов им. Патриса Лумумбы» 
(РУДН).

Цель: проанализировать современные литературные 
данные на тему перспектив и отдаленных результатов 
после эндодонтической хирургии.

Материалы и методы: систематический обзор был 
проведен в соответствии с рекомендациями PRISMA 
2020. Обзор был написан с помощью поиска литературы в 
электронных базах данных Google Scholar и Pubmed. Цель 
данного систематического обзора - оценить современные 

литературные данные по теме перспектив и отдаленных 
результатов после эндодонтической хирургии.

Результаты: всего было проанализировано 952 статьи. 
После анализа литературы в соответствии с критериями 
включения их количество составило 54. В обзор были 
отобраны и включены статьи, содержание которых 
касалось концепции перспектив и отдаленных результатов 
после эндодонтической хирургии.

Заключение: эндодонтическая хирургия является 
полезным инструментом для стоматолога, обеспечивающим 
долгосрочное сохранение зуба. Отдаленные результаты 
хирургических вмешательств имеют различные исходы и 
зависят от многих факторов.

Ключевые слова: эндодонтическая хирургия, 
периапикальная хирургия, апикоэктомия, цистэктомия, 
ретроградное пломбирование.
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