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Abstract

AIM. To identify the relationship between the extrusion of filling material and the periapical status when using CBCT.
MATERIALS AND METHODS. 500 CBCT scans of patients were studied, the condition of 2915 teeth and
6142 root canals were assessed. The cases of endodontic treatment, which are associated with the overfilling
(extrusion) of the filling material, are analyzed. Canals with an apical level of the root seal - 0-2 mm from the
X-ray apex of the root (3533 root canals) were considered as a control group. In all cases, the periapical
status was assessed. Methods of medical statistics have been applied.

RESULTS. Extrusion of the filling material was determined in 10.7% of the total number of endodontically
treated root canals. The material was located: 81.7% in bone tissue, 13% in the maxillary sinus, 4.7% under
oral mucosa of the alveolar process, 0.6% in the mandibular canal and/or mental foramen. In the control
group, the periapical status “unchanged” was noted in 89.5% of cases, pathological changes were detected
in 10.5% of cases. The remaining percentage of the total number of root canals was made up of underfilled or
missed root canals without taking into account the periapical status. A lower incidence of periapical changes
was determined when filling material was extruded into bone tissue (7.4%), than at the optimal level of root
canal filling (11.7%). The differences between the groups were found to be statistically significant. Practical
recommendations have been formulated to improve the accuracy of diagnosis, proper planning and increase
the effectiveness of endodontic treatment.

CONCLUSIONS. Extrusion of filling materialinto bone tissue is more often associated with effective endodontic
treatment than optimal filling of the root canal along the apical border of the root filling. In this regard, the
extrusion of the filling material into the bone tissue, in the case of a formed apical stop, can be considered
a sign of successful obturation of the root canal.
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Pesiome

LIE/1b. BbiiBUTb 32aBMCMMOCTb MEXAY BbIBEAEHMEM NJIOMOMPOBOYHOIO MaTepmana u nepmanmnkaibHbIM cTa-
Tycom npu ucnonb3osaHmmn KJIKT.

MATEPUATIbI N METOAbl M3yyeHo 500 kOMMbIOTEPHBIX TOMOrpamMm MaLMEHTOB, OLEHEHO COCTOSHUE
2915 3y6oB, 6142 kopHeBbIX kaHaNoB. NpoaHanM3npoBaHbl CayyYyanm 3HAOOOHTUYECKOrO NIEYEHMUS, KOTOpbIE
CBfI3aHbl C BblBEAEHNEM (3KCTPY3ME) NIOMOMPOBOYHOro MaTepuana. B KkayecTBe KOHTPOJIbHOM rpynnbl
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paccMaTpuBany kaHasbl C annkasbHbIM YPOBHEM KOPHEBOW NIOMObI — 0-2 MM OT PEHTIEHOJIOrMYEeCKOWN BEp-
XyLKM KopHs (3533 kopHeBbIX kaHana). Bo Bcex cryvyasix oueHeH nepuanukanbHbiii cTaTyc. NMpruMeHeHbl me-
TOAbl MEANLIMHCKOM CTaTUCTUKMN.

PE3YJIbTATbI. 3kcTpy3uns nnoMOnpoBoYHOro matepmana onpegenena B 10,7% cnydaeB OT obLlero ymicna
3HOOAO0HTUYECKM Ie4EeHHbIX KOPHEBbLIX KaHasnoB. Mpn aToMm maTepuan pacnonarancs: B 81,7% B KOCTHOM Tka-
HU, B 13% B BEpXHEYEetCTHOW nasyxe, B 4,7% nopa cnu3mcTo 060/104KOM anbBeoNISPHOro OTpocTka, B 0,6%
B HUXXHEYENIOCTHOM KaHasie U/Unm MeHTaNlbHOM OTBEPCTUU. B KOHTPOSILHOW rpynne nepuanunkanbHbli cTa-
TycC «6e3 nameHeHui» 611 oTMedeH B 89,5% cnyyaes, natonornyeckme nameHeHus obinn BoisieneHsl B 10,5%
cnyyaeB. OcTanbHOW NPOLEHT OT 0OLLEro YMca KOPHEBLIX KaHa/I0B COCTaBUAM HEAOMTIOMONPOBaHHLIE U
NPOoNyLLEHHbIE KOPHEBbLIE KaHabl 6€3 yyeTa nepuanmkanbHoro cratyca. OnpegesieHa MeHbLLas BCTpeyae-
MOCTb NepuanmkanbHbliX U3MEHEHM NPU BbIBEAEHNN NNOMONPOBOYHOIO MaTepurasna B KOCTHYIO TKaHb (7,4%),
4yeM npu oNTUMasibHOM YPOBHE NJoMOMpPOBaHUSA KOPHEBOro kaHana (11,7%). Pasnuuua mexay rpynnamm
NPU3HaHbl CTAaTUCTMYECKM 3Ha4YMMbIMK. CHOopMyNMpoBaHbl NpakTMieckme pekomeHgaummn, crnocobcTByto-
LMe MOBbLILWEHNIO TOYHOCTU OMArHOCTUKN, NMPABUIbHOMY MAAHMPOBAHUIO N MOBLILEHNIO 3DPEKTUBHOCTH
3HAOA0HTUYECKOTrO SleYeHus.

BbIBOAbl. BbiBegeHne nnoMmbMpoBOYHOro MaTepmuana B KOCTHYIO TKaHb Yalle accouumpyeTcs ¢ adhpekTuB-
HbIM 3HOOAOHTMYECKMM JIEHEHMEM, YeM ONTMMasibHOEe NIOMOMPOBAHNM KOPHEBOIO KaHana no anvkanbHOn
rpaHuvLLEe KOPHEBOM NAOMOLI. B CBA3M C 3TMM, 9KCTPY3Ms NIOMOMPOBOYHOro MaTepmana B KOCTHYIO TKaHb,
B cnyyae chOpPMUPOBAHHOIO anmKaabHOro yrnopa, MoXeT CHMTaTbCs NPM3HAKOM yCheLlHo 06Typauum Kop-
HEeBOro KaHana.

KnioueBble cnoBa: BbiBeeHNE NIOMOMPOBOYHOIO MaTepuana, aKkCTpyaus niomMonupoBOYHOro MaTepuana,
nepuanukasbHble NU3MeHeHns, nepmnanukanbHbelii ctatyc, KJIKT, aHaoogoHTUYeckoe nedYeHne, aHa040HTMYe-
ckasg owmnbka, NPOrHo3, ATPOreHHbIe OCIIOXKHEHUS SHA000HTUYECKOr0 eYeHns

UHdopmauumsa o ctatbe: noctynuna — 24.11.2024; ncnpasnerHa — 10.01.2025; npunsata — 15.01.2025
KoH}AUKT uHTepecoB: aBTOPbI CO06LLaI0T 06 OTCYTCTBUN KOHMIMKTA MHTEPECOB.
BnarogapHocTu: GMHAHCUPOBaHME U MHAMBUOYaNbHblE 61aroaapHOCTV ONs AeKNapupoBaHus OTCYTCTBYIOT.

Ana umtnposauumsa: NMNokposckuii M.10., lopsayera T.M1., Mokposckuii A.M., AnewnnHa O.A. BnnsHune akcTpy3um
naoMOMPOBOYHOrO MaTepmana Ha nepmanunkanbHblil ctatyc. SHA0A0HTMS Today. 2025;23(1):31-38. https://

doi.org/10.36377/ET-0066

INTRODUCTION

Endodontic treatment is completed with the perma-
nent obturation of the root canal, followed by restorative
treatment. The outcome of obturation is typically evalu-
ated using radiological methods and may vary, inclu-
ding cases where the filling material extends beyond
the apex of the root — referred to as the extrusion of fil-
ling material (EFM). In dental practice, the assessment
of endodontic treatment often focuses on the quality of
root canal system (RCS) obturation, with EFM frequent-
ly being viewed negatively [1-12].

The literature provides contradictory information re-
garding the relationship between root canal obturation
and the outcome of endodontic treatment. Some stud-
ies suggest that root canal obturation has the weakest
correlation with the success of endodontic treatment
compared to the mechanical and chemical preparation
of the RCS [13-16]. It has also been noted that the her-
metic seal of a root canal filling cannot be reliably eva-
luated using radiological methods [16].

International studies distinguish cases of EFM based
on their underlying causes: as aresult of high-quality ob-
turation (overfilling) or as a consequence of the absence
of an apical stop due to a challenging initial condition or
over-enlargement of the apical foramen (overextension)
caused by improper mechanical preparation of the root
canal (lack of an apical stop or ledge), which is associa-
ted with poor-quality obturation [14]. Histological studies
indicate the absence of inflammatory processes around
extruded materials or, in some cases, a transient irritant
effect from certain materials [15-18].

dHdodoHmus
————TLT

In dental practice, the presence of material beyond
the apex of a tooth is often associated with inadequate
quality of endodontic treatment. This circumstance
may have legal implications, reclassifying many cases
of effective treatment (aligned with specific objectives
and goals of endodontic intervention) as “poor-quality”
treatment based on the formal criterion of material ex-
trusion (EFM). Furthermore, the question remains open
regarding the ability of the endodontist to control root
canal obturation in a way that prevents the extrusion of
filling material beyond the root canal.

Aim: to identify the relationship between EFM and
periapical status based on CBCT data.

MATERIALS AND METHODS

A total of 500 computed tomograms of patients
(209 males and 291 females) aged between 13 and
82 years (mean age: 42 years) were randomly se-
lected from the database of the “Sadko” clinic net-
work (Nizhny Novgorod, Russia). This database was
formed during the referral of patients for examina-
tion by dentists, maxillofacial surgeons, and otorhi-
nolaryngologists.

Inclusion criteria:

1. The study area included the complete dental
arches of the maxilla and mandible.

2. The presence of at least one tooth after endodon-
tic treatment.

3. If multiple radiographic examinations were avai-
lable for a single patient, only the earliest computed
tomogram was used.
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Cases were identified by the patient’s full name
and research ID. Cone-beam computed tomography
(CBCT) was performed using Pax-Rev 3D and Pax-i3D
Smart devices (Vatech). Visualization of tomograms
was carried out using Easy Dent V4 Viewer software.
The following tools were employed to optimize imaging:
“magnifier”, “contrast”, “sharpness filter”, and “ruler”. In
doubtful cases, the “histogram” tool was used to com-
pare bone density (in grayscale) in the periapical area
and the adjacent spongy bone.

In total, 2,915 teeth were studied, comprising
6,142 root canals (100%) after endodontic treatment.

Periapical status was evaluated using the following
parameters:

1. Absence of visible changes in the periodontium.

2. Widening of the periodontal ligament space
(thickening by a factor of 2 relative to adjacent unaffec-
ted sections of the ligament).

3. Presence of a periapical radiolucency.

4. Localized thickening of the maxillary sinus mu-
cosa in the projection of the studied tooth roots, where
bone tissue was not identified periapically.

5. Extensive maxillary sinus opacification (total or
subtotal).

6. Maxillary sinus cyst: a round-shaped sinus opacity.

7. Extensive bone tissue destruction involving not
only the periapical area but also the furcation and inter-
proximal septa of the alveolar process, including cases
with bone pockets.

8. Post-endosurgical operation status.

Criteria for evaluating EFM:

1. Presence of radiopaque material beyond the
visible outline of the tooth root.

2. A sharp change in the contour of the radiopaque
material from linear to rounded.

3. Location of radiopaque material either near the
root apex or at a distance from it.

4. Radiolucent areas around radiopaque material
observed exclusively in the axial plane were interpreted
as artifacts of the “filling defect” type.

Within the mandibular canal
or the mental foramen
0.6%

Into the maxillary sinus
13.0%

Under the oral mucosa
4.7%

Into the bone tissue
81.7%

Fig. 1. Extrusion of the filling material beyond the root

Puc. 1. BbiBegeHne nnomMOnpoBOYHOr0 MaTepuana
3a npepnensl KOpHA
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5. The presence of radiopaque material in cases of
missing teeth was not considered.

For clinically significant evaluation of filling material
extrusion, specific cases were identified where the ma-
terial was located:

1. In the bone tissue.

2. Beneath the oral mucosa (vestibularly, palatally,
or lingually).

3. In the maxillary sinus.

4. In the mandibular canal (including the area of the
mental foramen).

Statistical data analysis was performed using a four-
field contingency table with the resource available at
https://medstatistic.ru.

RESULTS

A total of 656 cases of EFM were identified, ac-
counting for 10.7% of all root canals examined (Fig. 1).

EFM located in bone tissue was detected in
536 cases, representing 81.7% of all cases. Among
these, no pathological changes in the periapical re-
gion were observed in 499 cases (93.1%) (including
14 cases of artifacts), while in 37 cases (6.9%), radio-
lucent areas were detected in the periapical region
(including 3 cases of extensive bone tissue destruc-
tion) (Fig. 2).

EFM located under the mucosa of the alveolar pro-
cess on the palatal, lingual, but most frequently on the
vestibular surface, was identified in 31 cases (4.7% of
all EFM cases).

Within the maxillary sinus, EFM was identified in
85 cases (13%). Among these, in 2 cases (2.4%), it
was associated with a sinus cyst; in 38 cases (44.7%),
with localized thickening of the mucosa; in 10 cases
(11.8%), with subtotal or total sinus opacification; and
in 35 cases (41.1%), no changes in the maxillary sinus
were detected (Fig. 3).

Within the mandibular canal and mental foramen,
EFM was detected in 4 cases, accounting for 0.6% of
all EFM cases.

A focal point of radiopacity
6.9%

No changes
93.1%

Fig. 2. Extrusion of filling material into bone tissue:
periapical status

Puc. 2. BbiBeaeHve nnomMGMpoBOYHOro Matepuana
B KOCTHYIO TKaHb: NepuanukasbHblii cTaTyc
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A sinus cyst
2.4%

Local thickening
of the mucous membrane
44.7% No changes

41.1%

Subtotal / total opacity
maxillary sinus
11.8%

Fig. 3. Extrusion of filling material
into the maxillary sinus

Puc. 3. BbiBeeHne N1oMOMpPOBOYHOIro maTepmnana
B BEPXHEYENOCTHYIO Nasyxy

As a control group, canals with an apical level of root
filling 0-2 mm from the radiological apex of the root
(3,533 root canals) were examined. A periapical sta-
tus of “no changes” was noted in 3,163 cases (89,5%),
while pathological changes were identified in 370 cases
(10,5%) (Fig. 4).

DISCUSSION

Extrusion of filling material (EFM) is a common out-
come of root canal obturation, with reported preva-
lence rates in the literature ranging from 8% to 15%
[3; 6; 8; 10; 19]. The influence of root canal obturation
techniques, endodontist actions, and the role of EFM
in determining the outcome of endodontic treatment
or the development of iatrogenic complications re-
main subjects of debate. These uncertainties compli-
cate the clinical assessment of endodontic treatment
outcomes and the justification of treatment strategies
during follow-up.

Batyukov et al. compared root canal obturation
techniques, finding that lateral condensation result-
ed in EFM in 62.3% of cases (sealer or gutta-per-
cha), while three-dimensional obturation led to EFM
in 21.1% of cases [20]. In a study by Da Silva et al.,
evaluating various obturation techniques, 100% of
cases using the “ThermaFil” technique were associ-
ated with EFM [21].

Currently, the optimal apical level for root canal
obturation is considered to be within 0-2 mm of the
radiographic apex of the root [10; 22-26]. This level
corresponds to the physiological root apex (apical con-
striction). One argument for limiting obturation within
the apical constriction is that it minimizes the wound
surface area and maximizes the likelihood of success-
ful endodontic treatment [27]. However, in clinical prac-

dHdodoHmus
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0-2mm

Expulsion of the filling material
into the bone tissue

[ Without periapical changes
[ With periapical changes

Fig. 4. Comparison of the periapical status of the group
with optimal filling of the root canal and the group
with extrusion of filling material into bone tissue

Puc. 4. CpaBHeHue nepmnanukanbHoro cratyca
rpynnbl ¢ ONTUMAabHBLIM NJIOMGOMPOBAHNEM KOPHEBOIO
KaHasa 1 rpynnsl C BbiBeAeHNEM NNOMOUPOBOYHOIO
MaTepunana B KOCTHYIO TKaHb

tice, it is impossible to precisely determine the level of
the physiological root apex. The aforementioned range
of apical obturation levels relative to the radiographic
apex reflects only an average anatomical trend, disre-
garding variations in root anatomy.

The apical level of root canal obturation is signifi-
cantly influenced by the variability of tooth anatomy in
the apical region and the effect of projection distortions
when using intraoral radiography methods [28-31].
For instance, D. Song et al. evaluated the diagnostic
potential of CBCT for detecting EFM, reporting a sen-
sitivity of 0.66 and specificity of 1.0 [32]. In another
study, Cheng et al. found that in 13.8% of cases, EFM
occurred despite the obturation being within 0-2 mm
of the radiographic apex [33].

Some researchers suggest that foreign materials
in the periapical region can sustain apical periodonti-
tis, even in the absence of pathogenic organisms. In-
deed, the literature describes inflammatory reactions
to some filling materials, which diminish over time,
rendering the materials inert [17; 18]. Histological stu-
dies have demonstrated encapsulation of larger gutta-
percha fragments with a collagen layer, while smaller
gutta-percha fragments provoke a foreign body reac-
tion characterized by multinucleated giant cells and
macrophages [15; 16]. Reactions associated with gut-
ta-percha contamination by talc or microbes have also
been described. Studies indicate that no filling material
causes progressive bone destruction. Long-term ob-
servations have noted cases of filling material resorp-
tion over time. Two studies with extended follow-up pe-
riods concluded that minor radiolucent areas observed
with overfilling, alongside otherwise satisfactory treat-
ment parameters and no clinical symptoms, should not
be considered treatment failures [16; 34].
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Another factor associated with endodontic treat-
ment failure, apart from EFM, is iatrogenic damage to
anatomical structures near the root apex caused by
excessive instrumentation. Over-instrumentation of
the root apex eliminates the apical stop, preventing ad-
equate root canal obturation, leading to EFM, and al-
lowing tissue fluid to infiltrate the root canal, sustaining
the survival of residual microorganisms. In some cases,
creating an adequate apical stop is challenging due to
incomplete root formation or pathological resorption of
the root apex. Identifying the cause of EFM radiographi-
cally is difficult; however, the combination of EFM be-
yond the root apex with nonhomogeneous obturation or
its absence in the apical region is considered a specific
indicator of the absence of an apical stop.

The clinical significance of EFM also depends on the
anatomical structure in which the filling material is lo-
cated. According to the literature, EFM most frequently
occursin bone tissue, which is an important factor when
evaluating periapical status and the effectiveness of en-
dodontic treatment. In this study, a comparison of peri-
apical status between optimally obturated root canals
and cases of EFM into bone tissue (Table 1) revealed a
lower frequency (7.4%) of periapical changes in cases
with EFM into bone tissue than in optimally obturated
canals (11.7%). The differences between groups were
statistically significant (p < 0.05, Chi-square test; p <
0.01, Chi-square test with Yates correction and likeli-
hood ratio correction). Although the study design does
not establish a causal relationship between the level of
root canal obturation and the development of pathologi-
cal changes in the periodontium, it suggests that EFM is
more often associated with effective endodontic treat-
ment than optimal root canal obturation at the apical
level. It can be hypothesized that in many clinical cases,
high-quality three-dimensional root canal obturation is
linked to EFM beyond the root.
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EFM into the mandibular canal, maxillary sinus, or
beneath the oral mucosa, when symptomatic, is consid-
ered an iatrogenic complication that may require surgi-
cal intervention [5; 35].

EFM beneath the oral mucosa is generally not as-
sociated with adverse endodontic treatment outcomes.
However, isolated cases of facial pain that resolved fol-
lowing surgical removal of the material have been re-
ported [35; 36].

EFM into the maxillary sinus is the least studied out-
come. It is often associated with the development of
chronic sinusitis or fungal infections (aspergillosis). Al-
though no cases of aspergillosis were observed in this
study, A.M. Sipkin et al. reported a 15% prevalence of
fungal infections in chronic sinusitis, with half of these
cases associated with endodontic treatment [37]. The
pathogenesis of these conditions is linked to dysfunc-
tion of the ciliated epithelium, the ability of microorgan-
isms to adhere to the material’s surface and persist in
the maxillary sinus, and the potential of some filling ma-
terials to serve as sources of essential elements for fun-
gal growth (e.g., heavy metal salts). Direct toxic effects
of certain filling materials (e.g., those based on eugenol
or paraformaldehyde) have also been described [37-
43]. In this study, pathological changes (e.g., cysts, lo-
calized mucosal thickening, subtotal or total opacifica-
tion), presumably associated with EFM in the maxillary
sinus, were detected in 58.9% of all EFM cases involving
the maxillary sinus.

EFM into anatomical structures containing neuro-
vascular bundles is considered an iatrogenic complica-
tion requiring immediate intervention. The treatment of
choice is surgical removal of the filling material. Mech-
anisms of neurovascular damage include direct me-
chanical effects of the filling material, toxic effects, and
inflammatory processes associated with apical peri-
odontitis [44-48].

Table 1. Criteria for assessing the significance of differences in outcomes depending on the impact of the risk factor

Tabnuua 1. Kputepum oueHkn 3HaYMMOCTM PasiMynin UICX0A0B B 3aBUCUMOCTM OT BO3AeicTBuUs dakTopa pucka

Criterion Name Criterion Value Significance Level
Chi-square criterion 6.588 0.011
Chi-square criterion with Yates correction 6.197 0.013
Chi-square criterion with likelihood correction 7.203 0.008
Fisher’s exact test (two-tailed) NaN p>0.05

Minimum value of the expected event — 53.61

Criteria for assessing the strength of the association between the risk factor and the outcome

Criterion Name

Criterion Value Strength of association*

Criterion ¢

Cramér’s V Criterion* 0.040 Insignificant
Tschuprow’s T Criterion**

Pearson’s Contingency Coefficient (C) 0.040 Insignificant
Normalized Pearson’s Contingency Coefficient (C’) 0.057 Insignificant

Note: * interpretation of the obtained values of statistical criteria is based on the recommendations of Rea & Parker;
** for the four-field table used in this calculator, all three criteria (¢, Cramér’s V, Tschuprow’s T) yield the same value.

lMpumeyaHus: * HTepnpeTauuvs NoJlydeHHbIX 3HAa4YEeHNI CTaTUCTUYECKMX KPUTEPUEB CornacHo pekoMmeHgaunam Rea & Parker;
** ANS 4eTbIPEXnonbHOM Tabnnubl, NCNOAL3YEMOW B AAHHOM KanbKynsaTope, BCce Tpu kputepus (P, Kpamepa, Yynposa) npu-

HUMAIOT OAHO U TO XXe 3Ha4YeHune.

Tom 23 N2 1/2025 ‘ Endodont(cs



36 |

CONCLUSIONS

Extrusion of filling material is a common outcome of
endodontic treatment. Currently, there is no convincing
evidence in the literature to suggest that the actions of an
endodontist or any specific root canal obturation tech-
nique can completely eliminate this outcome. However,
extrusion of filling material into bone tissue in most cases
corresponds to effective endodontic treatment and, in
the presence of a well-formed apical stop, serves as an
indicator of successful root canal obturation.

The likelihood of filling material extrusion increases
when itis impossible to create an apical stop due to im-
proper canal preparation, incomplete root apex forma-
tion, or pathological root apex resorption. Improper ca-
nal preparation reflects the endodontist’s manual skills,
which can be improved through professional develop-
ment and training.

Common radiographic signs of the absence of an
adequate apical stop, in addition to extrusion of filling
material, include the absence of filling material, non-ho-
mogeneous root canal obturation, and lack of marginal
adaptation of the filling material to the root walls in the
apical third.

Extrusion of filling material into bone tissue or be-
neath the oral mucosa should not be considered a failure
of endodontic treatment. In such cases, follow-up does
not require any special considerations.

When selecting filling materials, preference should
be given to those that do notinduce or only cause short-
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