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Female, 36-year-old

Endo-periodontal lesion ¢ odontogenic maxillary sinusitis

Grade Ill mobility of tooth #16 ¢ pain

Dentistry

Unusual or unexpected effect of treatment

Endo-periodontal lesions (EPL), particularly those manifesting as primary periodontal lesions with secondary
endodontic involvement, pose unique clinical challenges when accompanied by odontogenic maxillary sinus-
itis (OMS). Furthermore, limited case reports document the nonsurgical management of such complex condi-
tions in maxillary molars exhibiting rare multi-rooted and multi-canal variations (prevalence <0.103%).

A 31-year-old woman presented with pain and grade Ill mobility in the right maxillary first molar, with an in-
tact crown, a deep palatal periodontal pocket, and a negative cold testing response on clinical examination.
Periapical radiography indicated multi-rooted anatomy and extensive bone loss, and cone beam computed to-
mography (CBCT) confirmed 4 separate roots (mesiobuccal, distobuccal, mesiopalatal, distopalatal), a fifth cen-
trally located pulp chamber canal orifice, a periapical lesion communicating with a periodontal defect, and ip-
silateral maxillary sinus mucosal thickening. Nonsurgical root canal treatment for all 5 canals was performed
under a dental operating microscope with ultrasonic activation (3% NaOCl) and bioceramic sealer, combined
with concurrent supportive periodontal therapy. At the 8-month follow-up, the tooth was asymptomatic with
reduced mobility and probing depths; CBCT revealed marked reduction in periapical lesions and significant im-
provement in maxillary sinus mucosal thickening (ENT consultation advised).

This case unequivocally demonstrates that meticulous nonsurgical endodontic treatment with ultrasonic acti-
vation and bioceramic sealer, in conjunction with targeted periodontal therapy and occlusal management, is a
highly effective tooth-preserving strategy for maxillary molars with complex anatomic variations complicated
by primary periodontal lesions with secondary endodontic involvement and secondary OMS, achieving excel-
lent clinical and radiological outcomes.

Case Reports ¢ Tooth ¢ Female ¢ Molar ¢ Treatment Outcome
https://www.amjcaserep.com/abstract/index/idArt/953554
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Introduction

The maxillary first molar is characterized by 3 roots and 3 or 4
canals, with the second mesiobuccal (MB2) canal representing a
common variation. The presence of 4 distinct roots, particularly
with 2 separate palatal roots, is an uncommon occurrence. The
management of such anatomical complexities becomes signifi-
cantly more challenging when complicated by endo-periodontal
lesion (EPL), where distinct endodontic and periodontal pathol-
ogies communicate. A critical consequence of periapical disease
affecting maxillary posterior teeth is odontogenic maxillary si-
nusitis (OMS) due to the proximity of root apices to the sinus
floor. EPLs, with their extensive bone defects, pose a high risk
for this complication. The accuracy of diagnosis is greatly depen-
dent on the use of three-dimensional imaging, because conven-
tional radiography frequently fails to reveal the full complexity
of the root canal system and the spatial relationship between
the lesion and the sinus. This case report describes the nonsur-
gical management of a maxillary first molar exhibiting a rare
configuration of 4 roots and 5 canals, associated with a primary
periodontal lesion with secondary endodontic involvement and
secondary OMS. The core objectives of this report are 2-fold:
first, to document and characterize an exceptionally rare ana-
tomic-pathologic entity; and second, to thoroughly discuss the
decision-making basis, clinical limits, and rationale for pursu-
ing a nonsurgical, multidisciplinary tooth preservation strategy
in a tooth with an initially unfavorable prognosis.

Case Report

A 31-year-old woman was referred to the Department of
Endodontics for evaluation of her maxillary right first molar
(tooth #16, FDI notation). Her chief complaint was pain on
chewing in the right posterior maxilla, with a history of inter-
mittent discomfort over several months. Her medical history
was non-contributory.

Clinical examination revealed an intact sound crown with no
caries, restorations, or history of trauma. The tooth was tender
to percussion and exhibited grade Ill mobility. A thorough occlu-
sal analysis identified traumatic occlusal interference contrib-
uting to this severe mobility. Periodontal probing revealed ad-
vanced attachment loss on the palatal aspect, with broad pocket
depths of 6 to 8 mm; other sites measured 3 to 4 mm. A verti-
cal root fracture (VRF) was strictly ruled out based on a combi-
nation of clinical and radiographic evidence. Clinically, the prob-
ing pattern lacked the isolated, narrow ‘drop-off’ defect typical
of VRF. Radiographically, a meticulous review of the pre-opera-
tive CBCT slices revealed no identifiable fracture lines, signs of
root separation, or the characteristic ‘halo’ radiolucency asso-
ciated with VRF. Finally, no fracture lines or cracks were detect-
ed during direct inspection of the pulp chamber floor and canal
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Figure 1. The initial periapical radiograph of the first molar of
the right maxilla.

orifices under a dental operating microscope. The tooth did not
respond to cold testing. A periapical radiograph showed unfilled
canals, extensive periapical radiolucency, severe horizontal bone
loss, and furcation involvement, alongside an unusual 4-root
appearance (Figure 1). To reach a definitive diagnosis, a limited
field-of-view CBCT scan was obtained. The following informa-
tion was revealed. We found the roots can be categorized into
4 distinct types: mesiobuccal (MB), distobuccal (DB), mesiopal-
atal (MP), and distopalatal (DP). A fifth canal orifice, designat-
ed “M” for “middle,” was identified in a central position on the
pulp chamber floor. There was a large periapical lesion associat-
ed with all roots, communicating with a deep periodontal bone
defect on the palatal aspect, confirming an EPL. Mucosal thick-
ening of the right maxillary sinus floor was contiguous with the
apical lesion, diagnosing secondary OMS (Figure 2).

After a comprehensive evaluation of the patient’s medical his-
tory, clinical examinations, and radiographic features, a defini-
tive diagnosis was rendered. Given the intact crown and broad
periodontal defects, the pathology was diagnosed as a prima-
ry periodontal lesion with secondary endodontic involvement
(retrograde pulpitis), alongside secondary odontogenic maxil-
lary sinusitis associated with tooth #16. Written informed con-
sent was obtained from the patient for the publication of this
case report and accompanying images. A detailed timeline de-
picting the episode of care is presented in Figure 3.
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Figure 2. The CBCT imaging of the right maxillary first molar before treatment (A-C: images of the apical third of the root, D-F: images
of the middle third of the root, G-I: images of the cervical third of the root).

The treatment plan comprised nonsurgical root canal treat-
ment of tooth #16 alongside ongoing supportive periodon-
tal therapy. Upon completion of root canal therapy and peri-
odontal treatment, further management of maxillary sinusitis
will be determined based on the follow-up assessment of the
affected tooth.

Following the initial assessment, under local anesthesia with
4% articaine containing 1: 100000 adrenaline and rubber
dam isolation, an access cavity was prepared under a dental
operating microscope (DOM; Zeiss OP-MI 1). Pulp tissue was

This work is licensed under Creative Commons Attribution-
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extirpated. After irrigation with 3% NaOCl|, calcium hydroxide
paste (Dycal, Dentsply Sirona) was placed as an intracanal me-
dicament, and the access was temporarily sealed with glass
ionomer cement (Fuji Il; GC Corporation).

Ten days later, the patient returned for the second treatment
as scheduled. The tooth was asymptomatic. Under rubber dam
isolation and DOM magnification, 5 canal orifices were identi-
fied, including the mesiobuccal (MB), distobuccal (DB), mesio-
palatal (MP), distopalatal (DP), and an additional centrally lo-
cated canal. Coronal flaring was performed using ProTaper SX
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Endod.
2023.12.28
Diagnosed with PEL of tooth 16

Perio.
2024.3-2024.4
Full mouth subgingival scaling

Perio.
2024.8.7
Periodontal maintainence

Endod.
2024.9.6
Pulp chamber access

Endod.
2024.10.8
Working length measurement

Endod.
2024.10.21
Root canal obturation

Perio.
2024.10.28
Periodontal maintainence

Endod.
2024.10.31
10-day follow-up

Endod.
2024.10.31
8-month follow-up

Perio.
2024.10.28
Periodontal maintainence

Figure 3. A detailed timeline depicting the episode of care.

(Dentsply Sirona). Working lengths were determined with an
electronic apex locator and confirmed radiographically. Canal
preparation was completed using stainless steel hand files
(K-files sizes #10-20; Mani) followed by nickel-titanium in-
struments (WaveOne Gold, medium and large sizes; Dentsply
Sirona). Irrigation with 3% NaOC| was performed throughout
instrumentation, followed by ultrasonic activation in multiple
cycles using an EDDY system (VDW) to enhance irrigant pen-
etration (Figure 4). Calcium hydroxide medication was reap-
plied as an intracanal medicament, and the access cavity was
temporarily restored with glass ionomer cement (Fuji Il; GC
Corporation).
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Figure 4. Microscopic evaluation of the spatial distribution of 5
root canal orifices in tooth 16.

Figure 5. The working length verification radiograph of tooth 16.

At the third visit, after removal of the temporary restoration
under rubber dam isolation and DOM, working lengths and api-
cal preparation sizes were reconfirmed. A master gutta-percha
cone for each root canal was selected and tried in the canal
to confirm its fit. The cone was adjusted until it reached the
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Figure 6. Periapical radiographs taken immediately after root canal filling (A) and after permanent coronal restoration (B).

established working length and width with a slight tug-back
sensation. A periapical radiograph was then taken to verify
the fit of the master cone, ensuring its adaptation to the final
apical diameter and the canal morphology (Figure 5). Final ir-
rigation was performed using 3% NaOC| with ultrasonic ac-
tivation (EDDY; VDW), after which the canals were obturat-
ed with gutta-percha cones (B&L Biotech) and a bioceramic
sealer (iRoot SP; Innovative Bioceramix, Vancouver, Canada)
using the single-cone technique. Post-obturation radiographs
confirmed adequate three-dimensional filling (Figure 6A). The
tooth was subsequently restored with resin composite (Filtek
Z350 XT; 3M ESPE), and the patient was scheduled for com-
bined periodontal and endodontic follow-up.

Throughout the endodontic treatment period, the patient
concurrently received comprehensive nonsurgical periodon-
tal therapy. This targeted protocol included deep-site subgin-
gival scaling and root planing (SRP) under local anesthesia to
disrupt the subgingival biofilm. Importantly, a precise occlu-
sal adjustment (occlusal reduction) was performed to elimi-
nate the traumatic interference. At the 8-month revisit, the
patient exhibited no symptoms. Given the significant but in-
complete resolution of the maxillary sinus mucosal thickening

This work is licensed under Creative Commons Attribution-
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at the 8-month follow-up, the patient was advised to consult
an otorhinolaryngologist (ENT specialist) to evaluate any po-
tential concomitant rhinogenic factors and determine the need
for further rhinologic management. The substantial reduction
in tooth mobility from grade Il to grade | was primarily attrib-
uted to the rapid resolution of periapical inflammation, with
the control of periodontal inflammation serving as a crucial
secondary factor. Successful endodontic management effec-
tively eradicated the core infection, alleviating abnormal api-
cal hydrostatic pressure and initiating the re-establishment of
a firm apical anchorage. Concurrently, the periodontal inter-
ventions resolved the lateral periodontal ligament (PDL) ede-
ma, facilitating the functional reorganization of the support-
ing tissues. Together, these mechanisms rapidly restored the
mechanical stability of the affected molar. Periapical radiog-
raphy (Figure 6B) demonstrated a reduction in the previous-
ly identified periapical radiolucency of tooth 16 compared to
the initial assessment. Notably, CBCT imaging revealed near-
complete resolution of the maxillary sinus mucosal thickening
and osseous regeneration around the apices (Figure 7). The
comprehensive before-and-after comparison of the clinical and
imaging indicators is summarized in Table 1. The patient was
advised to avoid biting on hard foods with the treated tooth,
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Figure 7. Imaging evaluation of tooth 16 before and after treatment. Cross-sectional view showing the 5 obturated canals (red

arrows).

Table 1. Before-and-after comparison of clinical and imaging indicators.

Category Indicator Pre-treatment baseline Post-treatment (8-month follow-up)
Clinical indicators Subjective symptoms Pain on chewing, intermittent Asymptomatic
discomfort
Tooth mobility Gadewt Gradel
Probingdepth 68 mm (ocalized palata) 35mm
Percussion testing  Tendertopercussion ())  Normal)

Extensive periapical radiolucency &
severe horizontal bone loss

Mucosal thickening contiguous with

Periapical
radiography

Maxillary sinus

(CBCT) apical lesion

Marked reduction in radiolucency;
signs of osseous regeneration

Significant reduction and marked
improvement of mucosal thickening

to undertake regular periodontal maintenance, and to return
for a follow-up examination after 6 months.

Discussion

This report documents a successful endodontic and periodon-
tal management strategy for a patient who presented with a
rare anatomical variation in their maxillary first molar, exhibit-
ing 4 distinct roots (MB, DB, MP, DP) in conjunction with a fifth
centrally located (‘M’) canal. The case was complicated by the
presence of an endoperiodontal lesion (EPL) and a secondary

This work is licensed under Creative Commons Attribution-
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odontogenic maxillary sinusitis (OMS). The case highlights sev-
eral pivotal themes in contemporary endodontics, including the
crucial role of advanced imaging in diagnosing complex anat-
omy, the potential of EPLs to serve as a direct pathway for si-
nus infection, and the efficacy of careful disinfection in resolv-
ing both periapical and sinonasal pathology.

The maxillary first molar is characterized by the presence of
3 roots and 4 canals [1]. Variations involving additional roots
are uncommon, and the presence of 2 separate palatal roots
has been reported on occasion [2-5]. Large anatomical studies
indicate that 4-rooted maxillary first molars account for a very
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small proportion of cases. In a comprehensive review and me-
ta-analysis of maxillary first molars, Magnucki et al reported
that 4 roots were identified in fewer than 0.103% around the
world and were mostly described in individual case reports [6].
From an anatomical perspective, the presence of 4 indepen-
dent roots in maxillary molars is often associated with the
‘Radix’ variation. Although more commonly discussed in man-
dibular molars, these additional roots in the maxillary arch can
be identified as radix mesiolingualis (RML) or radix distolin-
gualis (RDL) based on their position relative to the main root
trunk. In this case, the complete separation of the mesiopala-
tal and distopalatal roots represents a manifestation of these
rare morphologic entities. Recognizing such ‘radix’ variants is
clinically significant, as their unique trajectories require modi-
fied access designs and meticulous instrumentation to ensure
the eradication of the intraradicular microbial reservoir. The
majority of previously documented variations of maxillary first
molars have been found to involve the presence of addition-
al canals within an existing root structure [7]. Typical exam-
ples include a second mesiobuccal canal or 2 canals within a
single palatal root [8]. A common feature of these configura-
tions is that the canals remain associated with a defined root
trunk. In contrast, the present tooth exhibited 4 clearly sep-
arated roots and an additional canal located centrally on the
pulp chamber floor. This additional canal exhibited no anatom-
ical correlation with any of the 4 roots. Reports from popula-
tions exhibiting a high frequency of additional canals suggest
that canals without an associated root are uncommon [9,10].
Al-Habib et al noted that while extra canals are frequently de-
tected, their occurrence alongside additional roots is rarely ob-
served [2]. This finding is consistent with the canal arrange-
ment identified in this tooth. Existing root canal classification
systems are chiefly descriptive, characterizing canal patterns
within individual roots without accounting for canals that are
independent of root morphology [11]. Consequently, the com-
bination of 4 separate roots and a centrally positioned fifth
canal cannot be readily categorized using commonly applied
systems [12,13]. Recent efforts to refine classification models
may help to better describe such atypical configurations, but
clinical recognition remains essential [14]. Although the pres-
ence of additional canals in maxillary molars is a common-
ly recognized phenomenon, the morphology observed in this
study diverges from the established patterns [15,16]. This ob-
servation underscores the necessity for careful inspection of
the pulp chamber floor, even when all expected roots and ca-
nals appear to have been located. However, it should be not-
ed that this specific configuration is extremely rare, and its
clinical prevalence cannot be generalized from this single case.

Conventional periapical radiography provided limited informa-
tion in this case. The number of roots and canals was uniden-
tifiable. Likewise, the extent of bone loss and its connection to
the sinus remained obscure. These limitations are well known,
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especially in maxillary molars, where anatomical structures of-
ten overlap. CBCT allowed a more accurate assessment by of-
fering three-dimensional images of the affected area [17]. It
clearly demonstrated the spatial arrangement of the 4 roots
and the centrally located canal. It also visualized the continu-
ity between the apical and marginal bone defects, which in
conjunction with clinical findings supported the diagnosis of
an endo-periodontal lesion. In addition, CBCT revealed conti-
nuity between the apical lesion and the thickened sinus mu-
cosa, which supported the diagnosis of odontogenic maxil-
lary sinusitis. Previous studies have shown that CBCT is more
reliable than conventional radiography for detecting complex
root canal anatomy and bone defects. Choi et al reported high-
er diagnostic accuracy with CBCT when evaluating root canal
morphology and periapical pathology [18]. In the present case,
CBCT helped confirm the canal configuration and exclude si-
nus disease unrelated to dental infection. This distinction is
important for treatment planning and helps avoid unneces-
sary referral or intervention. Professional guidelines support
the use of CBCT when root canal anatomy cannot be clearly
assessed or when endodontic, periodontal, and sinus findings
appear to be related [6]. The central canal identified here would
likely have been missed on periapical radiographs because of
root overlap. This reinforces the value of CBCT in identifying
canal orifices that do not follow typical anatomical patterns.

The convergence of independent endodontic and periodontal
infections in EPLs establishes a direct ‘pathogenic pathway’ to
the maxillary sinus [19]. The maxillary posterior teeth are in
proximity to the sinus floor (average distance of 1.2-3.8 mm),
making OMS a common complication of periapical/periodon-
tal disease. Wu et al recently reported that EPLs are an over-
looked etiology of OMS, accounting for 28% to 32% of unilat-
eral maxillary sinusitis cases [20]. In this case, pulpal necrosis
(confirmed via cold testing and clinical signs) and a deep palatal
periodontal pocket (6-8 mm) likely formed a consolidated infec-
tious front that breached the Schneiderian membrane, leading
to sinus mucosal thickening [21]. This pathogenic mechanism
is supported by Pefarrocha-Oltra et al’s meta-analysis, which
found a strong association between EPLs and maxillary sinus
abnormalities (OR=4.72, 95% Cl: 3.21-6.90) [22]. While the
coexistence of EPL-OMS with an extremely rare 4-root, 5-ca-
nal anatomy is an uncommon clinical presentation, making it
a relevant addition to the literature on odontogenic sinusitis,
this interplay remains highly case-dependent. The 5-canal con-
figuration may have further facilitated infection spread by in-
creasing the intraradicular microbial reservoir, underscoring the
need to address all canals to eliminate the primary infection.

The management of EPLs prioritizes eliminating the primary
endodontic infection, as pulpal toxins and microbes perpet-
uate periodontal inflammation and hinder healing [23,24].
Schmidt et al conducted a systematic review and confirmed
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that resolving endodontic infection first (or concurrently with
periodontal therapy) results in a 78% higher rate of periodontal
attachment gain compared to periodontal therapy alone [25].
In this case, meticulous nonsurgical root canal treatment of
all 5 canals—using a dental operating microscope, ultrasonic
irrigation (EDDY system), and a bioceramic sealer (iRoot SP)—
was critical for eradicating the intracanal microbial reservoir.
Concurrently, adequate periodontal therapy was equally es-
sential for managing the deep periodontal pocket and support-
ing structural healing. The 5-canal anatomy presented unique
technical challenges, particularly in locating and disinfecting
the centrally positioned “M” canal. The use of magnification
(dental operating microscope) and ultrasonic activation of 3%
NaOCl ensured adequate irrigant penetration into the narrow
“M” canal, which is essential for disinfection in small-diam-
eter canals. Bioceramic sealers were chosen for their favor-
able biocompatibility, antibacterial properties, and flowability.
Varghese et al reported that bioceramic sealers achieve com-
plete obturation in complex canals more effectively than res-
in-based sealers, with a 92% reduction in microbial load—a
critical outcome for the “M” canal, where incomplete obtura-
tion could have perpetuated infection [26]. Notably, the suc-
cessful resolution of OMS without direct sinus intervention
or antibiotics aligns with the multidisciplinary consensus that
eliminating the dental source is the primary treatment for odon-
togenic sinusitis [27-34]. Craig et al emphasized that ENT sur-
gical interventions (eg, FESS) are rarely needed if dental treat-
ment is thorough—an observation validated by the 8-month
CBCT showing complete sinus mucosal resolution [35]. Finally,
the favorable clinical and radiographic outcomes observed re-
flect a single case, and further studies are needed to evaluate
standardized protocols for such complex mixed pathologies.

Conclusions

In conclusion, the successful management of this rare 4-root-
ed, 5-canal maxillary molar highlights the indispensable role
of CBCT and magnification in diagnosing and treating complex
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