
TYPE Case Report
PUBLISHED 11 December 2024| DOI 10.3389/fdmed.2024.1498167
EDITED BY

Carla Sipert,

University of São Paulo, Brazil

REVIEWED BY

Mohmed Isaqali Karobari,

University of Puthisastra, Cambodia

Luca Testarelli,

Sapienza University of Rome, Italy

*CORRESPONDENCE

Shiting Li

tingtinghigh@sina.com

Guangwen Li

liguangwen@swmu.edu.cn

RECEIVED 18 September 2024

ACCEPTED 27 November 2024

PUBLISHED 11 December 2024

CITATION

Hu P, Feng S, Li X, Li G and Li S (2024)

Endodontic treatment of a two-rooted

mandibular first premolar with four root

canals: a case report.

Front. Dent. Med 5:1498167.

doi: 10.3389/fdmed.2024.1498167

COPYRIGHT

© 2024 Hu, Feng, Li, Li and Li. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.
Frontiers in Dental Medicine
Endodontic treatment of a
two-rooted mandibular first
premolar with four root canals:
a case report
Peiling Hu1, Shuang Feng1, Xin Li1, Guangwen Li2* and Shiting Li1*
1Department of Endodontics and Operative Dentistry, The Affiliated Stomatological Hospital, Southwest
Medical University, Lu Zhou, China, 2Department of Implantology, The Affiliated Stomatological
Hospital, Southwest Medical University, Lu Zhou, China
Background: Mandibular first premolar has a complex and variable anatomy of
the root canal system, which often leads to failure of endodontic treatment
due to missing root canals. Identifying the complete structure of the root
canal system to ensure that all root canals are perfectly cleared and filled
becomes critical to the success of root canal therapy. This report introduced a
unique case of endodontic treatment of a two-rooted mandibular first
premolar in the buccolingual direction with a total of four canals.
Case presentation: An adult male patient with a lower left first premolar was
diagnosed with acute apical periodontitis and treated with open pulp drainage
in a general hospital. One day later, due to the complexity of the root canal
structure, the patient was referred to our clinic for subsequent treatment. The
tooth #34 was diagnosed with abnormal central cusp, apical periodontitis, and
incomplete fracture through clinical and x-ray examinations. Cone-beam
Computed Tomography (CBCT) results showed that the tooth #34 processed
two roots with a buccolingual bifurcation and a total of 4 root canals: 1 lingual
canal, 2 mesiobuccal canals, and 1 distobuccal canal. Notably, the buccal root
presented a C-shaped configuration, and the mesiobuccal canals were of 2-1
type. The tooth was treated with microendodontics and crown restoration.
One year after the treatment, the follow-up results showed that the tooth #34
was functioning normally without any abnormalities.
Conclusion: This report enhances our understanding of the anatomical
variations in the root canal system of the mandibular first premolar and
emphasizes the importance of CBCT in identifying anatomical variations within
the root canal system. Clinicians must be aware of such changes in the
mandibular first premolar during treatment to ensure a perfect treatment and
better prognosis in clinical practice.

KEYWORDS

bicuspid, anatomical variations, cone-beam computed tomography, root canal therapy,
dental operating microscope

Background

The success of root canal therapy (RCT) is closely related to the degree of root canal

morphological variability and the clinician’s knowledge of root canal morphology (1). The

mandibular first premolar has been reported to be predominantly single-rooted, with

occasional reports of two-rooted variants (2, 3), while three-rooted and more than

three-rooted variants are extremely rare (4). The root canal system of the mandibular
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first premolar is also highly variable (5). Aamina et al. reported a

case of a mandibular first premolar with three canals (6–10),

while Yi Du et al. documented a mandibular first premolar with

four canals (11, 12), and Ahmad et al. described a mandibular

first premolar with five canals (2, 13). Therefore, due to the

complexity and diversity in root canal system, there are many

uncertainties in the RCT and long-term prognosis of the

mandibular first molars (14). However, the advancements and

widespread adoption of diagnostic and treatment technologies

and equipment, such as Cone-beam computed tomography

(CBCT) and dental operating microscope (DOM), can aid in

understanding the frequency of certain variants within the

population and significantly improve the outcomes of RCT for

teeth with complex root canal anatomies (15). With the patient’s

informed consent, the objective of this report is to present a rare

case of a mandibular first premolar with a double root and a

total of four canals, which was successfully managed through the

use of CBCT scanning as an adjunctive imaging modality

and non-surgical endodontic treatment utilizing a dental

operating microscope.
Case presentation

The patient is a 26-years-old male without systemic diseases.

He had been experiencing intermittent pain during eating in the

lower left posterior teeth for half a year, and had been

experiencing severe spontaneous pain for the past 3 days. He was

diagnosed with acute periapical periodontitis by another hospital

and had undergone pulp exposure and drainage treatment. Due

to the complex structure of the root canal system, he was

referred to our hospital. Clinical examination in our department

revealed a malformed central cusp on the occlusal surface of

tooth #34, as well as a probing perforation of the pulp

(Figure 1a), cracks in the enamel of the buccal surface

(Figure 1b), slight tenderness to percussion, no loosening, and no
FIGURE 1

Preoperative examination of tooth #34. (a) A probing perforation of the pulp
an anatomical variation in the lower segment of the root canal on the x-ray

Frontiers in Dental Medicine 02
obvious periodontal abnormalities. Diagnostic x-ray showed that

tooth #34 had a bifurcation in the middle portion of the root,

unclear image of the lower portion of root canal, and slight

widening of the periodontal ligament (Figure 1c). CBCT

examination showed that the middle third of the #34 tooth root

bifurcated into buccal and lingual roots (Figure 2a). The buccal

root of the tooth contained 3 canals (Figure 2b1), designated as

mesiobuccal 1 (MB1), mesiobuccal 2 (MB2), and distobuccal

(DB). The mesiobuccal double canals were configured in a 2-1

pattern (Figure 2b2), with the apical region of the mesiobuccal

canals displaying unclear radiographic images (Figure 2c1). The

buccal root exhibiting a C-shaped configuration and visible

grooves on the root surface (Figure 2c2). The lingual canal (Li),

on the other hand, is a single-canal system. The periodontal

ligament space in the apical region of the buccal root was

widened. The average length of the tooth was approximately

23 mm, with the lingual root being the longest, measuring

approximately 25 mm (Figure 2c3). Tooth #34 was diagnosed

with a malformed central cusp (a.k.a. dens evaginatus) (16),

apical periodontitis, and a cracked tooth (cracked tooth

syndrome). The treatment plan included microendodontics and a

full crown restoration for tooth #34.

The initial treatment process: The tooth #34 was isolated with a

rubber dam, and the pulp cavity was prepared under a dental

operating microscope. The ultrasonic ET18 was used to trim the

pulp chamber wall and expose the root bifurcation. A total of

four root canal orifices were located. Among them, there was a

step in the apical 1/3 of MB2, which was wrapped around using

a tip pre-curved #8 C+-file (Dentsply, Maillefer, Switzerland)

with the aid of ethylenediaminetetraacetic acid (EDTA) gel, and

x-ray tracing confirmed that the MB2 canal had reached the

working length as shown in Figure 3a. The #8 and #10 K-files

(Dentsply) were used to unclog root canals and measure working

length (WL) with an electronic apex locator (Dentsply): 23 mm

for MB1, 22.5 mm for MB2, 23 mm for DB, and 25 mm for Li.

The MB1 and DB canals were prepared to #25 using Waveone
of tooth #34; (b) A buccal crack on tooth #34 (red arrow); (c) There was
image (red arrow).
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FIGURE 2

Preoperative CBCT images of tooth #34. (a) The root of tooth #34 was buccolingually bifurcated in the middle 1/3 on the coronal plane; (b1) There
were three canals within the buccal root, while there was only one canal within the lingual root; (b2) The two mesiobuccal canals fused into one at the
apical region (2-1 type); (c1) The apical region of the mesiobuccal root canal was suspected to be calcified and non-patent on the sagittal plane; (c2)
The buccal root exhibited a C-shaped configuration with a groove; (c3) The lingual root contained a single canal with a length of approximately
25 mm. (a) coronal plane; (b) axial plane; (c) sagittal plane. MB1, mesiobuccal1 canal; MB2, mesiobuccal2 canal; DB, distobuccal canal; Li, lingual canal.

FIGURE 3

Root canal preparation for tooth #34 under a dental operating microscope. (a) X-ray tracing showed that the MB2 canal had reached the working
length; (b) The four canal orifices were exposed. MB1, mesiobuccal1 canal; MB2, mesiobuccal2 canal; DB, distobuccal canal; Li, lingual canal.
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Gold (Dentsply). The MB2 and the Li canals were prepared to

#25/0.2 taper using K-files (Figure 3b). Every root canal was

flushed with 1% sodium hypochlorite + 17% EDTA, ultrasonic

irrigation. After drying the root canal, calcium hydroxide paste

was filled and temporarily sealed with zinc oxide.

The patient reported that the pain had subsided after the

2-week follow-up for teeth. The clinical examination results

revealed that the temporary filling on tooth #34 was intact and

there was no percussion pain. The treatment process during the

follow-up visit: tooth #34 was isolated with a rubber dam, and

the root canals were ultrasonically irrigated under DOM. The

canals were trial-fitted (Figure 4a). Then the lower segment of

the root bifurcation was filled using the single-cone technique

with iRoot SP (Innovative BioCreamix, Vancouver, Canada)

(Figure 4b), and the upper segment was backfilled with gutta-

percha (Figure 4c). A 3MTM FiltekTM Z350 XT Flowable

restorative material (3M, St. Paul, USA) was used as a base, and

3MTM FiltekTM Z350 XT resin (3M) was used for the final

restoration (Figure 4d) (17). After the root canal filling was

completed, the CBCT examination was performed. The CBCT
Frontiers in Dental Medicine 03
results showed that the filling materials of the four root canals were

uniform and dense, and there was no gap between the filling

materials and between the filling materials and the root canal walls

(Figures 4e–g). The patient had no abnormal condition in the

follow-up 2 weeks after the treatment and was sent to the

prosthodontics department for full crown restoration. One year

after the treatment, the patient returned for a follow-up and

reported no discomfort. Clinical examination revealed that the

tooth #34 had undergone full crown restoration with good marginal

sealing, no percussion pain, no looseness, and no significant

periodontal abnormalities (Figure 4h). CBCT results showed that

the margin of the 34 tooth’s full crown was well-sealed, the 4 root

canals were uniformly and densely filled, and there were no

significant abnormalities in the periapical region (Figures 4i–k).
Discussion and conclusions

The prognosis of RCT is influenced by many factors (18),

mainly depending on whether the microorganisms in the
frontiersin.org

https://doi.org/10.3389/fdmed.2024.1498167
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/


FIGURE 4

The root canal filling of tooth #34 under a dental operating microscope. (a) The canals were trial-fitted; (b) The filling of the root canals in the lower
segment of the root bifurcation; (c) The upper segment was backfilled with gutta-percha; (d) The final coronal filling as presented in the inverted x-ray
image; (e–g) The postoperative CBCT results showed that the root canals were filled densely and continuously without gaps on the coronal plane (e),
axial plane (f), and sagittal plane (g) Follow-up visit 1 year after RCT. (h) The full crown restoration of tooth #34; (i–k) CBCT results showed that the
four root canals were densely and evenly filled, with no apparent abnormalities observed in the periapical region on the coronal plane (i), axial plane (j),
and sagittal plane (k).
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infected root canal can be successfully removed and prevented

from entering the root canal system (19). The complex anatomy

of the root canal complicates the process of root canal

preparation and makes microbial eradication challenging (20).

However, incomplete root canal preparation or missed root

canals often lead to the retention of microorganisms (21, 22),

which in turn can cause or exacerbate the infection of apical

region (23). Karabucak et al. have found that teeth with missing

root canals are 4.38 times more likely to develop pathological
Frontiers in Dental Medicine 04
changes compared to normal teeth. Notably, among molars and

premolars that develop apical periodontitis following root canal

therapy, the incidence of missing root canals is 83% (24, 25).

Within this context, premolars exhibit a relatively high

proportion of missing root canals among teeth with apical

periodontitis post-treatment, with the highest reported

proportion reaching 43% (23). Additionally, Rouhani et al.’s

report underscores that in cases of failed root canal therapy, the

prevalence of missing root canals is particularly high in the
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maxillary and mandibular first premolars, with a rate of 100% for

the maxillary first premolars and 83.3% for the mandibular first

premolars (26). Consequently, the accurate identification and

complete clearance of all root canals during root canal therapy

are paramount. Achieving this necessitates a comprehensive

understanding of the anatomical structure and root canal system

of first premolars, which is crucial for ensuring successful

treatment outcomes.

Indeed, the complexity of the root and root canal system of

the first premolar is significantly underestimated (27, 28). The

literatures indicate that there exist varying degrees of

variability in the roots and root canal systems of mandibular

first premolars across different racial populations (15, 29–33).

Studies have shown that in the Chinese population, the

majority of mandibular first premolars are single-rooted,

accounting for 99.4%, while only 0.6% of these teeth have two

roots. Among them, 64.04% have a single canal system,

34.27% have two canals, 1.69% have three canals, and four or

more canals are extremely rare (29, 34, 35). The C-shaped

canal system, characterized by its complexity and thin isthmus

prone to lateral perforation, poses additional challenges to

RCT, even when nickel-titanium instruments are used for

canal preparation (36). Although C-shaped canal morphology

is more common in the Chinese population, typically

occurring in the mandibular second molar, its occurrence in

the mandibular first premolar is relatively rare, with an

incidence rate of 10%–18% (37–39).

Until now, there have been only a few reported cases of

successful RCT for mandibular first premolars with anatomical

variations (7–10, 13). In these instances, the majority of the

mandibular first premolars featured a single root with three, four,

or even 5 canals. In 2021, Penukonda et al. documented a case of

a mandibular first premolar with two roots that underwent RCT

(12). In that particular case, the root of the tooth was divided

into two roots in the mesiodistal direction at the middle third,

with each root containing two canals. Conversely, in this case

report, the mandibular first premolar bifurcated into buccal and

lingual roots at the middle third of the root. The lingual root

contained a single canal, while the buccal root exhibited a

C-shaped configuration with three canals, including a mesiobuccal

2-1 type root canal system, making it significantly more complex

than the previous case.

Despite the rarity and challenge posed by the unique number

and morphology of the roots, as well as the variant root canal

system, we successfully and smoothly completed the RCT of this

tooth. The success of the case detailed in this report can be

primarily attributed to our prompt recognition of the tooth’s

anatomical variations in its root canal system, facilitated by

preoperative radiographic findings. Our timely and

comprehensive assessment of the complex anatomy of tooth

#34’s root canal system using CBCT enabled us to accurately

gauge the treatment’s difficulty. Indeed, the utilization of CBCT

has proven to be invaluable in obtaining a thorough

understanding of the intricate root canal system (40, 41).

Preoperative CBCT not only streamlines the RCT process but

also markedly reduces the failure rate by allowing for a precise
Frontiers in Dental Medicine 05
evaluation of the treatment’s complexity (42, 43). Studies have

shown that CBCT is an effective and precise diagnostic tool for

analyzing the mandibular first premolar (44, 45). Furthermore,

the incorporation of DOM during the treatment significantly

contributed to its successful outcome. The combination of DOM

with CBCT has emerged as the preferred approach for both

diagnosis and treatment (46). However, in order to preserve

more dental tissues, the dentin collar above the lingual canal was

not completely removed during the treatment process, which

hindered the use of large-taper nickel-titanium instruments for

root canal preparation due to inadequate access. This may result

in insufficient cleaning and shaping of the root canal, potentially

compromising infection control. Therefore, long-term follow-up

observation is necessary.

This case report enriches the root and root canal types of

mandibular first premolar, which helps clinicians to gain a

more comprehensive view of the variations in the root canal

morphology of mandibular premolars. This, in turn, enables

the adoption of more suitable treatment plans to improve

long-term outcome. When treating mandibular first premolars

with complex root canal systems, clinicians should first

enhance their understanding of root canal variability and

routinely utilize CBCT for preoperative assessment to

accurately identify the number and morphology of root canals.

During treatment, it is recommended to combine the use of

DOM to provide a clear visual field, ensuring thorough

cleaning and shaping of all root canals, with special attention

to anatomical variations such as C-shaped canals.

Postoperative follow-up should be closely monitored to

promptly detect and address any issues. Additionally,

clinicians should continuously learn and update their

knowledge to adapt to new techniques and methods in the

field of endodontics, enabling them to provide safer and more

effective treatment for complex root canal systems.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Ethics statement

Ethical approval for this study was obtained from the

Institutional Ethics Committee of the School of Stomatology,

Southwest Medical University (NO.20240701007). The studies

were conducted in accordance with the local legislation and

institutional requirements. The participants provided their

written informed consent to participate in this study. The

manuscript presents research on animals that do not require

ethical approval for their study. Written informed consent was

obtained from the individual(s) for the publication of any

potentially identifiable images or data included in this article.
frontiersin.org

https://doi.org/10.3389/fdmed.2024.1498167
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/


Hu et al. 10.3389/fdmed.2024.1498167
Author contributions

PH: Data curation, Formal Analysis, Writing – original draft.

SF: Data curation, Writing – original draft. XL: Validation,

Writing – original draft. GL: Funding acquisition, Supervision,

Writing – review & editing. SL: Funding acquisition, Project

administration, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This work

was supported by the Sichuan Science and Technology Program

(No. 2022YFS0634 and 2022YFS0634-C2) and Key Research and

Development Program of Luzhou (No.2022-SYF-33), Program of

Southwest Medical University (2022ZD015), Project of Affiliated

Stomatological Hospital of Southwest Medical University (2022Z01),

and Foundation Project of Sichuan Medical Association (S21063).
Frontiers in Dental Medicine 06
Acknowledgments

The authors wish to thank the participating patients.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Karobari MI, Parveen A, Mirza MB, Makandar SD, Nik Abdul Ghani NR,
Noorani TY, et al. Root and root canal morphology classification systems. Int
J Dent. (2021) 2021:6682189. doi: 10.1155/2021/6682189

2. Nouroloyouni A, Lotfi M, Milani AS, Nouroloyouni S. Endodontic management
of a two-rooted mandibular first premolar with five root canals with cone-beam
computed tomography: a case report. J Dent. (2021) 22(3):225–8. doi: 10.30476/
DENTJODS.2020.83376.1049

3. Kong LJ, Wan K, Liu DG. Double roots of mandibular premolar in full-mouth
periapical films. Chin Med Sci J. (2015) 30(3):174–8. doi: 10.1016/s1001-9294(15)
30043-2

4. Shrestha R, Srii R, Shrestha D. Diversity of root canal morphology in mandibular
first premolar. Kathmandu Univ Med J. (2019) 17(67):223–8.

5. Sierra-Cristancho A, Gonzalez-Osuna L, Balanta-Melo J, Cafferata EA, Rojas C,
Melgar-Rodriguez S, et al. A micro-CT analysis of radicular dentine thickness in
mandibular first premolars presenting C-shaped root canals: identification of
potential danger zones. Int Endod J. (2022) 55(6):672–84. doi: 10.1111/iej.13740

6. Zoya-Farook A, Abhishek P, Shahabadi A. Cone-beam computed tomographic
evaluation and endodontic management of a mandibular first premolar with type
IX canal configuration: case report. J Endod. (2017) 43(7):1207–13. doi: 10.1016/j.
joen.2017.01.011

7. Daneshvar F, Baziar H, Karkehabadi H, Jafarzadeh H, Bhandi S, Patil S.
Mandibular first premolars with one root and three canals: a case series. J Contemp
Dent Pract. (2015) 16(6):519–22. doi: 10.5005/jp-journals-10024-1715

8. Mahdavisefat E, Kazemi A, Moghtaderi Esfahani E. Endodontic management of
three-rooted mandibular first premolar using cone-beam computed tomography: a
case report. Iran Endod J. (2023) 18(2):122–5. doi: 10.22037/iej.v18i2.41169

9. Balthazard R, Corne P, Vincent M, Mortier E. Methodological approach to the
endodontic treatment of first premolars with three root canals: two case reports.
J Contemp Dent Pract. (2019) 20(2):263–9. doi: 10.5005/jp-journals-10024-2507

10. Dalaei Moghadam M, Farahi F. Endodontic treatment of bilateral mandibular
first premolars with three root canals: a report of two cases. Iran Endod J. (2021)
16(4):261–4. doi: 10.22037/iej.v16i4.34781

11. Du Y, Lee AH, Zhang C. Mandibular first premolar with four canals. J Investig
Clin Dent. (2013) 4(1):64–6. doi: 10.1111/j.2041-1626.2012.00127.x

12. Penukonda R, Pattar H, Siang Lin GS, Kacharaju KR. Cone-beam computed
tomography diagnosis and nonsurgical endodontic management of a taurodontic
mandibular first premolar with two roots and four canals: a rare case report.
J Conserv Dent. (2021) 24(6):634–9. doi: 10.4103/jcd.jcd_580_21

13. Zhang M, Xie J, Wang YH, Feng Y. Mandibular first premolar with five root
canals: a case report. BMC Oral Health. (2020) 20(1):253. doi: 10.1186/s12903-020-
01241-0

14. Slowey RR. Root canal anatomy. Road map to successful endodontics. Dent Clin
North Am. (1979) 23(4):555–73. doi: 10.1016/S0011-8532(22)03170-6
15. Reda R, Zanza A, Bhandi S, Biase A, Testarelli L, Miccoli G. Surgical-anatomical
evaluation of mandibular premolars by CBCT among the Italian population. Dent
Med Probl. (2022) 59(2):209–16. doi: 10.17219/dmp/143546

16. Lerdrungroj K, Banomyong D, Songtrakul K, Porkaew P, Nakornchai S. Current
management of dens evaginatus teeth based on pulpal diagnosis. J Endod. (2023) 49
(10):1230–7. doi: 10.1016/j.joen.2023.07.017

17. Martins LC, Oliveira LRS, Braga SSL, Soares CJ, Versluis A, Borges GA, et al.
Effect of composite resin and restorative technique on polymerization shrinkage
stress, cuspal strain and fracture load of weakened premolars. J Adhes Dent. (2020)
22(5):503–14. doi: 10.3290/j.jad.a45180

18. Ng YL, Mann V, Gulabivala K. A prospective study of the factors affecting
outcomes of non-surgical root canal treatment: part 2: tooth survival. Int Endod J.
(2011) 44(7):610–25. doi: 10.1111/j.1365-2591.2011.01873.x

19. Siqueira JF Jr, Rocas IN, Ricucci D, Hulsmann M. Causes and management of
post-treatment apical periodontitis. Br Dent J. (2014) 216(6):305–12. doi: 10.1038/sj.
bdj.2014.200

20. Versiani MA, Martins J, Ordinola-Zapata R. Anatomical complexities affecting
root canal preparation: a narrative review. Aust Dent J. (2023) 68(Suppl 1):S5–23.
doi: 10.1111/adj.12992

21. Siqueira JF Jr, Rocas IDN, Marceliano-Alves MF, Perez AR, Ricucci D.
Unprepared root canal surface areas: causes, clinical implications, and therapeutic
strategies. Braz Oral Res. (2018) 32(suppl 1):e65. doi: 10.1590/1807-3107bor-2018.
vol32.0065

22. Wu MK, Dummer PM, Wesselink PR. Consequences of and strategies to deal
with residual post-treatment root canal infection. Int Endod J. (2006) 39(5):343–56.
doi: 10.1111/j.1365-2591.2006.01092.x

23. Hao J, Liu H, Shen Y. Periapical lesions and missed canals in endodontically
treated teeth: a cone-beam computed tomographic study of a Chinese
subpopulation. Med Sci Monit. (2023) 29:e940533. doi: 10.12659/MSM.940533

24. Karabucak B, Bunes A, Chehoud C, Kohli MR, Setzer F. Prevalence of apical
periodontitis in endodontically treated premolars and molars with untreated canal:
a cone-beam computed tomography study. J Endod. (2016) 42(4):538–41. doi: 10.
1016/j.joen.2015.12.026

25. Hoen MM, Pink FE. Contemporary endodontic retreatments: an analysis based
on clinical treatment findings. J Endod. (2002) 28(12):834–6. doi: 10.1097/00004770-
200212000-00010

26. Rouhani A, Aboutorabzadeh SM, Reyhani M, Kheirabadi N, Mortazavi S,
Navabi S. Prevalence of missed canals in endodontically treated teeth: a cone-
beam computed tomography study. J Clin Exp Dent. (2023) 15(8):e605–11.
doi: 10.4317/jced.60282

27. Baisden MK, Kulild JC, Weller RN. Root canal configuration of the
mandibular first premolar. J Endod. (1992) 18(10):505–8. doi: 10.1016/S0099-2399
(06)81352-X
frontiersin.org

https://doi.org/10.1155/2021/6682189
https://doi.org/10.30476/DENTJODS.2020.83376.1049
https://doi.org/10.30476/DENTJODS.2020.83376.1049
https://doi.org/10.1016/s1001-9294(15)30043-2
https://doi.org/10.1016/s1001-9294(15)30043-2
https://doi.org/10.1111/iej.13740
https://doi.org/10.1016/j.joen.2017.01.011
https://doi.org/10.1016/j.joen.2017.01.011
https://doi.org/10.5005/jp-journals-10024-1715
https://doi.org/10.22037/iej.v18i2.41169
https://doi.org/10.5005/jp-journals-10024-2507
https://doi.org/10.22037/iej.v16i4.34781
https://doi.org/10.1111/j.2041-1626.2012.00127.x
https://doi.org/10.4103/jcd.jcd_580_21
https://doi.org/10.1186/s12903-020-01241-0
https://doi.org/10.1186/s12903-020-01241-0
https://doi.org/10.1016/S0011-8532(22)03170-6
https://doi.org/10.17219/dmp/143546
https://doi.org/10.1016/j.joen.2023.07.017
https://doi.org/10.3290/j.jad.a45180
https://doi.org/10.1111/j.1365-2591.2011.01873.x
https://doi.org/10.1038/sj.bdj.2014.200
https://doi.org/10.1038/sj.bdj.2014.200
https://doi.org/10.1111/adj.12992
https://doi.org/10.1590/1807-3107bor-2018.vol32.0065
https://doi.org/10.1590/1807-3107bor-2018.vol32.0065
https://doi.org/10.1111/j.1365-2591.2006.01092.x
https://doi.org/10.12659/MSM.940533
https://doi.org/10.1016/j.joen.2015.12.026
https://doi.org/10.1016/j.joen.2015.12.026
https://doi.org/10.1097/00004770-200212000-00010
https://doi.org/10.1097/00004770-200212000-00010
https://doi.org/10.4317/jced.60282
https://doi.org/10.1016/S0099-2399(06)81352-X
https://doi.org/10.1016/S0099-2399(06)81352-X
https://doi.org/10.3389/fdmed.2024.1498167
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/


Hu et al. 10.3389/fdmed.2024.1498167
28. Parekh V, Shah N, Joshi H. Root canal morphology and variations of mandibular
premolars by clearing technique: an in vitro study. J Contemp Dent Pract. (2011) 12
(4):318–21. doi: 10.5005/jp-journals-10024-1052

29. Algarni YA, Almufarrij MJ, Almoshafi IA, Alhayaza HH, Alghamdi N, Baba SM.
Morphological variations of mandibular first premolar on cone-beam computed
tomography in a Saudi Arabian sub-population. Saudi Dent J. (2021) 33(3):150–5.
doi: 10.1016/j.sdentj.2019.11.013

30. Alenezi DJ, Al-Nazhan SA, Al-Maflehi N, Soman C. Root and canal morphology
of mandibular premolar teeth in a Kuwaiti subpopulation: a CBCT clinical study. Eur
Endod J. (2020) 5(3):248–56. doi: 10.14744/eej.2020.40085

31. Buchanan GD, Gamieldien MY, Fabris-Rotelli I, van Schoor A, Uys A. A study
of mandibular premolar root and canal morphology in a black South African
population using cone-beam computed tomography and two classification systems.
J Oral Sci. (2022) 64(4):300–6. doi: 10.2334/josnusd.22-0239

32. Karobari MI, Iqbal A, Syed J, Batul R, Adil AH, Khawaji SA, et al. Evaluation of
root and canal morphology of mandibular premolar amongst Saudi subpopulation
using the new system of classification: a CBCT study. BMC Oral Health. (2023) 23
(1):291. doi: 10.1186/s12903-023-03002-1

33. Sierra-Cristancho A, Gonzalez-Osuna L, Poblete D, Cafferata EA, Carvajal P,
Lozano CP, et al. Micro-tomographic characterization of the root and canal system
morphology of mandibular first premolars in a Chilean population. Sci Rep. (2021)
11(1):93. doi: 10.1038/s41598-020-80046-1

34. Dou L, Li D, Xu T, Tang Y, Yang D. Root anatomy and canal morphology of
mandibular first premolars in a Chinese population. Sci Rep. (2017) 7(1):750.
doi: 10.1038/s41598-017-00871-9

35. Cleghorn BM, Christie WH, Dong CC. The root and root canal morphology of
the human mandibular first premolar: a literature review. J Endod. (2007) 33
(5):509–16. doi: 10.1016/j.joen.2006.12.004

36. Fan B, Ye W, Xie E, Wu H, Gutmann JL. Three-dimensional morphological
analysis of C-shaped canals in mandibular first premolars in a Chinese population.
Int Endod J. (2012) 45(11):1035–41. doi: 10.1111/j.1365-2591.2012.02070.x

37. Fan B, Yang J, Gutmann JL, Fan M. Root canal systems in mandibular first
premolars with C-shaped root configurations. Part I: microcomputed tomography
Frontiers in Dental Medicine 07
mapping of the radicular groove and associated root canal cross-sections. J Endod.
(2008) 34(11):1337–41. doi: 10.1016/j.joen.2008.08.006

38. Sikri VK, Sikri P. Mandibular premolars: aberrations in pulp space morphology.
Indian J Dent Res. (1994) 5(1):9–14.

39. Zhang Y, Weng X, Fu Y, Qi X, Pan Y, Zhao Y. CBCT and micro-CT analysis of
the mandibular first premolars with C-shaped canal system in a Chinese population
author. BMC Oral Health. (2023) 23(1):707. doi: 10.1186/s12903-023-03271-w

40. Khademi A, Saatchi M, Sheikhi M, Soltani MM, Moradi S. In vitro diagnostic
accuracy and agreement of dental microscope and cone-beam computed
tomography in comparison with microcomputed tomography for detection of the
second mesiobuccal canal of maxillary first molars. Scanning. (2022) 2022:1493153.
doi: 10.1155/2022/1493153

41. Honap MN, Devadiga D, Hegde MN. To assess the occurrence of middle
mesial canal using cone-beam computed tomography and dental operating
microscope: an in vitro study. J Conserv Dent. (2020) 23(1):51–6. doi: 10.4103/
JCD.JCD_462_19

42. Wang Y, Xia W, Yan Z, Zhao L, Bian X, Liu C, et al. Root canal treatment
planning by automatic tooth and root canal segmentation in dental CBCT with
deep multi-task feature learning. Med Image Anal. (2023) 85:102750. doi: 10.1016/j.
media.2023.102750

43. Quaresma SA, da Costa RP, Ferreira Petean IB, Silva-Sousa AC, Mazzi-Chaves
JF, Ginjeira A, et al. Root canal treatment of severely calcified teeth with use of
cone-beam computed tomography as an intraoperative resource. Iran Endod J.
(2022) 17(1):39–47. doi: 10.22037/iej.v17i1.36153

44. Zhang D, Chen J, Lan G, Li M, An J, Wen X, et al. The root canal morphology in
mandibular first premolars: a comparative evaluation of cone-beam computed
tomography and micro-computed tomography. Clin Oral Investig. (2017) 21
(4):1007–12. doi: 10.1007/s00784-016-1852-x

45. Matherne RP, Angelopoulos C, Kulild JC, Tira D. Use of cone-beam computed
tomography to identify root canal systems in vitro. J Endod. (2008) 34(1):87–9. doi: 10.
1016/j.joen.2007.10.016

46. Setzer FC, Kratchman SI. Present status and future directions: surgical
endodontics. Int Endod J. (2022) 55(Suppl 4):1020–58. doi: 10.1111/iej.13783
frontiersin.org

https://doi.org/10.5005/jp-journals-10024-1052
https://doi.org/10.1016/j.sdentj.2019.11.013
https://doi.org/10.14744/eej.2020.40085
https://doi.org/10.2334/josnusd.22-0239
https://doi.org/10.1186/s12903-023-03002-1
https://doi.org/10.1038/s41598-020-80046-1
https://doi.org/10.1038/s41598-017-00871-9
https://doi.org/10.1016/j.joen.2006.12.004
https://doi.org/10.1111/j.1365-2591.2012.02070.x
https://doi.org/10.1016/j.joen.2008.08.006
https://doi.org/10.1186/s12903-023-03271-w
https://doi.org/10.1155/2022/1493153
https://doi.org/10.4103/JCD.JCD_462_19
https://doi.org/10.4103/JCD.JCD_462_19
https://doi.org/10.1016/j.media.2023.102750
https://doi.org/10.1016/j.media.2023.102750
https://doi.org/10.22037/iej.v17i1.36153
https://doi.org/10.1007/s00784-016-1852-x
https://doi.org/10.1016/j.joen.2007.10.016
https://doi.org/10.1016/j.joen.2007.10.016
https://doi.org/10.1111/iej.13783
https://doi.org/10.3389/fdmed.2024.1498167
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/

	Endodontic treatment of a two-rooted mandibular first premolar with four root canals: a case report
	Background
	Case presentation
	Discussion and conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


