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SUMMARY: This work investigated the morphology of the root canal system of the mandibular first molar in a Malaysian
subpopulation. Using micro-computed tomography with an isotropic resolutionoh2240 mandibular first molars were
scanned. MIMICS software was used for segmentation, 3-D reconstruction and analysis of the acquired images. The canal
configuration was described using Vertucci [supported by the supplementary configurations proposed by Sert & Bayirli (2004)]
and Ahmeckt al (2027), coding systems. The chi-square test was used to assess the association between qualitative variables.
By non-considering intercanal communications, Vertucci types IV (17.1%) and | (76.4%) were the most frequently reported
configurations in the mesial and distal roots, respectively. Of the reported configurations, 24.3% and 4.3% were noteclassifiab
by Vertucci system in the mesial and distal roots, respectively. Up to 63.6% and 9.3% of the reported configurations were non-
classifiable, and type | was the most frequent when considering intercanal communications (7.1% and 76.4% in the mesial and
distal roots, respectively). According to Ahmetal, system, almost half of the sample had more than four digits (47.9%),
followed by the 3-digits category (20.71%). In both systems, a significant association was found between the canal aonfiguratio
and the root type (p<0.001). The mandibular first molar of this Malaysian subpopulation demonstrated a wide range of root canal
morphology. When compared to the Vertucci system, the system developed by étrahesliccessfully classified all molars
configurations despite their level of complexity. The complex canal anatomy of mandibular first molars in this subpopulation
warrants special attention during root canal treatment procedures.
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INTRODUCTION

The ultimate aim of root canal treatment (RCT) igirst molar (MFM) (de Pablet al, 2010; Al-Rammahét
to adequately clean, shape, and hermetically seal the rabt 2023). Numerous external and internal root and canal
canal system (RCS) while protecting dentine from beingorphological characteristics in this tooth type have been
unnecessarily weakened (Plotigioal, 2013). Due to the studied using a wide range of evaluating modalities, such
complexity and unpredictability of the internal anatomys two-dimensional (2D) radiographs, stereomicroscopy,
of human teeth, RCT is not without risk. Thus, a thorougtlearing and staining, scanning electron microscopy
knowledge about the normal and complex root and car(®@EM), and cone-beam computed tomography (CBCT) (de
anatomy is a fundamental requirement for a successful R€&abloet al, 2010). However, in comparison to the earlier
(Vertucci, 1984). methods, microcomputed tomography (micro-CT) has
been the gold standard technology in investigating several
Several previous studies have shown manyorphological aspects (Hares al, 2013; Filpo-Pereet
anatomical variations and complexities in the mandibulad., 2015). Its small voxel size and high resolution
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contribute to its accuracy in depicting the fine details do. KG, Gilching, Germany) with 3.5X magnification
the root canal configuration (RCC). This has resulted ipower to detect any fractures and/or root resorption.
the reporting of considerable percentages of nofihymol solution (0.1%) was then used to keep the included
classifiable RCC (Filpo-Peret al, 2015; Al-Rammabhi teeth until further use after being rinsed for 30 minutes
et al, 2023) using the existing classification systems, sucimder running water.
as Vertucci (Vertuccet al, 1974) system. As a result, a
new coding classification system was proposed (Ahmeitanning and image analysig.he teeth were scanned with
et al, 2017), which has the ability to accurately describeigh-resolution 3D X-ray Imaging Systems (Xradia Versa
the number of roots and RCC in a single code (Aheted 520; Carl Zeiss Inc. Pleasanton, USA) using a standardised
al., 2017). scanning parameters: an isotropic resolution gir2280
kV, 88 mA, LE4 as a source filter, 36ftation around the
Various external and internal anatomical featuregertical axis with a step of rotation of 0.4. After importing
of the MFM were the subject of many micro-CT studies ithe acquired 2-D images in DICOM format, Materialise
different populations (Filpo-Pereet al.,, 2015; Al- Interactive Medical Image Control System (MIMICS)
Rammahgt al, 2023). Up to now, no micro-CT anatomical(Materialise 24.0.0.427, Leuven, Belgium) was used for
study has been conducted on the MFM in the Malaysi@egmentation, 3-D reconstructionand analysis the acquired
population. Therefore, this micro-CT study aimed tomages. The RCC was evaluated using Vertucci
investigate the root canal morphology of the MFM in alassification system (Vertucet al, 1974) in addition to
Malaysian subpopulation using Vertucci (Vertuetial, the supplementary 15 configurations that were established
1974) and Ahmeaét al, (2017) coding systems. by Sert & Bayirli (2004). Ahmeatt al., (2017) coding
system was additionally used to describe the RCCs using a
single code (Fig. 1).
MATERIAL AND METHOD

Ethical approval for the current work has bee
granted by the Medical Ethics Committee of the Facul
of Dentistry, University of Malaya [protocol number D
RD2208/0042 (L)].

In this study, an online calculator for estimating th

sample size was used to calculate the sample size. Mala il confimtB ation of dital root

has an estimated population of approximately 32 millio B
citizens. With a 90% confidence level and a 79 ‘ 2 MFM IV|2 D1
marginal error, a sample size of 140 MFM was determing '\ Number of roots

which were then collected from different governmentd \ Canal configuration of mesial root
and private dental clinics. %

The inclusion criteria include sound two-rooted

MFM or those with caries that do not mask toott?:. .
. e . ig. 1. Ahmed et al., coding system. The root number, tooth
identification, fully formed apices, absence. of root fraCtLHumber, and the RCC are all included in a single code. Root
re, absence of root resorption, and no previous endodonfifnper was reported using a superscript number to the left
filling or access opening. The patient's gender or age agfhe tooth code (e.g., 2 MFM used for two-rooted mandibular
the reason for extraction were unknown. first molar). To the right of the tooth code, letters are placed,
referring to the root type (M for the mesial root and D for the
The selected teeth were soaked in a solution @istal root). To the right of each root letter, superscript letters
sodium hypochlorite (2.5%) for thirty minutes to dissolvé: C and F indicated number of orifice/s (O), canal/s (C),
the soft tissue attachments. The removal of any resid@f foramina (F) per root. These superscript letters replaced
hard and/or soft tissues was then performed using W h numbers after reporting the RCC. For instance, in the

| . ler. Two i . hen i ved current case, the code 2MFM M2 D1 indicates two-rooted
ultrasonic scaler. Two investigators were then involve Wandibular first molar with 2 separated canals in the mesial

performing a thorough inspection of the teeth based @fht and single canal in the distal root. Describing the RCC
the inclusion and exclusion criteria to choose the eligiblgarts from the canal orifice (1 mm apical to the pulp chamber
teeth, using a dental loupe (Heine Optotechnik GmbH Boor) until the canal terminus.
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Statistical analysis.The IBM SPSS version 26 was thethe most frequently reported configuration (7.1%). In DRs,
software utilised for performing the statistical analysigype | was predominant (76.4%). Considering ICC led to
Using the chi-square test, the association between theconsiderably high percentage of non-classifiable
qualitative variables was evaluated. The level ofonfigurations in MRs (63.6%) and DRs (9.3%). The chi-
significance was set at 0.05 (P <0.05). square results in both scenarios showed a significant
association between the RCC and root type (p<0.001).
RESULTS
Root canal configuration according to Ahmedet al,
Root canal configuration according to Vertucci system. (2017) systemAs for the MR (Table Il), almost half of
In the MFM, Vertucci system was used per individual roothe sample had more than four digits (47.9%). Forty-nine
Table | summarises the distribution of the RCC in thearied codes were reported as having >4 digits, with a
MFMs. As for the first scenario (non-considering intercandfequency percentage of 47.85%.
communication (ICC) while describing RCC), in the mesial
root (MR), types IV (17.1%) and V (15.7%) were the most In the DR (Table IIl), the 1-digit category had the
commonly identified configurations. In the distal roobverwhelming majority (76.42%) over the others. Only
(DR), type | was the predominant configuration (76.4%}he D1 code was reported under the 1-digit category. The
Not considering ICC resulted in lower percentages of nonhi-square test revealed a significant association between
classifiable configurations in the MR (24.3%) and DRhe RCC categories and the root type (p < 0.001). Overall,
(4.3%). the most common code identified for the tooth as a whole
was 2MFM M1 D1 (7.2%), followed by 2MFM M1-2-1
As for the second scenario (considering the ICO1 (5%) and 2MFM M1-2-1-2 D1 (4.3%). Figure 2 shows
while describing the RCC), in the MR, Vertucci type | waseveral examples of RCC codes with different digits.

Table I. RCCs in the mandibular first molar according to Vertucci system.

Vertucci categories Mesial rootn (%) Distal rootn (%)

Type Pattern Non considering ICC Considering Non considering ICC Considering ICC
| 11 10(7.1) 10(7.1) 107 (76.4) 107 (76 .4)
Il 21 15(10.7) 3(21) 1(0.7) 1(0.7)
I} 1-2-1 13(94) 7 (5) 15(10.7) 11(7.9)
\Y, 22 24(17.1) 7 (5) - -
\Y, 12 22(15.7) 5 (3.6) 6 (4.3) 4 (2.9)
Y/ 2-1-2 2 (1.4) 5 (3.6) - -

\i 1-2-1-2 3(21) 6 (4.3) - 1(0.7)
IX 13 - - 3(21) 2 (1.4)
X 12-3-2 4 (2.9) 2(14) 1(0.7) 1(0.7)
Xl 23-1 2(14) 1(0.7) - -

XV 32 3(21) - - -

XVI 23 5(3.6) 1(0.7) 1(0.7)

XVII 13-1 2 (14) 2(14) - -

XIX 21-2-1 - 2(14) - -

XX 34 1(0.7) - - -

Non classifiable 34(24.3) 89(63.6) 6 (4.3) 13(9.3)
Total 140 (100) 140 (100)
DISCUSSION

The current investigation evaluated the RCC of theetermining ICC (Vertucci, 1984), the confusion seems to
MFM, comparing two classification systems. Thee greatly evident whenever micro-CT investigations
occurrence of intercanal communication may result ipresent various RCCs as "non-classifiable" (Filpo-Perez
uncertainty about its characterisation, which can either ke al, 2015, Ahmedet al, 2017). Consequently, in this
classified as a fundamental component of the RCC or amicro-CT investigation, the RCC of the MFM was
minor anatomical feature with no effect on itsharacterised, taking both scenarios into account (i.e.,
morphological identification (Karobaet al, 2019). Given including and excluding inter-canal communications). A
Vertucci had not explicitly addressed the criteria focomparison of the two scenarios would provide a clear

30



Table Il. RCC in the mesial root of the mandibular first molar according to Ahmed et al., system.
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Fig. 2. 3D reconstructed images from micro- CT
scans showing different RCCs in the mesial and
distal roots of mandibular first molars.

demonstration of how the RCC distribution
map could be altered, as well as the influence
of such an inclusion on the depiction of more
non-classifiable configurations.

As for the first scenario (i.e., not
considering intercanal communications), in
the MR, the micro-CT-based literature
exhibited contradictory findings in different
populations regarding the most prevalent
configuration type. In the Brazilian population
(Marceliano-Alveset al, 2019), type IV
(46.2%) was the most prevalent configuration.
Other micro-CT studies showed types |
(16.36%), Il (25%), and V (27.27 %) as the
most frequent in Brazilian (Rodriguesal,
2016), Turkish (Salli & Egil 2021), and North
American (Harriset al, 2013) populations,
respectively. In this study, types IV (17.1%)
and V (15.7%) were the most commonly
reported configurations, followed by type I
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Table Ill. RCC in the distal root of the mandibular first molar according to Ahmed et al., system.

Distal root
1 digit n 2 digits n 3 digits n 4 digits n More than 4 digits n
Dl l 07 D1-2 4 D1-2-1 1 1 D1-2-1-2 1 D1-2-1-2-1 3
D1-3 2 D1-4-2 1 D1-2-3-2 1 D1-2-1-3-1-2-1 1
D2—l l D1—2—3 1 Dl—3—2—1 l D1—2—3—1—2—1—2 1
D1—2—3—2—3 l
D1-3—2-1-2-3 1
D1-3—4-3-4-3-2-3-2 1
pl432321-21 1
D2-4—3-Z-1-2-3 l
107 7 13 3 10
total 76.42 % 5% 9.3% 214 % 714 %

140 (100%)

(10.7%). Albeit they reported noticeably higher incidenceshich depicts even the finest details and extra canals and
of type 1V, the findings of the current investigationconsequently provides new configurations not reported by
however, agree with those of Marceliano-Ahatsal Vertucci. Moreover, intercanal communications,
(2019) and Wolkt al (2016). particularly in micro-CT-based images, cause confusion
while describing the configuration. This, in turn, could
On the other hand, the studies used devices othecrease inter- and/or intra-observer variability. In this
than micro-CT were split into two groups. The first grougtudy, of those reported configurations, 24.3% were non-
of studies revealed that type IV was the most reportethssifiable, even with the inclusion of 15 supplementary
configuration, with a prevalence ranging from 50% to 75%pes and not considering inter-canal communications.
in Chinese (Qiacet al, 2020), Serbian (Popovet al,
2020), and Indian (Karunakarahal, 2017) populations. It is well known that the DR has less anatomical
However, two other investigations showed a far greateariability than the MR in terms of the number and
prevalence of type IV in Malaysian (93%) (Rdal, 2019) configuration of canals. Type | was the most commonly
and southern Chinese subpopulations (93.9%) (Véangreported configuration, with a widely varied prevalence
al., 2010). across different populations. The prevalence of type | in
CBCT studies ranged from 72.3% to 89.8% in different
The second group of studies found that type Il wgsopulations (Pérez-Hered& al, 2017; Popoviet al,
the most common configuration in Tanzanian (Madjapa &020; Qiacet al, 2020). However, another CBCT study
Minja 2018) and Spanish (Pérez-Heredtaal, 2017) on the Malaysian population showed a noticeably higher
populations. The vast majority of the preceding studiggpe | prevalence (96%) (P&t al, 2019).
were CBCT-based except for two, which were clearing
and staining-based studies (Karunakaearal, 2017; Similarly, the micro-CT-based literature
Madjapa & Minja 2018). Seemingly, the aforementionedemonstrated consistent findings with the non-micro-CT
findings were considerably higher than what was reportestudies regarding the prevalence of type | in the DR. It
in the current study. was about 57%, 81.8%, and 76% in the investigations of
Marceliano-Alveset al (2022), Harriset al (2013), and
It is well acknowledged in the literature that agefilpo-Perezt al, (2015), respectively. In this context, the
gender, sample size, population/ethnicity, and tooth siderrent study showed a consistent finding compared to the
are all factors that might contribute to the high anatomichierature. Type | prevailed over the DR (76.4%), followed
variability (de Pablet al, 2010; Al-Rammalet al, 2023). by type 11l (10.7%).
Such inconsistencies could also be explained by the
difference in the method used (Al-Rammabal, 2023). One of the salient findings in the micro-CT studies
Evidently, the CBCT studies present higher percentagissthe depiction of a considerable number of non-
of Vertucci types and lower non-classifiable configurationslassifiable configurations that are outside of Vertucci's
compared to their micro-CT counterparts. This could algystem ambit. For instance, Filpo-Perdzal. (2015)
be attributed to the higher spatial resolution of micro-CThoticed that 13% of the DRs in their study's sample did
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not fit Vertucci. Similarly, the current study figured outvarious RCCs reported, are all complexity-assuring factors.
that 6 (4.3%) were non-classifiable in the DR. Thes@&s a result of these findings, this study agrees with
intriguing findings could confirm the internal complexityMarceliano-Alvest al (2022) on the potential anatomical
and variability of the DR of the MFM (Marceliano-Alvesdifficulties that may necessitate additional attention in
et al, 2022). practice.

Concerning the second scenario, where inter-canal The main limitation of the current study is that the
communications were included, the map of the Vertuceamples used were fully anonymous; therefore, it was not
types distribution was comprehensively shifted. Type | hg®ssible to relate the findings to ethnicity, gender, or age,
become the most common configuration in the MR (7.1%)\hich is usually provided in CBCT observational clinical
followed by type Il (5%). This has also resulted in higlstudies. Additionally, this study was limited to two-rooted
percentages of non-classifiable configurations in MREIFMs.

(63.6%) and DRs (9.3%). These findings confirm the

existing conclusion based on micro-CT findings that th e ONCLUSION

Vertucci system is unable to represent intricate RCCs.

Additionally, inter-canal communication should be The MFM of this Malaysian subpopulation

considered in the clinical scenario while treatinglemonstrated a wide range of root canal morphology. When

mandibular molars, adopting advanced materials amgdmpared to the Vertucci system, the coding system

techniques to minimise the potential failure (Karova &eveloped by Ahmeét al, (2017, 2020), successfully

Zongova-Adem 2023). classified the RCCs of all molars despite their level of
complexity. Variations in the anatomy of the MFM are

In both scenarios, this study showed a significatommonly seen in this cohort group, posing challenges
association between the Vertucci configuration types afak clinicians performing endodontic treatment.
root type (p<0.001), indicating higher variability and
complexity of the MR in the MFM in this Malaysian ACKNOWLEDGEMENTS. The authors thank the
subpopulation. As confirmed before, this should incentividgniversity of Malaya (UM) / Faculty of Dentistry for
clinicians to pay more attention to the MR during root casupporting teeth scanning with micro-CT with the
nal treatment procedures. following grant: UMGOO03E-2022.

. In Olr?jer to ‘;".Ch'ﬁ:’et a ;yStemaggTaqdh accura‘f]L-RAMMAHl, H. M.; AHMED, H. M. A. & CHAI, W. L.
anatomical description that énhances »Ithas I'(':‘Ce'f‘,&?('lisis por tomografia microcomputada de la morfologia del con-

been advocated to employ the coding system establishgglio radicular de los primeros molares mandibulares en una
by Ahmedet al (2017) in research, education, and clinicaybpoblacion de Malasia utilizando dos sistemas de clasificacion.
practice (Ahmedet al. 2020 2023). The current |nt. J. Morphol., 42(1p8-34, 2024.

investigation demonstrated that, in the MR, almost half of

the sample had more than four digits [67 (47.9%)], RESUMEN: En este trabajo se investigd la morfologia
followed by the 3-digits category [29 (20.7%)], indicatingjel sistema de conductos radiculares del primer molar mandibular
a higher complexity of the MR internal anatomy. Thi§n una subpoblacién de Malasia. Utilizando tomografia
indicates the accuracy and effectiveness of this system”?tli:rocornpuwwla con una resolucion isotropica dqua@ se

resenting the actual complexity of the internal anato escanearon 140 primeros molares mandibulares. Se utilizo el soft-
P 9 P y re MIMICS para segmentar (enmascarar), reconstruir en 3D,

On the other hand, this also refers to the high variabilitygaizar y analizar las imagenes adquiridas. La configuracién del
and the presence of many more codes in the MR. canal se describio utilizando Vertucci respaldado por las configu-
raciones complementarias propuestas por Sert & Bayirli (2004)] y
In the DR, only the D1 code was reported under thshmedet al (2017, 2020), sistemas de codificacion. Se utiliz6 la
1-digit category [107 (76.42%)]. In contrast to Fearal prueba de chi-cuadrado para evaluar la asociacion entre variables
(2019), who found only three main Vertucci configurationsua“tatiVaS- Sin considerar las comunicaciones intgrcana]es, los
in the DR of the MFM in the Malaysian population, thidipos Vertucci IV (17,1%) y | (76,4%) fueron las configuraciones

study found many more configurations. Ten of thesrgportadas con mayor frecuencia en las raices mesiales y distales,
configurations had more than four digits ' respectivamente. De las configuraciones reportadas, el 24,3 %y el

- . . 4,3 % fueron no clasificables por el sistema de Vertucci en las
Notably, the prevailing single canal in the DR doeg,jces mesial y distal, respectivamente. Hasta el 63,6 % y el 9,3 %

not necessarily mean that RCT is guaranteed to be e@g)las configuraciones reportadas fueron no clasificables, siendo
and successful. The unpredictable 2D parameters and cragsipo | la mas frecuente al considerar las comunicaciones

sectional patterns of the distal canals, in addition to tl@ercanales (7,1 %y 76,4 % en las raices mesiales y distales, res-
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pectivamente). Segun Ahmed al. (2017, 2020) en el sistema, Marceliano-Alves, M. F.; ija, C. 0, Bastos, L. G. d. P. M. N,; Bruno, A.
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seguido por la categoria de 3 digitos (20,71 %). En ambos Siste_mesgﬁ_l root cana] morphology using micro-computed tomography in a
mas se encontré una asociacién significativa entre la configu@énBraz'“a” populationAust. Dent. J., 45(131-6, 2019.

i6n del | I ti d p <0.001). El pri | ,J.Y.Y,; Parolia, A.; Chuah, S. R.; Bhatia, S.; Mutalik, S. & Pau, A. Root
cion del canal y el tipo de raiz (p<0, )- primer molar = . nq morphology of permanent teeth in a Malaysian subpopulation using

mandibular de esta subpoblacion de Malasia demostré una amplia.one-peam computed tomograpByIC Oral Health, 19(1)L4, 2019.
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