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Abstract

AIM. To evaluate the anatomic variations of both maxillary premolars by cone beam computed tomography
(CBCT) images.

MATERIALS AND METHODS. Data were evaluated from 599 exams (313 women and 286 men), scanned by
300 Maxio CT, Instrumentarium®/Kavo Dental Excellence, FOV 5x5 and voxel 0.085 mm. The images were
evaluated by two endodontists using Vertucci’s classification.

RESULTS. The prevalence of maxillary premolars with more than one root was higher in men (48.3%) than in
women (29.7%) (p < 0.05). A higher percentage of type | and type lll canals (53.1% and 20.2%, respectively)
was observed in the second premolar (15.0%) with only one root than in the first premolars (14.3%). The
percentage of IV, V, VI, and VIl type canals was higher in the first premolars. Most teeth with two roots had a
root canal of the type IV, both in the first premolar (97.9%) and in the second premolar (93.5%). When all teeth
were considered, regardless of the number of roots, the first maxillary premolar showed a higher prevalence
of type IV root canals (68.0%) and the second maxillary premolar showed a higher prevalence of type | root
canals (46.4%) (p < 0.05). There was a significant association between gender and the number of maxillary
premolar roots in a southern Brazilian subpopulation. Most maxillary first premolars had two roots with a type
IV configuration and this configuration was common in males, while second premolars tended to be single-
rooted and with a type | configuration and were common in women.
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Pesiome

LLEENb MCCNELOBAHUA. OueHnTb aHaTOMUYECKME Bapmaumm KOPHEBOW CUCTEMbI MPEMONAPOB BEPXHEN Ye-
JIIOCTM C UCNOJIb3OBAHMEM KOHYCHO-JTy4EBOW KOMMbIOTEPHOM ToMOorpadpum (KJ1KT).

MATEPUAbI N METOAbI. B uccneposaHune 6binn BkoYeHbl gaHHble 599 KJIKT-o6cnenoBanuin (313 xeH-
LWMH 1 286 My>X4KH), BbINOJIHEHHbIX Ha ToMorpade 300 Maxio CT, Instrumentarium®/Kavo Dental Excellence,
c nonem o0630pa 5x5 mm n Bokcenem 0,085 mm. N306pakeHns aHannM3npoBaanch AByMs BpaiaMmn-aHO040H-
TUCTamMm B COOTBETCTBUM C Knaccudukaumen Beptyyun.

PE3YJIbTATbI. HacToTa 06HapyXeHUs NpeMOonspoB BEPXHEN YenocTn ¢ 6onee 4eM OgHUM KOpHeM Obina
BbILLE Y MYX4UH (48,3%), 4eM y XeHLuH (29,7%) (p < 0,05). Bo-BTOpbIX, NPeMosigpax C OAHUM KOPHEM Ha-
onopanca 6onee BbiCOKMN NpoueHT kaHanoB Tunos | u lll (53,1 n 20,2% COOTBETCTBEHHO), YEM Y NEPBbIX
npemonspos (15,0 n 14,3% cootBetcTBeHHO). KaHanbl Tunos 1V, V, VI n VIl yawe BcTpeyannco B NepBbix Npe-
Monapax. BonbwmHCTBO 3y60B C ABYMS KOPHAMU UMeNn kaHanbl Tuna IV — kak B nepsbix (97,9%), Tak 1, BO-
BTOPbIX, Npemonsapax (93,5%). Mpu yyete Bcex 3y6OB HE3aBMCUMO OT KONIMYECTBA KOPHEW YCTaHOBJIEHO, HYTO
A9 NepBbIX NPEMOJIIPOB BEPXHEN YenoCTU Hanbonee xapakTepHa koHdurypauusa kaHana tuna IV (68,0%),
Torga Kak ansi BTopbIX NpemMosspoB npeobnapatowen obina KoHpurypaums tuna |l (46,4%) (p < 0,05). Ycta-
HOBJIEHA 3HAYMMas 3aBUCUMOCTb MeXy NOJSIOM U YNCIIOM KOPHE NPEMONISIPOB BEPXHEN YentoCcTun y obcne-
noBaHHOW cyononynauum tora bpasnnun. Y 60nblUIMHCTBA NEPBbIX MPEMOISPOB BEPXHEN YetocTu Oblfio aABa
KOpHS ¢ kaHanamu Tuna IV, 4To yalle BCTpeyYanochb y MyX4uH, TOrga Kak BTOpble NPeMOisipbl B OCHOBHOM
VIMENN OANH KOPEHb U KOHGUrypaumio kaHana tuna |, 4To 661710 XapakTEPHO OJ19 XEHLLVH.

KnwoueBble cnoBa: KOHYCHO-/Ty4eBasi KOMMbIOTEPHAA TOMOrpadusi, SHAOLOHTUS, aHATOMMS KOPHEBOIO KaHasa
UHdopmauumsa o ctatbe: noctynuna — 24.03.2025; ncnpasnena — 30.04.2025; npuxata — 14.05. 2025
KoHGAUKT uHTepecoB: aBTOPLI CO0OLLAOT 06 OTCYTCTBUN KOHPNUKTA UHTEPECOB.

BnarogapHocTu: GUHAHCUPOBAHME U NHANBMAYASIbHbIE 611arofapHOCTM A5 OEKNAaPUPOBaHUSA OTCYTCTBYIOT.

Ana untuposBanua: bodd J1.6., na Cunbeeinpa byaHo K.3., Powa [.I.1., ®oHTana K.3., NenerpuH P.A., na Cun-
Ba Jlumonipy A.l., HacumeHnTty Y.M., Kactpy P.P.J1., Bapn 3.H., ae Jluma Punoc Nutwk M.A., ae Kapsanbio Koytu-
Hbo T.M., MapcenuaHy-Ansuc M.®.B., In MapTunH A.C. Mopdonormnyieckas ougHka KOPHEBbIX KaHas10B NpemMo-
NAPOB BEPXHEW YentocTn y cybnonynauuu ¢ iora bpasmnnuu: nccnegoBaHue ¢ NpUMeHEHNEM KOHYCHO-/Ty4eBOM

KOMMbIOTEPHOW TOMOrpadun. SHgogoHTus Today. 2025;23(2):233-240. https://doi.org/10.36377/ET-0099

INTRODUCTION

Knowledge of the morphology and anatomic va-
riability of the root canal system is important to per-
form successful endodontic treatment [1]. It is critical
that the clinician be aware of these internal and exter-
nal variations and their relationships to adjacent ana-
tomic structures to improve the outcome of endodon-
tic treatment [2].

Periapical radiography is the most used method
for examining root canal morphology during endodon-
tic therapy [3]. Anatomical overlap and image distor-
tion can be potential drawbacks of this technique [4].
To capture these anatomical variations, such as addi-
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tional canals, it is necessary to perform root dissocia-
tion techniques and change the horizontal angle of the
radiograph [5]. CBCT provides a three-dimensional as-
sessment of the tooth and anatomical structures [5],
eliminates overlap, and allows viewing in the axial, coro-
nal, and sagittal planes [6].

Root canal morphology may vary in the same indi-
vidual [7]. Factors that may contribute to these varia-
tions in root canal anatomic complexity include age,
gender, and the type of study performed [8]. The Bra-
zilian population is heterogeneous and has genetic
contributions from other continents: Europe, Africa,
America, and Asia [9].
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Maxillary premolars are frequent candidates for en-
dodontic treatment, accounting for 15.8% to 21.5% of
all treated teeth [10; 11]. Many studies have already re-
ported that maxillary premolars exhibit high variability
in internal root anatomy. In maxillary first premolars, the
number of single-rooted teeth varies from 22% to 66%,
the number of double-rooted teeth varies from 33% to
84%, and the number of triple-rooted teeth varies from
0% to 6%. [12-15]. This study aimed to evaluate the
anatomical variability of maxillary premolars in terms of
the number of roots and the configuration of root canals
in a subpopulation in southern Brazil using CBCT.

MATERIALS AND METHODS

This study was approved by the local ethics com-
mittee with protocol no. 5.062.770. It was an obser-
vational, cross-sectional, and retrospective study
evaluating maxillary premolar morphology using CBCT
images acquired from January 2018 to July 2020. A to-
tal of 599 images of maxillary premolars (338 first and
262 second premolars) from 341 patients of both sex-
es, aged between 16 and 87 years, were analyzed. Im-
ages were selected according to the following criteria:
Presence of first and/or second maxillary premolars
regardless of semiarch, complete root formation, no
resorptions and calcifications, no endodontic treat-
ments, and crowns. The sample was selected using
the G*power program. The sample size of 599 images
provided a minimum test power (1-B) of 80% with an
a-significance level of 5% for small effects in the ana-
lyzes of association with sex (w = 0.13) and age. Canal
configuration (w = 0.15).
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The CBCT images used in this study were obtained
with the scanner OP 300 Maxio CT, Instrumenta-
rium®/Kavo Dental Excellence, using the following ac-
quisition protocol: Voltage of 90 kVand 12.5 mA, FOV 5x5,
voxel 0.085 mm and minimum exposure time of 6.1 sec-
onds. The images were evaluated by two trained endo-
dontists. Inter-examiner agreement was evaluated using
the Kappa test. For the evaluation, On Demand software
was used in alow-light environment: first in the axial, sag-
ittal and coronal planes. The following information was
recorded and evaluated: Number of canals, number of
roots, sex of the patient, and root canal configuration ac-
cording to the Vertucci classification [1] (Fig. 1):

Type I: A single canal exits the pulp chamber and ex-
tends to the apex;

Type Il: Two separate canals emerge from the
pulp chamber and join to form a single canal anterior
to the apex;

Type lll: A single canal emerges from the pulp cham-
ber, divides into two canals in the middle third of the
root, and then unites into a single canal;

Type IV: Two separate canals from the pulp chamber
to the apex;

Type V: A single canal exits the pulp chamber and
divides into two separate canals with two separate fo-
ramina before the apex;

Type VII: Two separate canals leave the pulp cham-
ber, unite in the root body to the apex, and divide again
into two separate canals before the apex;

Type VIII: A single canal exits the pulp chamber, di-
vides, and then reunites in the canal body, ending in two
separate canals anterior to the apex.

LJ vii ‘;lll

Fig. 1. Vertucci classification types found in the present studies among the maxillary premolars assessed
by CBCT. CBCT coronal sections showing Vertucci Classification from type | to VIl and sagittal section showing

type VIl classification

Puc. 1. Tunel knaccndukaumm BepTyyyu, BbiISiBNEHHbIE B HACTOSLLNX NCCIEA0BaHNAX CPean NPeMOISPOB
BEPXHEN YeNoCcTU, oueHeHHbIX ¢ nomouwbto KJIKT. KopoHapHbie cpedbl Ha KJTIKT, aeMoHCcTpupylowme
knaccudukaunio Beptyyum ot Tuna | go VI, n carntranbHbeln cpesd, nokasbiaowmi tun VI
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Chi-square and Fisher exact tests were used to ana-
lyze associations between sex and number of roots and
between tooth position and Vertucci root canal config-
uration. All analyzes were performed using the R pro-
gram with a significance level of 5%.

The number of roots detected in the axial plane was
classified according to Pécora et al. [16]: Single-rooted:
teeth with a single root and teeth with two independent
canals that appeared to have two interconnected roots.

Multi-rooted: teeth with two roots that have partially
or completely branched roots; teeth with three roots,
where three roots are independent of the pulp cham-
ber floor or branch at some point along the buccal or
palatal roots.

MccneposaHus / Scientific researches

RESULTS

There was perfect agreement between the two in-
vestigators regarding the number of roots in the PMS
(kappa = 1.00; 95%CI: 1.00-1.00). There was also near
perfect agreement between the two investigators re-
garding the configuration of root canals in the PMS
(kappa = 0.90; 95%CI: 0.76-1.00).

Table 1 shows that there is a significant relationship
between genderandthe number ofroots (p < 0.05). Note
that 50.9% of females and 31.7% of males had a root
in the maxillary first premolar. Similarly, 48.0% of fe-
males and 64.7% of males had two roots in the maxillary
premolar (p < 0.05). For the maxillary second premolar,
93.7% of females had only one root and no females had

Table 1. Analyzes of association between the number of roots and gender for the first PMS, second PMS and the total

Tabnunua 1. AHanM3 B3aMMOCBA3UN MexXay KOJIMHEeCTBOM

KOPHE 1 NosioM Ans NepBbiX NPEeMOSISPOoB,

BTOPbLIX MPEMONAPOB N B COBOKYMNMHOCTK 014 BCEX NPEMONIAPOB

Number of roots
Tooth Gender One Two Three Total p-value
Frequency ('%) Frequency (*%)

Female 87 (50.9) 82 (48.0) 2(1.2) 171 (50.6) 0.0006°
19 PMS Male 53(31.7) 108 (64.7) 6(3.6) 167 (49.4)
Total 140 (41.4) 190 (56.2) 8(2.4) 338 (56.4)

Female 133 (93.7) 9(6.3) 0(0.0) 142 (54.4) 0.0017°
2°PMS Male 95(79.8) 22(18.5) 2(1.7) 119 (45.6)
Total 228 (87.4) 31(11.9) 2(0.8) 261 (43.6)

Female 220(70.3) 91(29.1) 2(0.6) 313 (52.3) <0.0001¢
Geral Male 148 (51.7) 130 (45.5) 8(2.8) 286 (47.7)
Total 368 (61.4) 221 (36.9) 10 (1.7) 599 (100.0)

Note. ' percentages in rows; 2 percentages in column; ® fisher’s

lMpumedaHue. ' NpoLueHTbI B CTPOKax; 2 npoueHTbl B cTonbuax; ®

Exact Test; * chi-square test.
TOYHbLIN TecT Puwiepa; ¢ TecT xn-ksaapar.

Table 2. Analyzes of association between root canal configurations (Vertucci Classification) and tooth position

for cases with one, two, three roots

Ta6nuua 2. AHanNM3 B3aNMOCBA3M MexXay KOHPUrypaumsamm KOpHEBbIX KaHanoB (Mo knaccudukauum BepTtyyun)
1 nonoxeHnem 3yba Ansa cinyyaes ¢ 0AHUM, ABYMS U TPEMSA KOPHSAMM

Number | Tooth Root canal configuration —
b ) e o [ m [ v [ v [ v [ vn | v p-value
Frequency ('%) Frequency (%)

1°PMS 21(15.0) | 34(24.3) | 20(14.3) | 44(31.4) | 3(2.1%) 8(5.7) 10(7.1) | 0(0.0%) 140 (38.0%) <0.0001°
One 29PMS | 121(53.1) | 24(10.5) |46(20.2)| 20(8.8) | 4(1.8) | 4(1.8) | 9(3.9) | 0(0.0) 208 (62.0)

Total 142(38.6) | 58(15.8) | 66(17.9) | 64(17.4) | 7(1.9) | 12(3.3) | 19(5.2) | 0(0.0) 368 (61.4)

1°PMS 0(0.0) 0(0.0) 0(0.0) |186(97.9)| 1(0.5) 0(0.0) | 0(0.0) 3(1.6) 190 (86.0) 0.1345°
Two 29PMS | 0(0.0) | 1(3.2) | 0(0.0) |29(93.5)| 0(0.0) | 0(0.0) | 0(0.0) | 1(3.2) 31 (14.0)

Total 0(0.0) | 1(0.5) | 0(0.0) |215(97.3)| 1(0.5) | 0(0.0) | 0(0.0) | 4(1.8) 221(36.9)

1°PMS 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) | 8(100.0) 8(80.0)
Three  |29PMS | 0(0.0) | 0(0.0) | 0(0.0) | 0(0.0) | 0(0.0) | 0(0.0) | 0(0.0) | 2(100.0) 2(20.0) -

Total 0(0.0) | 0(0.0) | 0(0.0) | 0(0.0) | 0(0.0) | 0(0.0) | 0(0.0) |10(100.0) 10(1.7)

1°PMS 21(6.2) | 34(10.1) | 20(5.9) |230(68.0)| 4(1.2) 8(2.4) | 10(3.0) | 11(8.3) 338 (56.4) <0.0001°
General |2°PMS | 121(46.4)| 25(9.6) | 46(17.6) | 49(18.8) | 4(1.5) | 4(1.5) | 9(3.4) | 3(1.1) 261 (43.6)

Total 142(23.7)| 59(9.8) | 66(11.0) | 279(46.6)| 8(1.3) | 12(2.0) | 19(3.2) | 14(2.3) 599 (100.0)

Note. ' percentages in the lines; 2 percentages in the column; 3
lMpumeyaHue. ' NpOLEHT B CTPOKax; 2 NpoLeHT B ctonbue; ® Tou

dHdodoHmus
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Fisher Exact Test.
Hbllh KpuTEpUi Purwepa.
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three roots. For males, 18.5% had two roots and 1.7%
had three roots (p < 0.05). Considering the two positions
of teeth, the prevalence of teeth with more than one root
was also higher in men (48.3%) than in women (29.7%),
p < 0.05. There was a significant relationship between
tooth position and root canal configuration only in teeth
with one root and in the total number of teeth (p < 0.05)
(Table 2). A higher percentage of type | and type lll ca-
nals (53.1% and 20.2%, respectively) was observed in
the second maxillary premolar with only one root than
in the first premolars with one root (15.0% and 14.3%,
respectively). The percentages of type IV, V, VI, and VII
canals were higher in first maxillary premolar than in
second maxillary premolar. Most teeth with two roots
had a root canal of the type IV, both in the first maxillary
premolar (97.9%) and in the second maxillary premolar
(93.5%). All teeth with three roots had a root canal of the
type VIII. When all teeth were considered, regardless of
the number of roots, the maxillary first premolar showed
a higher prevalence of type IV root canals (68.0%) and
the second maxillary premolar showed a higher preva-
lence of type | root canals (46.4%), p < 0.05.

DISCUSSION

The study of root canal anatomy is important to
achieve a favorable outcome in endodontics [15]. There-
fore, morphologic variations should be evaluated when
planning and performing endodontic treatment [17].

CBCT provides a good way to assess root canal mor-
phology without overlaying anatomical structures [13].
In addition, studies indicate the advantage of being
a rapid, inexpensive, and nondestructive method with
low radiation that allows images to be obtained in both
oblique planes and orthogonal planes and analyzed in
vivo [18].

In the present study, most maxillary premolars had
two roots (56.2%), whereas 41.4% had only one root,
followed by 2.4% who had three roots. These results are
consistent with the studies of Abella et al. [13] and Mar-
tinsetal. [7].

As for the upper second premolar, the present study
showed that 87.4% had one root and 11.9% had two. For
one root, the prevalence was lower (71.2%) in the study
by Lima et al. [15] and higher (94.4%) in the study by
Martins et al. [7]. In 3 roots, the present study agreed
with Lima et al. [15], with a very low percentage. Mar-
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tins et al. [7] did not detect any upper second premolar
with three roots in their specimens.

The complexity of internal root canals is determined
by genetics, age, and sex. The Brazilian population
is one of the most heterogeneous populations in the
world, with a significant genetic contribution from other
continents [19]. Sex and number of maxillary premo-
lar roots showed a significant association in this study
(p < 0.05), which contradicts the results of the study by
Abella et al. [13]. The prevalence of maxillary premolars
with more than one root was higher in men (48.3%) than
in women (29.7%). These results are consistent with the
study of Lima et al. [15], which also used a Brazilian sub-
population, and with Ok et al. [12] (Turkish population).
These results are useful for the dental surgeon in pre-
operative planning and evaluation and may contribute
to the success of endodontic treatment.

Regarding the configuration of the root canals [1],
most of the teeth with two roots [97.3%] was of the IV
types asin the study by Lima et al [15]. From all the sam-
ples, 29.7% of the teeth studied had a complex canal
system, which is difficult to detect only with a periapical
radiograph. In maxillary first premolars, type | was the
most common (53.1%), which agrees with Abella et al.
[13] and Lima et al [15], followed by type Il (20.2%).

In maxillary second premolars, 31.4% of the teeth
examined were of the type IV, followed by 24.3% of the Il
types. Lima et al. [15] found (32.6%), of type IV and type
I was much higher (49.9%). The present study agrees
with the studies of Martins et al. [7] and Abella et al. [13].
The prevalence of the type VIII configuration is critical
for a correct diagnosis, and therefore these studies of
anatomic variability are important. Thus, if an abnorma-
lity with enlargement is noted or suggested on periapi-
cal radiography, requesting a CBCT scan is indicated
for a better anatomical assessment prior to endodontic
treatment. In this way, the predictability of the case be-
comes much better and so do the chances of success.

CONCLUSION

The morphology of maxillary premolars was very dif-
ferent in this subpopulation, especially in the second
maxillary premolars. These differences must be consid-
ered before and during endodontic treatment. CBCT is
an important tool that can be used to analyze the mor-
phological variations of root canals.
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BKJIAQ ABTOPOB
J1.6. Bodd - yyacTme B cOHOpe 1 aHaNM3e faHHbIX, a Tak>ke B NOANOTOBKE TEKCTa PyKOMUCH.

K.3. na Cuneeiipa ByaHo — y4acTune B paspaboTke An3ainHa nccnenoBaHust, GOpMUPOBaHUN UHTENNEKTYalbHOro Coaep-
XaHus 1 NoAroToBKe TeKCTa PYKOMNMUCHU.

[.IMN. Powa- yyacTve B aHannse AaHHbIX U NOArOTOBKE TEKCTa PyKOMUCH.

K.9. ®oHTaHa — yyacTue B paspaboTke amnsaiHa nccnenosaHmsa, GopMmnMpoBaHnn MHTENNEKTYaIbHOrO COAEePXaHNsA 1 NOof-
rOTOBKE TeKCTa PYKOMUCH.

P.A. lMenerpuHe — y4acTtme B NOArOTOBKE TEKCTA PYKOMUCU.

A.l. pa Cunea Jinmonpy — yyactme B aHaAn3e AaHHbIX M NOATOTOBKE TEKCTA PYKOMUCHK.

Y.M. HacumeHTy — y4acTmne B NnoAroToBKe TEKCTA PYKOMUCHK.

P.P.J1. KacTpy — y4acTune B c60pe 1 aHann3e AaHHbIX, @ TAKXE B PELLEH3VPOBAHUM 1 A0PaboTKe PyKOMUCHK.
O.H. Bapn - yyacTue B cbope 1 aHannse AaHHbIX.

M.A. e Jluma Puoc MNuTLIK — yyacTue B peL.eH3npoBaHnm n oopadboTke pykonucu.

T.M. ne KapBanbto KOyTUHbO — y4acTue B peLleH3npoBaHnn 1 opaboTke pyKOnmncu.

M.®.B. MapcennaHy-AnBuc — y4actme B cbope 1 aHannse AaHHbIX, aHann3e pes3ynbTaToB, a TakxXe B pPeLeH3MpoBaHumn
1 popaboTke pykonucu.

A.C. ne MapTuH — y4acTue B peLieH3MpoBaHnn n 4opaboTke pyKonmcu.
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