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Research ArticleRoot Canal Anatomy of Maxillary First Premolar by MicroscopicComputed Tomography in a Chinese Adolescent Subpopulation
 Xiaojing Liu ,1,2,3 Meili Gao,4,5 Jianping Ruan,1 and Qun Lu 2
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 Received 5 July 2019; Revised 27 August 2019; Accepted 14 September 2019; Published 16 November 2019
 Academic Editor: Friedrich P. Paulsen
 Copyright © 2019 Xiaojing Liu et al. -is is an open access article distributed under the Creative Commons Attribution License,which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
 Objectives. To investigate the root morphology and root canal anatomy of maxillary first premolar using microscopic computed to-mography (micro-CT). Methods. 324 maxillary first premolars were collected and scanned. -e root and canal diameter, canal wallthickness, root taper, and cross-sectional shapes were determined in the single root with 1 canal (SR1C), single root with 2 canals (SR2C),and 2 roots with 2 canals (2R2C) by micro-CT. Results. -e results showed that single-rooted maxillary premolars were more commonthan other types.-e incidence of SR1C, SR2C, and 2R2C reached 25%, 26.39%, and 26.39%, respectively. Root and canal diameters andcanal wall thickness were decreased from coronal third to apical foramen. -e three parameters and canal taper showed increases frombuccal and palatal (BP) tomesiodistal (MD) aspects.-e root canal tapers were smallest of themiddle third level.-e findings showed thedifferent variations in 2R2C teeth.-e root canal cross-sectionalmorphology inmaxillary first premolars is complicated, including round,oval, long oval, flat canal, and irregular canal shapes. -e distribution varied in different aspects. Conclusion. Root canal morphologyshowed a wide variation and complicated structure. -e single-rooted teeth were more common in the Chinese adolescent population,and the majority of maxillary first premolars have two canals.
 1. Introduction
 Understanding and mastering of the appearance and internalstructure of human teeth are essential for endodontists andresearchers. Maxillary first premolars have unique anatomicalfeatures owing to its variation in root numbers and canalconfiguration. -e anatomical structure of maxillary firstpremolars is complex, including bifurcated roots, great var-iations of root and canal morphology, and multiple canals[1–3]. -ese complex structures increase the difficulty of root
 canal treatment and postcore restoration, incompletion ofroot canal cleaning, and root canal lateral penetration or evenroot fracture [4]. -us, a thorough understanding of theanatomical characteristics of the root canal system in themaxillary first premolar is essential for improving the successrate of root canal therapy and postcore restoration and re-ducing complications.
 In recent years, microscopic computed tomography(micro-CT) has been used to study tooth morphology be-cause of the ultrahigh resolution and high-precision three-
 HindawiBioMed Research InternationalVolume 2019, Article ID 4327046, 9 pageshttps://doi.org/10.1155/2019/4327046
 mailto:[email protected]
 https://orcid.org/0000-0001-6598-5101
 https://orcid.org/0000-0001-6025-3120
 https://creativecommons.org/licenses/by/4.0/
 https://creativecommons.org/licenses/by/4.0/
 https://doi.org/10.1155/2019/4327046

Page 2
                        

dimensional images. Micro-CT is a noninvasive assessmentthat can vividly and intuitively reproduce three-dimensionalimages of teeth and root canals. It accurately measures toothand is widely used to generate a series of cross-sectionalimages of a tooth [5–7]. Based on the micro-CT technology,it has already been reported that pulp cavities [8], three-dimensional images of root canal morphology [9], cross-sectional root canal shape (CSRCS) [10], buccal root withfurcation groove [11], and root surface area [12] were ob-served and investigated in maxillary first premolars.
 Teeth often indicate numerous external and internalchanges with aging. -e changes in root canal morphologyover the course of a lifetime are a challenge to the clinician asthey increase the difficulty of treatment. In adolescence, theroot canal and its cavity are wide. -e root canals becomenarrower with aging [13, 14]. Currently, the root canals byclearing technique and the percentage of each type ofmaxillary first premolar were reported [15]. -e CBCTmethod was used to investigate condylar position and jointspaces [16] and buccal bone thickness [17] of maxillary firstpremolar in adolescent population. However, the detailedinformation of root canal anatomy of maxillary first pre-molar using micro-CT remained largely unknown in theChinese adolescent population.
 -e aim of this work was to investigate the root canalanatomy of maxillary first premolars by using micro-CT in aChinese adolescent subpopulation and to supply the furtherdata of maxillary first premolar and to provide the rea-sonable suggestion for postpreparation in clinical treatment.
 2. Materials and Methods
 2.1. Samples. Samples used in this study were 324 maxillaryfirst premolars collected from the adolescent population(15–25 years) which were removed due to orthodontics. -eteeth were stored at the Orthodontic Department of Sto-matology Hospital of Fourth Military Medical University inXi’an, a northwestern province of China. Teeth selected inthis study had met the following criteria: (1) the teeth arecomplete and have no fracture; (2) mature teeth with fullydeveloped root; and (3) no root canal fillings, posts, orrestoration. -ese teeth were cleaned in 3% hydrogenperoxide. After the removal of periodontal tissue and cal-culus, they were dried at room temperature. -is researchwas approved by the Ethics Committee of Fourth MilitaryMedical University. -is study was conducted in accordancewith the Helsinki Declaration.
 2.2.Micro-CTScanningandAnalysis. All teeth were scannedusing a micro-CTscanner (Siemens Inveon MM Gantry CT,Germany) with an isotropic resolution of 14.97 μm andexposure time 500ms at 80 kV and 500 μA. -e Mimics10.01 (Materialise, Leuven, Belgium) was used for the 3-dimensional analysis.
 Based on the 3D reconstruction images (Figure 1(a)),teeth with bifurcation or fusion of root canals were excluded.Following maxillary first premolars of single root with 1canal (SR1C), single root with 2 canals (SR2C) and 2 roots
 with 2 canals (2R2C) were selected and analyzed addi-tionally. Each type contained 70 teeth.
 2.3. Root and Root Canal Analysis. In the cross-sectionalimages, the first slice where complete apical foramen appearswas taken as the apex of the root canal and the first slicewhere enamel appears was taken as the neck of the root canal(i.e., the enamel-cementum junction). -e distance from theroot canal orifice to the apical foramen was set as the rootcanal length [18]. -en the root canals were divided intocoronal third, middle third, and apical third (Figure 1(b)).-e root diameter and root canal wall thickness(Figure 1(c)), root canal diameter (Figure 1(d)) of the threecross sections, and apical foramen in different directionswere measured by using Mimics 10.01 software. All datameasurements were performed by the two examiners. Eachparameter was measured three times, and its average valuewas taken.
 Based on the length of the root canal and diameter ofcrown and apex, the root canal taper (C) was calculatedusing the following formula: C� (D − d)/L, in which D and drepresent the measured diameter of the crown and apex ofthe root canal segment and L is the length of the root canallength.
 2.4. Assessment of Root Canal Shape. According to theclassification criteria described by Jou et al., the shape of theroot canal in four cross-sectional images was determined[19]. -e quotient between the maximum and minimumwidth of root canals with the corresponding shape was asfollows: a ratio 1 represents a round, up to 2 an oval, between2 and 4 a long oval, more than 4 a flatted root canal, andmore than 5 an irregular shape.
 2.5. Statistical Analysis. -e data were analyzed using SPSS17.0 statistical software to carry out one-way ANOVA. -eSNK-q test was used to compare the two groups, and a valueof P< 0.05 was statistically significant.
 3. Results
 3.1. Root Canal Morphology. In the examined 324 maxillaryfirst premolars, according to Vertucci’s classification, theroot canal morphology was established using micro-CT andshown in Figure 1(a). Table 1 shows that the frequency of thesingle-rooted teeth was highest (72.22%), and two-rootedteeth followed (26.54%), and triple-rooted was only 1.23%.Additionally, the incidence of single root with 1 canal(SR1C), single root with 2 canals (SR2C), and 2 roots with 2canals (2R2C) was 81 (25%), 85 (26.23%), and 86 (26.54%),respectively. In the following investigation, we measured thethree maxillary first premolars.
 3.2. Root Diameters. Root diameters of the three maxillaryfirst premolars were measured firstly and are shown inTable 2. Root diameters were decreased from cervical thirdto apical foramen except those in 1/3 BP at the middle third
 2 BioMed Research International
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I (1-1) II (2-1) III (1-2-1) IV (2-2)
 V (1-2) VI (2-1-2) VII (1-2-1-2) VIII (3-3)
 (a)
 Coranal third
 Middle thirdApical third
 Apical foramen
 (b)
 (c)
 0.49mm0.82mm
 1.95mm1.22mm
 0.86mm
 0.77mm0.95mm
 3.66mm1.44mm
 2.22mm
 (d)
 Figure 1:-ree-dimensional reconstruction of a root canal by micro-CTof the examinedmaxillary first premolars (a), indication of coronalthird, middle third, and apical third cross-sectional and apical foramen in cross section (b), measurement of root diameter (upper) and rootcanal wall thickness (lower) (c), and root canal diameter (d) of the further examined three maxillary first premolars, respectively.
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level of single root with 1 canal and 2 roots with 2 canals.Similarly, the root diameters indicated increases from thebuccal and palatal diameter (BP) to mesiodistal diameter(MD) except those in apical third and apical foramen ofbuccal roots of single root with 2 canals.
 3.3.RootCanalWall6ickness. -e root canal wall thicknessat different levels is shown in Table 3. Generally, the wallthickness was decreased from the CEJ to the apex.-e buccaland palatal walls of the single rooted with 1 canal maxillaryfirst premolar were significantly thicker (P< 0.05) than thedistal and mesial walls at each portion. No significant dif-ference in wall thickness was observed at different aspects inthese single root with 2 canals teeth.-e wall thickness of thepalatal wall of the buccal root was markedly less than themesio- and distal-aspects among these 2 roots with 2 canalsteeth (P< 0.05). -e average wall thickness of the palatalaspect of the apical one-third of the buccal root is just0.5mm. -is result corresponds to the result reported byPaola; he found that the average wall thickness is on averageless than 1mm (discussion). -e palatal wall of the palatal
 root was significantly thicker than the distal and mesial wallsat the level of the cervical third and middle third, and thedifference was statistically significant (P< 0.05).
 3.4. Root Canal Diameters. As shown in Table 4, the rootcanal diameters of maxillary first premolars were increasingfrom the apical foramen to cervical third. -e root canaldiameter of single root with 1 canal, single root with 2 canals,and 2 roots with 2 canals in buccal-palatal direction wassignificantly greater than that in mesial-distal direction(P< 0.05) except that in the apical foramen. However, thesignificant smaller diameter was observed (P< 0.05) at apicalthird in the buccal-palatal direction of the buccal canal of 2roots with 2 canals teeth.
 3.5. RootCanal Taper. -e root canal tapers of the examinedteeth (Table 5) were the smallest of the middle third. Ad-ditionally, the root canal tapers were significantly larger(P< 0.05) at the buccal and palatal aspects than those in thecorresponding mesiodistal aspect except those at the apical
 Table 1: Frequency of root canal morphology of maxillary first premolars according to Vertucci’s [20] classification.
 Roots No. (%)Root canal types
 I II III IV V VI VII VIII(1-1) (2-1) (1-2-1) (2-2) (1-2) (2-1-2) (1-2-1-2) (3-3)
 One root 234 (72.22%) 81 27 9 85 18 9 5 0Two roots 86 (26.54%) 0 0 0 86 0 0 0 0-ree roots 4 (1.23%) 0 0 0 0 0 0 0 4Total 324 81 (25%) 27 (8.33%) 9 (2.78%) 171 (52.78%) 18 (5.56%) 9 (2.78%) 5 (1.54%) 4 (1.23%)
 Table 2: Root diameters in different levels of the three maxillary first premolars (mean± SD, mm, n� 70).
 Groups Cervical third Middle third Apical third Apical foramenSR1CBP 8.02± 2.73 6.78± 3.04 4.98± 2.89 2.23± 0.451/3 BP 2.67± 0.91 2.26± 1.01 1.66± 0.96 0.74± 0.15MD 4.14± 0.13 2.61± 1.11 2.13± 0.73 1.46± 0.671/3 MD 1.47± 0.04 0.87± 0.37 0.71± 0.24 0.49± 0.22
 SR2CBP 8.91± 2.68 8.20± 2.71 7.30± 1.55 2.10± 0.551/3 BP 2.97± 0.89 6.73± 0.90 2.43± 0.31 0.70± 0.18MD (buccal) 5.83± 1.89 4.17± 1.93 3.28± 0.87 1.86± 0.131/3 MD (buccal) 1.94± 0.63 1.39± 0.64 1.09± 0.29 0.62± 0.04MD (palatal) 5.67± 2.33 4.01± 0.83 2.75± 0.35 1.85± 0.331/3 MD (palatal) 1.89± 0.78 1.34± 0.27 0.90± 0.11 0.61± 0.11
 2R2CBuccal rootsBP 8.84± 3.00 8.24± 3.12 2.61± 0.54 1.30± 0.341/3 BP 2.95± 1.00 3.74± 1.04 0.87± 0.18 0.44± 0.11MD 4.62± 1.01 3.74± 1.13 2.90± 0.59 1.33± 0.311/3 MD 1.54± 0.34 1.24± 0.37 0.97± 0.19 0.44± 0.10
 Palatal rootsBP 8.84± 3.35 8.24± 3.41 2.93± 0.71 1.80± 0.211/3 BP 2.95± 1.12 3.74± 1.13 0.98± 0.23 0.60± 0.07MD 4.44± 1.11 3.22± 0.57 2.68± 0.48 1.46± 0.321/3 MD 1.48± 0.37 1.41± 0.19 0.90± 0.16 0.49± 0.11
 SR1C, single root with 1 canal; SR2C, single root with 2 canals; 2R2C, 2 roots with 2 canals; BP, buccal and palatal diameters; MD, mesiodistal diameter.
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third of the buccal canal of single root with 2 canals andpalatal canal of 2 roots with 2 canals. On the contrary, theroot taper at the apical third of the buccal and palatal aspectwas significantly smaller (P< 0.05) than that in themesiodistal aspect.
 3.6. Root Canal Cross-Sectional Shape. -e root canal cross-sectional morphology in maxillary first premolars is com-plicated, including round canal, oval canal, long oval canal,flat canal, and irregular canal (Figure 2, Table 6). Triangle, “8”figure and semilunar shapes were found in irregular canals(Figure 2). At the cervical third level, long oval, flat, andirregular shapes (90%–100%) were found in the three types ofmaxillary first premolars. At the middle third level, oval andlong oval shapes (70%–90%) were observed in single-rootedmaxillary first premolars. In 2-rooted maxillary first pre-molars, oval and irregular shapes (90%) were found at themiddle third of the buccal canal, and long, flat, and irregularshapes (100%) were observed at the middle third of the palatalcanal. Round and oval shapes (60–80%) were found at apicalthird and apical foramen levels of in single-rooted maxillaryfirst premolars. Additionally, for the buccal canal, oval andirregular shapes (80%) at apical third level and round andirregular shapes (90%) were observed in 2 roots with 2 canalsmaxillary first premolars. For palatal canal, besides irregularshape in both levels, oval and flat shapes at apical third level
 and round and oval shapes at apical foramen were observed inthe examined 2-rooted maxillary first premolars.
 4. Discussion
 Root canal morphology of the maxillary first premolarshowed a wide variation, and the complexity of the rootcanal system brings great challenges to root canal treatment[1–4]. It is very important for the clinician to be familiarizedwith the canal morphology. For root canal anatomy
 Table 3: Root canal wall thickness in different levels of maxillaryfirst premolar (mean± SD, mm, n� 70).
 Groups Cervicalthird Middle third Apical third Apical
 foramenSR1CB 2.32± 0.12∗ ,# 2.19± 0.23∗ ,# 1.76± 0.46∗,# 0.89± 0.25P 2.43± 0.44∗ ,# 2.36± 0.38∗ ,# 2.01± 0.13∗ ,# 0.73± 0.19M 1.52± 0.35 1.00± 0.12 0.87± 0.32 0.66± 0.15D 1.84± 0.45 1.12± 0.24 0.90± 0.35 0.52± 0.16
 SR2CBuccal canalB 2.33± 0.32 1.91± 0.34 1.37± 0.50 0.58± 0.12M 2.08± 0.12 1.55± 0.16 1.33± 0.67 0.57± 0.10D 1.99± 0.33 1.68± 0.61 1.34± 0.43 0.65± 0.24
 Palatal canalP 2.53± 0.30 1.86± 0.36 1.33± 0.62 0.37± 0.08M 1.83± 0.38 1.67± 0.61 1.27± 0.33 0.63± 0.11D 1.90± 0.17 1.77± 0.23 1.17± 0.26 0.32± 0.09
 2R2CBuccal canalB 2.21± 0.34 1.60± 0.60 1.08± 0.29 0.47± 0.09P — — 0.5± 0.13∗,# 0.3± 0.07∗ ,#M 1.75± 0.40 1.32± 0.53 1.07± 0.35 0.49± 0.10D 1.75± 0.53 1.46± 0.33 1.07± 0.33 0.49± 0.12
 Palatal canalB — — 1.09± 0.31 0.64± 0.12P 2.52± 0.33∗ ,# 1.83± 0.31∗ ,# 1.10± 0.30 0.52± 0.15M 1.49± 0.19 1.07± 0.35 1.07± 0.22 0.52± 0.21D 1.80± 0.54 1.15± 0.28 1.07± 0.18 0.49± 0.08
 ∗represents vs. correspondingM, P< 0.05;# represents vs. corresponding D,P< 0.05. SR1C, single root with 1 canal; SR2C, single root with 2 canals;2R2C, 2 roots with 2 canals; B, buccal aspect; P, palatal aspect; M, mesio-aspect; D, distal-aspect.
 Table 4: Root canal diameter in different levels of maxillary firstpremolar (mean± SD, mm, n� 70).
 Groups Cervicalthird
 Middlethird
 Apicalthird
 Apicalforamen
 SR1CBP 3.34± 0.85a 2.16± 0.61a 1.57± 0.32a 0.59± 0.18aMD 0.75± 0.23 0.42± 0.13 0.42± 0.10 0.3± 0.11
 SR2CBuccal canal
 BP — 1.38± 0.21a 0.87± 0.25a 0.62± 0.17aMD 0.98± 0.30 1.01± 0.31 0.59± 0.09 0.44± 0.09
 Palatal canalBP — 1.09± 0.21a 0.57± 0.14a 0.21± 0.05MD 0.82± 0.31 0.66± 0.11 0.35± 0.06 0.21± 0.02
 2R2CBuccal canal
 BP — 1.66± 0.23a 0.38± 0.14a 0.12± 0.06aMD 1.12± 0.30 0.96± 0.28 0.77± 0.13 0.50± 0.09
 Palatal canalBP — 1.25± 0.21a 0.75± 0.11a 0.65± 0.10aMD 1.15± 0.30 0.93± 0.23 0.55± 0.09 0.33± 0.06
 a represents vs. the corresponding MD, P< 0.05. SR1C, single root with 1canal; SR2C, single root with 2 canals; 2R2C, 2 roots with 2 canals; BP,buccal and palatal diameters; MD, mesiodistal diameter.
 Table 5: Root canal taper in different levels of maxillary firstpremolar (mean± SD, mm, n� 70).
 Groups Coronal third Middle third Apical thirdSR1C
 BP 0.30± 0.082a 0.16± 0.042a 0.25± 0.126aMD 0.12± 0.033 0.07± 0.035 0.12± 0.041
 SR2CBuccal canal
 BP — 0.20± 0.091a 0.09± 0.027MD 0.15± 0.026 0.14± 0.081 0.09± 0.039
 Palatal canalBP — 0.16± 0.044a 0.10± 0.051aMD 0.12± 0.039 0.05± 0.027 0.03± 0.018
 2R2CBuccal canal
 BP — 0.17± 0.043a 0.11± 0.022aMD 0.14± 0.041 0.07± 0.027 0.06± 0.018
 Palatal canalBP — 0.15± 0.031a 0.03± 0.016aMD 0.12± 0.032 0.10± 0.042 0.06± 0.013
 a represents vs. the corresponding MD, P< 0.05. SR1C, single root with 1canal; SR2C, single root with 2 canals; 2R2C, 2 roots with 2 canals; BP,buccal and palatal aspects; MD, mesiodistal aspect.
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aberrations assay, previous studies have reported that forcanal staining and tooth clearing, periapical radiographicradiographs were used. However, these techniques are in-vasive or allow only 2-dimensional (2D) analysis [11]. Cone-beam computed tomography (CBCT) is noninvasive andcan provide improved accuracy and higher resolution [21],while the advantage of micro-CT can show internal andexternal dental anatomies [9]. -us, in this study, to furtherprovide detailed information of the internal anatomical datain root canal, we established eight types of root canalmorphologies using micro-CT and evaluated the root di-ameter, root canal diameter, canal wall thickness, canaldiameter, and root canal shape of extracted teeth fromChinese adolescent subpopulation.
 Awawdeh and his colleagues have reported the fre-quency of one root (30.8%) and two roots (68.4%) in Jor-danian maxillary first premolars [22]. In an Egyptiansubpopulation study, more than half had two roots, andabout 45% had a single root in maxillary first premolars [23].Our study presented a higher prevalence of single-rootedteeth and a lower prevalence of two-rooted teeth than thesereported studies. Although the results about the rootnumber vary a lot, we can speculate that single-rootedmaxillary premolars were more common in the Chineseadolescent population, for the prevalence exceeded morethan half. -e frequency of one root was 57.36% in 422maxillary first premolars collected from the adolescent
 population ranging from 12–26 years [15], which is relativelower than 72.22% of our data. In a total of 300 CBCT imagesinvolving maxillary first premolar teeth from 241 patientsstudy, the frequency of one root was 66% [24]. Of all themaxillary first premolars, teeth with two canals were themost common (171/324). -e prevalence of teeth with threecanals was 1.23% (4/324) which is similar to the prevalence(1.4%) of Egyptian subpopulation study of maxillary pre-molar teeth [23]. -ough the prevalence of teeth with threecanals was very small, it should not be forgotten to miss anycanals. Simultaneously, the incidence of single root with 1canal (SR1C), single root with 2 canals (SR2C), and 2 rootswith 2 canals (2R2C) indicated higher incidence than othertypes maxillary first premolars. -e canal anatomy of threetypes of maxillary first premolars was further analyzed.
 Root canal diameter was called as “the forgotten di-mension” which was underestimated [19]. Grande et al.reported that the buccolingual (BL) diameter was greaterthan MD in both root and canal in a 30 single-rootedpremolars [25]. -e largest canal diameter of the maxillaryfirst premolar exhibited as 1.26± 0.26mm in a previousreported study [26]. In our study, the largest root canaldiameter was 1.15± 0.30mm in the maxillary first premolar.Our findings were consistent with these reports. However,the root and canal diameters of the buccal side at BL levelswere smaller than that at MD levels in maxillary first pre-molar with two canals in our study. -e more likely it is that
 A
 E
 DC
 F G
 Coronal third Middle third Apical third Apical foremen
 B
 (a)
 Coronal third Middle third Apical third Apical foremen
 (b)
 Figure 2: Cross-sectional root canal shape (a) and images (b) of maxillary first premolar. A, round; B, oval; C, long oval; D, flat; E and F,irregular shape; E, triangle; F, “8” figure; G, semilunar.
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the furcation groove exists on the palatal aspect of the buccalroot. It has been reported that the buccal-palatal canal di-ameter of the buccal root is negatively correlated with thefurcation groove on the palatal aspect of the buccal root [27].
 -e bifurcated maxillary first premolar has the uniqueanatomic landmark. In our study, the wall thickness waslarger in the buccal and palatal sides in single-rooted max-illary first premolar with one canal. -is is in agreement withGrande et al. [25]. However, in maxillary first premolar with 2canals, no statistical or opposite smaller canal thickness wasindicated in our investigation. -e root and canal diameter inthe present study imply the inconsistency of the wall thick-ness. -e wall thickness was affected by the prevalence of thefurcation groove in maxillary first premolars [11, 27]. -eaverage wall thickness of the palatal aspect of the apical one-third of the buccal root is just 0.5mm on the account of theexistence of the furcation groove. In a study of forty-twobifurcated maxillary first premolars of the Chinese pop-ulation, Li et al. reported that the minimum wall thickness ofthe apical third of the buccal root was just 0.26mm [11]. -isdifference may be due to the different Chinese populationsexamined. -us, this portion is a danger zone where perfo-ration may easily occur and the palatal aspect of the buccalshould not be removed excessively. Meanwhile, this portionmay be a predilection site of root fracture. A residual dentinthickness of less than 1mm jeopardizes root integrity. Fur-thermore, the inconsistency of the wall thickness leads to thefact that tensile stress was concentrated. So, this portion wassusceptible to vertical root fracture [28, 29].
 -ere are few studies to investigate the cross-sectionalroot canal shape by micro-CT. Rechenberg and Paque´ havefound that the cross-sectional root canal shape was almostround in two-rooted maxillary first premolars with onestraight canal per root maxillary premolars [10]. We herefound the round shape is mainly distributed in apical fore-men. -is may be due to the different types examined. Weadditionally provided the evidence that oval and long-ovalshapedmainly distributed at themiddle third and apical third.Simultaneously, long, flat, and irregular shapes were mainlylocated at coronal third. -ese results provide the evidence ofthe distribution dependence on different cross-sectional levelsof maxillary first premolars. -e cross-sectional root canalshape is closely related to root canal preparation and the effectof filling material. -e determination of width in root canalpreparation was more complicated because of the variation ofcross-sectional root canal shape [30, 31]. Root canal diameterand taper play a crucial role in the selection of preparationinstruments [31]. It should select the corresponding root canalpreparation instrument according to the taper values ofdifferent parts of the root canal in maxillary first premolars.-e established information of root taper in our study mayprovide the preparation instrument in clinical treatment.
 After 15 years of age, the predictability of orthopedicexpansion is greatly decreased in adolescents [32]. To thebest of our knowledge, no study has so far evaluated rootcanal diameter and wall thickness of maxillary premolars ofin a Chinese adolescent subpopulation using micro-CT.Root canal anatomy is indeed susceptible to changes over the
 Table 6: Distribution of root canal shape in the cross-sectional image of maxillary first premolars.
 Group Round Oval Long oval Flat Irregular shape TotalSR1CCoronal third 0 0 21 (30%) 35 (50%) 14 (20%) 70Middle third 0 28 (40%) 21 (30%) 7 (10%) 14 (20%) 70Apical third 14 (20%) 28 (40%) 21 (30%) 0 7 (10%) 70Apical foremen 35 (50%) 21 (30%) 7 (10%) 0 7 (10%) 70
 SR2CBuccal canalCoronal third 0 7 (10%) 21 (30%) 28 (40%) 14 (20%) 70Middle third 7 (10%) 35 (50%) 21 (30%) 0 7 (10%) 70Apical third 21 (30%) 28 (40%) 14 (20%) 0 7 (10%) 70Apical foremen 35 (50%) 21 (30%) 0 0 14 (20%) 70
 Palatal canalCoronal third 0 7 (10%) 21 (30%) 28 (40%) 14 (20%) 70Middle third 0 35 (50%) 28 (40%) 7 (10%) 0 70Apical third 7 (10%) 21 (30%) 14 (20%) 7 (10%) 21 (30%) 70Apical foremen 35 (50%) 28 (40%) 0 0 7 (10%) 70
 2R2CBuccal canalCoronal third 0 0 7 (10%) 42 (60%) 21 (30%) 70Middle third 0 28 (40%) 7 (10%) 0 35 (50%) 70Apical third 7 (10%) 21 (30%) 7 (10%) 0 35 (50%) 70Apical foremen 35 (50%) 7 (10%) 0 0 28 (40%) 70
 Palatal canalCoronal third 0 0 7 (10%) 42 (60%) 21 (30%) 70Middle third 0 0 28 (40%) 28 (40%) 14 (20%) 70Apical third 0 35 (50%) 21 (30%) 7 (10%) 14 (20%) 70Apical foremen 28 (40%) 21 (30%) 0 0 21 (30%) 70
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years. Root canal system morphology may become com-pletely calcifed with secondary dentine with aging [13, 14].For example, diameter root canal orifice of maxillary firstpremolars is larger in 20s than that in 40s [8], and the widestroot canals of maxillary central teeth were in the 15–24 yearage group [13]. -e data of maxillary first premolars pre-sented here may provide the appearance and internalstructure of human maxillary first premolars in adolescents.
 -is study has provided a detailed description of the rootand canal morphologies of maxillary first premolar bymicro-CT in a Chinese adolescent subpopulation. However,this study has some limitations. First, the limitation of ourstudy was relative small sample size used in micro-CTanalysis, especially considering the symmetry of root canalanatomy [33], so the research should be deepened byexpanding the sample size to the entire Chinese population,including adolescent population in different areas of Chinain the future. Second, the studied teeth sample was mainlycollected from young patients (15–25 y). Actually the size ofthe inner root canal will decrease with aging. -e data andinformation derived in this study may be inapplicable forother age people. -e more information of root canal di-ameter, thickness of root canal walls, apical cementumapposition, and even the taper in other age people should befurther studied to improve and perfect the root canalmorphological characteristics.
 5. Conclusion
 In short, root canal morphology of the maxillary first pre-molar showed a wide variation, including root diameter,root canal diameter, canal wall thickness, canal diameter,and cross-sectional root canal shape. -e single-rooted teethwere more common in the Chinese adolescent sub-population, and the majority of maxillary first premolarshave two canals. Of the 2 roots with 2 canals maxillary firstpremolars, the furcation groove on the palatal aspect of thebuccal root has a great influence on the treatment andprognosis. Based on these anatomical structures, our paperalso provides reference for the clinical treatment for max-illary first premolar-associated diseases in the future.
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