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A B S T R A C T

Objective: The aim of this study was to analyze the occurrence and variations in C-shaped canals in ancient
Chinese teeth and compare the differences of these features between ancient and age-matched modern popu-
lations.
Design: Approximately 5000-year-old craniofacial bone remains were collected from the fossils of 38 individuals
(total: 68 mandibular second molars) excavated from the Jiaojia site. The control group comprised of an equal
number of randomly selected modern samples. We used cone-beam computed tomography to scan the mandible
along the apex-crown axis and analyzed the canal morphology, based on Fan’s categorization criterion, at 2 mm,
5 mm, and 8 mm to the apical level. Grooves on the lingual and buccal sides were also recorded.
Results: The proportion of C-shaped roots among ancient samples on the left and right sides were 48.57 % (17/
35 teeth) and 54.55 % (18/33 teeth), respectively, and 51.47 % (35/68 teeth) in the total sample. Conversely, in
the control group, 44.12 % (15/34) and 38.24 % (13/34) occurred on the left and right sides, respectively, and
41.18 % (28/68) in the total sample. Among the C-shaped canals from the Jiaojia site samples, the classification
type changed between two adjacent levels in 84.31 % of samples. Approximately 35 (51.5 %) teeth had a fused
root, 20 (29.41 %) had one shallow buccal and one deep lingual groove. The occurrence of C-shape variation was
not significantly correlated with time (p＞0.05).
Conclusions: This study identified a high rate of C-shaped root canals among individuals of Jiaojia who lived
approximately 5000 years ago.

1. Introduction

Root canal systems with an anatomical configuration described as
“C-shaped” are most often seen in mandibular second molars, followed
by maxillary second molars, particularly within the dentition of Asian
ethnic groups (Cooke & Cox, 1979; Sidow, West, Liewehr, & Loushine,
2000). Mandibular second molars with C-shaped root canal systems

may be present in almost half the Chinese population (Wang, Guo,
Yang, Han, & Yu, 2012), as opposed to only 2.7%–5% of Caucasians
(von Zuben, Martins, & Berti, 2017; Roy et al., 2019). For these and
other characteristics of tooth morphology, genetics appears to play a
major role (Turner, 1987; Scott, 1997). Usually, the genetics for tooth
form is selectively neutral, so that root shape is evolutionarily con-
served and less affected by environmental factors (Shields & Jones,
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1996). Consequently, variations in tooth anatomy could be significant
for studying prehistoric human populations in anthropology
(Ceperuelo, Lozano, Duran-Sindreu, & Mercadé, 2014). Furthermore,
teeth are the most resilient tissues among skeletal remains; they can
resist destruction and are preserved over thousands of years to provide
evidence of an individual’s dietary habits (Martínez et al., 2020; Frank
et al., 2019) and physical condition (G. Goude, Dori, Sparacello,
Starnini, & Varalli, 2020), as well as taxonomic relationships
(Hanegraef et al., 2018). Thus, several studies have been able to utilize
prehistoric dentition to perform detailed analyses of their morpholo-
gical features (Kasai & Kawamura, 2001; Shi, Duan, Shao, Duan, &
Peng, 2013; Ramírez-Salomón et al., 2014; Zilberman, Milevski,
Yegorov, & Smith, 2019).

The C-shaped root canal is anatomically characterized by fins or
webs that interconnect individual canals within a fused root. In cross-
sectional images, the canal orifice appears ribbon-shaped with an arc of
180° or greater (Jafarzadeh & Wu, 2007). The surrounding root struc-
ture is usually conical or cuboidal and has a longitudinal groove on the
lingual or buccal surfaces, which are typical of fused roots (Jerome,
1994; von Zuben et al., 2017).

The origin of C-shaped root canals has been ascribed to a develop-
mental failure of Hertwig’s epithelial root sheath to fuse on the root
surface (Manning, 1990). Additionally, their root anatomy could be
formed by a coalescence of cementum deposition over time (Fan,
Cheung, Fan, Gutmann, & Bian, 2004). Several reports have described
variations in the number and shape of these roots and their canal
morphologies. These variations appear to be genetically predetermined
and can be traced to the ethnic origins of a population and the classi-
fication of hominids.

As C-shaped canals occur in various configurations, Melton, Krell,
and Fuller (1991)) proposed a classification based on their cross-sec-
tional shape. However, their shape can vary along the length of the root
canal. Therefore, the coronal outline of the canal on the pulp chamber
floor, which is observed clinically during endodontic treatment, may
not be representative of deeper canal configurations (Fan, Chen, & Fan,
2001). Therefore, Fan et al. (2001) proposed a more comprehensive
classification of canal type, as follows: C1 have a continuous C-shaped
cross-section; C2 have discrete C-shaped cross-sections and at least one
arc ≥60°; C3 have 2–3 separate canals with arcs <60°; C4 have only a
single round/oval canal; and C5 have no visible canal lumen. The canal
in 11 root-sample cross sections were classified as C-shaped because
one or more cross-sections were in categories 1–3 (Fan et al., 2004).
This classification accounts for the variation in C-shaped canal anatomy
along the length of the root.

These root canal configurations can be examined clinically through
radiographs, which are limited by their two-dimensional interpreta-
tions. More detailed three-dimensional information can be obtained
from extracted teeth in vitro by tooth clearing, dye staining, grinding,
and splitting, which unfortunately destroy the specimens. In contrast,
microcomputed tomography (micro-CT) and cone-beam computed to-
mography (CBCT) can provide accurate and detailed digital three-di-
mensional reconstructions of complex root canal anatomical config-
urations, without damaging the sample (Patel, 2009). Micro-CT

provides details of the internal structures in a limited field-of-view,
which is usually confined to a single tooth, and is limited to in vitro
applications. However, CBCT produces hundreds of cross-sectional
images in a larger field-of-view that can accommodate larger specimens
such as the skeletal remains from archaeological sites. Furthermore,
CBCT is routinely used as an in vivo technique for clinical applications.
Therefore, CBCT may be an ideal technique for analyzing intricate
three-dimensional structures within the root canal systems of ancient
skeletal remains that warrant preservation.

The morphological features of human mandibular teeth can differ
significantly among populations of different ethnicities and geographic
regions (Martins, Ordinola-Zapata, Marques, Francisco, & Caramês,
2018), and these features have been the subject of numerous anato-
mical and paleontological studies (Ramírez-Salomón et al., 2014;
Turner, 1987, 1990). However, most of the archaeological studies have
focused on external tooth crown morphologies (Gómez-Robles, de
Castro, Martinón-Torres, Prado-Simón, & Arsuaga, 2015; Peretz &
Smith, 1993), and only a very few have examined the internal root
structure of ancient fossilized teeth or discussed the possibility of evo-
lutionary changes in root canals. These include Keith (1913) who
identified these roots in Neanderthals, but ascribed them to be an ex-
tinct collateral species that were not predecessors of modern humans.
Then, Pederson (1949) observed C-shaped roots and canals in East
Greenland Eskimos, and subsequently Cooke and Cox (1979) de-
termined an 8% prevalence rate for C-shaped root canal among Nean-
derthals.

Given the higher prevalence of C-shaped roots and canals in modern
Chinese, a similar predominance among their prehistoric populations
may have occurred. However, few studies have analyzed the root canals
of ancient Chinese teeth, and there are none from the Neolithic era.
Recently, Hominid fossils were excavated from the Jiaojia site, which
belong to the 5000-year-old Neolithic Age. The Jiaojia site is in Jinan,
Shandong Province, China, and is associated with the Dawenkou cul-
ture. Therefore, the purpose of this study was to analyze these ancient
Chinese skeletal remains and identify the prevalence of C-shaped canals
and their variants in mandibular second molar teeth. At the same time,
we compared the difference of these features between ancient and age-
matched contemporary clinical cases.

2. Materials and methods

2.1. Prehistoric skeletal remains

Craniofacial skeletal remains were collected from 38 individuals (68
mandibular second molars) that had been excavated from the Jiaojia
site in Shandong Province, China. The individuals were identified as
male (21), female (14), or of unknown sex (3), and were approximately
5000 years old (Table 1). Their ages ranged from 15 to 40 years, and
their mean age was 28.82 years. These prehistoric samples were divided
into the following age groups: 15–25 years, 26–35 years, and 36–40
years, for comparisons with age-matched controls obtained from cur-
rent clinical cases.

Table 1
The prevalence of C-shaped canals in the mandibular second molars of prehistoric skeletal remains according to their sex, age, and location.

Sexa Age (years) Location

Male (n = 38) Female (n = 25) 15–25 (n = 23) 26–35 (n = 40) 36–40 (n = 5) Left (n = 35) Right (n = 33) Total (n = 68)

No. of teeth 18 13 13 18 4 17 18 35
Frequency (%) 47.37 52.00 56.52 45.00 80.00 48.57 54.55 51.47

There was a higher prevalence of C-shaped canals in ancient females than in males (p = 0.002).
There was no correlation between age and the prevalence of C-shaped canals in fossil skulls (p = 0.125).
a The sex of the individual could not be determined for five teeth.
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2.2. Contemporary clinical cases

Approval for this study was obtained from the Institutional Review
Board of the School of Stomatology at Shandong University (IRB
number: 20,190,705). The CBCT images of 68 mandibular second mo-
lars from 39 patients who had undergone implant or oral surgical
procedures at the Shandong University Stomatology Hospital were
randomly selected to provide an age-matched control group. Their ages
ranged from 15 to 40 years, and the distribution of ages for these
clinical cases were similar to those of the prehistoric skeletal remains
(Table 2).

2.3. CBCT image analysis

Each prehistoric individual was examined by a CBCT scanner
(Newtom, Verona, Italy) according to the manufacturer’s recommended
protocol. A 12-inch by 12-inch field-of-view was used, and the scanner
operated at 85 kV and 21 mA with a 14-second exposure time, a 0.3-
mm voxel size, and a 0.5-mm slice thickness.

Axial, coronal, and sagittal two-dimensional images were displayed
on a monitor and examined using the NNT software (New Net
Technologies, Ltd., Hertfordshire, England). The data sets in Digital
Imaging and Communications in Medicine format were transferred to
Mimics 20.0 software (Materialise NV, Leuven, Belgium) for three-di-
mensional reconstruction using a threshold-based segmentation ap-
proach and odontometric analysis. CBCT images that are representative
of the prehistoric remains (Fig. 1) and the contemporary clinical cases
(Fig. 2), are shown.

2.4. Classification of C-shaped canals

C-shaped root canal show a broad spectrum of morphological var-
iants, and different classification systems have been used in prior stu-
dies (Manning, 1990; Melton, 1991). The classification proposed by Fan
et al. (2004) was used, which includes the following five categories:

Category 1 (C1), the root has a continuous C-shaped cross-section
with no separation or division;

Category 2 (C2), the root has a discontinuous C-shaped cross-section
with at least one arc that is no less than 60°;

Category 3 (C3), the root has 2–3 separate canals and no arc is more
than 60°;

Category 4 (C4), the root has only one round or oval canal in the
cross-section;

Category 5 (C5), the root canal has no lumen but the canal usually
occurs near the apex.

Along the length of each root from the apex to the crown, three
levels were selected for the cross-sectional analysis of canal shape as
follows: (1) A + 8 (8 mm from the apex), (2) A + 5 (5 mm from the
apex), and (3) A + 2 (2 mm from the apex) (Fig. 3). At each of these
levels the cross-sectional shape of the canal was identified according to
Fan’s method.

2.5. Statistical analysis

The prevalence of C-shaped canals in the prehistoric remains and
contemporary clinical cases was compared by Chi-square test. The
correlation between sex and the prevalence of C-shaped canals in each

Table 2
The prevalence of C-shaped canals in the mandibular second molars of clinical cases according to their sex, age, and location.

Sex Age (years) Location Total n = 68

Male (n = 37) Female (n = 31) 15–25 (n = 20) 26–35 (n = 44) 36–40 (n = 4) Left (n = 34) Right (n = 34)

No. of teeth 16 12 11 16 1 15 13 28
Frequency (%) 43.24 38.71 68.75 36.36 25.00 44.12 38.24 41.18

The prevalence of C-shaped canals in prehistoric remains and in modern clinical cases was not significantly different (p = 0.391).
There was no correlation between sex and the prevalence of C-shaped in modern clinical cases (p = 0.46).

Fig. 1. Cone beam computed tomography images of a right mandibular second molar with a C-shaped canal from an ancient sample as viewed in the coronal, sagittal,
and axial directions using NNT software. A, coronal view; B, sagittal view; C, axial view; D, 3D reconstructed image.
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sample, and the association between age and the prevalence of C-
shaped canals, was evaluated by Spearman rank correlation coefficient.
The statistical significance threshold was set at p< 0.05. All statistical
analyses were performed using IBM SPSS Statistics 23 software (IBM;
Armonk, NY, USA).

3. Results

The percentage of C-shaped roots in the ancient craniofacial bones
on the left and right sides were 48.57 % (17/35) and 54.55 % (18/33),
respectively, and 51.47 % (35/68) overall in the samples. In contrast,
the modern clinical cases had a lower percentage of C-shaped roots,
which were 44.12 % and 38.24 % on the left and right sides, respec-
tively, and 41.18 % overall. The age- and sex-specific frequencies of C-
shaped root canals are presented in Tables 1 and 2.

Regarding the cross-sectional shape of the C-shaped canals at dif-
ferent root levels, most ancient teeth had root canals longer than 8 mm,
whereas the sample numbered “JM-M125″ had a root canal of only 6
mm. Table 3 shows different two-dimensional types at 2 mm, 5 mm,

and 8 mm over the apical level. C1 most frequently occurred at the
orifice level (34.29 %), and C3 most frequently occurred at other levels
(A8, 34.29 %; A5, 40.00 %; A2, 57.14 %). However, in the modern
group, C1 was the most predominant type of root canal (50 %) at 8 mm
over the apical level. C2 accounted for a large proportion of C-shaped
canals at 5 mm (60.71 %) and 2 mm (42.86 %) over the apical levels.
Fig. 4 shows representative axial CBCT images of a continuous C-shaped
canal configuration.

Variations along the apex-crown axis was apparent from the
changes in the root canal cross-sectional classification at different le-
vels. Changes in the classification of the C-shape type occurred between
two adjacent levels in 84.31 % of the samples in the ancient group. In
contrast, classification changes occurred in only 55.26 % of the samples
in the control group (Table 4).

Facial appearance reflected the extent to which the C-shaped root
was fused. In mandibular second molars, a complete failure in the di-
vision on the buccal side, associated with a partial division on the
lingual side, creates roots with a horseshoe-shaped cross-sectional ap-
pearance (Keith, 1913). As shown in Table 5, among the 68 teeth ex-
amined, 35 (51.5 %) had fused roots. Most (13, 19.12 %) of these teeth
had only one longitudinal groove on the lingual root surface; 20 (29.41
%) teeth had one shallow buccal and one deep lingual groove; and 2
(2.94 %) teeth had no groove. However, in the modern group, 13
(19.12 %) teeth with fused roots had only one longitudinal groove on

Fig. 2. Cone beam computed tomography images of a right mandibular second molar with a C-shaped canal from a current sample as viewed in the coronal, sagittal,
and axial directions using NNT software. A, coronal view; B, sagittal view; C, axial view; D, 3D reconstructed image.

Fig. 3. Measurement locations.
A + 8, 8 mm from the apex; A + 5, 5 mm from the apex; A + 2, 2 mm from the
apex.

Table 3
Cross-sectional canal shapes of C-shaped canals at different levels.

Location C1 C2 C3 C4 C5

Orifice level
(%)

Ancient 12 (34.29) 7 (20.00) 10 (28.57) 6 (17.14) 0
Modern 20 (68.97) 7 (25.00) 1 (3.45) 0 0

A + 8 (%) Ancient 7 (20.00) 9 (25.71) 12 (34.29) 6 (17.14) 0
Modern 14 (50.00) 12 (42.86) 2 (7.14) 0 0

A + 5 (%) Ancient 7 (20.00) 10 (28.57) 14 (40.00) 4 (11.43) 0
Modern 7 (25.00) 17 (60.71) 4 (14.29) 1 (3.45) 0

A + 2 (%) Ancient 3 (8.57) 7 (20.00) 20 (57.14) 5 (14.29) 0
Modern 6 (21.4) 12 (42.86) 8 (28.57) 1 (3.45) 0

A + 2, 2 mm from apex; A + 5, 5 mm from apex; A + 8, 8 mm from apex.
Note: The C1 type has a continuous C-shaped cross-section; the C2 type has
discrete C-shaped cross-sections and at least one of the arcs is at least 60°; the
C3 type has 2–3 separate canals with arcs <60°; the C4 type has only a single
round/oval canal; and the C5 type has no visible canal lumen.
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the lingual root surface; 15 (22.06 %) teeth had one shallow buccal and
one deep lingual groove.

In the whole sample, the ancient and modern samples had com-
parable prevalence of C-shaped canal configurations (p = 0.391). The
differences in the prevalence of C-shaped canal configurations by sex
were significant in the ancient group (p = 0.002), but they were not
significant in the modern clinical cases (p = 0.46). There was no cor-
relation between age and prevalence of C-shaped canal in fossil skulls (p
= 0.125).

4. Discussion

This is the first study to have analyzed the prevalence of C-shaped
canals and their variants in the mandibular second molars of a pre-
historic Chinese population from the Neolithic era. The study found a
high prevalence of C-shaped canals in the mandibular second molars of
prehistoric skeletal remains from the Jiaojia archaeological site in
Shandong Province, China. Although other studies have reported on the
prevalence and morphological variations among C-shaped root canals
in archaeological samples including Neanderthal hominid fossils (Yang
et al., 1988), these have not extended back to the Neolithic age in

China.
The prevalence of C-shaped root canals in 68 mandibular second

molars from the 5000 year old remains of 38 individuals at the Jiaojia
site in Shandong (51.47 %), was higher than in an age-matched control
group of current clinical cases at Shandong University (41.18 %). This
prevalence was also higher than in modern Chinese populations, as
reported by Yang, Yang, Lin, Shay, and Chi (1988)) (33.6 %), Wang
et al. (2012) (34.64 %), and Zheng et al. (2011) (39.9 %), respectively.
The prevalence in this study was higher than that reported in a study
conducted on ancient Homo sapiens from the El Mirador Cave (12.5 %)
(Ceperuelo et al., 2014). Interestingly, Ceperuelo and colleagues re-
ported a higher percentage of C-shaped canals in historic samples than
contemporary populations, which is similar to the findings of the cur-
rent study. However, the limited sample size and scarcity of recorded
evidence makes it difficult to ascertain whether the occurrence of C-
shaped canals has become rarer over the course of human evolution.
This study also found that the ancient mandibular second molars had a
high frequency of fused roots with only a lingual groove or with both
buccal and lingual grooves. In contrast, the control group of clinical
cases had fewer aberrations on their root surfaces, which are consistent
with a cohort of modern Chinese, as reported by Zheng et al. (2011).

There was a transformation in the cross-sectional shape of these C-
shaped root canals, which proceeded from the pulp chamber canal or-
ifice to the root apex, as previously reported. This study found that the
prevalence of C1 and C2 categories decreased from the crown to the
apex, whereas the prevalence of C4 and C3 increased, in both the an-
cient molars and the contemporary clinical cases. These findings agree
with those previously reported by Fan et al. (2004). These transfor-
mations of their cross-sectional shapes indicate that the continuous C1
type canals and the semicolon-shaped C2 type may often divide into
two or three canals within the middle and apical regions of the root
(Zheng et al., 2011). These results confirm that the three canals in
mandibular second molars tend to form only two apical foramina, as
reported by Vertucci (1984).

Root canal morphology is also affected by the age of the individual.
Gani, Boiero, and Correa (2014)) demonstrated that mandibular first
molar root canals become simpler, more sharply defined, and narrower
over the years. Children and teenagers tend to have single large canals,
young adults (20–40 years) normally experience changes in their canals
from dentine deposition and calcifications, and older individuals tend
to have narrower canals (Gani et al., 2014). Therefore, this study se-
lected age-matched clinical cases for the control group, to account for
any effects of age on the C-shaped canals.

For root development, the formation of the pulp chamber floor and
the bifurcation or trifurcation of multi-rooted teeth has been ascribed to
Hertwig’s epithelial root sheath (Vertucci, 1984). Influenced by dietary
customs and other environmental factors, the development and calci-
fication of Hertwig’s epithelial root sheath may induce variations in the
frequency and morphological distribution of C-shaped canals in

Fig. 4. Example of cone beam computed tomography axial images of a tooth with a C-shaped canal configuration. (a) 2 mm from apical level; (b) 5 mm from apical
level; (c) 8 mm from apical level.

Table 4
The number of C-shaped canals showing a change in classification at adjacent
levels.

Number of teeth

Ancient Modern

Configuration remained unchanged 8 11
Configuration changed apically
Orifice to A + 8 9 7
A + 8 to A + 5 12 9
A + 5 to A + 2 22 5

A + 2, 2 mm from the apex; A + 5, 5 mm from the apex; A + 8, 8 mm from the
apex.

Table 5
Frequency distribution of root morphology in the mandibular second molar.

Root morphology Mandibular second molar, %; (n = 68)

Ancient Modern

All roots separate 33 (48.53) 40 (58.82)
Fused roots
With buccal groove 0 (0) 0 (0)
With lingual groove 13 (19.12) 13 (19.12)
With both buccal and lingual groove 20 (29.41) 15 (22.06)
No groove 2 (2.94) 0 (0)
Total 68 (100) 68 (100)
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mandibular second molars (Martins et al., 2018). Additionally, the in-
dividual’s sex was proposed to be another factor that influenced the
morphology and configuration of teeth in a study of root canal con-
figuration in a Turkish population by Sert and Bayirli (2004). In this
study, the prevalence of C-shaped canals in prehistoric men and women
was 47.37 % and 52.00 % respectively, and the corresponding pre-
valence in modern clinical cases was 43.24 % and 38.71 % respectively.
There was no significant correlation between sex and the prevalence of
the C-shaped variant in mandibular second molars (p＞0.05). Similarly,
Zheng et al. (2011) reported that there was no correlation between sex
and the prevalence of C-shaped canals.

Root canal morphologies have a genetic influence, and ethnic var-
iations may occur. Although there are very few studies that have re-
ported on the morphological variants in ancient mandibular second
molars (Keith & Knowles, 1911, 1913), there are multiple reports on
differences in the prevalence of C-shaped canals for modern populations
of varying ethnicity. The high prevalence of C-shaped canals (51.47 %)
in these ancient skeletal remains from the Jiaojia archaeological site is
consistent with their belonging to the Mongolian ethnic groups. Simi-
larly, prior studies on the root canal anatomy of Chinese (Yang et al.,
1988; Zhang et al., 2011), Hong Kong Chinese (Walker, 1988), and
Korean (Park, Kim, Park, Kim, & Ko, 2013) populations have reported
high prevalence of 29–55 % for C-shaped configurations in mandibular
second molars. In contrast, C-shaped root canals were sparsely pre-
valent among Neanderthals, and. studies of Saudi Arabian (Al-Fouzan,
2002), Lebanese (Haddad, Nehme, & Ounsi, 1999), and American po-
pulations (Chicago area) (Weine, Pasiewicz, & Rice, 1988) reported a
low-frequency of C-shaped variants (Table 6).

As genes may be important determinants of root development in
different populations (Ahmed, Abu-bakr, Yahia, & Ibrahim, 2007), and
traits in dental morphology may be mostly regulated by genes and
minimally affected by environmental factors (Scott & Dahlberg, 1982).
Therefore, variations in human dental morphology may be due to
random genetic drift (Scott & Turner, 1997). Thus, the variability ob-
served between the ancient Jiaojia inhabitants and current residents
could be due to population influx over the past 5000 years. Similarly,
Przesmycka et al. (2020) reported increased morphological variability
in the number of roots and in the configuration of root canals when
comparing populations from the late medieval era and modern times in
Radom, Poland.

The different findings in some of these studies could be attributed to
the techniques used. This study used CBCT, which is an extraoral
imaging system that was developed in the late 1990′s to generate three-
dimensional images of the maxillo-facial skeleton (Mozzo, Procacci,
Tacconi, Martini, & Andreis, 1998; Arai, Tammisalo, Iwai, Hashimoto,
& Shinoda, 1999). It has only recently become more widely available
for clinical applications and research. CBCT has been found to be ex-
tremely accurate and capable of providing two- and three-dimensional
measurements irrespective of the skull’s orientation (Lascala, Panella, &
Marques, 2004). The exact location and anatomy of the root canal
systems can be assessed by CBCT for the provision of surgical and non-
surgical root canal treatments and the clinical management of compli-
cations (Cotton, Geisler, Holden, Schwartz, & Schindler, 2007).

Although Micro-CT techniques can provide an even higher resolu-
tion for the identification of intricate canal anatomy, they are limited to
in vitro applications and small areas, usually a single tooth. CBCT
techniques are routinely utilized for in vivo clinical applications and
they scan larger viewing areas of the maxilla and mandible for the
analyses of craniofacial skeletal remains. However, the CBCT technique
used in this study does have some limitations. Although CBCT scans
provide clear images of internal root canal structure, they may conceal
intricate anatomical details such as fine branches and interconnecting
fins, especially in calcified canals, which can lead to misidentification of
root types (Degerness & Bowles, 2010; Lee et al., 2011). Indeed, Wang
et al. (2012) have reported that a combination of both radiographic and
clinical examinations was able to detect more C-shaped canals in 1146
lower second molars, than either technique alone. In addition, the small
sample size limited the effectiveness of the investigations to identify
more differences between hominids’ and modern human’s root and
canal morphologies. More samples need to be identified to ascertain the
trends in evolution of the human tooth.

5. Conclusions

This CBCT study found a high prevalence of C-shaped root canals in
the mandibular second molars of ancient humans at the Jiaojia site,
5000 years ago. Their prevalence was higher than in an age-matched
control group of current clinical cases from the local population.
Additional studies are needed to decipher the various genetic influences
on human root canal morphology.
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