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Abstract
Objectives  This study aimed to compare posterior tooth root fractures in endodontically treated teeth versus nonendodonti-
cally treated teeth in the Chinese population.
Materials and methods  We investigated 500 root fractured posterior teeth in 461 Chinese patients. The clinical information 
(age, sex of patients, tooth type) were recorded. The fractured teeth were divided into endodontically treated root fractured 
(ETRF) teeth and nonendodontically treated root fractured (NETRF) teeth. The morphology of the fractured root (circular, 
oval, other), the orientation of fracture lines (vertical and non-vertical), the restorations performed (crown, filling, non-
filling), and the position of the teeth in the dental arch (normal, misaligned) were evaluated based on cone-beam computed 
tomography images. These data were compared between 2015 and 2019. ETRF% was calculated as ETRF/ETRF + NETRF. 
Vertical% was calculated as vertical/vertical + non-vertical.
Results  There were 177 ETRF teeth and 323 NETRF teeth in this population. The total ETRF% was 29.3% in 2015 and 37.6% 
in 2019 (P = 0.087). The proportion of vertical root fracture in the ETRF group increased significantly in 2019 compared 
with that in 2015 (46.2% vs. 80.2%, P = 0.000). The ETRF% in female patients increased by 16.8%, but increased by only 
1.2% in male patients in 2019 compared with that in 2015. The ETRF% of mandibular and maxillary premolars increased 
by 48.5% and 29.3%, respectively. The proportion of crown restoration increased by 2.4% in 2019 compared with that in 
2015 in the ETRF group.
Conclusions  The proportion of NETRF teeth and non-vertical root fractures in posterior teeth is high in this Chinese popula-
tion. The number of vertical root fractures in endodontically treated teeth increased significantly from 2015 to 2019.
Clinical relevance  More attention should be paid to endodontic treatment factors in the occurrence of root fractures, especially 
as female patients and premolars are more susceptible.

Keywords  Endodontically treated root fractured teeth · Nonendodontically treated root fractured teeth · Vertical root 
fracture · Cone-beam computed tomography

Introduction

Dental root fractures are fractures that occur in the root of 
a tooth, with complete or incomplete fractures, extending 
through the tooth root [1, 2]. X-ray diagnosis is important for 
diagnosis, because most root fractures have no specific clini-
cal signs and symptoms. Cone-beam computed tomography 

(CBCT), as a widely used noninvasive imaging technique, 
can provide three-dimensional visualization and evaluation 
of root fractures. For displaced root fractures, which have 
separation of fracture fragments [3], CBCT is regarded as 
the gold standard for diagnosis.

Root fractures can occur in both anterior teeth and pos-
terior teeth. For anterior teeth, most root fractures are trau-
matized [4, 5]. However, for posterior teeth, root fractures 
can occur in vital teeth with intact pulp or in endodontically 
treated teeth [2]. For nonendodontically treated root frac-
tures, attrited occlusal surfaces [6], damaging chewing hab-
its or the chewing of hard foods [6, 7], excessive and repeti-
tive masticatory force [7, 8], and morphological features (flat 
roots with smaller mesiodistal diameters) [9] are risk factors. 
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For endodontically treated root fractures (ETRFs), excessive 
dentin removal and excessive wedging forces are important 
factors associated with their occurrence [10].

For the Chinese population, because of their particular 
diet pattern and chewing habits [6, 11], root fractures in non-
endodontically treated teeth are common [6, 7, 12]. Moreo-
ver, vertical root fractures in nonendodontically treated 
teeth, which mainly occur in endodontically treated teeth, 
also comprise a proportion of root fractures in the Chinese 
population. The incidence of endodontically treated root 
fractured (ETRF) teeth and nonendodontically treated root 
fractured (NETRF) teeth and of vertical and non-vertical 
root fractures in the Chinese population is quite different 
from that in other populations. Moreover, as more teeth are 
treated endodontically and the methods of endodontic treat-
ment have developed rapidly in recent years, it is unknown 
whether this has induced more ETRF teeth. Therefore, in 
the present study, we retrospectively reviewed displaced root 
fractured teeth in our hospital in 2015 and 2019, based on 
our CBCT database. The proportion of root fractures (endo-
dontically treated vs. nonendodontically treated, vertical and 
non-vertical) was calculated, the clinical characteristics of 
the patients and their teeth were recorded, and the differ-
ences were compared between 2015 and 2019.

Materials and methods

Root fractured teeth inclusion

We carried out a retrospective search of CBCT reports from 
21,480 patients who were referred to the Affiliated Stomatol-
ogy Hospital of Medical School, Nanjing University, China, 
in 2015 and 2019, who required a CBCT examination as part 
of their dental treatment. We identified 461 patients whose 
CBCT images provided a definitive diagnosis of root frac-
tures and enrolled them in this study. The inclusion criteria 
were as follows: (1) All patients were examined by CBCT 
and were definitively diagnosed as having root fractures 
(hypodense (radiolucent) fracture line presented clearly on 
the CBCT images); (2) posterior teeth present (the tooth type 
included the first premolar, the second premolar, the first 
molar, and the second molar); (3) no post insertion; (4) no 
trauma history; and (5) CBCT images were of good quality, 
without motion artifacts and foreign body artifacts.

Collection of clinical information and the evaluation 
of CBCT images

The following clinical information was recorded: age and 
sex of each patient and the tooth type of each fractured tooth. 
The fractured teeth were divided into four types: maxillary 

premolars, maxillary molars, mandibular premolars, and 
mandibular molars.

On the CBCT images, the orientations of the root frac-
tures were evaluated and classified into vertical and non-ver-
tical types. If the fracture line was parallel to the long axis of 
the root, the fractured tooth was recorded as vertical; other-
wise, the fractured tooth was recorded as non-vertical. The 
morphology of the root canal of the fractured root was clas-
sified as circular, oval, or other (C-shaped, fused, and irregu-
lar). The restorations performed in these fractured teeth were 
classified into crown, filling, and non-filling. The position 
of the teeth in the dental arch was divided into normal and 
misaligned. Evaluation of the CBCT images was performed 
by two oral radiologists, separately. If a consensus could not 
be reached between the two evaluators, a senior radiologist 
performed the final classification. Before the evaluation, all 
three evaluators were trained on the classification criteria.

Statistics

In both 2015 and 2019, the root fractured teeth were divided 
into endodontically treated root fractured (ETRF) teeth and 
nonendodontically treated root fractured (NETRF) teeth. 
The proportion of ETRF teeth among the total root fractures 
was calculated as total ETRF% = ETRF/(ETRF + NETRF), 
and the NETRF% was calculated as NETRF% = NETRF/
(ETRF + NETRF).

In both 2015 and 2019, for the ETRF and NETRF groups, 
the proportion of vertical root fracture was calculated as 
vertical% = vertical/(vertical + non-vertical).

In both 2015 and 2019, for the ETRF and NETRF 
groups, average age of each group of patients was calcu-
lated, and then, the ETRF% and NETRF% were calculated 
for males and females. Female ETRF% = female ETRF/
(female ETRF + female NETRF), and male ETRF% = male 
ETRF/(male ETRF + male NETRF). Then, the ETRF% and 
NETRF% were calculated for the four tooth types. For exam-
ple, maxillary premolar ETRF% = maxillary premolar ETRF/
(maxillary premolar ETRF + maxillary premolar NETRF). 
The calculations were similar for the other three tooth types. 
The ETRF% and NETRF% were also calculated for the three 
root shapes. For example, circular-shaped ETRF% = circu-
lar-shaped ETRF/(circular-shaped ETRF + circular-shaped 
NETRF). The calculations were similar for the other two 
root shapes. For the ETRF and NETRF groups, the propor-
tion of crown restoration was calculated as crown% = crown/
(crown + filling + non-filling), and the calculations were sim-
ilar for the other two restoration types. For the ETRF and 
NETRF groups, the proportion of misaligned teeth was cal-
culated as misaligned% = misaligned/(normal + misaligned).

SPSS23.0 software (IBM Corp., Armonk, NY, USA) was 
used for the statistical analysis. For the quantitative data, 
values were presented as the mean ± standard deviation. The 
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Kolmogorov–Smirnov test was used to inspect the normality 
and homogeneity of variance of the data. An independent t 
test was used to compare the differences between 2015 and 
2019. For categorical variables, proportion (%) was calcu-
lated, and the chi-squared test was used to compare the dif-
ferences between 2015 and 2019. P < 0.05 was considered 
statistically significant.

Results

A total of 500 root fractured teeth from 461 Chinese patients 
were analyzed in this study. The number and proportion of 
ETRF and NETRF teeth are shown in Table 1. Total ETRF% 
increased from 29.3% in 2015 to 37.6% in 2019 (Fig. 1); 
however, the difference was not statistically significant 
between the two years (P = 0.087).

The distributions of vertical and non-vertical ETRF and 
NETRF teeth in 2015 and 2019 are shown in Table 2. In the 
ETRF group, vertical root fractures increased significantly 

from 46.2 to 80.4% (P = 0.000) between 2015 and 2019 
(Fig. 2).

The average ages of ETRF and NETRF patients are 
shown in Table 3. There were no statistically significant dif-
ferences between 2015 and 2019 for both ETRF and NETRF 
patients.

Table 4 shows the ETRF% and NETRF% for male and 
female patients in 2015 and 2019. The total number of male 
patients was approximately 2.1-fold higher than the number 

Table 1   The numbers of ETRF and NETRF teeth in 2015 and 2019

ETRF, endodontically treated root fractured; NETRF, nonendodonti-
cally treated root fractured

2015 (%) 2019 (%) Subtotal (%) P

ETRF teeth 39 (29.3) 138 (37.6) 177 (35.4) 0.087
NETRF teeth 94 (70.7) 229 (62.4) 323 (64.6)
Total 133 (100) 367 (100) 500 (100)

Fig. 1   Pie chart of total ETRF% 
and NETRF% in 2015 and 2019

Table 2   The distribution of 
vertical and non-vertical ETRF 
and NETRF teeth in 2015 and 
2019

ETRF, endodontically treated root fractured; NETRF, nonendodontically treated root fractured

2015 2019 P

Vertical (%) Non-vertical (%) Vertical (%) Non-vertical (%)

ETRF 18 (46.2) 21 (53.8) 111 (80.4) 27 (19.6) 0.000
NETRF 38 (40.4) 56 (59.6) 115 (50.2) 114 (49.8) 0.109
Total 56 (42.1) 77 (57.9) 226 (61.6) 141 (38.4) 0.000

Fig. 2   The proportion of vertical and non-vertical root fractures in 
ETRF teeth in 2015 and 2019
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of female patients (79 vs. 38) in 2015, but was only 1.3-fold 
higher (193 vs. 151) in 2019. From 2015 to 2019, the male 
ETRF% increased by 1.2% (P = 0.843), while the female 
ETRF% increased by 16.8% (P = 0.062) (Fig. 3).

Four tooth types of ETRF% and NETRF% in 2015 and 
2019 are shown in Table 5. The proportion of root frac-
ture was found to be highest in mandibular molars in both 
ETRF and NETRF groups. From 2015 to 2019, the ETRF% 
of mandibular premolars increased the most (from 33.3 
to 81.8%), followed by maxillary premolars; however, the 
ETRF%s of maxillary molars and mandibular molars were 
almost the same (Fig. 4).

Table 6 shows the ETRF% and NETRF% of three root 

morphologies in 2015 and 2019. Oval roots were more sus-
ceptible to root fractures. The ETRF% for both circular and 
oval root increased in 2019 compared with that in 2015; 
however, the difference was not significant.

The distribution of different dental restoration methods in 
the ETRF and NETRF groups in 2015 and 2019 is shown in 
Table 7. In the ETRF group, the proportion of crown restora-
tion was 23.1% and 21.7%, respectively.

The position of the teeth in the dental arch was divided 
into normal and misaligned groups. In the ETRF group, 
two teeth were misaligned in 2015 (2/39) and four in 2019 
(4/138). In the NETRF group, four teeth were misaligned in 
2015 (4/94) and 20 in 2019 (20/229).

Discussion

Dental root fractures occur at the root of the tooth [13]. 

The site of fracture is hidden; therefore, it cannot be 
directly observed by clinical examination. CBCT diagnosis 
of root fracture is based on the presence of a hypodense 

Table 3   Average age of ETRF and NETRF patients in 2015 and 2019

ETRF, endodontically treated root fractured; NETRF, nonendodonti-
cally treated root fractured

Average age

2015 2019 P

ETRF patients 58.1 ± 14.3 56.8 ± 14.7 0.648
NETRF patients 55.8 ± 11.9 57.6 ± 10.8 0.216

Table 4   The male and female 
ETRF% and NETRF% in 2015 
and 2019

ETRF, endodontically treated root fractured; NETRF, nonendodontically treated root fractured

Sex 2015 2019 P

ETRF (%) NETRF (%) Subtotal (%) ETRF (%) NETRF (%) Subtotal (%)

Male 24 (30.4) 55 (69.6) 79 (67.5) 61 (31.6) 132 (68.4) 193 (56.1) 0.843
Female 11 (28.9) 27 (71.1) 38 (32.5) 69 (45.7) 82 (54.3) 151 (43.9) 0.062
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Fig. 3   Histogram showing the ETRF% of male and female patients in 
2015 and 2019

Table 5   ETRF% and NETRF% 
of four tooth types in 2015 and 
2019

Max, maxillary; Man, mandibular; ETRF, endodontically treated root fractured; NETRF, nonendodonti-
cally treated root fractured

Tooth type 2015 2019 P

ETRF (%) NETRF (%) Subtotal (%) ETRF (%) NETRF (%) Subtotal (%)

Max. premolar 2 (28.6) 5 (71.4) 7 (5.3) 33 (57.9) 24 (42.1) 57 (15.5) 0.285
Max. molar 13 (23.6) 42 (76.4) 55 (41.4) 33 (24.8) 100 (75.2) 133 (36.2) 0.865
Man. premolar 1 (33.3) 2 (66.7) 3 (2.2) 18 (81.8) 4 (18.2) 22 (6.0) 0.133
Man. molar 23 (33.8) 45 (66.2) 68 (51.1) 54 (34.8) 101 (65.2) 155 (42.3) 0.883
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(radiolucent) fracture line on the CBCT image. Displaced 
root fractures, which have displacement of root segments, 
can be demonstrated clearly on CBCT images and can be 
definitively diagnosed using CBCT. Moreover, the posi-
tion and the orientation of root fractures and the shape of 
the fractured root can be evaluated on CBCT images. In 
this study, a retrospective cross-sectional investigation of 
root fractures in posterior teeth was performed based on our 
CBCT database.

We observed that the proportions of NETRF teeth and 
vertical root fractures (VRFs) were much higher than in 

a previous study [6], probably because of different sam-
ple sizes, different data sources, and different populations. 
VRFs occur more often in teeth that have undergone com-
plex restorative procedures, i.e., root canal treatment and 
intraradicular post-retention [1, 6, 12]. Mizuhashi et al.’s [4] 
study reported that only 9 of 51 fractured teeth (17.6%) were 
vital teeth, and 8 of them were traumatized anterior teeth. 
For the Chinese population, NETRF teeth were reported to 
account for a certain proportion of root fractures. In our 
study, of 500 root fractured teeth, 323 were NETRF teeth 
(64.6%); of the 282 vertical root fractured teeth, 153 were 

Fig. 4   Histogram showing the 
number of ETRF teeth and 
NETRF teeth among four tooth 
types in 2015 and 2019
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Table 6   ETRF% and NETRF% 
of three root morphologies in 
2015 and 2019

ETRF, endodontically treated root fractured; NETRF, nonendodontically treated root fractured

2015 2019 P

ETRF (%) NETRF (%) Subtotal (%) ETRF (%) NETRF (%) Subtotal (%)

Circular 11 (23.9) 35 (76.1) 46 (32.9) 34 (32.7) 70 (67.3) 104 (27.2) 0.279
Oval 28 (32.6) 58 (67.4) 86 (61.4) 105 (40.9) 152 (59.1) 257 (67.1) 0.172
Others 2 (25.0) 6 (75.0) 8 (5.7) 5 (22.7) 17 (77.3) 22 (5.7) 1.000

Table 7   Restorations performed 
in ETRF and NETRF teeth in 
2015 and 2019

ETRF, endodontically treated root fractured; NETRF, nonendodontically treated root fractured

2015 2019 P

Crown (%) Filling (%) Non-filling (%) Crown (%) Filling (%) Non-filling (%)

ETRF 9 (23.1) 29 (74.4) 1 (2.5) 30 (21.7) 106 (76.8) 2 (1.5) 0.873
NETRF 14 (14.9) 22 (23.4) 58 (61.7) 32 (14.0) 40 (17.5) 157 (68.5) 0.420
Total 23 (17.3) 51 (38.3) 59 (44.4) 62 (16.9) 146 (39.8) 159 (43.3) 0.959
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NETRF teeth (54.3%). Liao et al. [10] reported that 13.8% 
of 65 VRF teeth were nonendodontically treated; Chan et al. 
[6] showed that 40% of 315 VRF teeth were nonendodonti-
cally treated. NETRF teeth are reported to occur mainly in 
the Chinese population [11]. This might be related to dam-
aging chewing habits (chewing of hard foods, such as meat 
bones, sugar canes, and betel nuts), which are common in 
the Chinese population [7, 11]. In addition, it was reported 
that the distinctive chewing habits of the Chinese population 
will produce heavy, repeated, and prolonged stress and might 
initiate a large number of non-vertical root fractures [2, 14].

In the present study, all the CBCT images in our hospital 
in 2015 and 2019 were screened retrospectively, and many 
root fractured teeth were diagnosed as non-chief complaint 
teeth; thus, the proportion of NETRF teeth among total root 
fractures and in VRFs was high. This also suggested that 
the incidence of NETRF teeth in the Chinese population is 
higher than previously assumed.

In this study, the total ETRF% increased from 29.3% in 
2015 to 37.6% in 2019; the proportion of VRFs in all root 
fractures increased from 42.1 to 61.6%; for ETRF teeth, the 
proportion of VRF teeth increased from 46.2 to 80.2%. We 
consider that the bite force and dietary factors related to 
the occurrence of root fractures would not have changed in 
such a short time [15]. However, more patients have their 
teeth endodontically treated, and endodontic treatment tech-
niques have developed rapidly [16]. Therefore, the ETRF% 
increased, and VRFs among ETRF teeth increased signifi-
cantly. This also suggested endodontically treated root frac-
tures are more likely to be vertical.

In our study, nonendodontically treated root fractures 
were more frequent in male patients than in females (by 
about 1.7-fold). This was consistent with previous stud-
ies. In two studies by Chan et al., males had 2.2 times 
[7] and 3.6 times [6] more nonendodontically treated 
VRFs than females. Liao et al. [10] reported that among 
nine patients with nonendodontically treated VRFs, eight 
were male, and only one was female. Males have more 
nonendodontically treated root fractures, which might be 
related to factors such as stronger masticatory force and 
habitual chewing of hard foods [17]. However, for endo-
dontically treated VRFs, the results for the sex distribution 
of Chan et al.’s and Liao et al.’s studies were opposite. 
Liao et al. [10] reported that 67.35% of endodontically 
treated VRFs occurred in females and 32.65% occurred 
in males, whereas Chan et  al. [6] reported that 42% 
occurred in females and 58% occurred in males. In this 
study, males had more endodontically treated root frac-
tures in 2015 (male:female = 24:11), but slightly fewer in 
2019 (male:female = 61:69). Notably, the female ETRF% 
increased by 16.8% and male ETRF% increased by only 
1.2% in 2019 compared with that in 2015. A change in 
the tooth structure is the main reason for endodontically 

treated root fractures [10]. Therefore, based on our data, 
we believe that endodontic treatment has a higher impact 
on female patients.

In this study, for nonendodontically treated root frac-
tures, the proportion of maxillary and mandibular molars 
was very high (92.6% in 2015 and 87.8% in 2019), which 
was consistent with the results of Chan et al. [7] (87.5%). 
This might be related to the heavier masticatory force 
associated with molars or to the habitual use of molars 
in the chewing of hard foods. However, for endodonti-
cally treated root fractures, the proportion of maxillary and 
mandibular premolars changed markedly between 2015 
and 2019. The mandibular premolar ETRF% increased 
from 33.3% in 2015 to 81.8% in 2019; and the maxillary 
premolar ETRF% increased from 28.6% in 2015 to 57.9% 
in 2019. The sample of mandibular premolars was small 
in 2015, and this might introduce some bias to our results; 
however, the increase in the maxillary premolar ETRF% 
was statistically sound. This was also consistent with the 
results reported by Liao et al. [10]. This result suggested 
that endodontic treatment has more impact on premolars.

In this study, the morphology of the fractured root was 
also investigated. The results showed that oval roots were 
more prone to fracture than other types of roots in both 
ETRF and NETRF teeth. This was consistent with the 
results reported by Chan et al. [6], in which the mesiobuc-
cal roots of maxillary molars and mesial roots of mandibu-
lar molars were more prone to fractures. The oval root 
canal, with a smaller mesiodistal dimension, is more prone 
to root fractures [9]. The ETRF% for both oval and circular 
roots increased from 2015 to 2019; however, there were no 
significant differences for both of them.

The restoration performed in root fractured teeth was 
also investigated. ETRF teeth without crown restorations 
accounted for 76.9% in 2015 and 78.3% in 2019. Almost 
80% of ETRF teeth were only composite or amalgam filled. 
Compared with those treated with crown restoration, endo-
dontically treated teeth seemed to be more susceptible to 
fracture if they were restored with a composite or amalgam 
filling, which might have aggravated the risk of fracture. 
Therefore, dental practitioners have an important respon-
sibility regarding their decision about the final restoration 
delivered to these teeth, and post-treatment instructions 
also play an important role in the prevention of root frac-
tures. The position of the teeth in the dental arch (e.g., 
orthodontic anomalies and misalignment) results in them 
being subjected to different masticatory forces. Therefore, 
we also evaluated the position of the teeth in the dental 
arch. The results showed that only a small number of root 
fractured teeth were misaligned in the ETRF and NETRF 
groups. Thus, misalignment of teeth did not seem to be a 
risk factor for root fractures in this study.
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Conclusion

In summary, the proportion of NETRF teeth and non-verti-
cal root fractured posterior teeth in the Chinese population 
is high. The proportion of vertical root fractures in endo-
dontically treated teeth increased significantly from 2015 to 
2019, which suggested we should pay more attention to the 
endodontic treatment factors in the occurrence of root frac-
tures. In addition, endodontic treatment has higher impact 
on female patients and premolars.
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