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Role of Computed Tomography Scan in
Dental Trauma: A Cross-Sectional Study

Feng Li1,*, Jun Li1,*, Deming Zhang2, and Feng Wu1

Abstract

Background: Dental trauma is caused by fracture(s) in the vertical plane and the horizontal plane of roots. The objective of this
study is to perform multiple diagnostic modalities for the diagnosis of horizontal root fracture(s) of the tooth.

Methods: A total of 250 patients with dental complaints were subjected to intraoral radiography, multidetector helical computed
tomography (MDHCT), and limited cone beam computed tomography (LCBCT). The suspected tooth was extracted, visually
inspected, and subjected to microcomputed tomography (micro-CT). Images were observed in the lightbox, and a fracture was
considered if it had been directly visualized as radiolucent line traversing tooth root. Wilcoxon test/Tukey post hoc test was
performed at 99% of confidence level.

Results: With respect to visual inspection, for LCBCT, intraoral radiography, MDHCT, and micro-CT, sensitivities were 0.988,
0.972, 0.967, and 0.979; accuracies were 0.956, 0.785, 0.905, and 0.888; false-positive values were 5, 21, 12, and 11; and false-
negative values were 3, 24, 3, and 11, respectively. The area of the image visible at one time was in the order of treatment without
radiography < intraoral radiography < MDHCT < micro-CT < LCBCT.

Conclusion: The LCBCT had the highest sensitivity and accuracy for diagnosis of horizontal tooth root fracture(s).

Level of Evidence: I.

Trial Registry: researchregistry3647, dated December 31, 2016 (www.researchregistry.com).
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Introduction

Dental trauma mainly causes fractures in the horizontal plane of

the root. Moreover, the horizontal tooth root fracture is hardly

detectable by intraoral radiography.1 Diagnosis of fracture of

tooth root is a vital method to determine the appropriate treat-

ment and to assess prognosis for the dental trauma.2 Intraoral

radiography is a well-established imaging modality for detec-

tion of tooth root fracture. However, it has low accuracy and is

slightly problematic, where the displacement of the fragments

does not occur and is not characterized by granulation of tissues

or oral edema.3,4 At present, the computed tomography (CT)

methods for 3-dimensional images have been employed to com-

pensate for the drawbacks (eg, distortion, anatomic superimpo-

sition, and magnification) of intraoral radiography. Limited

cone beam computed tomography (LCBCT) has been estab-

lished for regional dentomaxillofacial small field-of-view ima-

ging,5 with high-resolution scans at the same low-dose radiation

as that of intraoral radiography.6 Moreover, LCBCT and helical

computed tomography (HCT) are well-established methods for

detecting vertical root tooth fracture(s).7

There is enough empirical evidence that radiation is harmful

and can cause cancer.8 However, oral and maxillofacial
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surgeons ignored linear no-threshold hypothesis (LNTH) and as

low as reasonably achievable (ALARA) principles for diagnosis

of rare horizontal tooth root fracture(s) and performed multiple

radiological diagnoses, because the low-dose radiation of the

imaging modalities has no reported to harm. However, LNTH

and ALARA do in an assured manner .9 Both principles stated

that low-dose responses are the mother of high-dose effects and

that it yields cumulative harm throughout life, irrespective of

how low the dose rate is.10 However, these hypotheses are not

protective at all.9 In everyday life, people have face low-dose

radiation from the sky, their bodies, and land. Average annual

natural background exposure is 1 to 260 mSv in some areas, yet

no associated toxic health effects have been reported.11

The primary aim of the study was to use multiple diagnos-

tic modalities for diagnosis of horizontal root fracture(s) of

the tooth in humans ignoring LNTH and ALARA principles.

The secondary end point of the study was to compare sensi-

tivity and accuracy of intraoral radiography, multidetector

helical computed tomography (MDHCT), LCBCT, and

micro-CT for diagnosis of horizontal tooth root fracture(s)

considering a visual inspection of tooth (after extraction) as

“reference standard” at the level I of evidence (Table 1) with-

out conflict of interest.

Methods

Ethical Consideration and Consent to Participate

The study had been registered in research registry (www.re-

searchregistry.com), UID no.: researchregistry3647, dated

December 31, 2016. The protocol (BR/XCH/DR/13/17, dated

December 29, 2016) had been granted by the Xiangyang Cen-

tral Hospital review board. The study had adhered to the law of

China. A written informed consent for radiographic images,

surgeries, to have additional procedures done purely for

research purposes, and patient information and images (if any)

to be published in all formats (hard and/or electronics) irrespec-

tive of time and language were provided by the patients or their

relatives (legally authorized representatives).

Inclusion criteria. All patients admitted to the oral and maxillofa-

cial department of the Xiangyang Central Hospital, Affiliated

Hospital of Hubei University of Arts and Science, Hubei, China,

and Xiangyang City Dental Hospital, Xiangyang, Hubei, China,

during January 2017 to January 2018, with complaints of tender-

ness, mobility, and/or dental trauma due to some orofacial injuries

in the upper left, lower left, upper right, lower right, or central

incisor were included in the study. Patients who were aged 18

years and older and signed informed consent form were included

in the study. All patients who had been subjected to all types of

radiological images were included in the study. The demographic

characteristics of enrolled patients are reported in Table 2.

Exclusion criteria. Patients who were aged younger than 18 years

and not signed informed consent form were excluded from the

study. Patients who had a psychiatric problem or neuropathic

pain in the oral cavity but not any endodontic problems were

excluded from the study. The patients whose only intraoral

radiography, MDHCT, or LCBCT scan or combination of these

2 diagnostic modalities, which led to intraoral surgery for extrac-

tion of the tooth were excluded from the study.

All the tooth examined were traumatized central incisors per

Association of Surgical Technologists standards of practice for

ionizing radiation exposure in the perioperative setting.12 The study

had adhered to Standard for Reporting of Diagnostic Accuracy

(STARD) guidelines and 2013 Declarations of Helsinki.13 The

work is reported in line with Strengthening the Reporting of Cohort

Studies in Surgery criteria.14 A total of 250 patients were subjected

to nonexperimental, nonrandomized, cross-sectional study. The

STARD flow diagram of the study is presented in Figure 1.

Intraoral radiography. All patients were subjected to intraoral

radiography using standardized X-ray exposure (GE Health-

care, Chicago, Illinois, USA). The instrument was operated at

19.9 mA, 66 kV, 0.0999 seconds exposure time, and 40 cm of a

focus-film distance. Images were obtained by the bisecting

Table 1. Level of Evidence.

Level Diagnostic Study

I Testing previously developed diagnostic modality for clinical
radiology

II Development of diagnostic modality for clinical radiology
III A review article from the randomized controlled trials
IV Study of nonconsecutive patients
V Case studies
VI Expert opinion

Table 2. The Demographic Characteristics of Patients.a,b

Characteristics Population

Sample size 250
Sex

Male 120 (48)
Female 130 (52)

Age
18–39 69 (28)
40–49 82 (33)
50–59 73 (29)
�60 26 (10)

Dental traumac 55 (22)
Had faced oral injuries 195 (78)
Orofacial injuries

Upper left 45 (18)
Upper right 37 (15)
Lower right 35 (14)
Lower left 34 (13)
Left central incisor 47 (19)
Right central incisor 52 (21)

Complaints
Tenderness 62 (25)
Mobility 37 (15)

aAll data were represented as number (percentage).
bAll patients had the origin of PR China.
cWho had faced an accident and the remaining had faced oral injuries.
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technique at an angle of þ54.5� to the occlusal plane and

phosphor plate (Prestige Dental Products, Inc, Canada) was

used as the image detector.2

Multidetector helical computed tomography. All patients were sub-

jected to Somatom Emotion 6, MDHCT (Siemens, Erlangen,

Germany). The instrument was operated at 79.9 mA and 129

kV. The axial scan, parallel to the occlusal plane was recorded

at 2-slice thickness settings: 0.629 mm detector (0.5 mm) and

0.629 mm slice thickness. The collimation detector was used.

The images were reconstructed to 0.2-mm-interval images.2,15

Limited cone beam computed tomography. All patients were sub-

jected to LCBCT (PSR 9000N; Asahi Roentgen, Kyoto, Japan).

The instrument was operated at 8 mA, 70 kV, and 1 second,

with a slice thickness of 0.099 mm. Patients were positioned so

that the occlusal plane had been paralleled with the floor. Ima-

ging had produced 39.9 mm height and 40 mm diameter cylind-

ric field of view.2,16

Tooth extraction. The suspected tooth was extracted using for-

ceps under local anesthesia (lidocaine) by the oral maxillofa-

cial surgeon.17 All extracted teeth were visually inspected. The

presence of pulp, cementum, and/or the dentine was considered

as root fracture. The visual inspection was considered as “gold

standard” or reference standard.18

Micro-computed tomography. Micro-CT provides enhancement

in forensic diagnostic accuracy. Therefore, all extracted teeth

were subjected to the micro-CT device (SkyScan 1278,

Figure 1. STARD flow diagram of the study. All the tooth examined were traumatized central incisors as per AST. STARD indicates Standard
for Reporting of Diagnostic Accuracy; AST, Association of Surgical Technologists.
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Brucker, Germany). The instrument was operated at 100 mA

and 65 kV, and 0.013 mm slice thickness with radiation of

<1 mSv/h at 10 cm from the instrument surface and reconstruc-

tion time of 45 seconds.2,19

Image analysis. Radiographical scans were performed per pro-

tocols (protocol 1: field of view: 41 � 41 and voxel: 0.079

mm; protocol 2: field of view: 99 � 99 and voxel: 0.19 mm;

protocol 3: field of view: zoom and voxel: 0.079 mm). Twelve

radiologists including the authors observed the radiographs in

the lightbox. Data of MDHCT and LCBCT had been recon-

structed to provide images (cross-sectional coronal) perpen-

dicular to the fracture lines by Digital Imaging and

Communications in Medicine (DICOM) viewer software

(postDICOM, UK). A fracture was confirmed if it was

directly visualized as radiolucent line traversing the tooth

root. The interpretation of DICOM files had a response of

either yes or no to the question as “Is a fracture line pre-

sent?.”20 The benefit score (the difference between the

expected benefit and the expected harm) for diagnosis of hor-

izontal tooth root fracture of each modality was derived by

decision curve analysis method (Equations 1 and 2)21:

Benefit score ¼ True positive rate� ðFalse positive rate
�Weight factorÞ:

ð1Þ

Weight Factor ¼

A state of diagnostic confidence above

it the tooth extraction could be performed

1� A state of diagnostic confidence above it
the tooth extraction could be performed

: ð2Þ

Statistical Analysis

InStat (Windows version, GraphPad Software, CA, USA ) was

used for statistical analysis of the study. Wilcoxon test22 fol-

lowing Tukey post hoc test (considering critical value q > 4.418

as significant)23 was performed for predictive values between

the 4 diagnostic modalities. The results were considered sig-

nificant at a 99% confidence level. DeLong test was used to

compare the area under the curve values (AUCs) for different

diagnostic modalities. Results by 12 radiologists were evalu-

ated by k statistics to check intra- and interobserver reprodu-

cibility (where k coefficient¼ 0—indicated random chances in

agreements between the raters and 1—indicated perfect

agreements between the raters).18 For statistical analysis, true

results were considered as 1, and false and inconclusive results

were considered 0. Per protocol method of analysis was

preferred.

Results

Only 55 patients had faced accident that led to dental trauma.

However, remaining enrolled patients had small injuries related

to oral cavity before enrollment.

Three, 7, 2, and 9 patients were not subjected to intraoral

radiography, MDHCT, LCBCT, and micro-CT, respectively.

Results of 247 patients for intraoral radiography, 243 patients

for MDHCT, 248 patients for LCBCT, 250 patients for visual

inspection (reference standard), and 241 patients for micro-CT

were used in the statistical analysis.

There were perfect agreements between the raters for image

analysis (k > .81; Table 3). With respect to the visual inspec-

tion, .972, .967, .988, and .979 were sensitivities (radiolucent

line traversing the tooth root was considered as root fracture for

radiographic images, and the presence of pulp, cementum, and/

or the dentine was considered as root fracture for visual inspec-

tion) of intraoral radiography, MDHCT, LCBCT, and micro-

CT, respectively, for the presence of horizontal root fractures.

The LCBCT (P ¼ .0005; q ¼ 2.729) had higher diagnostic

accuracy than intraoral radiography (P < .0001, q ¼ 11.756),

MDHCT (P < .0001, q¼ 6.298), and micro-CT (P < .0001, q¼
7.758). Intraoral radiography, MDHCT, LCBCT, and micro-

CT had 0.623, 0.723, 0.813, and 0.745 AUC values, respec-

tively (Figure 2). There were high true fracture line rate and

low false-positive fracture line rate observed with LCBCT.

Moreover, inconclusive results were higher in the case of

intraoral radiography and MDHCT than LCBCT (Table 4).

The area of the image visible at 1 time available per mod-

ality with respect to threshold probability (a state of diagnostic

confidence above it the tooth extraction could be performed)

was in the order of treatment without radiography < intraoral

radiography < MDHCT < micro-CT < LCBCT (Figure 3).

Discussion

The first-ever human diagnostic study ignored LNTH and

ALARA principles on dental trauma demonstrated that LCBCT

had higher diagnostic accuracy among available diagnostic

modalities for diagnosis of horizontal tooth root fracture(s).

Table 3. Intra- and Interobserver Reproducibility for Image Analysis.a-d

Predictive
Values

Intraoral
Radiography

Multidetector Helical Computed
Tomography

Limited Cone Beam X-Ray Computed
Tomography

Visual
Inspection

Micro-Computed
Tomography

Sample size 247 243 248 250 241
k 0.819 0.923 0.983 0.85 0.974

aTotal 12 radiologists were involved in image analysis.
bk: kappa coefficient. k ¼ 0: Random chances in agreements between the raters, k ¼ 1: Perfect agreements between the raters.
cA fracture was considered if it was directly visualized as radiolucent line traversing the teeth root for radiological images.
dThe presence of pulp, cementum, and/or the dentine was considered as root fracture for visual inspection.
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The LNTH and ALARA principles prescribe strictly adhered

radiation dose optimization in imaging. However, there is no

evidence for the carcinogenicity of radiation imaging modal-

ities.9 Both principles lack suggested guidelines.10,24 Applying

this to the protocol for the study, the trial is a justified use of

multiple diagnostic modalities for diagnosis of horizontal tooth

root fracture.

The study reported a sensitivity of 0.972, 0.967, 0.988, and

0.979 for intraoral radiography, MDHCT, LCBCT, and micro-

CT, respectively, for horizontal tooth root fracture(s). Single

horizontal root fracture in the apical or middle third tooth of the

root is the usual result after trauma to the tooth.25 To detect the

horizontal root fracture, intraoral radiography is widely used as

it is cheap, has high resolution, and is convenient.26 While

interpreting radiographic images, a radiolucent line demon-

strating discontinuity of dentine, which is not a shadow of the

periodontal ligament, can be diagnostic of root fracture,27 but

subtle fissures in a very early stage without separation of the

fragments may not be quantifiable by intraoral radiography.28

The results of the study suggest that intraoral radiography is not

an exact method for detection of horizontal root fracture.

The study showed the highest diagnostic accuracy for

LCBCT among all diagnostic modalities. The difference in

accuracy for the diagnostic modalities was due to the difference

in slice thickness.29,30 Radiographic films have higher resolu-

tion than MDHCT, LCBCT, and micro-CT,31 but intraoral

X-ray images are distorted by the vertical angle between film

and the axis of the tooth leading to inaccurate images of hor-

izontal root fractures.18 However, LCBCT gives a 3-

dimensional view of tooth root without overlap of images,

which provides a detailed evaluation of horizontal tooth root

fracture.32 The study suggested that intraoral radiography and

MDHCT imaging modalities were less effective in the diagno-

sis of horizontal root fracture than vertical root fracture.

Figure 2. Diagnostic parameters of imaging modalities. Visual inspection of the tooth after extraction was considered as “reference standard.”
A fracture was considered if it was directly visualized as radiolucent line traversing the tooth root. All the tooth examined were traumatized
central incisors as per AST. Blue-colored bars show the area under the curve values, saffron-colored bars show the diagnostic accuracy, and the
slate-colored bars show the diagnostic sensitivity. AST indicates Association of Surgical Technologists.

Table 4. Interpretation of Results of Different Diagnostic Modalities.a-e

Predictive Values
Intraoral

Radiography
Multidetector Helical

Computed Tomography
Limited Cone Beam

Computed Tomography
Micro-Computed

Tomography

Sample size 247 243 248 241
True fracture line present 152 (62) 195 (80) 229 (93) 201 (83)
True fracture line absent 42 (17) 25 (10) 8 (3) 13 (5)
False positive 21 (9) 12 (5) 5 (2) 11 (5)
False negative 24 (10) 3 (1) 3 (1) 11 (5)
Inconclusive results 7 (2) 8 (4) 3 (1) 5 (2)

aAll data were represented as a number (percentage).
bA fracture was considered if it was directly visualized as radiolucent line traversing the teeth root.
cVisual inspection of teeth considered as “reference standard.”
dAll the teeth examined were traumatized central incisors as per AST.
eRadiography of upper left, lower left, upper right, lower right, and central incisor.
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This cross-sectional human study showed the superiority of

LCBCT for diagnosis of horizontal root fracture. All previous

studies of diagnostic modalities for horizontal root fracture are

simulated studies only.2,3,17-20,33 The simulated study has a

major limitation in generalizing results in the clinics, for exam-

ple, separation of the fragments and subsequent union and

gluing of the fragments is carried out, which results in large

fracture lines that might be easy to diagnose.20 The simulated

fracture is not an event that happens like a dental trauma.17 The

effect of patient movement on the scans cannot be taken into

account, which has a significant effect on the resolution of

images34 and also has the issue of root fillings or various types

of post that affect diagnosis.27 In respect to the selection of an

object in the trial, the current study is first research on humans

and provides valuable state-of-art research results in the field of

Endodontists.

Some limitations of the study are, for example, that the

interpreters were not blind to the study, and all diagnostic

modalities have attenuation problems. Zoom images have

greater noise than the original images and have a higher chance

of false positives. While original images have lower chances

for the masking of fracture lines in the images. The study was

not performed specifically for diagnosis of horizontal root frac-

tures. The study was performed for the prospect of research not

for patients’ treatment purpose. The MDHCT had a 5� higher

slice thickness at acquisition and 10� higher slice thickness at

reconstruction for viewing than LCBCT. The ethical considera-

tions and patients consent for 4 different radiographic modal-

ities just for the detection of horizontal tooth root fracture was

difficult to obtain. The study did not compare the diagnostic

parameters with the gold standard modality of magnetic reso-

nance imaging.

The study is describing some reflections of the role of CT

scan in dental trauma. Some more explanation must be done to

explain the radiation hazard. The optimization process deals

with risk and benefit and not only damage. The knowledge of

the damage is not fully known yet which must be taken notice

of. The LNTH and ALARA principles have contributed to

developing new diagnostic modalities with lower radiation to

the patients. The LNTH and ALARA principles have had great

importance in getting lower radiation doses. The radiation dose

for the different modalities ought to be given. So, the study can

be helpful in advising which modality can be used to give the

best diagnoses with little radiation to the patient, which is the

most important part of the finding.

Conclusion

This nonexperimental, nonrandomized, cross-sectional study

with level I of evidence concluded that LCBCT had higher

diagnostic accuracy than intraoral radiography, MDHCT, and

micro-CT. The LCBCT should be used for the detection of

horizontal root fracture.
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Figure 3. Decision curve for the benefit score of individual modality. Visual inspection of the tooth after extraction was considered as
“reference standard” for comparison purpose only. A fracture was considered if it was directly visualized as radiolucent line traversing the
teeth root for radiological images. The presence of pulp, cementum, and/or the dentine was considered as root fracture for visual inspection. All
the tooth examined were traumatized central incisors as per AST. AST indicates Association of Surgical Technologists.

6 Dose-Response: An International Journal



Acknowledgments

Authors are thankful for the radiological and nonradiological staff of

Xiangyang Central Hospital, Affiliated Hospital of Hubei University

of Arts and Science, Hubei, China and Xiangyang city dental Hospital,

Xiangyang, Hubei, China.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

References

1. Alimohammadi R. Imaging of dentoalveolar and jaw trauma.

Radiol Clin North Am. 2018;56(1):105-124.

2. Iikubo M, Kobayashi K, Mishima A, et al. Accuracy of intraoral

radiography, multidetector helical CT, and limited cone-beam CT

for the detection of horizontal tooth root fracture. Oral Surg Oral

Med Oral Pathol Oral Radiol Endod. 2009;108(5):e70-e74.

3. Kamburoglu K, Onder B, Murat S, Avsever H, Yuksel S, Paksoy

CS. Radiographic detection of artificially created horizontal root

fracture using different cone beam CT units with small fields of

view. Dentomaxillofac Radiol. 2013;42(4). doi:10.1259/dmfr.

20120261

4. Yılmaz F, Kamburoglu K, Yeta NY, Oztan MD. Cone beam

computed tomography aided diagnosis and treatment of endodon-

tic cases: critical analysis. World J Radiol. 2016;8(7):716-725.

5. Shruthi N, Murthy BV, Sundaresh KJ, Mallikarjuna R. Diagnosis

demystified: CT as diagnostic tool in endodontics. BMJ Case Rep.

2013. doi:10.1136/bcr-2013-010312.

6. Soukup JW, Drees R, Koenig LJ, et al. Comparison of the

diagnostic image quality of the canine maxillary dentoalveolar

structures obtained by cone beam computed tomography and

64-multidetector-row computed tomography. J Vet Dent. 2015;

32(2):80-86.

7. Jamleh A, Komabayashi T, Ebihara A, et al. Root surface strain

during canal shaping and its influence on apical microcrack devel-

opment: a preliminary investigation. Int Endod J. 2015;48(12):

1103-1111.

8. Mathews JD, Forsythe AV, Brady Z, et al. Cancer risk in 680,000

people exposed to computed tomography scans in childhood or

adolescence: data linkage study of 11 million Australians. BMJ.

2013;346:f2360. doi:10.1136/bmj.f2360.PMC3660619

9. Siegel JA, Pennington CW, Sacks B. Subjecting radiologic

imaging to the linear no-threshold hypothesis: a non-sequitur of

non-trivial proportion. J Nucl Med. 2017;58(1):1-6.

10. Siegel JA, Stabin MG. Radar commentary: use of linear

no-threshold hypothesis in radiation protection regulation in the

United States. Health Phys. 2012;102(1):90-99.

11. Dobrzynski L, Fornalski KW, Feinendegen LE. Cancer mortal-

ity among people living in areas with various levels of natural

background radiation. Dose Response. 2015;13(3):155932581

5592391. doi:10.1177/1559325815592391

12. Association of Surgical Technologists. AST Standards of Practice

for Ionizing Radiation Exposure in the Perioperative Setting.

Effective October 8, 2010. http://www.ast.org/uploadedFiles/

Main_Site/Content/About_Us/Standard%20Ionizing%20Radia

tion%20Exposure.pdf Accessed January 15, 2017.

13. World Medical Association. World Medical Association Declara-

tion of Helsinki: ethical principles for medical research involving

human subjects. JAMA. 2013;310(20):2191-2194.

14. Agha RA, Borrelli MR, Vella-Baldacchino M, Thavayogan R,

Orgill DP, STROCSS Group. The STROCSS statement: Strength-

ening the Reporting of Cohort Studies in Surgery. Int J Surg.

2017;46(October 2017):198-202.

15. Ichikawa K, Hara T, Urikura A, Takata T, Ohashi K. Assessment

of temporal resolution of multi-detector row computed tomogra-

phy in helical acquisition mode using the impulse method. Phys

Med. 2015;31(4):374-381.

16. Ambu E, Fimiani M, Vigna M, Grandini S. Use of bioactive

materials and limited FOV CBCT in the treatment of a replanted

permanent tooth affected by inflammatory external root resorp-

tion: a case report. Eur J Paediatr Dent. 2017;18(1):51-55.

17. Krishnan U, Moule A, Michael S, Swain M. Fractographic anal-

ysis of a split tooth presenting radiographically as a horizontal

root fracture in an unrestored mandibular second molar. J Endod.

2017;44(2):304-311. doi:10.1016/j.joen.2017.10.009

18. da Silveira PF, Vizzotto MB, Liedke GS, da Silveira HL, Montagner

F, da Silveira HE. Detection of vertical root fractures by conven-

tional radiographic examination and cone beam computed tomogra-

phy – an in vitro analysis. Dent Traumatol. 2013;29(1):41-46.

19. Rodig T, Wagner J, Wiegand A, Rizk M. Efficacy of the ProTaper

retreatment system in removing thermafil, GuttaCore or vertically

compacted gutta-percha from curved root canals assessed by

micro-CT. Int Endod J. 2018;51(7):808-815. doi:10.1111/iej.12893

20. Queiroz PM, Santaella GM, Capelozza LA, Rosalen PL, Freitas

DQ, Haiter-Neto F. Zoom reconstruction tool: evaluation of

image quality and influence on the diagnosis of root fracture.

J Endod. 2018;44(4):621-625. doi:10.1016/j.joen.2017.10.011

21. Fitzgerald M, Saville BR, Lewis RJ. Decision curve analysis.

JAMA. 2015;313(4):409-410. doi:10.1001/jama.2015.37

22. Valizadeh S, Vasegh Z, Rezapanah S, Safi Y, Khaeazifard MJ.

Effect of object position in cone beam computed tomography field

of view for detection of root fractures in teeth with intra-canal posts.

Iran J Radiol. 2015;12(4):e25272. doi:10.5812/iranjradiol.25272

23. Hayes A, Duvall N, Wajdowicz M, Roberts H. Effect of end

crown pulp chamber extension depth on molar fracture resistance.

Oper Dent. 2017;42(3):327-334.

24. Cohen MD. Image gently and CT-induced cancer. Pediatr Radiol.

2015;45(4):465-470.

25. Cosme-Silva L, Fernandes LA, Rosselli ER, Poi WR, Martins

NDS, de Lima DC. Tooth injuries: knowledge of parents of public

school students from the city of Alfenas, Minas Gerais, Brazil.

Dent Traumatol. 2017. doi:10.1111/edt.12381

26. Queiroz PM, Nascimento HA, da Paz TD, Anacleto FN, Freitas

DQ. Accuracy of digital subtraction radiography in the detection

of vertical root fractures. J Endod. 2016;42(6):896-899.

27. Vasconcelos TV, Santaella GM, Nascimento HA, Rovaris K,

Ambrosano GM, Freitas DQ. Digital radiographs displayed on

Li et al 7

http://www.ast.org/uploadedFiles/Main_Site/Content/About_Us/Standard&percnt;20Ionizing&percnt;20Radiation&percnt;20Exposure.pdf
http://www.ast.org/uploadedFiles/Main_Site/Content/About_Us/Standard&percnt;20Ionizing&percnt;20Radiation&percnt;20Exposure.pdf
http://www.ast.org/uploadedFiles/Main_Site/Content/About_Us/Standard&percnt;20Ionizing&percnt;20Radiation&percnt;20Exposure.pdf
http://www.ast.org/uploadedFiles/Main_Site/Content/About_Us/Standard&percnt;20Ionizing&percnt;20Radiation&percnt;20Exposure.pdf
http://www.ast.org/uploadedFiles/Main_Site/Content/About_Us/Standard&percnt;20Ionizing&percnt;20Radiation&percnt;20Exposure.pdf
http://www.ast.org/uploadedFiles/Main_Site/Content/About_Us/Standard&percnt;20Ionizing&percnt;20Radiation&percnt;20Exposure.pdf


different devices: effect on the detection of vertical root fractures.

Int Endod J. 2016;49(4):386-392.

28. Wang P, Yan XB, Lui DG, Zhang WL, Zhang Y, Ma XC. Detec-

tion of dental root fractures by using cone-beam computed tomo-

graphy. Dentomaxillofac Radiol. 2011;40(5):290-298.

29. Cruz-Bastida JP, Gomez-Cardona D, Li K, et al. Hi-Res scan

mode in clinical MDCT systems: experimental assessment of

spatial resolution performance. Med Phys. 2016;43(5):2399.

doi:10.1118/1.4946816

30. Spin-Neto R, Gotfredsen E, Wenzel A. Impact of voxel size var-

iation on CBCT-based diagnostic outcome in dentistry: a sys-

tematic review. J Digit Imaging. 2013;26(4):813-820.

31. Fakhar HB, Razavi ES, Soheilifar S, Kharazifard MJ. A compar-

ison of radiographic film densitometry using a new computerized

tool with a digital densitometer. J Dent (Tehran). 2016;13(4):

252-260.

32. Mandelaris GA, Scheyer ET, Evans M, et al. American academy

of periodontology best evidence consensus statement on selected

oral applications for cone-beam computed tomography. J Period-

ontol. 2017;88(10):939-945.

33. Avsever H, Gunduz K, Orhan K, et al. Comparison of intraoral

radiography and cone-beam computed tomography for the detec-

tion of horizontal root fractures: an in vitro study. Clin Oral

Investig. 2014;18(1):285-292.

34. Jones D, Mannocci F, Andiappan M, Brown J, Patel S. The effect

of alteration of the exposure parameters of a cone-beam computed

tomographic scan on the diagnosis of simulated horizontal root

fractures. J Endod. 2015. 41(4):520-525.

8 Dose-Response: An International Journal



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


