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Abstract
Introduction

The aim of this study was to evaluate four different ways in diagnosing tooth cracks, which may provide
certain theoretical bases for early diagnosis of cracks.

Methods

123 freshly extracted human teeth were collected in the Stomatology Hospital of Guangzhou Medical
University, Guangzhou, China. Three observers examined the cracks of the crowns with naked eye,
microscope, methylene blue dye, and methylene blue dye with magni�cation microscopic examination
methods independently. Two criteria (crack lines appeared in enamel and dentin) were used to diagnose
teeth cracks, and statistical analysis was performed using the SPSS and MedCalc statistical software.
Kendall's W was conducted to assess the agreement among the three observers in each detection
method. Sensitivity, speci�city, positive predictive value, negative predictive value, and the area under the
curve (AUC) drawn in terms of sensitivity and (1-speci�city) were calculated to evaluate the diagnostic
value of four different methods.

Results

3 teeth were excluded because of the visual fatigue of the observer, and there were 120 teeth left. The
method of methylene blue plus microscope had the lowest value of Kendall's W in criterion 1 and 2. The
overall AUC values were more than 0.7 in both the microscopic and methylene blue plus microscopic
method according to criterion 1 and 2, and in the method of naked-eye according to criterion 2. The
pairwise comparison between A, B and C had statistical difference in the method of naked-eye,
microscope and methylene blue plus microscope in criterion 2 ( P < 0.05).

Conclusions

Detecting tooth crack with the method of methylene blue plus microscope have a higher consistency
among different experienced endodontists. Microscope and methylene blue dye with magni�cation
microscopic examination were effective methods to diagnosis tooth crack. More cracks can be detected
by experienced endodontists, and the difference persisted even with the use of microscopes or methylene
blue dye.

Background
Tooth cracks have become the third largest reason of tooth loss after dental caries and periodontitis (1,
2). Crack lines at an early stage in the enamel may not be visible and tooth may not have any symptoms.
When the crack lines are extending to sur�cial dentin, the tooth may exhibit hypersensitivity to cold,
sweet, or sour stimulation. Most teeth failed to be diagnosed at early stages until crack lines extended to
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the deep layer of dentin or the pulp cavity, which may leading to pulpitis or periapical periodontitis(1, 2).
So early diagnosis of tooth cracks is important for its survival(3).

Several methods have been used for diagnosing tooth cracks, such as methylene blue dye, microscopic
examination, transillumination, the bite test, periapical radiography (PR), cone-beam computed
tomographic (CBCT) imaging and magnetic resonance imaging(4, 5). PR cannot diagnose early tooth
cracks, especially when the crack extends from mesial to distal, or the crack is parallel to the long axis of
the tooth. CBCT imaging can be more useful for detecting vertical fractures and cracks than dental
periapical radiography. However, early enamel cracks are too tiny to be diagnosed by CBCT(6).

The common techniques clinically for diagnosing early enamel crack are methylene blue dye and
microscopic examination(7–9). Several authors have suggested the application of methylene blue dye
and transillumination to detect cracks(10, 11). Henry et al compared the effectiveness of
transillumination and different dyes methods in identifying cracks, and concluded that transilluminating
the root end, whether alone or in combination with a dye, was the most accurate way of diagnosing root-
end dentinal cracks. Regardless of rater, methylene blue plus transillumination was the best identifying
techniques between cracked and non-cracked root-end dentin (12). The microscope has a magnifying
function which facilitate the observation of tiny crack lines and was used as the gold standard for
detecting cracks in most studies (13, 14). However, no study has been conducted to compare the
effectiveness of methylene blue dye and microscope in detecting tooth cracks.

Since most of the cracks we can detect clinically are in the crown of the tooth and the depth of the cracks
determines the treatment plans and prognosis of the tooth, the accuracy of the detection method plays a
decisive role in the diagnosis of tooth cracks(15). The detection rate of early cracks is also different
according to distinct clinical experience of endodontists.

Therefore, this study was conducted to identify the most accurate detection methods among four clinical
detection methods (naked-eye, methylene blue dye, microscope, methylene blue plus microscope), and
assess the differences in the rate of crack detection among endodontists with different clinical
experience. This study may provide certain theoretical bases for early diagnosis of cracks.

Methods
Sample preparation

123 freshly human teeth extracted from patients aged 13 to 89 y old on the maxillary and mandibular
arches were collected in the Stomatology Hospital of Guangzhou Medical University, Guangzhou, China.
The exclusion criteria were the presence of restoration, root absorption, root fracture, severe abrasion and
wedge-shaped defects. All patients provided permission for the use of their extracted teeth in this study.
And all the reasons for these teeth extraction were irrelevant to this study. The use of teeth was approved
by the Ethical Review Board in Stomatology Hospital of Guangzhou Medical University Ethics Review
Committee.
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The 123 teeth were collected and immediately sterilized in 1% solution of chloramine(16). Then they were
stored in 4°C refrigerator to maintain tissue hydration during the study. Three observers, a senior
endodontist who has worked for more than 10 years (we de�ned as A), an intermediate endodontist who
has worked for 5 years (we de�ned as B), and a junior endodontist who has just graduated (we de�ned as
C) examined the teeth cracks in the crown under naked eye, magni�cation microscopic examination,
methylene blue dye with naked eye, and methylene blue dye with magni�cation microscopic examination
independently.

In the group of naked eye, the teeth were viewed with naked eye under the light of the dental chair; in the
group of microscopic examination, the teeth were viewed under the microscopic examination with ×10
magni�cation; in the group of the methylene blue dye, the teeth were viewed with 2% methylene blue dye
with naked eye under the light of the dental chair; in the group of methylene blue dye plus microscope, the
teeth were viewed with 2% methylene blue dye under the microscopic examination with ×10
magni�cation. The methylene blue dye was allowed to remain on the tooth crown surface for 30 seconds,
and then were rinsed with tap water for 5 seconds.

Micro-CT scanning

Micro-CT scanning were used in these 123 teeth to detect whether the crack extended to dentin. To obtain
high-de�nition images of the anatomic con�guration of each tooth, the specimens were scanned in an
isotropic resolution of 10 μm using the micro-CT scanner (SkyScan 1172; Bruker-micro CT, Kontich,
Belgium) with 70 kV and 114 mA. Flat-�eld correction was performed before the scanning procedures to
correct for variations in the camera pixel sensitivity. Scanning was performed by 360° rotation around the
vertical axis with a rotation step of 0.5° and a camera exposure time of 7000 ms, and frame averaging of
the X-rays was performed with a 1-mm-thick aluminum �lter. The images were reconstructed with NRecon
1.6.3 software (Bruker-micro CT) using 40% beam hardening correction and a ring artifact correction of
10, resulting in the acquisition of 700–800 transverse cross-sections per tooth in a bitmap format.
Dataviewer software (SkyScan 1172; Bruker-micro CT, Kontich, Belgium) was used to evaluate the cross-
sections of teeth.

Diagnostic Criteria

According to the suggestion of American Association of Endodontists (AAE), cracks are classi�ed into 5
types: craze lines, fractured cusp, cracked tooth, split tooth, and vertical root fracture(17). In this study, we
used two criteria to diagnose teeth cracks.

Criterion 1 covered all the crack lines within the enamel of the crown, including craze lines, fractured cusp,
cracked tooth and split tooth. Vertical root fracture was beyond the scope of this article. Criterion 2
covered all the crack lines extending to the dentin, including fractured cusp, cracked tooth and split tooth.
The crack lines reached or exceeded the enamel-dentinal junction under micro-CT scanning were also
included in this criterion (Figure 1).
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All the samples were observed in the following order: naked eye, microscope, methylene blue dye and
methylene blue dye plus microscopic examination in each criterion. We recorded “1” for the samples with
crack lines, and “0” for the samples without crack lines in each detection methods among different
observers (Figure 2).

Statistical Analysis

Statistical analysis was performed using the SPSS software package (SPSS statistics 25.0; SPSS, Inc,
Chicago, IL). We used Kendall’s W to calculate the agreement of the three observers among four detection
methods, and the H0 means that each tooth receives the same diagnosis under the detection method.

In criterion 1, we chose the method which had the lowest value of Kendall’s W as the gold standard
method. Based on the gold standard method, a tooth recorded “1” by three or two people was diagnosed
as “truly cracked tooth”, while the remaining teeth were classi�ed as “truly non-cracked tooth”. In criterion
2, we also chose the method which had the lowest Kendall’s W as the gold standard method. According to
the gold standard method, a tooth recorded “1” by three or two people was diagnosed as “truly cracked
tooth”. In addition, all three observers agreed that the teeth with the crack lines reaching or exceeding the
enamel-dentinal junction under micro-CT scanning were also classi�ed as “truly cracked tooth” and the
remaining teeth were classi�ed as “truly non-cracked tooth”.

Following outcome variables were calculated: sensitivity (Se), de�ned as the probability of a diagnostic
criterion indicating that the tooth crown is cracked, given that crown is truly cracked; speci�city (Sp),
de�ned as the probability of a diagnostic criterion indicating that the crown is not cracked, given that the
tooth is truly not cracked; the positive predictive value (PPV), indicated as the probability that the crown is
truly cracked given that the diagnostic procedure indicated it is cracked; and the negative predictive value
(NPV), indicated as the probability that the crown is truly not cracked, given that the diagnostic procedure
indicates it is not cracked.

When sensitivity is plotted against (1-speci�city), the resulting curve is called a receiver operating
characteristic curve that has a slope of 1. The diagnostic data are quantitated by calculating the area
under the curve (AUC). Random chance areas were between 0 to 0.5, to be useful methods, the AUC for
diagnostic procedures should be between 0.7 and 1.0, the AUC values for each observer under each
method independently were calculated along with their 95% con�dence intervals (CIs) and P values.
Finally, to determine whether one observer had signi�cantly better ability to discriminate between cracked
and non-cracked teeth within diagnostic procedures, pair-wise multiple comparisons of AUCs between
observers within procedures were conducted by the MedCalc statistical software version 15.2.2 (MedCalc
Software, Ostend, Belgium) (12) (18, 19).

Results
Firstly, we excluded 3 teeth which were diagnosed by C as tooth crack according to criterion 2, but not
criterion 1, and there were 120 teeth left.
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According to table 1, the method of methylene blue plus microscope had the lowest value of Kendall’s W,
with the KW = 0.055, P = 0.001 and KW = 0.026, P = 0.06 in criterion 1 and 2 respectively. In this study, we
chose the method of methylene blue plus microscope as the gold standard. In criterion 1, 114 teeth were
classi�ed as “truly cracked tooth”, and 6 teeth were classi�ed as “truly non-cracked tooth”. In criterion 2,
20 teeth were classi�ed as “truly cracked tooth”, and 100 teeth were classi�ed as “truly non-cracked
tooth”.

Table 2 and table 3 summarized the sensitivity, speci�city, positive and negative predictive value, AUC
and the 95% CIs and P value for the AUC of different detection methods among three observers with two
criteria.

In table 2, the overall AUC value of the microscopic and methylene blue plus microscopic method was
more than 0.7 with P<0.05. AUC values and their 95% con�dence intervals (CIs) were as follows
respectively: microscope, A 0.833 (95% CI, 0.601–1.000), B 0.750 (95% CI, 0.490–1.000) and C 0.750
(95% CI, 0.524–0.976) independently; methylene blue plus microscope, A 0.908 (95% CI, 0.731–1.000), B
0.750 (95% CI, 0.490–1.000) and C 0.781 (95% CI, 0.553–1.000) independently. Pairwise comparison of
A, B and C within the methods of naked eye and methylene blue dye showed no statistical difference.

In table 3, the overall AUC values great than 0.7 were as follows: methylene blue plus microscope, A 0.885
(95% CI, 0.779–0.991), B 0.740 (95% CI, 0.596–0.884) and C 0.715 (95% CI, 0.568–0.862); microscope, A
0.755 (95% CI, 0.668–0.882); methylene blue dye, B 0.740 (95% CI, 0.596–0.884); naked-eye, A 0.730
(95% CI, 0.595–0.865) and B 0.715 (95% CI, 0.568–0.862) independently. The AUC values between 0.5 to
0.7 were as follows: microscope, B 0.645 (95% CI, 0.494–0.796) and C 0.645 (95% CI, 0.496–0.794);
methylene blue dye, A 0.655 (95% CI, 0.538–0.772) and C 0.670 (95% CI, 0.519–0.821); naked-eye, C
0.555 (95% CI, 0.409–0.701). All P<0.05 excepted for C with the naked- eye. The pairwise comparison
between A and B, A and C had signi�cant statistical difference in the method of methylene blue plus
microscope(P< 0.01) and in the method of microscope(P< 0.05), also, the pairwise comparison between A
and C, B and C had statistical difference (P< 0.05) in the method of naked-eye.

Table 4 showed the results of each detection method based on the two criteria of diagnosis. The AUC
values were more than 0.7 with P< 0.01 except the naked-eye and methylene blue dye methods under
criterion 1, with the P = 0.539 and P = 1.000 independently. Pairwise comparison of each method showed
no statistical difference in criterion 2, also the method between microscope and methylene blue plus
microscope in criterion 1.

Discussion
In this study, two common clinical methods (methylene blue dye and microscope) were applied to detect
teeth cracks, the effectiveness of four methods were compared to provide guidance for the early
diagnosis of tooth crack, and two criteria were used to diagnose tooth crack. Simplely stated, criterion 1
was used to detect crack lines appeared in enamel, while criterion 2 was used to detect dentin cracks.



Page 7/15

When the crack of the tooth extends to the dentin layer, it will appear some uncomfortable symptoms
after hot or cold stimulation. Criterion 2 is more consistent with the clinical diagnosis.

One of the di�culties in this study is the determination of the gold standard.

Firstly, we used Kendall’s W to calculate the agreement of the three observers among four detection
methods. According to criterion 1 and 2, methylene blue plus microscope had the lowest value of
Kendall’s W among the four methods, that’s to say, A, B and C had the highest consistency under the
method of methylene blue plus microscope. Due to microscope with the function of magnifying, and
methylene blue dyeing function, it was reasonable that the combination of methylene blue and
microscope had the highest accuracy among the four methods.

Secondly, according to the methylene blue plus microscope method, a tooth which diagnosed crack tooth
by three or two people was diagnosed as “truly cracked tooth”. Why don’t we choose other methods as the
gold standard? If we choose other methods as the diagnostic gold standard, the diagnosis of tooth crack
will also be different among different people.

Thirdly, we used micro-CT to accurately detect cracks according to resolution, previous study has
concluded that micro-CT was an ideal technology for the diagnosis of cracks(20, 21). Moisture content of
dentine can in�uence the detection of micro-CT. So in this study, we performed dried condition to avoid
the missing of some cracks(22). Also, in order to reduce the omission diagnostic rate of dentin cracks, we
used micro-CT to detect tooth cracks which reached or exceeded the enamel-dentinal junction.

Theoretically, the tooth which were diagnosed as tooth crack based on criterion 2 should have the same
diagnosis in criterion 1. So we excluded 3 teeth which were diagnosed by C as tooth crack in criterion 2,
but not in criterion 1. This may be caused by the visual fatigue of the observer. In this study, 114 teeth
were diagnosed as cracked teeth in criterion 1, and 20 teeth were diagnosed as dentin crack. 94 teeth
(78.3%) were diagnosed as craze lines which referred to the crack within enamel, and light can’t be
blocked by transillumination in these teeth. The results were consistent with the AAE guideline which has
reported a high incidence of craze lines among permanent teeth.

Also, some factors in this study made it challenging to diagnose cracked teeth, such as grooves of teeth
and subjectivity of each observer. The grooves can cause a change in the re�ection of light, creating the
illusion of a crack, especially in the method of methylene blue dye and methylene blue plus microscope.
Each observer’s subjectivity can lead to false positives or false negatives.

In looking at the teeth which diagnosed in criterion 1, the AUC < 0.7 in both the method of naked-eye and
methylene blue dye, with the P >0.05, that’s to say, the method of naked-eye and methylene blue dye were
more random in diagnosis. In criterion 1, the sensitivity of A and B was greater than C in the method of
naked-eye and methylene blue dye, but both with the lower speci�city than C, which led to the lower AUC
values in A and B. That means more teeth without cracks were misdiagnosed as teeth crack with the
method of naked-eye and methylene blue dye in A and B. Maybe more grooves were mistaken for cracks.



Page 8/15

However, the method of microscope and methylene blue plus microscope can reverse the result with the
naked-eye and methylene blue dye, especially for A. The methods of microscope and methylene blue plus
microscope both had the AUC values more than 0.7. That’s to say, the diagnostic value of using
microscope alone or the methylene blue plus microscope was high in criterion 1.

In looking at the teeth which diagnosed in criterion 2, A had the high sensitivity to the diagnosis of dentin
cracks, but with a lowest speci�city among the three observers, which implies that A was better at
diagnosing dentin crack. While B and C had high speci�city, which implies that B and C were better at
disclosing which teeth did not have cracks. Only in the methylene blue plus microscope method, the AUC
value of all three observers was more than 0.7. C’diagnosis of tooth crack was more random under the
method of naked-eye. The pairwise comparison between A, B and C had statistical difference in the
method of naked-eye, microscope and methylene blue plus microscope, which implies more cracks can
be detected by experienced people, and the difference persisted even with the use of microscopes or
methylene blue dye.

Conclusion
Detecting tooth crack with the method of methylene blue plus microscope have a higher consistency
among different experienced endodontists. Microscope and methylene blue dye with magni�cation
microscopic examination were effective methods to diagnosis tooth crack. More cracks can be detected
by experienced endodontists, and the difference persisted even with the use of microscopes or methylene
blue dye.

Abbreviations
SPSS: Statistical Product and Service Solutions

AUC: area under the curve

PR: periapical radiography

CBCT: cone-beam computed tomographic

Micro-CT: micro computed tomography

AAE: American Association of Endodontists

Se: sensitivity

Sp: speci�city

PPV: positive predictive value

NPV: negative predictive value



Page 9/15

CI: con�dence intervals

KW: Kendall’s W

Declarations
Ethics approval and consent to participate

The study was approved by the Ethical Review Board in Stomatology Hospital of Guangzhou Medical
University Ethics Review Committee(NO.KY2019070). Written informed and oral consent was obtained
from the study participants, and from a parent or guardian for participants under 16 years old. 

Consent for publication

Not applicable.

Availability of data and material

The datasets generated and analyzed during the current study are available from the corresponding
author on reasonable request.

Competing interests

The authors declare that they have no competing interests.

Funding

The research was supported by Guangdong Provincial Science and Technology innovation strategy
special fund guangdong-hong kong joint funding program (platform) project, 2018B050502012, and the
fund from clinical research training program of guangzhou medical high-level university in 2017, number
160. The funding body played no role in the study design; data collection, analysis, and interpretation;
and manuscript writing.

Authors’ contributions

YH and QF are the main investigators of this research article, they performed study and literature
research, QZ J, WJ Z and YH were the three observers in this study. YH was responsible for statistical
analysis, diagrams and �gures, and then wrote the main part of manuscript and revised the manuscript;
QF was responsible for collection teeth and micro-CT scanning; XC Y was participate in manuscript
revision; ZC and QZ J were supervisor and consultant for this study, they participated in drafting the
manuscript and helped in the revision of the manuscript. All of the authors read and approved the �nal
manuscript.

Acknowledgements



Page 10/15

Not applicable

Authors’ information

A�liations

The State Key Laboratory Breeding Base of Basic Science of Stomatology(Hubei-Most) and Key
Laboratory of Oral Biomedicine Ministry of Education, School and Hospital of Stomatology, Wuhan
University, Wuhan, China

Zhi Chen, Ying He

Key Laboratory of Oral Medicine, Guangzhou Institute of Oral Disease, Stomatology Hospital of
Guangzhou Medical University, Guangzhou 510140, China

Ying He, Qiong Feng, Qianzhou Jiang, Wenjuan Zhang, Xuechao Yang

Corresponding author

Correspondence to Zhi Chen.

References
1. Kim SY, Kim SH, Cho SB, Lee GO, Yang SE. Different treatment protocols for different pulpal and

periapical diagnoses of 72 cracked teeth. Journal of endodontics 2013;39(4):449-452.

2. Ricucci D, Siqueira JF, Jr., Loghin S, Berman LH. The cracked tooth: histopathologic and
histobacteriologic aspects. Journal of endodontics 2015;41(3):343-352.

3. Lubisich EB, Hilton TJ, Ferracane J. Cracked teeth: a review of the literature. Journal of esthetic and
restorative dentistry : o�cial publication of the American Academy of Esthetic Dentistry ... [et al.]
2010;22(3):158-167.

4. Wang S, Xu Y, Shen Z, Wang L, Qiao F, Zhang X, et al. The Extent of the Crack on Arti�cial Simulation
Models with CBCT and Periapical Radiography. PloS one 2017;12(1):e0169150.

5. Schuurmans TJ, Nixdorf DR, Idiyatullin DS, Law AS, Barsness BD, Roach SH, et al. Accuracy and
Reliability of Root Crack and Fracture Detection in Teeth Using Magnetic Resonance Imaging.
Journal of endodontics 2019;45(6):750-755 e752.

�. Aboud LRL, Santos BCD, Lopes RT, Viana LAC, Scelza MFZ. Effect of Aging on Dentinal Crack
Formation after Treatment and Retreatment Procedures: a Micro-CT Study. Brazilian dental journal
2018;29(6):530-535.

7. Rivera C, Arola D, Ossa A. Indentation damage and crack repair in human enamel. Journal of the
mechanical behavior of biomedical materials 2013;21:178-184.

�. Zhou X, Jiang S, Wang X, Wang S, Zhu X, Zhang C. Comparison of dentinal and apical crack
formation caused by four different nickel-titanium rotary and reciprocating systems in large and



Page 11/15

small canals. Dental materials journal 2015;34(6):903-909.

9. Ghorbanzadeh A, Aminifar S, Shadan L, Ghanati H. Evaluation of three methods in the diagnosis of
dentin cracks caused by apical resection. J Dent (Tehran) 2013;10(2):175-185.

10. Jun MK, Ku HM, Kim E, Kim HE, Kwon HK, Kim BI. Detection and Analysis of Enamel Cracks by
Quantitative Light-induced Fluorescence Technology. Journal of endodontics 2016;42(3):500-504.

11. Matsushita-Tokugawa M, Miura J, Iwami Y, Sakagami T, Izumi Y, Mori N, et al. Detection of dentinal
microcracks using infrared thermography. Journal of endodontics 2013;39(1):88-91.

12. Wright HM, Jr., Loushine RJ, Weller RN, Kimbrough WF, Waller J, Pashley DH. Identi�cation of
resected root-end dentinal cracks: a comparative study of transillumination and dyes. Journal of
endodontics 2004;30(10):712-715.

13. Mamoun JS, Napoletano D. Cracked tooth diagnosis and treatment: An alternative paradigm.
European journal of dentistry 2015;9(2):293-303.

14. Clark DJ, Sheets CG, Paquette JM. De�nitive diagnosis of early enamel and dentin cracks based on
microscopic evaluation. Journal of esthetic and restorative dentistry : o�cial publication of the
American Academy of Esthetic Dentistry ... [et al.] 2003;15(7):391-401; discussion 401.

15. Kang SH, Kim BS, Kim Y. Cracked Teeth: Distribution, Characteristics, and Survival after Root Canal
Treatment. Journal of endodontics 2016;42(4):557-562.

1�. Haller B, Hofmann N, Klaiber B, Bloching U. Effect of storage media on microleakage of �ve dentin
bonding agents. Dental materials : o�cial publication of the Academy of Dental Materials
1993;9(3):191-197.

17. Endodontists AAo. Cracking the cracked tooth code. Endodontics: Colleagues for Excellence.
Chicago: American Association of Endodontists; 2008.

1�. J A Hanley, McNeil BJ. The Meaning and Use of the Area Under a Receiver Operating Characteristic
(ROC) Curve. Radiology 1982;143(1):29-36.

19. J A Hanley, McNeil BJ. A Method of Comparing the Areas Under Receiver Operating Characteristic
Curves Derived From the Same Cases. Radiology 1983;148(3):839-843.

20. de Oliveira BP, Camara AC, Duarte DA, Heck RJ, Antonino ACD, Aguiar CM. Micro-computed
Tomographic Analysis of Apical Microcracks before and after Root Canal Preparation by Hand,
Rotary, and Reciprocating Instruments at Different Working Lengths. Journal of endodontics
2017;43(7):1143-1147.

21. Oliveira LRS, Braga SSL, Bicalho AA, Ribeiro MTH, Price RB, Soares CJ. Molar cusp deformation
evaluated by micro-CT and enamel crack formation to compare incremental and bulk-�lling
techniques. Journal of dentistry 2018;74:71-78.

22. Rodig T, Muller C, Hoch M, Haupt F, Schulz X, Wiegand A, et al. Moisture content of root canal dentine
affects detection of microcracks using micro-computed tomography. International endodontic
journal 2018;51(3):357-363.



Page 12/15

Tables
Table 1 The agreement of the three observers.

    Naked-
eye

methylene blue
dye

microscope methylene blue plus
microscope

Criterion
1

Kendall's
W

0.301 0.118 0.144 0.055

  P value 0.000 0.000 0.000 0.001
Criterion

2
Kendall's

W
0.078 0.494 0.225 0.026

  P value 0.000 0.000 0.000 0.060

 

Table 2 Sensitivity (Se), specificity (Sp), positive predictive value (PPV), negative
predictive-value (NPV), and AUC for each observer with different detection method among
the diagnosis of criterion 1.
 

Method Se Sp PPV NPV AUC 95% CI for AUC P value
naked-eye

A
B
C

0.956
0.991
0.649

0.167
0.000
0.667

0.956
0.950
0.974

0.167
0.000
0.091

0.561
0.496
0.658

0.305-0.817
0.260-0.732
0.433-0.882

0.613
0.971
0.193

methylene blue dye
A 0.991 0.000 0.950 0.000 0.496 0.260-0.732 0.971
B 1.000 0.000 0.950 0.000 0.500 0.262-0.738 1.000
C 0.877 0.333 0.962 0.125 0.605 0.349-0.862 0.386

microscope
A 1.000 0.667 0.983 1.000 0.833 0.601-1.000 0.006
B 1.000 0.500 0.974 1.000 0.750 0.490-1.000 0.039
C 0.833 0.667 0.979 0.174 0.750 0.524-0.976 0.039

methylene blue plus microscope
A 0.982 0.833 0.991 0.714 0.908 0.731-1.000 0.001
B 1.000 0.500 0.974 1.000 0.750 0.490-1.000 0.039
C 0.895 0.667 0.981 0.250 0.781 0.553-1.000 0.021

pairwise comparison of A, B and C under each method showed no statistical difference
 

Table 3 Sensitivity (Se), specificity (Sp), positive predictive value (PPV), negative
predictive-value (NPV), and AUC for each observer with each detection method among the
diagnosis of criterion 2.
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Method Se Sp PPV NPV AUC 95% CI for
AUC

P value

ye              

0.600  0.860 0.462  0.085  0.730
0.595-
0.865 0.001

0.450 0.980 0.818 0.101
0.715

0.568-
0.862 0.002

0.150 0.960 0.429 0.150
0.555

0.409-
0.701 0.439

ene blue dye            

0.900  0.410 0.234  0.047  0.655
0.538-
0.772 0.029

0.500 0.980 0.833 0.093
0.740

0.596-
0.884 0.001

0.350 0.990 0.875 0.116
0.670

0.519-
0.821 0.017

cope            

0.850  0.700 0.362  0.041  0.775
0.668-
0.882 0.000

0.300 0.990 0.857 0.124
0.645

0.494-
0.796 0.041

0.350 0.940 0.538 0.121
0.645

0.496-
0.794 0.041

ene blue plus
cope

           

0.800  0.970 0.842  0.040  0.885▲△ 
0.779-
0.991 0.000

0.500 0.980 0.833 0.093
0.740▲

0.596-
0.884 0.001

0.450 0.980 0.818 0.101
0.715△

0.568-
0.862 0.002

pairwise comparison of A, B and C under each method, ▲△P< 0.01,  P< 0.05.
 
Table 4 Sensitivity (Se), specificity (Sp), positive predictive value (PPV), negative
predictive-value (NPV), and AROC for each detection method among the diagnosis of the
two criteria.
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Method Se Sp PPV NPV AUC 95% CI for
AUC

P value

Criterion 1              
naked-eye 0.982 0.167 0.957 0.333 0.575△ 0.314

-0.835
0.539

methylene blue dye 1.000 0.000 0.950 0.000 0.500▲ 0.262-
0.738

1.000

microscope 1.000 0.983 0.983 1.000 0.833▲ 0.601-
1.000

0.006

methylene blue plus
microscope

1.000 1.000 1.000 1.000 1.000△ 1.000
-1.000

0.000

Criterion 2              
naked-eye 0.500 0.980 0.833 0.093 0.740 0.596

-0.884
0.001

methylene blue dye 0.700 0.970 0.824 0.058 0.835 0.711-
0.959

0.000

microscope 0.500 0.990 0.909 0.092 0.745 0.601
-0.889

0.001

methylene blue plus
microscope

0.700 1.000 1.000 0.057 0.850 0.726-
0.974

0.000

pairwise comparison of each method, ▲△P< 0.01,  P< 0.05.

Figures

Figure 1

Depth of the cracked teeth scanned by micro-CT. (A) the crack line in the enamel. (B) the crack line
reaches to the enamel-dentinal junction. (C, D) the crack line exceeds to the enamel-dentinal junction. The
red arrow shows the crack line.
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Figure 2

Crack lines examination under microscope. (A) the crack line examination with naked-eye under
microscope. (B) the crack line examination with methylene blue dye under microscope. (C) the cracked
tooth diagnosed according to criterion 1. (D) the cracked tooth diagnosed according to criterion 2. The red
arrow shows the crack line.


