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Abstract The diagnosis and treatment of root fractures are difficult issues in dentistry. A three-dimensional swept
source optical coherence tomography (OCT) system was constructed. Utilizing cardiovascular endoscopic imaging
catheter, we imaged 46 root section samples with root fractures(width ranges from 8 pm to 283 pm). The results
show that the system has a diagnostic accuracy as good as 98.3% when the width of root fractures is greater than
30 um. The diagnostic accuracy is 36.3% for fractures smaller than 30 pm. For the 25 fracture-free samples, the
accuracy is 92% . Further analysis suggests optimization of the relative position and angle between the catheter and
sample sections, as well as 3D reconstruction of images. These improvements achieve 100% accuracy for above-
30 pum fractures and 57.6% accuracy for below-30 pm ones. This experiment suggests a promising future for the
application of endoscopic OCT in the diagnosis of dental root fractures.
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SLS: swept laser source; CP: coupler; CL: circulator; CM: collimator; FL: focusing lens; M: mirror;
©)] BD: balanced detector; DAQ: high speed data acquisition board; PC: high performance computer;
PIU: probe interface unit; FOP: fiber optic probe; RFS: roof fracture samples.
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Fig. 1 Schematic of the endoscopic swept OCT root canal imaging system.

(a) Diagram of the system structure; (b) data processing flow

22 OCTHHEE

AR S5 P {68 9 80 A Ak H R IIT Hh R B
TCBEIT AR AR A R A Al e, 28 FE T
RBIK G B RDOLRE E B DL
£F . A ARG AT R T b a2 N, O T BB 40 o R e A
FLBL, I e 5 A AT B O 2F e R, AT 58 B
360°f) B-scan(WK 2 ii~) ., SERINZH—ZH
BHANE BT, A R AR W B9/ . BB EF &
M EEOLR S A REBSEOHEEERG A

single mode fiber

B it e M B R AR R L LA 5 A R A A R
o) At FE IR Sk % He 4 (PTUD Jig 4% M iy 3 F s
AR 360°, 8 L T MR A B AN T A 4 A
KR FR 2200 3 mm/s B 3EE [R5 2 1 )2 6] R
30 pm (Y ZHEEMG, B 4R AN AL AL R =
Y Sy AL 5

S p T T OCT 1A B3 4 38 3o 800 8
A R B DG BRE AT I TROME 7 Ak O B LA
H 25 pm A

deflection

prism
0.86 mm

self-focusing fiber

K2 WESESRER

Fig. 2 Schematic of endoscope probe light guide structure
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Fig. 3 Experimental adjustment device
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Fig. 4 Schematic of the relative position and angle adjustment between the probe and the root sections.

(a) Change relative position; (b) change the relative angle
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Fig. 5 Representation of the root fractures on the OCT images. (a) “Bright line”; (b) “dark line”;

(¢) shadows between the two “bright lines”
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Item Ty Fp T Fy Sensitivity Specificity Py Npy Accuracy
OCT 31 2 23 0 100% 96 % 93.9% 100% 96.4%

Tp: true positives; Fp: false positives; Ty : true negatives; Fy: false negatives;

Py : positive predictive value; Npy: negative predictive value.
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Fig. 6 Comparison of histological features and OCT scanning images of root section samples. (a)(b) Samples without

fractures; (c)(d) samples without fractures being misdiognosed; (e)(f) samples with two fractures
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Fig. 7 OCT scanning image when the inner wall of the root canal is a regular circle (width of root fractures larger than

30 pum). (a) Stereo microscope gold standard image; (b) contrast image of position adjustment of OCT probe,

(bl) before adjustment, (b2) after adjustment
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Fig. 8 OCT scanning images when the inner wall of the root canal is a long flat oval (width of root fractures less than

30 pm). (a) Stereo microscope gold standard image; (b1)-(b3) contrast images of position adjustment of OCT probe
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Fig. 9 OCT scanning images when the inner wall of root canal is an irregular shape (width of root fractures less than

30 pm). (a) Stereo microscope gold standard image; (b) contrast images of position adjustment of OCT probe
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Fig. 10 Three-dimensional model images of the root canal. (a) Cross-sectional image; (b) root canal wall image
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