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[Abstract] Objective To compare the effect of different scanning parameters of cone beam computed tomography

(CBCT) on displaying trabecular microstructure in the anterior region of the mental foramen of the mandible, and to pro-
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vide a basis for the rational selection of CBCT scanning parameters. Methods This study was approved by the Ethics
Committee of the Affiliated Stomatological Hospital, Medical School of Nanjing University. An in vitro study was con-
ducted using CBCT (ProMax 3D Mid) to scan eight dry human mandibular specimens with five scanning protocols:
Group A: 90 kV/6.3 mA, Group B: 90 kV/8.0 mA, Group C: 90 kV/10.0 mA, Group D: 75 kV/8.0 mA, and Group E: 60
kV/8.0 mA, resulting in a total of 40 CBCT images. Entrance surface dose (ESD) and computed tomography dose index
(CTDI) under different scanning conditions were recorded. The original CBCT images were imported into the image anal-
ysis software (Hiscan Analyzer) to measure four trabecular bone microstructural parameters in the region of interest of
the mandible: trabecular thickness (Th.Th), trabecular number (Th.N), trabecular space (Th.Sp), and bone volume/tissue
volume (BV/TV). A total of 108 CBCT images were retrospectively collected from clinical implant patients using any of
the 90 kV/6.3 mA, 90 kV/8.0 mA, or 90 kV/10.0 mA scanning conditions, and the above four parameters of the region
of interest of the mandible were also measured. SPSS 26.0 software was used to compare the differences in the four tra-
becular bone microstructural parameters between the CBCT images of the mandibular specimens in vitro and clinical pa-
tients in vivo. Results The in vitro study results showed that reducing the tube voltage and tube current would lead to
a decrease in the ESD and CTDI. When the tube voltage was maintained at 90 kV and the tube current was changed,
BV/TV, Tbh.N, and Tb.Th values increased with the increase of tube current; Th.Sp values decreased with the increase of
tube current, but there was no statistically significant difference in the four bone morphological parameters (P > 0.05).
When the tube current was maintained at 8.0 mA and the tube voltage was altered, BV/TV and Th.N decreased with the
increase of tube voltage, Th.Sp values increased with the increase of tube voltage, and BV/TV, Th.N, and Tbh.Sp showed
statistically significant differences (P < 0.05). In clinical patients undergoing CBCT scanning, when the tube voltage was
90 kV and the tube current was different (6.3, 8.0, 10.0 mA), there was no statistically significant difference in the four
bone morphological parameters (P > 0.05). Conclusions In this study, when the tube voltage was fixed at 90 kV, there
was no difference in the trabecular microstructure of the anterior region of the mandible when the tube current was in-
creased. When CBCT scanning of clinical patients needs to show the trabecular microstructure of the anterior region of
the mandible, the tube current can be appropriately reduced to decrease the radiation dose received by the patient.
Thus, it is recommended to use the parameters 90 kV and 6.3 mA for CBCT scanning.

[Key words] cone-beam computed tomography; tube voltage; tube current; trabecular microstructure; trabecu-
lar bone microarchitectural parameters; trabecular thickness; trabecular number; trabecular space; bone volume /
tissue volume
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Table 1  CBCT scanning parameters of mandible specimens in vitro
Scanning protocol Tube voltage/kV Tube current/mA ESD/(mGy*cm?) CTDI/mGy
A 90 6.3 706 32
B 90 8.0 891 4.1
C 90 10.0 1123 5.13
D 75 8.0 467 1.8
E 60 8.0 181 0.6
ESD: entrance surface dose; CTDI: computed tomography dose index
90 kV/6.3 mA 90 kV/8.0 mA 90 kV/10.0 mA 75 kV/8.0 mA 60 kV/8.0 mA

Axial plane
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CBCT axial and sagittal images of the same mandibular specimen under different tube voltage and tube current combinations
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90 kV/6.3 mA 90 kV/8.0 mA 90 kV/10.0 mA

Axial plane

Sagittal plane

Figure 2 CBCT axial and sagittal images of clinical patients under the same tube voltage and different tube currents

B2 I PR R — R i A AN TR B LU T B CBCT A3 B RARZ B 15

SO denotes the plane where the mental foramen intersects with the buccal cortical bone with maximum diameter, S1-S3 denote three upward planes
of SO, and S-1-S-3 denote three downward planes of SO. Region of interest (ROI) on SO: a tangent line (red) is drawn along the edge of the buccal
cortical bone in the mental foramen area, and a perpendicular line (blue) is drawn passing through the anterior edge of the mental foramen. The blue
lines on the left and right sides are the distal boundaries, and the cortical bone on the buccal and lingual sides is the buccal lingual boundary

Figure 3 Localization of the region of interest on the mandible
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Find the slice on which the mental foramen intersect with buccal cortical bone with maximum diameter(S0)
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| Determine the boundary of region of interest(ROI) at SO and outline ROI |

¥
| Outline ROI at three planes upward S0(S1~3) and downward SO(S—1~-3) |
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| Generate volume of interes(VOI) based on ROI in SO and S3~-3 |

| Calculate the trabecular bone microarchitectural parameters for VOI |

Figure 4 Flow chart of calculating trabecular bone microarchitectural parameters
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TTable 2 Quartile table showing trabecular bone microarchitectural parameters of mandibular specimens under

a tube voltage of 90 kV and different tube currents

Tube current/mA

BV/TV

Th.N

Th.Sp

Th.Th

2.64(1.78-3.05)
2.35(1.70-3.09)
2.32(1.82-2.77)

1.10(0.93-1.28)
1.12(0.94-1.29)
1.19(0.90-1.34)

6.3 0.26(0.19-0.45) 0.28(0.25-0.35)
8.0 0.28(0.20-0.45) 0.29(0.25-0.34)
10.0 0.32(0.19-0.49) 0.29(0.27-0.33)
X 0.75 0.75
P 0.687 0.687

1.75
0.417

0.75
0.687

BV/TV: bone volume/tissue volume; Th.N: trabecular number; Th.Sp: trabecular space; Th.Th: trabecular thickness

under a tube current of 8.0 mA and different tube voltages

R3O ORRAHLI 8.0 mA Wh, ANFIBRAE L T B AT S0UE bR A B LSS A e 2 B I o3k

Table 3 Quartile table showing trabecular bone microarchitectural parameters of mandibular specimens

Tube voltage/kV

BV/TV

Th.N

Th.Sp

Th.Th

60

0.36(0.26-0.59)

0.34(0.28-0.41)

1.92(1.18-2.60)

1.14(1.02-1.28)

75 0.31(0.22-0.56) 0.32(0.28-0.38) 2.09(1.34-2.71) 1.08(0.95-1.27)
90 0.28(0.22-0.50) 0.29(0.25-0.34) 2.35(1.70-3.09) 1.12(0.94-1.29)
X 10.75 13.00 13.00 2.25
P 0.005 0.002 0.002 0.325

BV/TV: bone volume/tissue volume; Th.N: trabecular number; Th.Sp: trabecular space; Th.Th: trabecular thickness

R4 BRAHLE 90 KV I, AN BRAS L I T I P R ) B2t Ry ) e 2 4

Table 4 Trabecular bone microarchitectural parameters of clinical patients under a tube voltage of 90 kV and different tube currents

Tube current/mA BV/TV Th.N Th.Sp Th.Th
6.3 0.76+0.11 0.32+0.04 1.16+0.26 1.97+0.45
8 0.73+0.14 0.34+0.08 1.21+0.30 1.92+0.56
10 0.71+0.16 0.31+0.03 1.27+0.33 1.98+0.53
F 1.384 1.520 1.134 0.123
P 0.255 0.223 0.326 0.884

BV/TV: bone volume/tissue volume; Th.N: trabecular number; Th.Sp: trabecular space; Th.Th: trabecular thickness
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