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[Abstract] Objective:To compare the relationship between sternal cortical thickness ratio and bone mineral density in adult
emergency inpatients with chest CT plain scan, and evaluate the diagnostic ability of sternal cortical thickness ratio for osteopenia
and osteoporosis. Methods* The bone density was measured by dual energy X-ray absorptiometry (DXA) in hospitalized patients
collected in the adult emergency ward of Xinhua Hospital, Shanghai Jiao Tong University School of Medicine from November 2020
to October 2022, and the patients were diagnosed as normal bone mass, osteopenia, or osteoporosis according to the bone density.
The patients were grouped based on age (>65 years old, <65 years old) and osteoporosis status. The sternal cortical thickness ratio
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measured at the level of tracheal bifurcation in the chest CT scan image of each group was analyzed. Spearman correlation was used
to analyze the correlation between the sternal cortical thickness ratio and bone mineral density. The sternal cortical thickness ratio
was used to diagnose the osteopenia and the osteoporosis, and the receiver operator characteristic curve (ROC curve) was drawn to
obtain the best cut-off value. The diagnostic efficacy of the sternal cortical thickness ratio in the diagnosis of osteopenia and
osteoporosis was analyzed. ResultsA total of 198 patients were included in the study, including 78 patients with normal bone
mass, 66 patients with osteopenia, and 54 patients with osteoporosis. Among patients aged >65 years old (n=115), the proportion of
female patients and the age of patients in the osteoporosis group were significantly higher than those in the normal bone mass group
(all P<0.05). However, in patients <65 years old (n=83), the difference was not statistically significant (P>0.05). Whether in
patients >65 years old or <65 years old, the sternal cortical thickness ratio in the normal bone mass group was higher than that in the
osteopenia group and the osteoporosis group, and the sternal cortical thickness ratio in the osteopenia group was higher than that in
the osteoporosis group (all P<0.05); The sternal cortical thickness ratio in female patients in the normal bone mass group, osteopenia
group and osteoporosis group was lower than that in male patients (all P<0.05). The sternal cortical thickness ratio in both male and
female patients was positively correlated with bone mineral density (»=0.704, P=0.000; »=0.785, P=0.000; r=0.735, P=0.000; r=
0.479, P=0.000). In terms of diagnostic performance, in patients >65 years old, the diagnostic accuracy rate of male patients in the
normal bone mass group was higher than that in the osteopenia group and the osteoporosis group, and the diagnosis misdiagnosis
rate in the osteoporosis group was lower than that in the normal bone mass group and the osteopenia group; In patients <65 years
old, the diagnostic accuracy rate of male patients in the osteoporosis group was higher than that in the normal bone mass group and
the osteopenia group, and the diagnosis misdiagnosis rate in the normal bone mass group was lower than that in the osteopenia
group and the osteoporosis group. Conclusion- The sternal cortical thickness ratio in both male and female patients is positively
correlated with bone mineral density, and the sternal cortical thickness ratio has good diagnostic efficacy for osteopenia and
osteoporosis.
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Note: A. The measurement plane at the tracheal bifurcation. The arrow points to the tracheal bifurcation. B. The calculation of the sternal cortical thickness

ratio in the measurement plane. () represents the thickness of the outer edge of the sternal cortex; (2) represents the thickness of the inner edge of the sternal

cortex; (D-@)/D is the sternal cortical thickness ratio.
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Fig1 Measurement of cortical thickness in the sternum measurement plane
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M, BRYAGEITFAENL (HP<0.05). MifE<65%  PERATENBIE LAF R 25 Lait2a L (¥ P>
AT, BEIEWA ., BRI THLERERAY  0.05). ZPRILER T2,
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Tab 1  Gender distribution of patients with normal bone mass, osteopenia and osteoporosis [ 7(%) ]

>65 years <65 years
Gender Normal bone mass Osteopenia Osteoporosis X P Normal bone mass  Osteopenia  Osteoporosis Ve P
group (n=33) group (n=41)  group (n=41)  value  value group (n=45) group (n=25) group (n=13) value value
Male 21 (63.6) 20 (48.8) 14 (34.1) 6.396  0.041 24 (53.3) 9 (36.0) 7(53.8) 2.131 0.345
Female 12 (36.4) 21 (51.2) 27 (65.9)" 21 (46.7) 16 (64.0) 6(46.2)

Note: VP=0.012, compared with the normal bone mass group.

®2 BEERA.BERTHARBRAMAZZFNERILER ()

Tab 2 Comparison of ages of patients with normal bone mass, osteopenia and osteoporosis (x+s)

>65 years <65 years
Gender  Normal bone mass Osteopenia Osteoporosis F P Normal bone mass  Osteopenia  Osteoporosis F P
group (n=33) group (n=41)  group (n=41) value value group (n=45) group (n=25) group (n=13) value value
Male 75.14£7.50 75.40£9.38 82.57+8.06"% 3.980  0.025 55.38+9.74 54.11£10.46  62.29+2.14  1.886 0.166
Female 71.58+4.56 73.38+5.19 80.00+6.90°%  11.522  0.000 56.29+8.34 56.69+8.24 58.33+£9.87  0.080 0.924

Note: ©P=0.013, ©P=0.000, compared with the normal bone mass group; ?P=0.017, “P=0.000, compared with the osteopenia group.

2.2 EIERAL. B RAK M AL R AR BT E R AR E R, BRI AR
B i L 31) bl BB LB T A AN AL, ZERAGI AR (3
BRIEFA., BRI RS RE AR E RS P<0.05). FEfEIERA . H AR A H B i 4l
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BH P RE<6S PR D, SRIEFANT T RE, ZRARITFREL (HP<0.05). FRRES.
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E2 BSE2EE(A).BERT(B)MEBREHR(C)EEMIABCT FHRBHNEBPKERN
Fig2 Typical chest CT imaging findings of sternum in patients with normal bone mass (A), osteopenia (B) and osteoporosis (C)
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Tab 3 Comparison of the sternal cortical thickness ratio in patients with normal bone mass, osteopenia and osteoporosis (x+s)

>65 years <65 years
Item Normal bone mass Osteopenia Osteoporosis F P Normal bone mass  Osteopenia Osteoporosis F P
group (n=33) group (n=41) group (n=41) value  value group (n=45) group (n=25)  group (n=13) value value
Male 0.549+0.106 0.398+0.023"  0.307+0.074”  45.035 0.000 0.420+0.107 0.391+0.017%  0.298+0.023"% 21.613 0.000
Female 0.464+0.119 0.319+0.046"  0.214+0.058"Y 52734 0.000 0.396+0.063 0.348+0.038"  0.280+0.016"% 15.915 0.000
F value 4518 47.694 19.729 21.987 10.421 51.454
P value 0.042 0.000 0.000 0.000 0.000 0.000

Note: “P=0.000, *P=0.010, compared with the normal bone mass group; %P=0.000, “P=0.001, ®P=0.035, compared with the osteopenia group.
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BB S EEELETFME (5655 A, =
0.704; >65% 4k, r=0.785; <65% H 1, 1=0.735;
<65 % 4ct, 1=0.479; ¥ P=0.000), Z55-0.F4,

4T Spearman AHSC T . S5 BN ANIBTE>65 2 1)
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Tab 4 Correlation analysis of sternal cortical thickness ratio and bone mineral density in male and female patients of different age groups

>65 years <65 years

Gender

Spearman correlation Spearman correlation

7 value i F value T value P value 7 value i F value Tvalue P value
coefficient coefficient
Male 0.704 0.732 52.006 2.966 0.000 0.735 0.745 44.550 2.944 0.000
Female 0.785 0.819 93.213 9.310 0.000 0.479 0.732 11.337 3.857 0.000

2.4 W BT e i AT B BB R 8 2 Wi

oL

FIFH R B K Bt e is i AR B Bgids, 23
il ROC M1, 3RA5 B K BT Lo 5] (412 R BT {1 . 4F
i%>65 4 1y BB A T, ME K BT H i <0.34 D BT
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B K 5 b9 <0.32 Sy i B Al (9 ), >0.42 4w &
EH (1961), 032~042 K458 (126]). 7E4F
W%>65 2 W&tk E v, <028 NE B (24141),
>0.39 A HEIER (134]), 0.28~0.39 FH KT
(23 5) ;5 TEAFEIS<65 5 Ltk , <0.28 H i

Ay (741), >039 mHFHEIER (174]), 0.28~0.39
HE AT (1941) .

5 DXA Wi g5 A B, BB 2 5 EL 45112 7 >65
2 B R BEA AUC [0.924 (95%CI 0.824~
0.977) 1. HURSE (90.5%) MHRFIE (95.0%) ik
B, 2Wir>65 % LoV s Bsi b B E 1 AUC [0.930
(95%CI 0.852~0.987) | #iy; M8 B ot L 4512 Wi <
65% BEH R T ERENAUC, HUEE (75.0%) K&
RS (724%) BRI, 12Wi<65 % Lotk B i
W EBE T AUC K =, (AURTE (80.0%) MK4¢5RE
(83.3%) 4y#cfik. W] LI B K ot L IR >65 % J 3 i
RN B A 1 IZ WAk e hr . A5 R AR S,

£S5 FAKERRILGISHEERTREREMAE ROC #Z&FFE S

Tab 5 Analysis of ROC curve characteristics of sternal cortical thickness ratio for the diagnosis of osteopenia and osteoporosis

>65 years <65 years
Group AUC (95%CT) Sensitivity Specificity Y'ouden Cut-off AUC (95%CT) Sensitivity ~Specificity Y.ouden Cut-off
1% /% index  value 1% 1% index value
Male
Osteopenia  0.924 (0.824-0.977) 90.5 95.0 0.855 0.44 0.741 (0.721-0.962) 75.0 724 0.474 0.42
Osteoporosis  0.813 (0.641-0.984) 96.6 76.5 0.714 0.34 0.846 (0.756-0.927) 82.4 83.3 0.765 0.32
Female
Osteopenia  0.897 (0.753-0.962) 83.3 90.2 0.833 0.39 0.768 (0.610-0.926) 61.9 93.7 0.556 0.39
Osteoporosis  0.930 (0.852-0.987) 90.5 85.2 0.757 0.28 0.937 (0.848-0.998) 80.0 83.3 0.677 0.28

2.5 T B S LE B L5 DXA 45 ik fik be 4%

XF L DXA B2 Wral S, 38R i e S5 E 4
LW B AT K BB R R | IR R AR 2
W, SR, fE>65 8 AT, MO B H A B
HIEWH B R ENSWIERR (90.5%) BRI
T4 (90.0%) MiREiindl (71.4%) &, X8
R A M R LR E N2 RIRZE (9.1%.
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Tab 6 Comparison of sternal cortical thickness ratio and DXA diagnostic results

>65 years

Item Normal bone mass Osteopenia

group (n=33) group (n=41)

Male
Accuracy/% 90.5 90.0
False negative rate/% 9.5 10.0
False positive rate/% 9.5 17.7
Female
Accuracy/% 83.3 90.8
False negative rate/% 16.7 9.5
False positive rate/% 15.4 17.4

3 itig
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Osteoporosis

<65 years

Normal bone mass  Osteopenia group Osteoporosis

group (n=41) group (n=45) (n=25) group (n=13)
71.4 75.0 77.8 85.7
28.6 25.0 222 14.3
9.1 5.3 21.7 13.3
85.2 76.2 87.5 83.3
14.8 23.8 12.5 16.7
42 5.9 15.8 14.3
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