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Clinical Application Value and Limitation
Analysis of Artificial Intelligence in Early
Thoracic CT for Rib Fractures
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ABSTRACT

Objective To investigate the ability of physicians assisted by Artificial intelligence (Al) to detect rib fractures
in early chest CT, the distribution characteristics of rib fractures and the proportion of occult fractures.
Methods 203 patients underwent both early chest CT and follow-up CT were enrolled. For early chest
CT examination, the detection of rib fractures was divided into routine detection method and three
detection methods. The detection rates of three age groups, four rib parts and three fracture types were
calculated, and the characteristics of missed rib fractures were analyzed, based on the imaging results of
the twice CT examinations as the reference standard. Results A total of 781 fractures were confirmed. The
overall detection rate of rib fractures in the routine detection was 92.3%. The diagnostic accuracy of Al +
radiologists was 96.0%. The detection rate of Al + radiologists was the highest in the young group (100%),
and the detection rate of physician + reviewer was the highest in the middle-aged group (96.1%). The Al+
radiologists has a very high detection ability in all segments of the rib. Two assessments of detection rate
in displaced fracture were higher. Most missed rib fractures are occult fractures in the immediate vicinity
of the defined fracture. Conclusion Most missed rib fractures are occult on early CT, which is in the vicinity
of definite fractures. Al-assisted radiologists can improve the diagnostic accuracy of rib fractures.
Keywords: Artificial Intelligence; The Early CT; Ribs; Fracture

AIZEgE(artificial intelligence, ANFIITEHMRENRMHAERSHT REFIFA
R EFEGOMAIRFEE T HNRELR, NIESRSRERTEREGEIEN
LHRRE. EREMHRRIRETIS. BSEIN SEEN10%, &HREEMIR
R BIETEH120.2%", REZHBESINEEEIEFATREEN, HEEREE
BRIz A AR T ENETE M (computed tomography, CT), BIEECTEER 2R
WEESFSEERNEEERNFE", BRIENEZEEERL. AIESRIEARNR
EEMEEITRHRRETEENS, BRRETANES BRI HEX95%",

BEE BIFNSZIRASITNIE BINERENXR, BEaRENXNNSE
B CT RS R B RB MBI R, 2-3AEESNE8FERK. SHTRREH
TREMEM, SEERBTESITNEE, MM —METF 7N RE SR ERIECT
M2AZE3N B NMREIACTHT LIS Z2iTE, STEARNRITIESIFNA TS,
EIR7EAIGEEN T F R ERRISECTA AN B ST BIRE 11 LU Ba B 14 B3 B9 L 1,

1 MRS 5E®*

1.1 ARH[R WE2018F1BE20202E58AIGK T EM B BINHET2 N RITEE
REBCTINE, 2BBEEIMARNTREREIACTIN203612E, £1014], ©102M4, F#8
22~91%, FYER54.4117.9%, BHRUERIS, TIERMIER61S, BLER
£ SBAE (P=0.00005425<0.05),

PNIE: FH18%; IRARRIIERE, FEMEET1-3KRITREHBICTIRE,
2BE3INNBRBITREACTIRE, #ERANMGRZRTEEFEXBRIZHENR; B
WCTHER T BEINFEARAET, TEMMERS,

1.2 CTig& N2 B FEBrilliance 641128 RIENECTIAHE, RAiDose 4L
Ko BUMEMi, WE L2dk, NREELEE, BNEEBTEEMM, BSKBEETFR,
HISCEATTHE L SEEIME TS, PS8 EBE120kV, EHF35~500mA, &
IREERE0.42%0/F, HEH128X0.625mm, EEERE512X512, EEEELOMmM,

1.3 EGABHRAR ZEBRIBCTE ST A E I NEN =FARER N5
%, FERBEMRERRXEHERN. EARNEENEEIERS, Amanst
BEMPDANETENSERSN TELRNYEEIN)HT, MBEEMXEBWEEENEL
DERTHAS, RIEZEFERER. B, YEMEBAMPR. VREG, =ZfREH
MF55EH K TS S RHE I (9 318 14FEM20E MU 2 bt TIER WM PRI E TS
FKEAMEIT), XKA=FARERNGEYFERRIBCTHITHE BTN, HiEA: Eiih
MR, BREMEMIEIERERIESG, YEIBBMPRE®G. VRER, 5i%B:
A+ERMFS, HEAEMEAREBT, KIBILREHRIE (SK-Viewer)AIB BB B0
MBI NE RIRTHTEERAK. 77%C: Ef+&E#%, AZAEMAAG, B
SEAMNEMEITHEZ, FREREANLGENZIER, N7 BRERICIZIT 20
SRS, ZHARKNAEZEERLINE, KIESEIPSHITHIER, 42

(5—1FE] £F55, 5,
UERIEE] BEE, B,

BlEEEN, FERRSE: ATSEEEFFERIINA, E-mail: yx080617@163.com
FHEEM. %, TEMHRAMA: CT/MRIZE, E-mail: liliantan@163.com
« 115



RECTRIMRIZE 2023108 £21% $ 108 S 5516848

BHH—RAS5RERRHREMZRFExce BF &K, 12
RABEE: BTN, BITHE. BIEKE
ATHRRATTHENZEM B BT EWNIER, BHEBHFNIA
BAB. FRABINMRBEEIT. BASHiES RSl
pBE2mmKkLUEE, FBRUBFIEEHRHNRGEL, WES
BRSNS RS — MMM E R T, BE. BERHES
FHRIER", RAEBRENABRVERBRNTA. S0
BENUBERRSRELT: BEIMBLAMRETRRL.
B. B, B2~10MB0AMRERAL. sk, K. B,
REBELMBONPRERAL. BR, BRELRWEENER. &
BB HLBANNEL, HXF1T052 M BHEGHTTIN,
14 SRITERI FRERERRICTHRIFCTIERSG, ARS
BRBHSMEE (DB 22EMICENER) RAFIE, FRE
UE &, MPREGMVREGHIZRFIEAEMAIRNME BT,
BEUT=MFHEZ—E, WHIAFEMESN: (1)EHHNS
ek, BREAES, SBHHBA; 2)RHARECTNEREE NS
R, BEIRCTUERMBRENBEEMIEEMZA; (3)FHK

mE R BRE
Rl B
RZ N
R B
R4 B
RG B
Ré B
R7 1
RE B
R B
R10 ¥
R11 4
R1Z

B B A B A B BT B RS B AT E .
BRFLEFLVOME S A ME B U BAE B

B2 T8LAE A LA, AR R AL 2SR £

ECTRIBH, FEIHRCTETMEEERIBE NN B DKo

1.5 ZitFE A% EAPythonkiZ2ES PandasEMNumPYR
FHTRIUTFERIE, REEXAHIUHERBU(x £) KK, R
ZIERPRUE, DEBRRBBEILL(%)RT. BEEHERER
MiERKHR, P<0.05HERAEBRITFEN. KMAPython
matplotlibE (2D EE) N AU EL T FHITEIER M,

24 R

2.1 ROIRZAIFE 203012, si=(MBERRRARE. &
Win. EEfh. BEI9861(48.3%). ERIH3261(15.8%). EH A
3015(14.8%). EFMMUMESREML I FHRICTHRFEIRCT, &
KIEILZNBT8IA B, LMBHER R 184 SH(2.3%,
18/781), BIER3T14 B (47.5%, 371/781), MER2234b &
(28.6%, 223/781), JGER169%B#7(21.6%, 169/781). BAIEIT
1934b(24.7%, 193/781), JEBAIBIT51140(65.4%, 511/781),
BRIBMSHT7748(9.9%, 77/781), 78140 BH#HILE2,

BER MR AR
I L
L2
I L3
L4
ILS
iILs
L7
fLE
fLe
I L0
B L1l

L12 o

BEHDAFIZF VBRI RRA, KERE

MhE A BCR AT L AT R

%, MEUEA-NERES, FBRUES-1IEES.

116 -



2.2 EARWEN=RFEARUS ZNZHERELLR &4
BHNERBESS.5%, HREI3.8%, MIZE43.4%, HH
F£92.3%, EIMMIIFH RBEST.5%, 155 E098.8%, KiZE
42.5%, EHEIL.TY%; AHEMREETT.6%, F5RE9.3%,
WIZE22.4%, HEMHE6.0%; EIM+HEIZREEG2.6%, HRE
98.4%, JRILE3T.4%, HHEM.5%, A+EIMEZHESENE
HMEPERS, RZEAERE, EREEHRITFERNX(P<0.05).
2.3 FRAFRAMBETRHE SADNERA(S39%)48
5, HEELA(40-59%)826IFIEELA(>60%)73%l, AHEMKRE
M+BEZNEERARE RS FERRNENE MR,
EfRIFARERARERARNEETREERERTRITEEN
(P=0.212>0.05, 1),

2.4 FASBMUMEBSTRHE EMOIEREERESNEME
MEZ(90.1%), WM phESuzEhEEeiTtHEERERITE
BX(P<0.05, %2), E/fMIIHAAEMEQHE(96.0%)5FH
T=4; AHEIMENB EEMNKEZER(95.9%)5THEE=4,

R 1 AFEFHA B & B 4 okt TE L BN (%)

CHINESE JOURNAL OF CT AND MRI, OCT. 2023, Vol.21, No.10 Total No.168

EHHBRXARSHEZE. EHENR5EERZENERTS
HFER(P>0.05); EM+BEZEMBRIERNLEZE(94.9%)195
FHE=ZLA, SFRNEN=MENGEZEMBKTEAEHRE D
iR ERYESITFEE N (P<0.05),

2.5 FEABHABRBHE SHRNEEBUBITQHE
93.8%(181/193), FBAIBITH L ES83.4%(426/511), FRIAM
B HE:83.1%(64/77), EBMUBIFMEALBSHLERESR
EHHEREX (P > 0.05)s ZFARERNAESBEMASHICE
KHH295.3%. 97.9%. 100%, WIEBUBHNKMHESFIZ
83.8%. 86.7%. 97.5%, XERIAMBIFIEHEERDFIE41.6%.
83.5%. 97.4%, E|f+EHZE=ZMEHLENZHERTSAITE
B X(P=0.081>0.05, %&3).

2.6 BIBEBNRIZER EMENEHRFIL34040(43.5%)5
fro HEMMILFEARIZ33240(42.5%), AI+EINHRIZ175%
(22.4%), EM+EZIFIZ29240(37.4%), SEirERLL, KiZe
R TR 1~450E (B3-4),

R2 HAENERRN A EZR TR B &80 HEn(%)

- = RPN
FEE(H) ta Lo ln ERRLAR LR EmEn SR
39 B4(78.2) 93(87.7) 106 (100. 0) 120(84. ) 106
40~59 275(89.0) 248180, 3) 293154, 8) 297186, 1) 309
=60 312(85. 2) 303182, 8) 325(89.5) 349185, 4) 366
! 0. 040 0. z1z 0,000 0.014

R3 BARNERRNT AET R R 87 89K HEn (%)

P T =ik
B PO ErmcmE el EREE
EEA s vy 181(93. 8} 184{95. 3} 185{97. 5} 19234100. 0}
El2 Sy 425 (83, 4} 428(83. B) 443 (6. 7} 498{97. 5)
ERIBEEAT 64{83. 1) 32{41. &) 96 {83. 5} 75{97.4)
P 0. 001 0. 000 0. 000 0. 081

G0

. o = b 0 ik
AR PR Y RE  aEm | EREE
i B2z b 15(83.3) 22 (84. 8) 20 (50, ) 16(88. )
lini 143 322(86.8) 283(80.6) 334090, 0) 362(%4. %)
Fhrr g 261030, 1) 21456, 0) 212095, 1) 264(86. B)
e B L23(TE. T L2574, 0) 162(55, ) 134079, 3)
£ 0.012 0. GO0 0. 638 0. 600

HE3A-E3D B4k, 674, ZHAR, HAMARIKR. E3A BRRMRAE; E3B ATRMANE —Waf Badr; E3C AWM E 2N BAMUE Z R EEFL, '

3D HEITREEALME LR HE S (BFL .

E4A-H4B B %, 87%, WKGIBAMAMES/ . E4A AT HCPRE, AURIMA WAL E B FE4B AL ECPRIE, SMA26KJE ZECT, ALBIE AW A .



PEICTHIMRIRE

33t i

MESINSTN ST EaGN— N EEEE, BXERE
EMBBE B FRANBEENEES SIREMBEEFANETE
m15ELl b, EEREREEA107EY, CTEMESINEE
REEZBE. ZHUNRETER R, TEEREH, 565
AL, FRBERTRRE(4%) " FIERISEHBEN
SIS TERE R BEPERE rEEEnE ",

DEARZHARURERSCTE R NS E10E, BEMNAN
IMEESHE M ERETT—ENIRE, PEEREEEEI0R
RCTHRERERIMEERSINY, 72~3BESrnESRAER
Iy, SRENS. SHFREETTRKEMER, Fit, &HRE
UMMEBIFSENE, WHKEEREABN T Masres
BRI, TEAMRE, ERNERISHDERE 592.3%, =%
AR £ B B S U EHIRE£94.5%~96.0%, =T LUEFR
SANE BT A BT R (10%~90%), BEITTEAIMEN FaErR RIS
AE BT EEREE(96.0%), HTERSAINIE STEE
B, fEERPAM R BB E R,

T EFTRAREREMESSITNREE, 5203685
DRERA(S39%). HEA(40~59%)FIEEH(>60%5), B
RERER, EHONEEREANIGHERES(89.0%), TTE
FERERHESE(79.2%), EFZAFRERNRHEERES
G E N (P<0.05), Al+EIMEERANGHERE(100%),
EEEAMBEERGI.I%, BRAEMAIHE FELEEATR
10%FH, EEZLKIHELER. EEABRGMSHBNET
g, AEEZEABIFREEYE, XRETEEAREERER TR
WERH; S5, EMTAES TEITEIESBAKRILE, 2
MAYBEEIRTR, MNTRZBDIEBMASN, NEM+EZ
(945 A AT LUERB LI 25

EERRNEPRHEEEESNEMSTHENEE, B
K $786.9%H189.7%; 7ERHMB ARG HEH}83.3%, HES
FEREI60%~65%""; EMBERKREET.2%, RS
EREGIUSINE R (MMEX. BIBH), EZMRNA%
t, BRAEMRIIARNEM+SEZAERSHEE, BREN
ESMEMFBRRAEE,; AHEFNREMIESITREENEES
F A N RN B IR 37 15 A AN E P+ BE A%, B7ERh S AN ER1I
Ak R E RS HEIMIRI S MAETEE, £RKE, B
FABB TENMEBUEEEESHNBINGEE, ERNR
BB BT IR E B A,

EEMRNEN=FRERNAESR, PEHEHNCTERLS
0 H ZRIK B193.8%F1 100%(E i+ B1%), AE AR
B HR97.9%, BEARTEESHREE; EBUSINNRS
4 BIE83.4%F197.5% (Ei+E1%), EIMIEAILEEN T IER AL
BITHIHEL86.7%, LRRIPEIHITAIEE T IEBAISIN
MR NENEERE, T85EIMITREEINNMIIEHRS BEH
IR, BEETERBAKNLE RIS R, EHAK S L=
83.1%F197.4%(E i+ E4%), BEJHiaziEE MR IR 14 SR
HENA1.6%, FIER58%MRILS. EIMIEAILHEN FHIBE ST
FERZHERYE, BRRBERESHEG AEBRNGEEES
RIAITERIZHIE R, RAZETEPRAER%, SHRER
B, AIRTERIAMESIFBR NKAE R BB NI IS E,
S5BARRME—H" ARELM, FHENEN=FHFEK
W75 £SO BB H =B FEB A SITAGIEE SR, B
EBRMSITRIEEERS, MBEESGISHTED, EERR
HBAEN, NIEKEMaTARNEEENEE"

EEFRNETR, 203618 ERILI400 B (43.5%). 1E=
MARERNSETR, AHEMRBILEEE(22.4%), BEETFEM
RISEMEEHmMRNSEE, SMEIERRZAITSINT A
MEBINEMER. BL2ENTERNARMSIT. SHRTK
B. BERITSKTSE, BENESHAEN, SRRAKNE
(61.8%, 230/340), S¥MIBLLBEFELBERE, EEHHN
BRI ART, XEFRNMEE B TFIRS RN T 0 T
x, HRELNEHBHCTRIS BT E A TRRBENEN1I4%

2023108 %21% 51088 25516853

118 -

ME, RENER61.8%. Liu,CERRMEBINRISETHR
BITEMI1~3%ENE", AENIERBHSITIE1~4% ST AE
BEBITRE, SHERTESHESESHERRA, LNE
MBITHATAE, B TSAR B TR a7 i £ F B i+ B AR TR R
%28ITRE, BHERSMEKEEMRBERSH; EMEA
WR T ISMBITEER, NTRL TR, B, EIMETAIL
B TABAR B3R BB BITRISHE NN,

ARRZEMHT, HEIBERAEEERE, AR
WA SEMEHR— S AEAR, B, AHARMEIHCTHAEZ2
A~31E, XYhEHEINATEERIFCTEGRERREE, 7
E (it =E=0) <t

& PR, SCTRATEW ENRS, hESREE—EN
B2, TER—LAUREEME ST, ARRGERSHESMI
ESIHHREE, EMETARARBE TRREATERLHES
MIBBINHRYL, BEHBEITISERM,

SE

[1]Blum A,Gillet R,Urbaneja A,et al.Automatic detection of rib
fractures: Are we there yet[J].EBioMedicine, 2021, 63: 103158.

[2]Lecun Y,Bengio Y,Hinton G.Deep learning[J]. Nature, 2015, 521 (7553): 436-444.

[B1EME, B, BT, 5 X TREFINUHENMH O R RAERGABME FI
Bk L B [T). I R 2 20 3, 2020, 39 (12): 2493-2497.

[41 8 g, B3, Bl KX, 4. W% X BACTH B W & S 295814 ABE = # 5L R
[0]. sp e 2 40 2, 2021, 101 (7) : 481-486.

[5]Hongbiao S, Shaochun X, Xiang W,et al.Comparison and verification of two
deep learning models for the detection of chest CT rib fractures[J].
Acta Radiol, 2022:2841851221083519.

[6]Marini C P,Petrone P,Soto-Sdnchez A,et al.Predictors of mortality in
patients with rib fractures[J].Bur J Trauma Emerg Surg, 2021, 47 (5):1527-1534.

(712, B IE k. % B4R CT = R 5 X &3 F W7 B Rk & BURE M & & 375 By b 69
g [J]. FECTAMRIZ4 &, 2021, 19 (07): 167-169.

[8]Zhang J,Li Z,Yan S,et al.An Algorithm for Automatic Rib Fracture
Recognition Combined with nnU-Net and DenseNet[J].Evid Based Complement
Alternat Med, 2022, 2022: 5841451.

[9]Zhang B,Jia C,Wu R,et al.Improving rib fracture detection accuracy
and reading efficiency with deep learning-based detection software:a
clinical evaluation[J].Br J Radiol, 2021, 94 (1118):20200870.

[10]Liu C,Chen Z,Xu J,et al.Diagnostic value and limitations of CT in
detecting rib fractures and analysis of missed rib fractures:a study
based on early CT and follow—up CT as the reference standard[J].Clin
Radiol, 2022, 77 (4): 283-290.

[11]Ingoe H M,Bardley W,Mcdaid C,et al.Epidemiology of adult rib fracture
and factors associated with surgical fixation: Analysis of a chest wall
injury dataset from England and Wales[J]. Injury, 2020, 51(2):218-223.

[12) 2R, FIR L, 5065 MSCT XY 45 0k it & B 97 oy 35 W7 K (B 8 R 5 2 25 oy S R A
{EA 7 (1], B [E CTAMRI 2 &, 2022, 20 (02): 175-177.

[13]Hoepelman R J,Beeres F J P,Heng M,et al.Rib fractures in the elderly
population:a systematic review[J].Arch Orthop Trauma Surg, 2022, 143:887-893.

[14]Weikert T,Noordtzij L A,Bremerich J,et al.Assessment of a Deep Learning
Algorithm for the Detection of Rib Fractures on Whole-Body Trauma
Computed Tomography[J].Korean J Radiol, 2020, 21 (7): 891-899.

(151250, &M E, T, . 055 1 F £ B 3B ieCTH: 2 Bt 18]35 W7 16 B 0 0 B I 3R
. BB F 2, 2020,30(07): 1284-1287.

[16] A i ifs, T, BE, % A TAPHEFLERAME FICTE 2400 o K 0
FFT I). BB 5 AN, 2020, 029 (1): 27-31.

(ks BER: 2023-01-01)
(Rd4RsE: WRARHD)



