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[Abstract] In orthodontic and orthognathic practice, cephalometric analysis is an integral tool throughout the clinical
process. However, as landmark identification is still unautomated, both the conventional and semiautomated approaches
are open to considerable subjectivity and could be time-consuming for inexperienced clinicians. Deep learning (DL), a
state-of-the-art artificial intelligence (Al) technique, is highly effective in image recognition. In recent years, many stud-
ies have focused on the application of DL in cephalometric analysis, including automated landmark detection, automat-

ed diagnosis, cervical vertebral maturation stage determination, adenoid hypertrophy analysis and upper airway identifi-
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cation. Studies show that DL can effectively improve the efficiency of cephalometric analysis. In most studies, the accu-
racy of DL can reach more than 80%, and its difference from the gold standard is clinically acceptable, demonstrating
good potential for future applications. However, most studies are limited to landmark detection, and the broadness and
richness of the training dataset are limited. Future studies should broaden the research scope, improve the algorithm, el-

evate the richness of the datasets, and combine DL with other Al algorithms to improve its accuracy, stability and gener-

alizability.

[Key words] cephalometric analysis; deep learning; artificial intelligence; lateral cephalogram; frontal cepha-

logram;  automated landmark detection; automated diagnosis;

cervical vertebral maturation analysis

J Prev Treat Stomatol Dis, 2023, 31(1): 58-62.

adenoid hypertrophy; upper airway identification;

[COmpeting interests] The authors declare no competing interests.

This study was supported by the grants from National Natural Science Foundation of China (No. 81901044); Wuhan Uni-

versity Education Reform Program (No. 2021ZG328); Wuhan Young and Middle-aged Medical Talents Training Program

(No. [2019]87).

H 1931 4 1 Broadbent £ i} D2k |, k52 I &
(cephalometric analysis ) £ AR AWy & J'é |56 2 , 8
Jg 1 T B R IE A SRR I PR A2 i A A i) Bl
BRAGERAT o PR B A X S 37 B AE A
Fr b3 H b5 S s R B, B B BRI L
RPN A ke 52 B0 A A I R ) e
R R B AT AR R BRI A TR T O BEAS LA
Lo BRI AL R B A5 A gk R IR
IR AR R 4R b T T i DU AN (B 2
J1, i BT RE e R A IAN RAE AE R 2E
SHEEWBLURATRAAAEA - . HAT, IR
b2 R T RLET B i B 3 S5 I 4 iy BRI
Tl U RH I B AR AT AR, PR BRI S I
SR, oI S AL 48 Sk s il 22 A 3k il 4t
fifp F0) AR S B TSR ATY SR AR I W R I T s kAT
R0 AN R B BRI AT REAF AR AL AN R TR T
JUAE , A2 0t 50 R A8 TR B N T4 fE (antificial in-
telligence , A1) S04 A ALY k52 0 i, UER Tl
PRACER, I F R R B

AT J2 46 1 5 HL AR ASE DL S [R] R A P T e 5 o)
TERES), FAORHAE T e D Ak 31 22 Ml | vl
N T AAH R[] i A e ATERR P 70 TR
>J (deep learning, DL ) f& AT 803k e $4 ] (A 5% 7 1)
Z—o DL LISHZ W48 0 BE il , B0 ik 28 0 2
FY 2% w2 e A AH L% 12 R 2 3k It A Ak
MM EEY . AR TS ATR L, DL
N R BTS2 2% 1 Bl RS, 7 S k2 >0 B0 i iy
&~ , DL Al [ st 7 il ke~ e I AR SR 4
LN R S L =D | BE5 4 & 5 S ]
URNE Y MR ER €/ 1y 20 ALY vl SIS IRO P AR €

AT ) A F R 4 ) 45 (convolutional neural net-
work , CNN ) J&—Ffdid & B BT, JF HA R IE 451
() DL AL, 7E R ARG A Fi b R B 0 s,
B = o AR i N S R SR LAE 14 1
AW T, & 28 DL AR B2 27 5245 h i i 58 15 3]
TREE RS AR, S HA AL AR L,
DL CNN hy 2R R DL | 783K 53 U e 6 43
T T JR R o ) P R R AR

1 ETREFINENES
1.1 kA= 7 A sh 2 b

FF 3K AN AT 114 Sk 52 00 2 1 IR R IE A5 Ak
BHIG R b i 5 R B — IR AR o SR, Fii 6t i X
SRS R AL 2% AR 22 SR T L S A T A A ) 45 44
(R EE B, T A s A B VR O A A SR Sk R T o
AR ME R BT 4 bR 1 Sk
ARk I 2k DLASEAY ) D)3 o DL X & 5 2 7 1)
“2 )7 R ST Sk A B ) A B X
DL ABE FRURE AP (04 DAk 10 A W A AR 00 A 1% o7 ¥
54 58 SR BT H R T A 2 A Y
B (mm/MRZ) , LSE 4 BV S i b =, sl
FEES <2 mm SU0E R T AL e, THEH L A4
RS R HER R

Arik 252 DL CNN by filt j5 D A8 17 Sk fii ) o7
F A Bl s AR S B T 19 A i bR Ak
KR B BEN, B S B HER R 53K 76% . Nishimoto
LRI LB PR AL 219 ik Sk A B, IR ZE K
i Fe b, FE DL BRI X 10 4N AR b a5 Al 39 00 258
25 B BE RN 25300 17.02 18 2 Fl 16,2214
. ZMRIEH L RS DLEAIXT ZSNA | £SNB 4%



b

AiRE&EMKEAE 2023F 18 $£31% F1H

© 60 - Journal of Prevention and Treatment for Stomatological Diseases, Jan. 2023, Vol.31 No.l http://www.kqjbfz.com

£ RE 55 SN A IR B I E 5 R b A, 25 R R T A
MR EZ R IE R EER ., KL T —F
FEF ML) DL, SE8 T X% 23 AN As 5 5 A
BE N, Hog s AR 22008 1.37 mm, Oh 251
B Z P ATH R 5 CNN AHZE &, WAL A 7R A7 oAb
B L5 Ak i 5 50 8 A R AIE )5 PR EA T CNIN Y E 3
23] HUERA 2 3k 82% , Wh RN A7 F 1 43 BT st
AT 0.15 50 Lee % FF A T —Fh 3 F DL
CNN A9 N T8 BEBLRY | iz BRI 7E [ 3h 2 A5 B FE il
T B FR A A 95% B A5 X ], HER IR
1515 82% . Zeng 55V FI FH £ 9L HK CNN, ¥ =2

CNN (align-net , proposal-net , refine-net ) #1455, 53]

SRS — SRR AE 0 B IS5 48 1A B E X S5 RN
P it SR L L DA AR S RS AR . FE 2
DA v B 5 4 b o AT IR 224
4 1.34 mm 1 1.64 mm, Kim %Lk 3 L2 H0AR
[vi] J3 2 14 S P 57 A I 4 4 ke )11 45 22 4 0k
CNN, DL B850 T AN R A7 R0 g g,
FEAE R R HAP R 2208 1.36 mm
1.2 kAEALH A 32 L

Sk FLE AV -t S 1 W A LE AR 48 e )
R AEZ — BT, Sk SiEA 5 5
I8 S5 W 24 651 1 8 ) b A7 A B[R] R, G0 2F 55 98 BE AN
VR AU TE R T AR AR AT S A 2
Bl , TEAE F ) Sk 5 0 () A AR5 T e ) s 5 A 1)
SENL AR AR B L BRI . Muraey 458
T HT DLIES R A e s N TR e Ay
HLL 300 5% IEAL A I 2R 4 |, 30 5K 45 4
B, I IE— 20 A A AR A S ME R A
I3 Ao B AT BT o %M [ 3l % A
SRR Z AR 2.87 mm, Ik T 9] 2% E SR E
(3.61 mm) , 535 B (2.85 mm) % %K (2.47 mm)
FESRZEARL . SO R E R, BRI 2E 3
TR 25 5 T DLAS AR {H G A B2 s i o o7
B VERG 2 T DLAEAY . Gil 25 Rl AE R 1 T
T CNN WY IEAL 1) 2l s B, w5 38 B ok
55 [ 9 T K2 B B 1 A3 2 075 5K R [ o o 3k 1
1EA A1 R IR S L 343 5K AR S 36 UF K6 42
99 Tk AE R MR B HE 45 | 45 R /s iz 1 [ 3l mi
B 24 %515 25 A0 R 1.52 mm, S A4 )2 Hy 83.3%

2 ETREZFIMBEINSESN

TCAR 2 FE T3k U A7 R ade 2 TE A e 9 Sk 2
i, HH AR K T X 2 KR MR B 1 o KL
MR e R N CIRE N = N C N D R ]

KR AR g R B IR TR R PR iR
JPRR o T EAE SR AN SN DL Ya B it — 25
et 2 A 2 SSUE 2 W o A, 52303 3k fE
AT Fr iy —25 30712 W,

Yu 55 DL CNN 9 7, FLFH 5 890 ik Sk i ]
P R R AR BN R HAR IS W ST
THBSISW RS, AT ST ) (5
i EE ARA) MR CEE T 28 T2 2R
— XA LW, H2Wias B E2A 90% L L 14
M R S A ER M . Yim 222V 00 F) B CNN BE
— ST X IEHERR AR IRE TR, X
WFFE LA 1993 3Kk [ 2 FFAS[R) I e 4 3k il 52 A
YIZREAE |, DL 181 7Kk T HoAth 8 T AN [m] 2 Be 1)
Sk PN ASE Ay 03k 5 4 A A I DK CNIN, 45
R A S AR AR R (88.2%) , B T/
1T/ 25 (88.8% ) , IR 7 FA/IE W 78 A6/ FF ¥ (83.7% )
(140 - IO T A S A A R

Lee 55 ™ (1) 0 5% W) 3R 45 1) I CNN 455 20 52 3
X AT EIESFARM A AW, VR & IE
T 3334 e BORE, Horb 159 (5 B A% 2 T IE Wy
TBIT, 174 BB 32 T IE B IE A B R97 o B9
H LM J 1 50 A b5 35 0o 2 81 43 5
H: T CNN [ Alexnet . MobileNet #1 Resnet50 = 1 A~
) B2 44 A [ B2 WA R ) I 8 3 e 15 i BB
A IEAF AR, 3 P AL 45 S T 96.4% . 95.4% |
95.6% B T E A 25 . Shin 252 0] 57E — 48 3k fii
A R FIE A R AH 25 A ok U1l i CNN LAY 25545 )]
W FB T B IEAUAN R TR 122 R
T R 5K 5 95.4% , fUE M AR S oy Bk
84.4% .99.3% .

3 BETREZFINBREGBRXENSHMSIE
S

JUR AR A A T 5 R 508 T 358 5 MR S B Ak, 2 TR 9k
CLIRAY—FB 5. AEBIESL T, BRERARLE 6 % IHHF IR
ZEU5, 10 F AP SE ATl A 0 SR, A5 A 1 I % T
YL ] P EURFE A B AR K, LA R
JIR AR AR B A B HRG R 155 36 42%~T70% , +2: )L b IF
W2 T [SEL 25 R B 22 1 e IR P 2 B2 % e o DL ) it TR 2
— 2] AR SR EL AT WF AR, A A 1 W R
PRAE Sy T HLAA B I HERR . Zhao P L4
901 3k 6~12 2 JLEE 13k F 457 F- , 783k Fsi 437 7 1
B 72 4 R R AR S 10 bR 1 o, 0 3 T 5 R
PRI /IN S B[] B K /N =2 ke ) J 3 AR AE
BREER L, 57 T — 3L F CNN 9 BB AR I R



b

AiRE®KEE 2023FE 18 $£31% F1H

Journal of Prevention and Treatment for Stomatological Diseases, Jan. 2023, Vol.31 No.l http://www.kqjbfz.com - 61 -

H 3 AT i2 Wi 7, 2SR R AR AR IR R A 1 3
W B B R I AU (90.6% ) | R 5 (93.8% )
FIERGR (91.9%) . Shen %57 Fi| F 688 {5 £ 2 1) 3k
PR e, ke A T R T ONN B IR AR IR K A 3his
WA AR, H A R 1 3K 95.6% . Liu 25 g5y 1 —
Fl DL DL 2y B Rl 1Y VGG-Lite SR FE AR K A 3112 W
BRI BRI AE F AY A3Ar X 77 4.2 s, HELA
AR Y RO (89.8% ) RN S5 1 (88.2% ) o Yao
SR E AT 2 AN [R) 2 51 2R B £ X CNN AR TR
YR, B RSB T 78 H sl PEA% R FE 4 I8 R B 11
[FIE [ Slbsic Fn o EAL R b i S ERR 5

4 BEFREFINIEAAEBDNSHT

FME 20 F (cervical vertebra maturation, CVM )
ST EEEE T Z(C2) VB = (C3) MAE U (C4) B3
HER I 50 5 bl AR KW i) — 5 =0, i 64
b B 2H B%, BR 250 ME B2 ] 1~6 (cervical vertebra
stage 1~6, CVS 1~6) "', €2, C3 . C4 7£ 3k Ml {7
FHE IR UL, DL CVM 43 B ik 1 A8 3 B % AT DA
SR AP Y X SR I, B B AR e A o
PRI AT A M, B ATz N T O R K i AR
Hrt, Makaremi 587" T & Y — A2 38 2o Sk fi ]
B E B RE B CSVI~6 [ DLAS R . BF 5 2 LA
2832 2 bR AL 19 300 5K A A7 R AR S I 2 B o 4R
200 5RAF 4y 6 UE £ 4 150 5K AT Ak 240 4 4
A FEN MR et # rh B A S T
95% FER A, (E AR I a8 A v, L HERR 3Ry
85%. MM, Kim 42 F| ] CNNFEE CVS A 87026
Y, 334 600 5K ATk il 2 A, CVS E:H1{ 100
T, AR MERRAL N 62.5% . Seo %5 PIF K BT
6~19 % 835 1 Sk A7 o #h 1 6 F kT CNN 1Y
H 253 JER AL, AR () B R 34 3R B T 90%
LB, = Inception-ResNet-v2 T RS B R R = ik
94.1% . Zhou 55" FI CNN SZBL T CVM H 3h17E 45
M CVS 732 LR G KL i - C2.C3 . C4 bR
IR ASIPUNSE I TR R, RESK
W25 2 6] 1 22 2240 0.36 mm , AT Rz 35 2 18] 119
15222 (0.48 mm) , 1M % CVS 43 #1140 2 o T 3R 12
iK71%.

5 I 25

H il 25 28 DL A AR SR A7 e A 3l 5505 T
AT 58 B Ry s, HE ER R 2 2 ik 5] 80%
DL b, B 5 SR Z 0] 1) 22 5 KR AE I IR AT 4% 3%
TN . YR OCHE9E 22 B A8 T3l ik A [F] R 1Y)

RAEA K A2 5 DL B FRE MR G 1k o SR, 51X
IEA 7 I E S 2 W i IR TR BCR
VIS BRI T AR X4/, >R I DL SE B A 3l i 1
Wr ACIE I3 AT IR AT A2 W A B BIE S N SRy
PR o JE AT AR B — 2 T R TS E L R TR
LR R N B A R A F R, TR DLEOR S
oAl AT B ARG 2255, T E— 204 v 5301 ) 1
W PE e PR A S

[ Author contributions] Cao LY and Yan JR wrote the article. Tang

BJ, Zhao TT, Hua F and He H revised the article. All authors read and

approved the final version manuscript.

S Lk

[1]  Broadbent BH. A new X-ray technique and its application to orth-
odontia: the introduction of cephalometric radiography[J]. Angle
Orthod, 1981, 51(2): 93-114.

[2]  Predko-Engel A, Kaminek M, Langova K, et al. Reliability of the
cervical vertebrae maturation (CVM) method[J]. Bratisl Lek Listy,
2015, 116(4): 222-226. doi: 10.4149/bl1_2015_043.

[3] Duan H, Xia L, He W, et al. Accuracy of lateral cephalogram for
diagnosis of adenoid hypertrophy and posterior upper airway ob-
struction: a meta-analysis[J]. Int J Pediatr Otorhinolaryngol, 2019,
119: 1-9. doi: 10.1016/}.ijpor.2019.01.011.

[4]  Nishimoto S, Sotsuka Y, Kawai K, et al. Personal computer-based
cephalometric landmark detection with deep learning, using ceph-
alograms on the internet[]J]. J Craniofac Surg, 2019, 30(1): 91-95.
doi: 1097/SCS.0000000000004901.

[S]  Gossett CB, Preston CB, Dunford R, et al. Prediction accuracy of
computer - assisted surgical visual treatment objectives as com-
pared with conventional visual treatment objectives|J]. J Oral Max-
illofac Surg, 2005, 63(5): 609 -617. doi: 10.1016/j.joms.2005.01.
004.

[6]  Savage AW, Showfety KJ, Yancey J. Repeated measures analysis
of geometrically constructed and directly determined cephalomet-
ric points[J]. Am J Orthod Dentofacial Orthop, 1987, 91(4): 295-
299. doi: 10.1016/0889-5406(87)90169-7.

(7] SRAEHE, S, B, AF . HLER I A D R IE ST T i o
JE[J). e O BE 2k e i, 2021, 56(12): 1277-1281. doi: 10.
3760/cma.j.cn112144-20210331-00154.

Wu ZN, Hu M, Gong X, et al. Application of machine learning in
orthodontics[J]. Chin J Stomatol, 2021, 56(12): 1277 -1281. doi:
10.3760/cma.j.cn112144-20210331-00154.

(8] P, 22T FETUREES ) 0 R TS 3BT D). 1 953905 B
i1, 2022, 30(2): 77-82. doi: 10.12016/j.issn.2096 - 1456.2022.02.
001.

Tao Q, Yuan Z. Prognostic analysis of oral cancer based on deep
learning|J]. J Prev Treat Stomatol Dis, 2022, 30(2): 77 -82. doi:
10.12016/j.issn.2096-1456.2022.02.001.

[9]  LecunY, Bengio Y, Hinton G. Deep learning[J]. Nature, 2015, 521
(7553): 436-444. doi:10.1038/nature14539.

[10] Lee JH, Yu HJ, Kim MJ, et al. Automated cephalometric land-



.62.

b

AiRE&EMKEAE 2023F 18 $£31% F1H

Journal of Prevention and Treatment for Stomatological Diseases, Jan. 2023, Vol.31 No.l http://www.kqjbfz.com

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

mark detection with confidence regions using Bayesian convolu-
tional neural networks[J]. BMC Oral Health, 2020, 20(1): 270. doi:
10.1186/512903-020-01256-7.

ok, AR, AT TR RERORTE 1 IE 2T A b
FHAE 5T #E & (1], 1 9956 Bi7 3R, 2022, 30(4): 278 - 282. doi:
10.12016/j.issn.2096-1456.2022.04.008.

Ma JB, Xue CR, Bai D. Progress on application of artificial intelli-
gence technology in orthodontic diagnosis and treatment[J]. J Prev
Treat Stomatol Dis, 2022, 30(4): 278 - 282. doi: 10.12016/j.
issn.2096-1456.2022.04.008.

Arik SO, Ibragimov B, Xing L. Fully automated quantitative cepha-
lometry using convolutional neural networks[J]. J] Med Imaging
(Bellingham), 2017, 4(1): 14501. doi: 10.1117/1.JM1.4.1.014501.
Kim H, Shim E, Park J, et al. Web-based fully automated cephalo-
metric analysis by deep learning[]]. Comput Methods Programs
Biomed, 2020, 194: 105513. doi: 10.1016/j.cmpb.2020.105513.
Oh K, Oh IS, Le VNT, et al. Deep anatomical context feature learn-
ing for cephalometric landmark detection[J]. IEEE ] Biomed
Health Inform, 2021, 25(3): 806 - 817. doi: 10.1109/JBH1.2020.
3002582.

Zeng M, Yan Z, Liu S, et al. Cascaded convolutional networks for
automatic cephalometric landmark detection[]J]. Med Image Anal,
2021, 68: 101904. doi: 10.1016/j.media.2020.101904.

Kim J, Kim I, Kim YJ, et al. Accuracy of automated identification
of lateral cephalometric landmarks using cascade convolutional
neural networks on lateral cephalograms from nationwide multi -
centres[J]. Orthod Craniofac Res, 2021, 24(suppl 2): 59-67. doi:
10.1111/0cr.12493.

Arslan H, Gunduz S, Subasi M, et al. Frontal cephalometric analy-
sis in the evaluation of facial asymmetry in torticollis, and out-
comes of bipolar release in patients over 6 years of age[J|. Arch Or-
thop Trauma Surg, 2002, 122(9-10): 489-493. doi: 10.1007/500402
-002-0442-3.

Muraev AA, Tsai P, Kibardin I, et al. Frontal cephalometric land-
marking: humans vs artificial neural networks[]J]. Int J Comput
Dent, 2020, 23(2): 139-1438.

Gil SM, Kim I, Cho JH, et al. Accuracy of auto-identification of
the posteroanterior cephalometric landmarks using cascade convo-
lution neural network algorithm and cephalometric images of dif-
ferent quality from nationwide multiple centers|[J]. Am J Orthod
Dentofacial Orthop, 2022. doi: 10.1016/j.ajod0.2021.11.011.

Yu HJ, Cho SR, Kim M], et al. Automated skeletal classification
with lateral cephalometry based on artificial intelligence[J]. ] Dent
Res, 2020, 99(3): 249-256. doi: 10.1177/0022034520901715.

Yim S, Kim S, Kim [, et al. Accuracy of one-step automated orth-
odontic diagnosis model using a convolutional neural network and
lateral cephalogram images with different qualities obtained from
nationwide multi-hospitals[J]. Korean J Orthod, 2022, 52(1): 3-19.
doi: 10.4041/kjod.2022.52.1.3.

Lee K, Ryu J, Jang HS, et al. Deep convolutional neural networks

based analysis of cephalometric radiographs for differential diagno-

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

sis of orthognathic surgery indications[J]. Appl Sci, 2020, 10(6):
2124. doi: doi.org/10.3390/app10062124.

Shin W, Yeom HG, Lee GH, et al. Deep learning based prediction
of necessity for orthognathic surgery of skeletal malocclusion us-
ing cephalogram in Korean individuals[J]. BMC Oral Health,
2021, 21(1): 130. doi: 10.1186/512903-021-01513-3.

Zhao T, Zhou J, Yan J, et al. Automated adenoid hypertrophy as-
sessment with lateral cephalometry in children based on artificial
intelligence[J]. Diagnostics (Basel), 2021, 11(8): 1386. doi:
10.3390/diagnostics11081386.

Marcus CL, Brooks LJ, Draper KA, et al. Diagnosis and manage-
ment of childhood obstructive sleep apnea syndrome[]]. Pediat-
rics, 2012, 130(3): 576-584. doi: 10.1542/peds.2012-1671.

Pereira L, Monyror J, Almeida FT, et al. Prevalence of adenoid hy-
pertrophy: a systematic review and meta - analysis[J]. Sleep Med
Rev, 2018, 38: 101-112. doi: 10.1016/j.smrv.2017.06.001.

Shen Y, Li X, Liang X, et al. A deep-learning-based approach for
adenoid hypertrophy diagnosis[J]. Med Phys, 2020, 47(5): 2171 -
2181. doi: 10.1002/mp.14063.

Liu JL, Li SH, Cai YM, et al. Automated radiographic evaluation
of adenoid hypertrophy based on VGG-Lite[J]. J] Dent Res, 2021,
100(12): 1337-1343. doi: 10.1177/00220345211009474.

Yao K, Xie Y, Yu W, et al. Identifying upper airway and evaluat-
ing adenoid in lateral cephalometric radiographs of pediatric pa-
tients using image - based deep learning technique[J]. BioRxiv,
2021: 2021-2024. doi: 10.1101/2021.04.19.440369.

Gandini P, Mancini M, Andreani F. A comparison of hand - wrist
bone and cervical vertebral analyses in measuring skeletal matura-
tion[J]. Angle Orthod, 2006, 76(6): 984-989. doi: 10.2319/070605-
217.

Makaremi M, Lacaule C, Mohammad - Djafari A. Deep learning
and artificial intelligence for the determination of the cervical ver-
tebra maturation degree from lateral radiography[J]. Entropy,
2019, 21(1222): 24. doi: 10.3390/e21121222.

Kim E, Oh I, So J, et al. Estimating cervical vertebral maturation
with a lateral cephalogram using the convolutional neural network
[J]. J Clin Med, 2021, 10(22): 5400. doi: 10.3390/jcm10225400.
Seo H, Hwang J, Jeong T, et al. Comparison of deep learning mod-
els for cervical vertebral maturation stage classification on lateral
cephalometric radiographs[J]. J Clin Med, 2021, 10(16): 3591.
doi: 10.3390/jem10163591.

Zhou J, Zhou H, Pu L, et al. Development of an artificial intelli-
gence system for the automatic evaluation of cervical vertebral
maturation status[J]. Diagnostics (Basel), 2021, 11(12): 2200. doi:
10.3390/diagnostics11122200.

(5 RA&ELE)



