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Abstract: [ Objective] To develop a deep learning system for early ultrasound screening of developmental dysplasia of
the hip (DDH), a new smart—hip ultrasound technique (S—hip), and to validate its clinical application.[ Methods] We se-

lected 11,100 annotated and reviewed coronal ultrasound images of infant hips between November 2021 and August 2022,
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8, 100 of which were used for the training set and 3, 000 for the test set, to build a S=hip deep learning system. To verify
the consistency between the automated measurement by S—hip and the manual measurements by sonographers, 174 stan-
dard coronal ultrasound images of 87 infants” bilateral hips were acquired, then o angle, B angle and femoral head cover-
age (FHC) were measured by S—hip, an ultrasound expert and a resident. The measurement data and the time required for
the measurements were recorded and statistically analyzed. Another 100 standard coronal ultrasound images of the hips were
randomly selected and measured twice respectively by the ultrasound expert and resident to assess the intra—sonographer re-
peatability. [Results] The intraclass correlation coefficient (ICC) (95% CI) values of o angle, B angle and FHC results
measured by S—hip and ultrasound expert were 0.799 (0.738, 0.847), 0.798 (0.737, 0.846) and 0.934 (0.954, 0.975), re-
spectively. Those values measured by the ultrasound expert and resident were 0.725 (0.645, 0.789), 0.674 (0.583, 0.748)
and 0.931 (0.908, 0.949), respectively. The mean absolute errors (MAE) of a angle, B angle and FHC results between
measurements by S—hip and ultrasound expert were 2.69 °, 4.43 ° and 2.47%, respectively. The time required for measure-
ments by S—hip, ultrasound expert and resident was (1.59+0.36) s, (18.76+2.23) s and (19.45+2.76) s, respectively. The
automated measurement by S—hip cost much shorter time than the manual measurements by sonographers and the differ-
ence was statistically significant (P<0.001). The ICC (95% CI) values of a angle, B angle and FHC results between two
measurements by the ultrasound expert were 0.943 (0.916, 0.961), 0.959 (0.940, 0.972), and 0.981 (0.971, 0.987),
respectively. Those values by the ultrasound resident were 0.884 (0.833, 0.921), 0.921 (0.884, 0.946) , and 0.962
(0.944, 0.974).[ Conclusion] The S—hip based on a deep learning system is a highly reliable automated technique to accu-
rately measure o angle, B angle and FHC. Compared with ultrasound residents, S—hip allows for a more simplified and sig-
nificantly quicker measurement, which may enhance the widespread use of hip ultrasound screening in infants.

Key words: infant; developmental dysplasia of the hip (DDH) ; ultrasonography; deep learning; automated

measurement; screening

[J SUN Yat-sen Univ(Med Sci),2023,44(5) :870-877 |

KA MWHLT & F A R (developmental dyspla- 1

o5k

871

sia of the hip, DDH) J& —Fj & UL 19 22 4 L & FF 95
i, ALHE R R B AN R DG R AL AN 5 A AL,
FRIRFEL 0.1% ~ 3%, AN [) b X TR] A7 e K ) 22 S
P WER K AHAYY , DDH 2 S BUR I C 1 A
FaE , k2t e vl 5 | 4k A A , DDH 15
AR ST 60 27 LA # 0C 19 4 A i AL 1 Jit
Rz TRt 622 LA T DDH i A 0 i
IR I TS O T A A R AT IR AR 61
A LA 2L DDH 9 fe 3 H e A7 IR 2802
W R AZ B E S TAES ATk 052, i
PR I AE R EMMEROR . Bl N TR BE U HE IR
JEE 2 2] HOR B PR K i, TR BE 25485 5 T g ]
R Tz R A 22 ) 4% (convolutional neural
networks, CNN)J&— Bl UL A TR BE 2% 2 fL R CNN
TE 58 LA R UG AE 55 ) AT AR 4 A DB | AT
FEHFH CNN H AR —Fh IR BE 27 ] R — i Al
B He M T S BR (smart—hip, S-hip) , 3K UE
S—hip [ i 5 LG B n] e AR

1.1 HRWH

[l JE 1 3 BT RN T 3 X I Dy A B 2 164471
S L OSUA 458 DG 1 7 75 A B, BE AR % 14 ~ 180
d, V35 (42.3+26.1) de HAbRUE: O AESE 14 ~
180 d fEFK B JLE RMEFHT R BHHECTT R EAR
i L. @EUR RIG IR TR 54 HEBRbRE
O L g R B A W A A IE A SR
WFSE (R0 1) S8 L s QAR Graf R e iAo 11
U b FRAE A G L. Ao 1T I
T X AL PR BE R B B5 22 B ST A B2 B & it
#E(20210113) , PRI 0] Josi A ff 9 e 24 2 D LA G 1 i e
AR IR ZE B B R 5 .
1.2 UHEMEEFE
1.2.1 AL 2% RHJFAL P60 ¥4 £ 3 Ml 7 12
WS, R 5 9L~ A 4% 2~11 MHz,,
122 RERETE BEEL2 164 6] % LU
4 328 B R AU SERE , AL BE R 4 328 il



872 HlR AR 2 (R A2 ) 5544 %

5 T AR SRV 1T A1 8 656 Mt b o SR V1) 1T 11
PR, 3 12 984 5K (115 . ARIEDIT /5 22 7R
T WA 11 A 1) 20 A LA < By — 1 S 5 B Sk TR IR
ABE O R R PR T O B R A
HHHAT A BEE ST % LR 45
A R B R AN B REVE bR e R
12 B8 Graf Y& TERE T AR ME SRR DD T80 1 o 1B
1 (E1B) , LF BB B AN IR HR L, ARG
SCN G s E R A TR DI i T Zk , DB 2
T BRI o S RO R R L S R T, R0 £ o £
CH T SR M) (B A (R Tk 5 2R Y
Jeffi) o ¥ MR Terjesen 722 00 A 3k 78 55 8 (fem-
oral head—coverage , FHC) , FHC (& 1C) J2& DA% H 3k
W& B BE 2 BE BT 5 Bl Sk N AN 2R BEES Y L
i, LAV B R B A V14l B2k (B >S5 T Graf 74

FYFEZR) , I BB Sk N2 D)6 5 64k iy Il R
g d, D e Sk N AMIN D R TR IE R D, T
S LA RIS FHC, FHC=(d/D)x100% .

1.3 HMEREFIZRZSE—S-hip

13,1 Ea#EE /DL AR SonoKit b
A4 B SE — I BRAERR TE 12 984 7K 75 KIME ,
AT FR TR DD AR 1 PN 25 (R TA) G045 - 34431
fiff B 25 R R HE G, 43 T B R B R E R SR
B 5 3 B AT R R B S G B S T RN
F B P 5 B Sk M 2 T ELAR IR Y
1#)o 2 240 Bl IR YILEA 104 LTy
TR 7 ARG A 20 B 1) R L G A%, 3R 11 100 7RE o H
¥ 0 ESOE s 56 A R B 2 2] R g, Hirp
8 100 5 H TN ML B 2= > R 48, 7341 3 000
sk FH TR FE 22 2 R 5¢ .

A: the labeling includes: the outline of 3 segmented anatomical structures, which are the flat ilium, inferior branch of the ilium , and the labrum; the

3 points are the lower iliac limb point , the bony rim point and the labrum center point ; the diameter of the femoral head between the medial and lateral

margins; B: schematic diagrams of the measurement of a—angle and B—angle, with the horizontal red line being the baseline, the green line being the

bony apex line, and the yellow line being the cartilage apex line; C: schematic diagrams of the measurement of the FHC, with the horizontal red line is

the baseline, FHC=(d/D)x100% (d: spacing between the tangent line of the medial margin of the femoral head and the baseline; D: spacing between the

tangent lines of the medial and lateral margins of the femoral head).
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Fig.1 Schematic diagram of hip joint ultrasound examination
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Fig. 2 Automatic standard cut recognition by convolutional neural network ResNet
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Fig.3 Automatic measurement system through encoder—decoder structure, key point detection and network segmentation
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Table 1 Comparison of S—hip and ultrasound

expert measurements ¥+s)
Group(n=174) « angle/’ B angle/’ FHC/%
S-hip 69.74+5.12 63.71+6.42 65.59+7.76
Expert 69.55+3.77 61.56+5.13 64.85+6.99
t 0.682 5.257 2.894
P 0.496 0.000 0.004
MAE 2.69 4.43 2.47
*2 S-hip.BEEREMMBEERNELERH—BHE
Table 2 ICC between S—hip, ultrasound resident and ultrasound expert measurements
« angle/ B angle/’ FHC/%
Group(n=174)
1CC 95%C1 ICC 95%C1 ICC 95%C1
Resident and expert 0.725 (0.645, 0.789) 0.674 (0.583, 0.748) 0.931 (0.908, 0.949)
Resident and S-hip 0.757 (0.685, 0.815) 0.742 (0.666, 0.803) 0.925 (0.900, 0.944)
S—hip and expert 0.799 (0.738, 0.847) 0.798 (0.737, 0.846) 0.934 (0.954, 0.975)
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A: Bland-Altman plots of S-hip and expert measurement of a—angle; B: Bland—Altman plots of S-hip and expert measurement of (3 —angle; C:

AVERAGE of S-hip method B angle and Manual method B angle

Bland—Altman plots of S=hip and expert measurement of FHC.
4 S-hip B & KAYNE Bland-Altman &

Fig. 4 Bland—Altman plots of S—hip and ultrasound expert measurement
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Fig. 5 Bland—Altman plots of S—hip and ultrasound resident measurement
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Table 3 ICC of two measurements by ultrasound expert and ultrasound resident themselves

Group o angle/’ B angle/° FHC/%
(n=100) IcC 95%ClI Icc 95%ClI Icc 95%ClI
Expert 0.943 (0.916, 0.961) 0.959 (0.940, 0.972) 0.981 (0.971, 0.987)
Resident 0.884 (0.833, 0.921) 0.921 (0.884, 0.946) 0.962 (0.944, 0.974)

2.4 S-hip fEBEEINFNE ZK N EFER LR
P e G AN e B2 FH T S7 82 12 W (Y
FL /N LSS T > B Sl i T R, e =

A FEARAIFERT 23 75 22 18.76 5.19.45 s, 1 S—hip H
T B FHRH, P IFERT > T 2 s, N I AE
BB R 46 0 (R 4) .

R4 S-hip BEEREITMBEERNSFER LR

Table 4 Comparison of measurement elapsed time between S—hip, ultrasound resident and expert (x + s)

Measurement elapsed time

S hi
(n=174) P

Expert Resident

Elapsed time/s 1.59+0.36a

18.76+2.23b 19.45+2.76¢

One—way repeated—measures ANOVA, F=8 679.670, P<0.001. marked with different letters(a,b,c) indicates statistically significant difference

between groups (P<0.05).
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