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[ Abstract] Objective To develop and evaluate a deep learning-based automatic measurement model for
panoramic ultrasound biomicroscopy ( UBM ) images. Methods A diagnostic test study was conducted.
Preoperative UBM examination results of 372 patients who underwent implantable collamer lens (ICL) implantation
were collected at the Eye Center of Renmin Hospital of Wuhan University between February 2021 and March 2023. A
total of 1 368 panoramic UBM images were obtained to establish an image database. The dataset was divided into a
training set (760 images) , a validation set (86 images) and an internal test set (522 images). An expert panel
consisting of three ophthalmologists annotated the images. The UNet++ network was used to automatically segment
anterior segment tissues, such as the cornea, lens and iris. In addition, image processing techniques and geometric
localization algorithms were developed to automatically identify the anatomical landmarks of pupil diameter (PD),
anterior chamber depth ( ACD) ,angle-to-angle distance (ATA) and sulcus-to-sulcus distance (STS) to complete the
measurement of these parameters. Additionally ,480 panoramic UBM images of 135 patients (240 eyes) from Aier Eye

Hospital of Wuhan University were used as an external test set to further evaluate the performance of the model in
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different centers. The consistency between the measurements from the model and expert panel,the Pentacam system
was assessed. Finally, 150 images were randomly selected from the external test set for a human-machine comparison
to further evaluate the model’s performance. This study adhered to the Declaration of Helsinki. The study protocol was
approved by the Ethics Committee of Renmin Hospital of Wuhan University ( No. WDRY-2022-K109) and Aier eye
Hospital of Wuhan University ( No. 2023IRBKY120903 ). Written informed consent was obtained from each
subject. Results In the internal test dataset and external test dataset, with manual labeling as the reference
standard ,the model achieved a mean Dice coefficient of not less than 0. 882. At least 95. 65% of the anatomical
landmark localization results had Euclidean distance differences within 250 pwm. The intraclass correlation coefficients
(ICCs) for the measurements of PD,ACD,angle-to-angle ATA ,and STS were at least 0. 958, with mean relative errors
not exceeding 2.407%. With the Pentacam measurements as the reference standard,the ICCs for PD in the internal
and external test sets were 0. 540 and 0. 466, respectively ,while the ICCs for ACD were 0. 946 and 0. 908, respectively.
In the human-machine comparison,the ICCs between the model’s measurements and those of senior experts were all not

lower than 0.969.

parameters from preoperative panoramic UBM images of patients undergoing ICL surgery. The model demonstrates a

Conclusions  The deep learning-based model can automatically measure anterior segment
consistency comparable to that of senior experts, while providing higher efficiency. In terms of ACD measurement, the
model shows good agreement between the measurements obtained from the model and Pentacam system.
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Figure 1 UBM image labeling
UBM images a represented the central corneal region,b represented the

A: Labeling of different tissues in

lens region, ¢ and d represented the bilateral iris regions, and e and f
represented the bilateral scleral spur-ciliary body regions B Labeling of
anatomical landmarks in UBM images Points 1 and 2,3 and 4,5 and 6,
and 7 and 8 represented the start and end points of PD,ACD,ATA, and
STS, respectively UBM ;ultrasound biomicroscopy
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Figure 2 Workflow of the model DCNN:deep convolutional neural network
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Figure 3  Anterior segment boundary segmentation
recognizing and segmenting the central corneal region

A: DCNNI,
B: DCNN2,
recognizing and segmenting the lens region C:DCNN3, recognizing and
D:DCNN4, recognizing and

segmenting the bilateral corneoscleral margin and ciliary body region

segmenting the bilateral iris region

The green area represented the manually labeled range and the red area
DCNN:

represented the range recognized by the deep learning model
deep convolutional neural network
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Figure 4 Training curves of the DCNN1-DCNN4 DCNN:deep convolutional neural network
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Figure 5 Representative images of anatomical landmarks ( points
1-8) labeled by an expert panel ( green dots) and identified by the
model (red dots)

the anatomical landmark points predicted by the model and the manually

The four images were randomly selected to indicate

labeled anatomical landmark points through the images
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Figure 6
conversion A :Position of the scale bar (red box) in the UBM image
B:Enlarged image within the red box in picture A to show more details

C,D:Model output measurement results
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62 s RIAETE BT DU o, A5 0 00 At 45 R 5 3 IR B K
AR Z B H) ICC HIALT 0.969 (% 5) .
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Table 2 Differential distribution of ED at different anatomical landmarks in

different test datasets (x#s)

S bR A D3 XA e

X ‘ B ED< ED< ED< ED< ED<
B:iﬂﬁu L3 {Mﬁ ]}LH;-:%% A SRS rﬁ@j’] ED(x%s, wm) I?;_)O 50 um 100 pm 150 pm 200 pm 250 pm
DR DX d . A 7 0 3 ‘o i ’ (%) (%) (%) (%) (%)
SErp RS Dice & MMM 1 482422729 22.30 82. 37 98.92  100.00 _ 100.00 _ 100.00
U 0.907 ~ 0.947. 1 41 M2 57.68+40.06  18.35 73.02 93.17 97.84  100.00  100.00
. <947 M3 108.60+69.04  6.83 35.25 67.99 84.17 92. 81 97. 84
HRIN 3 £E S 2 Dice & M4 73.46x48.58  12.95 59.35 87.05 95.32 98.92 99. 64
K% 0.882-0.933(E 1) 5 70.16%59.85  18.71 61.87 89. 21 93. 88 96. 04 98.92
6 59.85:46.49 20,14 72.30 91.37 97. 48 98. 56 99. 64
2.1.2 fREEbRE S E AL BT 93.99:61.43  5.76 38. 85 79. 86 92.09 95.32 97.48
BTG LB 5 /N4 B M8 65.65:43.83  15.83 62.95 91.01 97. 84 99. 64 99. 64
= B A AR A1 69.8834.95  7.97 55.07 95.29 99. 28 99.64  100.00
T B0 5 o S A R B 7 2 70.71+40.88 .97 56.52 94.20 97.83 98.55 99.28
BRI 4L b | BT A 3 AR 3 124.20+69. 33 3.99 22.10 58.70 76. 81 89. 49 97. 10
RN M4 87.87+52.34  7.97 44.57 80. 43 92.39 98.55  100.00
AR RLTE L 55 RN 5 5 67.80:50.86  11.96 64. 13 90.22 96. 38 98. 19 98.91
N AR S5 R A ED /N F 46 73.85%71.28  17.39 64. 86 86. 96 92. 03 95. 65 97. 46
250 pm 9 5 ¥ RN T M7 123.30579. 14 2.90 27. 54 59.06 80. 43 90. 58 95. 65
B8 65.72445.51  13.41 64. 86 93. 48 97. 46 98. 55 98.91

97. 48% , % W 45 A AP
REEH R 95.65% (% 2) .

TE:ED:BREE B

Note : ED ; Euclidean distance
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Table 3 Comparison of the consistency between measurements from the model and the annotations from the expert panel

N i 5135 0

- 1CC(95%CI) P ARE(%) £ 5 (LoA) 1CC(95%CI) Pfi ARE(%) % S{i (LoA)

PD 0.993(0.990-0.995) <0.01  2.120  27.386(-120.264-175.037)  0.992(0.986-0.995) <0.01  2.407  38.253(-135.727-212.232)
ACD  0.990(0.977-0.995) <0.01  1.075  21.009(-51.044-93.061) 0.982(0.952-0.991) <0.01  1.529  30.710(-64.920-126.340)
ATA  0.981(0.975-0.985) <0.01  0.731  -26.237(-236.729-184.255)  0.976(0.970-0.981) <0.01  0.713  -2.757(-219.071-213.556)
STS 0.977(0.967-0.983) <0.01  0.821  38.137(-192.266-268.540)  0.958(0.911-0.976) <0.01  1.000  72.658(-191.035-336.351)

TE - ICC AL A G R B C: B A5 DX H) s ARE P A X 88 2% s LoA : — SO S B PD : JilE AL B A% 5 ACD : B b5 8 BE s ATA - 3 - A BE B STS b - B B

Note ; ICC :intra-class correlation coefficient; CI; confidence interval; ARE ; average relative error; LoA ; limits of agreement; PD: pupil diameter; ACD : anterior

chamber depth; ATA ;angle-to-angle distance;STS:sulcus-to-sulcus distance

300 200 600 600
200 b +1.96SD 175.04 5 *
T .b"’ _ 150 = . _ 400 400
E 100} ERRT) +1.96SD 93.06 g 200k =
3 oy oMean 27.39 N - it i s = 3 200
= gfems = e e £ s £ =
T P Mean 21.01 o B ok
2 -100 S o = 200 ©
£ g z -
-200 -50 ~400 =200 fareeesereg
*  +1.96SD -51.04f
-300 L 1 L -100 L -600 L L L -400 L L .
2000 4000 6000 8000 2000 3000 4000 5000 10000 11000 12000 13000 14000 10000 11000 12000 13000 14000
PD ¥J{H (um) @ ACD HI{f (m) @ ATA I (um) STS BI{F (pm)
400 e 300 600
.
200} ~ 400
El 3 i T 200
2 z 1o = H
& o 4 g ¢
pul =
a £ g = ™ -200
= L0k .. +1.968D -135.73 = o v st = ”
. - s +1.965D —64.92 7 400k
-400 ! L L 200 1 1 -600 1 1 : -600 ! 4 L
0 2000 4000 6 000 8000 2000 3000 4000 5000 10 000 11 000 12000 13 000 14 000 10000 11000 12000 13 000 14 000
PDEfL (pm) @ ACDIfH (pm) ATA I (pm) STS i (pm) @
E7 MRETSHERNELREER/MANEL RH Bland-Altman B A~D . MK PD ACD (ATA (STS £53  E~H. 4RI il 48 o

PD ACD ATA STS 455t PD: [l fL 4% ; ACD : 5 b3 VR 3 : ATA - — 3 B 5 5 STS : Y — i i 5
Figure 7 Bland-Altman plot comparing the measurements of anterior segment parameters from the model and expert panel
ATA and STS results in internal testing set E-H:PD,ACD,ATA and STS results in external testing set

ATA ; angle-to-angle distance ; STS :sulcus-to-sulcus distance

A-D.PD,ACD,
PD: pupil diameter; ACD : anterior chamber depth;

(4 ERNBLERLS Pentacam JI S 4 R — L&

Table 4 Comparison of the consistency between measurements from the model and Pentacam

B S P(x+s, pm) UV (x+s, pm) UH (x5, um) ICC(95%CI) P{a
PR RS T A PD 3 284.18+606. 92 3 262.97+737.50 3 249. 89+680. 68 0. 540 (0.469-0.607) <0.01
ACD 3149.30+231.52 3 148.60+235. 16 3 139.47+230.70 0.946 (0.933-0.956) <0.01
A 3 4 PD 3579.90+751. 89 4316.35+1 419.32 4157.60+1 515.31 0.466 (0.351-0.567) " <0.01
ACD 3 193.38+253.75 3 245.54+243.77 3223.11+254.32 0.908 (0.875-0.931) " <0.01

TE : P Pentacam J £ 452 ; UV : UBM 3 B A7 49 ffi ) it 25 2 5 UH - UBM K P37 49 i ik 45 2R 5 LCC2 L N A 56 R B CL A5 DX 8] 5 PD - il L FL 4% 5 ACD

il B3

Note : P ; Pentacam measurement results; UV ; vertical scan measurement results of UBM; UH ; horizontal scan measurement results of UBM; ICC ; intra-class

correlation coefficient; CI; confidence interval ; PD ; pupil diameter; ACD ;anterior chamber depth

®5 BEAENEERSARERVNELERN—BHELER

Table 5 Comparison of the consistency between measurements from the model and senior experts

B R I B 25 R (xts, pom) FRE R A WRLE (vxs,um)  FHRLHE B WHELE (325, pm) 1CC(95%CD) P
PD 2 956. 10+540. 39 2935.75+541.50 2 922.60+564. 34 0.987 (0.982-0.990)  <0.01
ACD 3 094. 61+628. 09 3 082. 88+629. 47 3 066. 54+659. 06 0.992 (0.989-0.994)  <0.01
ATA 11 337.02+552. 16 11 344.19+558.45 11 396.27+592. 03 0.969 (0.957-0.978)  <0.01
STS 11 668. 16+556. 22 11 578. 62+598. 26 11 589.02+603. 46 0.970 (0.948-0.981)  <0.01

T ICC: AR R B O EAF DX 0] s PD B L B4R 5 ACD I B 032 5 ATA « ff) —ff1 B 25 5 STS « ¥ — Vi B 8§

Note; ICC; intra-class correlation coefficient; CI; confidence interval; PD: pupil diameter; ACD: anterior chamber depth; ATA; angle-to-angle distance;

STS : sulcus-to-sulcus distance



. 520 - St gh IR B 2L s 2025 4FE 6 H 5 43 %5 6 ] Chin ] Exp Ophthalmol , June 2025, Vol. 43 No. 6

3 i

AT IF VAL T — b B TR B A 2] A
AR AT IR TICL A AR S8 5 AR UBM A £ 5]
158 2 IR S8 L& SN BRI 2 R AR
TE, TE N TR AN R34 rh, 20 B A RS- 24 Dice 284K
N 0. 882~0. 947 ; T A fiff il bp ks s RSB SE 1 45 R 5 %
FANGEAR 25 HH) ED /N F 250 wm (415 H 3 AR N F
95.65% ; PD, ACD, ATA #1 STS [ ICC ¥ A /NF
0.958,ARE ¥R KT 2.407% ., LA b 452K, BiARY
I IR AT S80S % N T Eh A R B R
— &M, Bland-Altman B 3E— D IESE T % AT Fi B
SR R —B k. 729 Pentacam i i 45 R 1Y
oAb e B, A A BB I 3K 4R A Ah B I A 4R R, PD Y
ICC 43 %]}y 0.540 #1 0.466, 1 ACD 1) 1CC 43 5]k
0.946 F1 0.908, L HFI A 5 Pentacam M5 ACD %51
HA RAF 09—k, m —F 4G PD 45 2R — st 2 .
TENALA b, 4 DS 50 1CC {H /Mg J2 0. 969, 45
SRR BRI i 5 G IR KR R 2 ) By e —
Bk EAEERE, SIRBHE ZM e, %85 AL
R, R IRB 1 20 £, 5 BR A #F 50 25 21
E TR

AR 715 2% ACD \PD (ATA Al STS #£ ICL R~} ik
PR B A TR AT, UL STS!T L A i R 5T %
e JE R R IR FT O E A T B 2 43 4l (anterior
segment optical coherence tomography, AS-OCT ) F1/5§
UBM X fR /i 45 3F 47 2 BEPEAS . ) il ik UBM
PG A7 R O k2 5 3o AL 2 PN B A4, 40 UBM
Pro 2000 £ F¢" "> Fil Lin 45" JF & 9 UBM [ (%0 5t %
PESEELR, b Borh s ZERAE ARG A B 2 T
LA R RO =N s I S = B HIU R = o 7 N 3
M 23 32 BB AE T Im R 28 50 L AR RS & 4R 1Y 5
Bl 7 S 408 A [) 1) 5 57 s 9 10, bl AR o3 B 3 0
PO BE B0 22 53, R ] 4 fige ) b 3 AN [ 48 A BB T 1Y
A BT RE A AR AR 22 53, DT 532 W e 26 1) ) 4 25
UTAESR, —SE RS MR8 T UBM R H 3iEAG R 5.
Wang %" IR & T — Rl ad UBM Pl 4% %4 LI 5 11 3l
SE LIRS AL TR0 1 L 5% 5 T 3l b i L 58
Z ) ED 22548 150 pm LAY A7 HE R 95.35% 0 A
T S8 AE P S 000 12X A o 05 0 X 4 vl A B A o
Pr2E 5 AE 250 wm S LUR A o BE A3 0 K T 97. 48% Al
95.65% , W] % T Wang %' [y 45 5, Wang %7 JF
A UBM [EE A Sl Ak A5 R 2 7 - 55450 50T i iy
B M UBM KR AT LR 8 09 5 r o AR 408 8 4 A DG 1

RES B, A BT 55 o {9 UBM % 4% 1 Wang 457 ff
ST T A B & PR REAH 24, 2 25 A 5% rp 4 38R 2 AN
1% B0 B 22 18] 55 e 1 7 1, 76 2K B R 150 pm Xt
N 15,6 BRERKEE, 7E4 S 250 wm X 16. 5 1%
R B, AT A Ry A A T A A R S LR S
Wang %7 JF LA R A . Li %% Wang %
Jiang 25 IF & (9 R B3 A B ShillE R 48 A] i i UBM &
G XTI D5 A 8 Bk A7 5 A0 VEAL, AT /)N B 0T 5 A
i A T HCHE B, A0 80 0 45 5L 5 T AR TE 4 S 1CC
FE0.911~0.992, AHf5E rf, SR & 45 2L 5 % K/
AR TE S S 2 MR A1 2 508 1CC 78 0. 958 ~0. 993,
{H7E1 Pentacam I 4 ) 45 b % B, PD 4% 25 SR
— A 2 ACD A5 R0 — B R, wlfgE M
i PD KN 5y 52 35 ) B BE 52 1, Pentacam Ky A & 7F
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S AL 25 2R 5 Pentacam I 5 45 R R B R 47
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fr AT UBM EZ 53 #1 2R G239 FH T 60 10 s/ B A7 7RAL (B
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AW P IF & () 3 T Python 2 B2 1F 5 1055 1% BiE
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AR WA — & R BRI . 15, AR i
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