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Abstract

Objective: To construct and validate a uterine ultrasound scoring system for adenomyosis, based on
the nine sonographic features described in the Morphological Uterus Sonographic Assessment (MUSA)
consensus. Materials and Methods: We retrospectively enrolled patients who underwent total hyster-
ectomy for benign uterine myometrial lesions at The Affiliated Hospital of Qingdao University between
January 2023 and June 2024. Clinical and pathological data were collected, and two-dimensional trans-
vaginal ultrasound images were reviewed for the presence of each of the nine MUSA features. For
each feature, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),
and their corresponding 95% confidence intervals (95%CI) were calculated. Patients were randomly
split into a training cohort and a validation cohort (7:3). In the training cohort, Firth regression anal-
ysis was used to estimate regression coefficients for each feature, which were then converted into item
scores. Receiver operating characteristic (ROC) curves were plotted to determine the optimal cut-off.
Internal validation in the test cohort was performed using the Bootstrap method. Results: Islands of
hyperechogenicity, penetrating vessels, and interruption or irregularity of the JZ zone carried the
highest weighting in the scoring system. In the training cohort, the area under the ROC curve (AUC)
was 0.907, with a sensitivity of 75.0%, specificity of 89.9%, PPV of 88.1%, and NPV of 78.4%. In the
validation cohort, the AUC was 0.873, with a sensitivity of 79.6%, specificity of 83.6%, PPV of 82.7%,
and NPV of 80.7%. Conclusion: The ultrasound scoring system for adenomyosis, derived from the
MUSA consensus, demonstrates high diagnostic performance. It facilitates standardized terminol-
ogy and quantitative assessment, thereby improving consistency and accuracy in sonographic diag-
nosis.
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Table 1. Clinical characteristics of the included patients

F 1. MANBEWIGARFHE

Ee
Wi AR FE MM = 182) AT B R (n = 184) P
(Y, Xts) 476+55 47.6+6.0 0.559
FEIRAR, Xts) 14+0.6 1.2+0.7 0.361
FE = () 53 35 0.024
& 148 69 <0.001
25 2 B K () 155 86 <0.001

2 JBIR T MUSA & LI 9 B A AE RAE T 5 BRIURIZ P R I . BB, SFEmEA(OR =
4.8). TAZEIMPL(OR = 4.2) & 5@ T K7, {H P4 I 2F BZRAE (] 75 [ T B8 14 22 (OR = 1.3, p = 0.454) . [H]
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Table 2. Diagnostic performance of nine ultrasonic signs for adenomyosis

2. NPBAIER X T T2 RRAUSRIISEI AL

R TR (%) U (%) (%) PPV (%) NPV (%)
95%CI 95%CI 95%CI 95%CI 95%CI
N = 50.0 86.4 78.4 63.6
TEURET 68.3 (42.5~57.5) (80.6~91.0) (69.9~85.5) (57.3~69.6)
PO REE T 2 B2k A 508 418 71.7 65.0 57.4
e [m 7 ‘ (34.5~49.3) (71.0~83.5) (55.6~73.5) (51.0~63.7)
e 69.8 77.2 75.1 72.1
7 733 (62.5~76.4) (70.4~83.0) (67.9~81.5) (65.3~78.2)
P 57.7 64.7 61.8 60.7
HOETE 612 (50.2~65.0) (57.3~71.6) (54.0~69.1) (53.5~67.6)
T EWEDRX R 60.7 50.5 70.7 63.0 59.1
1 5L : (43.1~58.0) (63.5~77.1) (54.6~70.8) (52.3~65.7)
S 67.0 56.5 60.4 63.4
B 617 (59.7~73.8) (49.0~63.8) (53.3~67.2) (55.5~70.8)
g a0 53.8 80.4 73.1 63.8
e 672 (46.3~61.2) (74.0~85.9) (64.8~80.4) (57.2~70.0)
37.9 82.1 67.6 57.2
SHR
1Z AR 60.1 (30.8~45.4) (75.7~87.3) (57.7~76.6) (51.0~63.2)
" 423 89.7 80.2 61.1
12 i 66.1 (35.0~49.8) (84.3~93.7) (70.8~87.6) (55.0~67.0)
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Table 3. Multifactor Firth regression and scoring

%2 3. ZEZE Firth @EARIKS

A E S fﬁ?@ﬂiﬂé} /f?j E'Egégiﬁgﬁ OR (95%CI) B W
RS 2 R [B] 427 22.3 0.454 1.3 (0.6~2.9) 0.294 1
By [l s 69.8 22.8 <0.001 4.8 (2.4~10.0) 1.581 5
W= 50 13.6 0.002 3.2(1.5~7.1) 1.174 4
K5 57.7 35.3 0.338 1.4 (0.7~3.1) 0.370 1
TFEUZA XSRS 50.5 29.3 0.284 1.5 (0.7~3.3) 0.424 1
IR 67 43.4 0.111 1.8 (0.9~3.7) 0.584 2
T LA 53.8 19.6 <0.001 4.2(2.1~9.0) 1.445 5
JZ X iy 423 10.3 <0.001 10.4 (4.3~21.2) 2.347 8
JZ XA 37.9 17.9 <0.001 4.1(1.9~9.2) 1.406 5
Table 4. Consistency analysis among observers
4. MEEHE BT
ARG Cohen’s kappa 95%CI P
I T 2E B A [ 0.447 0.35~0.55 <0.001
i A 0.635 0.56~0.71 <0.001
TEIZRM 0.735 0.66~0.81 <0.001
HETE 0.824 0.77~0.88 <0.001
T EIETX TR R 0.851 0.80~0.91 <0.001
FTEIAR 0.862 0.81~0.91 <0.001
GEAIIN 0.881 0.83~0.93 <0.001
JZ X i 0.421 0.31~0.52 <0.001
JZ XA 0.511 0.41~0.61 <0.001
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Figure 1. ROC curve of MUSA consensus scoring system for diagnosing adenomyosis: (A) Application of the scoring system
in the training cohort for diagnosing adenomyosis (B) Application of the scoring system in the test cohort for diagnosing adeno-
myosis
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Figure 2. MUSA consensus scoring system calibration curve
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Figure 3. Score distribution of the MUSA consensus scoring system in the test set
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A RO T MBI B, NI R SRR L JZ XS H i B (kappa {H = 0.4~0.6),
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