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[Abstract] Objective To design a multi-factor quantitative evaluation model for chromosomal karyotype image
quality to assist manual image selection, thereby improving the efficiency of image selection and the accuracy of karyotype
analysis. Methods Based on existing literature and clinical expert opinion, five indicators—chromosomal crossover
degree, length, clarity, dispersion, and curvature—were selected as quantitative measures for constructing the image
quality evaluation model, and corresponding algorithms were designed to score each indicator. Using expert manual
review results as the gold standard, a dataset comprising chromosomal karyotype images labeled with whether the

analytical results were correct was established. Univariate and multivariate analyses were performed to determine whether
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significant differences existed in each quantitative indicator between karyotypically correct and incorrect images.
Indicators demonstrating significant associations were retained to construct a selection quality index and to establish a
predictive model for karyotype analysis outcomes. Results A total of 13 540 chromosomal images from 2708 patients
underwent manual analysis, of which 416 images were identified by the expert panel as containing karyotype recognition
errors. Measurement algorithms were developed and scores were calculated for each candidate image quality indicator.
Univariate and multivariate analyses revealed that the scores for chromosomal curvature, crossover degree, clarity, and
length significantly influenced the accuracy of karyotype recognition, whereas no statistically significant difference in
dispersion score was observed between the correct and incorrect recognition groups (P = 0.133). Based on the identified
contributing factors, a composite image quality index was constructed. Validation demonstrated that for every 1-point
increase in the quality index, the risk of analytical error decreased by 8.4%. A declining trend in error rates was observed
with increasing quality index scores; the error rate among images with a quality index below 75 was 3.88%, compared with
1.95% among images scoring 75 or above. A predictive model for the correctness of karyotype analysis outcomes,
established based on the quality index, demonstrated favorable predictive performance with an area under the ROC curve
(AUC) of 0.72 (95% CI: 0.67-0.77, P < 0.001). Conclusion The image quality index and the predictive model for
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karyotype evaluation outcomes can effectively assist manual image selection in chromosomal karyotype analysis.
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Table 1 Descriptive statistics of image selection quality indicators

Indicator n Min Max Mean s

Crossover Degree 13537 0 100.00 90.63 9.89
Length 13537 0 100.00 55.07 30.40
Clarity 13537 39.00 100.00 71.66 9.93
Dispersion 13537 0 100.00 69.80 16.53
Curvature 13537 0 81.00 68.47 4.64
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Table 2 Results of univariate analysis

Median(P,s, P;5)/%
Factor p
Correct group (n = 13121) Error group (n = 416)

Crossover Degree  95.00 (85.00, 100.00) 90.00 (85.00, 95.00)  0.006

Length 54.00 (31.00, 81.00) 48.00 (26.00, 75.00) < 0.001
Clarity 71.00 (65.00, 78.00) 70.00 (62.75,78.00)  0.002
Dispersion 71.00 (61.00, 81.00) 72.00 (61.00,81.00)  0.988

Curvature 69.00 (66.00, 72.00) 68.00 (64.00, 71.00) < 0.001
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Table 3 Multicollinearity analysis
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Table 4 Analysis of multi-factor logistic regression coefficients

Exp(B)

Exp 95% CI
(B) Lower Upper
Limit Limit

B SE  Walds df P

Crossover —0.020 0.005 15.419 1 <0.001 0.980 0.970 0.990
Degree

Length —0.005 0.002 5.277 1 0.022 0995 0.991 0.999
Clarity —0.018 0.005 13.536 1 <0.001 0.982 0.972 0.991
Dispersion 0.005 0.003 2.262 1 0.133 1.005 0.998 1.012
Curvature —0.043 0.012 13.033 1 <0.001 0.958 0.936 0.981

Experience —0.596 0.067 79.442 1 <0.001 0.551 0.483 0.628

Constant 4.195 0991 17903 1 <0.001 66.336
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Table 5 Image quality index segment statistics

Unstandardized Collinearity
coefficient statistic
_coclfclemt = 4 p —_Stamste
B SE Tolerance VIF
(Constant) 0.302  0.035 8.605 <0.001

Crossover Degree ~ 0.000 0.000 —4.353 <0.001 0.657 1.523

Length 0.000 0.000 —2.279 0.023 0.495  2.020
Clarity 0.000 0.000 —4.109 <0.001 0.973 1.028
Dispersion 0.000  0.000 1.687 0.092  0.839 1.192
Curvature —0.002  0.000 —3.796 <0.001 0.598 1.671
Experience —0.017  0.002 —9.127 <0.001 0.996 1.004
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Index range Total ~ Proportion  Number of errors  Error rate
0-65 206 1.52% 10 4.85%
65-70 1759 12.99% 85 4.83%
70-75 5924 43.76% 211 3.56%
75-80 4901 36.20% 99 2.02%
>80 747 5.52% 11 1.47%
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Table 6 Analysis results of quality index logistic regression coefficients

B SE Walds  df P OR
Quality Index —0.088 0.012 54.433 1 <0.001 0.916
Experience —0.590 0.067 78370 1  <0.001 0.554
Constant 4.637 0.886  27.416 1 <0.001 103.189
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