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Abstract 

Introduction: We aimed to investigate the feasibility of 

bone CT radiomics in identifying CKD5. 120 chronic 

kidney disease (CKD) patients (60 CKD5 and 60 CKD1) 

were assessed using the bone CT radiomics method. 

Radiomics features of the vertebral CT images were 

obtained by using 3D Slicer software, and then were 

compared between CKD5 and CKD1 cases. Logic 

regression model was used for the features with 

significance. The receiver operating characteristic (ROC) 

curve was used to determine the performance in identifying 

CKD5. Mean CT density was not significantly different 

between the two groups (P=0.12). CKD1 and CKD5 cases 

differed in the following features: Contrast, Correlation, 

Dependence Variance, and Dependence Entropy (P<0.05). 

The AUC of the regression model was 0.854. 

The sensitivity and specificity of the model in identifying 

CKD5 were 88% (53/60) and 87% (52/60) respectively. 

Conclusion: Bone CT radiomics is feasible in identifying 

CKD5. 
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Introduction 

Chronic kidney disease (CKD) is a common disease that affected millions of people in the world  [1]. Reduced blood calcium 

and elevated blood phosphorus in CKD may cause secondary hyperparathyroidism or bone metabolism disorder  [2, 3]. Renal 

Osteodystrophy (ROD) is a common complication of end-stage renal disease [4]. Fibrous osteoarthritis was observed in some 

CKD cases, demonstrating as local destruction of bone structure. Bone loss and strength decrease were more frequently seen in 

CKD, increasing the risk of fracture [5]. Bone mineral density (BMD) test is useful for diagnosing osteoporosis [6, 7], but is not 

routinely used for CKD patients. Compared to BMD test, CT examination is more frequently used to detect osteoporosis and 

fibrous osteoarthritis [8]. Bone mass and fat content can influence bone CT attenuation value [9, 10]. As bone mass and fat content 

both vary with age, bone CT attenuation also changes with time. Young and old people differed in bone CT attenuation. As CT 

attenuation is influenced by fat content and age, it is seldom used for the evaluation of osteoporosis [11, 12]. The data regarding 

normal range of bone CT attenuation in each age is still lacking. CT attenuation is thus not feasible for the discrimination of 

CKD patients and normal people. Other CT parameters are urgently required for the CKD evaluation, which should avoid the 

influence of fat content and age. 

In recent years, CT radiomics has been applied to many diseases, significantly improving diagnostic accuracy  [13-18]. Some 

radiomics features besides CT attenuation were found significantly different between two categories, so can be used for the 

discrimination. Logic regression model can be established using the significant features. The regression model generally 

provides higher diagnostic accuracy than any single feature. There are many publications reporting the value of CT radiomics 

in the discrimination of bone diseases [19- 21]. However, to the best of the authors’ knowledge, there is no study using bone CT 

radiomics to evaluate bone microstructure change caused by CKD. The purpose of the study is thus to investigate the 

feasibility of bone CT radiomics in identifying CKD5. 

  

Materials and Methods 

This is a retrospective study approved by the Institutional Review Broad of the university. Informed consent was obtained from 

patients before the study. The inclusion criteria for CKD5 patients were: glomerular filtration rate (GFR)<15ml/min and non-

contrast enhanced CT of the L1 vertebra. The inclusion criteria for CKD1 patients were: GFR≥90ml/min and non-contrast 
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enhanced CT of the L1 vertebra. In the study, CKD1 and 

CKD5 patients were strictly paired. Each pair of CKD1 and 

CKD5 had the same age and gender. Patients that were not 

paired were excluded from the study. In the study, 60 CKD1 

cases and 60 CKD5 patients matched in age and gender, and 

were analyzed by using radiomics method. 

 

Radiomic Feature Extraction 

The source data of non-contrast-enhanced CT were 

transferred to a dedicated workstation with the software of 

3D-slicer (version 4.11). The radiomics features of L1 

vertebral image were extracted by two radiologists with 7 

and 6 years of experience in diagnosing skeletal diseases. 

They were blinded to the patient’s age, gender, and CKD 

stage. An oval or circle ROI was drawn on the transverse 

section of the L1 vertebra. The diameter of the ROI was 

asked to be slightly less than that of the vertebra. The ROI 

should not be placed on the slices near the end plate. 

Radiomics features of the ROI were extracted with the 

function tool of radiomics. In the study, the following 

feature classes were chosen: first order, glcm, gldm, glrlm, 

glszm, and ngtdm. A total of 93 features were obtained for 

each ROI in the study. 

 

Statistical Analysis 

All statistical analysis was performed with SPSS. Intra-class 

correlation coefficient (ICC) was calculated to determine 

inter-reader reproducibility in the measurement of radiomics 

features. Features with ICC＞0.7 were compared between 

the two groups. We assessed differences between CKD1 and 

CKD5 cases using the two-sample t-test for normal 

distribution data or the Mann-Whitney U test for non-

normal continuous variables. Features with P values less 

than 0.05 were considered significant features, which were 

used in the Logic regression model. The receiver operator 

characteristic (ROC) curve was constructed for determining 

the area under the curve (AUC). The Z test was used to 

compare AUC values. 

 

Results 

From September 2017 to May 2022, 60 CKD1 cases and 60 

CKD5 cases with non-contrast-enhanced CT of the L1 

vertebra were analyzed in the study. 93 radiomics features 

of vertebra images were successfully extracted. CKD 

patients' ages range from 31 to 73 years, with a median of 

52. 64 out of 120 patients were female. 

The GFR of CKD1 cases ranged from 92.4 ml/min to 99.3 

ml/min, with an average of 95.8 ml/min. The main 

accompanied diseases of the CKD1 cohort were as follows: 

chronic nephritis (n=41), diabetes (n=11), hypertension 

(n=24), gout (n=9); chronic respiratory disease (n=7), 

chronic cardiovascular disease (n=6), tumor (n=2), 

tuberculosis (n=2). The body mass index (BMI) of CKD1 

patients ranged from 16.7 to 26.1, with an average of 21.2. 

The GFR of CKD5 cases ranged from 6.4 ml/min to 13.3 

ml/min, with an average of 9.8 ml/min. The main 

accompanied diseases of the CKD5 cohort were as follows: 

chronic nephritis (n=60), diabetes (n=17), hypertension 

(n=33), gout (n=15); chronic respiratory disease (n=12), 

chronic cardiovascular disease (n=9), tumor (n=4), 

tuberculosis (n=3). The BMI of CKD5 patients ranged from 

14.5 to 24.1, with an average of 18.9. 

Mean (grayscale) is one of the first-order features, equal to 

average of CT density. In the study, mean CT density of 

bone was slightly higher in CKD1versus CKD5, but the 

difference did not reach statistical significance (165.4±87.2 

vs. 144.2±67.4, P=0.12). 

CKD1 and CKD5 bones differed in the following four 

features (P<0.05, Table 1): 
 

Table 1: The bone CT radiomics features were compared between 

CKD1 and CKD5 cases 
 

 CKD5 CKD1 P value 

Mean 144.2±67.4 165.4±87.2 0.12 

Contrast 4.85±1.21 2.15±0.76 0.02 

Correlation 0.35±0.14 0.57±0.19 0.021 

Dependence Variance 1.95±0.24 1.73±0.19 0.024 

Dependence Entropy 4.95±1.24 5.23±1.36 0.037 

 

Contrast, Correlation, DependenceVariance, and 

DependenceEntropy. Contrast was significantly higher in 

CKD5 versus CKD1 (4.85±1.21 vs. 2.15±0.76, P=0.02). 

Correlation was significantly lower in CKD5 (0.35±0.14 vs. 

0.57±0.19, P=0.021). DependenceVariance was significantly 

higher in CKD5 (1.95±0.24 vs. 1.73±0.19, P=0.024). 

DependenceEntropy was significantly lower in CKD5 

(4.95±1.24 vs. 5.23±1.36, P=0.037). AUC ranged from 

0.635 to 0.789 for the four features (see Fig 1). 

 

 
 

Fig 1: The AUC of contrast was 0.749. The AUC of correlation 

was 0.635. The AUC of Dependence Variance was 0.789. The 

AUC of Dependence Entropy was 0.666. The AUC of the model 

(signature) was 0.854 
 

A logic regression model was established by using Contrast, 

Correlation, DependenceVariance, and DependenceEntropy. 

The coefficients were negative numbers for Contrast and 

DependenceVariance, while were positive numbers for 

Correlation and DependenceEntropy. The AUC of the 

regression model in the discrimination of CKD5 and CKD1 

was 0.854, significantly higher than those of the original 

features (P<0.001). The sensitivity, specificity, and accuracy 

of the model in identifying CKD5 were 88% (53/60), 87% 

(52/60), and 88% (105/120), respectively. 

 

Discussion 

The current study investigated the feasibility of bone CT 

radiomics in identifying CKD5. The most important 

findings were as follows: 1) CKD5 and CKD1 bones 

differed in four radiomics features besides mean CT density; 

2) CT radiomics model had 88% sensitivity and 87% 

specificity in identifying CKD5. 

In renal failure cases, elevated blood phosphorus level, 

reduced blood calcium level and increased PTH secretion 
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caused parathyroid hyperplasia [22-23]. PTH acts on bone to 

release Ca2+ to restore blood calcium levels. When renal 

failure further develops, the compensatory function fails, the 

high blood phosphorus and low blood calcium persist, and 

PTH is also secreted in large quantities to continue to 

mobilize the release of bone calcium. Such a vicious cycle 

will eventually lead to fibrous osteoarthritis [24, 25]. 

The release of bone Ca2+ causes bone micro-structure to 

change. Bone salt deposition disorder in CKD also 

influences the structure and strength of bone. It is well 

established bone salt deposition disorder and Ca2+ release is 

more serious in CKD5 versus CKD1. The bone CT density 

is expected to be lower in CKD5 than in CKD1. However, 

in this study, the CT density difference of CKD5 and CKD1 

did not reach statistical significance. Thus, bone CT density 

is not feasible in the discrimination of CKD5 and CKD1. 

Because of fibrous osteoarthritis and other ill conditions, the 

micro-structure of CKD bones is different from that of 

normal bones [26]. Fibrous osteoarthritis is more serious in 

CKD5 versus CKD1. Thus, CKD1 and CKD5 bones may 

differ in the microstructure. In recent years, CT radiomics 

provided a non-invasive way to study the microstructure of 

tissue [27]. The study tried to find the micro-structure 

difference of CKD1 and CKD5 bones by using CT 

radiomics. CKD1 and CKD5 bones actually differed in 

some radiomics features, which might correlate with bone 

structure. In the study, we established a logic regression 

model for improving diagnostic accuracy. The AUC, 

sensitivity, specificity and accuracy of the model were all 

above 0.8, significantly higher than any single feature. Thus, 

the model is more feasible in identifying CKD5. 

The study has some limitations. First, invasive bone biopsy 

pathology was not used as the reference standard in 

detecting micro-structure change in CKD. As the L1 

vertebra was deep in the body, a bone biopsy is not allowed 

by the ethics. Second, CT radiomics was only applied to the 

L1 vertebra, but not to other vertebrae or other bones. In a 

further study, we should obtain radiomics features of other 

vertebrae. Third, this is a single-center study with moderate 

size. Multi-center large-size studies are required to validate 

our results. We at least introduce a new way to discriminate 

CKD5 from CKD1. 

In conclusion, bone CT radiomics is feasible in identifying 

CKD5. 
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Table 2: Abbreviation List 

 

Chronic kidney disease CKD 

Renal Osteodystrophy ROD 

Bone mineral density BMD 

Glomerular Filtration Rate GFR 

Receiver Operator Characteristic ROC 

Area Under the Curve AUC 
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