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Objectives: To evaluate whether trabecular bone texture (TBT) parameters measured on computed radiographs could predict the onset of radiographic knee osteoarthritis (OA).

Materials and Methods:

Subjects from the Osteoarthritis Initiative with no sign of radiographic OA at baseline were included. Cases that developed either a global radiographic OA defined by the Kellgren-Lawrence (KL) scale, a joint space narrowing (JSN) or tibial osteophytes (TOS) were compared with the controls with no changes after 48 months of follow-up. Baseline bilateral fixed flexion computed radiographs were analyzed using a

Introduction

Although osteoarthritis (OA) is the most common disorder of the musculoskeletal system, there is still no cure and treatment options are limited, leading to an increasing number of total joint replacements [START_REF] Bitton | The economic burden of osteoarthritis[END_REF][START_REF] Losina | Lifetime medical costs of knee osteoarthritis management in the United States: Impact of extending indications for total knee arthroplasty[END_REF] worldwide. The underlying mechanisms through which this debilitating disease 1 occurs and progresses have not been fully elucidated yet [START_REF] Loeser | Osteoarthritis: A disease of the joint as an organ[END_REF]4 . Although the progression of the disease has been widely studied using several modalities [START_REF] Kraus | Subchondral bone trabecular integrity predicts and changes concurrently with radiographic and magnetic resonance imaging-determined knee osteoarthritis progression[END_REF][START_REF] Bruyere | Subchondral tibial bone mineral density predicts future joint space narrowing at the medial femoro-tibial compartment in patients with knee osteoarthritis[END_REF][START_REF] Roemer | Osteoarthritis Year in Review 2014: Imaging[END_REF][START_REF] Mackay | Subchondral bone in osteoarthritis: Association between MRI texture analysis and histomorphometry[END_REF][START_REF] Janvier | Subchondral tibial bone texture analysis predicts knee osteoarthritis progression: data from the Osteoarthritis Initiative[END_REF] , the genesis of the pathology has been much less investigated [START_REF] Liebl | Early T2 changes predict onset of radiographic knee osteoarthritis: data from the osteoarthritis initiative[END_REF][START_REF] Shamir | Early detection of radiographic knee osteoarthritis using computer-aided analysis[END_REF] .

Considering the growing body of evidence that showed the role of the subchondral bone [START_REF] Loeser | Osteoarthritis: A disease of the joint as an organ[END_REF][START_REF] Roemer | Osteoarthritis Year in Review 2014: Imaging[END_REF][START_REF] Kwan Tat | Targeting subchondral bone for treating osteoarthritis: what is the evidence? Best[END_REF][START_REF] Burr | Bone remodelling in osteoarthritis[END_REF] and the concept of crosstalk between articular cartilage and subchondral bone tissue [START_REF] Burr | Bone remodelling in osteoarthritis[END_REF] , we investigated the ability to predict the onset of knee OA based on observation of the subchondral bone. Trabecular bone texture (TBT) has been used for a long time to characterize altered trabecular bone [START_REF] Caldwell | Fractal dimension as a measure of altered trabecular bone in experimental inflammatory arthritis[END_REF] and is recognized to be a promising imaging biomarker [START_REF] Kraus | Trabecular morphometry by fractal signature analysis is a novel marker of osteoarthritis progression[END_REF] . Moreover, TBT parameters (TBTp) including fractal descriptors have been consistently reported to be able to predict the progression of radiographic knee OA [START_REF] Kraus | Subchondral bone trabecular integrity predicts and changes concurrently with radiographic and magnetic resonance imaging-determined knee osteoarthritis progression[END_REF][START_REF] Kraus | Trabecular morphometry by fractal signature analysis is a novel marker of osteoarthritis progression[END_REF][16][17] but also to be associated with the risk of total knee joint replacement 18 . Although conventional radiography has been considered unable to identify early relevant cartilage and bone changes associated with the onset of OA, TBT analysis could provide a second life to digital radiography and should provide new interesting information on the pathogenesis and occurrence of knee OA development 19 .
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Therefore, in the present longitudinal study conducted over 48 months of participants in the Osteoarthritis Initiative (OAI) we analyzed the predictive ability of TBTp measured on computed radiographs to predict the incidence of radiographic knee OA. There are very few studies [START_REF] Shamir | Early detection of radiographic knee osteoarthritis using computer-aided analysis[END_REF]19,20 that have investigated the genesis of radiographic knee OA through the TBT, yet, they showed that texture parameters combined with machine learning could predict knee OA initiation. Our contribution resides in the confirmation of these results on a large and well phenotyped cohort (OAI), using a reduced number of features reflecting the bone topology and considering a short-term outcome. A statistical approach robust to overfitting using cross-validation and a parsimonious reduction of the models was applied. Contrary to 19 , subjects with doubtful OA (KL=1) were excluded in the present work in order to focus on healthy at risk patients. In [START_REF] Shamir | Early detection of radiographic knee osteoarthritis using computer-aided analysis[END_REF]20 , they considered a long range outcome (20 years follow-up) while this study focuses on a short range outcome with a 4-year prediction. This work intends to identify patients with an elevated short-term risk to develop radiographic knee OA.

Material & Methods

Patients

The data used for the present study were obtained from the OAI database [START_REF] Nevitt | The Osteoarthritis Initiative: Protocol for the Cohort Study[END_REF] , which is available for public access at http://www.oai.ucsf.edu/. This database contains bilateral X-ray fixed flexion knee radiographs from 4796 patients followed since 2008. Patients were
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5 recruited in 5 different centers and had annual bilateral fixed flexion knee radiographs using different equipment and modalities among the centers but all following the same acquisition protocol using the fixed flexion positioner SynaFlexer [START_REF] Kothari | Fixed-flexion radiography of the knee provides reproducible joint space width measurements in osteoarthritis[END_REF] . For this study, the radiographic scoring used was provided by the Boston University X-ray reading center [START_REF]Central Reading of Knee X-Rays for Kellgren & Lawrence Grade and Individual Radiographic Features of Tibiofemoral Knee OA[END_REF] . This assessment dataset includes both the Kellgren-Lawrence (KL) [START_REF] Kellgren | Radiological Assessment of[END_REF] and the Osteoarthritis Research Society International (OARSI) [START_REF] Altman | Atlas of individual radiographic features in osteoarthritis, revised[END_REF] semi-quantitative scores for radiographs from baseline to month 48, limiting the analyses to the 3421 graded knees in 1789 patients. As the present work focused on the initiation of knee OA, we excluded the prevalent doubtful OA knees (e.g KL = 1 at baseline), resulting in a subset of 514 knees from 471 patients. No standard protocols were provided for digitization of the film radiographs, resulting in considerable variability among the digitized images (variations in resolution, dynamic range, field of view, alignment, etc.) and they were therefore excluded.

The final subset included 344 knees in 319 patients. Only computed radiographs (CR) were analyzed. Digital radiographs (DR) were not considered in this study as none was available in the OAI at baseline. The complete pruning process is detailed in Figure 1 and the resulting population characteristics are detailed in Table 1.

OA grouping

Herein, the diagnosis of radiographic knee OA was defined as a KL score ≥ 1 according to the OAI definition [START_REF] Nevitt | The Osteoarthritis Initiative: Protocol for the Cohort Study[END_REF] . The onset of OA was investigated in patients with initial KL grade 0
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(i.e. both joint space narrowing (JSN) and tibial osteophyte (TOS) grade 0) using three definitions based on these scores and described in Table 1. Knees with a KL going from 0 at baseline to 1 at 48 months (16 samples) were included as controls in order not to bias the results compared to a real case scenario. However, the same computations were achieved after removing these 16 samples, confirming the results presented here with non-significantly higher predictive values (data not shown).

Processing of radiographs

Radiographs were provided by the OAI as anonymous 16-bit DICOM images from which information such as the modality and the resolution were extracted. Each radiograph (right and left knees) was evaluated independently. Based on the results obtained in a previous study on the impact of ROI on OA characterization [START_REF] Janvier | ROI impact on the characterization of knee osteoarthritis using fractal analysis[END_REF] we chose to use the whole tibial bone area. The ROI extraction was performed by the principal investigator of the study, T. Janvier, as detailed in our previous study [START_REF] Janvier | Subchondral tibial bone texture analysis predicts knee osteoarthritis progression: data from the Osteoarthritis Initiative[END_REF] . The resulting patchwork of 16 ROIs is presented in Figure 2.

Each ROI side length was proportional to the tibia width to avoid misplacement due to anatomical variations in the knee widths. In our subset, radiographs presented different pixel spacing ሼ150; 158; 169; 170; 200ሽ µm without significant differences between groups, giving ROI side lengths ranging from 9 to 11 mm.
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Trabecular bone texture analysis

Fractal analysis has been regularly used in the past for TBT characterization [START_REF] Kraus | Trabecular morphometry by fractal signature analysis is a novel marker of osteoarthritis progression[END_REF]18,[START_REF] Messent | Fractal analysis of trabecular bone in knee osteoarthritis (OA) is a more sensitive marker of disease status than bone mineral density (BMD)[END_REF][START_REF] Wolski | Directional fractal signature methods for trabecular bone texture in hand radiographs: Data from the Osteoarthritis Initiative[END_REF][START_REF] Buckland-Wright | Subchondral bone changes in hand and knee osteoarthritis detected by radiography[END_REF] . It has been shown to be linked to the 3D microarchitecture of the bone [START_REF] Pothuaud | Fractal Dimension of Trabecular Bone Projection Texture Is Related to Three-Dimensional Microarchitecture[END_REF][START_REF] Jennane | Estimation of the 3D self-similarity parameter of trabecular bone from its 2D projection[END_REF][START_REF] Jennane | Fractal analysis of bone X-ray tomographic microscopy projections[END_REF][START_REF] Hirvasniemi | Correlation of Subchondral Bone Density and Structure from Plain Radiographs with Micro Computed Tomography Ex Vivo[END_REF] and to be robust to different common artifacts of X-ray imaging such as radiographic magnification, projection [START_REF] Lynch | A robust and accurate method for calculating the fractal signature of texture in macroradiographs of osteoarthritic knees[END_REF][START_REF] Winzenrieth | Three-Dimensional (3D) microarchitecture correlations with 2d projection image gray-level variations assessed by trabecular bone score using high-resolution computed tomographic acquisitions: Effects of resolution and noise[END_REF] and inhomogeneous contrast [START_REF] Pothuaud | Fractal Dimension of Trabecular Bone Projection Texture Is Related to Three-Dimensional Microarchitecture[END_REF][START_REF] Lynch | A robust and accurate method for calculating the fractal signature of texture in macroradiographs of osteoarthritic knees[END_REF] . For these reasons, images were processed directly from the DICOM files without any preprocessing.

In the present study, the fractal parameter (H) was computed using the variogram [START_REF] Bousson | Trabecular bone score (TBS): available knowledge, clinical relevance, and future prospects[END_REF] , which gives a measure of how much two pixels from a radiograph will vary in intensity depending on the distance between them. The H parameter is computed as the slope of the variogram in a log-log scale and quantifies the intuitive notion of the roughness of a texture (i.e. complexity of the texture evolution with the scale of observation).

The piecewise fractal nature of the TBT reported in [START_REF] Harrar | Piecewise Whittle estimator for trabecular bone radiograph characterization[END_REF][START_REF] Perrin | Piecewise fractional Brownian motion[END_REF] and confirmed by the variogram shapes in Figure 3 was also taken into account. The cut-off scale was observed around 500 µm on the empirical variograms and two fractal parameters were extracted: ܪ ஜ and ܪ corresponding to the texture complexity computed for the two micro (µ-scale) and the milli (m-scale) scales of observation respectively under 400 µm and above 600 µm. These two parameters ሼܪ ஜ ; ܪ ሽ were computed along both the vertical (90°) and horizontal (0°) axes corresponding to the main loading compression and tension directions, respectively. Finally, TBTp represent a vector of 4 descriptors ሼܪ ஜ|°; ܪ ஜ|ଽ°; ܪ |°; ܪ |ଽ°ሽ computed on 16 ROIs (Figure 2), resulting in 64 scalar parameters.

Statistical analysis

We compared the clinical covariates (age, gender, BMI) in patients with and without incident radiographic knee OA using the Mann-Whitney and Chi-square tests for numerical and categorical factors, respectively.

The predictive ability of TBTp was evaluated using a logistic regression through different models including combinations of the clinical covariates and the TBTp. To avoid the bias induced by a large number of parameters, these models were reduced using an automatic iterative stepwise optimization algorithm based on the Akaike Information Criterion (age, gender and BMI were not forced to be included in the final models). To avoid overfitting effects, the models used were evaluated using a 10-fold cross-validation repeated 300 times.

The performance of each model was evaluated through the receiver-operating characteristic (ROC) curves using the area under the curve (AUC) as a global performance criterion. The diagnostic odd ratio (DOR) was also computed [START_REF] Glas | The diagnostic odds ratio: a single indicator of test performance[END_REF] to investigate the relevance of the different models. DOR provides the ratio between the odds of a case being well classified against the odds of a control being wrongly classified as a case. It focuses on patients predicted as initiators and indicates if they were indeed true positives (DOR > 1) or false positives (DOR
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. This indicator is used to characterize the relative risk of actual radiographic knee OA incidence in a subpopulation predicted as initiators.

All statistical analyses were performed using R 41 (version 3.1.2) and the packages MASS [START_REF] Venables | Modern Applied Statistics with S. Fourth[END_REF] (version 7.3), Caret [START_REF] Kuhn | caret: Classification and Regression Training[END_REF] (version 6.0) and pROC [START_REF] Robin | pROC: an open-source package for R and S+ to analyze and compare ROC curves[END_REF] (version 1.8).

Results

There were no differences at baseline between controls and patients with incident radiographic knee OA in their clinical covariates (age, gender and BMI, in Table 1) for any of the three definitions (∆JSN, ∆TOS, ∆KL) tested.

Table 2 presents the details of the significant associations of the parsimonious models' features with knee OA initiation for the three definitions. The clustering effects due to the inclusion of both knees were tested using the generalized estimating equations (GEE) [START_REF] Liang | Longitudinal data analysis using generalized linear models[END_REF] . The clusters were defined using the patient ID from the OAI dataset. These results show that considering both knees from each subject helps to better explain the coefficients of the models (JSN, TOS, KL), as parameters considered not significant with a naïve interpretation become significant. 

Joint Space Narrowing

The clinical covariates alone were not able to predict the increased JSN. Individual TBT parameters computed in the vertical direction increased the results (AUC > 0.6), yet the prediction was not suitable to discriminate patients with a higher risk of knee OA onset (DOR < 1). TBTp computed in the horizontal direction enabled the prediction (AUC 0.7), however, the prediction was found relevant (DOR > 1) only for the larger scales (m-scale). The combination of all the texture information provided the best prediction (AUC 0.73) with a higher risk for the patients highlighted as at risk (DOR 4.51).

Tibial Osteophytes

The clinical covariates alone were not able to predict the occurrence of TOS. Individual TBT parameters computed in either vertical or horizontal direction increased the results (AUC > 0.6) with relevant potential selection of the patients at risk (DOR > 1) except for the larger scale (m-scale) in vertical orientation. The combination of all the texture information provided the best prediction (AUC 0.71) with a higher risk for the patients highlighted as at risk (DOR 7.10).
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Radiographic knee OA

The clinical covariates alone were not able to predict the occurrence of radiographic knee OA (KL ≥ 2). Individual TBT parameters computed in either vertical or horizontal direction increased the results (AUC > 0.6), yet the prediction was relevant (DOR > 1) only for the horizontal analysis. The combination of all the texture information provided the best prediction (AUC 0.69) with a higher risk for the patients highlighted as at risk (DOR 2.33).

Discussion

In this study, we examined the ability of baseline TBTp measured on computed radiographs in patients from the large cohort of the OAI to predict the incidence of radiographic knee OA over a period of four years. Our findings confirmed that TBTp on baseline radiographs predicted later onset of radiographic knee OA.

Recently, Podsiadlo et al. 19 reported that directional fractal signature analysis was associated Our approach included the whole proximal tibial trabecular bone, mapping the area with 16 different ROIs to cover the global aspect of knee OA as defined by Loeser [START_REF] Loeser | Osteoarthritis: A disease of the joint as an organ[END_REF] . We have already demonstrated that relevant information to detect the risk of OA progression is provided by both lateral and distal subchondral bone regions at the tibia and not only by the medial one [START_REF] Janvier | Subchondral tibial bone texture analysis predicts knee osteoarthritis progression: data from the Osteoarthritis Initiative[END_REF][START_REF] Woloszynski | A signature dissimilarity measure for trabecular bone texture in knee radiographs[END_REF] .

There were no significant differences between the common covariates (age, gender, BMI) at baseline between patients with incident knee OA and controls at 4 years. BMI has been shown to be positively associated with the onset of knee OA [START_REF] Manek | The association of body mass index and osteoarthritis of the knee joint: An examination of genetic and environmental influences[END_REF][START_REF] Jiang | Body mass index and susceptibility to knee osteoarthritis: a systematic review and meta-analysis[END_REF][START_REF] King | Obesity & osteoarthritis[END_REF] . However, BMI seems to be more associated with knee pain [START_REF] Rogers | The association of BMI and knee pain among persons with radiographic knee osteoarthritis: A cross-sectional study[END_REF] than with joint failure [START_REF] Graverand | Progressive increase in body mass index is not associated with a progressive increase in joint space narrowing in obese women with osteoarthritis of the knee[END_REF] . Conversely, we showed that the use of the TBTp could enable the prediction of incident radiographic knee OA.

Details of the TBT analysis

The differentiation between three incidence definitions (∆JSN, ∆TOS and ∆KL) and the dual scale analysis showed that different results are obtained depending on the scenario.

First, it seems that the early changes induced by knee OA are observable along the horizontal direction as reported by Buckland-Wright. These results are in line with previous data shown by Podsiadlo et al. 19 where they found better results with a larger scale in computed radiographs. In our previous study [START_REF] Janvier | Subchondral tibial bone texture analysis predicts knee osteoarthritis progression: data from the Osteoarthritis Initiative[END_REF] we obtained better results when running the analyses in
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13 the vertical direction for the progression of pre-existing knee OA. This implies that TBT analysis is relevant in the horizontal direction for early diagnosis and then in the vertical one for late follow-up. Extending this observation to the actual topology of the microarchitecture of the trabecular bone implies that the OA process involves changes in the vertical trabeculae (characterized by horizontal analysis) in the early stages of knee OA incidence, while in later stages of knee OA progression these changes may occur mostly on the horizontal trabeculae (characterized with a vertical analysis).

Second, the bifractal aspect of the TBT was arbitrarily chosen and delimited in this study according to empirical observation of the variograms. However, the cut-off at 500 µm corresponds to the breaking point in scale range between the trabecular thickness (100-300 µm) and the trabecular separation (200-2000 µm) [START_REF] Griffith | Bone mass and architecture determination: state of the art[END_REF] . This observation has been reported in several studies focusing on the TBT [START_REF] Kraus | Trabecular morphometry by fractal signature analysis is a novel marker of osteoarthritis progression[END_REF]17,[START_REF] Harrar | Piecewise Whittle estimator for trabecular bone radiograph characterization[END_REF] and might confirm the need to differentiate the process occurring at different scales in bone remodeling. Moreover, the decomposition into partial models for the different definitions showed, as for the orientations, several differences.

The TOS seems to have more links with the global TBT features as three of the four parameters provided relevant results, whereas the higher impact of large scale changes for JSN prediction tends to indicate that the decrease in the joint space width is linked to the organization (m-scale) of the vertical trabeculae.
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Strengths and limitations

This study presents several important strengths. The database used included 319 subjects with publicly available radiographs and grading. Both control knees and incident cases had KL 0 at baseline, so our TBT findings are likely representative of early subchondral bone changes that occur before definite radiological OA features are detectable on plain radiographs either in the medial or the lateral compartment. Also, this dataset included multicenter radiographs using different equipment without calibration for TBTp. Neither the variations in the acquisition parameters nor the impact of the soft tissue in the X-ray absorption and diffusion were taken into account. In other words, the descriptors were not adjusted for the equipment or clinical center and the prediction reflected the results of a multicenter cohort without adjustments. Regression models were reduced parsimoniously and cross-validated to avoid highly complex or over-fitted models. Some limitations have also to be considered. The compartments affected with knee OA according to the local TBT were not treated independently and it might be relevant to stratify the 'cases' into several groups (e.g. lateral/medial initiators). Moreover, the femoral subchondral bone texture was not assessed although it might be relevant in this task. In the subject inclusion criteria, digitized films were rejected due to the non-standardized protocol used for digitization. The piecewise fractal aspect of the TBT and a fortiori the cut-off scale have not been completely investigated in this study. However, deeper insight of the
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15 multifractal characterization of the TBT might be relevant for early OA diagnosis. Finally, the inclusion of the global TBT was performed using a patchwork of ROIs, yet the interactions between the TBTp were not investigated. This requires further work on the characterization of this global TBT with a more parsimonious and meaningful descriptor than a 64-feature vector.

This study highlighted the high selectivity of the actual at-risk patients using the trabecular bone texture. The standard accuracy or AUC values reported in the literature does not reflect details of the sensitivity and specificity of the predictive models. Herein, high values of DOR clearly indicates that TBT analyses can identify a subset of true OA initiators with a very low number of false positives.

Conclusion

Our findings, along with those reported by Podsiadlo et al. 19 , highlight the crucial role of the subchondral bone in the early stage of knee OA. The TBT analysis proposed in this study demonstrated its potential to predict the incidence of radiographic knee OA and highlighted several sub-clusters of texture features (orientations and scales).

The quantification of the TBT of the subchondral bone at the tibia needs further investigation to clearly state the links with the actual trabecular microarchitecture. However, it may contribute to the development of a new and feasible imaging biomarker able to predict disease initiation and identify patients at high risk. This predictive ability would be highly Table 2: Details of the significant associations of texture parameters and covariates with knee OA initiation defined using the joint space narrowing (JSN), tibial osteophytes (TOS)

and Kellgren-Lawrence (KL) grades. These features were extracted from the models reduced with a stepwise algorithm based on the Akaike parsimony criterion.

Table 3: Details of the AUROC and DOR values with 95% confidence interval for radiographic knee OA incidence prediction using the three knee OA initiation definitions based on the joint space narrowing (JSN), tibial osteophytes (TOS) and Kellgren-Lawrence (KL) grades. 

Figure 4

 4 Figure 4 presents the ROC curves averaged for the 300 cross-validated runs and Table 2

  with the incidence of radiographic knee OA. The work by Podsiadlo and ours demonstrated the potential interest of selecting a subgroup of patients having baseline characteristic features of TBTp on plain radiographs prone to the development of radiographic knee OA. In their work, 2052 knees were investigated with a KL grade ≤ 1 from 2 centers analyzed individually, focusing on a single pair of ROIs using several fractal descriptors. However, they included OA doubtful subjects (KL grade 1) in their baseline cohort. In the present M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 12 work, only the non-doubtful healthy subjects at baseline were included, as advocated by the OAI 21 .

  E P T E D useful in clinical trials to select patients with the highest risk of initiation or progression of knee OA when new disease-modifying treatments become available. T, Podsiadlo P, Stachowiak GW, Kurzynski M, Lohmander LS, Englund M. Prediction of progression of radiographic knee osteoarthritis using tibial trabecular bone texture. Arthritis Rheum. 2012;64(3):688-695. doi:10.1002/art.

Table 1 :

 1 Characteristics of the 319 patients -344 knees included in this study. ∆JSN: the decrease in the joint space width evaluated as an increase in the OARSI JSN grade over 48 months (in either the medial or lateral side); ∆TOS: the onset of tibial osteophytes evaluated as an increase in the OARSI TOS grade over 48 months (in either the medial or lateral side); ∆KL: the increase in the KL grade with certainty of OA presence after 48 months (KL ≥ 2).

Figure 1 :

 1 Figure 1: Flowchart of the initial OAI cohort pruning (n is the number of subjects and k is

Figure 2 :

 2 Figure 2: Knee radiograph mapped with a customized patchwork of ROIs.

Figure 3 :

 3 Figure 3: TBT variograms computed along the two main loading directions (0° and 90°,

Figure 4 :

 4 Figure 4: ROC curves obtained for the radiographic knee OA incidence prediction using a

*

  the statistical significance of the coefficients was evaluated assuming independent observations (naïve) and accounting for the clustering of knees within a person (robust) using generalized estimation equations.Feature format: "{XY} -{µ;m} | {0°;90°}" {XY} is the ROI identifier in the patchwork (Figure2) X: column from 1 (subchondral) to 4 (deep trabecular) Y: row from 1 (medial) to 7 (lateral) {µ;m} correspond to the scale of observation {0°;90°} correspond to the orientation considered

Area under the receiver-operating characteristic curves (AUROC) Diagnostic odds ratios (DOR) H

  0°/90° correspond to the orientation considered TBTp includes the combination of {H μ|90°; H μ|0°; H m|90°; H m|0°} * combined with the clinical covariates (Age, gender and BMI)

			ACCEPTED MANUSCRIPT
		ΔJSN	ΔTOS	ΔKL
	Cov	0.59 (0.50-0.68)	0.59 (0.51-0.67)	0.57 (0.50-0.64)
	*H μ|90°0 .60 (0.51-0.70)	0.64 (0.55-0.72)	0.60 (0.52-0.67)
	*H m|90°0 .64 (0.55-0.73)	0.61 (0.53-0.69)	0.62 (0.54-0.69)
	*H μ|0°0 .67 (0.59-0.75)	0.66 (0.58-0.73)	0.66 (0.59-0.72)
	*H m|0°0 .69 (0.61-0.77)	0.67 (0.59-0.75)	0.66 (0.59-0.72)
	*TBTp	0.73 (0.66-0.80)	0.71 (0.64-0.79)	0.69 (0.63-0.76)
		ΔJSN	ΔTOS	ΔKL
	Cov	NA	NA	NA
	*H μ|90°0 .01 (0.00-0.19)	3.46 (3.13-3.83)	0.45 (0.36-0.56)
	*H m|90°0 .68 (0.51-0.90)	0.06 (0.00-0.60)	0.06 (0.04-0.09)
	*H μ|0°0 .85 (0.68-1.04)	5.71 (5.21-6.21)	1.78 (1.66-1.91)
	*H m|0°5 .17 (4.72-5.68)	5.84 (5.46-6.29)	3.49 (3.32-3.67)
	*TBTp	4.51 (4.27-4.77)	7.10 (6.67-7.43)	2.33 (2.24-2.43)

is a fractal parameter linked to the complexity µ/m correspond to the scale of observation NA: not applicable, values could not be computed due to high misclassification rates
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