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Comparison of the Discovery A and Stratos DR densitometers for assessing whole-body and regional bone mineral density and body composition
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The agreement between the Stratos DR and Discovery A densitometers was assessed for measurements of whole-body (WB) and regional fat mass (FM), fatfree soft tissue (FFST) and bone mineral density (BMD). Moreover, the precision of the Stratos DR was also evaluated.

Methods:

Fifty participants (35 women, 70%) were measured consecutively, once on the Discovery A and once on the Stratos DR. In a subgroup of participants (n = 29), two successive measurements with the Stratos DR were also performed.

Results:

FM, FFST and BMD measured with the two devices were highly correlated, with a coefficient of correlation ranging from 0.80 to 0.99. Bland-Altman analyses indicated significant bias between the two devices for all measurements. Thus, compared to the Discovery A, the Stratos DR underestimated WB BMD and WB and regional FM and FFST, with the exception of trunk FM and visceral adipose tissue (VAT), which were overestimated. Precision error for the Stratos DR, when expressed as root mean square-coefficient of variation (RMS-CV%) for FM, was 1.4% for WB, 3.0% for the gynoid and android regions, and 15.9% for VAT. The RMS-CV% for FFST was 1.0% for WB. The root mean square of standard deviation for WB BMD was 0.018 g/cm², corresponding to a 1.4% CV. The least significant change was 0.050 g/cm² (SD), and 4.0% was considered to be a significant biological change.

Conclusions:

Differences between the Stratos DR and Discovery A measurements are significant and require the use of translational cross-calibration equations. For most of the BMD and body composition parameters, our results demonstrated good Stratos DR precision.

| INTRODUCTION

Dual-energy X-ray absorptiometry (DXA) was originally designed to determine bone mineral density (BMD), a parameter associated with fracture risk (Consensus development conference, 1991). DXA is the reference technique for the evaluation of BMD because it is noninvasive and characterized by low radiation and high precision and reproducibility, making it useful to monitor changes in BMD over time and determine treatment efficacy [START_REF] Powers | Long-term precision of dual-energy X-ray absorptiometry body composition measurements and association with their covariates[END_REF]. Moreover, DXA can also be used to determine whole-body (WB) and regional body composition (fat mass [FM, kg, %] and fat-free soft tissue [FFST, kg]). Although this technology is not considered the gold standard for these analyses in comparison with other techniques (4-compartiment model, magnetic resonance imaging [MRI] and computed tomography [CT]), it is currently favoured by many clinicians and researchers. This is due notably to its low equipment costs, the speed of the scan and its high precision and reproducibility [START_REF] Cruz-Jentoft | Sarcopenia: revised European consensus on definition and diagnosis[END_REF][START_REF] Donini | Definition and diagnostic criteria for sarcopenic obesity: ESPEN and EASO consensus statement[END_REF]. In addition, segmental analysis may be important at times, given that trunk FM, for example, is more closely associated with diseases like dyslipidaemia and insulin resistance than are other segmental regions [START_REF] Van Pelt | Contributions of total and regional fat mass to risk for cardiovascular disease in older women[END_REF]. The DXA technique has shown its pertinence in clinical and research domains [START_REF] Albanese | Clinical applications of body composition measurements using DXA[END_REF] and in pathologies inducing an alteration of body composition, such as anorexia nervosa and obesity [START_REF] Bazzocchi | DXA: technical aspects and application[END_REF][START_REF] El Ghoch | Regional fat distribution in adolescent and adult females with anorexia nervosa: a longitudinal study[END_REF][START_REF] Maïmoun | Body composition in individuals with obesity according to age and sex: a cross-sectional study[END_REF]. In the elderly, the loss of FFST with age [START_REF] Shaw | Dual energy X-ray absorptiometry body composition and aging in a population-based older cohort[END_REF] has been identified as the major factor of invalidity and low quality of life [START_REF] Roubenoff | Sarcopenia and its implications for the elderly[END_REF], and one part of the sarcopenia definition is based on cut-offs calculated from localized (i.e., upper and lower limbs) FFST measures [START_REF] Cruz-Jentoft | Sarcopenia: revised European consensus on definition and diagnosis[END_REF]. In addition to the initial analysis of a patient, the follow-up of changes in body composition is arguably of greater interest in clinical cases of the rapid gain or loss of body weight present in anorexia nervosa [START_REF] El Ghoch | Regional fat distribution in adolescent and adult females with anorexia nervosa: a longitudinal study[END_REF] and obesity [START_REF] Bazzocchi | Visceral fat and body composition changes in a female population after RYGBP: a Two-Year Follow-Up by DXA[END_REF]. Thus, it is necessary when measurement is repeated to distinguish between a true biological change in body composition and a random fluctuation related to variability in the measurement procedure [START_REF] El Maghraoui | Reproducibility of bone mineral density measurements using dual X-ray absorptiometry in daily clinical practice[END_REF], which may have many causes (device errors, technician variability, etc.) [START_REF] Phillipov | Reproducibility of DXA: potential impact on serial measurements and misclassification of osteoporosis[END_REF]). Yet, this distinction becomes particularly difficult when measurements are performed on different devices from different manufacturers, given the aBMD and body composition calibration differences. For these reasons, the follow-up of a patient should be performed on the same device. In the situation of an older DXA being replaced by a new DXA or when a multicentre study is performed, the International Society for Clinical Densitometry (ISCD) recommends a cross-calibration study between devices to ensure consistent results [START_REF] Shuhart | Executive summary of the 2019 ISCD position development conference on monitoring treatment, DXA cross-calibration and least significant change, spinal cord injury, periprosthetic and orthopedic bone health, transgender Medicine, and pediatrics[END_REF]. Stratos DR was developed by DMS/APELEM®, but there are no published data to date on crosscalibration with any of the devices that are widely available in clinical centres, such as the Discovery A (Hologic®).

Thus, the first aim of this study was to produce translational regression equations to compare the scans of the Stratos DR and the Discovery A for WB BMD and for WB and regional body composition (FM and FFST). The second aim was to evaluate the short-term in vivo precision of the Stratos DR.

| MATERIALS AND METHODS

| Participants

The sample consisted of patients admitted to the Department of Nuclear Medicine, Caremeau Hospital (Centre Hospitalier Universitaire de Nîmes, CHRU Nîmes, France), for an evaluation of BMD. Fifty individuals (n = 35 women, 70%), with a mean age of 48.0 ± 13.3 (range: 19-74 years) and a mean BMI of 31.5 ± 7.6 kg/m² (range: 15.3-49.6 kg/m²), were included in this study. According to the BMI classification, one patient was underweight (<18.5 kg/m²), 11 were normal weight (18.5-24.9 g/cm²), 10 were overweight (25-29.9 kg/m²), 11 were obese (30-34.9 kg/m²), and 17 were severely obese (>35.0 kg/m²). All participants were Caucasian and, to be eligible, they had to be over 18 years old, able to lie supine for 10-15 min, and have body weight < 160 kg or height < 192.5 cm (table weight limit restriction of the Discovery A system). Participants were excluded from the study if they had a history of lumbar spine or proximal femur fracture, hip replacement or osteosynthesis and cementoplasty at the lumbar spine, were pregnant or breastfeeding, or had undergone an X-ray examination with the use of a contrast medium such as barium within the 7 days before this visit. In accordance with the ISCD recommendations [START_REF] Shuhart | Executive summary of the 2019 ISCD position development conference on monitoring treatment, DXA cross-calibration and least significant change, spinal cord injury, periprosthetic and orthopedic bone health, transgender Medicine, and pediatrics[END_REF], these groups are representative of those routinely scanned in our department.

| Study procedures

The study was approved by the Ethics Review Committee of Nîmes, France (Commission de Protection des Personnes, Sud Méditerranée III), and permission for the clinical trial was granted by the French Medicine and Healthcare Products Regulatory Agency (ID RCB: 2015-A00987-42). All participants were volunteers and all gave informed signed consent before the scans. All activities performed in this study were in accordance with the Declaration of Helsinki. Standing height was measured with a stadiometer to the nearest 0.1 cm and recorded as the mean of two consecutive measurements. Body weight was measured with a calibrated scale having a precision of 0.1 kg. Body mass index (BMI) was calculated as weight (kg) divided by the square of height (m).

| Dual-energy X-ray absorptiometry measurements

As the two systems were situated at the same site, each participant was scanned consecutively on the same day with the Discovery A (Hologic; software version 12.6.1) and the Stratos DR (DMS, Mauguio, France, software version 4.0.2.3) within a 1-h period by the same operator. Participants wore the same light clothing with all metal and plastic artefacts removed. The Discovery A was used as the reference device for this comparison study. A WB scan was used to determine WB BMD, as well as body composition (i.e., FM and FFST) at the whole body and several subregions (i.e., arms, trunk, legs, gynoid, android and visceral adipose tissue [VAT]). These measurements were performed following the procedures described in each densitometer's operating manual. Calibration block quality assurance and encapsulated spine phantom quality control scans were performed on each device at the start of each scanning day.

| Scan procedure

This procedure was previously described in detail [START_REF] Maïmoun | Body composition changes in the first month after sleeve gastrectomy based on gender and anatomic site[END_REF]. Briefly, participants assumed a stationary supine position and were centred on the scanner table with the head, neck and torso positioned parallel to the long axis of the scan bed and the shoulder and pelvis positioned perpendicular to it. Their arms were out to the sides, with the legs internally rotated to 45° and fixed together with strapping tape to minimize incidental movement, with the feet pointed downward. We scrupulously followed the manufacturer's standard scan and positioning protocols. The full-body images were separated into axial (trunk), appendicular (arms and legs) and gynoid, android and VAT regions using the predefined and mandatory WB model, as required by the software.

To evaluate the repeatability of the Stratos DR, WB composition was evaluated twice successively in a subgroup of participants (n = 29). The participants got off the DXA table between the two scans so that they could be repositioned for the second scan. The two evaluations were performed at whole body to determine WB BMD, as well as body composition (i.e., FM and FFST) at the whole body and subregions (i.e., arms, trunk, legs, gynoid, android and VAT). All scans were performed by the same technician, who analysed each scan individually.

For the cross-calibration equations and the repeatability assessment, voluntary patients meeting the inclusion criteria were included consecutively for a period of 6 months.

| Statistical analysis

Quantitative data are expressed as mean ± standard deviation (SD) or median with 25th and 75th percentiles ([25th percentile-75 th percentile]) according to the variable distribution. Qualitative variables are expressed as frequency with percentage.

The reproducibility of measurements was assessed by calculating the systematic difference between the Discovery A measurements and the Stratos DR measurements (systematic bias) and tested against the 0 value using a paired Student's t test. We then estimated an intraclass correlation coefficient (ICC) with its 95% confidence interval (95% CI) [START_REF] Lachin | The role of measurement reliability in clinical trials[END_REF] for each measurement. ICC is considered to be excellent over 0.9, acceptable over 0.8, weak over 0.6 and inexistent below. Cross-calibration equations were estimated using Deming regression to generate reversible conversion for translating Discovery A results to Stratos DR results or vice versa, incorporating estimates of measurement error for both measurement methods. Measurement errors were assumed to be independent and normally distributed. Slope and intercept 95% CI were estimated using the Jackknife method [START_REF] Linnet | Evaluation of regression procedures for methods comparison studies[END_REF]. A published SAS macro was used [START_REF] Canchola | SAS macro wrapper for en efficient Deming regression algorithm via PROC IML: the Wicklin Method[END_REF]. The λ parameter for Deming regression was estimated by the Sxx/Syy ratio. Reproducibility between DXA measurements converted using the cross-calibration equations and measurements obtained with Stratos DR was assessed using the ICC and its 95% confidence interval.

Correlations were assessed using Pearson correlation coefficients (with 95% CI). Agreement between the two measurements was assessed using Bland-Altman plots [START_REF] Bland | Statistical methods for assessing agreement between two methods of clinical measurement[END_REF].

The repeatability of the Stratos DR was assessed using an ICC. The precision parameters between two successive measurements, such as the precision error expressed as the root mean square of standard deviation (RMS-SD) coefficient of variation CV (%) and the resulting least significant change (LSC) at 95% CI, were calculated as recommended by the ISCD [START_REF] Shuhart | Executive summary of the 2019 ISCD position development conference on monitoring treatment, DXA cross-calibration and least significant change, spinal cord injury, periprosthetic and orthopedic bone health, transgender Medicine, and pediatrics[END_REF]. The percentage of change between two measurements for the same subject was expected to be less than the LSC for 95% of the pairs of observations. Thus, when the percentage of change was greater than LSC, there was 95% confidence that a true change had occurred.

Our sample size was established according to ISCD recommendations [START_REF] Shuhart | Executive summary of the 2019 ISCD position development conference on monitoring treatment, DXA cross-calibration and least significant change, spinal cord injury, periprosthetic and orthopedic bone health, transgender Medicine, and pediatrics[END_REF].

All analyses were performed using SAS software version 9.4 (SAS Institute Inc.). Characteristics of the study population are given in Table 1. A total of 50 participants (15 men and 35 women), with a mean age of 48.0 ± 13.3 years and a mean BMI of 31.5 ± 7.6 kg/m², participated in the reproducibility study. Twenty-nine participants (7 men and 22 women), with a mean age of 46.2 ± 12.6 years and a BMI of 33.7 ± 7.3 kg/m², participated in the repeatability study. The repartition of participants according to BMI class is presented in Table 2.

Results of the comparisons of mean FM, FFST, BMD and bone mineral content (BMC) measured by the Stratos DR and Discovery A are given in Table 3. FM and FFST measured with the two devices were highly correlated, with a coefficient of correlation ranging from 0.80 to 0.99 (for all measures p < 0.0001). However, there was a statistically significant measurement bias (p values ranging from 0.0135 to p < 0.0001) between the Stratos DR and Discovery A for all measurements, except for android FM and WB BMD, which showed a bias with a nonsignificant tendency (p = 0.058 and p = 0.051, respectively). Compared to Discovery A, Stratos DR underestimated FM, FFST and BMD for the whole body and regional areas, with the exception of trunk FM, VAT (mass, area and volume) and BMC, which were overestimated. The systematic differences are depicted in Figures 1 and2 with Bland-Altman analyses (Stratos DR vs. Discovery A). For patients with the highest BMI, the arms could extend slightly beyond the measurement range of the DXA. However, the difference between the two arms was found to be very small and all the patients were conserved for the final statistical analysis.

As the subjects participating in this study presented a large dispersion of BMI, ranging from 15.3 to 49.6 kg/m², the concordance of measurements between Startos DR and Discovery A was analysed according to two specific classes of BMI (<30 kg/m²; n = 22 and ≥30 kg/m²; n = 28) (Supporting Information: Materials 1). For most body compartments, the bias between the two measurements was higher in the group with the BMI ≥ 30 kg/m² compared to <30 kg/m², suggesting that the value of BMI may have modified the concordance of the measurement between the two DXA devices.

Due to the observed differences between the two densitometers, Deming regression crosscalibration equations were performed and are presented in Table 4.

|Stratos DR in vivo repeatability

The repeatability of the measurements for regional and total body FM, FFST, BMD and BMC are presented in Table 5. The Bland-Altman plot (Figures 3 and4) illustrates the random variability observed between each of the two measurements. Precision error, when represented by RMS-CV% for FM, ranged from 1.4% for WB to 3.0% for the gynoid and android regions. For FFST, it ranged from 1.0% for WB to 2.2% for trunk. However, the agreement between the two measurements was altered for FM and FFST at the arms (ICC ≥ 0.90, 95% CI: 0.80-0.95), characterized by an RMS-CV% of 8% and 8.8%, respectively.

When the same site was considered, a systematically better precision for FFST compared to FM was observed (arm: 8% vs. 8.8%, trunk: 2.2% vs. 2.8%, leg: 2% vs. 2.5%, and whole body: 1.0% vs. 1.4%).

The RMS-SD for VAT mass was 203.6 g (average: 1580.7 ± 1194.6 g), corresponding to 15.9% CV (Table 5).

The RMS-SD for WB BMD and WB BMC was 0.018 g/cm² (average: 1.182 ± 0.161 g/cm²) and 38.2 g (average 2646.2 ± 476.4 g), respectively, corresponding to 1.4% CV for the two parameters. The LSC were 0.050 g/cm² (SD) and 105.7 g (SD) for WB BMD and WB BMC, respectively, and 4.0% (%) for the two parameters was considered a significant biological change.

This study aimed to assess the agreement of the two DXA systems (Stratos DR and Discovery A) and our results clearly demonstrated the need to cross-calibrate these systems from two manufacturers. The short-term in vivo precision of the Stratos DR was also analysed for standard parameters (WB BMD, BMC, FM and FFST) and less investigated parameters (gynoid FM, android FM and VAT).

Using the methodology recommended by the ISCD for crosscalibrating two DXA (scanning at least 30 participants twice on the new system and once on the old on a representative sample of the facility's patient population at the anatomical sites most commonly measured) [START_REF] Shuhart | Executive summary of the 2019 ISCD position development conference on monitoring treatment, DXA cross-calibration and least significant change, spinal cord injury, periprosthetic and orthopedic bone health, transgender Medicine, and pediatrics[END_REF], we identified significant differences between the Stratos DR and Discovery A for all the measurements. Thus, compared to Discovery A, the Stratos DR tended to underestimate WB BMD and WB and regional FM and FFST and tended to overestimate trunk FM and VAT. Inter-device differences ranged from 3.6% for WB BMD to 24.4% for FM at the arm. The results concerning BMD were in line with previous results showing a similar range of differences between DXA devices produced by different manufacturers such as Discovery A and Stratos produced by the same manufacturer, DMS® [START_REF] Nalda | Assessment of the Stratos, a new pencil-beam bone densitometer: dosimetry, precision, and cross calibration[END_REF]. Nevertheless, compared to other DXA devices that have benefited from numerous crosscalibration evaluations, such as iDXA versus Prodigy [START_REF] Choi | Cross-calibration of iDXA and prodigy on spine and femur scans in Korean adults[END_REF][START_REF] Hind | A crosscalibration study of the GE-Lunar iDXA and prodigy for the assessment of lumbar spine and total hip bone parameters via three statistical methods[END_REF], this is the first study to compare the Stratos DR with the Discovery A, and we therefore have no basis for comparisons. In line with the ISCD recommendations concerning the measurement differences between two DXA that exceed 1% in all regions of interest [START_REF] Shuhart | Executive summary of the 2019 ISCD position development conference on monitoring treatment, DXA cross-calibration and least significant change, spinal cord injury, periprosthetic and orthopedic bone health, transgender Medicine, and pediatrics[END_REF], we generated reversible equations for translating Discovery A results to Stratos DR results and vice versa to ensure the comparability of the acquired data. These equations may be used when a scanner is replaced during a longitudinal study or when data from multicentres are merged [START_REF] Shuhart | Executive summary of the 2019 ISCD position development conference on monitoring treatment, DXA cross-calibration and least significant change, spinal cord injury, periprosthetic and orthopedic bone health, transgender Medicine, and pediatrics[END_REF]. After applying the correction coefficients, the differences between these two DXA measures were negligible. We noted that patient BMI influenced the bias between the two devices, as indicated by the systematically greater difference in the measurements from participants with BMI ≥ 30 kg/m² compared to those with BMI < 30 kg/m². Moreover, for larger subjects who did not fit within the constraints of the scanning field, the hands were placed laterally against the hip, whereas current DXA protocol guidelines recommend positioning the hands with palms flat against the densitometer table [START_REF] Hangartner | The official positions of the international society for clinical densitometry: acquisition of dual-energy Xray absorptiometry body composition and considerations regarding analysis and repeatability of measures[END_REF]). Yet, this adapted position may induce a post-scan technician error associated with the difficulty of performing a precise demarcation of landmarks between trunk and arm [START_REF] Knapp | Obesity increases precision errors in dual-energy X-Ray absorptiometry measurements[END_REF][START_REF] Rothney | Precision of GE Lunar iDXA for the measurement of total and regional body composition in nonobese adults[END_REF]. The higher bias found at the arms in patients with the highest BMI confirmed these hypotheses. Other technological issues have been identified that may also contribute to the differences between two densitometers, including the procedure of image acquisition and software analysis [START_REF] Covey | Regional body composition: crosscalibration of DXA scanners--QDR4500W and discovery wi[END_REF].

The recent developments in DXA technology and software enabled us to determine not only FM and FFST for the whole body, but also at specific regions that have greater clinical relevance. For example, the android/gynoid fat ratio is strongly and positively correlated with glycated haemoglobin [START_REF] Konieczna | Body adiposity indicators and cardiometabolic risk: cross-sectional analysis in participants from the PREDIMED-Plus trial[END_REF]. Moreover, VAT determination with DXA is not inferior to that obtained with gold standard techniques (CT or MRI) [START_REF] Goldberg | Precision of the hologic DXA in the assessment of visceral adipose tissue[END_REF][START_REF] Micklesfield | Dual-Energy X-Ray performs as well as clinical computed tomography for the measurement of visceral fat[END_REF][START_REF] Neeland | Comparison of visceral fat mass measurement by dual-x-ray absorptiometry and magnetic resonance imaging in a multiethnic cohort: the dallas heart study[END_REF], and VAT is more associated with higher cardiometabolic risk and insulin resistance than subcutaneous adipose tissue [START_REF] Kuk | Visceral fat is an independent predictor of all-cause mortality in men[END_REF]. Consequently, these parameters must also be subject to crosscalibration between DXA devices. Compared with android FM (r = 0.83), the gynoid FM and VAT as measured with the Stratos DR and Discovery A appeared strongly correlated (r = 0.98 and r = 0.92, respectively). A previous preliminary study also reported a good correlation (r² = 0.88) between VAT estimated with Stratos DR and Lunar iDXA in 58 subjects with BMI ranging from 15.4 to 39.7 kg/m² [START_REF] Geitner | Visceral fat assessment by DXA and comparison to CT-Scanner[END_REF]. Nevertheless, the presence of bias between the two DXA devices also justified the development of specific crosscalibration equations for each of these parameters.

| Stratos DR in vivo precision

The ISCD recommends that the minimum acceptable precision error within a population of interest should not exceed 3% for WB FM and 2% for WB FFST [START_REF] Shuhart | Executive summary of the 2019 ISCD position development conference on monitoring treatment, DXA cross-calibration and least significant change, spinal cord injury, periprosthetic and orthopedic bone health, transgender Medicine, and pediatrics[END_REF], which was the case in our study (<1.4%). These results indicated the good precision of the Stratos DR. We note than FFST showed a lower precision error compared to FM, which has previously been reported [START_REF] Barlow | Precision error in Dual-Energy X-Ray absorptiometry body composition measurements in elite Male rugby league players[END_REF][START_REF] Bazzocchi | DXA: technical aspects and application[END_REF][START_REF] Henriksen | Precision of lunar dualenergy X-ray absorptiometry (iDXA) in measuring body composition among colorectal cancer patients and healthy subjects[END_REF][START_REF] Rothney | Precision of GE Lunar iDXA for the measurement of total and regional body composition in nonobese adults[END_REF]. In the absence of other works evaluating the precision of the Stratos DR, we could only compare our results to those previously obtained for other manufacturers. Nevertheless, our findings seem to be in accordance with the precision reported for the Lunar iDXA (ranging from 0.4% to 1%) [START_REF] Henriksen | Precision of lunar dualenergy X-ray absorptiometry (iDXA) in measuring body composition among colorectal cancer patients and healthy subjects[END_REF][START_REF] Hind | In vivo precision of the GE Lunar iDXA densitometer for the measurement of total body composition and fat distribution in adults[END_REF][START_REF] Rothney | Precision of GE Lunar iDXA for the measurement of total and regional body composition in nonobese adults[END_REF][START_REF] Watson | An investigation into the differences in bone density and body composition measurements between 2 GE lunar densitometers and their comparison to a 4-component model[END_REF] and better than that of older generation DXA models such as Prodigy (ranging from 0.8% to 2.5%) [START_REF] Oldroyd | Cross-calibration of GE/ Lunar pencil and fan-beam dual energy densitometers--bone mineral density and body composition studies[END_REF]. It has also been suggested that the population studied and, particularly, an increase in body size can alter the precision of the measurement [START_REF] Barlow | Precision error in Dual-Energy X-Ray absorptiometry body composition measurements in elite Male rugby league players[END_REF][START_REF] Hind | In vivo precision of the GE Lunar iDXA densitometer for the measurement of total body composition and fat distribution in adults[END_REF][START_REF] Knapp | Obesity increases precision errors in dual-energy X-Ray absorptiometry measurements[END_REF]. The limited number of participants available per BMI class in our study did not permit us to test this hypothesis.

Regional FM and FFST, particularly at the arm, showed higher precision errors than whole body (8.8%-8% vs. 1.4%-1%, respectively), as has also been reported for different manufacturers and in different populations including healthy subjects, patients with obesity or cancer, and athletes (ranging from 2.8% to 11.4%) [START_REF] Barlow | Precision error in Dual-Energy X-Ray absorptiometry body composition measurements in elite Male rugby league players[END_REF][START_REF] Henriksen | Precision of lunar dualenergy X-ray absorptiometry (iDXA) in measuring body composition among colorectal cancer patients and healthy subjects[END_REF][START_REF] Knapp | Obesity increases precision errors in dual-energy X-Ray absorptiometry measurements[END_REF][START_REF] Rothney | Precision of GE Lunar iDXA for the measurement of total and regional body composition in nonobese adults[END_REF]. These observations appear relevant because one of the criteria to define sarcopeniathe appendicular lean tissue mass index, which is defined as the sum of the FFST of the arms and legs/ height² [START_REF] Cruz-Jentoft | Sarcopenia: revised European consensus on definition and diagnosis[END_REF])-needs to be determined with high precision and high reproducibility to monitor the effectiveness of interventions. As discussed above, it is probable that the inclusion of a large proportion of patients with obesity partially explains this finding, as the precision error increases with increasing BMI [START_REF] Knapp | Obesity increases precision errors in dual-energy X-Ray absorptiometry measurements[END_REF]. Moreover, [START_REF] Rothney | Precision of GE Lunar iDXA for the measurement of total and regional body composition in nonobese adults[END_REF] suggested that as arms are a small region of the body, modest changes in FM and FFST can lead to larger percentage changes than are observed at the trunk. The precision as measured by the CV (%) of the android and gynoid FM was 3% in our study. Although slightly higher, our results are in accordance with those of other reports (CV [%] around 0.96-2.8%) [START_REF] Carver | In vivo precision of the GE iDXA for the assessment of total body composition and fat distribution in severely obese patients[END_REF][START_REF] Hind | In vivo precision of the GE Lunar iDXA densitometer for the measurement of total body composition and fat distribution in adults[END_REF][START_REF] Rothney | Precision of GE Lunar iDXA for the measurement of total and regional body composition in nonobese adults[END_REF]. Concerning VAT mass, we measured a CV (%) of 15.9% (203.6 g on a 1.58 kg VAT), and this value was lower than the mean CV of 29% reported by [START_REF] Meredith-Jones | Precision of DXA-Derived visceral fat measurements in a large sample of adults of varying body size[END_REF] in participants with different classes of BMI with the Lunar Prodigy. Other studies using the Lunar iDXA nevertheless reported a lower precision error for VAT (ranging from 3.6% to 5.3%) in various populations composed of healthy subjects, and patients with obesity or colorectal cancer, as well as in phantom experiments [START_REF] Henriksen | Precision of lunar dualenergy X-ray absorptiometry (iDXA) in measuring body composition among colorectal cancer patients and healthy subjects[END_REF][START_REF] Rothney | Precision of GE Lunar iDXA for the measurement of total and regional body composition in nonobese adults[END_REF]. Last, [START_REF] Mellis | In vivo precision of the GE Lunar iDXA for the measurement of visceral adipose tissue in adults: the influence of body mass index[END_REF] reported CV (%) values ranging from 17% in a normal BMI group to 5.4% in a combined overweight and obesity BMI group. It is interesting to note that, compared with other peripheral sites, CV (%) decreased with BMI increases [START_REF] Henriksen | Precision of lunar dualenergy X-ray absorptiometry (iDXA) in measuring body composition among colorectal cancer patients and healthy subjects[END_REF][START_REF] Mellis | In vivo precision of the GE Lunar iDXA for the measurement of visceral adipose tissue in adults: the influence of body mass index[END_REF][START_REF] Meredith-Jones | Precision of DXA-Derived visceral fat measurements in a large sample of adults of varying body size[END_REF]. In previous and current studies, VAT precision has been poor compared with measures of total and regional soft tissue, which have been higher. This may be due to the small size of the region and the mathematical modelling approach to separate the subcutaneous fat from VAT [START_REF] Ergun | Visceral adipose tissue quantification using lunar prodigy[END_REF]. Moreover, FM in the abdominal cavity is not in a fixed position and may therefore move between two successive scans, resulting in inherent errors in measurement made in this anatomical area [START_REF] Knapp | Obesity increases precision errors in dual-energy X-Ray absorptiometry measurements[END_REF].

Conversely to lumbar spine and hip BMD, WB BMD has not been used to diagnose osteoporosis and consequently the reproducibility has been poorly evaluated. In our study, the CV (%) for WB BMD was 1.4, and this appears slightly elevated compared to other reports (<0.8%) [START_REF] Knapp | Obesity increases precision errors in dual-energy X-Ray absorptiometry measurements[END_REF]. Nevertheless, as mentioned above, the relatively high proportion of participants with obesity may explain our findings, as observed by [START_REF] Knapp | Obesity increases precision errors in dual-energy X-Ray absorptiometry measurements[END_REF], who reported an increase in CV (%) from 0.77% in normal-weight participants to 0.91% in participants presenting obesity.

Our study presents some limitations and these are particularly due to our population, which included a wide range of ages and BMIs. Thus, the mean BMI of 31.5 kg/m² classified our population as obese and differed from other studies that evaluated precision in normal overweight participants [START_REF] Hind | In vivo precision of the GE Lunar iDXA densitometer for the measurement of total body composition and fat distribution in adults[END_REF][START_REF] Rothney | Precision of GE Lunar iDXA for the measurement of total and regional body composition in nonobese adults[END_REF]. Nevertheless, as recommended by the ISCD, precision should be evaluated in a sample that is representative of the facility's patient population and at the anatomical sites most often measured [START_REF] Shuhart | Executive summary of the 2019 ISCD position development conference on monitoring treatment, DXA cross-calibration and least significant change, spinal cord injury, periprosthetic and orthopedic bone health, transgender Medicine, and pediatrics[END_REF]. One part of the activity of our department is devoted to the follow-up of body composition changes in patients with obesity after surgical and nonsurgical medical care [START_REF] Maïmoun | Body composition changes in the first month after sleeve gastrectomy based on gender and anatomic site[END_REF]Maimoun, Lefebvre, et al., 2019;Maimoun, Mariano-Goulart, 2019;[START_REF] Maimoun | Changes in lean tissue mass, fat mass, biological parameters and resting energy expenditure over 24 months following sleeve gastrectomy[END_REF]. Also, our population was mostly composed of women, and we were thus unable to evaluate the effect of sex on reproducibility, and principally at gynoid, android and VAT regions, which present sex specificity.

In conclusion, these data show that when the Discovery A scanner is replaced with the Stratos DR, or when a multicentre study is necessary, the cross-calibration equation defined in this study should be used to ensure the comparability of scan data. The Stratos DR presents good precision for repeat measurements of body composition over a wide range of BMI, although it was better for measurements of FFST than FM and better for whole body than for regional areas.
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