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Abstract
Background:The aim of this study was to investigate the correlation between bone mineral density (BMD)
and body composition measured by the Osteosys Primus® and the GE Lunar Prodigy® and to calculate
the conversion formula between the two devices.

Methods:The forty subjects were men and women in aged 20-29 years old. Study subjects with a body
mass index (BMI) greater than or equal to 17 kg / m2 and less than or equal to 35 kg / m2with a negative
pregnancy test at the time of screening, and participants who voluntarily participated and agreed to
provide written consent were included in the study. The study exclusion criteria were patients with
scoliosis, osteoarthritis, rigid vertebral osteomalacia, or other clinical vertebral deformities, adverse events
after previous DXA or radiography, pregnant or lactating women, those with arti�cial pacemakers, or
implanted cardiac pacemakers, and those with mental illnesses, such as severe depression. All
participants were scanned twice on both the Osteosys Primus (OsteoSys, Seoul, Korea) and the GE-Lunar
Prodigy (Madison, WI, USA) DXA systems using the manufacturers’ standard scanning and positioning
protocols.

Results:Compared to the GE Lunar device, the mean Osteosys fat mass was overestimated to be 12.1 %
(1776.9 g) in the whole body, 5.1 % (163.9 g) in gynoid, and 6.7 % (87.2 g) in android. Compared with the
GE Lunar device, the mean BMDs of the Osteosys Primus were underestimated to be 2.3 % (0.023 g/cm2)
in the whole body and 3.1 % (0.035 g/cm2) in L1-4. Compared with the GE Lunar device, the mean lean
mass derived by the Osteosys Primus were underestimated to 2.3 % (1045.3 g) in the total body, 3.8 %
(179.4 g) in arms, and 7.7 % (1104.8 g) in legs, respectively. There were a strong correlation of BMD and
body composition between both groups.

Conclusion:There was a very high correlation of BMD and muscle mass between theOsteosys Primus and
the GE Lunar Prodigy.

Background
Osteoporosis is a disease of bone metabolism characterized by the loss of the bone mass and
microarchitectural alterations, which result in bone fragility and an increased risk of fractures [1–3].
Representative diagnostic tools for osteoporosis are the measurement of bone mineral density (BMD)
and biochemical markers [4]. Recently, the measurement of body composition has been emphasized by
the addition of sarcopenic diseases [5–8].

The most common method used to measure BMD or body composition is dual energy X-ray
absorptiometry (DXA) [9, 10]. DXA scans are often used because they are safe, accurate, and precise [11].
Advances in densitometric technology have been made over the last few decades, including replacing
pencil beams with fan beams, higher output X-ray tubes, reduced pixel size, multiple detectors, wider
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transverse scanning widths, faster scanning times, improved accuracy, and scanning beds to
accommodate higher body weights for patients [12].

However, as different types of instruments are developed, the measurement values   of the various devices
differ [6, 13]. Therefore, many studies have been conducted to develop a conversion formula to analyze
the differences between the various instruments and for calibrating the measurement values   between the
different devices.

Osteosys Primus® is a fan beam-type DXA equipment developed in Korea. Measurements made by this
equipment should correlate with the values   of BMD and muscle mass measured by the commonly-used
GE Lunar Prodigy®.

Therefore, the aim of this study was to investigate the correlation between BMD and muscle mass
measured by Osteosys Primus® and GE Lunar Prodigy®. In addition, we calculated the conversion
formula between the two devices.

Methods

Study Group
The forty subjects were men and women in aged 20–29 years old. Study subjects with a body mass
index (BMI) greater than or equal to 17 kg / m2 and less than or equal to 35 kg / m2 with a negative
pregnancy test at the time of screening, and participants who voluntarily participated in the study and
provided written consent were included in the study. The study exclusion criteria were those with
scoliosis, osteoarthritis, osteomalacia, or other clinical vertebral deformities, adverse events after previous
DXA or radiography, pregnant or lactating women, those with arti�cial pacemakers, or implanted cardiac
pacemakers, and patients with mental illnesses, such as severe depression.

Ethical approval for the study was provided by the Chung-Ang University Hospital Research Ethics
Committee and informed signed consent was provided by all participants before the scans were
obtained. All activities performed in the present study were in accordance with the Declaration of Helsinki.

DXA Measurements
All participants were scanned twice on both the Osteosys Primus (OsteoSys, Seoul, Korea) and the GE-
Lunar Prodigy (Madison, WI, USA) DXA systems using each manufacturer’s standard scanning and
positioning protocols.

The arms and trunk were separated through the glenohumeral joints by lines, and the trunk and legs were
separated at 45 ° to the sagittal plane of the body image by lines obliquely through the hip joint. A
transverse line below the mandible excluded the head from the trunk region. The trunk included the
thorax, the abdomen, the pelvis, and a portion of the medial thigh. The android region of interest (ROI)
was at the lower pelvis cut boundary and the upper boundary was above the pelvis cut, 20 percent of the
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pelvis-neck cut distance. The arm cuts were the lateral boundaries. The upper limit of the gynoid ROI was
1.5 times the height of the android ROI below the pelvis, and the height of the gynoid ROI was 2 times the
height of the android ROI. The external leg cuts were the lateral boundaries. For consistency, the same
experienced and ISCD-certi�ed clinical densitometrist performed manual ROI analysis of each scan.

Statistical analyses
The null hypothesis was that the correlation coe�cient between the two instruments was 0.8 or more for
each measurement site. The sample was calculated to require 36 subjects by correcting the power
according to the alternative hypothesis at 5% of the signi�cance level and 80% of the power. A total of 40
subjects were needed, considering a dropout rate of 10 percent. The number of samples was calculated
using G Power 3.1.9.2. To assess accuracy, we plotted the differences for a particular manufacturer
between each replicate BMD and lean mass measurement and the estimated true value and calculated
the agreement limits as de�ned by Bland and Altman. Concordance correlation coe�ciency (CCC) was
used to analyze the correlation between both devices to determine precision and accuracy. A correlation
coe�cient between 0.2 and 0.4 was considered to be weakly correlated, between 0.4 and 0.6 was
considered to be moderate, between 0.6 and 0.8 was strongly correlated, and between 0.8 and 1.0 was
very strongly correlated [14].

To calculate the conversion formula, the relationship between the Osteosys Primus and the GE Lunar
software was de�ned using linear regression. All statistical analyses were performed using R-Statistic
Software (version 3.4.1).

Results
Forty subjects were included in the study. There were no dropouts. The mean age of the subjects was
24.9 years (SD, 1.69; range, 23 to 33 years). There were 14 men (35%) and 26 women (65%) in the study.
The mean body weight was 62.9 kg (SD, 10.19; range, 40 to 80 kg) and the mean height was 169.74 cm
(SD, 8.61; range, 151 to 187 cm). The body mass index (BMI) was 21.72 (SD, 2.26; range, 17.53 to 26.73)
(Table 1).

Table 1
Demographic characteristics included study

Variables Number (40)

Age (years) *24.9 ± 1.69

Gender (Male/Female) 26 (65%) /14 (35%)

Weight (kg) *24.9 ± 1.69

Height (m) *169.74 ± 8.61

BMI (kg/m2) *21.71 ± 2.26

*Mean ± SD, BMI: body mass index
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Compared to the GE Lunar Prodigy, the voltage and current were high in the Osteosys Primus instrument,
pixel size was small and scan times were longer by nine minutes (Table 2). Table 3 summarizes the
composition of the body and the BMD data of the entire body. Table 3 also illustrates the mean difference
and the limits of the Bland and Altman plots. The mean difference was signi�cantly different from zero
for fat mass (p < 0.001), whole body BMCs (p < 0.001), whole body BMDs (p < 0.001), and lean mass (p < 
0.001). Figure 1 is the Bland and Altman plot for the body composition and whole body BMD data.

Table 2
Comparison of GE Lunar Prodigy and Osteosys Primus Scan

Parameters

  GE Lunar Prodigy Osteosys Primus

Scan mode Standard Standard

Voltage (kV) 76 83

Current (mA) 0.150 0.200

Reference counts: high 131,902 173,530

Reference counts: low 159,964 287,190

Scan dimensions (cm) 197.6 × 60.0 202.0 × 63.0

Pixel size (mm) 4.8 × 13.0 4.0 × 8.0

Pixel area (mm2) 62.4 32.0

Scan time (min) 6.0 9.0

Dose (µGy) 0.4 0.55

Weight limit (kg) 160 150



Page 6/12

Table 3
Summary of the Bland and Altman Plots for the body composition and whole body BMD data

  GE Lunar
(n = 40)

Mean ± SD

Osteosys (n 
= 40)

Mean ± SD

Mean
difference

Lower limit

of
agreement

Upper limit

of
agreement

P-
value

Whole body

fat mass (g)

14641.7 ± 
5302.9

16418.6 ± 
5803.3

-1776.925 -4287.001 733.151 < 
0.001

Gynoid fat
mass (g)

3032.32 ± 
976.41

3196.18 ± 
1052.01

-163.85 -588.1282 260.4282 < 
0.001

Android fat
mass (g)

1211.28 ± 
561.50

1298.42 ± 
568.58

-87.15 -55.857 230.157 < 
0.001

Whole body

BMC (g)

2739.3 ± 
499.5

2883.7 ± 
426.5

-144.425 -398.219 109.369 < 
0.001

Arm BMC (g) 333.98 ± 
79.52

346.88 ± 
69.03

-12.9 -59.814 34.014 < 
0.001

Leg BMC (g) 1013.30 ± 
215.09

957.40 ± 
187.78

55.9 -22.20 134.0 < 
0.001

Whole body

BMD (g/cm2)

1.04 ± 0.14 1.02 ± 0.14 0.02255 -0.03785465 0.08295465 < 
0.001

L1-L4 BMD

(g/cm2)

1.18 ± 0.13 1.15 ± 0.14 0.034725 -0.03699393 0.1064439 < 
0.001

Total lean
mass (g)

45639.7 ± 
8564.6

44594.4 ± 
9460.3

1045.275 -3544.892 1454.342 < 
0.001

Arms lean
mass (g)

4912.5 ± 
1551.5

4733.1 ± 
1711.3

179.4 -620.3948 979.1948 < 
0.001

Legs lean
mass (g)

15542.9 ± 
3118.5

14438.2 ± 
3430.2

1104.775 -346.8012 2556.351 < 
0.001

BMC; bone mineral contents, BMD; bone mineral density 1298.42 ± 568.58

Compared with the GE Lunar device, the mean Osteosys fat mass was overestimated to be 12.1%
(1776.9 g) in the whole body, 5.1% (163.85 g) in gynoid, and 6.7% (87.15 g) in android. Compared with
the GE Lunar device, the mean BMDs of the Osteosys Primus were underestimated at 5.4% (0.023 g/cm2)
in the whole body and 7.2% (0.035 g/cm2) in L1-4. Compared with the GE Lunar device, mean lean mass
of the Osteosys Primus were underestimated at 2.3% (1045.3 g) in the total body, 3.8% (179.4 g) in arms,
and 7.7% (1104.8 g) in legs (Table 3). There were a strong correlation of BMD and body composition
between both groups (Table 4, Fig. 2). The Osteosys conversion formula using BMD and muscle mass
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from the GE Lunar is shown in Supplementary Table 1. The GE Lunar conversion formula using BMD and
muscle mass form Osteosys is shown in in Supplementary Table 2.

Table 4
Correlation coe�cient of body composition and whole body

BMD data between two devices
Region of interest Correlation coe�cient (R)

Total fat mass 0.92

Arm fat mass 0.96

Android fat mass 0.98

Whole body BMC 0.92

Arm BMC 0.93

Leg BMC 0.94

Whole body BMD 0.96

Arms lean mass 0.96

Leg lean mass 0.92

BMC; bone mineral contents, BMD ; bone mineral density

Discussion
The principal �nding of this study was a high correlation between the Osteosys Primus and the GE Lunar
Prodigy. Whole body fat mass and BMCs were signi�cantly higher in Osteosys Primus. However, lean
mass of the arms and legs and whole body BMDs were lower in Osteosys Primus. This is in agreement
with the �ndings of the other cross-calibration studies and the BMD and BMC differences are consistent
with the well-known differences in calibration between the manufacturers for measurements of hip and
spine BMDs [5, 6, 13, 15].

So far, cross-calibration between DXA equipment for whole body BMDs and body composition
measurements has been reported in only a few studies in the last decade [5, 6, 13, 15]. Cross-calibration
of body composition and entire body BMC and BMD between Hologic QDR2000 (Hologic Inc. Bedford
MA, USA) and GE Healthcare Lunar Prodigy (GE Healthcare, Madison WI, USA) found similar lean body
masses throughout the body [13]. However, fat mass and percent fat were signi�cantly higher on the
Hologic QDR2000. The difference in calibration between the instruments might be related to the variation
between the instruments, even those from the same manufacturer. The DPXL gave lower fat mass values
than the iDXA and Prodigy in adults, with a corresponding greater increase in mean lean body mass
(LBM) values [16]. These �ndings correspond to our results. In this study, Osteosys Primus gave higher
fat mass values than Lunar Prodigy in adults with corresponding lower mean LBM values. The reasons
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for the negative correlation of BMI and fat mass (FM) using the k value were explained by Pearson et al.
The k value is the ratio of low-energy to high-energy attenuation coe�cients in soft tissue, and as the
ratio of fat increases in tissue, the attenuation of the beam's high-energy component is lower than the
low-energy component. Also, the difference in LBM has been negatively correlated with differences in
FMs. That is, as the difference in LBM got bigger, the difference in FM fell [13, 15].

In an in vivo cross-calibration study, the BMD from Primus was consistently lower than that from Prodigy.
So far, there has been no comparative cross-calibration study using humans [17]. Park et al. assessed the
accuracy and precision of 36 DXA devices from three manufacturers (10 Hologic, 16 Lunar, and 10
Osteosys) using the European Spine Phantom (ESP), in which the three vertebrae represent low (L1),
medium (L2), and high (L3) densities, with actual BMD values of 0.496 g/cm2, 0.990 g/cm2, and
1.499 g/cm2, respectively. The average BMDs of L1, L2, and L3 in Osteosys Dexxum-T devices and the
Lunar Prodigy device were 0.605 g/cm2 vs. 0.433 g/cm2 in L1, 1.072 g/cm2 vs. 0.928 g/cm2 in L2, and
1.574 g/cm2 vs 1.424 g/cm2, respectively. The BMDs in Osteosys Dexxum-T devices were consistently
lower than those from the Lunar Prodigy device[17]. Although this was a comparative study using EPS
between different instruments, the �ndings corresponded with a previous study. According to cross-
calibration studies, translational formulas for the Prodigy and Primus devices could be established and
are described in supplementary Table 1,2.

In this study, we compared the scan parameters between both devices. Using a higher voltage than GE
Lunar, Osteosys Primus is designed to enable more precise measurements. Due to the small pixel size,
more measurement time is required compared to GE Lunar equipment, but it has a higher resolution.
Compared to the GE Lunar instrument, the exposure dose was not signi�cantly different, despite the long
measurement time.

This study had two limitations. First, it was the �rst study of comparing Osteosys Primus and the GE
Lunar Prodigy were included in the study. To generalize the results of this study to other races, further
studies including Caucasians are needed [18]. Second, only a single total body phantom was used for
calibration. In future studies, whole body phantom should be developed and used for accurate correction.

In summary, there were a very high correlation of BMDs and muscle mass between the Osteosys Primus
and the GE lunar prodigy. In addition, body compositions measured by Osteosys Primus were consistently
lower than those of the GE Lunar prodigy by 2.4% to 7.7 percent. There was a high agreement between all
DXA systems in estimating BMCs and body compositions (R2 = 0.85–0.99).

Nevertheless, cross-calibration equations should be used to examine data across systems to avoid
erroneous conclusions.

Declarations

Acknowledgements



Page 9/12

This work was supported by R&D Task (Development of Core Industrial Technology) funded by the
Ministry of Trade, Industry and Energy(MOTIE, Korea). [R&D Project Number: 10079933]

 Funding Statement
The authors have no support or funding to report.

 Con�ict of interest
JI Yoo and YCHadeclare that they have no con�ict of interest.

 Author Contribution
Conceived and designed the experiments: JI Yoo and YCHa

Analyzed the data: JIYoo, Contributedreagents/materials/analysis tools: YC Ha

Wrote the paper: JI Yoo and YCHa

References
1. Ciubean AD, Ungur RA, Irsay L, et al. 2018 Health-related quality of life in Romanian postmenopausal

women with osteoporosis and fragility fractures. Clin Interv Aging 3;13:2465–2472.

2. Sözen T, Özışık L, Başaran N. 2017 An overview and management of osteoporosis. Eur J Rheumatol
4, 46–56.

3. Lee Y-K, Kim JW, Lee MH, et al. 2017 Trend in the Age-Adjusted Incidence of Hip Fractures in South
Korea: Systematic Review. Clin Orthop Surg 9, 420–423.

4. Yoon B-H, Yu W. Clinical Utility of Biochemical Marker of Bone Turnover: Fracture Risk Prediction and
Bone Healing. J Bone Metab. 2018;25:73–8.

5. Aasen G, Fagertun H, Halse J. Body composition analysis by dual X-ray absorptiometry: in vivo and
in vitro comparison of three different fan-beam instruments. Scand J Clin Lab Invest. 2006;66:659–
66.

�. Gillette-Guyonnet S, Andrieu S, Nourhashemi F, et al. Comparison of bone mineral density and body
composition measurements in women obtained from two DXA instruments. Mech Ageing Dev.
2003;124:317–21.

7. Zemski AJ, Hind K, Keating SE, et al. 2019 Same-Day Vs Consecutive-Day Precision Error of Dual-
Energy X-Ray Absorptiometry for Interpreting Body Composition Change in Resistance-Trained
Athletes. J Clin Densitom 22, 104–114.



Page 10/12

�. McLester CN, Nickerson BS, Kliszczewicz BM, et al. 2018 Reliability and Agreement of Various
InBody Body Composition Analyzers as Compared to Dual-Energy X-Ray Absorptiometry in Healthy
Men and Women. J Clin Densitom. Nov 3.

9. Choi H, Yoo J-I. 2018 Sarcopenia and Hip-Structure Analysis Variables in Korean Elderly Population.
J Clin Densitom. Aug 22.

10. Han A, Bokshan SL, Marcaccio SE, et al. 2018 Diagnostic Criteria and Clinical Outcomes in
Sarcopenia Research: A Literature Review. J Clin Med 7.

11. Laskey MA. Dual-energy X-ray absorptiometry and body composition. Nutrition. 1996;12:45–51.

12. Oldroyd B, Treadgold L, Hind K. Cross Calibration of the GE Prodigy and iDXA for the Measurement of
Total and Regional Body Composition in Adults. J Clin Densitom y. 2018;21:383–93.

13. Pearson D, Horton B, Green DJ. Cross calibration of Hologic QDR2000 and GE lunar prodigy for
whole body bone mineral density and body composition measurements. J Clin Densitom.
2011;14:294–301.

14. Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics.
1977;33:159–74.

15. Tothill P, Hannan WJ. Comparisons between Hologic QDR 1000W, QDR 4500A, and Lunar Expert
dual-energy X-ray absorptiometry scanners used for measuring total body bone and soft tissue. Ann
N Y Acad Sci. 2000;904:63–71.

1�. Hull H, He Q, Thornton J, et al. 2009 iDXA, Prodigy, and DPXL dual-energy X-ray absorptiometry
whole-body scans: a cross-calibration study. J Clin Densitom 12, 95–102.

17. Park AJ, Choi J-H, Kang H, et al. 2015 Result of Pro�ciency Test and Comparison of Accuracy Using
a European Spine Phantom among the Three Bone Densitometries. J Bone Metab 22, 45–49.

1�. Choi YJ, Lee BJ, Lim HC, et al. 2009 Cross-calibration of iDXA and Prodigy on spine and femur scans
in Korean adults. J Clin Densitom 12, 450–455.

Figures



Page 11/12

Figure 1

Bland-Altman plots of body composition and whole body BMD data between the Osteosys Primus and
the GE Lunar Prodigy.
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Figure 2

Correlation analysis of body composition and whole body BMD data between the two devices.
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