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ABSTRACT

Dual energy X-ray absorptiometry is mainly used as an X-ray test method. For equipment manufactured GE 
and Hologic, cross-calibration analyses (CCA) of machines from the same manufacturer and between units from 
different manufacturers have been conducted, but the CCA of equipment manufactured in Korea are inadequate. 
Through CCA, we present a formula of the intersections between the Korean medical equipment company (KEC) 
with GE and Hologic manufactured DXA, and among the KEC DXA. The CCA was conducted for the European 
Spine Phantom on DXA from four KEC and three global medical equipment company (GEC) manufacturers. We 
compared bone mineral density (BMD) values and calculated the CCA equation by linear regression analysis. The 
standard-deviations (SD) of the BMD values were highest for the Dexxum T for the low, medium, and high 
spine, which were 0.030, 0.029, and 0.037, respectively. The smallest SD in the low and medium vertebrae were 
0.005 and 0.004 for the Horizon Ci, respectively, and 0.005 for the Osteo Pro Max in the high vertebrae. Based 
on the intersection equations of the KEC DXA established in this study, CCA of various KEC DXA should be 
established for more accurate follow-up of BMD tests in clinical environments.
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I. INTRODUCTION

As a health problem due to an aging population in 
modern society, fractures caused by osteoporosis 
contribute to a reduction in the quality of life. 
Decreased mineral content of bone due to osteoporosis 
can easily cause fractures, even with a weak impact. 
The bone mineral density (BMD) test, measured using 
X-ray absorptions, computed tomography (CT), 
radioisotopes, and ultrasound, is essential to diagnose 
bone density loss.[1] The dual energy X-ray 
absorptiometry (DXA) is mainly used as an X-ray test 
method. The pencil-beam DXA type of bone density 
measurement was introduced in 1990, followed by the 

fan-beam type in 1994, which reduced examination 
times and increased image resolution.[2,3]

DXA is the most widely used method for 
measuring 

bone density, with high precision, short test times, 
and stable calibration values. In Korea, DXA is an 
accepted test for health insurance fees.[4,5] Since the 
DXA method typically has highly accurate BMD 
values and short scan times, this type of examination 
was recognized as an acceptable medical insurance fee 
by the national health insurance in Korea. 

Bone density testing by DXA devices with 
excellent precision is recommended to track changes 
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in BMD over long periods of time, using the same 
equipment. However, when new equipment is 
introduced due to replacement or repair of old 
equipment, cross-calibration is recommended.[6] Bone 
mineral density tests that are repeated over a long 
period of time may produce different results due to 
changes in device geometry and X-ray exposure 
conditions, when performed on other equipment. If 
long term bone densitometry of BMD is performed on 
different DXA machines, the BMD results can display 
significant gaps. The different BMD results can occur 
even when the same BMD level, measured on same 
equipment installed at different places. The reason for 
the different results is geometrical structure and 
variety X-ray exposure levels of each DXA machine. 
These differences may lead to misdiagnoses of the 
criteria used to determine drug requirements for the 
treatment of osteoporosis. Therefore the International 
Society of Bone Densitometry (ISCD) recommends to 
perform the cross calibration using standards phantom 
or patient results. Measurement BMD is the principle 
method of diagnosis of osteoporosis, more than one 
DXA machine are installed at upper-scale general 
hospital in Korea, at that reason. in majority of cases, 
however, DXA machines installed at hospitals have 
not managed using proper method such as calibration 
formula. There are many previous researches about 
deriving cross calibration formula between the popular 
DXA machines such as GE Healthcare, Holgic and 
Norland DXA machine.[7-9,11] For DXA equipment 
manufactured GEC, cross-calibration analyses from the 
same manufacturer and from different manufacturers 
have been conducted actively, but for equipment 
manufactured KEC, testing has been inadequate. In 
this paper, we present a formula of intersection 
through the process of testing cross-calibrations 
between KEC and GEC manufactured DXA 
equipment and among the those manufactured KEC. 

II. MATERIAL AND METHODS

Table 1 lists the equipment used in this study. The 

Osteosys Dexxum T (Osteosys, Korea), a DXA device 
manufactured in Korea, is a fan-beam type device that 
has maximum tube voltage 121 kV. The focal spot 
size is 0.5 mm tungsten target, and it has a Cadmium 
zinc telluride (CdZnTe) detector. The Lunar Aria (BM 
Tech, Korea) is a fan-beam type machine with a 
narrow line speed, and the X-ray generator runs at 76 
kV, it has an effective energy band of at least 35 keV 
to 61 keV using a Lutetium-yttrium oxyorthosilicate 
(LYSO) scintillator type detector. The same 
manufacturer's Osteo Pro Max (BM Tech, Korea) 
machine uses a 1.5 mm focal X-ray tube with a 
working range of 40 kV to 80 kV, and uses a 
CdZnTe detector.[10]

Table 1. Test dual energy X-ray absorptiometry 
equipment list

Manufacturer Model

KEC A, B, C Osteosis Dexxum T

KEC D BMtech Luna Aria

KEC E BMtech Osteo Pro Max

KEC F Micro Vision Osteo Prima

GEC A Hologic Horizon Ci

GEC B Hologic Explorer

GEC C GE Healthcare Lunar Prodigy Advance
KEC: Korean medical equipment company,  GEC: global medical equipment company.

Equipment tests were performed from GEC 
manufacturers such as the Horizon Ci (Hologic, 
USA), a fan-beam type using a dual energy X-ray 
from 100 keV to 140 keV, with a silicon diode 
detector Gadolinium oxysulfide (GOS) scintillator, and 
the Lunar Prodigy Advance (GE Healthcare, USA), a 
narrow-line fan-beam type with a focal spot size of 
0.5 mm, with a maximum X-ray energy of 80 kVp at 
3 mA tube current, and a K edge filter energy of 38 
keV to 70 keV for models using the CdZnTe 
detector.[11] The Explorer (Hologic, USA) device uses 
a 100 kV and 140 kV cross-pulse dual energy scheme 
with a 54 channel CdWO4 scintillator silicon diode 
detector.

The bone marrow density was measured using a 
European spine phantom (ESP) made of 
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water-equivalent plastic (width 260 mm, length 180 
mm, height 11 mm), which was used as a 
cross-calibration standard for the lumbar spine BMD. 
[Fig. 1] The low, medium, and high values of the 
bone density in the posterior direction of the lumbar 
spine are 0.50 g/cm2, 1.0g/cm2, and 1.50g/cm2, 
respectively.[12,13] The set-up condition for ESP is as 
follows; 40 year old caucasian man, weight 80 kg, 
hight 170 cm, and BMD test were repeated 10 times 
for same position of each machine. All BMD test 
were performed using lumbar scan mode on a each 
DXA machines. The analysis of the bone density 
value was performed using the automatic recognition 
function provided by the device owned. The measured 
data were correlated with a linear regression analysis 
using Origin pro8. (OriginLab Corporation)

Fig. 1. The European Spine Phantom.

Ⅲ. RESULT
The respective mean values of bone mineral density 

measured in the low, medium, and high spine by the three 
KEC machines were: 0.405 g/cm2, 0.992 g/cm2, and 1.318 
g/cm2 in device A. Fig. 2, Fig. 3 and Fig. 4 showed each 
spine DXA values by ESP. 

The KEC B mean values were 0.614 g/cm2, 1.071 
g/cm2, and 1.578 g/cm2. Mean values of 0.655 g/cm2, 
1.081 g/cm2, and 1.507 g/cm2 were recorded for the 
domestic C and 0.488 g/cm2, 0.859 g/cm2, and 1.170 
g/cm2 for the domestic E. Means were 0.513 g/cm2, 0.965 
g/cm2, and 1.361 g/cm2 for the oversea A and 0.521 
g/cm2, 0.977 g/cm2, and 1.420 g/cm2 for the GEC B. For 
the GEC C unit, means of 0.606 g/cm2, 1.103 g/cm2, and 
1.602 g/cm2 were obtained. The average values of the 
low, medium, and high spine bone densities in the ESP, 
measured 10 times in each device, are shown in Table 2. 
The standard deviations of the DXA equipment BMD 
values were highest in the KEC A device for the low, 
medium, and high spine measurements, which were 
0.030, 0.029, and 0.037, respectively. The smallest 
standard deviations in the low and medium vertebrae 
were 0.005 and 0.004, respectively, for the GEC A, 
and 0.005 for the KEC C in the high vertebrae. 

Table 2. Average BMD values of each dual energy X-ray absorptiometry (g/cm2) and standard deviation
KEC

A
KEC

B
KEC

C
KEC

D
KEC

E
KEC

F
GEC

A
GEC

B
GEC

C

Low 0.405
(0.030)

0.570
(0.013)

0.534
(0.015)

0.614
(0.008)

0.655
(0.013)

0.488
(0.012)

0.513
(0.005)

0.521
(0.013)

0.606
(0.007)

Medium 0.992
(0.029)

1.088
(0.023)

0.992
(0.022)

1.071
(0.015)

1.081
(0.014)

0.859
(0.006)

0.965
(0.004)

0.977
(0.011)

1.103
(0.007)

High 1.318
(0.037)

1.586
(0.030)

1.420
(0.010)

1.578
(0.019)

1.507
(0.005)

1.170
(0.031)

1.361
(0.010)

1.420
(0.036)

1.602
(0.027)

KEC: Korean medical equipment company, GEC: global medical equipment company.

Table 3. Average error of BMD values between ESP standard BMD values for each dual energy X-ray absorptiometry 
(g/cm2)

KEC
A

KEC
B

KEC
C

KEC
D

KEC
E

KEC
F

GEC
A

GEC
B

GEC
C

Low -0.095 0.07 0.034 0.114 0.155 -0.012 0.013 0.021 0.106

Medium -0.008 0.088 -0.008 0.071 0.081 -0.141 -0.035 -0.023 0.103

High -0.182 0.086 -0.080 0.078 0.007 -0.330 -0.139 -0.080 0.102
KEC: Korean medical equipment company, GEC: global medical equipment company.
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Table 3 shows the standard errors for the ESP 
values, indicating the accuracy of the DXA 
equipment. The unit with the largest error for each 
vertebra revealed a 0.155 g/cm2 difference in low 
spine, a 0.141 g/cm2 difference in the medium spine, 
and a 0.330 g/cm2 difference in high spine.

Fig. 2. Bone mineral density measured in the low 
spine by european spine phantom.

Fig. 3. Bone mineral density measured in the middle 
spine by european spine phantom.

Fig. 4. Bone mineral density measured in the high 
spine by european spine phantom.

For the cross-calibration analysis, measurement of the 
phantom (using the ESP) compensates for the bone 
density values expressed among other models of the 
same manufacturer or from other manufacturers. The 
linear regression analysis equation for the seven devices 
measured in this study. [Table. 4][14] [Appendix. 1]

Ⅳ. DISCUSSION

Along with the development of KEC device 
manufacturing technology, there has been an increase 
in the number of KEC device manufacturers that 
make bone density measuring equipment. In addition, 
DXA devices for vertebral bone density measurement 
are used in various medical institutions, from private 
clinics to general hospitals, due to their testing 
convenience and excellent cost-effectiveness. Some 
medical institutions also operate more than one DXA 
machine. Furthermore, as patient access to medical 
care increases, bone density tests are performed more 
often at various medical institutions. According to the 
International Society for Clinical Densitometry 
(ISCD), to observe changes in bone mineral density 
and determine appropriate clinical treatments, 
long-term follow-up tests should be performed with 
the same DXA instrument. Where possible, it is 
advised that the same technician perform the 
follow-up tests on the same equipment.[15]

Due to the characteristics of health care system in 
Korea, patients have a wide choice of medical 
institutions, and the equipment that is available varies, 
according to the institution. Therefore, follow-up tests 
for osteoporosis are frequently performed at different 
medical institutions or with different equipment. In 
this case, Clinical physician or technologist should 
corrected the BMD result using derived 
cross-calibration formula. In clinical condition, when 
the DXA machine was replaced or upgraded, then 
clinical physician and technologist should be process 
for cross calibration formular using phantom or 
patients. According to ISCD, when changing part of 
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the hardware, when replacing a system with the same 
technology, manufacturer and model, cross-calibration 
should be performed by having one technologist do 
10 phantom scans, with repositioning, before and after 
hardware change. When changing an entire system to 
one made by the same manufacturer using a different 

technology, or when changing to a system made by a 
different manufacturer, It is recommend that Scanning 
30 patients as representative of the facility’s patient 
population once on the initial system and then twice 
on the new system within 60 days.[16] 

Table 4. Cross calibration equation ware presented between each dual energy X-ray absorptiometry.

Dexxem T 
BMD A

Dexxem T 
BMD B

Dexxum T 
BMD C

Lunar Aria 
BMD

Osteo Pro 
BMD

Osteo Prima 
BMD

Horizon Ci 
BMD

Explorer 
BMD

Dexxem 
T  

BMD B

=0.12317+0.11
038×Dexxem T 

BMD A

Dexxem 
T  

BMD C

=0.14613+0.96
207×Dexxem T 

BMD A

=0.04046+0.86
987×Dexxem T 

BMD B

Luna 
Aria 
BMD

=0.18006+1.04
594×Dexxum T 

BMD A

=0.06507+0.94
598×Dexxum T 

BMD B

=0.02322+1.08
511×Dexxum T 

BMD C

Osteo 
Pro 
Max 
BMD

=0.27819+0.92
497×Dexxum T 

BMD A

=0.11403+0.67
079×Dexxum T 

BMD B

=0.14076+0.95
833×Dexxum T 

BMD C

=0.12245+0.88
113×Lunar 
Aria BMD

OsteoPri
ma 

BMD

=0.19498+0.74
234×Dexxum T 

BMD A

=0.11403+0.67
079×Dexxum T 

BMD B

=0.08378+0.77
003×Dexxum T 

BMD C

=0.07099+0.70
624×Lunar 
Aria BMD

=-0.02745+0.80
179×OsteoPro 

BMD

Horozon 
Ci 

BMD

=0.14632+0.92
167×Dexxum T 

BMD  A

=0.04618+0.83
25×Dexxum T 

BMD B

=0.00898+0.95
531×Dexxum T 

BMD  C

=-0.00754+0.87
678 ×Lunar 
Aria  BMD

=-0.12966+0.99
531 ×OsteoPro 

BMD

=-0.09031+1.23
508 

×OsteoPrima  
BMD

Explorer  
BMD

=0.12605+0.97
433×Dexxum T 

BMD A

=0.02117+0.87
915×Dexxum T 

BMD B

=-0.01947+1.01
023×Dexxum T 

BMD  C

=-0.03818+1.92
832×Lunar 

Aria  BMD

=-0.167+1.0533
8×OsteoPro 

BMD

=-0.12138+1.30
239×OsteoPrim

a  BMD

=-0.02736+1.05
578×Horizon 
Ci  BMD

Lunar 
Prodigy 
BMD

=0.16883+1078
38×Dexxum T 

BMD A

=0.05012+0.97
547×Dexxum T 

BMD B

=0.00707+1.11
883×Dexxum T 

BMD C

=-0.01472+1.02
91×Lunar Aria 

BMD

=-0.15634+1.16
663×OsteoPro 

BMD

=-0.10671+1.14
435×OsteoPrim

a  BMD

=-0.00232+1.16
997×Horizon 
Ci  BMD

=0.03288+1.10
313×Explorer 

BMD

The previous study, Cross calibration formular were 
derived between the GEC, Hologic QDR2000, Lunar 
and Norland DXA machine, values showed Table 5.[9]

Table 5. Cross calibration for Hologic QDR2000, 
Lunar and Norland DXA[9]

DXA
Cross-calibration

spinal BMD
Cross-calibration

spinal BMD

Hologic QDR2000
= (0.906 × Lunar) - 

0.025
= (0.912 × Norland) 

+ 0.088

Lunar DPX-L
= (1.074 × Hologic) 

+ 0.054
= (0.995 × Norland) 

+ 0.135

Norland XR26 
Mk.11

= (0.983 + Lunar) - 
0.112

= (1,068 × Hologic) 
- 0.070

This study established a cross-calibration equation 
for the most diverse Korean bone densitometry 
devices based on a linear regression analysis between 
the KEC A, B, C and the GEC C. The results for the 
DXA devices A, B, and C revealed different bone 
mineral density values even though the machines are 
the same model from the same manufacturer. The 
same model DXA does not always produce the same 
bone density value. Therefore, the same DXA device 
should be used for the follow-up of bone mineral 
density using DXA.[14] 
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Ⅴ. CONCLUSION

Based on the intersection equations established for 
the KEC DXA devices in this study, cross-calibration 
of various KEC DXA units should be established for 
more accurate follow-up of bone mineral density tests 
in clinical environments.
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골밀도 장치의 교차분석 ; 국내 제조사와 해외 제조사 비교

김정수
충북보건과학대학교 방사선과 

골다공증의 진단에서 이중에너지 X선 흡수계수법은 가장 빈번하게 사용되는 검사이다. 외국의 골밀도 
장치 제조사인 지이나 홀로직 장치에 대한 교차분석 연구는 다양하나 국내 제조사 이중에너지 X선 흡수골
밀도 장치에 대한 비교 분석이 부족하다. 이에 본 연구에서는 국내 제조사의 이중에너지 X선 흡수골밀도 
장치와 해외 제조사의 이중에너지 X선 흡수 골밀도 장치의 교차분석을 시행하여 교차식을 수립하였다. 유
럽인 척추 팬텀을 이용한 검사에서 가장 높은 표준 편차를 보인 Dexxum T 장치의 경우 상. 중. 하부 척추
에서0.030, 0.029, 0.037를 보였고, 홀로직의 Horizon Ci에서는 0.005와 0.004로 하부와 중간 척추에서 가장 
낮은 표준편차를 나타냈다. 오스테오 프로맥스 장치의 경우 상부 척추에서 0.005의 표준편자를 나타냈다. 
본 연구에서 도출한 국내·외 이중에너지 흡수 골밀도 장치의 교차식은 임상환경에서 골밀도 검사의 추척 
검사에 유용한 사례가 될 것이다. 또한 본 연구에서 제시한 국산 이중에너지 X선골밀도 장치에 대해 설정
된 교차 방정식에 기초로 임상환경에서 보다 정확한 골밀도 추적 관찰을 위해 보다 다양한 국산 이중에너
지 X선 골밀도 장치의 교차 보정을 설정하는 것이 필요하다.   

중심단어: 이중에너지 X선 흡수계수법, 이중에너지 X선 흡수골밀도 장치, 교차분석, 골다공증
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