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Abstract
Studies have shown a high correlation between measurements of bone mineral density (BMD) obtained on different dual-energy X-ray absorptiometry machines. Challenger osteodensitometers (Diagnostic Medical System [DMS],
Montpellier, France) are becoming widely used but little is known about their clinical performance. The aim of this
study was to compare BMD measurements and the resulting patient classification based on T-scores obtained on a
DMS Challenger device to those obtained on Hologic 4500A (Bedford, MA) device. Fifty-three volunteers were studied. The BMD of the spine and of the hip were simultaneously measured on both densitometers. BMD values obtained
on the Challenger were significantly higher than those obtained with the Hologic QDR4500 (p < 0.001). The correlations coefficients between the Hologic QDR4500 and the DMS Challenger measured BMDs were r = 0.70 at the
femoral neck, r = 0.70 at the trochanter, and r = 0.83 at the spine (p < 0.001). Among the 35 postmenopausal women,
there was discordance in the WHO T-score-based classification in 28 subjects (80%) at the spine, 18 subjects (52%)
at the femoral neck, and 14 subjects (42%) at the trochanter. The intermachine agreement was low: The kappa score
was –0.10 at the spine, 0.2 at the femoral neck, and 0.3 at the trochanter. In conclusion, this study cautions against
the use of nonestablished densitometers that leads to underdiagnosis of patients and, subsequently, to inappropriate
treatment strategies.
Key Words: DXA devices; osteoporosis; underdiagnosis; pencil beam; fan beam.

Introduction

measurements, with variations of up to 15 % (3,4). Differences
in the absolute BMD measured and in the normative databases
used might lead to clinically relevant differences in normality
assignment (5,6) and possibly in some instances to patient
misclassification, thus undermining sound clinical decisionmaking.
The world market share of densitometry machines is
largely dominated by two manufacturers: Hologic QDR4500
(Bedford, MA) and Lunar-General Electric. Both companies
manufacture central DXA machines that have a solid track
record in terms of reproducibility and that have been extensively used in clinical trials. Furthermore, both densitometer
types have incorporated the NHANES database for hip measurements in their software, a particularly important point in
view of the fact that NHANES is considered the database of
choice because it is drawn from a large sample that is population based and that the hip, as opposed to other skeletal sites,
is the site of choice to be used for diagnosis of osteoporosis

Osteoporosis is the commonest metabolic bone disorder,
with fractures incurring substantial morbidity and mortality
(1). Bone mineral density (BMD) is a powerful predictor of
fractures and a pivotal tool in the evaluation of patients at risk
for osteoporosis (2). Dual-energy X-ray absorptiometry (DXA)
is one of the commonest means to measure BMD in the axial
skeleton. Several types of DXA densitometer have been introduced to the market, with variations in the dual energy used
and/or in the algorithm for edge detection between the different commercial systems. This could lead to differences in BMD
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using DXA (7,8). Relatively “new” products on the market are
the Challenger DXA osteodensitometers (Challenger; Diagnostic
Medical System [DMS], Montpellier, France). These densitometers are based on the pencil-beam technology, which is less
expensive than the fan-beam system. Little is known on the
accuracy and precision of measurements performed with these
densitometers, as well as regarding the validation of the normative databases used. Because there are no published data on
the comparison between these types of device with other wellestablished DXA devices used worldwide, information on the
validity of measurements and, therefore, T-score derived from
such measurements using these “new” densitometers is lacking. Therefore, physicians face uncertainties in their daily clinical practice in making decision based on scans performed
with these machines.
The aim of the present study was to compare BMD measurements obtained on the DMS Challenger device to those obtained
on the Hologic 4500A device in terms of tightness of correlation
and patient classification based on BMD-derived T-scores (9).

Arabi et al.
At the Local Community Health Care Center

Materials and Methods

Areal BMD (g/cm2) at the anteroposterior lumbar spine
(L2–L4) and the left femur (femoral neck and trochanter) were
measured by DXA using a Challenger device according to
manufacturer’s recommended procedures (Challenger User
Manual Revision: 05, 2000). T-scores and Z-score were derived
using the databases provided by the manufacturers. No details
regarding the databases were provided in the user’s manual.
The precision of this densitometer as reported in the manual is
±1.5% in vivo (Challenger User Manual Revision: 05, 2000,
p. 188). Because the DMS Challenger devices do not measure
total hip BMD, only the lumbar spine, femoral neck, and
trochanter were used in the analyses. Furthermore, because the
choice of the region of interest might vary between the two
densitometers and the skills of the operator can have an important impact on BMD values, additional comparisons were
implemented on a subset of 22 scans of the spine, selected on
the basis of high image quality of the scans acquired with DMS
Challenger densitometer, where the scan images were the best
and in which the region of interest defined by the two machines
were the most identical (no reanalyses were performed).

Subjects

Statistical Analyses

Fifty-three volunteers were studied. These patients were
referred to our densitometry unit by their physicians after having had their BMD measured on a Challenger device (DMS,
Montpellier, France) at one local community health center.
The BMD at the American University of Beirut Medical Center
was measured on a Hologic 4500A densitometer (Hologic,
Bedford, MA, USA) and was offered at no charge. The
patients and their physicians were provided with a copy of the
BMD scan pictures and report. For each subject, the standing
height was recorded in centimeters, the weight was recorded
in kilograms, and the body mass index (BMI) (kg/m2) was
calculated.
The World Health Organization (WHO) criteria for the definition of osteoporosis was used only in postmenopausal
females. The median interval between two scans was 2.5 wk
(range: 0–8 wk).

All results are expressed as mean ± SD. Differences
between measurements obtained on different machines were
evaluated by a paired t-test. Correlations between variables
were evaluated by Pearson’s correlation. Simple linear regression models were created using BMD measurements obtained
with DMS Challenger machine as a dependent variable and the
BMD measurements obtained with Hologic 4500A as a predictor, and R2 was determined for each model. The 35 postmenopausal women were subdivided into three diagnostic
subgroups according to the T-score obtained with each machine
(T-score > –1: normal; –2.5 < T-score ≤ – 1: osteopenic;
T-score ≤ –2.5: osteoporotic). The differences between two
machines in the proportion of patients assigned to one diagnostic group or another were evaluated using the χ-square test.
p-Values less than 0.05 were considered as statistically significant. Weighted κ statistics were calculated to assess the intermachine agreement in the assigned diagnosis. If the
measurements agree more often than expected by chance, κ is
positive; if concordance is complete, κ = 1; if there is no more
or less than chance concordance, κ = 0, and if the measurements disagree more than expected by chance, kappa is negative. Analyses were carried out using SPSS software, version
10.0 (SPSS, Chicago, IL).

BMD Measurements
Calcium Metabolism and Osteoporosis
Program–American University of Beirut
Areal BMD (g/cm2) at the antero-posterior lumbar spine
(L2–L4) and the left femur (total hip, femoral neck, and
trochanter) were measured by DXA using a Hologic 4500A
device and using software 11.2.3 in the array mode according
to manufacturer’s recommended procedures (Hologic User’s
Manual, 080–0886 Revision C, 2002). T-Scores and Z-scores
were derived using the databases provided by the manufacturers for the spine and the NHANES database for the hip.
The precision of densitometry measurements at our center
based on daily duplicates for the period overlapping the study
was 0.86 ± 0.7% at the lumbar spine (n = 279) and 0.84 ± 0.8%
at the total hip (n = 282). These numbers are comparable to
those we and others have previously published (10–12).
Journal of Clinical Densitometry

Results
The age of the patients was 55.6 ± 11.2 yr. There were 14
premenopausal, 35 postmenopausal women, and 4 men. Their
height was 153 ± 8 cm, weight was 70 ± 14 kg, and BMI was
30 ± 5 kg/m2. Ten patients (19%) had previous history of fracture, 19 (36%) were smokers, 3 postmenopausal women were
on hormone replacement therapy, 10 patients (19%) were on
oral bisphosphonates, and 31 (58%) were on calcium, including 28 patients on vitamin D.
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Table 1
BMD, T-Score, and Z-Score Values Obtained When Patients Had Simultaneous Measurements on a Hologic 4500A
Device and on the DMS Challenger Device

Lumbar spine BMD
Lumbar spine T-score
Lumbar spine Z-score
Femoral neck BMD
Femoral neck T-score
Femoral neck Z-score
Trochanter BMD
Trochanter T-score
Trochanter Z-score

Hologic 4500 A

DMS Challenger

pa

0.837 ± 0.1
–2.2 ± 1.0
–1.0 ± 1.1
0.677 ± 0.1
–1.5 ± 0.8
–0.44 ± 0.8
0.579 ± 0.1
–1.2 ± 0.9
–0.51 ± 0.9

0.939 ± 0.1
–0.78 ± 0.9
–0.05 ± 0.9
0.766 ± 0.1
–0.78 ± 1.0
0.18 ± 1.0
0.678 ± 0.1
–0.66 ± 1.4
0.46 ± 1.5

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Note: Values are mean ± SD.
ap-Value for t-test.

Bone Mineral Density Measurements
The mean BMD values obtained with the DMS Challenger
device were higher by 12% at the spine, 13% at the femoral
neck, and 17% at the trochanter, as compared to values
obtained on the Hologic QDR4500 device. These differences
were statistically significant (p < 0.001) (Table 1). BMD values obtained with the Hologic QDR4500 correlated with BMD
values obtained with the DMS Challenger; the correlation’s coefficients were r = 0.70 at the femoral neck and at the trochanter
and r = 0.83 at the spine (p < 0.001).
When regression analyses were performed, Hologic
QDR4500 BMD measurements were able to predict 70% of the
DMS Challenger BMD measurements at the spine and 50% of
the DMS Challenger BMD measurements at the hip (Fig. 1).

Z-Score, T-Score, and Diagnosis Assignment
At all sites, the mean T-scores and Z-scores derived from
the Hologic QDR4500 device were significantly lower as compared to those obtained with the DMS device (Table 1). The
mean ± SD differences in T-score were 1.4 ± 0.6 at the spine,
0.8 ± 0.7 at the femoral neck, and 0.6 ± 0.9 at the trochanter
(p < 0.001). For the Z-score, the mean ± SD differences were
0.9 ± 0.6, 0.7 ± 0.6, and 1.0 ± 1.0 (p < 0.001) at the spine,
femoral neck, and trochanter, respectively.

discordance in the assigned diagnosis was similar: 16 subjects
(72%) were misclassified by the DMS Challenger device. The
κ score was very low: 0.043.

At the Femoral Neck
T-scores obtained with the Hologic QDR4500 were lower
than those obtained with DMS Challenger device in 43 out of
53 subjects. In the 35 postmenopausal women, the diagnosis of
osteoporosis was assigned to 8 patients (23%) when measured on
the Hologic QDR4500 machine and to 2 patients (6%) when measured on the DMS Challenger (p = 0.006 for difference between
two machines). Overall, there was discordance in the assigned
diagnosis in 18 postmenopausal women (52%) (Fig. 2B). The
intermachine agreement was low: κ score = 0.20.

At the Trochanter
T-scores obtained with Hologic QDR4500 were lower than
that obtained with DMS Challenger device in 36 out of 53 subjects. The diagnosis of osteoporosis was assigned to six subjects (17%) when measured on the Hologic QDR4500 machine
and to only one patient (3%) when measured on the DMS
Challenger densitometer (p = 0.008 for difference between proportions). There was discordance in the assigned diagnosis in 14
postmenopausal women (41%) (Fig. 2C). The intermachine
agreement was low: κ score = 0.3.

At the Lumbar Spine

Discussion

T-scores derived from the Hologic QDR4500 densitometer
were lower than T-scores derived from the DMS device in 48
out of 53 subjects. In the 35 postmenopausal women, 17 women
(50% of all postmenopausal women) were defined as osteoporotic when measured on the Hologic QDR4500 densitometer,
whereas only 2 (6%) were found to be osteoporotic when measured on the DMS device (p = 0.005 for difference between two
machines). Overall, there was discordance in the assigned diagnosis in 28 postmenopausal women (80%) (Fig. 2A). The intermachine agreement was very low: κ score = –0.10.
When the analyses were done on the 22 scans comparable
for the imaging quality and the region of interest, the rate of

This study found a systematic intermachine difference in
bone mineral measurements with T-score inconsistencies both
at the spine and at the hip between the DMS Challenger device
and the Food and Drug Administration (FDA)-approved 4500
DXA device by Hologic. In general, DMS Challenger BMD
measurements underestimated the prevalence of osteoporosis
at clinically important skeletal sites in patients referred for
evaluation for osteoporosis.
Dual-energy X-ray absorptiometry is the state-of-art technique for measurement of BMD, DXA devices from the major
manufacturers have good accuracy and precision. Differences
in X-ray production and edge detection algorithms might cause
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Fig. 1. Simple linear regression with 95% mean prediction
interval. The BMD was obtained with Hologic as a predictor
and the BMD was obtained with DMS Challenger as a dependent variable. At the lumbar spine, Challenger BMD = 0.16 +
0.93 × Hologic BMD, R2 = 0.70: (A); at the femoral neck,
Challenger BMD = 0.17 + 0.88 × Hologic BMD, R2 =0.50: (B);
and at the trochanter, Challenger BMD = 0.08 + 1.04 × Hologic
BMD, R2 = 0.50 (C).
differences between machines in areas measured and in the values obtained for bone mineral (13,14). These differences vary
according to the machines compared and to the skeletal sites,
Journal of Clinical Densitometry
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and they might be as high as 15% (4,5). In the present study,
BMD values obtained with the QDR 4500 were lower than
those obtained with the DMS Challenger at the spine, femoral
neck, and trochanter by 12% to 17%.
More importantly, although the correlations between
BMD values obtained with the Hologic QDR4500 and DMS
Challenger devices in the current study were significant, they
were quite suboptimal and not as close to linearity as those
obtained with other machines (15–18). Indeed, the coefficients
of correlations obtained in the current study (0.83 at the spine
and 0.70 at the hip) were substantially lower than those
reported by comparing BMD measurements obtained on Lunar
and Hologic densitometers: r = 0.98 at the spine, r = 0.94 at the
femoral neck, and r = 0.97 at the trochanter (15). Similarly
higher coefficients of correlations were reported comparing
measurements obtained on two Hologic devices (r = 0.99 at
the spine and r = 0.97 at the hip [16]) or comparing Hologic
densitometers, Lunar and Norland by pairs (r = 0.98 at the
spine, 0.92–0.95 at the femoral neck, and 0.89–0.93 at the
trochanter [17]). We did not confirm the same r values
reported in a previous study posted on the Internet, comparing measurements obtained on DMS Challenger and Hologic
QDR4500 devices and showing coefficients of correlations
of 0.88 at the spine, 0.93 at the femoral neck, and 0.94 at the
trochanter (19). The weak correlation between BMD measurements obtained on the two devices in this study can be
related to one or more reasons: the defective accuracy and/or
weak precision of one or both machines or to the skills of the
operator. Whereas the accuracy of Hologic devices has been
well established and these machines were used in major multicenter clinical trials assessing bone density and fracture risk
(20–23), nothing was published regarding the accuracy of the
DMS Challenger device and, to our knowledge, this machine
has not been approved by the FDA and has not been used in
clinical trials. The Hologic 4500A device used in the current
study had an excellent precision, well below 1%, and was
comparable to equivalent estimates in the literature (10–12).
The region of interest (ROI) at the hip and, to a much lesser
extent, at the spine is subject to manufacturer-specific definition (5,17). The skills of the operator, the image quality, and
the determination of the ROI all affect the results and play
major roles in the accuracy of measurements. However, even
at the spine and with the best scan images where the location
and size of the ROI did not differ, 72% of patients were still
misdiagnosed using the DMS Challenger device. Moreover,
we have previously reported, as a part of multicenter study,
cross-calibration data on 45 women having simultaneously
BMD measurements on Hologic 2000, Hologic 4500W, or
Lunar DPX-L at all skeletal sites, performed by three different technicians, at three centers in Beirut; the correlations
among the three measurements obtained on the three
machines were much higher than those found in the current
study: r = 0.97 vs r = 0.83 at the spine and r = 0.90 vs 0.70
at the hip (24). Therefore, it is unlikely that the weak correlation between BMD measurements obtained on the two different machines was solely the result of the issue of
technician skills. Rather, it seemed in large part to be related
Volume 8, 2005
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Fig. 2. (A) Plot of the lumbar spine T-score values derived
from BMD obtained on a Food and Drug Administration (FDA)approved device (Hologic) compared with T-score values
derived from BMD measurements obtained a nonapproved
DXA device (DMS Challenger). The x- and y-axes were
divided into three zones as determined by the WHO cutoff
for osteoporosis and osteopenia. The shaded areas represent
the area of agreement between the two different machines.
■: T-score in premenopausal women and men: ▲: T-score
in postmenopausal women. (B) Plot of the femoral neck Tscore values derived from BMD measurements obtained on an
FDA-approved device (Hologic) compared with T-score values derived from BMD measurements obtained a nonapproved DXA device (DMS Challenger). The x- and y-axis
were divided into three zones as determined by the WHO
cutoff for osteoporosis and osteopenia. The shaded areas represent the area of agreement between the two different
machines. ■: T-score in premenopausal women and men; ▲:
T-score in postmenopausal women. (C) Plot of the trochanter Tscore values derived from BMD measurements obtained on an
Journal of Clinical Densitometry
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to the low ability of the machine to accurately detect bone
edges and to differentiate bone and soft tissue in order to
derive accurate BMD and T-score measurements.
Because patient’s results are compared to normative databases that are different between machines, it is expected to find
differences in T-scores. Hologic uses the NHANES database at
the hip. This is considered the database of choice because it is
drawn from a large sample (25). We did not find any information in the DMS Challenger manual about the database incorporated in the DMS device. Faulkner et al. (6) showed a
difference of 0.1 SD at the spine and 0.9 SD at the hip when
measurements obtained on Hologic and Lunar devices were
compared to the manufacturer’s databases. These differences
resulted in disagreement in the patient’s classification in 7% of
cases at the spine and in 29 % at the femoral neck, as opposed
to 80 and 52%, respectively, in the current study.
Although the DMS Challenger device tended to underestimate the prevalence of osteoporosis in general, the discordance in the patient’s classification was not systematic
throughout the entire study population, as indicated from the
scatter plots of the intermachine comparisons (Fig. 2).
QDR-4500 devices use fan-array system and DMS
Challenger devices use a pencil-beam system. The pencilbeam scanners employ a narrow X-ray beam that moves in a
rectilinear pattern with the detector. The fan-beam scanners
utilize an array of detectors and a fan-shaped beam enabling
the simultaneous acquisitions of data across an entire scan
line. Scan times are reduced to as short as 10 s for the lumbar
spine and image resolution is enhanced with the fan-array
scanner, which allows definition of intervertebral spaces and
bone edges, correct ROI placement, and better identification of
artifacts that might affect BMD measurements (26,27). Studies
showed an unavoidable difference between pencil-beam and
fan-array scans (16,27–29), because there is magnification of
the images obtained with fan-array densitometers that affects
area, bone mineral content, and, to a lesser extent, BMD data.
However, although these differences should be kept in mind
when a patient presents with baseline and follow-up scans
done on two different machines, the mean differences from
duplicate scans obtained simultaneously using a pencil-beam
densitometer and a fan-beam densitometer are less than those
anticipated from precision measurements using the same
machine (16,27–29). This is in contradiction with what we
found in the present study, where the difference led to misclassification of up to 80% of patients. This could have serious
implications on the management of patients, especially those
at high risk for fracture.

Fig. 2. (Continued) FDA-approved device (Hologic) compared
with T-score values derived from BMD measurements obtained
a non-approved DXA device (DMS Challenger). The x- and yaxis were divided into three zones as determined by the WHO
cutoff for osteoporosis and osteopenia. The shaded areas represent the area of agreement between the two different machines.
▲: T-score in premenopausal women and men; ▲: T-score in
postmenopausal women.
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Conclusion
In conclusion, a high proportion of patients having their
BMD measured on a DMS Challenger osteodensitometer were
assigned falsely high T-scores and missed the appropriate
diagnosis of osteoporosis. Such densitometers are becoming
widely used. Therefore, if not recognized, this underdiagnosis
will have major impact on the management of osteoporosis.
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