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Abstract

Dual energy X-ray absorptiometry (DXA) measurements from different manufacturers provide different bone min-
eral density (BMD) values and derived T-scores and Z-scores. These differences result partly from technical differences
in the algorithms for the determination of bone mineral content and bone area and partly from the use of different man-
ufacturer-derived reference databases. The present study was to implement a uniform expression of BMD in all male
patients by using standardized BMD (sBMD) values and referring to a newly established national male reference sample.
In 8 bone densitometry centers throughout Belgium 229 young healthy men were measured on Hologic (Bedford, MA)
or GE-Lunar (Madison, WI) bone densitometers. Quality control procedures were implemented and site cross-calibra-
tion performed using the European Spine Phantom. Absolute BMD values were converted to standardized values by
validated formulas (sBMD). Clinically acceptable between-center differences were noted. No discrepancy was observed
in terms of mean sBMD and standard deviations at the lumbar spine and proximal femur between the Belgian and the US
reference populations. Region-specific sBMD thresholds for the diagnosis of male osteoporosis were calculated. The
current data provide a basis to implement a nation-wide, uniform expression of BMD in male patients and allow
harmonization of the BMD-based diagnosis and treatment of osteoporosis in men.
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Introduction

Male osteoporosis and osteoporosis-related fragility frac-
tures are increasingly being recognized as an important
medical condition (1e3). Approximately 1 in 5 men is af-
fected, with about 1 in every 4 or 5 hip fractures occurring
in men. The total direct costs associated with male osteopo-
rosis have been estimated at some $ 40 billion (over V 30
billion) (4). As in women, fragility fractures in men are as-
sociated with significant morbidity, functional consequences,
and mortality. Excess mortality in men with osteoporosis is
even higher than in women (5). Although male osteoporosis
has been studied less extensively than postmenopausal oste-
oporosis, recent prospective data have confirmed that,
among other factors, low bone mineral density (BMD), as
assessed by dual energy X-ray absorptiometry (DXA), is
predictive of future fracture risk in both sexes (6e8). In
this regard, DXA should be an integral part of any fracture
risk assessment in men. Recently, the International Society
of Clinical Densitometry (ISCD) published a position paper
on the use of DXA in men (9), recommending a central di-
agnostic role for DXA. In men over the age of 65 yr, the
ISCD considered a DXA T-score below �2.5 (based on
a male reference database) to be sufficient to allow the diag-
nosis of osteoporosis. In those under the age of 65 yr, addi-
tional risk factors for fracture should be taken into account
(10,11).

One of the main problems with DXA values obtained on
different devices is that these cannot be directly compared.
The absolute values (g/cm2) obtained on equipments from
Hologic or Lunar are different, because of differences in cal-
ibration and bone-edge detection algorithms, and from these
absolute values, T-scores will be calculated using different
manufacturer-derived databases. To avoid these inconsis-
tencies and to provide a uniform basis for patient assessment
in Belgium, the Belgian Bone Club (BBC)dthe Belgian na-
tional osteoporosis societydrecently implemented a uniform
expression of BMD in Belgian postmenopausal patients, by
converting each manufacturer’s absolute BMD to standard-
ized BMD (sBMD) values and by establishing 1 single na-
tional reference range (12). In the current study, we pursued
a similar approach in men, to establish uniform thresholds
for the diagnosis of male osteoporosis.

Materials and Methods

Study Subjects

A total of 229 healthy young-adult men were enrolled in 8
different clinical bone densitometry centers across Belgium.
All participants had to be healthy Caucasians, between 20
and 37 years of age, and provided informed consent. They
were recruited partially by a population-based approach in
university hospital driven studies (n 5 100) and partially
from hospital employees, family members, or sporadic volun-
teers if no population-based programs were available
(n 5 129). To ensure a normal ‘‘health status,’’ the following
exclusion criteria were applied: (1) a history of medical
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conditions known to affect BMD (including diabetes mellitus,
hyperthyroidism, hyperparathyroidism, immobilization, rheu-
matoid arthritis, osteomalacia, gastrectomy, intestinal resec-
tion, celiac disease, anorexia nervosa, and hypogonadism),
(2) any current or prior use of drugs known to affect bone me-
tabolism (including glucocorticoids, bisphosphonates, and
thyroxine), and (3) a body mass index (BMI) exceeding
38 kg/m2. Date of birth, standing height, and weight were
recorded.

BMD Measurements

BMD values (g/cm2) were measured by DXA at the lumbar
spine (ROIs: L2eL4 and L1eL4) and the proximal femur
(regions of interest: femoral neck and total hip region), using
devices from Hologic or GE-Lunar. In 139 men (recruited in 3
centers), BMD was measured with Hologic fan-beam scanners
(2 QDR 4500As and 1 Delphi), whereas Lunar scanners were
used to assess BMD in 90 men from 5 different centers (4
pencil-beam: 2 DPX-Ls, 2 DPX-NTs, and 1 fan-beam scanner:
Prodigy). Posteroanterior lumbar spine and hip BMD were
measured using standard procedures specified by each manu-
facturer for scanning and analysis. All machines were
calibrated by the individual manufacturers and quality con-
trols performed according to their standards, as described in
the respective manuals of standard operating procedures. In-
tersite calibration differences were measured by 10 repeat
measurements of a European spine phantom (ESP026;
QRM, Erlangen, Germany). The in vitro coefficient of varia-
tion (CV) of the BMD was !1% on Hologic and !2% on
Lunar devices.

Calculation of sBMD

Standardized BMDs were calculated using previously
established cross-calibration equations (13e17), providing
results in internationally accepted utilization units. To
discriminate the manufacturer-specific BMD values from
the sBMD values, the former values, by convention, were ex-
pressed in grams per square centimeter and the latter in milli-
grams per square centimeter. The formulas are given in
Appendix C. These formulas resulted from regression analy-
ses expressing the best fit between devices specific absolute
BMD values in human studies confirmed by in vitro phantom
measurements.

The Belgian reference sample was compared to well ac-
cepted US standards. For the lumbar spine (L2eL4/
L1eL4), BMD reference values provided by the manufac-
turer (18,19) and for the proximal femur values (total and
femoral neck), the updated data from the NHANES III survey
(20) were used.

Statistical Analysis

All data were expressed as mean� SD. Mean BMD values
and thresholds were compared using Student’s t-test. All sta-
tistical tests were 2-sided and comparisons were considered
significant at a p value of 0.05 or less.
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Results

The mean values and %CV of the repeated ESP assess-
ments (area, bone mineral content [BMC], and BMD) are pre-
sented in Table 1. Standardization of the device-specific BMD
to sBMD values markedly reduced the range of the intersite
variability. The global CVs, calculated from all site phantom
measurements were 6.2% and 1.7%, respectively. The median
age (yr) of the study population (n 5 229) (28.4; P25eP75:
Journal of Clinical Densitometry
25.0e31.7). Other baseline characteristics (mean� SD)
were as follows: height (cm) (180.5� 6.8), weight (kg)
(76.5� 11.2), and BMI (kg/m2) (23.5� 3.0).

The BMD and sBMD values for the study population are
presented in Fig. 1, and Tables 2 and 3 for the lumbar spine
(L2eL4 and L1eL4, respectively) and in Table 4 for the total
hip and femoral neck region. The Belgian peak bone mass
values, including mean values� standard deviations (SDs),
were not significantly different from the US reference values
Table 1
Bone Mineral Assessments on European Spine Phantom (ESP026) by Study Centers

Location
Area L2eL4

(cm2)
BMC L2eL4

(g)
BMD L2eL4

(g/cm2)
sBMDa

(mg/cm2)
sBMDb

(mg/cm2)

Study Center
Lunar 1 DPX-L

Mean 27.61 30.45 1.102 1050 1046
%CV 0.8 0.9 0.6 0.6 0.6

Lunar 2 DPX-NT
Mean 27.97 30.43 1.087 1035 1031
%CV 0.7 0.6 0.7 0.7 0.7

Lunar 3 Prodigy
Mean 28.17 30.83 1.094 1042 1038
%CV 0.2 0.5 0.4 0.4 0.5

Lunar 4 DPX
Mean 26.71 30.28 1.134 1082 1076
%CV 0.8 0.7 0.7 0.7 0.7

Lunar 5 DPX-NT
Mean 27.87 29.84 1.071 1020 1015
%CV 0.8 0.5 0.6 0.6 0.6

Hologic 1 QDR4500
Mean 29.57 28.62 0.968 1041 1039
%CV 0.8 1.1 0.8 0.8 0.8

Hologic 2 QDR4500
Mean 29.50 28.36 0.961 1034 1032
%CV 1.0 0.8 0.4 0.4 0.4

Hologic 3 Delphi
Mean 29.29 28.34 0.971 1044 1042
%CV 1.2 1.1 0.6 0.6 0.6

Manufacturer
Lunar

Mean 27.67 30.36 1.098 1045 1041
%CV 2.0 1.23 2.0 2.0 2.1

Hologic
Mean 29.43 28.41 0.965 1038 1035
%CV 1.1 1.1 0.6 0.6 0.6

Globalc

Mean 28.25 29.71 1.046 1041 1038
%CV 3.4 3.3 6.2 1.7 1.7

Site- and device-specific values are means of 10 assessment of ESP026.
asBMD calculation according to the formula reported in Ref. (13).
bsBMD calculation according to the formula reported in Ref. (14).
cGlobal reports the data for all site phantom measurements pooled together.
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(18e20). Only the lumbar spine BMD values of the Hologic
subpopulation were slightly but statistically significantly
lower in the Belgian male sample (n 5 139).

According to the formula of Genant et al. (13), sBMD
(based on Hologic and Lunar values) at the lumbar spine
(L2eL4) was 1165� 114 mg/cm2 in the BBC reference
young sample and 1190� 116 mg/cm2 in the US reference
young population, respectively (NS). When calculated ac-
cording to the formula of Hui et al. (14), the corresponding
values of sBMD at the lumbar spine (L2eL4) were
1162� 122 mg/cm2 and 1187� 116 mg/cm2 for the Belgian
and US reference populations, respectively (NS). Similarly,
the values of sBMD at L1eL4 region were not different in
the Belgian sample and US population (Table 3).

At the total hip (Hologic and GE-Lunar based), sBMD
values according to the formula of Hanson (15) were
1051� 128 mg/cm2 and 1042� 127 mg/cm2 in the BBC
and US reference populations, respectively (NS). When using
the formula of Lu et al. (16), sBMD values were
1052� 140 mg/cm2 and 1040� 138 mg/cm2, respectively,
again not statistically different between the 2 populations.

Using similar WHO criteria as previously published for
women (1) and in line with a recent ISCD position statement
(9), thresholds were calculated to define sBMD values of 1
and 2.5 SD below the average male peak bone density, respec-
tively. Both at the lumbar spine and the total hip, thresholds
based on the BBC and the US normal values were similar
(Table 5). At the hip, standardization is complicated because
femoral neck BMD is measured by different manufacturer-
specific algorithms (Table 4). The femoral neck BMD stan-
dardization would have to be based on a cross-calibration.
This does not offer full statistical guarantees and the agree-
ment coefficient kappa will be weak (17). If we accept small
discrepancies, the values for the femoral neck can be ex-
pressed according to the formulas of Lu et al. (16) and/or
Simmons et al. (17) to normalize femoral neck BMD. The
standardized mean� SD and threshold values for the femoral
neck are summarized in Table 5. The values are not statisti-
cally or clinically different between the calculations derived
from the BBC or US reference data set.

Overall, 5 men (2.1%) had a BMD T-score lower than
�2.5 at the spine (L2eL4), compared to 4 (1.7%) men after
standardization. The corresponding numbers for L1eL4 are 3
and 1, respectively. Similarly, standardization induced no sig-
nificant shift in diagnostic category when assessing BMD at
the total hip (2/1) or femoral neck (0/1) region.

Discussion

There has been great interest in standardizing BMD
values, to allow a formal comparison between values obtained
on devices from different manufacturers (20) in different
countries. A lack of standardization has resulted in differ-
ences in reported young normal SD scores or T-scores be-
tween Hologic, Lunar, and Norland systems (21e23). In the
context of this study, differences of up to 5.6% were observed
Journal of Clinical Densitometry
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Table 3
Lumbar Spine (L1eL4) BMD and sBMD Values (mean� SD) of Healthy Young Males (n 5 229) Accordin

Manufacturer

L1eL4 BMD (g/cm2)

Difference
p

L1eL4 sBMD (mg/cm2) according
to Genant et al. (13)

Difference
p

L1eL4 sB
to

Belgian
reference

population
(BBC)

US reference
population

Belgian
reference

population
(BBC)

US reference
population

Belgian
referenc

populatio
(BBC)

Hologic 1.046� 0.104 1.091� 0.110 0.001 1139� 114 1173� 118 0.001 1122� 11
Lunar 1.216� 0.119 1.220� 0.120 NS 1158� 114 1162� 114 NS 1156� 11
Global d d d 1149� 114 1168� 116 NS 1139� 11

Abbr: sBMD, standardized BMD (see Appendix C); NS, not significant.
p Values from Student’s t-test (significance level at p ! 0.05).

Table 4
Total Hip and Femoral Neck BMD and sBMD Values (mean� SD) of Healthy Young Males (n 5 229) Accor

Manufacturer

BMD (g/cm2)

Difference
p

sBMD (mg/cm2) according
to Hanson (15)

Difference
p

sBMD
t

Belgian
reference

population
(BBC)

US reference
population

Belgian
reference

population
(BBC)

US reference
population

Belgia
referenc

populati
(BBC)

Total hip
Hologic 1.026� 0.149 1.033� 0.151 NS 1040� 127 1047� 158 NS 1040� 1
Lunar 1.122� 0.134 1.090� 0.130 NS 1067� 129 1036� 124 NS 1064� 1
Global d d d 1051� 128 1042� 127 NS 1052� 1

Femoral neck Ref (16) Ref (16) Ref (17
Hologic 0.892� 0.130 0.930� 0.136 NS 987� 144 1029� 150 NS 1008� 1
Lunar 1.100� 0.131 1.090� 0.130 NS 978� 120 998� 119 NS 1020� 8
Global d d d 997� 132 1014� 135 NS 999� 1

Abbr: sBMD, standardized BMD (see Appendix C); NS, not significant.
p Values from Student’s t-test (significance level at p ! 0.05).
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30 Goemaere et al.
between crude mean BMD values obtained on a single ESP
circulated among the participating DXA centers (Table 1).

To partly address these inconsistencies, the International
Committee for Standards in Bone Measurement developed
formulas for the conversion of manufacturer-derived absolute
BMD values (expressed in g/cm2) into sBMD values (ex-
pressed in mg/cm2) (13e17). Compared to the ESP driven
standardization method, as developed by the Committee
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Fig. 1. Region-specific BMD values (g/cm2) in healthy
young men (n 5 229) in relation to age. (A) L2eL4, (B) fem-
oral neck, (C) total hip.
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d’Actions ConcertedBioMedical Engineering (COMAC-
BMC) (24), these formulas are generated by the International
Committee for Standards in DXA following a study with
more than 100 subjects and are considered as the preferred
method. Although these formulas were generated from a study
of females, a realistic assumption in the present study was that
these also applied for men, as no published male standardiza-
tion formulas exist. After conversion to sBMD values, the in-
tersite variability in ESP data was reduced to less than 2%
(Table 1).

Various European studies have provided evidence to sug-
gest that the use of US reference ranges (as opposed to local
reference values) might have a significant impact on the prev-
alence of osteopenia or osteoporosis (25,26). To provide a uni-
form basis for the diagnosis of male osteoporosis we
established, although with a limited number, a national
male reference sample, similar to what we did in women
(12). A single, nation-wide reference sample avoids the in-
consistencies that result from the use of different, manufac-
turer-derived reference populations and from the use of
different statistical approaches to derive T-scores from these
reference values (21). Overall, our findings in men showed
similar peak BMD values and SDs in the Belgian young
adults compared to the US reference population, both on
Hologic and GE-Lunar, with the exception of Hologic lumbar
BMD. The isolated lower (s)BMD values at L2eL4 and
L1eL4 on the Belgian fan-beam Hologic densitometers com-
pared to those on the more ancient US pencil-beam Hologic
(respectively, 4.5% and 3.0%) may be most probably due to
true population differences, as firstly in Hologic’s database
the reference populations for the spine and proximal femur
BMD are different and secondly well established fan-beam
vs pencil-beam cross-calibration studies usually report differ-
ences less than 2% (27,28). Finally, the pertaining small dif-
ference (respectively, 2.1% and 1.6%) between the global
Belgian and US device independent sBMD mean values is
considered not to be of major clinical relevance.

The ultimate goal of the BBC’s efforts in women (12) andd
as reported heredin men, is to develop a national framework
for diagnosing osteoporosis and its treatment. In Belgium, as
in many other European countries, antiresorptive agents such
as bisphosphonates or selective estrogen receptor modulators
(SERMs) are primarily used in postmenopausal patients with
DXA-documented osteoporosis (unless they have already
suffered vertebral fractures). Mainly, the T-score concept
(expressing the patients’ results as the number of SD for the
sex-specific peak bone mass) has been accepted for the diag-
nostic categorization and later on proposed for treatment
guideline, and/or reimbursement as provided by multiple clin-
ical trials. Recent evidence supports the concept that agents
such as alendronate (29), risedronate (30), and teriparatide
(31) are likely to reduce fracture risk to a similar extent in
both sexes.

By calculating sBMD values and by providing national
reference values, osteoporosis can be uniformly diagnosed
across different centers using different devices, provided
that strict quality control measures are implemented.
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Lumbar Spine, Total Hip, and Neck

Difference p

Difference
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NS NS NS
NS NS NS
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T- NS NS NS
T- NS NS NS
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T- NS NS NS
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Table 5
Standardized BBC Thresholds for Osteopenia (T-Score !�1), Osteoporosis (T-Score !�2.5) at the

sBMD (mg/cm2) sBMD (mg/cm2)

Based on BBC reference date

Difference p

Based on US reference date

tion
Genant

et al. (13) Hui et al. (14)
Genant

et al. (13) Hui et al. (14)

bar spine
eL4
T-score �1.0 1051 1050 NS 1074 1071
T-score �2.5 880 882 NS 900 897

eL4
T-score �1.0 1035 1026 NS 1052 1049
T-score �2.5 864 857 NS 878 875

Hanson (15) Lu et al. (16) Hanson (15) Lu et al. (16)
l hip
score �1.0 923 912 NS 915 902
score �2.5 731 703 NS 724 695

Lu et al. (16)
Simmons
et al. (17) Lu et al. (16) Simmons et al. (17)

oral neck
score �1.0 865 866 NS 879 866
score �2.5 667 667 NS 677 644

bbr: sBMD, standardized BMD (see Appendix C); NS, not significant.
Values from Student’s t-test (significance level at p ! 0.05).
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Introducing a more standardized approach may facilitate the
diagnosis and treatment of male osteoporosis. In line with rec-
ommendations from the IOF (32), the NOF (33), and the
ISCD (10)dthe most rational approach is a selection of indi-
viduals for bone densitometry on the basis of age and other
clinical risk factors.

Limitations of the present male study are the relatively
small sample size, the nonuniform criteria for their recruit-
ment, and the absence of Norland densitometer sites able to
participate and recruit a valuable number of healthy male vol-
unteers.

We conclude that it is possible to implement a nation-wide,
uniform expression of BMD and to harmonize the DXA-
based diagnosis of osteoporosis and the drug therapy in
women and men with osteoporosis.
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Appendix C. Formulas Used to Standardize
the BMD Values

Lumbar spine sBMD (mg/cm2)
Genant et al. (13)

Hologic: LS BMD 5 (1.0755� BMDH)� 1000
Lunar: LS BMD 5 (0.9522� BMDL)� 1000

Hui et al. (14)
Hologic: LS BMD 5 [1.0550(BMDH� 0.972)

þ 1.0436]� 1000
Lunar: LS BMD 5 [0.9683(BMDL� 1.100)

þ 1.0436]� 1000

Total hip sBMD (mg/cm2)
Hanson et al (15)

Hologic: TH sBMD 5 1008� BMDHþ 6
Lunar: TH sBMD 5 979� BMDL� 31

Lu et al. (16)
Hologic: TH sBMD 5 [0.006þ (1.008� BMDH)]� 1000
Lunar: TH sBMD 5 [�0.031þ (0.979� BMDL)]� 1000

Femoral neck sBMD (mg/cm2)
Lu et al. (16)

Hologic: FN sBMD 5 [0.019þ (1.087�BMDH)]� 1000
Lunar: FN sBMD 5 [�0.023þ (0.939� BMDL)]� 1000

Simmons et al. (17)
Hologic: FN sBMD 5 [(1.031� BMDH)þ 0.058]� 1000
Lunar: FN sBMD 5 [(0.961� BMDL)� 0.037]� 1000
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