
Bone Density Reduction in Various Measurement Sites in Men and
Women with Osteoporotic Fractures of Spine and Hip: The European
Quantitation of Osteoporosis Study
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Abstract. We have measured bone mineral density (BMD)
using dual X-ray absorptiometry (DXA) of the spine and
hip, spinal quantitative computed tomography (QCTspi),
and peripheral radial quantitative computed tomography
(pQCTrad) in 334 spine and 51 hip fracture patients. The
standardized hip and spine BMD for each patient was cal-
culated and compared with the combined reference ranges
published previously, each densitometer having been cross-
calibrated with the prototype European Spine Phantom
(ESPp) or the European Forearm Phantom (EFP).

Male and female fracture cases had similar BMD values
after adjusting for body size, where appropriate. This sug-
gests that the relationship between bone density (mass per
unit volume) and fracture risk is similar between men and
women. However, compared with age-matched controls,
mean decreases in BMD ranged from 0.78 SD units (women
with hip fracture, DXAspi) to 2.57 SD units (men with spine
fractures, QCTspi).

The proportion of spine and hip fracture patients falling
below the cutoff for osteoporosis (T-score <−2.5 SD) pro-
posed by the World Health Organization (WHO) study
group varied according to different BMD measurement pro-
cedures (range 18–94%). This finding suggests that the
WHO definition requires different thresholds when used
with non-DXA BMD measurement techniques.

Receiver operator characteristic (ROC) analysis was
used to compare measurement techniques for their ability to

discriminate between cases and controls. Among DXA
sites, the proximal femur was preferred when evaluating
generalized bone loss, particularly in elderly people. An
additional spinal BMD measurement may add clinical value
if spine fracture risk assessment has a high priority. Both
axial and peripheral QCT techniques performed comparably
to DXA in spinal osteoporosis, so investigators and clini-
cians may use any of the three technologies with similar
degrees of confidence for the diagnosis of generalized or
site-specific bone loss providing straightforward clinical
guidelines are followed.

Key words: Dual X-ray absorptiometry — Quantitative
computed tomography — Hip fracture — Spine fracture —
Osteoporosis—Normal ranges.

Prospective studies have suggested that bone mineral den-
sity (BMD) is an important predictor of fracture [1, 2].
Furthermore, several studies have suggested that densitom-
etry of a potential fracture site should provide the most
accurate estimate of the risk of future fracture [3, 4]. The
risk of a fracture is further increased independently after an
osteoporotic fracture [5, 6]; however, the risk of a second
fracture is critically dependent on BMD as well [7]. In order
to offer a prognosis or to assess the effectiveness of treat-
ments aimed at secondary fracture prevention, it is therefore
important to know the degree of reduction in bone mass in
patients who have already suffered a hip or a spine fracture.
Whether it is necessary to measure both spine and hip for
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prediction of the first fracture in an elderly population has
been challenged [8]. It is not clear whether this holds for
subsequent fractures in patients who have already suffered a
fracture.

It seemed possible that there may be differences in BMD
between male and female fracture patients as there are be-
tween normal men and women over the age of 50. Studies
including both spine and hip fracture patients, enabling the
comparison of BMD differences between the fracture
groups, are scarce, as are previous comparisons of bone
density in male as well as female patients with osteoporosis.
Centers participating in the EU Concerted Action ‘‘Quan-
titative Assessment of Osteoporosis’’ (QAO) collected
BMD data from spine and hip fracture patients with the aim
of assembling a large database on cases of established os-
teoporosis in both sexes. The further aims were to develop
guidelines relating to choice of measurement site and to
assess the degree of reduction in BMD to be expected in
different measurement sites in patients presenting with
spine and hip fractures. The study design enabled us to
compare the performance of trabecular and integral bone
measurement techniques in cases presenting to specialist
clinics in different European countries. Our observations are
also relevant to the interpretation of the WHO study group
guidelines on the diagnosis of established osteoporosis in
these two fracture groups [9, 10].

Subjects and Methods

Patients

In the course of the QAO Concerted Action, investigators in 13
centers recruited patients referred by their family practitioners for
specialist clinical assessment of suspected vertebral osteoporosis.
In still another center (Berlin) subjects with radiologically defined
vertebral deformities were recruited from a population-based epi-
demiological study, the European Vertebral Osteoporosis Study
(EVOS) [11]. Two hundred and ninety-four acceptable dual-X-ray
absorptiometry (DXA) records were obtained from spine fracture
patients and in addition, six centers collected data from 51 hip
fracture patients treated in their own centers. Seven centers pro-
vided 122 acceptable spinal quantitative computed tomography
(QCT) records and five centers provided 97 acceptable peripheral
QCT (pQCT) records from the spine fracture patients. Finally,
three centers obtained five spinal QCT results and two centers
provided fourteen radial pQCT results from hip fracture patients.
For the purposes of the study, spinal osteoporosis was defined by
the presence of a 20% or greater deformation of at least one ver-
tebra, with no evidence of old epiphysitis as defined by Eastell et
al. [12]. The spine fracture group included 14 patients with long-
term corticosteroid treatment and three patients with thyroid ex-
cess. Otherwise they were classified as having osteoporosis due to
sex hormone deficiency or primary osteoporosis.

No exclusion criteria, except local bone disease (e.g., invasive
cancer, Paget’s disease), were used in the recruitment of the hip
fracture patients, who were normal referrals to participating hos-
pitals. All hip fracture patients were measured postoperatively (3–
14 days) before their discharge from the hospital. Owing to the
modest number of hip fracture patients, no attempt was made to
subdivide them into femoral neck and trochanteric fracture groups.
Because of old age, many hip fracture patients had several chronic
diseases typical of the elderly. There was no requirement that the
hip fracture cases have radiological investigation of the spine to
identify the presence of spine fractures and there was no overlap
between the hip and spine fracture cases.

Measurement Procedures and Reference Ranges

Each center measured its subjects and patients using the proce-

dures recommended by the individual DXA (Hologic, Lunar, Nor-
land), QCT (IGE, Elscint, Siemens), and pQCT (Densiscan,
Stratec) manufacturers and set out in their operations manuals.
Table 1 shows the densitometers used in the study. Generally, for
the lumbar spine, L2–L4 were measured and the results were av-
eraged. In cases where there was one or more fractured lumbar
vertebrae, results for the remaining unfractured vertebrae were
analyzed. In hip fracture cases the contralateral proximal femur
was measured. In previous work we have described how we cal-
culated standardized densities from measured densities using the
results from DXA equipment made by three different manufactur-
ers [13]. We then presented the results from normal subjects of
various ages for the hip [14] and spine [15].

In the same way, the standardized hip and spine densities for
each patient were calculated and compared with the combined
reference ranges published previously.

Analogous procedures, including standardization with the ESP
prototype phantom or the European Forearm Phantom (EFP), were
adopted for calculating standardized densities from measured den-
sities with the radial pQCT [16, 17] and spinal QCT data [13]. The
normal data for spinal QCT are presented in this paper. QCT
techniques used in this study have been described in previous
publications [13, 16, 17].

Normal Ranges for Spinal QCT Measurements

Normal men and women were recruited to obtain normal reference
ranges for subjects between 20 and 80 years of age. After exclud-
ing 63 women who reported diseases or treatments that may affect
bone metabolism, as was done for our DXA normal ranges [15],
128 normal women aged 22–80 were included. They were mea-
sured on IGE, Siemens and Elscint machines which were stan-
dardized with the ESP prototype as previously described. Simi-
larly, 68 men aged 26–81 years were available (after 9 exclusions)
for generating normal range in men. The statistical procedures for
establishing the normal range included tests for between-center
differences and normality of distribution about regressions against
age. For women, separate analyses were carried out for the whole
data and for the postmenopausal women, with years since meno-
pause as the independent variate. There was no significant skew-
ness in the distribution of the residuals in the regressions and no
significant tendency for variability to increase with age (P > 0.4),
so the results are presented as simple linear regressions. The data
used to generate Z-scores for the women patients were obtained
from the regression equation relating bone density to age for all
women.

Statistical Analysis

The BMD results are presented as both means with 95% confi-

Table 1. Densitometers used in the study and the number
of centers

DXA densitometers
Hologic QDR-1000 3
Hologic QDR-1000W 3
Hologic QDR-2000
Lunar DPX 5
Lunar DPX-L 2
Norland XR26 2

QCT densitometers
IGE 9000-series 3
Elscint 1
Siemens 4

pQCT densitometers
Densiscan 1
Stratec 4
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dence intervals and as T- and Z-scores relative to the combined
European reference ranges for each sex presented in previous pub-
lications [14, 15, 17]. The Z-score shows the patient’s result as a
difference from the mean of the age-matched controls divided by
the standard deviation among these controls. The T-score refers to
the peak bone mass of the young normal adults (20–40 years) and
is calculated similarly to the Z-scores. Since the BMD values in the
fracture groups were not always normally distributed, we chose the
Mann-Whitney U-test to analyze the differences between the frac-
ture groups and sexes. Analysis of covariance (weight and height
as covariates) was used to test sex differences in BMD values. The
between-center differences in BMD values were expressed as co-
efficients of variation (%CV). The proportions of fracture patients
demonstrating T-scores equal to or lower than −2.5, which is the
definition of severe osteoporosis in women according to the WHO
study group [9], were calculated.

To investigate retrospectively the ability of the various mea-
sures of bone density to identify cases of fracture, nonparametric
receiver operating characteristic curves (ROC) were produced
[18]. The area under a ROC curve represents the probability that,
given a randomly selected case and a randomly selected control,
the case will have lower bone density than the control. Thus, an
area of 1 represents perfect discrimination and an area of 0.5
represents no discrimination. Since the sample sizes were quite
small, making the verification of distributional assumptions diffi-
cult, the nonparametric methods of Delong et al. [19] were used to
calculate confidence intervals around the estimate of the area un-
der the ROC curve, and to perform matched comparisons of the
areas under two curves. Matched comparisons (i.e., comparisons in
which only those subjects who had been measured by both meth-
ods were included) were used since they have far greater power to
detect differences in area than unmatched comparisons, in the
same way that a pairedt-test is more powerful than an unpaired
t-test when the data being tested is paired. Owing to the study
design it was not possible to apply all measurement techniques to
all patients. Direct comparisons between groups could only be
done through the ROC analyses.

Results

Normal ranges for spinal QCT data were described by the
regression equations shown in Table 2.

Fracture Group and Sex Differences in Standardized BMDs
(Tables 3 and 4)

As expected, hip fracture patients were significantly older
than spine fracture patients. For both hip and spine fractures
the male cases were younger than the female.

In women, spinal BMDdxa was significantly lower in
the patients with spine fractures than in those with hip frac-
tures. In men, the equivalent difference was in the same
direction but did not reach statistical significance. On the
other hand, femoral neck BMDdxa was lower in female hip

fracture patients than in female spine fracture patients. No
significant differences in trochanteric BMDdxa between the
fracture groups were found (Tables 3 and 4).

In the spine fracture group, the measured BMDdxa val-
ues were lower in women than in men (P-values for
DXAspi, DXAneck, and DXAtroc were 0.002, 0.03, and
0.001, respectively). However, when these values were ad-
justed for weight and height, the differences no longer
reached statistical significance (P-values from 0.136 to
0.634). Similarly, no differences in spinal BMDqct values
between the sexes were found (P 4 0.629) (Tables 3 and 4).

Z-scores

Mean Z-scores at all sites in both sexes and both fracture
categories were significantly reduced compared with nor-
mals (Figs. 1 and 2, Tables 3 and 4) with the exception of
DXAspi Z-score in female hip fracture cases. DXAspi Z-
score was significantly lower in patients with spine fractures
than in patients with hip fractures. There were no differ-
ences in proximal femoral Z-scores between the fracture
groups (Tables 3 and 4). Men with spine fractures showed
significantly lower QCTspi and pQCTrad Z-scores than
women with spine fractures (Figs. 1 and 2). Since men and
women with spinal fractures had similar spinal BMDqct
values, this difference in Z scores primarily reflected the sex
difference in QCT values resulting from normal postmeno-
pausal bone loss in female controls.

Odds of a Case Having a Lower Bone Density Than His or Her
Control According to Measurement Site

Statistical comparisons were based on the ROC analyses in
groups of subjects who had paired measurements, that it was
desirable to contrast (Table 5). DXAspi was a slightly better
discriminator of spine fracture than DXAneck (P 4 0.07) or
DXAtroc (P 4 0.03) in women (Fig. 3). In men, the areas
under the ROC curves did not differ significantly (Fig. 4).

For male hip fracture patients the areas under the ROC
curves were significantly lower for DXAspi than DXAneck
(P 4 0.03) or DXAtroc (P 4 0.04). In female hip fracture
cases the differences between the ROC curves did not reach
statistical significance (Table 5).

When the discriminatory abilities of DXAspi and
QCTspi for detecting spine fractures were compared, no
significant differences in the areas under the ROC curves
could be found in men (P 4 0.96) or in women (P 4 0.08).

Separate ROC analyses for QCTspi and pQCTrad mea-
surements were performed in male and female spine frac-
ture patients. As to QCTspi measurements, the areas under
the ROC curve were 0.97 and 0.85 for male and female
spine fracture patients, respectively. In pQCTrad the corre-
sponding areas were 0.88 and 0.84 for male and female,
respectively.

Definition of Severe Osteoporosis

In the following, ‘‘severe osteoporosis’’ is defined as a
T-score of <2.5 SD units associated with at least one spine
or hip fracture. Of the female spine fracture cases, 71.2%
had a spinal BMDdxa below the −2.5 SD limit for young
normal women, whereas only 33.8% and 24.9%, respec-
tively, of the cases were classified as having severe osteo-

Table 2. Normal results for QCT spine expressed in standarized
BMD (mg/cm3)

Intercept at
age 50 or
at zero
time since
menopause
(mg.cm−3)

Regression
coefficient
(mg.cm−3.yr−1)

SD
residual
mg.cm−3)

All women
(N 4 128)

126 2.06 28

Postmenopausal
women (N 4 70)

124 −1.90 29

Men (N 4 68) 140 −1.47 28
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porosis when femoral neck BMDdxa or trochanteric BMD-
dxa were assessed. In female hip fracture patients the
DXAspi T-score was below the −2.5 limit in 48.7% of the
cases, whereas DXAneck and DXAtroc T-scores were be-
low the limit in 52.8% and 36.1% of the cases. Up to 94.2%
of spine fracture cases had their QCTspi below the cutoff,
but the specificity of the cutoff was only moderate (Table
6). The same cutoff applied to males gave generally lower
sensitivity but higher specificity than in females.

We also examined the alternative DXAspi −2.0 SD cut-
off for women. It appeared that although the sensitivity
increased to 85.2% for spine fractures and 64.1% for hip
fractures, the specificity decreased to 77.0%.

Between-Center Differences

Patients with Hip Fractures.Although the CV of mean
bone density values between the centers varied from 5.5 to

15.5% in women with hip fractures and from 23.2 to 31.1%
in men with hip fractures, none of the between-center dif-
ferences in mean bone density were significant.

Patients with Spine Fractures.Mean values for spinal BM-
Ddxa differed significantly between centers in men (P <
0.05, CV 4 11.6%) and in women (P < 0.001, CV 4
9.6%). The differences disappeared after adjustment for age,
weight, and height in men, but not in women (P 4 0.001).
Similarly, femoral neck (P < 0.001) and trochanteric BM-
Ddxa (P < 0.001) differed significantly between centers in
female spine fracture cases (CV4 7.8–8.4%) but not in
men. These differences remained even after age, weight,
and height adjustment (P 4 0.003 andP 4 0.046, respec-
tively). The differences in the spine fracture group slightly
diminished (P-values for spinal, femoral neck, and trochan-
teric BMDdxa were 0.016, 0.006, and 0.049, respectively)
after the exclusion of the Berlin center, which recruited
spine fracture cases from a population-based epidemiologi-

Table 3. Comparison of demographic (mean with SD) and bone densitometry data (mean with 95% CI) between spine and hip fracture
groups in men

Spine Fx
(n 4 50)

Hip Fx
(n 4 12) P-value

Age (years) 57.2 (10.9) 65.9 (9.7) 0.017
Weight (kg) 69.2 (12.3) 73.8 (11.8) 0.254
Height (m) 1.71 (0.10) 1.72 (0.06) 0.826
Spinal BMDdxa (g/cm2) 0.849 (0.799 to 0.899)a 0.965 (0.827 to 1.104) 0.124
Femoral neck BMDdxa (g/cm2) 0.687 (0.648 to 0.726)b 0.662 (0.537 to 0.788)c 0.249
Trochanteric BMDdxa (g/cm2) 0.623 (0.587 to 0.659)b 0.616 (0.486 to 0.746)c 0.646
Spinal BMDqct (mg/cm3) 55.6 (46.0 to 65.2)d —f —
Radial BMDqct (mg/cm3) 92.4 (75.0 to 109.8)e —f —
DXAspi Z-score −1.75 (−2.10 to −1.39) −0.87 (−1.61 to −0.13) 0.037
DXAneck Z-score −1.70 (−2.04 to −1.37) −1.81 (−2.94 to −0.68) 0.501
DXAtroch Z-score −1.54 (−1.80 to −1.28) −1.51 (−2.49 to −0.53) 0.638
QCTspi Z-score −2.57 (−2.92 to −2.23) — —
pQCTrad Z-score −2.19 (−3.02 to −1.35) — —

The reference equations from the studies on normal subjects of Pearson et al. [10, 11, 13] were used to calculate these Z-score results
without rounding the regression constants, regression coefficients, or SDs. Use of these coefficients after rounding would have led to
changes in the group Z-scores of 0.07 units
a n 4 44; bn 4 41; cn 4 11; dn 4 18; en 4 17; fnot analyzed because too few measurements made

Table 4. Comparison of demographic (mean with SD) and bone densitometry data (mean with 95% CI) between spine and hip fracture
groups in women

Spine Fx
(n 4 284)

Hip Fx
(n 4 39) P-value

Age (years) 64.2 (8.9) 76.4 (9.9) 0.001
Weight (kg) 60.5 (10.6) 58.7 (10.4) 0.306
Height (m) 1.58 (0.07) 1.57 (0.07) 0.638
Spinal BMDdxa (g/cm2) 0.764 (0.743 to 0.785)a 0.849 (0.797 to 0.902 0.002
Femoral neck BMDdxa (g/cm2) 0.637 (0.618 to 0.656)b 0.602 (0.548 to 0.661)c 0.044
Trochanteric BMDdxa (g/cm2) 0.536 (0.519 to 0.552)b 0.515 (0.471 to 0.558)c 0.155
Spinal BMDqct (mg/cm3) 60.3 (53.9 to 66.7)d —f —
Radial BMDqct (mg/cm3) 64.2 (56.2 to 72.1)e —f —
DXAspi Z-score −1.49 (−1.64 to −1.33) −0.78 (−1.90 to −0.35) 0.001
DXAneck Z-score −1.38 (−1.59 to −1.16) −1.15 (−1.81 to −0.49) 0.641
DXAtroc Z-score −1.34 (−1.53 to −1.16) −1.01 (−1.48 to −0.54) 0.208
QCTspi Z-score −1.38 (−1.58 to −1.17) — —
pQCTrad Z-score −0.99 (−1.15 to −0.82) — —
a n 4 251; bn 4 193; cn 4 36; dn 4 104; en 4 79; fnot analyzed because too few measurements made
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cal study cohort rather than from a specialist clinic. As to
BMDqct data, there were similar statistical between-center
differences for both spinal BMDqct (CV4 24.2%) and
radial BMDqct (CV 4 10.6%) in female spine fracture
cases (P < 0.001) and for spinal BMDqct in males (P 4
0.04, CV4 22.9%).

Discussion

Utility and Application of T-Scores

T-scores refer to the peak bone mass of young normal adults
and a negative T-score represents assumed bone loss rela-
tive to the young healthy state. According to the WHO study
group classification, 71.2% of the female spine fracture pa-
tients were classified as having severe osteoporosis when
spinal BMDdxa was assessed. Similarly, 52.8% of the hip
fracture patients were deemed to have severe osteoporosis
in terms of femoral neck BMDdxa. This means that at a
minimum, nearly half of the hip fracture cases and 30% of
the spine fracture cases had fractures, though they did not
have a sufficiently low bone density to be classified as
having osteoporosis prior to fracture. In the case of spine
fractures, one possibility was that the classification method
chosen for diagnosing spine fracture was imperfect. A
tighter definition for a vertebral fracture might have resulted
in lower BMDs in the fracture group; however, the exclu-
sion of moderate deformity fractures in this way is contro-
versial. Another factor contributing to the moderate sensi-
tivity of the WHO threshold may have been the presence of

confounding degenerative changes in the spinal DXA im-
ages [20–22]. We did not exclude any patients for the pres-
ence of osteoarthritis (OA) in the present study. As to hip
fracture cases, another bias might have arisen from our in-
ability to subdivide hip fracture cases into femoral neck and
trochanteric groups. Some studies have suggested that pa-
tients with trochanteric fractures are older and have lower
femoral neck BMDdxa, and particularly lower spinal BM-
Ddxa than patients with femoral neck fracture [23, 24].
Furthermore, hip fracture patients who consent to be studied
may have higher BMD than those too ill or confused to
participate.

QCTspi showed better sensitivity than DXA, but the
specificity for the −2.5 SD cutoff was much lower, suggest-
ing a relatively low positive predictive value which might
be improved by use of a different cutoff. On the other hand,
the WHO cutoff proved to be insufficiently sensitive for
pQCTrad. Similarly, a −2.5 SD cutoff applied to males
showed low sensitivity. It seems that the new WHO study
group definition for osteoporosis may require different
thresholds when used with different BMD measurement
techniques. The optimal definitions for men are also uncer-
tain.

The choice of thresholds for case-finding strategies and
decision making is a complex process, but in essence it
depends on available resources, the prevalence of disease,
and the relationship of sensitivity to specificity (as illus-
trated graphically in a ROC curve). If there is an overall
high risk of fracture in a population it may be acceptable to
designate a lower specificity and hence make more positive
treatment decisions in people without disease than if there is
a low risk. The choice of cutoff also depends on costs and

Fig. 1. Spinal (DXA and QCTspi), femoral neck (DXA), trochan-
teric (DXA), and radial (PQCTrad) Z-scores (mean with 95% CI)
for men (squares) and women (triangles) with spine fractures. All
Z-scores differed significantly from normals. The difference be-
tween sexes was statistically significant at QCTspi BMD (P 4
0.001) and pQCTrad BMD (P 4 0.001).

Fig. 2. Spinal, femoral neck, and trochanteric Z-scores (mean with
95% CI) for men (squares) and women (triangles) with hip frac-
tures. The Z-scores, except spinal Z-score in women, differed sig-
nificantly from normals. There were no statistical differences be-
tween sexes.
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side effects. What our data show is that if a single treatment
decision point (e.g., at a T-score of −2.5) were to be adopted
across all modalities in current use for bone densitometry,
the consequences for patient management would be highly

dependent on choice of technology and measurement site. It
seems clear from our analysis that in different communities
world wide, with their varied resource constraints, available
technologies, and prevalences of osteoporotic fracture, in-

Table 5. ROC analyses (areas under the ROC curves) for different densitometry methods for discrimination of spine and hip fracture cases
from controls in men and women

Method 1 Method 2 Cases Controls Area 1 Area 2
P-value for
difference

Male spine fracture patients

DXAspi DXAneck 41 540 0.89 0.88 0.6
DXAspi DXAtroc 41 540 0.89 0.87 0.8
DXAneck DXAtroc 41 540 0.87 0.88 0.7
DXAspi QCTspi 16 70 0.97 0.97 0.9
DXAspi pQCTrad 12 133 0.82 0.91 0.2
DXAneck QCTspi 16 68 0.91 0.97 0.1
DXAneck pQCTrad 11 129 0.94 0.93 0.9

Female spine fracture patients

DXAspi DXAneck 192 1016 0.89 0.86 0.07
DXAspi DXAtroc 192 1016 0.89 0.86 0.03
DXAneck DXAtroc 192 1016 0.86 0.86 0.8
DXAspi QCTspi 88 142 0.85 0.89 0.08
DXAspi pQCTrad 51 286 0.97 0.84 0.3
DXAneck QCTspi 52 107 0.90 0.89 0.6
DXAneck pQCTrad 52 272 0.87 0.84 0.3
QCTspi pQCTrad 32 84 0.73 0.81 0.2

Male hip fracture patients

DXAspi DXAneck 11 540 0.72 0.85 0.03
DXAspi DXAtroc 11 540 0.72 0.81 0.04
DXAneck DXAtroc 11 540 0.85 0.81 0.4

Female hip fracture patients

DXAspi DXAneck 36 1016 0.82 0.86 0.08
DXAspi DXAtroc 36 1016 0.82 0.87 0.1
DXAneck DXAtroc 36 1016 0.86 0.87 0.9

Fig. 3. ROC curves for DXA for discrimination of spine fractures from controls in women.
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formed local choices have to be made of the clinically ap-
propriate and technology-specific decision points to be in-
corporated into disease-management guidelines.

Sex Differences and Similarities in Fracture Cases

Our female spine fracture patients had significantly lower
standardized BMDdxa values than males with the corre-
sponding fractures. However, these differences in areal
bone density may be due to differences in skeletal size,
because no differences in BMD values between the sexes
were found after adjustment for weight and height. In agree-
ment with this conclusion, there were also no differences
between the sexes in spinal BMDqct values, which is a true
volumetric estimate of density, although the male fracture
patients were significantly younger than the females. Simi-
larly, with hip fractures, no significant BMDdxa differences

between the sexes could be found. These results suggest that
the relationship between BMD and fracture risk is similar
between men and women and that fracture risk is related to
volumetric density, or so-called areal density after adjust-
ment for body size. However, other factors, e.g., skeletal
size and susceptibility to falls, are certainly important co-
determinants of fracture.

In the assessment of the degree of bone loss in our cases
by comparison with our controls, we used Z-scores partly
because of the significant differences in age distribution
between the sexes. Z-scores were also necessary to make
measurements with different techniques comparable. A
limitation of our study was that for the calculation of the
reference values and Z-scores for spinal QCT the numbers
of normal subjects were not ideal, particularly in men, but
our normal ranges for women are in good agreement with
previously published data [25, 26]. However, Kalendar et al.
[26] reported male values that on average were 11.9% lower

Fig. 4. ROC curves for DXA for discrimination of spine fractures from controls in men.

Table 6. Proportions of spine and hip fracture patients falling below the WHO defined female severe osteoporosis cutoff (T score < −2.5
SD) using different BMD measurements. The specificity (normals above the same cutoff) is also shown

Females

Spine Fx cases below
−2.5 SD cutoff
(sensitivity) (%)

Hip Fx cases below
−2.5 SD cutoff
(sensitivity) (%)

Normals above
−2.5 SD cutoff
(specificity) (%)

DXAspi 71.2 48.7 88.6
DXAneck 33.8 52.8 97.2
DXAtroc 24.9 36.1 98.2
QCTspi 94.2 — 58.6
pQCTrad 17.7 — 98.3

Males

Spine Fx cases below
−2.5 SD cutoff
(sensitivity) (%)

Hip Fx cases below
−2.5 SD cutoff
(sensitivity) (%)

Normals above
−2.5 SD cutoff
(specificity) (%)

DXAspi 50.0 25.0 97.3
DXAneck 22.0 45.5 98.3
DXAtroc 14.6 36.4 99.4
QCTspi 100.0 — 50.0
pQCTrad 23.5 — 100.0
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than ours. The difference may be due to the fact that their
reference material was recruited from patients scheduled for
a clinical CT examination unrelated to skeletal disease
rather than being recruited from the normal population.
There is a case for recruiting a further series of normal male
subjects to resolve this uncertainty.

In both fracture groups, men showed lower Z-scores than
women; however, the difference reached statistical signifi-
cance only for QCTspi and pQCTrad. Therefore, when
compared with their peers, the relative osteoporosis in men
with fractures may be more severe than in women with the
corresponding fractures. It should be noted that lower Z-
scores in male fracture patients are due to the fact that
age-specific bone loss is less in men than in women after the
age of 50, not to bone density being lower in male than
female cases in units of measurement. We suggest that this
sex difference in Z-scores is an effect of the menopause
which lowers normal age-matched bone density values in
women. However, it is reasonable to suspect that our results
might have been affected to some extent by a lower thresh-
old for suspicion of osteoporosis in women than in men.

Effects of Selection and Choice of Equipment

There were no significant between-center differences in
bone densities at various sites for hip fracture patients.
However, significant between-center differences in bone
densities for spine fracture patients were found. This may be
due to the fact that the patient material may have varied
between the centers. Although a similar radiological crite-
rion for a spine fracture was used in all centers, this does not
exclude the possibility that some centers chose more severe
cases of spinal osteoporosis than others, due, for example, to
differences in local referral patterns.

The differences in mean BMD values obtained by dif-
ferent densitometers (e.g., Lunar and Hologic) can be on
average 12–14%. However, standardization with the ESPp
reduces this to a maximum of 4–6% at the high end of the
spinal range for standardized BMD and less (1–3%) for the
hip and lower spinal values [15]. We suggest that imperfect
cross-calibration only contributed in a minor way to the
between center variations seen in this study since we
screened osteoporotic patients whose BMD values were
low.

Choice of Measurement Site and Technique for
Diagnostic Discrimination

A valid use of densitometry is in identifying patients at high
risk of a future fracture. Patients with at least one previous
fracture are at higher risk than those without a previous
fracture, and risk in patients with and without previous frac-
tures increases logistically as a function of the reduction in
their bone density. In assessing risk, it is desirable to mini-
mize numbers of measurements in the individual so we
compared measurement sites for their power to discriminate
between cases and controls. The patients with hip fracture
showed significantly decreased DXAneck and DXAtroc Z-
scores. However, the female hip fracture patients did not
differ from age-matched normals in terms of DXAspi. This
agrees with previous studies which have shown that patients
with hip fractures have significantly decreased femoral Z-
scores, but generally the spinal Z-scores did not differ from
controls [27, 28]. Also, the QCT density of the spine in hip

fracture patients has been shown to be similar to that of
age-matched controls [29]. These findings may suggest
preferential femoral osteopenia and conservation of spinal
bone mass in some female hip fracture cases. There is,
however, a second possible explanation for this finding in
the spine. Postmenopausal bone loss in women results in a
rapid spinal bone loss at menopause and subsequently the
spinal BMDdxa reference curve declines more sharply than
that for the femoral neck. Thus, more normal women than
men move close to the −2.5 SD threshold with the result that
actual differences in BMD between normal women and
women with fractures are quite small. Also, osteoarthritis of
the spine could have elevated spinal BMDdxa in our hip
fracture patients although we did not do routine X-ray stud-
ies on their spines to check for this.

We interpret our results as showing that the measure-
ment of BMD at the proximal femur was good at detecting
general osteopenia, since the proximal femoral Z-scores
were almost equally affected in both spine and hip fracture
patients in both sexes. Our results concur with previous
studies showing that proximal femur BMD is decreased in
patients with vertebral fractures [4, 30, 31].

Whereas spinal BMDdxa was poor at detecting osteope-
nia in hip fracture patients, spinal Z-scores were signifi-
cantly decreased in spine fracture cases as compared with
both normal and hip fracture cases. This suggests that when
low spinal BMD occurs, it may usefully be a predictor of
spine fracture. Peripheral QCT measurements also appeared
to detect spinal osteopenia, particularly in men. In a previ-
ous study, pQCT was shown to have a good sensitivity and
specificity in discriminating postmenopausal spinal crush
fracture patients from controls [21].

Our findings suggest that there may be valid choices
when cost effectiveness is a criterion in setting up a densi-
tometric service. It seems that the proximal femur may be
the measurement site of choice when evaluating generalized
bone loss, particularly in elderly people, who may suffer
from spinal osteophytes and deformations. If spinal osteo-
porosis is suspected and a risk of spinal fractures needs
evaluation, an additional spinal BMD measurement might
add clinical value to bone densitometry, but we had insuf-
ficient statistical power to test this hypothesis. Also, accord-
ing to the present results, pQCT seems to discriminate spine
fracture cases from controls as well as DXA and, in agree-
ment with Grampp et al. [32], our ROC analyses disclosed
no significant difference in discriminatory ability among
axial QCT, pQCT, and DXA methodologies. It should also
be noted that spine fracture patients have Z-scores for proxi-
mal femur similar to that of hip fracture patients. This find-
ing suggests a mechanism whereby patients with spinal
fractures are candidates for future hip fractures, in agree-
ment with previous epidemiological studies [33, 34] dem-
onstrating increased risk of hip fracture in spine fracture
patients.

In conclusion, the careful assessment of bone density in
cases of osteoporotic fractures of the spine and hip is likely
to be of considerable clinical value when treatment choices
have to be made and a prognosis given for the risk of future
fracture. It is not clear that any one technique (DXA, QCT,
pQCT) is superior for this purpose. However, care should be
taken when applying T scores, particularly in choosing ap-
propriate thresholds using axial QCT below which patients
are to be advised that they suffer from osteopenia or osteo-
porosis.
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