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Alterations of Cortical and Trabecular Architecture Are Associated
With Fractures in Postmenopausal Women, Partially Independent of
Decreased BMD Measured by DXA: The OFELY Study

Elisabeth Sornay-Rendu, Stéphanie Boutroy, Frangoise Munoz, and Pierre D Delmas

ABSTRACT: We assessed the role of low aBMD and impaired architecture—assessed by an HR-pQCT
system—in a case-control study of postmenopausal women with fractures. Vertebral and nonvertebral frac-
tures are associated with low volumetric BMD and architectural alterations of trabecular and cortical bone,
independent of aBMD assessed by DXA.

Introduction: Alterations of bone architecture and low BMD both contribute to skeletal fragility, but the
contribution of cortical and trabecular architecture, independently of areal BMD (aBMD), to the risk of
fracture in postmenopausal women has not been thoroughly evaluated. We assessed the role of impaired
architecture and low BMD in postmenopausal women with fractures.

Materials and Methods: A matched case-control study in women from the OFELY cohort was performed
after 13 years of follow-up. One hundred one women (mean, 73.7 + 8 years) who sustained a fragility fracture
during the follow-up of the study were age-matched with one control who never had a fracture. Density and
architecture at the distal radius and tibia were measured with high-resolution pQCT (HR-pQCT) using an
XTreme CT (Scanco Medical AG, Bassersdorf, Switzerland). aBMD at the total hip and ultradistal radius was
measured by DXA.

Results: There were 80 peripheral fractures in 72 women, 44 vertebral fractures in 34 women, and both types
of fractures in 5 women over the 14 years of follow-up. At the distal radius, women with fractures had lower
volumetric total (D tot) and trabecular (D trab) BMDs, BV/TV, cortical thickness (Cort Th), trabecular
number (TbN), and trabecular thickness (TbTh) and higher trabecular separation (TbSp) and distribution of
trabecular separation (TbSpSd) than controls without fractures. In a logistic model, each SD decrease of
volumetric total and trabecular densities was associated with a significantly increased risk of fracture at both
sites (ORs ranged from 2.00 to 2.47). After adjusting for aBMD measured by DXA at the ultradistal radius,
differences between cases and controls remained significant for D trab, and there was a similar trend for TbN,
TbSp, and TbSpSd, with adjusted ORs ranging from 1.32 to 1.50. At the distal tibia, before and after adjusting
for total hip aBMD, differences between cases and controls remained significant for D tot, D trab, Cort Th,
and TbTh, with adjusted ORs ranging from 1.80 to 2.09.

Conclusions: In postmenopausal women, vertebral and nonvertebral fractures are associated with low volu-
metric BMD and architectural alterations of trabecular and cortical bone that can be assessed noninvasively
and that are partially independent of aBMD assessed by DXA.
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INTRODUCTION

to assess the risk of fragility fracture. Nevertheless, several
limitations are associated with aBMD measurements: (1)

OSTEOPOROSIS Is A systemic skeletal disease character-
ized by low bone mass and microstructural deteriora-
tion of bone tissue with a consequent increase in bone fra-
gility.

Until recently, only bone mass and mineral density were
routinely assessed in patients. DXA is currently the most
frequently used technique to measure areal BMD (aBMD)
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DXA does not measure true volumetric BMD; (2) DXA
cannot distinguish between cortical and trabecular bone
compartments; and (3) DXA does not have an adequate
resolution to measure cortical and trabecular architecture.
However, the relevance of trabecular microstructure to
bone strength has been well documented,®® and the evalu-
ation of both microarchitecture and BMD may improve
estimation of the risk of fracture.

Since its introduction by Feldkamp et al., high-
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resolution nCT has become an important tool to quantify
the morphology of the trabecular structure of bones with a
3D evaluation in vitro. In recent years, noninvasive imaging
methods have been developed, enabling a 3D evaluation of
bone architecture in vivo. MRI technology has the advan-
tage of a nonionizing radiation technique and can provide
both cortical and trabecular bone structure evaluation.
wMRI has been performed in vivo at peripheral sites in-
cluding the distal radius,®™® calcaneus,"'? distal tibia,'"
and, more recently, the femoral neck."® Although MRI is
widely available, these measurements of bone architecture
require special equipment and software and are still re-
search procedures that cannot be performed routinely. CT-
based evaluation of trabecular architecture has been per-
formed in vivo both at peripheral sites, distal radius, and
tibia, and, to some extent, at the lumbar spine.(*'* At
peripheral sites, improvements in spatial resolution have
enabled 3D determination of trabecular bone architecture
with sufficient accuracy.*>'® It has been shown that mea-
sures of bone structure obtained from conventional histo-
logical 2D sections and 3D pnCT data are highly correlated,
indicating that 3D wCT data sets can be used as a substitute
for conventional histological sections for bone structure
evaluation.'?

Recently, a high-resolution HR-pQCT system that per-
mits in vivo assessment of cortical and trabecular architec-
ture at the distal radius and tibia with a voxel size of 82 um®
has been developed.®'?? In a preliminary study performed
in a small population of osteopenic women, some trabecu-
lar parameters were different between osteopenic women
with and without a history of fracture.®") However, the
independent contribution of aBMD and cortical and tra-
becular architecture to the risk of fracture in postmeno-
pausal women, whether they are normal, osteopenic, or os-
teoporotic according to the WHO definition, has not yet
been evaluated.

The aim of this study was to determine if radial and tibial
bone structure evaluated with a HR-pQCT system is able to
discriminate postmenopausal women who have sustained a
fragility fracture from controls without history of fracture,
independent of aBMD evaluated by DXA at the same site.

MATERIALS AND METHODS
Subjects

We performed a matched case-control study from the
OFELY cohort. OFELY is a prospective study of the de-
terminants of bone loss in 1039 volunteer women, 31-89
years of age, recruited between February 1992 and Decem-
ber 1993, randomly selected from the affiliates of a large
health insurance company (Mutuelle Générale de I’ Edu-
cation Nationale) from the Rhone district with an annual
follow-up. The OFELY cohort has been described else-
where.®>2% The first 101 women (mean age, 73.7 + 8 years)
who sustained a fragility fracture during the 13 years follow-
up of the study and who had measures of density and ar-
chitecture at the distal radius and tibia at the visit per-
formed at the end of the 13 years were randomly age-
matched at the same visit with one control from the same
cohort who never had a fracture.
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Fracture evaluation

Previous fragility fractures were those annually regis-
tered during the 13-year follow-up, all confirmed by radio-
graphs (all sites were included, except head, toes, and fin-
gers). Only low-trauma fractures (i.e., those occurring after
falls from standing height or less) were taken into account.
Vertebral fractures were identified on lateral X-ray films of
the thoracic and lumbar spine according to the semiquan-
titative method of Genant et al.*> The clinical vertebral
fractures (radiographically confirmed) were collected in the
annual questionnaire, whereas vertebral fractures that did
not reach clinical attention were assessed on the X-ray films
performed every 4 years. We excluded vertebral fractures
that occurred because of major trauma.

Bone microarchitectural measurement

The nondominant forearm (or the nonfractured forearm
in the case of prior fracture) and distal tibia were scanned
using a high-resolution 3D pQCT device (XTreme CT;
Scanco Medical AG, Bassersdorf, Switzerland). This system
uses a 2D detector array in combination with a 0.08-mm
point-focus X-ray tube, enabling the simultaneous acquisi-
tion of a stack of parallel CT slices with a nominal resolu-
tion (voxel size) of 82 pm. The following settings were used:
effective energy of 60 kVp, X-ray tube current of 95 mA,
and matrix size of 1536 x 1536. Attenuation data were con-
verted to equivalent hydroxyapatite (HA) densities. A
phantom scan was performed every day. The details of the
acquisition and analysis has been described previously?
and is summarized here. At each skeletal site, 110 CT slices
were obtained, thus delivering a 3D representation of ~9
mm in the axial direction. The entire volume of interest was
automatically separated into a cortical and trabecular re-
gion. Thus, we obtained volumetric total (D tot), trabecular
(D trab), and cortical (D cort) BMDs in milligrams of HA
per cubic centimeter. Mean cortical thickness (Cort Th) was
defined as the mean cortical volume divided by the outer
bone surface. Trabecular bone volume fraction (BV/TV, %)
was derived from trabecular density, assuming fully miner-
alized bone to have a mineral density of 1.2 g HA/cm?,
Among the trabecular structural parameters, trabecular
number (TbN, 1/mm) was measured, whereas trabecular
thickness (TbTh, um) and separation (TbSp, pm) were de-
rived from BV/TV and TbN using standard methods from
histomorphometry [i.e., TbTh = (BV/TV)/TbN and
TbSp = (1 — BV/TV)/TbN].® Distance transformation
techniques also enable the calculation of the distribution of
trabecular separation (TbSp SD, wm), reflecting the het-
erogeneity of the trabecular network.”” The in vivo preci-
sion error of density (total, trabecular, and cortical) mea-
surements, expressed as the coefficient of variation, ranged
from 0.7% to 1.5%. The reproducibility of structural pa-
rameters was slightly lower, with CVs ranging from 0.9% to
4.4%.D

Bone densitometry

aBMD was measured at the same visit by DXA, at the
radius and the total hip (QDR 1000+ and 4500; Hologic,
Waltham, MA, USA). For the radius, we analyzed specifi-
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cally the ultradistal site because the bone area measured is
larger than but includes the area analyzed with HR-pQCT
(Fig. 1). The in vivo precision error of DXA, expressed as
the coefficient of variation, was 1.2% for ultradistal and 1%
for total hip. A control phantom was scanned every day,
and all DXA measurements were performed by the same
experienced operator.

Clinical evaluation and physical examination

Women completed a questionnaire at the same visit and
at each prior annual follow-up, as described previously.?”)
Data related to the use of treatments affecting bone me-
tabolism (bisphosphonates, hormone replacement therapy,
selective estrogen receptor modulator, tibolone, or aro-
matase inhibitors) were collected every year and consid-
ered in this study if the duration of treatment was =1 year
at the time (or within 6 months before) of architectural
evaluation. Height and body weight were recorded at the
same Visit.

Statistical analysis

x* and paired t-tests were used to compare characteristics
between women with and without fractures. Correlation
analysis between density and architecture parameters as-
sessed by HR-pQCT and aBMD assessed by DXA was
performed with the test of Spearman, because most of the
variables were not normally distributed. Diagnostic tests of
colinearity have been assessed according to the method of
Besley et al.®® The association between measurement val-
ues and fracture status was calculated by conditional logistic
model analysis to take into account the matched file struc-
ture of our data and expressed as ORs (with 95% CIs) per
1 SD change from the control group. All statistical analyses
were performed using the Statistical Analysis Software
(SAS V8; SAS Institute, Cary, NC, USA).

RESULTS

Among the first 101 women (mean age, 73.7 + 8 years)
assessed at the visit performed at the end of 13 years who
sustained a fragility fracture during the previous 13 years of
follow-up during the study, there were 80 peripheral frac-
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FIG. 1. (Left) Site of measurement of ul-
tradistal radius aBMD with DXA, between
black horizontal lines. (Right) Site of mea-
surement of bone microarchitecture of the
distal radius with HR-pQCT, between white
dotted lines (110 slices over 9 mm).

tures at the wrist (n = 34), ankle (n = 18), ribs (n = 9),
metatarsus (n = 6), proximal humerus (n = 6), patella
(n = 3), elbow (n = 2), and hip (n = 2) occurring in 72
women and 44 vertebral fractures occurring in 34 women.
Five women had both types of fractures. The duration
between the occurrence of the last fracture and the archi-
tectural measurements was a median of 5.0 years (IQR,
1.6-9.3).

As shown in Table 1, women with fractures did not differ
from age-matched controls without fracture for height,
weight, and years since menopause. As expected, aBMD of
the hip and the forearm was lower in women with fractures.
The use of treatments affecting bone metabolism, bisphos-
phonates (n = 42), hormone replacement therapy (n =
16), selective estrogen receptor modulator (n = 5), tibolone
(n = 2), or aromatase inhibitors (n = 3) used =1 year at
the time (or within 6 months before) of this study was not
significantly more frequent in women with fractures.

The correlation between aBMD and architectural param-
eters was high, especially at the radius (Table 2). The results
of the tests of colinearity showed that both ultradistal
aBMD and radius architecture parameters could be added
in the same model (data not shown).

At the distal radius, we found that women with fractures
had lower volumetric total (D tot) and trabecular (D trab)
BMDs (-14% and —19%, respectively; p < 0.0001), BV/TV
(-19%; p < 0.0001), cortical thickness (—12%; p < 0.001),
trabecular number (-14%; p < 0.0001), and trabecular
thickness (-6%; p = 0.02) and higher trabecular separation
(+26%; p < 0.001) and distribution of trabecular separation
(+31%; p = 0.004) than controls without fractures (Ta-
ble 3). After adjusting for aBBMD measured by DXA at the
ultradistal radius, differences remained significant for D
trab and BV/TV, and there was a trend for TbN, TbSp, and
TbSpSd.

At the tibial site and after adjusting for total hip aBMD,
we observed significantly lower values for D tot (p =
0.007), D trab (p = 0.03), Cort Th (p = 0.03), and TbTh
(»p = 0.001), but no significant difference for trabecular
number and separation in women with fractures compared
with controls (Table 3).

When the analysis was restricted to the 34 women who
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TABLE 1. CHARACTERISTICS OF POSTMENOPAUSAL WOMEN WITH
OSTEOPOROTIC FRACTURES AND AGE-MATCHED CONTROLS

Women with

fracture Controls

(n=101) (n=10I) p
Age (years) 73.7+82 73.7£8.1 —
Height (cm) 159.9 £5.5 157.6 £5.8 0.20
Weight (kg) 640+11.1  637+10.7 024
Years since menopause

(years) 23.5+9.1 222 +838 0.29

Total hip aBMD (g/lem?)  0.780=0.11  0.829+0.12  0.003
UD radius aBMD (g/em?)  0.313 +0.070  0.345 + 0.075  0.0002
Treatments n (%)* 39 (39%) 29 (29%) 0.14

Values are mean + SD.

*Treatments were bisphosphonates, hormone replacement therapy, se-
lective estrogen receptor modulator, tibolone, or aromatase inhibitors used
1 year or more at the time (or in the 6 months before) of this study.

TABLE 2. ASSOCIATION (r VALUES) BETWEEN DENSITY/
ARCHITECTURE PARAMETERS ASSESSED BY HR-pQCT AND
aBMD ASSESSED BY DXA IN 202 POSTMENOPAUSAL WOMEN

Ultradistal Total hip

Distal radius aBMD Distal tibia aBMD

(HR-pOCT) (DXA) (HR-pOCT) (DXA)
D tot(mg/cm?) 0.85 D tot 0.58
D trab (mg/cm?) 0.81 D trab 0.49
Cort th (mm) 0.78 Cort th 0.45
TbN (1/mm) 0.74 TbN 0.43
TbTh (mm) 0.54 TbTh 0.23*
TbSp (mm) -0.76 TbSp -0.46
TbSp SD -0.74 TbSp SD -0.43

Coefficients of correlation obtained with test of Spearman. All correla-
tions are significant at p < 0.0001 except * p = 0.002.

D tot, total volumetric BMD; D trab, trabecular volumetric BMD; Cort
th, cortical thickness; TbN, trabecular number; TbTh, trabecular thickness;
TbSp, trabecular separation; TbSp SD, distribution of trabecular separa-
tion.

sustained a wrist fracture, both volumetric densities and all
architectural parameters assessed on the other forearm
were significantly different in women with fractures com-
pared with controls (Table 4). After adjusting for ultradistal
aBMD, differences remained significant for D tot, D trab,
BV/TV, and TbN, and there was a trend for TbSp and
TbSpSd. When we compared the 76 women who sustained
a fracture at the most common osteoporotic sites (distal
forearm, hip, proximal humerus, spine) with their age-
matched controls, and after adjusting for ultradistal aBMD,
differences remained significant for D trab, BV/TV, TbN,
and TbSp (p < 0.05; data not shown). Figure 2 provides 3D
reconstructions of images from a woman with a previous
wrist fracture and her age-matched control without frac-
ture. This shows visually the alterations of both cortical and
trabecular architecture in the woman with fracture, whereas
her aBMD was similar to that of her control.

In a conditional logistic model, each SD decrease of volu-
metric total and trabecular densities was associated with a
significantly increased risk of fracture at the radius and
tibia. The ORs were higher than those associated with each
SD decrease of ultradistal radius and total hip aBMD (1.46

SORNAY-RENDU ET AL.

[1.16-1.83] and 2.03 [1.35;3.04], respectively). After adjust-
ing for aBMD, each SD decrease of D tot and D trab re-
mained significantly associated with an increased risk of
fracture. Lower cortical thickness and lower trabecular
thickness of the distal tibia remained associated with an
increased risk of fracture after adjusting for aBMD. At the
distal radius, a trend was observed for an increased risk of
fracture for each SD change of TbN, TbSp, and TbSpSd
after adjusting for aBMD (Table 5; Fig. 3). Adding the
presence of treatment in the logistic model did not modify
the results at both sites (data not shown).

DISCUSSION

Our study shows, with a noninvasive high-resolution
method, that alterations of cortical and trabecular structure
are associated with fragility fractures in postmenopausal
women. This association is partially independent of de-
creased aBMD. aBMD measurement by DXA is widely
used to estimate the risk of osteoporotic fractures. How-
ever, many fractures occur in women with BMD above the
WHO threshold of osteoporosis (i.e., at a T score > —2.5).
For example, in a previous study from the same cohort, we
showed that 48% of postmenopausal women who sustained
a fragility fracture over a 9-year follow-up had a baseline
aBMD in the osteopenic range and 8% in the normal
range.®” Data from the National Osteoporosis Risk As-
sessment (NORA) population showed that 52% of women
experiencing an incident osteoporotic fracture within 1 year
had a T score measured peripherally between —1 and -2.5
and 82% had a T score > —2.5.C In the Rotterdam Study,
only 44% of all nonvertebral fractures occurred in women
with a T score below —2.5.4" Part of the reason that aBMD
does not better identify women with fractures, as described
above, may be that it is insensitive to alterations of trabec-
ular architecture that are likely to play an important role in
skeletal fragility associated with osteoporosis.*>)

The structural changes associated with postmenopausal
osteoporosis have been mainly documented on 2D analysis
of histomorphometric sections of bone. Our findings are in
agreement with previous ex vivo studies on iliac crest bone
biopsies, showing lower trabecular bone volume (BV/TV),
trabecular number, and higher trabecular separation in
women with fractures.**¢?33% We also found lower tra-
becular thickness that has been reported in some histologi-
cal studies,®*3*3> whereas others did not find trabecular
thinning in women with fractures.-34+3® These findings led
to the conclusion that the loss of entire elements because of
trabecular perforation forms the main mechanism of struc-
tural changes in osteoporotic women. In agreement with
histomorphometric studies,*’>? we found lower cortical
thickness values in women with previous fractures.

Few studies have analyzed the density/architectural
changes in fractured women, using a noninvasive method,
showing that estimates of trabecular bone quality are sig-
nificant predictors of nonvertebral*>*! and vertebral frac-
tures.!">' In a study comparing 107 women with and 107
women without prevalent wrist fracture and using pQCT at
the radius, the trabecular volumetric BMC and BMD data
seemed to discriminate fractured and nonfractured cases
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TABLE 3. HR-pQCT MEASUREMENTS AT THE DISTAL RADIUS AND TIBIA IN POSTMENOPAUSAL WOMEN WITH FRAGILITY FRACTURES
(Fx) AND IN CONTROLS

Distal radius

Distal tibia

W with Fx Controls Adjusted W with Fx Controls Adjusted

(n=101) (n=101) P p* (n=101) (n=101) )4 p’
D tot (mg/cm?) 227.8 +60.1 265.0 +73.2 <0.0001 0.19 2144 +£494 2472 +57.8 <0.0001 0.007
D trab (mg/cm?) 105.5 +38.4 129.5 +36.9 <0.0001 0.05 128.7 £ 35.2 148.5 +38.7 0.0001 0.029
BV/TV (%) 8.7+32 108 £3.2 <0.0001 0.05 10.7 £2.9 124 +£32 <0.0001 0.028
Cort Th (mm) 0.533 +0.16 0.606 + 0.21 0.0007 0.70 0.732 £ 0.26 0.872 £ 0.29 <0.0001 0.027
TbN (1/mm) 1.30 £ 0.38 1.51+0.33 <0.0001 0.09 1.39+£0.33 1.46 +0.34 0.135 0.69
TbTh (mm) 0.067 + 0.01 0.071 £ 0.11 0.019 0.74 0.077 £ 0.01 0.087 = 0.02 0.001 0.001
TbSp (mm) 0.798 +0.38 0.633 £0.21 0.0002 0.06 0.69 +0.23 0.67 +0.35 0.54 0.55
TbSpSd 0.481 +0.40 0.367 +0.32 0.004 0.09 0.40 +0.32 0.39 +0.45 0.81 0.49

Values are mean + SD.
* Adjusted p for ultradistal radius aBMD.
* Adjusted p for total hip aBMD.

D tot, total volumetric BMD; D trab, trabecular volumetric BMD; BV/TV, trabecular bone volume fraction; Cort Th, cortical thickness; TbN, trabecular

number; TbTh, trabecular thickness; TbSp, trabecular separation; TbSpSd,

TABLE 4. HR-pQCT MEASUREMENTS AT THE DISTAL RADIUS
IN POSTMENOPAUSAL WOMEN WITH WRIST FRACTURES
AND IN CONTROLS

W with wrist

fracture Controls Adjusted

(n=34) (n=234) )4 p*
D tot (mg/cm?) 2062+329 2722+69.0 <0.0001 0.014
D trab (mg/cm?) 94.6 £29.5 136.1 +28.8 <0.0001 0.011
BV/TV (%) 7.9+2.4 11.1£3.2 <0.0001 0.011
Cort Th (mm) 0494 +0.15 0.611+020 0.004 0.62
TbN (1/mm) 1.22+0.31 1.56 £ 029  <0.0001 0.02
TbTh (mm) 0.064+0.01 0.072+0.01 0.004 0.34
TbSp (mm) 0.836 +0.37 0.595+0.15  0.0009 0.10
TbSpSd 0517+034 0296+0.14  0.0005 0.065

Values are mean + SD.

* p adjusted for ultradistal radius aBMD.

D tot, total volumetric BMD; D trab, trabecular volumetric BMD; BV/
TV, trabecular bone volume fraction; Cort Th, cortical thickness; TbN,
trabecular number; TbTh, trabecular thickness; TbSp, trabecular separa-
tion; TbSpSd, distribution of trabecular separation.

better than cortical area and VBMC.“? In another cross-
sectional study, 21 women with a recent wrist fracture were
compared with a control group with no history of fracture
and similar volumetric total BMD at the distal radius using
pQCT. The average trabecular hole size was larger in
women with fracture than in controls, but the connectivity
index was not significantly different between both
groups.“? The resolution of the QCT systems used in those
studies was relatively low (slice thickness of 2.5 mm and
voxel dimension of 0.33 mm?) and did not permit evalua-
tion of the structural changes at the level of trabeculae. A
recent study using multidetector row CT (MDRCT) at the
third lumbar vertebra with a higher spatial resolution (250
x 250 x 500 wm?) than conventional CT was performed in
82 postmenopausal women. The authors showed that both
volumetric BMD and microstructure parameters (structure
model index, bone volume fraction, Euler’s number) were
associated with a higher relative risk for prevalent vertebral
fracture than did aBMD obtained by DXA."Y In that

distribution of trabecular separation.

study, the structural indices were not directly measured but
were all calculated using 3D imaging methods. Moreover,
cortical structure was not evaluated with that system. The
use of high-resolution QCT for the analysis of architecture
of the vertebrae in vivo is limited by the relatively high
radiation dose, and most studies have been performed at
peripheral sites. Although nonionizing, high-resolution
MRI is also limited to peripheral skeletal sites because it
needs a long acquisition time that could expose it to motion
artifacts at the spine level. In a MRI study performed at the
distal radius and the calcaneus with a 3D gradient-echo
sequence (slice thickness of 500 wm and spatial resolution
of 156 x 156 wm?), structural parameters could discriminate
between women with and without hip fracture. In an-
other high-resolution MRI study at the radius, the authors
showed that all structural parameters, including the distri-
bution of trabecular separation, differed between women
with nonfracture to those with vertebral fracture, except for
trabecular thickness.”” These measurements cannot be per-
formed routinely on a standard MRI device.

In our study, we used a recently developed high-
resolution pQCT system with a higher resolution (slice
thickness of 82 wm, spatial resolution of 82 x 82 um?) that
permits in vivo assessment of both cortical and trabecular
architecture at the distal radius and tibia. With that system
and among trabecular parameters, trabecular number is di-
rectly assessed, whereas trabecular thickness and separa-
tion are derived from trabecular bone volume fraction and
trabecular number using standard methods from histomor-
phometry.®® Nevertheless, the higher spatial resolution of
that system permits obtaining values of trabeculae thickness
close to those obtained from histological studies, trabeculae
varying in thickness from 80 to 250 um.*® We have pre-
viously found with this device that it showed a reproduci-
bility similar to or better than previous pQCT systems that
have a lower resolution.®" In the latter study, 35 osteope-
nic postmenopausal women with a previous fracture were
compared with 78 osteopenic women without fracture. At
the distal radius, women with previous fractures had lower
volumetric total and trabecular densities and a higher in-
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independent of aBMD assessed by DXA. Prospective stud-
ies should be undertaken to determine if HR-pQCT can
predict the risk of osteoporotic fractures with a better sen-
sitivity/specificity than DXA.
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