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Abstract. Digital X-ray radiogrammetry (DXR) is a
technique that uses automated image analysis of standard
hand radiographs to estimate bone mineral density
(DXR-BMD). Previous studies have shown that DXR-
BMD measurements have high precision, are strongly
correlated with forearm BMD and are lower in
individuals with prevalent fractures. To determine
whether DXR-BMD measurements predict wrist, hip
and vertebral fracture risk we conducted a case–cohort
study within a prospective study of 9704 community-
dwelling elderly women (the Study of Osteoporotic
Fractures). We compared DXR-BMD, and BMD of the
radius (proximal and distal), calcaneus, femoral neck and
posteroanterior lumbar spine in women who subse-
quently suffered a wrist (n = 192), hip (n = 195), or
vertebral fracture (n = 193) with randomly selected
controls from the same cohort (n = 392–398). DXR-
BMD was estimated from hand radiographs acquired at
the baseline visit. The radiographs were digitized and the
Pronosco X-posure System was used to compute DXR-
BMD from the second through fourth metacarpals. Wrist
fractures were confirmed by radiographic reports and hip
fractures were confirmed by radiographs. Vertebral
fractures were defined using morphometric analysis of
lateral spine radiographs acquired at baseline and an
average of 3.7 years later. Age-adjusted odds ratio (OR,
vertebral fracture) or relative hazard (RH, wrist and hip

fracture) for a 1 SD decrease in BMD were computed.
All BMD measurements were similar for prediction of
wrist (RH = 1.5–2.1) and vertebral fracture (OR = 1.8–
2.5). Femoral neck BMD best predicted hip fracture
(RH= 3.0), while the relative hazards for all other
BMD measurements were similar (RH = 1.5–1.9).
These prospective data indicate that DXR-BMD per-
forms as well as other peripheral BMD measurements
for prediction of wrist, hip and vertebral fractures.
Therefore, DXR-BMD may be useful for prediction of
fracture risk in clinical settings where hip BMD is not
available.
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Introduction

Several interventions, pharmacologic and otherwise,
have been shown to reduce osteoporotic fracture risk
among women [1–3]. Due to issues related to the cost–
benefit profile, these interventions are usually offered
only to those individuals at highest risk of fracture
[4,5]. It is therefore of paramount importance to
identify those individuals at greatest risk for fracture.
Despite this obvious need, facilities for diagnosis of
osteoporosis are inadequate in many countries [5]. The
relatively low rate of diagnostic evaluation may be
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attributed to the lack of widespread availability of
testing devices, costs of performing the testing, and
limited awareness of testing options among patients and
physicians. Thus, to increase the proportion of at-risk
women who are tested and ultimately treated for
osteoporosis, a combined approach is needed to
expand the use of existing techniques and introduce
new, widely available diagnostic techniques.

Measurement of cortical bone width and geometry
from radiographs, or radiogrammetry, was among the
first methods used to assess skeletal status quantitatively
[6]. The most commonly assessed skeletal sites include
the metacarpals, radius and ulna. The use of radio-
grammetry for osteoporosis assessment decreased with
the introduction of single- and dual-photon absorptio-
metry techniques in the 1970s, and single- and dual-
energy X-ray absorptiometry in the 1980s [7]. However,
in the past several years there has been increased interest
in radiogrammetry due to the improvement in digital
imaging and the development of automated and semi-
automated image analysis algorithms [8,9]. Radio-
grammetry has potential to be useful for diagnosis of
osteoporosis, as previous studies have shown that age-
and menopause-related decreases in radiogrammetry
measurements are similar to the observed decrements
in bone mineral density (BMD) [9–12]. In addition,
radiogrammetry measurements of the metacarpals and
radius are associated with prevalent wrist and vertebral
fractures [9,13–16]. One major advantage to radio-
grammetry measurements is that they can be performed
on standard radiographs of the hand and forearm,
thereby giving the procedure the potential to be widely
available. However, similar to other peripheral bone
densitometry techniques, one potential disadvantage of
radiogrammetry is that the measurements are not
performed at the actual sites of fracture (i.e., the wrist,
hip and spine).

Digital X-ray radiogrammetry (DXR) is a technique
that uses automated image analysis of standard hand or
forearm radiographs to estimate bone mineral density of
the forearm (DXR-BMD). Previous studies have shown
that DXR-BMD measurements have high precision, are
strongly correlated with forearm BMD assessed by dual-
energy X-ray absorptiometry, and are lower in indivi-
duals with prevalent fractures [8,17–20]. However, the
ability of DXR to predict fracture risk in a prospective
study has not been investigated.

Therefore, the primary objectives of this study were to
determine whether DXR-BMD measurements predict
wrist, hip and vertebral fracture risk, and to compare
their ability to predict fracture risk with that of other
peripheral BMD measurements. In addition, we com-
pared DXR-BMD with hip and spine BMD with regard
to their abilities to predict fracture risk. To accomplish
these objectives, we conducted a case-cohort study
within the Study of Osteoporotic Fractures (SOF), a
prospective study of 9704 community-dwelling elderly
women.

Materials and Methods

Subjects and Clinical Assessments

From 1986 to 1988, 9704 Caucasian women aged 65
years or older were recruited from population-based
listings for participation in the SOF [21]. Subjects were
recruited from four regions of the United States,
including Baltimore County, Maryland; Minneapolis,
Minnesota; Portland, Oregon; and the Monongahela
Valley near Pittsburgh, Pennsylvania. Black women
were excluded (due to their low risk of hip fracture), as
were women with a history of bilateral hip replacement
and women who were unable to walk without assistance.
At the baseline visit, lateral radiographs of the thoracic
and lumbar spine and anteroposterior radiographs of the
nondominant distal forearm and hand were acquired.
The study was approved by the institutional review
boards at each study center and all participants gave
informed written consent.

Assessment of Fractures

Participants were contacted every 4 months by postcard
or telephone to ascertain whether they had sustained a
fracture. Self-reported wrist fractures were confirmed by
radiograph reports. Self-reported hip fractures were
confirmed by a review of the radiographs obtained at
the time of hospitalization following the fracture [22].
Vertebral fractures were identified by quantitative
morphometric evaluation of baseline and follow-up
lateral spine radiographs acquired on average 3.7 years
later. A new fracture was considered to have occurred if
there was a decrease of 20% and at least 4 mm in any
one of the vertebral heights [23,24].

Selection of Case and Cohort Samples

Using the case–cohort approach [25,26], we randomly
selected 200 of the 224 women in the cohort of 9704
who suffered a hip fracture during the first 5 years of
follow-up after the baseline evaluation, of whom 188
had a valid hand radiograph for evaluation. Similarly, we
randomly selected 200 of the 342 women who suffered a
wrist fracture during the first 5 years of follow-up (of
whom 178 had an evaluable hand radiograph), and 200
of the 389 women who suffered a new vertebral fracture
during an average of 3.7 years of follow-up (of whom
174 had an evaluable hand radiograph).

The wrist fractures and hip fractures occurred on
average 2.4 years (range 0.02–4.98 years) and 2.8 years
(range 0.05–4.98 years), respectively, after the baseline
visit. The vertebral fractures were identified using
morphometric analysis of lateral spine radiographs
obtained an average of 3.7 years (range 1.6–4.9 years)
after the baseline visit.

Digital X-ray Radiogrammetry Predicts Fracture Risk in Elderly Women 359



In addition, we randomly selected 411 women from
the original cohort to serve as nonfractured controls for
the hip and wrist fracture cohort. This sample of the
original cohort was increased to 555 women in order to
identify sufficient participants with spine radiographs at
the baseline and follow-up visits. Among this sample of
the cohort, 7 women had suffered an incident hip
fracture, 17 had suffered a wrist fracture and 19 had
suffered a vertebral fracture. These individuals were
counted as case patients in the analysis of hip, wrist and
vertebral fractures.

Bone Densitometry Assessments

At baseline, bone mineral content (BMC) and density
(BMD) of the distal forearm and calcaneus were
assessed by single-photon absorptiometry (OsteoAnaly-
zer, Siemens-Osteon, Wahiana, HI). All densitometry
measurements were performed on the right side, except
in subjects who had suffered a fracture, stroke or severe
injury involving that limb. In these cases, bone density
measurements were performed on the contralateral limb.
At the second visit (approximately 2 years after the
baseline visit) BMD and BMC of the lumbar spine and
proximal femur were assessed. Details regarding the
bone densitometry measurements have been published
previously [21,27,28].

Analysis of Hand Radiographs using Digital X-ray
Radiogrammetry

Automated DXR (Pronosco X-posure System Pronosco,
Vedbaek, Denmark) was used to calculate BMD (DXR-
BMD, g/cm2) of the forearm. Computation of DXR-
BMD by the Pronosco X-posure System involves
digitization of a single plain radiograph of the hand
and subsequent image analysis of the digitized image.
The system uses a completely automated procedure to
calculate cortical thickness and overall bone width for
the second through fourth metacarpals. The determina-
tion of DXR-BMD has been described previously [8]
and will be only briefly summarized here.
To locate the bones in the radiograph the Pronosco X-

posure System used a model-based algorithm based on
the Active Shape Model [29]. The Active Shape Model
algorithm was adapted to find the diaphysis of the three
middle metacarpals in the hand. After each diaphysis
was identified, a region of interest (ROI) was determined
automatically for each metacarpal (Fig. 1a). The height
of the ROI was fixed to 2.0 cm, 1.8 cm and 1.6 cm for
the second, third and fourth metacarpals, respectively.
The algorithm then couples the three ROIs from each
metacarpal with each other, and moves them along the
bone shaft to a position identified by the minimum
combined bone width (Fig. 1b). The average cortical
thickness (ti) and bone width (Wi) were determined for
the metacarpal i, and the bone volume per projected area

(VPA, cm) was computed for each metacarpal assuming
a cylindrically shaped bone:

VPAi = p6ti6(1–ti/Wi)

The total VPA for the metacarpals was defined as a
weighted average:

VPAmc = (VPA2 + VPA3 + 0.5 VPA4) / 2.5

DXR-BMD of the forearm was calculated as
VPAmc6(1–P)6c, where P is the estimated three-
dimensional porosity, chosen to be the fraction of the
cortical bone volume that is not occupied by bone [30],
and c is a scaling factor chosen to ‘calibrate’ the
estimated DXR-BMD value so that it best corresponds to
proximal forearm BMD, as assessed by dual-energy X-
ray absorptiometry [8].

Fig. 1. Image of a hand radiograph with regions of interest outlined
(a) and a magnified view of the metacarpals (b).

a

b
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The metacarpal index (DXR-MCI) for each bone was
defined as

DXR-MCIi = 26ti/Wi

and the total DXR-MCI for the three metacarpals was
computed as the weighted average:

DXR-MCImc = (DXR-MCI2 +DXR-MCI3 + 0.5DXR-MCI4)/2.5

Statistical Analysis

Standard descriptive statistics were computed for each of
the fracture (case) and no-fracture subcohorts. Mean
values for the case and the cohort samples were
compared using Student’s t-test and chi-square analyses.
We used proportional hazards models that accounted for
the case–cohort sampling design (Stata Corporation,
College Station, TX) to analyze predictors of wrist and
hip fractures, and logistic regression analysis (SAS
Institute, Cary, NC) to analyze predictors of vertebral
fractures. Predictors of hip fracture were also analyzed
separately for cervical and intertrochanteric hip frac-
tures. In the analysis of hip fracture types, women with
the other type of fracture were included as controls. For
example, women who suffered a femoral neck fracture
were included as controls for the analysis of inter-
trochanteric hip fractures. We used linear correlation
analysis to compare DXR-BMD with BMD measure-
ments obtained by the other techniques.

Results

Compared with subjects who did not suffer a fracture,
those who suffered a wrist, hip, or vertebral fracture
were more likely to have a prior history of fracture and
to have a baseline vertebral fracture (Table 1). In
addition, women who suffered an incident hip or
vertebral fracture were older and thinner than unfrac-
tured control subjects (Table 1). Furthermore, at all
skeletal sites, baseline BMD measurements were 7–16%
lower (p<0.0001 for all) in women who suffered an

incident fracture than in those who did not suffer a
fracture (Table 2).

According to the case–cohort analysis, women with
decreased BMD had an increased risk of subsequent
wrist, hip and vertebral fracture. All BMD measurements
were similar for prediction of wrist and vertebral
fractures. After adjusting for age, the relative hazard of
wrist fracture for a 1 SD decrease in BMD ranged from
1.5 for lumbar spine BMD to 2.1 for distal radius BMD
(Table 3). Similarly, the age-adjusted odds ratio for
vertebral fracture for a 1 SD decrease in BMD ranged
from 1.8 for DXR-MCI and proximal radius BMD to 2.5
for femoral neck BMD (Table 3).

Hip fracture risk was best predicted by femoral neck
BMD, whereas the predictions of hip fracture risk by all
other BMD measurements were similar (Table 4).
Specifically, the relative hazard (RH) for a 1 SD
decrease in BMD was 3.0 for the femoral neck, and
ranged from 1.5 to 1.9 for all other measurements. When
hip fractures were analyzed separately according to
fracture type, 107 were classified as femoral neck
fractures and 87 as intertrochanteric fractures. (Note
that 2 fractures were identified as both types, and
therefore are included in both groups, whereas 3 of the
fractures were not identified as either femoral neck or
trochanteric.) Femoral neck BMD predicted both
femoral neck and intertrochanteric hip fractures (RH =
2.1 and 2.5, respectively, Table 4). However, in contrast
to femoral neck BMD, peripheral BMD measurements
were much better predictors of intertrochanteric hip
fracture (RH = 1.9–2.5) than of femoral neck hip fracture
(RH = 1.1–1.3). Nonetheless, all peripheral BMD
measurements were similar to each other in their ability
to predict both femoral neck and intertrochanteric hip
fractures.

None of the peripheral BMD measurements was better
than any other for prediction of wrist, hip and vertebral
fracture risk. Moreover, the inverse relationship between
BMD and the risk of fracture was similar for calcaneus
BMD, distal radius BMD and DXR-BMD (Fig. 2).

DXR-BMD was most strongly correlated with distal
radius BMD (r = 0.68), proximal radius BMD (r = 0.75)

Table 1. Baseline characteristics of women with incident wrist, hip, and vertebral fractures compared with unfractured controls

Characteristic Wrist fracture Hip fracture Vertebral fracture

Fx (n = 195) No Fx (n = 392) Fx (n = 195) No Fx (n = 398) Fx (n = 193) No Fx (n = 392)

Age 65–69, n (%) 88 (45.1) 147 (37.5) 34 (17.4) 150 (37.7) 49 (25.4) 166 (42.3)
Age 70–74, n (%) 52 (26.7) 127 (32.4) 56 (28.7) 130 (32.7) 77 (39.9) 129 (32.9)
Age 75–79, n (%) 35 (18.0) 69 (17.6) 53 (27.2) 72 (18.1) 42 (21.8) 65 (16.6)
Age 580, n (%) 20 (10.3) 49 (12.5) 52 (26.7) 46 (11.6) 25 (13.0) 32 (8.2)

Prior history of Fx, n (%) 96 (50.0)** 143 (36.7) 111 (57.5)*** 141 (35.6) 99 (51.3)*** 135 (34.4)
Baseline vertebral Fx, n (%) 50 (25.9)* 71 (18.3) 78 (41.5)*** 65 (16.4) 101 (52.3)*** 65 (16.6)

Age (years), mean (SD) 71.7 (5.6) 72.1 (5.3) 75.5*** (6.1) 72.0 (5.2) 73.2*** (5.4) 71.3 (4.8)
Height (cm), mean (SD) 159.7 (5.7) 159.0 (6.1) 158.1 (6.9) 159.1 (6.1) 158.1** (6.1) 159.7 (6.1)
Weight (kg), mean (SD) 66.2 (12.5) 67.3 (12.5) 63.3*** (11.8) 67.5 (12.4) 64.5** (11.6) 68.0 (12.1)

Fx, fracture.
*p50.05 compared with control subjects; **p50.01 compared with control subjects; ***p50.0001 compared with control subjects.
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and DXR-MCI (r = 0.87), whereas it was moderately
correlated with femoral neck BMD (r = 0.50), lumbar
spine BMD (r = 0.44) and calcaneus BMD (r = 0.59).

Discussion

In this prospective study we showed that DXR-BMD,
an estimate of forearm BMD computed using auto-
mated digital X-ray radiogrammetry, predicts wrist,

vertebral and hip fracture risk as well as other
peripheral BMD measurements. Each standard devia-
tion (SD) decrease in DXR-BMD was associated with a
1.6- to 1.9-fold increase in fracture risk. In comparison,
a 1 SD decrease in calcaneal or radial BMD was
associated with a 1.7- to 2.1-fold increase in the risk of
fracture, whereas a 1 SD decrease in femoral neck
BMD was associated with a 1.8- to 3.0-fold increase in
fracture risk.

Similar to previous reports [31–33], we found that

Table 2. Mean baseline bone mineral density and radiogrammetry characteristics of participants with incident wrist, hip and vertebral fractures
compared with those of the respective control subjects who did not suffer a fracturea

Characteristic Wrist fracture Hip fracture Vertebral fracture

Fx (n = 195) No Fx (n = 392) Fx (n = 195) No Fx (n = 398) Fx (n = 193) No Fx (n = 392)

Femoral neck BMD (g/cm2) 0.609 0.660 0.556 0.659 0.584 0.664
Lumbar spine BMD (g/cm2) 0.802 0.865 0.797 0.864 0.753 0.869
Calcaneal BMD (g/cm2) 0.371 0.410 0.344 0.411 0.356 0.416
Distal radius BMD (g/cm2) 0.322 0.373 0.320 0.373 0.320 0.373
Proximal radius BMD (g/cm2) 0.592 0.645 0.581 0.647 0.586 0.650
DXR-BMD (g/cm2) 0.468 0.491 0.451 0.492 0.459 0.495
DXR-MCI 0.345 0.370 0.331 0.371 0.340 0.374

Fx, fracture.
aAll BMD measurements were lower in subjects with fracture than in those with no fracture (p<0.0001 for all).

Table 3. Association between bone mineral density and risk of wrist and vertebral fracture using age-adjusted models: relative hazard and odds
ratio for a 1 SD decrease in each bone measurement

Bone measurement Standard deviation Wrist fracture relative hazard
(95% CI)

Vertebral fracture odds ratio
(95% CI)

Femoral neck BMD (g/cm2) 0.108 1.8 (1.4, 2.3) 2.5 (1.9, 3.2)
Lumbar spine BMD (g/cm2) 0.156 1.5 (1.2, 1.9) 2.3 (1.8, 2.9)
Calcaneal BMD (g/cm2) 0.092 1.7 (1.4, 2.0) 2.1 (1.7, 2.6)
Distal radius BMD (g/cm2) 0.083 2.1 (1.7, 2.5) 1.9 (1.6, 2.4)
Proximal radius BMD (g/cm2) 0.101 1.8 (1.5, 2.1) 1.8 (1.5, 2.2)
DXR-BMD (g/cm2) 0.058 1.6 (1.3, 2.0) 1.9 (1.5, 2.3)
DXR-MCI 0.060 1.7 (1.4, 2.1) 1.8 (1.4, 2.2)

Table 4. Association between bone mineral density and risk of all hip fractures, femoral neck and intertrochanteric fractures using age-adjusted
modelsa

Bone measurement All hip fractures
(n = 195)b

Relative hazard
(95% CI)

Femoral neck fractures
(n = 107)b

Relative hazard
(95% CI)

Intertrochanteric fractures
(n = 87)b

Relative hazard
(95% CI)

Femoral neck BMD (g/cm2) 3.0 (2.1, 4.3) 2.1 (1.6, 2.8) 2.5 (1.7, 3.8)
Lumbar spine BMD (g/cm2) 1.5 (1.2, 1.9) 1.0 (0.77, 1.4) 2.1 (1.5, 3.1)
Calcaneal BMD (g/cm2) 1.9 (1.5, 2.4) 1.1 (0.89, 1.4) 2.5 (1.8, 3.4)
Distal radius BMD (g/cm2) 1.8 (1.4, 2.2) 1.3 (1.0, 1.6) 2.1 (1.5, 3.0)
Proximal radius BMD (g/cm2) 1.7 (1.4, 2.1) 1.2 (0.95, 1.6) 1.9 (1.5, 2.6)
DXR-BMD (g/cm2) 1.8 (1.4, 2.2) 1.2 (0.92, 1.5) 2.3 (1.7, 3.0)
DXR-MCI 1.8 (1.4, 2.3) 1.2 (0.94, 1.6) 2.3 (1.7, 3.1)

aCohort standard deviation shown in Table 3.
bThe total number of hip fractures includes individuals identified with both fracture subtypes.
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peripheral BMD measurements, including DXR-BMD,
are better predictors of the risk of intertrochanteric hip
fracture than of femoral neck fracture. For example, in
an earlier analysis of the entire SOF cohort, Seeley and
colleagues [31] reported that the hazard ratios for the
association between intertrochanteric fractures and BMD
at the calcaneus, distal radius and proximal radius were
2.78, 1.99, and 1.80, respectively. In contrast, the
associations between appendicular BMD and femoral
neck fracture risk were much weaker, with hazard ratios
ranging from 1.10 to 1.25. Our results, using a sample of
the entire SOF cohort, are consistent with these data, as
we found age-adjusted relative hazards for a 1 SD
decrease in peripheral BMD measurements ranging from

1.9 to 2.5 for intertrochanteric hip fractures, and from
1.0 to 1.3 for femoral neck fractures. The reasons for this
discrepancy in the ability of peripheral BMD measure-
ments to predict femoral neck versus intertrochanteric
hip fracture risk are not well understood. It is likely that
whereas overall fracture risk is well predicted by
peripheral BMD measurements, the distribution of
bone mass in various regions in the proximal femur
that predispose to a certain type of hip fracture [34–37]
is not captured by peripheral BMD measurements. It is
interesting to note, however, that peripheral measure-
ments, including DXR-BMD, are nearly as strong
predictors of intertrochanteric fractures as is femoral
neck BMD.

Fig. 2. Age-adjusted relative risk of wrist, hip and vertebral fracture by quartile of calcaneus BMD, distal radius BMD and DXR-BMD.
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The DXR-BMD technique (and radiogrammetry
techniques in general) primarily measure cortical bone
at skeletal sites distinct from the common fracture sites,
which are comprised of both trabecular and cortical bone
regions. Therefore, theoretically, these measurements
may not be useful for prediction of fracture risk at
clinically relevant sites. However, previous retrospective
studies found that radiogrammetry measurements of the
metacarpals and radius are lower in individuals with
prevalent vertebral and wrist fractures [9,13–16]. In
addition, both retrospective and prospective studies
demonstrated an association between BMD of the
phalanges computed using radiographic absorptiometry
and fracture risk [38–40]. Thus, these previous studies,
taken together with the results of the current study,
confirm that BMD measurements of the hand and wrist,
including those derived from automated digital X-ray
radiogrammetry, traditional radiogrammetry, radio-
graphic absorptiometry and bone densitometry, are
associated with fracture risk at the wrist, spine and hip.
Due to the protocol for acquisition of the radiographs

in the SOF, DXR-BMD was computed using the second
through fourth metacarpals, instead of being computed
from the metacarpals, radius and ulna, as is done with
the initial version of the Pronosco X-posure System [8].
However, in a retrospective analysis Black and
colleagues [20] reported that the association with
fracture risk for DXR-BMD computed from the
metacarpals was similar to that for DXR-BMD
computed from the metacarpals, radius and ulna. In
addition, re-evaluation of radiographs acquired in their
study showed that DXR-BMD computed from the
metacarpals was strongly correlated with DXR-BMD
computed from the metacarpals, radius and ulna (r =
0.94, unpublished data). Thus, these data indicate that
the results from the present study are also applicable to
DXR-BMD measurements that are computed from the
metacarpals, radius and ulna.
Another potential limitation of the study was the

relatively short period of follow-up (4–5 years) for
fractures. Thus, the ability of DXR-BMD to predict
fractures over a longer time period is not known.
However, Duppe and colleagues [41] have shown that a
single forearm BMD measurement predicts fracture risk
over a 25-year period. Although the predictive ability
decreased slightly compared with a previous study in the
same population with a follow-up period of 11–13 years,
the associations with hip and vertebral fracture risk were
still strong and significant. For example, among women
aged 40–70 years at the initial BMD measurement, the
relative risk associated with 1 SD decrease in forearm
BMD was 1.66 for hip fractures and 1.79 for vertebral
fractures. These data suggest that DXR-BMD measure-
ments, since they are strongly correlated with forearm
BMD, are likely to predict fracture risk over a longer
time period than was assessed in the present study.
In summary, in a prospective evaluation of elderly

women we found that DXR-BMD predicts wrist, hip and
vertebral fracture risk as well as BMD measurements at
the forearm, heel and spine. These data provide strong

evidence for the use of DXR-BMD as an alternative to
peripheral dual-energy and single-energy X-ray absorp-
tiometry measurements for prediction of fracture risk,
and suggest that DXR-BMD may be useful for
prediction of fracture risk in clinical settings where hip
BMD is not available.

Acknowledgements. This study was supported by US Public Health
Service Grants (AR-44661, AG-05407, AR-35582, AG-05394, AM-
35584 and AR-35583) and by Pronosco, Vedbaek, Denmark.

Investigators in the Study of Osteoporotic Fractures Research
Group include: University of California, San Francisco (Coordinating
Center): S.R. Cummings (principal investigator), M.C. Nevitt (co-
investigator), D.C. Bauer, (co-investigator), K. Stone (project
director), D.M. Black (study statistician), H.K. Genant (director,
central radiology laboratory), P. Mannen (research associate), T.
Blackwell, W.S. Browner, M. Dockrell, T. Duong, C. Fox, S. Harvey,
M. Jaime-Chavez, L.Y. Lui, G. Milani, L. Nusgarten, L. Palermo, E.
Williams, D. Tanaka, C. Yeung. University of Maryland: M.
Hochberg (principal investigator), J. C. Lewis (project director),D.
Wright (clinic coordinator), R. Nichols, C. Boehm, L. Finazzo, B.
Hohman, T. Page, S. Trusty, H. Kelm, T. Lewis, B. Whitkop.
University of Minnesota: K. Ensrud (principal investigator), K.
Margolis (co-investigator), P. Schreiner (co-investigator), K. Worzala
(co-investigator), M. Oberdorfer (project director), E. Mitson (clinic
coordinator), C. Bird, D. Blanks, F. Imker-Witte, K. Jacobson, K.
Knauth, N. Nelson, E. Penland-Miller, G. Saecker. University of
Pittsburgh: J.A. Cauley (principal investigator), L.H. Kuller (co-
principal investigator), M. Vogt (co-investigator), L. Harper (project
director), L. Buck (clinic coordinator), C. Bashada, D. Cusick, G.
Engleka, A. Flaugh, A. Githens, M. Gorecki, D. Medve, M. Nasim, C.
Newman, S. Rudovsky, N. Watson, D. Lee. The Kaiser Permanente
Center for Health Research, Portland, Oregon: T. Hillier (principal
investigator), E. Harris (co-principal investigator), E. Orwoll (co-
investigator), H. Nelson (co-investigator), Mikel Aiken (biostatisti-
cian), Marge Erwin (project administrator), Mary Rix (clinic
coordinator), Jane Wallace, Kathy Snider, Kathy Canova, Kathy
Pedula, JoAnne Rizzo.

References

1. Eastell R. Treatment of postmenopausal osteoporosis [see
comments]. N Engl J Med 1998;338:736–46.

2. Sambrook PN, Eisman JA. Osteoporosis prevention and
treatment. Med J Aust 2000;172:226–9.

3. McGarry KA, Kiel DP. Postmenopausal osteoporosis: strategies
for preventing bone loss, avoiding fracture. Postgrad Med 2000;
108:79–82, 85–8, 91.

4. WHO Study Group. Assessment of fracture risk and its
application to screening for postmenopausal osteoporosis.
Geneva: Technical report 843. World Health Organization, 1994.

5. Genant HK, Cooper C, Poor G, Reid I, Ehrlich G, Kanis J, et al.
Interim report and recommendations of the World Health
Organization Task-Force for Osteoporosis. Osteoporos Int
1999;10:259–64.

6. Barnett E, Nordin B. The radiological diagnosis of osteoporosis: a
new approach. Clin Radiol 1960;11:166–74.

7. Blake GM, Gluer CC, Fogelman I. Bone densitometry: current
status and future prospects. Br J Radiol 1997;70:S177–86.

8. Jorgensen JT, Andersen PB, Rosholm A, Bjarnason NH. Digital
X-ray radiogrammetry: a new appendicular bone densitometric
method with high precision. Clin Physiol 2000;20:330–5.

9. Dey A, McCloskey E, Taube T, Cox R, Pande K, Ashford R,
Forster M, de Takats D, Kanis J. Metacarpal morphometry using a
semi-automated technique in the assessment of osteoporosis and
vertebral fracture risk. Osteoporos Int 2000;11:953–8.

10. Horsman A, Simpson M. The measurement of sequential changes
in cortical bone geometry. Br J Radiol 1975;48:471–6.

11. Meema HE, Meema S. Longitudinal microradioscopic compar-

364 M. L. Bouxsein et al.



isons on endosteal and juxtaendosteal bone loss in premenopausal
and postmenopausal women, and in those with end-stage renal
disease. Bone 1987;8:343–50.

12. Maggio D, Pacifici R, Cherubini A, Simonelli G, Luchetti M,
Aisa MC, et al. Age-related cortical bone loss at the metacarpal.
Calcif Tissue Int 1997;60:94–7.

13. Meema HE. Improved vertebral fracture threshold in postmeno-
pausal osteoporosis by radiogrametric measurements: its useful-
ness in selection for preventive therapy [published erratum
appears in J Bone Miner Res 1991;6:428]. J Bone Miner Res
1991;6:9–14.

14. Meema H, Meindok H. Advantages of peripheral radiogrammetry
over dual-photon absorptiometry of the spine in the assessment of
prevalence of osteoporotic vertebral fractures in women. J Bone
Miner Res 1992;7:897–903.

15. Wishart JM, Horowitz M, Bochner M, Need AG, Nordin BE.
Relationships between metacarpal morphometry, forearm and
vertebral bone density and fractures in postmenopausal women.
Br J Radiol 1993;66:435–40.

16. Crespo R, Revilla M, Usabiago J, Crespo E, Garcia-Arino J, Villa
LF, et al. Metacarpal radiogrammetry by computed radiography
in postmenopausal women with Colles’ fracture and vertebral
crush fracture syndrome. Calcif Tissue Int 1998;62:470–3.

17. Black D, Palermo L, Sorensen T, Tylavsky F, Cummings S.
Association of bone mass at the radius, ulna, and metacarpals
with history of fracture. J Bone Miner Res 1999;14:S252.
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