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Abstract

Summary We examined the relation between a biomechanical
measure, factor-of-risk, and hip fracture risk in 1,100 men and
women from the Framingham Study and found that it
predicted hip fracture (men, ORs of 1.8; women, 1.2-1.4).
Introduction Alternative methods of predicting hip fracture
are needed since 50% of adults who fracture do not have
osteoporosis by bone mineral density (BMD) measurements.
One method, factor-of-risk (®), computes the ratio of force
on the hip in a fall to femoral strength. We examined the
relation between @ and hip fracture in 1,100 subjects from
the Framingham Study with measured hip BMD, along with
weight, height, and age, collected in 1988—1989.

Methods We estimated both peak and attenuated force
applied to the hip in a sideways fall from standing height,
where attenuated force incorporated cushioning effects of
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trochanteric soft tissue. Femoral strength was estimated
from femoral neck BMD, using cadaveric femoral strength
data. Sex-specific, age-adjusted survival models were used
to calculate hazard ratios (HR) and 95% confidence
intervals for the relation between ®pcax, Pattenuated, and their
components with hip fracture.

Results In 425 men and 675 women (mean age, 76 years),
136 hip fractures occurred over median follow-up of
11.3 years. Factor-of-risk, &, was associated with increased
age-adjusted risk for hip fracture. One standard deviation
increase in Ppeax and Pyyenuaea Was associated with HR of
1.88 and 1.78 in men and 1.23 and 1.41 in women,
respectively. Examining components of @, in women, we
found fall force and soft tissue thickness were predictive of
hip fracture independent of femoral strength (was estimated
from BMD).

M. L. Bouxsein
e-mail: mbouxsei@bidmc.harvard.edu

B. Roberts + M. L. Bouxsein
Orthopedic Biomechanics Laboratory,
Beth Israel Deaconess Medical Center,
Boston, MA, USA

B. Roberts
e-mail: bjrobert@bidmc.harvard.edu

D. P. Kiel - M. T. Hannan

Division of Gerontology, Department of Medicine,
Beth Israel Deaconess Medical Center,

Boston, MA, USA

@ Springer



Osteoporos Int

Conclusions Thus, both Ppeax and Pugenvatea predict hip
fracture in men and women. These findings suggest
additional studies of @ predicting hip fracture using direct
measurements of trochanteric soft tissue.

Keywords Bone strength - Cohort study - Elderly - Factor-
of-risk - Fracture prediction - Hip fracture

Introduction

Hip fractures are the most costly and debilitating of all
osteoporotic fractures, and their incidence is predicted to
double or triple in the coming decades due to the growing
number of elderly individuals [1, 2]. Many risk factors for
hip fracture have been identified from epidemiologic
studies, including older age, sex, use of alcohol, tobacco
or glucocorticoids, family history of fracture, low bone
mineral density (BMD), previous history of fracture, and
low body weight or low body mass index (BMI) [3, 4].
Currently, the most common tool for diagnosis of osteopo-
rosis and prediction of fracture risk is BMD by dual energy
X-ray absorptiometry (DXA). Yet, up to half of individuals
suffering a hip fracture do not have osteoporosis by BMD
testing [5]. There is a compelling need to improve the
prediction of hip fracture risk and enhance identification of
those at greatest risk, in order to intervene with therapies
and/or non-pharmacologic strategies proven to reduce hip
fracture incidence. This need led to the development of the
FRAX risk assessment tool from the World Health
Organization that uses multiple risk factors to assess
absolute fracture risk based on multiple cohort study data
[4]. The FRAX assessment tool does not specifically take
into account falls and fall-related risk factors, even though
falls are critically important for hip fracture [6, 7].
Incorporating fall characteristics into a hip fracture predic-
tion tool could potentially improve our ability to assess
fracture risk.

Since a hip fracture is a structural failure, wherein the
loads applied to the femur exceed its strength, a biome-
chanical approach to hip fracture risk evaluation may
improve fracture risk assessment [8]. The factor-of-risk,
defined as the ratio of applied forces to bone strength, is
one biomechanical approach to fracture risk assessment.
Theoretically, when the factor-of-risk exceeds 1, a fracture
would be predicted to occur [9, 10]. Age- and sex-specific
differences in the factor-of-risk generally reflect the
observed incidence of wrist, hip, and vertebral fractures
more closely than do differences in BMD [11-13]. In
applying this biomechanical concept to hip fractures, one
must estimate the forces applied to the hip during the
activity that causes a hip fracture, which is most often a
sideways fall from standing height [14-16], and the
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strength of the proximal femur in a sideways fall condition.
Forces applied to the hip during a fall depend on the fall
characteristics, impact surface, self-protective responses,
and thickness of soft tissues overlying the hip.

Regarding the utility of the factor-of-risk to predict hip
fracture, a small case—control study of postmenopausal
women, with a small number of hip fractures, showed that
an increased factor-of-risk was associated with greater risk
of hip fracture [3]. However, after further adjustment for
femoral BMD, the factor-of-risk was no longer significantly
associated with hip fracture. In men over the age of 65, an
increased factor-of-risk was also associated with a greater
risk of hip fracture [17], but after adjustment for BMD, the
factor-of-risk was no longer associated with hip fracture. A
second study was performed in older men (40 hip
fractures), using a load-to-strength ratio that utilized QCT-
based finite element analysis to estimate femoral strength
but did not account for trochanteric soft tissue thickness in
estimating the forces applied to the hip. A fourfold
increased risk of hip fracture was observed per standard
deviation increase in the load-to-strength ratio [18]. A
limitation of this prior work on the factor-of-risk and hip
fracture is that there has been no prospective study with
men and women studied from the same population.

To better understand the factors associated with hip
fracture in both women and men, we tested whether the
factor-of-risk [8, 9] predicts hip fracture in men and
women, in members of the population-based Framingham
study. Additionally, we examined the association between
the components of factor-of-risk (fall force, femoral
strength, and estimated trochanteric soft tissue thickness)
and risk of hip fracture to determine whether the compo-
nents of the factor-of-risk contribute independently to the
prediction of hip fractures. We hypothesized that the factor-
of-risk would be associated with risk of hip fracture and its
components (fall force, femoral strength, and estimated
trochanteric soft tissue thickness) would also be associated
with hip fracture.

Materials and methods
Study sample

The study sample was derived from the Framingham Study,
a large, longitudinal population-based study that began in
1948 with the enrollment of 5,209 men and women who
were 28 to 62 years of age. A two-thirds sample from the
town of Framingham, MA was recruited in order to study
risk factors for heart disease [19]. The cohort has been
followed biennially since that time. The Framingham Study
cohort is representative of the general population with
respect to numerous characteristics, including the frequency
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distribution of age and sex, cardiovascular morbidity and
mortality, and incidence rates of first hip fracture [20-23].
Follow-up information on mortality and fracture is com-
plete for over 95% of the Framingham Study participants.
One thousand one hundred cohort members with baseline
hip scans acquired between 1988 and 1989 were included
in this analysis.

At this baseline exam in 1988-1989, dual-photon
absorptiometry (DPA) scans of the hip were obtained using
a Lunar DP3 (Lunar, Madison, WI) and used to derive
BMD of the femoral neck. Weight in pounds was measured
at baseline using a standardized balance beam scale and
recorded to the nearest 1/2 1b. Height (without shoes) was
measured at baseline in inches using a calibrated stadiom-
eter and recorded to the nearest 1/4 in. BMI was calculated
from these measures in kilograms per square meter.

Fracture ascertainment

Hip fractures have been continuously ascertained in all
members of the cohorts and validated by the Framingham
Osteoporosis Study through December 31, 2005. Hip fracture
ascertainment is done through review of all participant
contacts or visits to the Framingham clinic, and review of all
hospitalizations (admission notes, emergency room notes,
operative reports, X-ray reports, and discharge summaries),
physician contacts, and deaths. Fracture adjudication is an
ongoing process using all of these data sources to document
the details surrounding the fracture, the circumstances of the
fracture, degree of trauma (fall from less than or greater than
standing height, motor vehicle accident, etc.), location of the
fracture (intertrochanteric, femoral neck, other), and treatment
for the fracture. Based on previous record review, the registry
has >98% complete follow-up for hip fractures, and the rate of
hip fractures in this cohort is in agreement with published
values [23].

We examined incident hip fractures that occurred after
the baseline measure of BMD through December 31, 2005.
Pathological fractures and fractures due to severe trauma
(motor vehicle accident or assault) were excluded. Fracture
cases were defined as participants who suffered at least one
validated, adjudicated hip fracture occurring after their
baseline BMD scan.

History of fracture was defined as a hip fracture
occurring prior to the baseline BMD scan. Subjects with a
history of fracture (two men and 25 women) were not
excluded from the analysis.

Factor-of-risk
We calculated @ as the ratio of applied force to femoral

strength. The numerator was calculated two ways, either
using estimated peak force or attenuated force applied to

the hip in a sideways fall from standing height. The
components of the factor-of-risk were computed as follows:

. Force
Factor —of —risk = ——————
Femoral strength

The peak force applied to the hip was estimated from
each subject’s height (meters) and weight (kilograms),
using a published equation derived from biomechanical
modeling of a sideways fall from standing height [24, 25].

Peak force (N) = sqrt (2ghmk) ,

where g is the gravitational constant (9.81 m/s%), 4 is the
height of an individual’s center of gravity for a fall from
standing height, taken as 0.51xheight (in meters), m is the
effective mass (in kilograms), and £ is the stiffness constant
(Newtons per meter; k=71,060 in women, £=90,440 in men)
[25]. The stiffness constant reflects the response of the body
to an impact force directed at the greater trochanter and was
derived from experiments in human volunteers [25]. We also
computed an “attenuated force” using the observation by
Robinovitch et al. [26] that the peak force applied to the hip
is reduced by 71 N/mm increase of trochanteric soft tissue.
The ideal method for determining trochanteric soft tissue
thickness would be to measure the distance between the most
lateral aspect of the greater trochanter and the lateral aspect
of the skin—air boundary on a whole body DXA scan or 3D
CT image of the femoral region. As we were not able to
collect these direct measurements for this study, we
estimated each individual’s trochanteric soft tissue thickness
from previously published, sex-specific regressions of
trochanteric soft tissue thickness on BMI [3, 17]. For men,
trochanteric soft tissue thickness (millimeters) is equal to
3.4795x(BMI (kilograms per square meter))—38.015. For
women, trochanteric soft tissue thickness (millimeters) is
equal to 2.3415x(BMI (kilograms per square meter))—
33.444. Femoral strength in a sideways fall configuration
was derived from the linear regression between femoral neck
BMD and femoral failure load determined from previous
mechanical testing in cadaveric specimens [27]. Specifically,
the regressions between femoral neck BMD and femoral
strength in a sideways fall configuration were determined
from in vitro experiments using 73 human femora from 48
women and 28 men, aged 55-98 years of age [27]. The
derived regression between BMD and femoral strength is the
same for men and women and does not differ by age:
Femoral strength==8,207 % (femoral neck BMD (grams per
square centimeter))—568.62.

Data analysis

Descriptive statistics were generated using means and
standard deviations for continuous measures and frequen-
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cies and percentages for categorical measures. Separate
baseline descriptive statistics were generated for men and
women and for participants who either sustained or did not
sustain a hip fracture during follow-up.

Crude and age-adjusted Cox proportional hazards
regressions were used to calculate hazard ratios (HR) and
95% confidence intervals (CI) for the relation between
femoral neck BMD, trochanteric soft tissue thickness, and
both Ppeqr and Pygrenuatea and time to hip fracture, death, lost
to follow-up, or end of follow-up (31 December 2005). All
models were sex-specific. Models were not adjusted for
history of previous hip fracture because the association
between factor-of-risk and hip fracture is not likely to be
confounded by a history of prior fracture. In addition, these
prior hip fractures occurred, on average, 11 years prior to
the bone density exam and thus are not likely to represent a
major problem. To further examine the impact of factor-of-
risk and its relationship with BMD, we specifically
performed an analysis using the components of factor-of-
risk, force (both peak and attenuated), femoral strength, and
estimated trochanteric soft tissue thickness. Models were
also examined separately by fracture location (intertrochan-
teric vs. femoral neck). All analyses were conducted using
the SAS statistical analysis package (SAS Institute Inc.,
Cary, NC, U.S.A.; version 9.1).

All participants have given informed consent for the data
collection, and this study has undergone institutional review
by both the Hebrew SeniorLife and the Boston University
Medical Center Institutional Review Boards.

Results

In the 425 men and 675 women who had valid femoral
neck BMD, mean age was 76 years+5.1 (range, 67 to
95 years) and mean BMI was 26.8 kg/m>+4.6. Population
characteristics are shown in Table 1, by sex and fracture
status. Over a median follow-up time of 11.3 years, 136 hip
fractures occurred, with 26 of those occurring in men.
There were eight intertrochanteric and 17 femoral neck hip
fractures in men (one unknown location), and 54 inter-
trochanteric and 52 femoral neck hip fractures in women
(four unknown locations). Analyzing the data separately by
fracture location did not result in any statistically significant
findings (all p>0.20). Thus, results of the location-specific
analysis are not presented. All variables of interest (except
age) differed between men and women, thus all analyses
were performed separately by sex. The assumptions of the
Cox proportional hazards regressions were met for all
models.

Of the 675 women, 13 had invalid, negative estimates
for attenuated force. This was due to the fact that in the
OFELY cohort, in which the regression equation between
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BMI and trochanteric soft tissue thickness was developed,
there were no women with a BMI greater than 35 kg/m?.
Since, in our study, these 13 women had BMI greater than
35 kg/m?, we chose not to extrapolate beyond the limits of
the regression equation. These 13 women were given a
value of 5 N for their attenuated force, which was the
lowest value observed in our cohort. Models were
examined with and without these 13 women and no
difference in results was observed, thus the results
presented include these 13 women.

Mean femoral neck BMD was 0.777+0.147 g/cm?
(range, 0.182—1.556 g/cm?). The average estimated femoral
strength was 5,808+1,207 N and ranged from 923 to
12,197 N. As expected, in both men and women, decreased
femoral neck BMD was associated with an increased risk of
hip fracture, adjusting for age (HR=2.2 men (95% CI, 1.3,
3.7); HR=1.7 women (95% CI, 1.4, 2.1) for | standard
deviation (SD) decrease in femoral neck BMD). Decreased
trochanteric soft tissue thickness was associated with
increased hip fracture risk in women (HR=1.5 per SD,
95% CI, 1.2, 1.9), but there was no association in men.

Higher @peac and Pugenuaea Were associated with in-
creased risk of hip fracture, adjusting for age (Table 2). A
one standard deviation increase in Pp. Was associated
with a hazard ratio (HR) of 1.88 in men (95% CI, 1.38,
2.55) and 1.23 in women (95% CI, 1.10, 1.37). Similarly,
for @,genuated> the HR for hip fracture was 1.78 in men (95%
CI, 1.30, 2.44) and 1.41 in women (95% CI, 1.26, 1.58).
Table 3 shows the age-adjusted hazard ratios and 95%
confidence intervals for the association between the
components of the factor-of-risk and hip fracture risk,
adjusting for age. In both men and women, we saw that
femoral strength, the denominator of factor-of-risk, was
strongly associated with risk of hip fracture, with an
increased hazard of 2.0-2.5 in men and ~1.60 in women
per standard deviation decrease in femoral strength. In men,
increased fall force, both peak and attenuated, along with
decreased estimated trochanteric soft tissue thickness were
associated with an increased risk of hip fracture, although
not statistically significant. In women, a model containing
both attenuated fall force and femoral strength showed a
significant 30% increased risk of hip fracture for each
standard deviation increase in attenuated fall force along
with a 60% increase of hip fracture per standard deviation
decline in femoral strength suggesting that the contribution
of fall force to hip fracture risk is distinct from that of the
contribution of femoral strength. In a model containing
peak fall force, trochanteric soft tissue thickness, and
femoral strength, fall force was no longer significantly
associated with hip fracture, but decreased femoral strength
and trochanteric soft tissue thickness contributed indepen-
dently to the prediction of hip fracture. Although subjects
with a prior history of hip fracture were not excluded from



Osteoporos Int

Table 1 Descriptive characteristics of the men and women of the Framingham Study with baseline hip BMD scans between 1988 and 1989

Men, n=425

Women, n=675

Fracture, n=26

Non-fracture, n=399

Fracture, n=110

Non-fracture, =565

Age (years) 78.4 (6.29)
Weight (Ibs) 173.4 (25.18)
Height (inches) 67.4 (3.34)
BMI (kg/m?) 26.9 (4.22)
History of hip fracture 2 (7.14%)
Femoral neck BMD (g/cm?) 0.778 (0.119)
Estimated trochanteric soft tissue thickness (mm) 29.55 (9.89)
Estimated femoral strength (N) 5,817 (976)
Peak fall force (N) 7,789 (642)
Attenuated fall force (N) 5,692 (647)
Factor-of-risk, peak 1.37 (0.22)
Factor-of-risk, attenuated 1.00 (0.17)

75.0 (4.90)* 77.1 (5.86) 75.4 (4.89)*
173.9 (28.21) 135.3 (26.84) 144.3 (26.20)**
67.1 (2.69) 61.5 (2.74) 61.5 (2.44)
27.2 (3.98) 25.2 (4.82) 26.8 (4.85)%*
0 (0.00%) 25 (19.69%) 0 (0.00%)
0.878 (0.143)** 0.665 (0.104) 0.730 (0.114)***
30.14 (9.32) 49.50 (16.78) 55.33 (16.83)%*
6,639 (1,171)** 4,888 (852) 5,419 (933)**
7,777 (708) 5,816 (610) 6,008 (575)**
5,637 (498) 2,317 (751) 2,092 (783)*
1.20 (0.20)*** 1.21 (0.18) 1.14 (0.28)**
0.87 (0.16)*** 0.49 (0.17) 0.41 (0.21)%**

Mean=+SD, unless otherwise noted
*p<0.01; **p<0.001; ***p<0.0001

this analysis, nor did we adjust for prior hip fracture, a
sensitivity analysis revealed that excluding those subjects
with a prior hip fracture did not change the results.

Discussion

We found that increased factor-of-risk values, both @pcax
and P,yenuated, Were associated with increased hip fracture
risk in men (~80% increased risk per 1 SD increase in @)
and in women (23—41% increased risk per 1 SD increase in
@), even after adjusting for age. In women, separating out
the components of the factor-of-risk revealed that attenuat-
ed force and estimated trochanteric soft tissue thickness
were associated with hip fracture risk, in addition to the
femoral strength term. Since femoral strength is calculated
from a linear regression using BMD, these results indicate
that in women, the components of factor-of-risk, specifi-
cally attenuated fall force, and estimated soft tissue
thickness, are significant predictors of hip fracture even
after accounting for the influence of femoral neck BMD.
The same trend of increased risk was seen in the men,
although the results were not statistically significant. These
findings indicate that characteristics related to the fall and/

or body habitus (and presumably cushioning of the fall) are
associated with hip fracture after accounting for femoral
BMD. Analyses examining the association between BMD
and risk of hip fracture showed that the association between
risk of future hip fracture and low femoral BMD was higher
than that of factor-of-risk.

Two previous studies, one in men and one in women, have
examined the association between the factor-of-risk and hip
fracture using methods similar to the current study. Nielson et
al. [17] examined the association between the factor-of-risk
and hip fracture risk in 292 older men (including 70 fracture
cases) from the MrOS cohort. They found a small, but
significant, increased risk of hip fracture with a 1 SD increase
in factor-of-risk using peak force and attenuated force (1.10,
p<0.0001 and 1.09, p=0.0002, respectively). The Nielson
study did not see any association between hip fracture risk
and soft tissue thickness, which is consistent with our results
in men. In men, our study obtained higher odds ratios (ORs)
between factor-of-risk and hip fracture than Nielson et al.
This may be due to the fact that we estimated soft tissue
thickness using BMI, whereas the previous study used a
direct measurement of soft tissue thickness.

In a study performed in the OFELY cohort, which
examined 63 postmenopausal women (21 hip fractures and

Table 2 Adjusted hip fracture
hazard ratios (95% CI) in men Model )
and women for a 1 SD change Age-adjusted

Men ‘Women

Estimated soft tissue thickness®
F actor—of—riskpcakb
Factor-of-riskagenuated’

a
Decrease Femoral neck BMD?*

b
Increase

1.08 (0.71, 1.62)
1.88 (1.38, 2.55)
1.78 (1.30, 2.44)
2.20 (1.32, 3.66)

1.51 (1.20, 1.91)
1.23 (1.10, 1.37)
1.41 (1.26, 1.58)
1.67 (1.35, 2.06)
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Table 3 Age-adjusted hip fracture hazard ratios (95% CI) for components of factor-of-risk in men and women for a 1 SD change

Model Force term®

Estimated femoral strength® Estimated soft tissue thickness®

Men

Attenuated force+femoral strength 1.34 (0.86, 2.08)

Peak force+femoral strength+estimated 1.64 (0.90, 3.00)
soft tissue thickness

‘Women

Attenuated force+femoral strength 1.34 (1.07, 1.68)

Peak force+femoral strength+estimated 1.17 (0.83, 1.65)

soft tissue thickness

2.27 (1.35, 3.82) -
2.46 (1.44, 4.22) 1.14 (0.61, 2.14)

1.64 (1.31, 2.04) -
1.62 (1.27, 2.06) 1.47 (1.02, 2.12)

#Increase

b
Decrease

42 controls), Bouxsein et al. [3] found an increased risk of
hip fracture with a 1 SD increase in factor-of-risk using
peak force and attenuated force (OR=1.80, p=0.09 and
1.85, p=0.07, respectively) and also found that decreased
trochanteric soft tissue thickness was associated with
increased risk hip fracture (OR=1.82, p=0.02). Among
the women in our study, the hazard ratios were similar to
those seen in the OFELY study.

Our study has several limitations that should be noted.
First, we estimated soft tissue thickness using a regression
with body mass index. Previous studies have shown [24,
25, 28] that low BMI is associated with decreased
trochanteric soft tissue thickness overlying the hip so it is
reasonable to use BMI to estimate this measure. However,
the correlation between BMI and trochanteric soft tissue
thickness is modest, so it is probable that there is error
associated with the estimation. Future studies using directly
measured trochanteric soft tissue thickness are needed to
confirm our results. Second, we had relatively few hip
fractures in men (n=26), which reduced our power to detect
an increased risk and to establish whether the components
of the factor-of-risk were related to hip fracture. Third, the
regression equations used for prediction of trochanteric soft
tissue thickness came from only a single study, the OFELY
cohort. In the OFELY cohort, the regression between body
mass index and trochanteric soft tissue thickness was
derived from a sample in which there were no women with
more than 8 cm of trochanteric soft tissue and no women
with BMI greater than 35. Our sample included several
women with BMI>40. This limitation caused these women
with BMI>40 to have an estimated force applied to their
femur which was negative. To account for this impossible
estimation of force, these women were assigned the lowest
positive value for estimated force in our data. A sensitivity
analysis revealed that there was no difference in the results
if these women were excluded. Fourth, since our population
was predominately Caucasian adults, our results may not be
applicable to other races and ethnicities.
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Additionally, we used femoral neck BMD to estimate
femoral strength. Whereas, in vitro studies using cadaveric
femora report strong associations between femoral BMD
and failure load in a sideways fall configuration [27], and at
least one previous study [29] has reported a strong
correlation (r=0.79) between experimentally measured
femoral strength and femoral neck BMD as measured by
DPA (Lunar DP3). There have also been multiple studies
reporting strong correlations between femoral strength and
BMD as measured by DXA [30-32]. Despite these studies,
we acknowledge that more sophisticated approaches, such
as QCT-based finite element analysis [18, 33], may provide
more accurate femoral strength estimates. Indeed, Orwoll et
al. [18], who used QCT-based finite element analysis to
estimates femoral strength in older men, reported a fourfold
increased risk of hip fracture per standard deviation
increase in the load-to-strength ratio, a measure similar to
the factor-of-risk, except that they did not incorporate the
cushioning effects of trochanteric soft tissue thickness into
their estimates of femoral loading. For this study, we did
not have data available to better estimate femoral strength
such as finite element analysis. Finally, in this analysis, we
used baseline measurements of BMI and BMD, even
though there was significant time between the baseline
measurements and the end of follow-up in this study, and it
is possible that BMI or BMD could have changed over the
follow-up period. However, when we restricted our analysis
to a 10-year follow-up period, we observed the same
results.

Despite the aforementioned limitations, our study also
has several strengths. To our knowledge, this is the first
study to examine the association between factor-of-risk and
hip fracture risk in a large, population-based cohort of both
men and women using incident fractures. Our study sample
includes both men and women, which enables us to
generalize the results to both genders.

In conclusion, a biomechanical approach to fracture risk
assessment, the factor-of-risk, is associated with hip
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fracture risk in men and in women. Furthermore, in women,
the components of factor-of-risk, namely attenuated force
and estimated trochanteric soft tissue thickness, predict hip
fracture even when BMD is in the model. This provides the
rationale to conduct additional studies of factor-of-risk
using a direct measurement of trochanteric soft tissue
thickness to predict hip fracture in larger samples of men
and women. These results motivate development of new
protocols for DXA scans that integrate measures of soft
tissue thickness into the software to improve prediction of
hip fracture risk. Most importantly, since the components of
factor-of-risk predicted fracture, the routine measurement of
the factor-of-risk might be used to enhance the currently
available instruments used to predict fracture risk.
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