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Abstract

Background Current physician practices are not effective
in adequately evaluating and treating patients for osteo-
porosis. While dual-energy xray absorptiometry is the gold
standard in evaluating bone mineral density, calcaneal
quantitative ultrasound has emerged as a low-risk and low-
cost alternative.

Questions/purposes We estimated the prevalence of
abnormal bone mineral density with calcaneal quantitative
ultrasound and developed criteria for risk stratification in
female and male orthopaedic patients.

Methods We enrolled 500 patients (331 women, 169
men) with a mean age of 67 years (range, 55-94 years) and
screened them for osteoporosis with calcaneal quantitative
ultrasound. Multivariate logistic regression was used to
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identify predictors of low bone mineral density and a risk
model was developed.

Results  Quantitative ultrasound identified 154 patients
with low bone mineral density at the time of enrollment.
The prevalence of abnormal bone mineral density was 31%
(women: 38%, men: 17%). Multivariate analysis demon-
strated age, female gender, smoking, wrist fracture, and
spinal deformities independently predicted low bone min-
eral density. The probability of low bone mineral density
among patients with more than one risk factor was greater
than 50% among women and greater than 30% among men.
Conclusions Low bone mineral density is common
among orthopaedic outpatients. Age, female gender,
smoking, wrist fractures, and spinal deformities are inde-
pendent risk factors for osteoporosis. We present a
probability model designed to assist orthopaedic surgeons
in identifying high-risk patients and initiating adequate
preventative measures.

Level of Evidence Level I, diagnostic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Osteoporotic fractures are a major public health problem,
with over 1.5 million injuries occurring each year in the
United States [24]. Despite evidence from randomized
placebo-controlled trials that bisphosphonates [3, 14, 18],
selective estrogen receptor modulators [8], calcitonin [26],
and teriparatide [25] decrease fracture risk (above and
beyond calcium and vitamin D), several studies document
less than !5 of patients are effectively evaluated and treated
for osteoporosis [15, 27, 30, 32]. A review of a large
managed-care database found only 2.8% of women older
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than 50 years with distal radius fractures subsequently
underwent a bone mineral density (BMD) test (dual-energy
xray absorptiometry [DXA] scan of the hip and spine) and
22.9% were treated with medication targeting osteoporosis
[9]. A decade later, these numbers have not improved: only
21% of distal radius fracture patients evaluated in our
medical center were subsequently evaluated for osteopo-
rosis [28]. As such, current physician practices remain
ineffective in adequately evaluating and treating patients
for osteoporosis, particularly after fragility fractures.

DXA is currently the gold standard for assessing BMD.
Its use, however, is often limited by availability, cost, and
radiation exposure. Quantitative ultrasound (QUS) has
emerged as a new technology that can accurately predict
fracture risk; it is portable, inexpensive, and easy to per-
form in the outpatient setting and is a useful tool in
identifying patients for future DXA analysis [2, 11, 12, 16,
20, 33]. In one large study of 6189 postmenopausal women
over 65 years of age from 4 centers QUS used alone or
sequentially with DXA reportedly accurately identified
patients at risk for future fracture who would benefit from
further treatment [2]. QUS, however, is not widely known
to orthopaedic surgeons.

We therefore (1) determined the prevalence of abnormal
BMD among orthopaedic outpatients using QUS; (2)
identified predictors of low BMD; and (3) developed a
probability model for risk stratification in this patient
population.

Patients and Methods

Following approval by our Institutional Review Board, we
recruited patients from our outpatient orthopaedic clinic
between January and March 2008. Our clinic serves an
urban tertiary-care medical center. Represented subspe-
cialties include hand and upper extremity, foot and ankle,
sports medicine and arthroscopy, arthroplasty, musculo-
skeletal oncology, spine, trauma, and rheumatology.
During this time period, there was no standardized osteo-
porosis program for patients in our department. All 2790
patients 55 years or older seen during those three months
were eligible for inclusion (there were no additional
exclusion criteria). A research assistant (JS) approached
930 of these patients in random fashion to discuss the study
protocol and 500 chose to participate, for a response rate of
54%. The 500 patients who agreed to participate form the
basis of this report. There were 331 women and 169 men
with an average age of 67 years (range, 55-94 years)
(Table 1). Power analysis indicated a minimum sample
size of 100 patients in each age group would provide 80%
power to detect an odds ratio of 2.5 between patients with
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Table 1. Demographics and history of injury in the study population
(n = 500)

Characteristic Number of patients Percentage
Age
55-64 years 225 45
65-74 years 163 33
75-94 years 112 22
Gender
Female 331 66
Male 169 34
Race
Caucasian or Asian 384 77
African American or Hispanic 116 23
Cigarette smoking 42
Immunosuppression 33
Thyroid medication/steroids 84 17
Physical activity < 30 minutes/ 127 25
week
Fracture as a child 92 18
History of fracture
Wrist fracture 71 14
Hip fracture 25
Spine fracture 38
Osteoarthritis
Spine 134 27
Hip 81 16
Knee 124 25
Shoulder 90 18
Hand 143 29
Foot/ankle 72 14
Other orthopaedic conditions
Spinal deformity 88 18

Current lower extremity fracture 43

Current upper extremity fracture 40

ACL or meniscal injury 76 15
Patellofemoral disorders 144 29
Rotator cuff tendonitis/tear 183 31
Foot and ankle tendonitis 30 6
Carpal tunnel syndrome 65 13
Trigger finger 57 11
Lateral epicondylitis 34 7
Rheumatoid arthritis 26 5

normal and low BMD based on the presence or absence of
suspected risk factors.

At the time of enrollment, patients were given a one-
page questionnaire to assess risk factors for osteoporosis
and define their orthopaedic medical history. Once the
questionnaire was completed, a research assistant
reviewed answers with each patient to ensure accuracy
and minimize ambiguity. The study-specific questionnaire
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included a risk assessment for osteoporosis based on well-
established criteria [24] and a detailed evaluation of
patients’ orthopaedic diagnoses. Known risk factors for
osteoporosis such as smoking, immunosuppression, steroid
and thyroid medication use, history of fracture, and low
physical activity were tabulated. Patients were subse-
quently asked whether they had known diagnoses of
osteoarthritis, rheumatoid arthritis, upper extremity or
lower extremity fractures, spinal deformity (kyphosis and/
or scoliosis), ACL or meniscal injury, patellofemoral pain,
tendinosis in the foot and ankle, rotator cuff tendinosis or
tear, carpal tunnel syndrome, trigger finger, and lateral
epicondylitis. These diagnoses were identified by ICD-9
codes as the 15 most common conditions seen in our
outpatient practice.

Osteoporosis screening was performed using calcaneal
QUS (Achilles Express®; General Electric Corp, Madison,
WI) on the day of enrollment. QUS measures two ultra-
sound variables of the calcaneus (velocity and broadband
attenuation) to generate a stiffness index and T-score
comparable to that obtained by DXA. Patient preparation
and positioning typically takes 3 to 5 minutes and reports
are generated within 30 to 60 seconds. Normative data used
to generate T-scores was obtained from the National Health
and Nutrition Examination Survey [23] with a precision
of = 2% of BMD for osteoporotic bone and less than 2%
for nonosteoporotic bone. Although studies show T-scores
obtained by QUS to correlate well with DXA [2, 20], they
cannot be subjected to the diagnostic thresholds defined by
the World Health Organization (WHO) for osteoporosis
and osteopenia. Instead, generated T-scores are valuable to
identify patients at risk for osteoporosis who would sub-
sequently benefit from DXA scanning for definitive
evaluation. Patients were stratified into two groups: low
risk for abnormal BMD (T-score > —1) and high risk for
abnormal BMD (T-score < —1). The high risk group was
the subject of further statistical analysis to identify other
factors associated with abnormal BMD.

QUS measurements were obtained by one research
assistant trained in the technique. Measurements were
taken according to the guidelines published by the manu-
facturer [10]. For patients with an injured lower extremity
who were unable to weightbear, measurements were taken
on the noninjured extremity (n = 10). For all other
patients, measurements were taken for both extremities and
averaged (n = 490). Although the manufacturer suggests
measuring the right foot (if available) when screening
patients, we chose to obtain and average measurements
from both feet to minimize differences stemming from
extremity dominance. Since QUS measurements were
obtained in an effort to further define patients at risk for
osteoporosis, no therapeutic interventions were performed
as a part of this study. Patients were given a copy of their

results and told to follow up with their primary care phy-
sicians for discussion of further treatment.

Three hundred forty-six of the 500 patients had T-scores
greater than —1, 134 patients had T-scores between —1 and
—2.5, and 20 patients had T-scores less than —2.5. Patients
with T-scores between —1 and —2.5 and those with
T-scores less than —2.5 were considered at risk for osteo-
porosis and were grouped together for further analysis.
Using a T-score criterion of —1 or less (n = 154, 31%),
univariate analysis was performed to identify demographic
variables and patient factors associated with low QUS
values as compared to normal (n = 346, 69%). Fisher’s
exact test was used to compare proportions between the
two groups and the chi square test for assessing the rela-
tionship between abnormally low QUS values and age
groups. Once significant univariate variables were identi-
fied, a multivariate logistic regression modeling was
applied to determine independent predictors of low BMD.
This model included all variables with p values of less than
0.20 identified by univariate analysis [19]. This allowed us
to test 15 variables, which was appropriate given the
number of patients with abnormally low QUS values based
on our T-score definition [34]. Based on the final multi-
variate logistic regression model, we derived predicted
probabilities of being at risk for osteoporosis according to
the final set of five independent risk factors: age group,
gender, smoking status, history of wrist fracture, and spinal
deformity [13]. Statistical analysis was performed using
the SPSS™ software package (Version 16.0; SPSS Inc,
Chicago, IL). Two-tailed values of p < 0.05 were consid-
ered significant.

Results

The prevalence of low QUS values in our patient popula-
tion was 31%, with 38% of women and 15% of men at risk
for osteoporosis. By age group, the risk for low QUS values
was 23% (51 of 225) in patients 55 to 64 years old, 31%
(50 of 163) for those between 65 and 74 years of age, and
47% (53 of 112) for those older than 75 years.

In the univariate analysis, older age, female gender,
smoking, history of wrist or hip fracture, current upper
extremity fractures, osteoarthritis of the spine, and spinal
deformities were associated with low QUS values. Child-
hood fractures, low physical activity, steroid use, and
immunosuppression were not associated with a decrease in
BMD. No other common orthopaedic conditions were
associated with low QUS values. Multivariate analysis
demonstrated increasing age, female gender, smoking,
wrist fractures, and spinal deformities independently
predicted low QUS values in our patient population
(Tables 2, 3). The odds ratios and 95% confidence intervals
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Table 2. Demographics and injury characteristics for the normal and
low BMD groups

Characteristic Normal BMD group Low BMD group p Value
(n = 346) (n = 154)

Age < 0.001"F
55-64 years 174 (77) 51 (23)
65-74 years 113 (69) 50 (31)
75-94 years 59 (53) 53 (47)

Gender <0.001""
Female 206 (62) 125 (38)
Male 140 (83) 29 (17)

Cigarette smoking < 0.001™F
Yes 19 (45) 23 (55)
No 327 (71) 131 (29)

History of adult wrist fracture < 0.001""
Yes 33 (46) 38 (54)
No 313 (73) 116 (27)

Spinal deformity <0.01™"
Yes 49 (56) 39 (44)
No 297 (72) 115 (28)

Current upper extremity fracture 0.01%*
Yes 20 (50) 20 (50)
No 326 (71) 134 (29)

History of adult hip fracture < 0.01%*
Yes 11 (44) 14 (56)
No 335 (70) 140 (30)

Fracture as a child 0.08
Yes 71 (77) 21 (23)
No 275 (67) 133 (33)

Activity < 30 minutes/week 0.15
Yes 81 (64) 46 (36)
No 265 (71) 108 (29)

Osteoarthritis to the spine 0.02*
Yes 82 (61) 52 (39)
No 264 (72) 102 (28)

Low BMD was defined as a T-score —1 or less; all percentages are
calculated horizontally and are shown in parentheses; *significant
univariate predictor, Fisher’s exact test or Pearson chi square for age
groups; 'significant multivariate predictor, logistic regression mod-
eling; BMD = bone mineral density.

are presented as measures of risk and reflect increased risk
based on older age, female gender, smoking, history of an
adult wrist fracture, and spinal deformity. The likelihood
ratio test is the maximum likelihood statistic for assessing
significance in the multivariate logistic regression model
with 3.84 as the value needed to reach significance for any
predictor.

Based on the identified multivariate predictors of low
QUS values, probabilities of detecting low values were
calculated for both men and women with these characteris-
tics. Women between the ages of 55 and 64 years with no
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other risk factors had a 21% probability of having low QUS
values. In that same age group, one additional risk factor
increased the probability to 30% to 48% and two risk factors
increased it to 50% to 70%. Those with three risk factors had
an 80% probability of having low QUS values. In the 75- to
94-year age group, the probability of low QUS values was
50% for women with no risk factors, 60% to 80% for those
with one risk factor, and more than 80% for those with two
risk factors (Table 4). Among men between 55 and 64 years
of age, the probability of low QUS values was 8% if no other
risk factors were present, 13% to 23% with one risk factor,
and 28% to 44% with two risk factors, and 58% with three
risk factors. In the 75- to 94-year age group, the probability of
low QUS values was 25% for men with no risk factors, 37%
to 54% for those with one risk factor, and over 60% for those
with two risk factors (Table 5). The probabilities of having
low QUS values for each individual risk factor and for all risk
factors combined are shown for women (Fig. 1) and men
(Fig. 2). The probabilities of low QUS values are higher in
women than in men for each individual risk factor as well as
for all risk factors combined. The probability of low QUS
values for women and men over the age of 75 is over 80%
once all three risk factors are present.

Discussion

Current practices do not effectively evaluate and treat
patients for osteoporosis. Among orthopaedic patients in
particular, one study suggests that patients are not ade-
quately evaluated and treated for underlying abnormalities
in bone metabolism [28]. We therefore identified ortho-
paedic patients at risk for osteoporosis by determining the
prevalence of abnormal BMD, recognizing predictors of
abnormal BMD and developing a probability model for
risk stratification in this patient population.

Our study has several inherent limitations. First, the use
of QUS as a screening method for osteoporosis is still
controversial. While QUS accurately predicts BMD and
fracture risk [2, 11, 12, 16, 20, 33], DXA scan continues to
be the gold standard to quantify BMD [2, 16, 20]. We
chose to evaluate patients with QUS as this presents a
quick, low-cost, and low-risk alternative to DXA scanning:
according to Medicare reimbursement rates, the cost of an
axial DXA scan (Common Procedural Terminology Code
77080) ranges from $80 to $110 while QUS (Common
Procedural Terminology Code 76977) ranges from $30 to
$54 [4]. Although we did not confirm our diagnoses using
DXA scan, we believe the established correlation between
QUS and DXA in detecting low QUS values and fracture
risk justifies its use in this study [11, 33]. Second, when
using QUS, the WHO definition for osteoporosis cannot be
applied. We therefore separated patients into two groups
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Table 3. Independent multivariate risk factors of being at risk for osteoporosis

Predictor Likelihood ratio test p Value Odds ratio 95% confidence interval
Age group*
Group 2 vs 1 39 0.04 1.6 1224
Group 3 vs 1 24.3 < 0.001 3.7 2.2-6.3
Group 3 vs 2 114 < 0.001 2.5 1.5423
Gender, female vs male 21.2 < 0.001 3.0 1.8-4.8
Smoking 11.8 < 0.001 35 1.7-7.0
Wrist fracture 10.8 < 0.001 2.6 1.5-4.5
Spinal deformity 4.5 0.03 1.7 1.1-3.0

* Age groups: 1 = 55-64 years, 2 = 65-74 years, 3 = 75-94 years.

Table 4. Probability of being at risk for osteoporosis in women for three age groups based on smoking status, wrist fracture history, and spinal

deformity

Age group (years) Smoking status Wrist fracture

Spinal deformity

Probability of low BMD (%) 95% confidence interval

55-64 - - -
55-64 - - +
55-64 - + -
55-64
55-64
55-64
55-64
55-64
65-74
65-74 - - +
65-74 - + -
65-74
65-74
65-74
65-74
65-74
75-94 - - -
75-94 - - +
75-94 - + -
75-94 + - -
75-94 - +
75-94 + —~
75-94 +
75-94 + +

|+
+
I

+ + +

|+
+
I

+ + +

+ +

J’_

21 15-27
31 21-45
40 27-55
48 30-66
54 36-71
61 39-79
70 49-85
80 60-91
28 21-37
40 28-54
50 36-64
57 38-75
63 47-717
70 50-85
78 59-89
86 70-94
50 39-61
63 48-76
72 56-83
77 60-89
81 67-91
86 70-94
90 77-96
94 84-98

BMD = bone mineral density.

based on their T-scores, using a clinically and statistically
suitable cutoff of —1 for osteoporosis risk. Although our
high-risk group parallels the WHO definition of osteopenia
and osteoporosis, different cutoff points could have been
used in delineating our patient groups. It is also important
to note the WHO criteria for osteoporosis and osteopenia
do not always accurately reflect fracture risk and up to 50%
of those who suffer hip and other nonvertebral fractures do
not have osteoporosis by BMD testing [29, 31, 35]. In

addition, we did not control for body mass index and this
may influence the data analysis and relative risk. Finally,
one must consider the possibility of selection bias. We
attempted to minimize this by recruiting patients in our
clinic with no specific exclusion criteria other than age.
Furthermore, age and gender distributions were similar in
patients who agreed to participate when compared to those
who declined. We thus believe our patient sample is rep-
resentative of our clinic’s overall patient population. Given
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Table 5. Probability of being at risk for osteoporosis in men for three age groups based on smoking status, wrist fracture history, and spinal

deformity

Age group (years) Smoking status Wrist fracture

Spinal deformity

Probability of low BMD (%) 95% confidence interval

55-64 — — — 8 5-13
55-64 — - + 13 7-24
55-64 — + — 18 10-31
55-64 + — - 23 11-42
55-64 - + + 28 15-47
55-64 + - + 35 16-59
55-64 + + - 44 23-67
55-64 + + + 58 32-80
65-74 - — — 12 7-19
65-74 . — + 19 10-32
65-74 — + - 25 1540
65-74 + — - 31 16-52
65-74 - + + 37 21-56
65-74 + - + 44 23-68
65-74 + + - 54 32-75
65-74 + + + 67 43-85
75-94 — - — 25 16-36
75-94 - — + 37 22-54
75-94 - + - 46 30-63
75-94 + - - 54 32-74
75-94 - + + 60 39-77
75-94 + - + 67 42-85
75-94 + + - 75 53-89
75-94 + + + 84 64-94
BMD = bone mineral density.
100 100
—@— No risk factors

™ 901 90 1 —— Spinla\ deformity
N 80 X 804 —— Wrist fracture
Y= £ —O— Smoking
= < 704 S 704 | A Al risk factors
o.2 ;E
£ 8 60 £9 601
Q = [
5 8 s D22 504
5 8 5 ¢
2% 401 2% 401
=0 F0
< 5 301 —e— No risk factors s 5 301
- —v— Spinal deformity o
[< 20 —m— Wrist fracture o 20 4 //‘
o —O— Smoking

10 1 —A— All 3 risk factors 10 +

0 T T T 0 . T T

55-64 65-74 75-94 55 - 64 65-74 75-94

Age in Years

Fig. 1 A graph shows the probability of being at risk for osteoporosis
for women in three age groups based on having none of the three risk
factors identified (wrist fracture, spinal deformity, smoking), each
single risk factor alone, and the combination of all three risk factors.

our patients were drawn from an urban tertiary-care center,
however, generalizing our results to other populations
should be made with caution.
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Age in Years

Fig. 2 A graph shows the probability of being at risk for osteoporosis
for men in three age groups based on having none of the three risk
factors identified (wrist fracture, spinal deformity, smoking), each
single risk factor alone, and the combination of all three risk factors.

Our data suggested approximately 5 of orthopaedic
outpatients had low BMD by QUS. The prevalence of low
QUS values in our patient population was 38% (125 of
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331) among women and 17% (29 of 169) among men.
Among those affected by low QUS values, 81% were
women and 19% were men. These numbers likely reflect
the ethnic and geographic makeup of our practice (serving
a diverse metropolitan area) and parallel national statistics,
which estimate 35% to 50% of women and 20% to 35% of
men are affected by osteopenia or osteoporosis [24].

Having established the prevalence of abnormal BMD
in our patient population, we sought to further identify
and define clinical risk factors for low QUS values.
Further knowledge and identification of risk factors for
osteoporosis among orthopaedic outpatients should aid
their treating physicians in adequately targeting those in
need of further testing and/or treatment. Previously
identified risk factors for low BMD include a history of
fragility fracture, family history of osteoporosis, low
physical activity, and low body mass index [17]. The
Study of Osteoporotic Fractures identified age, weight,
muscle strength, and estrogen use as the strongest factors
to influence bone mass in elderly women [1]. A number
of studies document fractures of the distal radius, proxi-
mal humerus, spine, and hip are all associated with an
increase in the risk of subsequent fracture [5-7, 21, 22].
Our multivariate regression model analyzing lifestyle
factors, as well as medical and orthopaedic histories,
identified age, gender, wrist fractures, smoking, and spinal
deformities as strong, independent predictors of low QUS
values among orthopaedic outpatients. Other factors such
as steroid use and low physical activity, however, were
not predictive of low QUS values. Among our patient
population, a fracture of the distal radius was a strong
multivariate predictor of osteoporosis risk. Since wrist
fractures occur in a younger age group than hip or ver-
tebral fractures, patients with these injuries offer a unique
opportunity to initiate preventative strategies. To date,
few patients with distal radius fracture are adequately
treated for their underlying bone disease [28]. Orthopae-
dic surgeons should thus be particularly mindful of this
high-risk group.

As a final step, factors identified by multivariate analysis
as predictors of low QUS values were used to construct a
probability model to determine risk for osteoporosis among
orthopaedic patients. While one typically expects elderly
patients to have osteopenia or osteoporosis, our analysis
revealed a high probability of detecting abnormal BMD by
QUS in younger age groups. Among patients 55 to
64 years old with wrist fractures, the probability of
abnormal BMD was 40% among women and 18% among
men. Adding smoking as a risk factor increased the prob-
ability of low QUS values to 70% in women and 44%
among men. In patients presenting with spinal deformities,
the probability of low QUS values was 30% to 60% in
women and 13% to 37% in men depending on the age

group. These numbers highlight the essential role ortho-
paedic surgeons should have in identifying patients at risk
and ensuring proper evaluation and treatment for underly-
ing osteoporosis.

Our study revealed low QUS values are common among
orthopaedic outpatients. Increasing age, female gender,
smoking, wrist fracture, and spinal deformities were iden-
tified as independent risk factors for low QUS values and
osteoporosis. A case-finding strategy utilizing our clini-
cally based probability assessment may be helpful in
identifying patients most at risk for future fractures, and
orthopaedic surgeons should aggressively target these high-
risk patients for evaluation and management of their met-
abolic bone disease. Additional research validating the use
of this model in a clinical setting would be invaluable, as
would studies examining the association between QUS use
in an outpatient setting and evaluation and treatment rates
for osteoporosis in our patient population.
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