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Abstract

Summary We lack effective diagnostics of osteoporosis at the primary health care level. An ultrasound device was used to
identify subjects in the osteoporotic range as defined by DXA. A case finding strategy combining ultrasound results with DXA
measurements for patients with intermediate ultrasound results is presented.

Introduction We lack effective screening and diagnostics of osteoporosis at primary health care. In this study, a pulse-echo
ultrasound (US) method is investigated for osteoporosis screening.

Methods A total of 1091 Caucasian women (aged 50-80 years) were recruited for the study and measured with US in the tibia
and radius. This method measures cortical thickness and provides an estimate of bone mineral density (BMD) and density index
(DI). BMD assessment of the hip was available for 988 women. A total of 888 women had one or more risk factors for
osteoporosis (OP;,s,), and 100 women were classified healthy. Previously determined thresholds for the DI were evaluated for
assessment of efficacy of the technique to detect hip BMD at osteoporotic range (T-score at or below —2.5).

Results In the OP;,, group, the application of thresholds for the DI showed that approximately 32% of the subjects would require
an additional DXA measurement. The multi-site ultrasound (US) measurement-based DI showed 93.7% sensitivity and 81.6%
specificity, whereas the corresponding values for single-site US measurement-based DI were 84.7 and 82.0%, respectively. The
ultrasound measurements showed a high negative predictive value 97.7 to 99.2% in every age decade examined (ages 50-59, 60—
69, 70-79 years).

Conclusions The study data demonstrate that a strategy of combining ultrasound measurement with added DXA measurements
in cases with intermediate ultrasound results (about 30%) can be useful for identifying subjects at risk for a low bone mineral
density in the osteoporotic range.
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Introduction based on bone mineral density (BMD) assessment at hip or

spine by dual energy x-ray absorptiometry (DXA). According

In osteoporosis, bones undergo several changes including po-
rosity increase and thinning of cortical bone, deterioration of
trabecular bone structure, and changes in bone tissue compo-
sition. Osteoporosis is often diagnosed only after fractures
have already occurred, and it is estimated that 75% of the
osteoporotic patients are not diagnosed. Diagnosis is typically
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to World Health Organization (WHO) statement, osteoporosis
is present if the BMD reading is —2.5 standard deviations
below young adult average, typically reported as T-score.
Low bone density is an important determinant of hip fracture,
and one standard deviation decrease in femoral bone density
increases the risk by a factor of two to three [1].

Hip fracture is the most serious outcome of osteoporosis in
terms of mortality and morbidity [2, 3]. During the first year
after a hip fracture, over 24% of the patients at or over 65 years
of age will die [3]. The highest risk gradient for hip fractures
has been shown to be with BMD measurements at proximal
femur. Similarly for other locations, site-specific measurement
at e.g., radius or spine show highest prediction for fractures at
that location with DXA. However, it has been shown that
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spine measurements especially in elderly, at age 65 or more,
are compromised by vertebral fractures and spondylarthrosis
changes, which may mislead diagnosis by showing higher
BMD in analyses due to structural changes and artifacts.
Moreover, the forearm site (radius) has been suggested to be
used only when measurements at hip or spine are not possible
or cannot be interpreted ([4], ISCD official position).

According to the International Society for Clinical
Densitometry (ISCD) recommendations, use of other methods
than axial DXA i.e., peripheral DXA or ultrasound, the detec-
tion of osteoporotic BMD should be based on determination
of 90% sensitivity and specificity thresholds against axial
DXA [5-7]. Recently, new ultrasound-based approach
targeted to primary care has been suggested to be used as an
aid in osteoporosis diagnostics [8, 9]. In this approach, the
cortical thickness in the radius and tibia is measured, and an
estimate called density index (DI), for proximal femur BMD
as measured by DXA, is reported. The thresholds for detection
of osteoporotic BMD were suggested in accordance to ISCD
recommendations. The results were promising for the tech-
nique being suitable for locating individuals with osteoporotic
BMD and suggested good performance when applied in oste-
oporosis management pathways with fracture risk calculator
tool (FRAX®).

The aim of the present study is to investigate the novel
technique and suggested thresholds for detection of osteopo-
rotic BMD in Caucasian female population.

Methods
Subjects

A total of 1091 women were recruited for the study. The subjects
were tested at six study sites in different cities in Finland. Five of
the sites were units that belonged to a nationwide healthcare
service provider (Terveystalo Ltd., at Jyvaskyld, Mikkeli,
Tampere, Lahti and Kouvola, Finland), and one was university
hospital (Kuopio University Hospital, Kuopio, Finland).
Patients were included into the study from the daily clinical
patient flow whenever there was a free time slot and the patient
was willing to participate in the study. From the population of
1091, the data for 29 subjects was lost due to corrupted database.
Reproducibility was assessed with 85 subjects, of which 11 were
measured also with DXA and included in other groups based on
exclusion and inclusion criteria. In total, 988 women were
analysed with complete US and DXA data.

The subjects (n=988) that were measured both with ultra-
sound and DXA were divided into two groups based on the
presence of risk factors. A total of 888 women had one or more
risk factors for osteoporosis (OP,,), and 100 women were clas-
sified healthy. The subjects in the OP,,, group had been referred
to the DXA examination by treating physician due suspected
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osteoporosis. From OP;,y, subjects, 171 women had received
osteoporosis medication, and they were classified as a
Treated group. The inclusion and exclusion criteria for
subjects in different groups are shown in Tables 1 and 2.
The study was approved by the local ethical committee, and
informed written consent was obtained from each subject
(Kuopio University Hospital Ethical Committee, 75/2013).

Ultrasound measurements

Ultrasound measurements were conducted by using Bindex
ultrasound device (model BI-100, Bone Index Finland Ltd.,
Kuopio, Finland, Software v.2.0). Ultrasound measurements
were done by trained study nurses. The device consists of a
pulser unit plugged into the USB port of a laptop and a fo-
cused ultrasound probe (3.0 MHz nominal center frequency).
US measurements were conducted at 1/3 of the length of the
radius from the distal head and 1/3 of the length of the tibia
from the proximal and distal heads, respectively. Five param-
eters were collected including cortical thickness (Ct.Th) at the
distal radius (Ct.Thy,g) and at the proximal (Ct.Thy,ox)
and distal (Ct.Thy;,) tibia and density indices based on

Table 1 Inclusion and exclusion criteria for the subjects under
osteoporosis suspicion (OPg,g, group). Relative proportion of subjects
with risk factors is shown

Inclusion criteria for the subjects under osteoporosis % of OPg,,
suspicion
Age between 50 and 80 years 100
Post-menopausal status 100
At least one of the clinical risk factors for fracture (10) 100
Low body mass index (< 19 kg/m?) 5.0
Previous fragility fracture 63.0
Parental history of hip fracture 12.5
Glucocorticoid treatment™ 16.8
Current smoking 13.4
Alcohol intake 3 or more units daily 0.4
Causes of secondary osteoporosis: 24.0
« Untreated hypogonadism
* Inflammatory bowel disease
* Prolonged immobility
¢ Organ transplantation
* Type 1 and type 2 diabetes
* Thyroid disorders
* Chronic obstructive pulmonary disease
A physician has referred the subject to axial 100

DXA investigation

Exclusion criteria for the subjects under osteoporosis
suspicion
Severe obesity: body mass index >35 kg/m?
A refusal to participate

*>5 mg prednisolone daily or equivalent for 3 months or more
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Table2 Inclusion and exclusion criteria for subjects considered healthy

Inclusion criteria for healthy subjects
Age between 50 and 80 years
Post-menopausal status
No diseases or treatments which may affect bone health®

Exclusion criteria for healthy subjects
Treatment: medication prescribed for treatment of osteoporosis®
Severe obesity: body mass index > 35 kg/m?
A refusal to participate

* Also hormone replacement therapy not allowed

® Vitamin D and calcium supplement allowed

measurement of all three sites (DI5) and single-site measure-
ment (DI;) at proximal tibia. The method for cortical thickness
measurement has been described earlier in detail [8, 9]. Five
repetitions were made at each location. One subject had no
measurement at the distal tibia and therefore DI5 could not be
calculated.

At each study site, reproducibility assessment was made. A
total of 85 subjects participated reproducibility assessment for
repeated measurements, relocating the measurement sites
(sites were marked with a water soluble marker pen and wiped
clear before the next repeated measurement). Root mean co-
efficient of variation (CV ) was calculated for DI according
to the method earlier described by Gluer et al. [10]. Devices
were calibrated by measuring same phantom twice, prior first
subject and after last subject visit at each site. Average differ-
ence between the devices was 0.41% at first assessment.
Between the phantom measurements prior first and after last
subject visit, the average difference was 0.32%. These differ-
ences were considered to be negligible and thus were not
accounted for in analyses.

Previously published thresholds for osteoporosis were ap-
plied for DI; (upper 0.876, lower 0.803) and DI, (upper 0.844,
lower 0.779) [9].

DXA measurements

Axial DXA (Lunar Prodigy, GE Healthcare Ltd., Pollards
Wood, UK) measurements of BMD were conducted along
the guidelines of the manufacturer. BMD values were record-
ed for the femoral neck (BMD,.i) and total hip (BMDqay).
The subject was considered osteoporotic if the T-score at ei-
ther the femoral neck or total hip was —2.5 or less. Finnish
reference thresholds for BMD at osteoporotic range were
0.684 g/cm? at femoral neck and 0.708 g/cm? at total hip. At
all study sites, the same manufacturer and model of DXA
device was used. Cross-calibration was performed twice, be-
fore the first patient visit and after last patient visit, by mea-
suring the spine phantom (DPA/QDR-1, Hologic Inc.,
Waltham, MA, USA) 10 times with each device [11]. The

average difference between the first and second phantom mea-
surement was 0.38%. The difference in the average BMD of
phantom measurements between the study sites was 0.42 and
0.29% prior first patient and after last patient visit, respective-
ly. These differences were considered to be negligible and thus
were not accounted for in analyses.

For the analyses, the results of the left leg were used. If the
measurement of the left leg was not possible, the results from
the right leg were applied for DXA and ultrasound. A total of
four subjects did not have valid BMD measurement at the hip
on either side, leaving 984 subjects with femoral neck and 983
subjects with total hip DXA result. T-score values reported
here refer to femoral neck or total hip values, whichever
showed smaller value in T-score.

Statistical analyses

The Pearson’s correlation analysis was applied for normally
distributed parameters. The Shapiro-Wilk’s test and visual
evaluation of histograms were used to evaluate normality of
the parameter distributions, and Leneve’s test was applied for
evaluation of homogeneity of variances. The Student’s ¢ test
was used to compare normally distributed parameter values
between healthy (T-score>—2.5) and osteoporotic (T-score
<=—2.5) subjects. The one-way ANOVA was used for nor-
mally distributed variables when comparing subject’s charac-
teristics or US and DXA data between Healthy, OPy,g,, or
Treated groups. For multiple comparisons, Tukey’s or
Games-Howell post hoc tests were applied depending
whether or not equal variances were assumed. The sensi-
tivity and specificity were calculated with the following
equations

true positives

Sensitivity = — -
true positives + false negatives

true negatives

Specificity =
pecificily true negatives + false positives

where false negatives are subjects with OP above higher
threshold, and true positives are subjects with OP below
the higher threshold. The false positives are healthy sub-
jects below the lower threshold, and #rue negatives are
healthy subjects with DI value above lower threshold.
Statistical analyses were conducted with SPSS software
version 23 (SSPS Inc., Chicago, IL, USA).

Results
In the study population with both US and DXA data (n = 988),

114 women (11.5%) had osteoporotic (T-score < =—2.5) value
either at the femoral neck (n =97) or at the total hip (n=67).
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Table 3 The mean (+ SD)

parameter values in OP,,g, group Parameter Above upper threshold Between thresholds Below lower threshold
(n = 888) classified by the density
index (DI) DI, 0.908 +0.048 0.814+0.02 0.742+0.03

T-score -1.1+09 -15+0.8 -2.0+09

n 404 (45%) 281 (32%) 203 (23%)

DI; 0.940 +0.046 0.842+0.02 0.756 +0.04

T-score -1.0£0.9 -1.5+0.8 -2.1+0.8

n 381 (43%) 288 (32%) 218 (25%)

DI; results were available for 887 subjects; T-score values were available for 884 subjects

In the OP;,, group (n=888), using the previously deter-
mined thresholds for the DI;, 32.5% of the subjects would
have been referred to DXA investigation. The approach
showed 93.7% sensitivity and 81.6% specificity to detect os-
teoporosis based on DXA. With single-site cortical thickness
assessment (DI,), 31.6% of subjects would have required a
BMD measurement by DXA; however, the sensitivity was
also lower at 84.7%, whereas the specificity was similar at
82.0%. The subject classification by DI; and DXA are shown
in Table 6. Both parameters (DI; and DI3) showed very high
negative predictive values (97.4 and 98.8%, respectively) but
lower positive predictive values (40.2 and 41.9%, respective-
ly). The average parameter values in different groups classi-
fied by DI are reported in the Table 3.

In the healthy group (n = 100), three subjects were found to
have osteoporotic BMD reading at the hip. The density indices
showed high sensitivity (100%) and specificity (90.7-93.8%)
for osteoporosis. The negative predictive value was 100% for
both indices (DI; and DI;). The DI; showed statistically sig-
nificantly higher values in the healthy when compared to
OPy,s, or Treated group (p <0.01) (Table 4). The DI, showed
also significantly higher values in Healthy and OP;,, when

compared to Treated group (p < 0.01); however, no difference
was observed between Healthy and OP;,,, groups. Significant
differences between the groups were detected in age; the av-
erage age of subjects seemed to be highest in the Treated
group. There was also significant difference observed in
height and weight of subjects in the Treated group when com-
pared to Healthy or OPy,, groups; however, no statistically
significant difference was observed between Healthy and
OPy,q;, groups.

In the treated group (n=171), a total of 28 subjects were
observed with osteoporotic BMD at the hip. The density indices
showed high sensitivity (96.4—100.0%) and negative predictive
(99.0-100.0%) value with DXA-based osteoporosis diagnosis.

When analyzing OP;,,,, group divided in three age decades,
an increase of osteoporosis prevalence from 8.0, 10.9 up to
16.9% was noted in age groups of 50 to 59, 60 to 69, and 70 to
79 years, respectively. The sensitivity and specificity of US
method with DXA osteoporosis diagnosis seemed to change
with age as shown in Table 5. Detailed classification in OP,,
group by US (DI,) and DXA is shown in Table 6. The nega-
tive predictive value was high in all age groups for both DI;
and DI;.

Table 4 Subject characteristics,

average parameter values, and Parameter OPsusp OPsusp Healthy

standard deviations for single-site (n=717) Treated (n=171) (n=100)

density index (DI;) and multi-site

density index (DI;) Age (years) 64.6+ 6.9 68.2 6.2 61.6£6.6
Weight (kg) 65.0+10.0%* 61.0£8.9%* 65.4+92
Height (cm) 161.9 £6.1%* 159.6 +5.7%* 162.3+6.1
DI, 0.848 £0.077%* 0.810+0.071** 0.865+0.070
DI, 0.870 % 0.084*Ds 0.831+0.072** 0.902+0.076
T-score —1.34+1.0%bx —1.9+£0.8%* -1.1+09
Ct. Thyyey (mm) 2.49+0.08% 20540075 2.61+0.07

DI; data available for 716 patients, T-score available for 713 subjects in osteoporosis suspicion group.

£ <0.05, *p<0.01

* Statistically significant difference between OPs,, and OP;,, treated
b Statistically significant difference between OP,,, and Healthy

¢ Statistically significant difference between OP,,, treated and Healthy
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Table 5 Age dependency in
sensitivity, specificity, and
positive and negative predictive

Parameter DI

values in OPy,, group (n="717) Sensitivity 66.7
Specificity 96.5
PPV 62.5
NPV 96.5

Parameter DI3

Sensitivity 86.7
Specificity 924
PPV 50.0
NPV 98.8

Age 50-59 (n= 187,
osteoporotic n=15)

Age 50-59 (n= 187,
osteoporotic n=15)

Age 6069 (n= 359,
osteoporotic 7 = 39)

Age 70-79 (n= 171,
osteoporotic n =29)

79.5 89.7
86.9 67.6
42.5 36.1
97.2 97.0

Age 60-69 (n= 358,
osteoporotic 7 = 39)

Age 70-79 (n= 171,
osteoporotic n =29)

92.3 89.7
86.5 65.5
45.6 34.7
98.9 96.9

The average reproducibility (CV s for six operators) of the
DI, and DI; measurements were 3.2% (range 1.4—4.3%) and
3.3% (range 0.9-5.3%), respectively. Both DI; and DI;
showed statistically significant differences between the osteo-
porotic (T-score <— 2.5 at the hip or femoral neck) and healthy
group (T-score >—2.5) (p <0.01).

Discussion

The performance of the DI in osteoporosis detection was eval-
uated in a large group of clinically relevant patient population
in five private health care centers and one public university
hospital. Based on the data reported here, the new ultrasound
method could diminish the need for DXA referrals as only
approximately 32% of the patients were recommended for
DXA investigation, if the method were applied in accordance
to ISCD and NOS recommendations [5, 6, 12].

The study population consisted mainly of those under os-
teoporosis suspicion (90%) i.e., had at least one risk factor for
osteoporotic fracture and was referred to DXA examination
by physician. Yet, the prevalence of osteoporosis was surpris-
ingly only 11.2%. This may be partly explained by healthy
selection bias at private sector, as subjects may have asked a
referral for a DXA scan. On the other hand, 17.3% of the
subjects had received treatment for osteoporosis. Patients with
vertebral fractures or osteoporosis in the spine were not

Table 6 Subject classification by the ultrasound single-site density
index (n =888) and DXA in the OP%,y, group

Ultrasound DXA

Osteoporotic Healthy
Below low threshold 63 140
Between thresholds 31 250
Above upper threshold 17 387

evaluated in the present study, and this may explain the dis-
crepancy between the number of osteoporotic and treated sub-
jects. In accordance to the Finnish osteoporosis guidelines,
some of the subjects may have received treatment also based
on high FRAX risk without BMD information.

The healthy group was included in the study to investigate
differences in the US parameters in comparison to subjects “at
risk™ or to those that have received treatment for osteoporosis.
The data suggests that the DI values as well as the Ct.Thy,ox
are lower in freated group when compared to healthy. One
should note that the groups were not perfectly balanced by
number or subject characteristics, which may have an effect
to this result. It should be also noted that all subjects in OPgyg;,
group were referred to DXA examination, which can be con-
sidered as certain pre-selection, since physician may have
considered also other risk factors that were not controlled in
the present study.

The presented ultrasound method with previously pub-
lished thresholds applied showed high sensitivity (85 to
93%) and specificity (82%) for detection of osteoporotic
BMD. This finding is in line with the predicted performance
of thresholds by Blake et al. [7] i.e., when at least 70 healthy
and 70 osteoporotic patients are used for development of the
thresholds, there is 95% confidence that the true sensitivity
and specificity does not fall below 80%. The sensitivity and
specificity of the method seemed to be associated with age.
The results reported here included a small number of osteopo-
rotic patients and therefore the estimates for positive predic-
tive value are unreliable and may be underestimated. For the
same reason, the age dependency of sensitivity and specificity
may be partly caused by the domination of healthy subject in
the population. Nonetheless, as the average T-score values of
the patients under the lower threshold of DI were low, accord-
ing to the NOS guideline, the use of the triage approach is
unlikely to have any significant effect on the efficacy of treat-
ment [4]. One should note that reported sensitivity and spec-
ificity is achieved only when subjects between the thresholds
by ultrasound will be examined by axial DXA.
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The present results are in line with those reported previous-
ly in US population [13]. The reported sensitivity and speci-
ficity in the present study were higher, which can be mostly
explained by the challenging population in the study conduct-
ed in the US as large portion (41%) of the study population
had T-score near — 2.5 i.e., differences between the femoral
neck and/or total hip BMD measures, and the osteoporosis
cut-point values were less than the precision errors of used
densitometers. In the present study, the average reproducibil-
ity of the ultrasound method was approximately 3%, which is
in line with CVs ranging from 1.2 to 3.4% reported in previ-
ous studies [9, 13]. As with the axial DXA (reproducibility
approximately 1.0 and 2.0% at spine and femoral neck, re-
spectively [14, 15]), the effect of higher reproducibility may
decrease the classification performance of patients with the
proposed method [16]. Hence, the reproducibility can affect
the sensitivity and specificity in detection of subject with os-
teoporotic BMD. It should be also noted that in the present
study application of the method aimed at detecting osteopo-
rotic areal BMD, and did not assess other options, like finding
subjects at high risk of fracture nor evaluating cases with e.g.,
vertebral fractures. Naturally, if the aim is to identify only
subjects with areal BMD in osteoporotic range, the method
may miss those patients who have a high fracture risk but
normal or osteopenic areal BMD.

The threshold approach has been also investigated in other
devices based on the use of either X-rays or ultrasound at
peripheral locations [5—7]. The 90% sensitivity and specificity
thresholds have been suggested for peripheral DXA devices,
where the percentage of those needing additional DXA exam-
ination varied from 39 to 50% [7]. However, no studies to our
knowledge are available confirming and evaluating these find-
ings. For one calcaneal ultrasound device, the same approach
has been applied, and 56% need for additional DXA testing
was reported [6]. For axial transmission ultrasound technique,
the number is higher at 60-75% [17]. Our findings in the
present study compare favorably with only 32% of the sub-
jects in need for additional DXA. In addition, presently, the
heel ultrasound and axial ultrasound devices provides only T-
score classifications (not above mentioned 90% sensitivity/
specificity thresholds). Therefore, most of patients with oste-
oporotic BMD are classified to be healthy (for —2.4 T-score
value with heel ultrasound the sensitivity is 22% [17]). By
using these ultrasound devices most of the patients who
should be treated do not receive antiosteoporosis treatment.

To conclude, the results in the present study are in line with
the previous findings for the performance of examined ultra-
sound technique in the detection of osteoporotic hip BMD.
The study data demonstrate that a strategy of combining ul-
trasound measurement with added DXA measurements in
cases with intermediate ultrasound results (about 30%) can
be useful for identifying subjects at risk for a low bone mineral
density in the osteoporotic range.
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