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Abstract
Introduction Osteoporosis is a major health problem.
Dual energy X-ray absorptiometry (DXA) of the hip and
spine is the worldwide standard in diagnosing osteoporosis.
Measurement of bone mineral density (BMD) with dual
energy X-ray and laser absorptiometry of the calcaneus
(Calscan) might be a good alternative. Advantages of
the Calscan are that it is quick, widely available and
manageable. In this study we compared BMD expressed
in T-scores measured by DXA and Calscan. The aim of this
study was to deWne threshold T-scores on the Calscan that
could exclude or predict osteoporosis correctly in compari-
son with DXA.
Materials and methods Patients ¸50 years attending our
emergency department with a fracture were oVered osteo-
porosis screening at our fracture and osteoporosis outpa-
tient clinic (FO-Clinic) and enrolled in this study. BMD
was measured at the hip and spine using DXA and at the
calcaneus using Calscan. A T-score measured by DXA
·¡2 standard deviations (SD) below the reference popula-
tion was deWned as manifest osteoporosis and was the treat-
ment threshold.
Results During a 10-month study period, 182 patients
were screened with both devices. The mean DXA-T-score

was ¡1.63 SD (range ¡4.9 to 2.1) and Calscan T-score
¡1.91 SD (range ¡5.3 to 1.4). There was a signiWcant cor-
relation between both devices (r = 0.47, P < 0.01). Using
an upper threshold for the Calscan T-score of ¡1.3 SD, 47
patients could be classiWed as non-osteoporotic with 89.3%
sensitivity (95% CI 80.0–95.3%). Using a lower threshold
for the Calscan T-score of ¡2.9 SD, 34 patients could be
classiWed by the Calscan as osteoporotic with 90.7% speci-
Wcity (95% CI 83.5–95.4). The remaining 101 patients
could only be correctly classiWed by DXA-T-scores.
Conclusion Although DXA is the established modality
worldwide in measuring BMD it is restricted to specialized
centres. Peripheral bone densitometers like the Calscan are
widely available. When BMD measurements with DXA
were compared to Calscan measurements it was possible to
correctly classify 81 of 182 patients based on the Calscan
T-score. Of these 81 patients 34 could be classiWed as man-
ifest osteoporotic and 47 as non-osteoporotic. Therefore the
Calscan seems to be a promising technique which might be
used as a screening device at a FO-Clinic, especially when
DXA is not easily available.
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Introduction

Osteoporosis is a major health problem, which can be illus-
trated by the fact that it has been estimated that 50% of
Caucasian females over 50 years of age will experience an
osteoporosis-related fracture in their lifetimes [15, 16]. By
measuring bone mineral density (BMD) it is possible to
identify a group of patients which is at increased risk of
developing a fracture [11]. Nevertheless, it is not possible
to identify individuals who will develop a fracture [11].
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A general screening program for osteoporosis can therefore
not be recommended but selective screening for people at
high risk of osteoporosis might be worthwhile [7, 11, 16].
Nevertheless, 80% of all people at high risk for osteoporo-
sis attending an emergency department with a fracture is
not evaluated for osteoporosis [15]. This is a missed oppor-
tunity because adequate treatment is known to reduce the
risk of another osteoporotic fracture up to 50% [5, 6, 10, 11,
13, 15]. Therefore, case Wnding osteoporosis is necessary
[6, 12]. An active search for osteoporosis, by means of a
fracture and osteoporosis outpatient clinic (FO-Clinic), is
the best way in case Wnding osteoporosis and results in
identifying 85% of patients at risk [6, 12].

The established modality worldwide in assessing oste-
oporosis is measurement of BMD with dual energy X-ray
absorptiometry (DXA) of the hip or spine [1, 7]. This is
due to the fact that DXA is available worldwide and most
studies describing the relation between fracture risk and
BMD or therapeutic eVects are performed using DXA [7].
The disadvantage of DXA is that although it is available
worldwide it is restricted to specialized centres. Periphe-
ral measurement devices are widely available and are
therefore a more convenient way in establishing BMD [1].
The dual energy X-ray and laser absorptiometry of the
calcaneus [Calscan (DXL Calscan; Demetech AB, Solna,
Sweden)] is one of these peripheral measurement devices.
The Calscan measures BMD at the calcaneus. As the cal-
caneus is a weight-bearing bone which consists of 95% of
metabolic active trabecular bone this might provide an
optimal site for the diagnosis of osteoporosis [2]. Com-
bining dual energy X-ray absorptiometry with laser leads
to a 10–20% better accuracy compared to conventional
DXA technology [9].

The BMD measured, by both DXA and Calscan, is
expressed as a T-score, which is the standard deviation

(SD) in bone mass compared with the peak bone mass of
young adults [8, 9, 19]. Kullenberg et al. [10] have already
shown that the age-related decline in T-scores measured
with Calscan and DXA are in close concordance and that
the diagnostic capabilities of the Calscan are high in diag-
nosing osteoporosis.

The primary purpose of this study was to compare BMD
measured in the calcaneus using the Calscan to BMD mea-
sured with DXA of the hip and spine in order to deWne
threshold T-scores on the Calscan that could exclude or pre-
dict osteoporosis correctly. The secondary purpose was to
diminish the need for DXA examination by measuring
BMD with the Calscan.

Materials and methods

Study protocol

Patients ¸50 years who were admitted to our emergency
department with a low-energy fracture—for example a fall
from standing position or from less than 1 m—were invited
to our FO-Clinic. Two research nurses checked the elec-
tronic Wles of all patients admitted to our emergency depart-
ment on a daily basis and invited all patients fulWlling the
inclusion criteria for the FO-Clinic. At the FO-Clinic a
standard screening program for osteoporosis was used. This
included an intake, blood tests and measurement of BMD
by DXA. All data were stored in a database. All 240
patients admitted to this FO-Clinic during the period of
March 2005 until June 2005 and from August 2006 until
January 2007 were enrolled in this study. In these two peri-
ods BMD was measured with both DXA and Calscan.
Patients who did not agree after informed consent was
given were excluded (Fig. 1).

Fig. 1 Flow chart of the 
inclusion of patients in this study

From 240 patients informed consent was 
obtained 

DXA performed in 226 patients Calscan performed in 194 patients 

14 patients were lost to follow up because they 
refrained from making an appointment for the DXA

46 patients were lost to follow up for several reasons:
- 2 patients because of physical deformities 

of the foot 
- 44 patients because of technical 

malfunction or scheduled service of the 
Calscan

182 patients in which both DXA and Calscan was performed

282 patients fulfilled the inclusion 
criteria

(age ≥50 and presentation with a low  
energy fracture at our emergency room)
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The study has been conducted in two diVerent periods
because we did not have the disposal of a Calscan between
June 2005 and August 2006. As nothing changed in the
inclusion criteria for the FO-Clinic, the things done when
patients were included or the type of Calscan used between
both periods all patients were analyzed as one group. A
total of 226 patients (94%) underwent bone densitometric
evaluation using DXA and 194 (81%) using the Calscan
(Fig. 1). No DXA evaluation was performed in 14 patients
because these patients refrained from making an appoint-
ment for the DXA. No Calscan was performed in 46
patients, due to several reasons. In two patients a Calscan
was not performed due to physical deformities and in 44
patients it was not performed due to scheduled service or
technical malfunction. Because this is a retrospective study
it was not possible to retrieve the exact reasons why Cals-
cans were missed but technical malfunction was never that
serious that the Calscan had to be replaced. A total of 182
patients were evaluated with both Calscan and DXA and
could be included for further analysis (Fig. 1). Of the 182
patients, 75 were seen in the Wrst study period and 107 in
the second study period. A total of 136 patients (75%) were
female. The mean age was 66 years ranging from 50 to
86 years. The general data are expressed in Table 1. As can
be seen in Table 2 the fractures upon entry into the study
were heterogeneous.

DeWnition of osteoporosis

As this study concerned a fracture population we used
the deWnition of manifest osteoporosis in classiWcation
of patients (Table 3). This meant that all patients with a
T-score ·¡2.0 SD measured by DXA were classiWed as
osteoporotic [6, 12]. Because most studies comparing
Calscan with DXA use the diagnostic World Health
Organization (WHO) criteria for osteoporosis, we also
calculated the general patient characteristics and threshold
T-scores on the Calscan using these criteria (Table 3) [19].

BMD measurement

All Patients admitted to the FO-Clinic were referred to
our radiology department for BMD measurement of the
hip and lumbar spine using DXA (Hologic Discovery A;
Hologic, Bedford, MA, VS). DXA of the left hip and lum-
bar vertebrae 1–4 was performed unless contraindicated.
Both the T-score of hip and spine was stored in our data-
base. In this study the lowest of these two T-scores was
used for further analysis and comparison with the Calscan
T-score. Scanning time on the DXA took about 20 min
and the machine was calibrated automatically on a daily
basis using a phantom.

The Calscan (DXL Calscan; Demetech AB, Solna,
Sweden) measured BMD at the calcaneus. The Calscan
automatically deWned the ideal scanning site at the heel,
making the results operator independent and follow-up
measurements more accurate. An internal phantom auto-
matically calibrated the Calscan before each new
patient. The Calscan performance was not aVected by
normal range of temperature or movement of the device
[18]. Scanning time took up to 5 min and could be per-
formed at the FO-Clinic. Results were immediately
available.

Establishing threshold T-scores for the Calscan

According to the United Kingdom National Osteoporosis
Society (NOS) the Calscan T-score should be interpreted
using an upper and lower threshold [1, 4, 18]. These thresh-
olds should be deWned in a way that patients with osteopo-
rosis of the hip or spine are identiWed with 90% sensitivity
and 90% speciWcity [18].

The upper threshold for the Calscan (Tcal-normal) is
therefore the Calscan T-score under which 90% of
patients with osteoporosis were classiWed by the Calscan
as having osteoporosis (sensitivity). All patients with a
Calscan T-score above Tcal-normal were considered not to

Table 1 Mean (range) demographic variables, using deWnition of manifest osteoporosis and using diagnostic WHO criteria for osteoporosis

T-score is the SD in bone mass compared with the peak bone mass of young adults

TDXA, T-score measured by dual energy X-ray absorptiometry; WHO World Health Organization

Whole group Manifest osteoporotic 
(TDXA · ¡2.0  SD)

Non-manifest 
osteoporotic (TDXA > ¡2 SD)

Osteoporotic 
WHO (TDXA · ¡2.5  SD)

Non-osteoporotic 
WHO (TDXA > ¡2.5 SD)

n 182 75 107 45 137

Age (years) 66 (50–86) 67 (51–85) 65 (50–86) 68 (52–85) 65 (50–80)

Height (cm) 169 (146–194) 169 (147–194) 170 (146–193) 168 (147–194) 170 (146–193)

Weight (kg) 76 (47–128) 71 (47–110) 80 (56–128) 70 (48–103) 79 (47–128)

Sex ($:#) 136:46 54:21 82:25 34:11 102:35
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suVer from osteoporosis. The lower threshold for the Calscan
(Tcal-osteoporosis) is the Calscan T-score above which 90%
of the patients without osteoporosis were classiWed by the
Calscan as not having osteoporosis (speciWcity). All patients
with a Calscan T-score under or equal to Tcal-osteoporosis
were considered to suVer from osteoporosis. These thresh-
olds were calculated using the deWnition of manifest osteopo-
rosis and using the diagnostic WHO criteria for osteoporosis.

Statistical analysis

Statistical analysis was performed by an independent statis-
tician using SPSS software program (version 14.1 for
Windows XP, SPSS, Chicago, Ill., USA). Results were
expressed as mean (range) and percentages. A Pearson cor-
relation coeYcient was used to assess the relationship
between BMD measured by DXA and Calscan. Cross tabu-
lations were performed to assess the thresholds for the Cal-
scan. A 95% CI was calculated for both the sensitivity and
speciWcity.

Results

General data

The mean T-score for BMD measured by DXA was
¡1.63 SD (range ¡4.9 to 2.1) and by Calscan ¡1.91 SD
(range ¡5.3 to 1.4). The correlation between DXA and Cal-
scan was r = 0.47 (P < 0.0001) as illustrated in Table 4.

Thresholds on the Calscan using the deWnition of manifest 
osteoporosis

A total of 75 out of 182 patients did have a DXA T-score
·¡2.0 SD and could be classiWed as manifest osteoporotic.
As can be seen in Fig. 2 and Table 5, the Tcal-normal
is ¡1.3 SD as 89.3% (95% CI) 80.0–95.3%) of manifest-
osteoporotic patients did indeed have a Calscan T-score
·¡1.3 SD and were therefore correctly classiWed as mani-
fest osteoporotic by the Calscan. Thus all patients with a
Calscan T-score >¡1.3 SD could be classiWed as non-mani-
fest-osteoporotic, hereby misclassifying only 10.7% of
manifest-osteoporotic patients. The Tcal-osteoporosis must
be ¡2.9 SD as 90.7% of non-manifest-osteoporotic patients
did indeed have a Calscan T-score >¡2.9 SD (95% CI
83.5–95.4%) (Fig. 2 and Table 5). All patients with a
Calscan T-score ·¡2.9 SD could be classiWed as manifest
osteoporotic, hereby misclassifying only 9.3% of non-
manifest-osteoporotic patients.

When both thresholds were used 47 out of 182 (26%)
patients did not have to be assessed by DXA because of the
low probability of manifest osteoporosis and 34 out of 182
(19%) patients did not need DXA evaluation because of the
high probability of manifest osteoporosis.

Thresholds on the Calscan using the diagnostic WHO 
criteria for osteoporosis

A total of 45 out of 182 patients did have a DXA T-score
·¡2.5 SD and could be classiWed as osteoporotic. In Fig. 3
and Table 6 one can see that with an upper threshold of
¡1.4 SD on the Calscan 91.1% (95% CI 78.8–97.5%) of

Table 2 Fracture site upon entry into the study

Site Number of patients

Vertebral 25

Ribcage 7

Pelvis 7

Clavicle/scapula 5

Proximal humerus 12

Elbow/forearm 13

Distal radius/ulna 60

Hand/wrist 12

Femur 3

Patella 1

Tibia/Wbula 6

Ankle 13

Foot/tarsal plate 18

Table 3 DeWnition of manifest osteoporosis expressed as a T-score
and diagnostic WHO criteria for osteoporosis expressed as a T-score

T-score is the SD in bone mass compared with the peak bone mass of
young adults

WHO World Health Organization

ClassiWcation of 
Manifest osteoporosis

Diagnostic WHO criteria 
for osteoporosis

T > ¡2 SD No 
osteoporosis

T > ¡1 SD No osteoporosis

¡2.5 SD > T · ¡1 SD Osteopenia

T · ¡2 SD Manifest 
osteoporosis

T · ¡2.5 SD Osteoporosis

T · ¡2.5 SD +
fracture

Severe 
osteoporosis

Table 4 Correlation of BMD measured by DXA and Calscan (R2

value)

DXA dual energy X-ray absorptiometry, DXA-low lowest T-score mea-
sured with DXA of hip or spine in every patient, Calscan dual energy
X-ray absorptiometry and Laser of the calcaneus

DXA-hip DXA-spine DXA-low Calscan

DXA-hip 1 0.24 0.59 0.28

DXA-spine 1 0.71 0.12

DXA-low 1 0.22

Calscan 1
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osteoporotic patients were classiWed correctly by the Cal-
scan. Using a lower threshold on the Calscan of ¡2.9 SD
90.5% (95% CI 84.3–94.9%) of non-osteoporotic patients
were correctly classiWed.

When both thresholds were used 52 (29%) patients did
not have to be assessed by DXA because of the low proba-
bility of osteoporosis and 34 (19%) patients did not need
DXA evaluation because of the high probability of osteo-
porosis.

Discussion

As osteoporosis is a common health problem it has been
established that diagnosing and treating osteoporosis is nec-
essary. Therefore the need for measurement of BMD is
growing. Although in most clinics DXA is the preferred
method of examination in assessing BMD, this method is
not available in every clinic, whereas peripheral densitome-
ters are widely available [3]. Although DXA measurement

Fig. 2 Calscan T-score related to DXA T-score. Patients on the left
side of the vertical line crossing the DXA-axis at ¡2.0 SD do have
manifest osteoporosis. Patients on the right side of this line do not
suVer from manifest osteoporosis. Tcal-normal: the Calscan T-score
under which 90% of manifest osteoporotic patients are classiWed
correctly as manifest osteoporotic (a). Tcal-osteoporosis: the Calscan
T-score above which 90% of the patients without manifest osteoporo-
sis are classiWed correctly as non-manifest-osteoporotic (b)

Table 5 DeWnition of the Tcal-normal and Tcal-osteoporosis using
the deWnition of manifest osteoporosis

a This is the T-score regarded as indicating manifest osteoporosis
b This is the Tcal-normal. Patients with a Calscan T-score > ¡1.3 SD
are classiWed as non-manifest osteoporotic by the Calscan
c This is the percentage of patients with manifest osteoporosis who are
correctly classiWed by the Calscan, sensitivity
d This is the percentage of non-manifest osteoporotic patients who are
correctly classiWed as non-manifest osteoporotic by the Calscan, spec-
iWcity

TDXA · ¡2.0 SDa

Yes (n = 75) No (n = 107)

Tcal-normalb

TCalscan · ¡1.3 SD Yes 67 (89.3%)c 68

No 8 (10.7%) 39

Tcal-osteoporosis

TCalscan · ¡2.9 SD Yes 24 10 (9.3%)

No 51 97 (90.7%)d

Fig. 3 Calscan T-score related to DXA T-score. Patients on the left
side of the vertical line crossing the DXA-axis at ¡2.5 SD do have
osteoporosis. Patients on the right side of this line do not suVer from
osteoporosis. Tcal-normal: the Calscan T-score under which 90% of
osteoporotic patients are classiWed correctly as osteoporotic (a).
Tcal-osteoporosis: the Calscan T-score above which 90% of the
patients without osteoporosis are classiWed correctly as non-osteopo-
rotic (b)

Table 6 DeWnition of the Tcal-normal and Tcal-osteoporosis using
the diagnostic WHO criteria for osteoporosis

a This is the T-score regarded as indicating osteoporosis
b This is the Tcal-normal. Patients with a Calscan T-score > ¡1.4 SD
are classiWed as non- osteoporotic by the Calscan
c This is the percentage of patients with osteoporosis who are correctly
classiWed by the Calscan, sensitivity
d This is the percentage of non-osteoporotic patients who are correctly
classiWed as non-osteoporotic by the Calscan, speciWcity

TDXA · ¡2.5 SDa

Yes (n = 45) No (n = 137)

Tcal-normalb

TCalscan · ¡1.4 SD Yes 41 (91.1%)c 89

No 4 (8.9%) 48

Tcal-osteoporosis

TCalscan · ¡2.9 SD Yes 21 13 (9.5%)

No 24 124 (90.5%)d
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of the hip is the best predictor for the chance of a hip frac-
ture, previous studies showed that peripheral densitometers
are equally eVective in predicting the chance of an osteopo-
rotic fracture at any site in the skeleton compared to DXA
of hip and spine [11]. Therefore, a peripheral densitometer
like the Calscan seems to be a worthwhile device at the FO-
Clinic as the goal at a FO-Clinic is to predict fracture risk
due to osteoporosis.

Nevertheless, the diagnosis of osteoporosis is based on
the T-scores measured by DXA and cannot be simply
applied to T-scores measured by Calscan. Although correla-
tion between DXA and diVerent measurement devices like
the Calscan is poor and there is a lack of agreement about
diVerent devices, the NOS posed a consensus on how
peripheral densitometers could be used in decision making
about patient treatment based on measured BMD by periph-
eral densitometers [1, 3, 14]. By incorporating the revised
NOS guidelines it was possible at the FO-Clinic to calcu-
late treatment thresholds for the Calscan. Using a Tcal-oste-
oporosis of ¡2.9 SD and a Tcal-normal of ¡1.3 SD, 45%
of the patients could be classiWed as manifest-osteoporotic
or non-manifest-osteoporotic based on the Calscan T-score
only with a sensitivity and speciWcity of 90%, as suggested
by the NOS guidelines [14]. In our study 55% of all
patients still needed DXA examination to exclude whether
or not manifest osteoporosis is present. This is in close con-
cordance with the present literature stating that around 50%
of patients require DXA [1].

The above-mentioned thresholds are calculated using the
deWnition of manifest osteoporosis to classify patients as
osteoporotic or not. The deWnition of manifest osteoporosis
was chosen because we studied a fracture population. Using
the T-score ·¡2.5 SD would have led to the diagnosis
severe osteoporosis according to the WHO criteria. This
would have underestimated the problem of osteoporosis in
our population. Nevertheless, because most studies com-
paring DXA to Calscan use the diagnostic WHO criteria for
osteoporosis the thresholds on the Calscan and general data
are also given in the “Results” using these diagnostic WHO
criteria for good comparison to other studies. As can be
seen in Tables 5 and 6 thresholds on the Calscan do not
diVer very much with either deWnition.

Previous studies in calculating thresholds for the Calscan
are not widely available. Thorpe et al. [18] calculated a
Tcal-osteoporosis of ¡2.7 SD and Tcal-normal of ¡1.4 SD.
Blake et al. [1] calculated a Tcal-osteoporosis of ¡2.7 SD
(95% CI ¡2.5 to ¡3.5) and a Tcal-normal of ¡1.4
SD (95% CI ¡0.9 to ¡1.6). The small diVerences from
our calculations, a Tcal-osteoporosis of ¡2.9 SD and a
Tcal-normal of ¡1.3 SD, can probably be explained by
the populations studied. Both Thorpe and Blake included
only postmenopausal Caucasian women between 55 and
70 years of age whereas we included all patients aged

50 years or more attending our emergency department with
a low-energy fracture. Another diVerence is that both
Thorpe and Blake used a DXA T-score ·¡2.5 SD as the
deWnition for osteoporosis, whereas we used the deWnition
of DXA T-score ·¡2 SD. As can be seen in Table 6 the
lower threshold in our study is the same when the diagnos-
tic WHO criteria for osteoporosis are used.

An explanation for the wide range in both thresholds
might be the relatively low correlation of r = 0.47
(P < 0.0001) between the Calscan and DXA. This correla-
tion is comparable to the correlation found in literature [1].
The low correlation might be explained by the diVerent per-
centages of trabecular bone at the calcaneus, hip or spine
which are 95, 40 and 66%, respectively [2, 17]. Trabecular
bone is metabolically active in contrast to cortical bone and
it is reasonable to expect that this leads to diVerent mea-
surements of BMD. A second reason for the low correlation
might be the more accurate technique of measuring BMD
by the Calscan. Combining DXA with laser will diminish
the errors in measuring BMD, related to small non-uniform
changes in soft tissue composition and thickness as well as
to variable bone marrow composition [4].

A limitation of this study is that an a priori sample size
calculation was not performed. Nevertheless, because we
found a signiWcant result the sample size must have been
big enough. Another limitation was that the timing of per-
forming the DXA and Calscan was random and not estab-
lished in a protocol. The last limitation of this study is the
relatively small group of patients studied compared to the
extensive research done with DXA. Therefore it is ques-
tionable whether or not these results can be implemented in
daily clinical practice. Nevertheless, because of the clinical
importance of screening high risk patients for osteoporosis
and the limited access to DXA we think that the Calscan is
a worthwhile tool at the FO-Clinic and it should be consid-
ered to use as a screening device.

In conclusion, as stated in the literature, osteoporosis is
a major health problem. To overcome this problem an
active approach in case Wnding osteoporosis by means of
a FO-Clinic is necessary. In this study we proved the Calscan
to be a promising technique to use at a FO-Clinic in assessing
BMD. This study suggests that if the Calscan is incorporated
in the routine screening for manifest osteoporosis almost half
of the sum total of patients will only need one visit to such a
FO-Clinic, resulting in correct diagnosis and if necessary
treatment without DXA measurement. This is time saving
and patient-friendly. Nevertheless, before DXA can be really
omitted more research on the Calscan needs to be done.
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