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Abstract
Objective

The aim of this cross-sectional cohort study is to assess the potential of quantitative ultrasound (QUS) of
the calcaneus in pre-screening for vertebral/non-vertebral fractures, and in discriminating osteoporotic

from normal bone density in patients with ankylosing spondylitis (AS); a second objective is to determine
the prevalence of osteoporosis using dual-energy X-ray absorptiometry (DEXA) in this patient group.

Results
Included are 50 consecutive AS patients with no history of osteoporosis: mean (SD) age 52 (12) yrs, range
26-75 yr; female/male ratio 15/35. The mean (SD) DEXA T score in the lumbar spine (AP view) was -0.82
(1.73), mean (SD) DEXA T score in femoral neck -1.46 (1.12). The mean (SD) calcaneal QUS T score was
-0.73 (0.95). In our population of AS patients the prevalence of femoral neck osteoporosis according to the

WHO definition (DEXA T< -2.5) was 20%. 
Osteoporosis criteria were met at the femoral neck in 10 (20%) patients, and 7 of them (70%) were 

correctly diagnosed using QUS, with T < -1.0 as cut-off value; normal bone density at the femoral neck
was found in 15 AS patients (30%), yet in 2 of them the calcaneal QUS T was < -1.0. In AS the 20% pre-
test probability of having femoral neck osteoporosis increased using calcaneal QUS, with a cut-off level
T< -1.0 (70% sensitivity, 68% specificity), and then rose to 35% as the predictive value of a positive test,
yielding a net result of QUS testing of +15%. The predictive value of a negative QUS test result was 90%,

which makes QUS applicable to exclude severe osteoporosis. Vertebral and/or non-vertebral fractures
occurred in 12 out of 50 AS patients (24%); 5 of them (10%) were associated with osteoporosis as defined

by WHO criteria measured via DEXA. 

Conclusion
The performance of QUS is similar to DEXA in finding patients with osteoporosis-associated 

fractures: the sensitivity of QUS T < -1.0 in finding the fracture is 80%, and the sensitivity of femoral neck
DEXA T< -2.5 in finding fractured patients is 60%. We conclude that both osteoporosis and fractures are
common sequelae in AS. Calcaneal QUS offers a promising approach to screen for osteoporosis, and may

be applied to exclude osteoporosis-associated high fracture risk in AS.
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Introduction
A n kylosing spondylitis (AS) is a
chronic disorder with inflammation of
p ri m a ri ly the sacroiliac joints, s p i n e
and entheses, resulting in axial rigidity
and deformation due to post-inflamma-
t o ry ex t ra - ve rt eb ral calcifi c ation as
well as ve rt eb ral decalcifi c ation. Osteo-
porosis has long been considered a late
and negligible feature of AS (1). How-
ever the loss of vertebral bone mass
may occur already early in the course
of AS (2, 3). Osteoporotic comorbidity
is ro u t i n e ly screened for in only a
minority of AS patients, as was recent-
ly demonstrated (4). Several years ago
the World Health Organization (WHO)
defined the golden standard for mea-
suring bone density using dual-energy
X-ray absorptiometry (DEXA). In AS
h oweve r, m e a s u rement of axial bone
density by DEXA is complicated due t o
s p e c i fic disease-re l ated axial ch a n ge s .
Therefore, DEXA evaluation of bone
density in AS has its limitations with
respect to the lumbar spine and femoral
neck (5). 
Bone status comprises not only of
bone density, but also of bone stru c-
t u re. A l t e rn at ive diagnostic tech n i q u e s
p a rt i c u l a rly measuring other aspects of
bone stat u s , s u ch as quantitat ive ultra-
sound (QUS) may be of add i t i o n a l
value in this patient group. Te ch n i c a l-
ly, QUS can be done at seve ral peri p h-
e ral bones: c a l c a n e u s , p h a l a n ges or
tibia. For screening purposes of bone
s t at u s , QUS of the heel is most pro m i s-
i n g, p a rt i c u l a rly since seve ral studies
h ave shown that calcaneal QUS pro-
vides a predictor of hip fra c t u re ri s k .
The majority of QUS studies have
i nve s t i gated post-menopausal wo m e n
( 6 - 1 0 ) , and have focused on compari n g
h e a l t hy vo l u n t e e rs with fra c t u re d
p atients (6, 1 0 , 1 1 , 12). Corre l at i o n s
h ave been demonstrated between ultra-
sound para m e t e rs and age, d u ration of
the post-menopausal peri o d, h e i g h t ,
we i g h t , and the body mass index (7,9 ,
13). Only few pap e rs rep o rt on bone
density in men (14-17). Data are scarc e
on the potential role of QUS fo r
s c reening purposes in high-risk cat e-
go ries like patients with A S. We stud-
ied the potential role for QUS in
s c reening for osteoporosis as defi n e d

by means of DEXA, and for incre a s e d
f ra c t u re ri s k .

Materials and methods
Subjects
From July 1999 to July 2000, 50 con-
s e c u t ive AS patients gave their
informed consent to undergo quantita-
t ive ultrasound measurements of the
heel at two Rheumatology Outpatient
D ep a rtments at secondary care, n o n -
academic medical centres in Leeuwar-
den and Zwo l l e. Prior to incl u s i o n
p atients we re assessed cl i n i c a l ly and
biochemically. Laboratory tests includ-
ed the erythrocyte sedimentation rate
( E S R ) , C - re a c t ive protein (CRP),
s e rum calcium, alkaline phosphat a s e
(AP), 25-OH vitamin D, protein elec-
trophoresis, and parathyroid hormone
(PTH). Exclusion criteria were a histo-
ry of hy p e rp a rat hy ro i d i s m , t hy ro i d
gland disease, chronic liver or kidney
disease, malignancy or malabsorption,
and use of cort i c o s t e roids or thy ro i d
h o rmones prior to inclusion in the
study. Lumbar and pelvic X-rays were
reassessed by a rheumat o l ogist (TJ, S Z ) ,
in order to ascertain the diagnosis of
lumbar fractures, and in order to verify
the diagnosis of AS radiographically.
SI joints were scored according to the
m o d i fied New Yo rk cri t e ria (grade I
sacroiliitis = only discrete abnormali-
t i e s , grade II = c o rtical loss without
n a rrow i n g, grade III = c o rtical loss
with narrow i n g, grade IV = c o rt i c a l
loss with narrowing and bridging) (18).
Within 3 months after inclusion, bone
d e n s i t o m e t ry was obtained in all
patients.

Method
Evaluation of the skeletal status was
based on QUS measurement of the
dominant heel. The speed of sound
(SOS, m/s) and broadband ultrasound
attenuation (BUA,dB/MHz) were mea-
sured using the Sahara system (Holog-
ic, Waltham, USA), calibrated in accor-
dance with the manufacturer’s recom-
mendations. Cor rections for the males
regarding T score were done in accor-
dance with the manufacturer’s recom-
m e n d at i o n s : s u b t raction of -0.6 fro m
delivered T score.
Within a period of three months all
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p atients underwent measurement of
bone density using dual-energy X-ray
absorptiometry (DEXA) with Hologic
( Wa l t h a m , M a s s . , USA) or Lunar
(Madison, Wisc., USA) machines.
The WHO definitions for osteoporosis
(DEXA T < -2.5) and osteopenia
(DEXA T<-1.0 and T>-2.5) were used
for stratification purposes.

Test characteristics
For calculation of the test characteris-
tics, DEXA at the femoral neck was
applied as the golden standard fo r
osteoporotic disease, and the test QUS
at the heel and DEXA at lumbar spine
we re ap p l i e d. In consecutive testing
f ra c t u res we re applied as the go l d e n
standard and both QUS and DEXA val-
ues as test parameters. 
The following test characteristics were
then calculated: sensitivity (Se), speci-
ficity (Sp), predictive value of a posi-
tive test result (PPV), predictive value
of a negat ive test result (NPV), a n d
l i kelihood ratios (LR). An ideal test
delivers both a high sensitivity and a
high specificity (>95%) resulting in a
high likelihood ratio of a positive test
(LR+), theoretically ad infinitum: the
ratio of the probability of obtaining a
p o s i t ive test result by ap p lying the
index test in diseased versus non-dis-
eased subjects. The ratio of the proba-
bility of obtaining a negative test result
in diseased ve rsus non-diseased sub-
jects ideally re a ches ze ro : l i ke l i h o o d
ratio of a negative test (LR-). A test is
supposed to perform reasonably well
when LR+ > 2.0, and LR- < 0.5.

Statistical analysis
All calculations have been carried out
using SPSS 10.0 (Chicago, IL). Intrain-
dividual DEXA T scores from lumbar
spine (AP view) versus femoral neck
are tested using Wilcoxon’s non-para-
m e t ric test. A n a lysis of associat i o n s
b e t ween AS duration and ESR/bone
density parameters are performed using
linear logistic regression analy s i s .
Pe a rson corre l ations are calculat e d ;
two-tailed p-values < 0.05 are accepted
as significant. 

Results
I n cluded are 50 consecutive AS pat i e n t s;

in 3 patients DEXA T scores of the
lumbar spine were not reliable due to
prosthetic material. Patient characteris-
tics are given in Table I: 15 female, 35
male AS patients, mean (SD) age 52
(12) yr, mean SI score 3.5 (range: II-
IV), bilaterally: 13 patients with grade
II, 11 with grade III, and 26 with grade
IV sacroiliitis. Previous fractures were
found anamnestically and/or ra d i-
ographically in 12 of the 50 AS patients
(24%); ve rt eb ral fra c t u res in lumbar
spine in 3 patients (6%) probably due
to osteoporosis; and non-vertebral frac-
tures in 9 patients (18%).
Data were pooled with respect to the
duration of AS: 12 patients had AS < 10
y rs; and 38 patients had AS with a
duration exceeding 10 yrs. The HLA
B27 allele was positive in 88%; for fur-
ther details see Table I.
To evaluate potential bias of a mixing
of the sexe s , d ata between a pat i e n t
group of both male and female AS (n=
50) and a group of exclusively male AS
(n=35) patients were compared. Inter-
group comparison of bone density
p a ra m e t e rs did not reveal signifi c a n t
differences. This may serve as justifica-
tion for the lumping pro c e d u re of
sexes. Data are not demonstrated sepa-
rately.

Prevalence of osteoporosis
In the lumbar spine and femoral neck,
osteoporosis plus osteopenia (DEXA T

<-1.0) was demonstrated in the majori-
ty of AS patients with a re s p e c t ive
prevalence of 54% and 72% (Table II).
For osteoporosis (DEXA T< -2.5), the
prevalence was 16% and 20%, respec-
tively.
Intra-individual DEXA T scores from
lumbar spine ve rsus fe m o ral neck
showed significant intra-individual dif-
fe re n c e s : mean DEXA T score (± SEM)
at the lumbar spine was 0.23 (0.20)
higher than at the femoral neck. The
Pe a rs o n ’s corre l ation was 0.57 (p <
0.005).

Table I. Characteristics of 50 consecutive patients with ankylosing spondylitis.

Female/male 15/35

HLA B27 + 44 (88%)

Age (yr) 52      (12)

Duration AS (yr) 21      (13)

Weight (kg) 76.7   (12.6)

Body mass index (BMI) (kg/m2) 30.5   (18.7)

Erythrocyte sedimentation rate (ESR) (mm/hr) 18      (14)

Sacroiliac (SI) score (0-4) 3.4 bilaterally

Bamboo spine 36 (72%)

Squaring 9 (18%)

Fractures: 12 (24%)

Vertebral [lumbar spine (LS)] 3 ( 6%)

Non-vertebral 9 (18%)

Osteoporosis-associated 5 (10%)

Supposedly traumatic 7 (14%)

Data are means (SD) unless indicated otherwise

Table II. Bone para m e t e rs of calcaneal
q u a n t i t at ive ultra s o n ograp hy (QUS) and
d u a l - e n e rgy - X - ray ab s o rp t i o m e t ry (DEXA)
in 50 patients with ankylosing spondylitis.

QUScalcaneus

Densityest (gr/cm2) 0.52 (0.12)

BUA (dB/MHz) 77 (17)

SOS (m/s) 1551 (31)

T score -0.73 (0.95)
T<-1.0 40%

DEXA T score:

Lumbar spine -0.82 (1.73)
T< -1.0 54%
T< -2.5 15%

Femoral neck -1.46 (1.12)
T< -1.0 72%
T< -2.5 20%

D e n s i t ye s t = estimated bone density. Data are
means (SD).
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Correlation
Linear regression analysis revealed a
s i g n i ficant corre l ation between the
duration of AS and the DEXA T score
at the femoral neck (R=0.35, p<0.05),
but not between the duration of AS and
the DEXA T score at the lumbar spine
(R=0.14, p>0.05).
Correlations were significant between
the duration of AS and BUA (R=-0.57,
p < 0.001; CI [-0.54,-0.099]), and the
duration of AS and SOS (R= -0.53, p<
0.005; CI [-0.89,-0.08]). Correlations
were also signficant between QUS data
and patient age : BUA , SOS and the
QUS T score were correlated with the
patient's age R =-0.48, p<0.05 with CI
[ - 0 . 5 1 , - 0 . 0 8 ] , - 0 . 5 9 , p < 0.01 with CI
[ -0.62, -0.09] and -0.48, p<0.001 with
CI [-8.9, -2.2] respectively. Ultrasonic
BUA and SOS only just tended to be
correlated with weight: the correlations
were R=+0.35, p=0.08 with CI [-0.03,
+0.50] and R =+0.24, p>0.1 with CI [-
0.06,+0.25], respectively.
The QUS T score significantly correla-
teed with DEXA T scores from the
lumbar spine and fe m o ral neck :
R = + 0 . 4 5 , p<0.005 with CI [+0.20,
+1.0], and R=+0.48, p<0.002 with CI
[+0.18, +0.76], respectively. SOS only
just tended to correlate with femoral
neck bone density.

Stratification according to femoral
neck DEXA T scores
Patients were categorized according to
their fe m o ral neck DEXA T score s .
Among 10 osteoporotic pat i e n t s , 7
(70%) had a QUS T score < -1.0,
whereas in the osteopenic group this
was only 11 out of 25 patients (44%).
In 15 AS patients the fe m o ral neck
DEXA T score was normal, but in 2
patients the QUS T score was < -1.0.
For further details see Table III.
In 2 out of 15 AS patients (13%) with
normal femoral neck DEXA T scores
previous fractures were found: 1 verte-
bral in the lumbar spine and 1 non-ver-
tebral. In 6 out of 25 osteopenic AS
patients (24%) previous fractures were
found: 2 vertebral fractures in lumbar
spine and 4 non-vertebral fractures. In
3 out of 10 osteoporotic AS patients
(30%) previous fractures were found: 1
ve rt eb ral in the lumbar spine and 2
non-vertebral fractures.

Test characteristics (Table IV)
QUS, performed at the dominant heel,
p redicted osteoporosis at the lumbar
spine and femoral neck (cut off level
T<-1.0) with a sensitivity of nearly
70% for both. Using a lowered QUS
cut-off level of T< -1.5, the QUS test
characteristics for osteoporosis screen-

ing hardly change. 
Fracture risk: QUS T score > -1.0 was
found in 30 out of 50 AS patients, yet
in 6 of them (20%) previous fractures
had occurred: the mean (SD) QUS T
score was –0.22 (0.56). A QUS T score
< –1.0 was found in 20 out of 50 AS
patients, and in 5 of them (25%) previ-
ous fractures had occurred; the mean
(SD) QUS T score was –1.84 (0.90)
The applicability of a screening test for
osteoporosis in high risk populations
depends on a high negative predictive
value (NPV) in order to exclude dis-
ease, or on a high positive predictive
value (PPV) in order to increase an
individual’s pre-test probability of hav-
ing the disorder, i.e. osteoporosis. Table
IV displays the PPVs of 2 QUS T score
l evels to find osteoporo s i s , and the
PPVs of QUS T < -1.0 to find fractured
patients (osteoporotic and/or supposed-
ly traumatic) and osteoporosis-associ-
ated fractures. All PPVs demonstrated
a limited additional value of the screen-
ing test: the PPVs attained neve r
exceeded the pre-test pro b ability by
more than 25%. Contrarily, the NPVs
revealed that QUS and DEXA are com-
p a rable in their clinical value to ex -
clude fractures of any type and to ex-
clude osteoporosis-associated fractures
in particular: about 80% for both. 
Nonetheless a re a s o n able test is
obtained when QUS is applied at a cut-
off level of T <1.0 in order to screen for
lumbar spine and/or fe m o ral neck
osteoporosis. The DEXA approach to
find osteoporo s i s - a s s o c i ated fra c t u re s
as a test is non-informative, as the like-
lihood ratios do not re a ch the pre -
defined levels of an acceptable test. 

Discussion
Our study shows that many pat i e n t s
with ankylosing spondylitis (AS) have
a significant loss of bone mass, as is
re flected by a 50% prevalence of
osteopenia and about 20% of osteo-
porosis. Of the 35 osteopenic and/or
o s t e o p o rotic AS patients studied 9
(26%) had previous fractures, but only
3 had lumbar spine fractures. In our
randomly assigned AS population still
10% had ex p e rienced previous fra c-
tures, associated with actual osteoporo-
sis as defined by WHO criteria using

Table III. Parameters of bone status in 50 patients with ankylosing spondylitis stratified
according to the DEXA of the femoral neck: normal (T> -1.0) vs osteopenic (T> -2.5 and
T< -1.0) vs osteoporotic (T< -2.5) bone density.

Normal Osteopenia Osteoporosis
n=15 n=25 n=10

Age (yr) 46 (11) 51 (10) 64 (8)

Duration AS (yr) 15 (12) 23 (14) 25 (13)

ESR (mm/hr) 16 (9) 15 (11) 29 (19)

Fracture (n) 2 (13%) 6 (24%) 3 (30%)

DEXA T score
LS (AP) +0.19 (1.80) -1.33 (1.66) -1.31 (0.84)
FN - 0.01 (0.53) -1.67 (0.38) -2.98 (0.37)

QUScalcaneus

Densityest (gr/cm2) 0.59 (0.05) 0.50 (0.11) 0.46 (0.13)
BUA (dB/MHz) 81 (17) 74 (16) 75 (19)
SOS (m/s) 561 (24) 1547 (29) 1550 (40)
Calcaneal T score -0.15 (0.70) -0.86 (0.91) -1.21 (1.06)

T < -1.0 13% * 44% ns 70%
T < -1.5 7% * 28% * 50%
T < -2.0 0% ns 20% ns 40%

Intergroup comparison of QUS T scores: ns: not significant; * P < 0.05. 
Densityest : estimated bone density; fracture: prevalence of pr evious fractures; LS: lumbar spine; FN:
femoral neck. Data are means (SD) unless stated otherwise.
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DEXA T-scores. As bone status con-
sists not only of bone density as mea-
sured by definition using dual energy
X-ray absorptiometry, but also of bone
s t ru c t u re more or less mirro red by
ultrasonography, it seems plausible to
expect that quantitat ive ultra s o n ogra-
p hy may have additional value in
screening for patients prone to osteo-
porotic fractures.
A recent study by Bressant et al. show-
ed that osteoporosis as a comorbidity
of AS does not receive much attention
from our British collegues despite the
t re atment options curre n t ly ava i l abl e
(4). Previous studies alre a dy have
demonstrated that comorbidity in AS is
common, particularly with respect to
osteopenia and osteoporosis both of
which occur in 6-41% (19-22, 24, 25).
These conditions indeed result in verte-
b ral compression fra c t u res in 9-16%
(23). The present study is consistent
with these data.
We hy p o t h e s i zed that cl i n i c a l ly re l e-
vant bone strength may be mirrored by
techniques such as quantitative ultra-

sonography, possibly even better than
DEXA. In our population of A S
p atients QUS indeed was cap able of
retrieving 80% of the fractured patients
associated with osteoporosis, whereas
DEXA found 60%, which due to the
number of patients included in the pre-
sent study were percentages not signifi-
cantly different from each other. As a
test both QUS and DEXA perform rea-
sonably well in the screening for osteo-
p o rosis as their likelihood ratios are
s i m i l a r. QUS may be slightly better
than DEXA in screening for osteoporo-
s i s - a s s o c i ated fra c t u res. And with
respect to finding osteoporotic patients
as defined by DEXA WHO cri t e ri a ,
QUS appears to find an additional part
of the population at risk for fractures.
This may suggest that QUS measures
another factor involved in osteoporotic
f ra c t u re ri s k , p ro b ably a factor of
importance in bone quality as well.
Therefore, we conclude that quantita-
tive ultrasound is quite applicable in a
high risk population of patients with
ankylosing spondylitis, i.e. to exclude

an increased osteoporosis associat e d
fracture risk in particular. An addition-
al, though small, part of osteoporosis-
a s s o c i ated fra c t u res may be fo u n d
wh i ch makes ultrasound pro b ably
equivalent to or perhaps even better in
screening strategies to DEXA. Further
prospective studies applying ultrasound
in high risk populations are warranted.
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