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Abstract. Bone loss due to corticosteroid treatmentcorticosteroid treatment and a computed new variable
differs from that of postmenopausal osteoporosis withdesigned to test the interaction between BMDL and the
regard to bone structure. Corticosteroids affect bothreatment group showed that Stiffness, SOS and BUA
horizontal and vertical trabeculae while horizontalwere dependent on age and BMDi<(.001); BUA and
trabeculae are damaged in postmenopausal osteoporos#iffness were dependent on treatment group. Taking
Dual-energy X-ray absorptiometry (DXA) is the gold into account the age of the patients, a significant
standard to evaluate bone loss. The place of quantitativéifference was observed in the relation between BUA
ultrasound (QUS), a technique that could theoreticallyand BMDL according to treatment with corticosteroids.
provide information on bone structure, is not well A similar difference was found in the subgroup of
established in corticosteroid-induced bone impairmentpatients without fractures. SOS and BUA were strongly
The aim of the study was to determine the usefulness aforrelated but their relation did not differ according to
QUS in the assessment of corticosteroid-induced bonteatment. Thus, QUS is useful in the assessment of
impairment. We hypothesized that the relationshipcorticosteroid-associated bone loss. Furthermore, the
between QUS and DXA could be influenced by change®bservation of a significant difference in the relationship
in bone structure and thus differ with regard tobetween BUA and BMDL with regard to corticosteroid
corticosteroid treatment. Seventy-seven women withreatment might support the hypothesis that QUS,
inflammatory diseases chronically treated with corti-especially BUA, could give additional information
costeroids (dose: 7.5-15 mg/day), 29 without corti-about bone structure.
costeroids and 100 controls were investigated. Bone
mineral density at the lumbar spine (BMDL) was Keywords: Bone measurements; Corticosteroids; DXA,
measured by DXA and QUS parameters were measure@dsteoporosis; Ultrasound
at the calcaneus. Both the QUS parameters (SOS, BUA,
Stiffness) and BMDL were significantly lower (by 1.3%
for SOS, 5.8% for BUA, 12.7% for Stiffness and 11% for ]
BMDL) in patients treated with corticosteroids com- Introduction
pared with patients not taking corticosteroids and with
controls 0<0.001, ANCOVA, with age and height as Several techniques are available to estimate bone
covariates). Multiple linear regressions of Stiffness, SOSnineral density (BMD), which accounts for about 70%
and BUA as dependent variables on age, BMDL,of bone strength [1]. Bone fragility depends on bone
density and also on bone microarchitecture [2], which is
m ndoffprint requestso: StephaneDaensMD, Clinic not assessed by conventional bone measurements with
of Rheumatology,Internal Medicine Department,CHU Brugmann, dual-energy X-ray absorptiometry (DXA). Several
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are underinvestigationfor this purpose[3]. Ultrasound
waves passingthrough bone could theoretically give
some information on bone structure in addition to
assessingbone density [4]. Most experimental data
support the hypothesis that quantitative ultrasound
(QUS) can give information on bone structureand is
not just a surrogatefor BMD [5,6]. Severalclinical
studieson osteoporosigsould not, however,demonstrate
suchpropertieg[7,8].

There is radiologic [9] and histomorphometrid10]
evidencethat corticosteroidsaffect both vertical and
horizontaltrabeculaejn contrastto the patternobserved
in postmenopausabsteoporosiswhere the horizontal
trabeculaeare damagedeforethe vertical ones.Sinceit
has been shown from ex vivo studies that the
propagationof ultrasoundwaves varies according to
the orientation of bone trabeculaewith respectto the
ultrasound source [11], we hypothesized that the
relationship between QUS and DXA could differ in
corticosteroid-inducedoone impairment as compared
with postmenopausabsteoporosis.The presentstudy
was undertakento investigatethe usefulnessof QUS
comparedwith DXA for detectingboneimpairmentin
patientstaking corticosteroidsand to analyzewhether
the relationship between QUS and DXA differed
accordingto the exposureo corticosteroids.

Materi als and Methods
Patients

We investigated 77 women treated chronically with
corticosteroids. According to ACR criteria and the
Uveitis Study Group recommendation$l12—14], these
patientshad rheumatoidarthritis (n = 38), connective
tissuedisease¢n = 11), vasculitis(n = 8) andsarcoidosis
(n = 9); 11 had miscellaneousnflammatory diseases.
They had receivedoral prednisoloneor equivalentat a
dose of 7.5-15 mg/day for at least 1 year (median
duration of treatment6.8 years, range 1-18 years).
Twenty-nine patientswith similar diseasesot taking
corticosteroidsinderwentDXA andQUS measurements
during the same period. Patientsin the control group
(n=100) were selectedfrom our data base (patients
referred for bone massevaluation)and were matched
with the patientstreatedwith corticosteroidgor ageand
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fracture prevalence.The clinical characteristicof the
patientsincluded in the three groupsare presentedn
Table 1. None of the patients had renal, hepatic,
neurologic, gastrointestinalor metabolic disordersthat
could alter bonemetabolism.In the previous12 months
patients had not used drugs known to affect bone
metabolism such as hormone replacementtherapy,
androgens,calcitonin, bisphosphonatesfluoride salts,
anticonvulsivantsor heparin.None of thesedrugs had
beenusedfor more than 6 months. The protocol was
approvedby the hospital local ethics committee and
patientswere included after giving their oral informed
consent.

Fragility fractureswere assessedrom the medical
records.They were definedas a fracture of a vertebra,
rib, wrist or hip occurring spontaneouslyor after
minimal trauma (i.e., a fall from standing height).
Vertebral fractureswere assessedby visual inspection
by a radiologistand a rheumatologistaccordingto the
recommendationsf Kleerekoperand Nelson[15].

BoneMeasurements

AnteroposterioBMD of the lumbarspine(BMDL) was
measuredby DXA (Hologic, QDR 1000,Waltham,MA)
and QUS of the right calcaneusby an Achilles device
(Achilles, Lunar, Madison,WI). In the caseof unilateral
right foot pathology (oedema algodystrophy etc.), the
left heel was measuredMeasurementsvere performed
with the patient'sheelpositionedn a smalltemperature-
controlled warm water bath (37 °C) to eliminate
attenuationof ultrasoundby air. The systemusesa
transmittingtransducerwith a centralfrequencyof 0.5
MHz, which is electrically excited to produce a
broadbandspectrum.The ultrasonicwaveis transmitted
throughthe heel,detectedby a receivingtransduceand
digitized for computeranalysis.Three parameteravere
measuredSOS(m/s),thevelocity of theultrasonicwave
as it passesthrough the heel; BUA (dB/MHz), a
measurementf the frequency-dependertttenuationof
theultrasonicwaveasit passeshroughthe heel,relative
to its passagehroughwater; and Stiffness,a combined
parameterderived from BUA and SOS and calculated
from the equation:[0.67 BUA + 0.28 SOS —420]. This
parameteralthoughcalled Stiffness,doesnot reflectthe
homonymousmechanicabroperty[16].

Table 1. Clinical characteristic®f patientswith inflammatorydiseasesreatedwith corticosteroidsor without corticosteroidsand

controls

Parameters Patientstreated Patientstreated Controls
with corticosteroids without corticosteroids (n =100)
(n=77) (n=29)

Fracturesany site (n) 42 (56%) 6 (21%) 47 (47%)

Vertebralfractures(n) 31 (73%) 2 (30%) 31(31%)

Age (years) 59+12 50+14 58+10

Weight (kg) 62+13 65+11 6319

Height (cm) 158+7 16046 162+6

3p<0.001versuspatientstreatedwith corticosteroidsand controls;® p<0.0005versuscontrols(ANCOVA, Tukey test).
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Statistical Analysis

Resultswvereexpresse@dsmeansandstandardieviations
(SD). Comparisonsof meansamong the three groups
were performed using one-way analysis of variance
followed by a post-hoc Tukey test for clinical

characteristicsSince age and height differed between
groups, analysis of variance with age and height as
covariatesvasappliedfor QUSandDXA parametersin

the caseof statisticaleffect simple contrastanalysiswas
usedto identify which groupdifferedfrom the others.To

testdifferencesbetweerthe behaviorof QUSandBMD,

we usedmultiple linearregressiongmethodenter)of the
dependentvariables Stiffness, SOS, BUA with age,
treatment with corticosteroids, BMDL and a new
computedvariable (treatmentx BMDL). This variable
wasdesignedo testthe interactionbetweenBMDL and
the treatmentgroup. We usedas softwarethe Statistical
Packagedor Social Science(SPSSChicago,IL).

Results

As shownin Table1, patientsnot taking corticosteroids
were significantly younger than the corticosteroid-
treated patients and control patients, although they
were in the samedecade(50-60years). The height of
corticosteroid-treatt patients was significantly lower
thanthat of the controls.Fracturesvere presenin 42 of
77 (56%) corticosteroid-treatecpatients, in 6 of 29
(21%) patientsnot treatedwith corticosteroidsandin 47
of 100 (47%) controls.Among patientswith fracturesat
least one vertebral fracture was presentin 31 of 42
(73%) patientstreatedwith corticosteroids,in 2 of 6
(33%) patientswithout corticosteroidsandin 31 of 47
(831%) controls. Table 2 shows that QUS and DXA
measurementsvere significantly different among the
threegroups(p<0.001,ANCOVA with ageandheightas
covariates).Corticosteroid-treategatients had signifi-
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cantly lower SOS, BUA, Stiffness and BMDL than
controls (p<0.001). Comparedwith patientsnot taking
corticosteroids,SOS, Stiffness and BMDL were sig-
nificantly lower in patients taking corticosteroids
(p<0.001,p=0.004, p<0.001, respectively)while BUA
was not (p=0.12). Relativeto the controls,corticoster-
oid-treatedpatientsshoweda decreasef 1.3%in SOS,
5.8%in BUA, 12.7%in Stiffnessand11.0%in BMDL.
Patientsnot taking corticosteroidswvere not statistically
different from controlsasregardsSOS,BUA, Stiffness
andBMDL (p = 0.46,0.67,0.73,0.07, respectively).
Multiple regressioranalysisperformedon the whole
set of patientsshowedthat Stiffnesswas significantly
dependenton age (p<0.001), BMDL (p<0.001) and
corticosteroid treatment (p=0.027). There was no
significant differencein the relation betweenStiffness
and BMDL accordingto corticosteroidtreatmentafter
adjustmentfor age (p = 0.08). SOS was significantly
dependenton age (p<0.001) and BMDL (p<0.001).
BUA was signficantly dependenton age (p<0.001),
BMDL (p<0.001) and corticosteroid treatment
(p=0.013). A statistically significant difference was
found in the relation between BUA and BMDL
accordingto corticosteroidtreatmentafter adjustment
for age(p=0.025).The equationsof the regressiorines
were: BUA = 91 — 0.36 age + 42 BMDL for
corticosteroid-treategatientsand BUA = 111 — 0.36
age + 21 BMDL for all those not treated by
corticosteroidsincluding the controls (Fig. 1). The
subjectsin the threegroupswere thendivided into two
subgroupsaccordingto the presenceof fracturesand a
similar analysis performed. In the subgroup with
fractures there was no significant difference in the
relation between Stiffness, SOS, BUA and BMDL
accordingto corticosteroidtreatmentafter adjustment
for (p = 0.07,0.18,0.27, respectively).In the subgroup
without fracturesthe relation betweenBUA and BMDL
was significantly different accordingto corticosteroid

Table 2. QUS andDXA parametersn patientswith inflammatorydiseasedreatedwith corticasteroidsor without corticosteroidsand controls

Parameters Patientstreated Patientstreated Controls
with corticosteroids without corticosteroids (n =100)
(n=77) (n=29)

SOS(m/s 1496.6+31.2 1526.7+28.4 1516.6+33.8
T-score —1.21+1.18 —0.29+£1.17 —0.31+1.21
Delta/controls(%) —-1.3 +0.7

BUA (dB/MHz) 103.6x12.8 112.2+8.4 110.0£13.2
T-score —1.02+1.171 —0.48+1.25 —0.46+1.31
Delta/controls(%) —5.8 +2.0

Stiffness(U) 67.5+16.1 82.8+12.3 77.3+16.7
T-score —1.05+1.33 —0.17+1.24 —0.12+1.33
Delta/controls(%) —-12.7 +7.1

LumbarBMD (g/cn?) 0.81+0.1% 1.0+0.13 0.91+0.17
T-score —1.03+1.39 —0.03+1.38 —0.10+1.39
Delta/controls(%) —11.0 +9.9

8 p<0.01patientswith inflammatorydiseasesreatedwith corticosteroidsersushosetreatedwithout corticosteroidaindcontrols (ANCOVA with

ageand heightas covariate,simple contrastanalysis).
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Fig. 1. Regressionines of BUA on BMDL in the three groups(n = 206) accordingto corticosteroidtreatment:open triangles without
corticosteroidsfilled circles, with corticosteroidsThe slopeswere significantly different (p=0.023).
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Fig. 2. Regressiorines of BUA on BMDL in the subgroupwithout fractures(n = 96) accordingto corticosteroidtreatment:opentriangles
without corticosteroidsfilled circles, with corticosteroidsThe slopeswere significantly different (p=0.02).

treatment, after adjustment for age (p=0.02). The
equationsof the regressiorlines were: BUA = 82.0 —
0.28age+ 51 BMDL for patientson corticosteroidsand
BUA =110 — 0.28age+ 19 BMDL for thosenot on
corticosteroids (Fig. 2). A significant relation was
observehetweenSOSand BUA but this did not differ
accordingto corticosteroidireatment.

Discusson

Though the ability of QUS to identify patientswith

decreasedMD andincreasedracturerisk hasrecently
beenestablishedn postmenopausalsteoporosisthere
are still few data on patientsreceiving corticosteroid
treatment.In this study, corticosteroid-treategatients
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were shorterandthe proportionwith vertebralfractures
was higher compared with the other two groups,
reflectingthe sensitivity of vertebraltrabecularboneto
corticosteroids.

The calcaneuscould theoretically be an interesting
site to assesghe effect of corticosteroidson trabecular
bone.Lower QUS and DXA parametersvere observed
indeed in patients treated with corticosteroidswhen
compared with controls and with patients with an
inflammatory diseasenot treatedwith corticosteroids.
Blanckaertet al. [17], using the same QUS device,
reported similar results in a group of patients with
rheumatoid arthritis: there was a 16% decreasein
Stiffnessand an 11% decreaseén lumbar BMD. Martin
et al. [18] found a more important decreaseéin BUA
(31.6%)andin SOS(6.6%)usinga CUBA QUSdevice.
Their results and ours indicate that QUS bone
measurementat the calcaneuscan detectthe effect of
low dosesof corticosteroidson bonewith a sensitivity
similar to thatof DXA atthelumbarspine.Theobserved
effects are in the range expectedwhen low dosesof
corticosteroidsare used[19].

It has often been reported that patients with
inflammatory diseasesot treatedwith corticosteroids
havedecreasedBMD comparedwith matchedcontrols.
There is no consensushowever, and patients with
normal BMD have also beenreported[19,20]. In the
presentstudy, using ANCOVA analysiswith age and
heightascovariatespatientswith inflammatorydiseases
who did not receive corticosteroids differed from
corticosteroid-treat# patients but not from controls
with regardto DXA and QUS parameters.

Multiple regressionanalysis on the whole set of
patientsshowedthatQUS parametersveredependentn
age, BMDL and corticosteroidtreatment.There is an
importantstructuraldifferencebetweenpostmenopausal
and corticosteroids-induakboneloss:in the latter there
is a generalthinning of both horizontal and vertical
trabeculae without disappearanceof trabeculae;in
postmenopausabsteoporosighere is trabecularbreak-
age and horizontal trabeculae are more frequently
affected[21,22]. The radiologic evidencefor this was
reportedl5 yearsagoby Maldagueet al. [9]: an ‘empty
vertebra’ in corticosteroid-induag osteoporosisand a
‘raining vertebra’'in postmenopausalsteoporosisThus
we hypothesizedthat the relation betweenQUS and
DXA would differ accordingto corticosteroidtreatment.
Taking into accountpatientage, we indeedfound that
therelationbetweerBUA andBMDL differedaccording
to corticosteroidreatmentpothfor thewhole groupand
for the subgroup of patients without fractures: the
relation between BUA and BMDL was stronger in
patientsreceiving corticosteroidsIt was closerto that
observedn a groupof normalsubjectgdatanot shown);
this is consistentwith the maintenanceof normal
trabeculationwith thinner trabeculaein corticosteroid-
induced bone impairment. This difference in the
relationship between QUS and DXA according to
corticosteroid treatment was found for BUA only.
Thesefindings supportthe hypothesisthat BUA might
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containsomeinformationadditionalto DXA (BMDL) in
the evaluationof boneexposedo corticosteroidsThisis
in keeping with the properties of BUA, which is
determinedby bone density and, to some extent, by
bonemicroarchitectureExperimentalstudiesperformed
on bovine or humancancellousbonespecimeng23] or
phantom material [24] have shown that BUA is
influencedby structural factors such as pore size and
number,thoughSOSis determinedoy bonedensityand
elasticity [25]. In addition to the effects on trabecular
thickness, the increasein bone marrow fat content
causedy corticosteroidsould interferewith bothQUS
and DXA bone measurementand modify the DXA/
QUS relation [26]. However, when bone marrow was
replacedby water in ex vivo bone specimens,SOS
increasedand BUA decreasedbut the correlations
betweenthe QUS parametersand BMD assessedy
single photonabsorptiometryremainedunchanged27].

In conclusion, we have shown that QUS at the
calcaneuganbe usefulin the assessmerdf corticoster-
oid-inducedboneimpairment.In addition, the different
relationshipbetweenBUA and BMDL with regardto
corticosteroidtreatmentillustrates the contribution of
each technigue to bone evaluation. The modest
contributionof bone‘quality’ to determiningthe strength
of bonecomparedwith bone density might explainthe
difficulties encounteredh clinical situationswhentrying
to show that QUS is not a simple surrogateof BMD
[5,28].
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