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Abstract : In a previous study, we demonstrated that chronic administration of
systemic glucocorticoids decreases cortical bone mineral density (BMD) and induces
development of pathologic fractures in asthmatic patients. To investigate cortical bone
porosity due to glucocorticoids, we studied cortical bone volume, BMD, bone strength,
and fractures in patients with asthma in this report.
A total of 82 postmenopausal asthmatic patients were enrolled in the study.
Vertebral fractures were diagnosed via plain spinal radiograms. Peripheral quantitative
computed tomography (pQCT) was used t o measure cortical BMD, relative cortical
volume, and Strength Strain Index (SSI). Multiple regression analysis, Student's t test,
and other statistical analyses were performed.
Patients with systemic glucocorticoids therapy had lower cortical BMD, relative
cortical volume, SSI, and more number of vertebral fractures than patients without it.
Lifetime cumulative dose of glucocorticoids was related t o cortical BMD, relative
cortical volume, SSI, and the number of vertebral fractures. The cortical volumedensity relationship appeared to remain constant regardless of systemic glucocorticoid
administration. The number of vertebral fractures correlated highly with cortical
BMD, relative cortical volume, and SSI a t the radius.
In conclusion, systemic glucocorticoid administration decreases cortical bone density,
cortical bone volume, and bone strength. G lucocorticoid administration appears t o be
responsible for the process of cortical bone porosity a t both endosteal and intracortical
sites. Given that both cortical bone density and volume provide bone strength, cortical
bone porosity was seen t o contribute t o glucocorticoid-induced bone strength loss and
fractures.
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Introduction

Recently, techniques for measuring bone
mineral density (BMD) have been developed.
Peripheral quantitative computed tomography
(pQCT) measures three-dimensional density,
and separately determines both cortical bone
density and trabecular bone density with a
high level of precision (0.8 to 1.6% coefficient of ~ a r i a t i o n ) ' - ~ ' . In addition, pQCT is
able t o noninvasively estimate bone strength
based on the theory on the stability of mechanical structures against bending or torsion'. s'. pQCT on the radius is also known t o
provide an accurate assessment of the general
' . t o the developcondition of b ~ n e ~ - ~Prior
ment of pQCT, axial quantitative computed
tomography (QCT) was used, but this was
less preciseg' and the cortical shell of vertebral bodies was too thin to be measured
accurately1"". Other standard densitometric
methods, such as dual energy X-ray absorptiometry (DXA) gave little or no information about bone quality or distribu-tiong'.
Trabecular bone and cortical bone differ in
their remodeling characteristic^^^'^), and structure'". Cortical bone is closely related t o bone
strength and stiffness7."'. Although the
strength and stiffness of bone are positively
correlated with cortical bone density7.l4),
cortical bone volume is also known t o influence bone strength4s. ll. 15).
Using pQCT, previous studies have reported
that aging is associated with a reduction in
cortical bone volume a s well as a reduction in
Fujii et al. demoncortical bone den~ityl"'~-'~'.
strated that a fixed ratio exists between the
radius cortical volume and density in healthy
adult humans regardless of either age or sex,
suggesting that cortical bone porosity causes
similar and simultaneous decreases in cortical
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bone volume and density during the aging
process1'). In secondary hyperparathyoidism,
similar findings were observed in uremic
patients on maintenance hemodialysisln.
Chronic use of systemic glucocorticoids
(GC) is known t o lead t o progressive bone
loss and the development of pathologic fractures in a correlating manner with the cumulative dose of GCB-*. Some patients with
severe asthma require prolonged oral systemic
GC therapy despite the development of inhaled steroid therapy, -and these patients are
at a high risk for developing skeletal complications due t o GC therapyw-%). Recently, we
demonstrated using pQCT that systemic GC
administration decreases cortical bone density
and trabecular bone density in asthmatic
patients and leads t o the development of
pathologic fracturess'. This effect is most
pronounced in older patients8'.
In GGinduced bone loss, however, bone
strength, cortical volume, and the relationship between cortical volume and density
concerning cortical bone porosity have t o
date never been studied. In the present study,
we used pQCT t o measure changes in bone
strength and cortical bone volume in addition t o cortical and trabecular BMD in
patients with asthma undergoing systemic
glucocorticoid therapy.
Materials and Methods

SUBJECTS
Data from 82 outpatients with asthma
were selected for multiple regression analysis
in this study. All 82 patients were naturally
postmenopausal women who had gone
through menopause at least 10 years prior to
the start of the study (mean age: 70.6k5.4
years, and mean years since menopause: 21.8
f 6.2) (Table 1). All patients had taken
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, g/day
of
inhaled GC (range: 200 t o 800 U
beclomethasone dipropionate; mean: 338 p g/
day) over a period of 2 t o 8 years (mean: 4.6
years). Of the 82 patients with asthma, 60
were assigned t o one of two groups for a
between groups comparison (Table 2). In the
GC(-) group, 24 patients without systemic
GC therapy received less than a 0.5 g cumulative dose of prednisolone. In the GC(+)
group, 36 patients with systemic GC therapy
received more than a 10 g cumulative dose of
prednisolone (mean: equivalent of 24.1 g of
prednisolone) over a prolonged period (mean:
9.5 years). There were no significant differ-

Table 1. Patient Characteristics.
Age (years)
Age a t menapause (years)
Yean slnce mawpause (years)

Wght (cm)
W e w M (kg)
BMI (kg/m2)
Total 8MD (mg/an3)
Trabecular BMU (mg/cm3)

Cmtxcal BUD (mg/cm3)
Relative corbcal volume

Strength Stram lndu (mm3)
Number of vertebral fractures
15.1 f24.8
Cumulative dose of p r e d n i (g)
Values are presented as the mean* SD.
MI: body mass index; 8MD:bone mheral d & i

ences in age, age a t menopause, years since
menopause (YSM), height, weight, o r body
mass Index (BMI) between groups (Table 2).
Patients who had taken medication t h a t
affects bone metabolism o r patients with
medical conditions t h a t affect bone metabolism were excluded from the study.
No
patient had undergone treatment for osteoporosis, such a s hormone replacement therapy.
No patient had alcohol dependency, and no
patient was a smoker. A history was taken,
and a physical examination was performed on
all patients. Duration, daily dose, and lifetime cumulative dose of GC were calculated
from medical records and a patient's personal
records. The dose of GC is expressed in
equivalent grams of prednisolone.
METHODS
All patients were evaluated for the presence
of vertebral deformities on lateral lumbar
and thoracic radiographs. A vertebral fracture was defined a s an altered morphology
and a decrease in vertebral height of approximately 25% o r more a t the anterior, middle,
o r posterior aspect of the vertebral body.
pQCT was performed on the non-dominant
radius using a Stratec XCT 960 (Nishimoto,

Table 2. Patient Characteristics Divided by Cunnulative Dose of Glucocorticoid Use
GC(-) group (n=24)

GC(+) group (n=36)

t test

6 9 . 3 f 5.4

N.S.

Age at menopause (years)
Years since menopause (years)

4 7 . 5 f 5.5

Height (cm)
Weight (kg)

148.3 f 5.2
4 9 . 9 f 5.8

N.S.
N.S.
N.S.
N.S.
N.S.

Age (years)

71.0f4.6

2 1 . 7 f 6.6

BMI (kg/mz)
Cumulative dose of prednisolone (g)
Values are presented as the mean* SD.

0 . 0 8 f 0.1 9

2 2 . 7 f 2.6
24.1 f 25.9

GC: glucocorticoids;BMI: body m s s index; BMD: bone mineral de-nsii N.S.: not significant
a: patients without systemic GC therapy who received less than a 0.59 cumulative dose of predniione
b: patients with syternic GC therapy who received more than a 1Og cumulative dose of predonisdone

p< 0.01
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Tokyo, Japan), as described p r e v i o u ~ l y ~ ~ value
0.05 was considered t o be signifiBriefly, the ultradistal radial 4% site (at 4%
cant.
of the ulnar length proximal t o the distal end
Results
of the radius) was used t o calculate
trabecular BMD and total BMD, while the
In all 82 patients, multiple regression
mid-radial 20% site was used t o calculate
analysis was performed for total BMD,
cortical BMD. Constant threshold levels were
trabecular BMD, cortical BMD, relative
used for all subjects (0.5 mg/cd for total
cortical volume, SSI, and the number of
bone and 0.93 mg/cd for cortical bone).
vertebral fractures t o determine the predicTotal and cortical area were estimated
tive value of the following variables : YSM,
based on voxel number a t the mid-radial 20%
lifetime cumulative dose of GC, and BMI.
site region, and relative cortical volume,
Multiple regression analysis demonstrated
defined as cortical volume divided by the
significant relationships (p< 0.0001) between
total bone volume, was calculated by dividing
each of these variables and total, trabecular,
cortical area with total area, as described
and cortical BMD, relative cortical volume,
pre~iously''.~~).
SSI, and the number of vertebral fractures.
Determination of bone strength was based
YSM was significantly correlated with cortion calculation of the cross-sectional moment
cal BMD, relative cortical volume, and SSI
of inertia divided by the maximum distance
(Table 3, 4). Lifetime cumulative dose of
of any voxel from, the center of gravity.
GC was significantly correlated with total
This section modulus represents the geometriBMD, trabecular BMD, cortical BMD, relacal properties of the bone and is directly
tive cortical volume, SSI, and the number of
proportional t o the maximum stress in the
vertebral fractures (Table 3, 4, 5). BMI was
significantly correlated with total BMD,
bone. The material properties were not meastrabecular BMD, and relative cortical volume
ured directly but estimated by multiplying
the section modulus by the normalized corti(Table 3, 4).
Spearman's rank correlation test was percal density (to a normal physiological density
formed on all 82 patients, and the number of
of 1200 mg/cd). By combining these geometrical and material properties, we calculated
vertebral fractures was seen t o be signifithe Strength Strain Index (SSI) values4 '. 16).
0.0001) with cortical
cantly correlated ( p
This index was calculated for the mid-radial
BMD, relative cortical volume, and SSI a t
20% site region, and the default threshold
the radius.
setting of 0.7 mg/cd was used in relation t o
0.01) were
Significant differences ( p
the amount of cortical bone present, as
observed between the GC(+) group and the
GC(-) group in total BMD, trabecular BMD,
described previously '. 16).
cortical BMD, relative cortical volume, SSI,
Statistical analysis
and the number of vertebral fractures (Table
Student's t test, multiple regression analy6).
sis, and other statistical analyses were perA significant correlation between relative
cortical volume and cortical BMD showing a
formed using the software package, StatView
rectilinear relationship was observed in both
(Abacus Concepts, Berkeley, CA, USA). A p

<

<
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Table 3. Prediction of Bone Mineral Density by Multiple Regression Analysis.
Total BMD (RZ= 0.383)
Cortical BMD (R'= 0.554)
Trabecular BMD (RZ= 0.313)
Predictor
Regression
SE
p-value Regression
SE
p-value Regression
SE
p-value
Variable
Coefficient
Coefficient
Coefficient
YSM
-1.579
0.891
0.0803 -0.31
0.504 0.5405
-3.190 0.754 < 0.0001
Cumulative PSL
-0.001 0.0002 0.0007 -0.0005 0.0002 0.0003 -0.001 0.0002 < 0.0001
BMI
6.184
1.610 <0.0001
3.765
1.095 0.0009
1.508
1.632 0.3584
BMD: bone mineral density, SE: standard error;
YSM: Years since menopause; BMI: body mass index; PSL; prednisolone

Table 4. Prediction of pQCT Parameters by Multiple Regression Analysis.

Predictor
Variable

YSM

SSl (R'= 0.263)
Regression
SE
p-value
Coefficient

-2.530
-0.001
3.251

0.790
0.0002
1.709

0.0020
0.01 25
0.0609

Relative Cortical Volume (R'= 0.486)
Regression
SE
p-value
Coefficient

-0.351
-0.0001
0.699

Cumulative PSL
BMI
SE: standard error; YSM: Years since menopause;
BMI: body mass index; PSL; prednisolone; SSI: Strength Strain index

the GC(-) group (p< 0.0001, r 2 = 0.772) and
the GC(+) group (p< 0.0001, r 2 = 0.727)
(Figure 1).
No significant differences were observed in
the two cortical volume-density slopes of
patients with or without systemic GC therapy.
Discussion
In women, there is an irreversible and
substantial loss of bone consequent t o the
lack of estrogen in the 10 year period following menopausen'. Previous reports have detected perimenopausal bone loss in both
trabecular and cortical bone using pQCT1''. In
a previous report, we demonstrated t h a t
systemic GC administration decreases the
density of both trabecular and cortical bone,
and t h a t this effect is most pronounced in
older patients8'. In t h a t report, however,
although gender was corrected for potential

0.099
0.00003
0.214

0.0007
< 0.0001
0.0017

Table 5. Prediction of Vertebral fractures by
Multiple Regression Analysis.
Vertebral fractures (R'= 0.491 )
Predictor
Regression
SE
p-value
Variable
Coefficient
YSM
0.034
0.025
0.1795
Cumulative PSL
0.00005 0.000006 < 0.0001
BMI
-0.059
0.054
0.2786
SE: standard error; YSM: Years since menopause;
BMI: body mass index; PSL; prednisolone

confounding with multiple regression, we
gave little consideration t o the influence of
menopause8'. In the present study, t o exclude
the influence of perimenopausal bone loss
consequent t o a lack of estrogen, we examined female patients who had gone through
menopause more than ten years prior t o the
study.
In the present study, we have demonstrated
that systemic GC administration decreases
the density of both trabecular and cortical
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Table 6. Comparison Within Patient Sub-groups.
GC(-) group a (n=24)

GC(+) group (n=36)

t test

Total BMD (mg/cm3)

31 7 . 7 f 68.6

255.7f40.3

p< 0.01

Trabecular BMD (mg/cm3)

142.2f27.1

98.1 f 21.0

p< 0.01

1096.5f 44.1
0.486f0.061

1048.5f 50.0
0.407f 0.061

p< 0.01
p< 0.01

Cortical BMD (mg/cm3)
Relative cortical volume

Strength Strain Index (mrn3)
207.2f 40.8
162.9f 52.4
p< 0.01
p< 0.01
Number of vertebral fractures
0.1 3 f 0.61
1.61 f 1.57
Values are presented as the meaniSD.
BMD: bone mineral density; GC: glucocorticoids;
a: patientswithout systemic GC therapy who received less than a 0.59 cumulative dose of prednisolone
b: patients with syternic GC therapy who received more than a 1Og cumulative dose of predonisolone

bone and induces development of pathologic
fractures according t o multiple regression
analysis (Table 3, 5), and that patients with
continuous systemic GC therapy have both
low trabecular and cortical BMD and numerous fractures according t o a comparison
between groups (Table 6). The findings of
this report confirm t h a t GC administration
causes both types of bone loss and pathologic
fractures8'.
The present study has also shown that
systemic GC administration decreases cortical
bone volume and bone strength (Table 4, 6).
Given that both cortical bone density and
cortical bone volume provide bone strength4. 5 . 7 . 11. 1s) , the GC-induced bone strength
loss and fractures appear t o correlate with
the reduction in both cortical density and
cortical volume.
Aging is reportedly associated with a reduction in cortical volume due t o a widening
of the marrow cavity a s well as a reduction
in cortical density1'-" 16'. Using pQCT, Fujii
et al. previously reported that the radius
cortical volume and density are rectilinearly
correlated in the aging processes of healthy
adult humans"'. Similar findings have also
been reported in secondary hyperparathyoidism in uremic patients on maintenance
hemodialysisl". To date, no studies have
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Fig. 1. Relationship between cortical density
and relative cortical volume in patients with asthma.
A highly significant correlation (p
0.001) of r 2 = 0.727 was obtained
in 36 patients with systemic glucocorticoid therapy who received more
than a log cumulative dose of predonisolone (0
). A highly significant
correlation (p 0.001) of r 2 = 0.772
was also obtained in 24 patients
without systemic glucocor-ticoid therapy (@) . Relative cortical volume
(%) and cortical BMD showing a
rectilinear relationship was expressed
as Y = 0.105(f 0.011)X - 68.953(+
11.881) in the 36 patients with systemic GC therapy, and Y = 0.122
(f 0.014)X - 84.674( f 15.447) in the
24 patients without systemic GC therapy.

<

<
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examined whether this correlation is valid for
patients who suffer from GC-induced bone
loss.
We have demonstrated t h a t the radius
cortical bone volume and density are rectilinearly correlated in asthmatic patients,
regardless of the level of systemic GC therapy (Figure 1). The two cortical volumedensity slopes in Figure 1 of patients with or
without continuous systemic GC therapy
appear largely identical. These slopes are also
roughly identical t o the slope for healthy
adult humans in the previous repor"'. In view
of the highly significant correlation between
relative cortical volume and density in the
radial cortex, a single process of GC-induced
cortical bone resorption, or so-called cortical
porosity, appears t o be responsible at both
the endosteal and intracortical sites for
causing similar and simultaneous decreases in
cortical bone volume and density, a s in the
, or in secondary hyperaging proces~es'~'
parathyoidism in uremic patients on maintenance hemodialysis"'.
Although i t is still difficult t o noninvasively image three-dimensional cortical
bone micro-architecture, a s in microcomputed
tomography ( ,U CT) imaging of trabecular
boneg', we believe t h a t the progress made for
various techniques will make such imaging
possible in the future, and t h a t imaging of
cortical bone micro-architecture will contribute t o the prediction of biomechanical properties.
In conclusion, systemic GC administration
decreases both cortical bone density and
cortical bone volume, and ultimately decreases bone strength. GC administration
appears responsible for the process of cortical
bone porosity a t both the endosteal and
intracortical sites, and thus causes similar

and simultaneous decreases in cortical bone
volume and density. This cortical bone porosity ultimately contributes t o GCinduced bone
strength loss and fractures.
Acknowledgment

The authors thank Dr. Kiichi Nonaka for
technical help and useful discussions, and
thank Dr. Yoshiaki Iwasaki for helpful suggestions.
References

1. Ruegsegger, P., Durand, E., and Dambacher, M. A. Localization of regional
forearm bone loss from high resolution
computed tomographic images. Osteoporos
Int 1 : 76-80 ; 1991.
2. Wapniarz, M., Lehmann, R., Randerath,
O., et al. Precision of dual X-ray absorptiometry and peripheral computed tomography using mobile densitometry units.
Calcif Tissue Int 54 : 219-223 ; 1994.
3 . Guglielmi, G., Schneider, P., Lang, T. F.,
Giannatempo, G.M., Cammisa, M., and
Genant, H. K. Quantitative computed tomography at the axial and peripheral skeleton. Eur Radio1 7 : S32-42 ; 1997.
4 . Ferretti, J. L. Perspectives of pQCT
technology associated t o biomechanical
studies in skeletal research employing r a t
models. Bone 17 : 3538-364s ; 1995.
5 . Shiessl, H., Ferretti, J., TysarczykNiemeyer, G., and Willnecker, J. Noninvasive bone strength index a s analyzed by
peripheral computed tomography (pQCT) .
In : Schonau, E., Eds. Pediatric Osteology.
Amsterdam : Elsevier ; 1996 ; 141- 146.
6 . Fujii, Y., Chikawa, T., Nakamura, T.,
Goto, B., and Fujita, T. Comparison of
trabecular bone density a t vertebral and
radial sites using quantitative computed

Cortical bone porosity in steroid-dependent asthma
tomography. Osteoporos Int 6 : 486 - 490 ;
1996.
7 . Augat, P., Reeb, H., and Claes, L. E.
Prediction of fracture load at different
skeletal sites by geometric properties of the
cortical shell. J Bone Miner Res 11 : 13561363 ; 1996.
8 . Tsugeno, H., Nakai, M., Okamoto, M.,
et al. Bone mineral density in steroiddependent asthma assessed by peripheral
quantitative computed tomography. Eur
Respir J 14 : 923-927 ; 1999.
9 . Lang, T., Augat, P., Majumdar, S.,
Ouyang, X., and Genant, H. K. Noninvasive assessment of bone density and
structure using computed tomography and
magnetic resonance. Bone 22 : 149s - 153s ;
1998.
10. Gatti, D., Rossini, M., Zamberlan, N.,
Braga, V., Fracassi, E., and Adami, S.
Effect of aging on trabecular and compact
bone components of proximal and ultradistal radius. Osteoporos Int 6 : 355 360 ; 1996.
11. Fujii, Y., Miyauchi, A., Takagi, Y.,
Goto, B., and Fujita, T. Fixed ratio between radial cortical volume and density
measured by peripheral quantitative computed tomography (pQCT) regardless of
age and sex. Calcif Tissue Int 56 : 586-592 ;
1995.
12. Eriksen, E. F., Vesterby, A., Kassem, M.,
Melsen, R., and Mosekilde L. Bone Remodelling and Bone structure. In: Mundy,
G. R., and Martin, T. J., Eds. Physiology
and pharmacology of bone. Berlin : Springer-Verlag ; 1993 ; 67-109.
13. Vaughan, J . The physiology of bone.
Clarendon : Oxford ; 1975.
14. Keller, T. S. Predicting the compressive
mechanical behavior of bone. J Biomech 27 :

1159-1168 ; 1994.
15. Grampp, S., Lang, P., Jergas, M., et al.
Assessment of the skeletal status by p e
ripheral quantitative computed tomography
of the forearm: short-term precision in
vivo and comparison t o dual X-ray
absorptiometry. J Bone Miner Res 10 :
1566- 1576 ; 1995.
16. Nijs, J., Westhovens, R., Joly, J., Cheng,
X. G., Borghs, H., and Dequeker, J. Diagnostic sensitivity of peripheral quantitative
computed tomography measurements at
ultradistal and proximal radius in postmenopausal women. Bone 22 : 659 - 664 ;
1998.
17. Russo, C. R., Taccetti, G., Caneva, P.,
Mannarino, A., Maranghi, P., and Ricca,
M. Volumetric bone density and geometry
assessed by peripheral quantitative computed tomography in uremic patients on
maintenance hemodialysis. Osteoporos Int
8 : 443-448 ; 1998.
18. Adinoff, A. D., and Hollister, J . R.
Steroid-induced fractures and bone loss in
patients with asthma. N Engl J Med 309 :
265- 268 ; 1983.
19. Kwong, F. K., Sue, M. A., and
Klaustermeyer, W. B. Corticosteroid complications in respiratory disease. Ann Allergy 58 : 326-330 ; 1987.
20. Reid, I. R. Glucocorticoid osteoporosismechanisms and management. Eur J Endocrinol 137 : 209-217 ; 1997.
21. Villareal, M. S., Klaustermeyer, W. B.,
Hahn, T. J., and Gordon, E. H. Osteoporosis in steroid-dependent asthma. Ann Allergy Asthma Immunol 76 : 369-372 ; 1996.
22. LoCascio, V., Bonucci, E., Imbimbo, B.,
et al. Bone loss in response t o long-term
glucocorticoid therapy. Bone Miner 8 : 39 51 ; 1990.

Corticalbone porosityin steroid−dependent asthma

67

23．Ruegsegger，P．，Medici，T．C．，and
et al．Comparisons of noninvasive bone
Anliker，M．Corticosteroid−induced bone mineralmeasurementSin assesslng age−

loss．Alongitudinalstudy of alternate day
therapy in patients with bronchial asthma
uslng qllantitative computed tomography．
EurJClin Pharmaco125：615−620；1983．

relatedloss，fracture discrimination，and

diagnostic classification．JBone Miner Res
12：697−711；1997．

26．Fujita，T．，Fujii，Y．，and Goto，B．Meas−

24．Reid，Ⅰ．R．，Evans，M．C．，Wattie，D．］．，
urement Of forearm bonein children by
Ames，R．，and C11ndy，T．F．Bone mineral Peripheral computed tomography．Calcif

density of the proximalfemllr and hlmbar
SPinein glucocorticoid−treated asthmatic

TissueInt64：34−39；1999．

27．Kanis，）．A，Treatment ofosteoporosisin

Patients．OsteoporosInt2：103−105；1992．
elderly women．AmJMed98：60S−66S；
25．Grampp，S．，Genant，H．K．，Mathur，A．，
1995．

ステロイド依存性気管支喘息症例の病的骨折と皮

管支喘息患者82例で，ステロイド依存性群と非依

質骨傷害の検討

存群において，椎体骨折数，槙骨皮質骨骨密度，
皮質骨容量，骨強度（SSI）をⅩ線側面像とpQCT

岡山大学三朝分院内科＝柘野浩史，岡本 誠，

を用いて検討した。【結果】ステロイド依存群は

高田真吾，芦田耕三，御船尚志，光延文裕，

ステロイド非依存群に比べて，椎体圧迫骨折数は

保崎泰弘，谷崎勝朗

有意に多く，榛骨皮質骨骨密度，皮質骨容積比，

カルシウム研究所：後藤文穫

骨強度は各々有意に低下していた。また，皮質骨

岡山大学三朝分院放射線室：中井睦郎，穐山恒雄

骨密度と容積は一定の割合で減少していた。椎体

岡山大学第一内科：辻 孝夫

圧迫骨折数は皮質骨骨密度，皮質骨容積比，骨強
度の全てと高い相関を認めた。【結論】ステロイ

【目的】骨強度には皮質骨の状態が主に関与する
ため，全身ステロイド療法に伴う病的骨折と皮質

ド依存性気管支暗息症例においては，皮質骨の骨
密度と容量が同時に減少して骨強度が減少するこ

骨障害について検討した。【方法】閉経後女性気

とによって，病的骨折が発症すると考えられた。

