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Multidetector-row computed tomography is useful to evaluate
the therapeutic effects of bisphosphonates
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Abstract Osteoporosis is one of the major complications
of glucocorticoid therapy. Osteoporosis is usually defined
by the levels of bone mineral density (BMD) assessed by
dual energy X-ray absorptiometry (DEXA); however, glu-
cocorticoids often induce fractures in patients with normal
BMD. Thus, novel diagnostic approaches are required. In
this study, we examined whether multidetector-row com-
puted tomography (MDCT) is useful to assess the bone
status in glucocorticoid-induced osteoporosis (GIO).
Because bisphosphonates have been proven to prevent bone
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fracture in GIO, we tried to detect the therapeutic effects of
bisphosphonates in GIO by MDCT. Fifteen Japanese
patients with immunoglobulin A nephropathy who had
normal renal function were enrolled in this open-label
randomized trial. Patients were randomly divided into three
groups—=calcitriol (VD), menatetrenone (VK), or bis-
phosphonate (Bis). Bone conditions were analyzed twice by
three different methods—bone turnover markers, DEXA,
and MDCT—at the start and 6 months after the start of
therapy. Both bone markers and DEXA could not detect
significant differences among the therapeutic groups;
however, MDCT-based analyses detected the preventive
effects of bisphosphonates in GIO. Compared to VD, Bis
improved structural indices, such as bone volume fraction,
trabecular separation, marrow star volume, and structure
model index whereas the difference between VD and VK
was not significant. Finite element analysis revealed that
simulated fracture load in the Bis group was significantly
improved. These findings suggested that MDCT-based
assessment is superior to bone markers and/or DEXA in
assessing the therapeutic effect of bisphosphonates on GIO.

Keywords Glucocorticoid-induced osteoporosis - Bone
quality - Trabecular microarchitecture - Multidetector-row
computed tomography - Bisphosphonate

Introduction

Glucocorticoids are one of the most commonly prescribed
drugs and have both beneficial and adverse effects [1, 2].
Glucocorticoid therapy has resulted in marked improvement
in outcomes of many auto-immune or inflammatory dis-
eases, including glomerulonephritis, but a variety of adverse
effects limits its clinical utility [1, 2]. Among several
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adverse effects, glucocorticoid-induced osteoporosis (GIO)
is one of the most important complications [3]. The standard
diagnostic approach for osteoporosis is to assess bone min-
eral density (BMD) by dual energy X-ray absorptiometry
(DEXA) [4, 5]. However, DEXA is insufficient to assess the
osteoporotic status in patients with glucocorticoid therapy,
because bone fractures occur even at normal BMD status in
these patients [6]. Thus, novel diagnostic approaches to
evaluate the osteoporotic status in GIO are required.

Bone quality, in addition to BMD, is a determinant of
bone strength [7]. Bone quality encompasses several bone
characteristics, such as apatite crystallization, property of
collagen and/or its crosslink, and trabecular microarchitec-
ture [7]. Although these characteristics could not be exam-
ined non-invasively until recently, advances in diagnostic
imaging now allow non-invasive evaluation of trabecular
microarchitecture [8, 9]. Ito et al. demonstrated that multi-
detector-row computed tomography (MDCT)-based three-
dimensional (3D) assessment of trabecular microarchitecture
was useful to evaluate the fracture risk in postmenopausal
women [8]. However, it remains uncertain whether MDCT-
based analysis is also useful in the assessment of GIO.

Three lines of medications are recommended for the
treatment or prevention of GIO in Japan [10]. Bisphos-
phonates are first-line drugs and vitamin D and vitamin K
are second-line drugs [10]. The powerful preventive effects
of bisphosphonates on GIO have been revealed in previous
prospective randomized controlled trials [11-15]. More-
over, meta-analysis of clinical trials on GIO showed that
bisphosphonates are superior to vitamin D in decreasing
fracture risk [16]. Because Carbonare et al. [17] demon-
strated that risedronate prevented 3D trabecular microar-
chitecture in animal GIO, the preventive effects of
bisphosphonates in human GIO seem to be attributable, at
least partly, to the protection of trabecular microarchitec-
ture. From this point of view, MDCT might be a suitable
tool for the assessment of bone status in human GIO.

Here, we examined bone turnover markers, BMD, and
trabecular microarchitecture in patients with immunoglobulin
A nephropathy (IgAN) who received high-dose glucocorticoid
therapy. We obtained 3D microarchitecture of their lumbar
vertebrae non-invasively by MDCT. The aim of this study was
to evaluate the usability of MDCT in comparison with con-
ventional analyses, DEXA and bone turnover markers, to
assess the bone status in glucocorticoid-treated patients.

Materials and methods
Study population

In this prospective open-label randomized trial, we enrolled
15 Japanese patients who met criteria for poor or relatively
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poor prognostic IgAN from March 2007 [18]. IgAN
patients who were categorized as having a good or rela-
tively good prognosis were excluded because clinical
guidelines for IgAN in Japan do not recommend adreno-
corticosteroid therapy for these patients [18]. All patients
(10 males, mean age 28.6 years; range 1748 years) had
normal renal function [estimated glomerular filtration rate
(eGFR) >60 ml/min/1.73 m?) and had never received
steroids, bisphosphonates, menatetrenone, native or active
vitamin D, or raloxifene. To evaluate changes derived from
glucocorticoid therapy but not from menopause, we
excluded postmenopausal women. We also excluded
patients with fracture history or with systemic diseases,
such as diabetes mellitus, systemic lupus erythematosus,
rheumatoid arthritis, and Henoch—Schonlein purpura. All
patients underwent tonsillectomy, two courses of methyl-
prednisolone pulse therapy, and subsequent oral predniso-
lone therapy (Fig. 1a). The conditions of the bone at pre-
and post-intervention were evaluated by three different
methods—bone turnover markers, areal BMD by DEXA,
and trabecular microarchitecture by MDCT. Post-inter-
vention data were collected 6 months after the start of
glucocorticoid therapy. Two patients withdrew before the
post-intervention tests (Fig. 1b). The thirteen patients, who
received the post-intervention tests, were subjected to per-
protocol analysis (Fig. 1b). The baseline characteristics of
the 13 patients are shown in Table 1. We adhered to the
Declaration of Helsinki throughout this study. The Ethics
Committee of Osaka University Medical Hospital approved
the study protocol (approval number 06122) and all
patients provided written informed consent to participate in
all aspects of this study. This trial is registered as the
Preventive Risedronate Intervention for those Undergoing
Steroid therapy with IgA nephropathy (PRIUS-IgA Study)
(the UMIN clinical trials registry, number UMINOOO
002474). (https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi?
function=confirm&action=brows&recptno=R000003035&
key=1002nTDQIN2vISyUCjXrAEOu).

Treatment protocol

Treatment protocol is summarized in Fig. 1a. One course
of steroid pulse therapy consists of 500 mg/day of meth-
ylprednisolone dripped infusion for three sequential days.
The interval between the two pulse therapies was covered
by oral prednisolone at a dose of 1 mg/kg/day (maximally
50 mg/day). After the two pulse therapies, all patients
received oral prednisolone at a dose of 30 mg/day. The
doses of oral prednisolone were gradually reduced (5 mg/
1-2 months).

Based on anti-osteoporotic medication, enrolled patients
were randomly divided into three groups (active vitamin D,
vitamin K, or bisphosphonate group) by envelope method


https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi?function=confirm&action=brows&recptno=R000003035&key=1002nTDQIN2vlSyUCjXrAEOu
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Fig. 1 Flow of the participants a
in the trial. a Treatment protocol
for the patients with IgAN and
b flow of the participants are
schematically shown. a All
patients received tonsillectomy,
two courses of
methylprednisolone pulse
therapy, and subsequent oral
prednisolone therapy. Blood
tests, DEXA and MDCT were
performed both at the start and
at 6 months after the start of the
therapy. b Based on anti-
osteoporotic medication,
patients were randomly divided
into three groups—active
vitamin D (VD) group
(calcitriol 0.5 pg/day), vitamin
K, (VK) group (menatetrenone
45 mg/day), or bisphosphonate b
(Bis) group (risedronate 2.5 mg/
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(Fig. 1b). Patients in the bisphospohante group received
risedronate (2.5 mg/day) first and were allowed to change
their medication to alendronate (35 mg/week) in case the
patients preferred weekly formulation. Weekly formulation
of risedronate was not available in several pharmacies in
Japan in 2007. Calcitriol (0.5 pg/day) and menatetrenone
(45 mg/day) was prescribed to patients in the vitamin D
and vitamin K group, respectively.

Measured variable
Evaluation of blood and urinary samples

Blood and urinary samples were obtained from patients
after an overnight fast. Clotted blood samples were cen-
trifuged for serum separation. Obtained serum was frozen
at —80 °C until analyses. Serum chemistry parameters
(creatinine, albumin, calcium, and inorganic phosphate)
were measured by standard automated techniques. Esti-
mated GFR was calculated according to Japanese coeffi-
cient-modified CKD-EPI equation [19]. Serum levels of
intact parathyroid hormone (PTH) and 1,25-dihydroxy
vitamin D [1,25(OH),D] were measured by Elecsys intact
PTH ECLIA reagent (Cobas; Roche Diagnostics, Basel,
Switzerland) and 1,25-hydroxyvitamin D RIA kit ‘TFB’

(Immunodiagnostic Systems, Boldon, UK), respectively.
Bone turnover was estimated by serum BAP (Osteolinks®
BAP; DS Pharma Biomedical, Osaka, Japan) and serum
NTX (Osteomark® NTx; Inverness Medical Innovations,
NJ, USA).

Measurement of areal BMD by DEXA

Areal BMD and its Z score of the lumbar spine (L,—Ly4)
were determined by DEXA (Hologic Discovery™ Dual
Energy X-ray Absorptiometry System; Hologic, Bedford,
MA, USA). Results were expressed as BMD (g/cm?). BMD
Z scores represent standard deviations from an average
person of the same age and sex.

Measurement of volumetric BMD and trabecular
architecture by MDCT

We evaluated trabecular microarchitecture of the third
lumbar spine using MDCT systems (16-slice technique;
Light Speed Ultra 16; GE Yokokawa Medical Systems,
Tokyo, Japan). Patients were in the supine position for
horizontal scanning of the vertebral body. The MDCT
imaging parameters were scan kVp, 120 kVp; scan mAs, 300
mAs; table speed, 9.37 mm/s; image reconstruction interval,
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Table 1 Baseline

characteristics of the enrolled VD (n =3) VK (n=4) Bis (n =4) P
patients Male/female 2/3 4/0 3/1 -
Age (years) 254+ 59 293 + 4.2 313 + 15.1 0.65
BMI (kg/m?) 185+ 1.6 226 + 5.1 223 +3.0 0.18
Total dosage of steroid (g) 7.0 £ 0.7 7.8 £0.5 7.7 +£03 0.27
eGFR (mL/min/1.73 m?) 106.3 + 8.5 87.1 £ 222 96.1 + 28.6 0.41
. o Urinary protein (mg/gCr) 453.6 + 512.1 530.7 + 361.1 583.2 + 829.9 0.82
Baseline characteristics of the Corrected serum Ca (mg/dL) 94 £ 0.2 94+ 0.3 93+ 0.3 0.63
enrolled patients are
summarized. Statistical Serum P (mg/dL) 3.5+07 33+05 38+ 0.5 0.52
significance was evaluated by Serum intact PTH (pg/mL) 35.8 £ 10.8 273 £ 11.5 30.7 £ 6.1 0.43
the Kruskal-Wallis test. All Serum 1,25(0H),D (pg/mL) 38.1 + 7.4 287+ 79 372 £ 132 0.29
results are presented as ” 4 ) 5
mean 4 SD Serum BAP (U/L) 0.6 +£46 18.8 + 6. 172 £ 99 0.36
BMI body mass index, eGFR Serum NTX (nmol BCE/L) 12.8 + 6.1 113 + 33 153 + 10.9 0.95
estimated g]omeru]ar filtration BMD Z score 0.44 £+ 1.03 0.15 £+ 0.69 0.03 + 0.35 0.67
rate, Ca calcium, P phosphate, Areal BMD (g/cm?) 1.07 £ 0.12 1.06 £ 0.09 1.01 & 0.03 0.56
PTH parathyroid hormone, : 3
1.25(0H),D 1.25-dinydrony Volumetric BMD (mg/cm®) 2472 £+ 19.9 269.0 + 30.8 247.0 £ 21.5 0.45
vitamin D, BAP bone alkaline BV/TV (%) 56.8 £ 9.1 547 + 8.8 454 + 14.1 0.30
phosphatase, NTX cross-linked Tb.N (1/mm) 0.391 + 0.065 0.443 £ 0.066 0.375 =+ 0.040 0.30
g&%ogeptidelof tylpz I 091161%3} Tb.Th (1m) 712.0 + 382 6472 4+ 438 696.6 + 38.7 0.08
one minera ensny,
TV bone volume/total volume, Tb.Sp (um) 550.6 + 66.6 5152 + 88.6 661.1 + 120.2 0.15
Tb.N trabecular number, Th.Th Star volume (mm?) 57 £3.6 57+58 158 £ 11.4 0.23
trabecular thickness, 7b.Sp SMI (um) 0.03 + 0.81 034 +0.72 0.98 + 1.14 0.17
trabecular separation, SMI Fracture load (N) 399.4 + 133.9 429.8 + 98.8 2843 + 178.3 021

structure model index

0.2 mm; scan length, 45.2 mm; field of view (FOV),
100 mm; pixel matrix, 512 x 512 pixels, and pixel size,
0.2 mm. The central part of the vertebra was measured at a
10 mm height. Structural indices of trabecular bone were
calculated by a 3D image analysis system (TRI/3D-BON;
RATOC System Engineering, Tokyo, Japan). Parameters
were calculated in 3D as follows: volumetric BMD (vBMD)
was determined using a reference phantom (B-MAS200;
KYOTO KAGAKU, Kyoto, Japan). Using a vBMD value
for trabecular bone, >150 mg/cm3 within the bone marrow
was extracted. Bone volume (BV) was calculated using
tetrahedrons corresponding to the enclosed volume of the
triangulated surface. Total tissue volume (TV) analyzed was
the entire marrow area volume including trabecular bone.
Trabecular bone volume fraction (BV/TV) was calculated
from these values. Trabecular thickness (Tb.Th) and tra-
becular separation (Tb.Sp) were determined by filling
maximal spheres into the structure according to the method
described by Hildebrand and Riigsegger [20]. Trabecular
number (Tb.N) was estimated as a trabecular bone number
crossing the line perpendicular to the growing direction of
vertebrae based on the plate model [21]. Marrow star volume
was defined as the mean volume of the marrow cavity sur-
veyed from a designated point in all directions without
obstruction by the trabecula [22]. By displaying the surface
of the structure to an infinitesimal amount, the structure
model index (SMI) was calculated according to the method
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described by Hildebrand and Riigsegger [20]. The SMI
quantifies the plate versus rod characteristics of trabecular
bone. An SMI of O reflects a purely plate-shaped bone and an
SMI of 3 indicates a purely rod-like bone.

Calculation of the fracture load by using finite element
analysis

In fracture load analysis, von Mises stress >4.2 MPa was
defined as the stress that induces trabecular fracture. Using
finite element analysis (FEA) software (TRI/3D-FEM;
RATOC System Engineering) [23, 24], fracture load was
determined to the level that induces fractures in 1 % of
trabecular bone.

An FEA model was created using a 0.2-mm isometric
hexagonal mesh from pixels which constitute the trabecular
bone [25]. For trabecular bone, Young’s modulus was
determined using Carter’s equation and vBMD value [26].
Poisson’s ratio is set as 0.3 for all trabecular bone. The
distal part of vertebral trabecular bone was fixed and
compressed simulation was applied at a load of 500 N from
the proximal section.

Statistical analyses

With regard to postmenopausal osteoporosis, Borah et al.
[27] demonstrated that risedronate significantly improved
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BV/TV compared with placebo by enrolling 8 or 11
women in each group. Therefore, we hypothesized that
approximately 10 patients in each group (30 in total) might
be needed in our study. We assumed that the difference in
9change in BV/TV for 6 months between calcitriol and
risedronate user was 5.5 % based on this study. As an
adaptive design, we recalculated the number of the patients
needed in this study when we finished studying 15 patients
(half of predefined 30), employing the obtained data of
standard deviation (SD) of %change in BV/TV.

Baseline characteristics were compared using the
Kruskal-Wallis test (Table 1). The changes in bone turn-
over markers, BMD, and structural indices of trabecular
bone were analyzed by the Dunnett multiple comparisons
test with the vitamin D group as a reference (Figs. 2, 3, 5,
6, 7). The intra-group analysis between before and after
each treatment was performed by paired ¢ test (Table 2).
All data were shown as mean £ SD (Figs. 2, 3, 5, 6 7;
Tables 1, 2). All statistical tests were two-sided and
P < 0.05 was considered significant. All data were ana-
lyzed using JMP version 8.0.1 for Windows (SAS institute
Inc., Cary, NC, USA).

(%) VD VK Bis
0

-10.0

-20.0

-30.0

NS

4001 Ref. NS

% Changes in serum BAP o

-50.0

Fig. 2 Changes in serum markers for bone turnover. The changes in
a serum bone alkaline phosphatase (BAP) and b serum cross-linked
N-telopeptide of type I collagen (NTX) were not different among the

1Y

0.60
0.40
0.20

NS

VD VK

0
-0.20 Bis
-0.40
-0.60
-0.80
-1.00 Ref.

ABMD Z score

NS

Fig. 3 Changes in parameters obtained by DEXA. The changes in
a areal BMD Z score and b its absolute value obtained by DEXA were
not different among the three groups (NS not significant; a P = 0.999

Results
Characteristics of enrolled subjects

Because SD of %change in BV/TV after studying 15
patients was found to be far smaller than we had expected,
the power of our study to detect the predefined effect of
bisphosphonate was 0.8664 when setting up a type 1 error
of 5 %. Therefore, we decided not to enroll any more
patients. All 15 patients received glucocorticoid therapy in
accordance with the clinical guidelines for IgAN in Japan
[18]. Treatment protocol consisted of tonsillectomy, two
courses of methylprednisolone pulse therapy, and sub-
sequent oral prednisolone therapy (Fig. 1a) [2, 18]. Based
on anti-osteoporotic medications, enrolled patients were
randomly divided into three groups—active vitamin D
(VD), vitamin K, (VK), or bisphosphonate (Bis) group
(Fig. 1b) [10]. Patients in each group received 0.5 pg/day
of calcitriol, 45 mg/day of menatetrenone, or 2.5 mg/day
of risedronate, respectively.

We could not follow one patient in the VD group
because he moved out of the area (Fig. 1b). One patient in

b (%)
X 120.0
= NS
£
2
5 800 NS
£ Ref.
[}
(0]
S 400
®©
e
(&)
X 0
VD VK Bis

three groups (NS not significant; a P = 0.677 for VK and P = 0.936
for Bis; b P = 0.695 for VK and P = 0.986 for Bis). Data are
mean £ SD

b (%)
= 40
= 20
5 ° VD VK
e . . .
£ 20 Bis
B .40
[@)]
c 6.0
(0]
5§ 80
® 1001 Ret. NS
-12.0

for VK and P = 0.054 for Bis; b P = 0.784 for VK and P = 0.076
for Bis). Data are mean £+ SD
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0.626

290.6 £+ 161.2

0.094 284.3 £ 1783

348.0 £ 121.5

429.8 + 98.8

0.015

324.7 £ 110.0

399.4 £+ 133.9

Destruction load (N)

All results are presented as mean £+ SD. P values were evaluated by paired ¢ test

Pre before vitamin D, vitamin K, or bisphosphonate treatment, Post 6 months after each treatment

the Bis group withdrew due to a pyrosis caused by
risedronate (Fig. 1b). These two patients were not included
in the following analyses. Another patient in the Bis group
who changed the anti-osteoporotic medication from
risedronate to alendronate was included in the per-protocol
efficacy analysis (see “Materials and methods™). The
baseline characteristics of the 13 patients are shown in
Table 1. There were no statistically significant differences
among the three groups (Table 1).

Conventional assessments of the bone could not detect
significant differences among the three groups

Glucocorticoids can regulate cells both in osteoblastic and
osteoclastic lineage [28]. However, the most significant
event that leads to bone loss in GIO is the suppression of
bone formation [28]. To evaluate the bone turnover status
of the enrolled patients, we examined changes in serum
bone alkaline phosphatase (BAP) and serum cross-linked
N-telopeptide of type I collagen (NTX) (Fig. 2). Reflecting
the suppressed bone formation in GIO, serum BAP
decreased to similar levels in all groups (Fig. 2a).
Although bisphosphonate, but not menatetrenone, is a
potent inhibitor of bone resorption, changes in serum NTX
were also at similar levels in these groups (Fig. 2b). In
addition to bone turnover markers, two parameters
obtained by DEXA also showed no statistically significant
differences among the three groups (Fig. 3). These findings
suggest that bone turnover markers and DEXA were
insufficient to detect therapeutic differences among these
anti-osteoporotic medications, at least in our study
conditions.

MDCT-based analyses detected the preventive effect
of bisphosphonates in GIO

We further analyzed whether MDCT-based assessment of
trabecular microarchitecture can detect the preventive
effect of bisphosphonate in our study conditions. Figure 4
shows a representative reconstructed 3D microarchitecture
of the third lumbar vertebra. Microarchitecture of trabec-
ular bone was well reconstructed in our MDCT-based
analysis (Fig. 4). Using reconstructed microarchitecture,
we analyzed structural indices of trabecular bone (Figs. 5,
6, 7).

Consistent with the results in areal BMD by DEXA
(Fig. 3b), values in vBMD obtained by MDCT were not
different among the three groups (Fig. 5a). In addition to
vBMD, all structural indices demonstrated that there were
no statistically significant differences between the VD
group and the VK group (Figs. 5b, 6, 7). However, MDCT
detected the therapeutic effects of bisphosphonates in
several structural indices. Bisphosphonates significantly
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improved BV/TV in comparison with vitamin D therapy
(Fig. 5b). The improvement of BV/TV was associated with
decreased Tb.Sp but not with Tb.N or Tb.Th (Fig. 6a—c).
Tb.N increased and Tb.Th decreased to similar levels in all
groups (Fig. 6a, b). In accordance with the decreased
Tb.Sp, marrow star volume declined in the Bis group
(Fig. 6d). MDCT also revealed that bisphosphonates were
superior to vitamin D in decreasing SMI value (Fig. 7a). As
a result of protected microarchitecture in the Bis group,
fracture load calculated by FEA in the Bis group was
significantly higher than that of the VD group (Fig. 7b).
Because glucocorticoids affect the growth plate during
growing years [29, 30], the effect of glucocorticoids in
adolescent patients might be different from that in adult

Fig. 4 a Representative 3D reconstructed image of the Lumbar
vertebra. A representative 3D image of the third lumbar vertebra
obtained by MDCT is shown. Color scale indicates BMD; 100 mg/
cm® in blue and 700 mg/cm?® in red. Microarchitecture of trabecular
bone was well reconstructed

(%)
15.0

NS
10.0

5.0
vD VK
0
Bis
-5.0

-10.0
Ref.

-15.0 NS

% Changes in volumetric BMD

Fig. 5 MDCT-based analyses of volumetric BMD and BV/TV.
a Volumetric BMD was not different among the three groups. b BV/
TV significantly improved in the Bis group (NS not significant;

patients. Therefore, we performed a sensitivity analysis
excluding one patient <20 years. Consequently, similar
statistically significant results were obtained (data not
shown). These findings indicated that MDCT is useful to
assess the therapeutic effect of bisphosphonates in GIO.
MDCT-based assessment of trabecular microarchitecture
detected the preventive effects of bisphosphonates, even in
the absence of statistically significant improvement of the
bone turnover markers and the parameters in DEXA.

Intra-group analysis in each group showed similar
results (Table 2). In the VD and VK groups, glucocorti-
coids significantly deteriorated BV/TV, while no signifi-
cant changes were observed in the Bis group, suggesting
that risedronate prevented glucocorticoid-induced deterio-
ration of bone volume and trabecular architecture.

Discussion

In this study, we examined trabecular microarchitecture in
IgAN patients who received high-dose glucocorticoid
therapy. Non-invasive MDCT-based analyses detected the
therapeutic effects of bisphosphonates in GIO, even in the
absence of statistically significant improvements in bone
turnover markers (Fig. 2), BMD Z score (Fig. 3a), and
areal BMD (Fig. 3b).

3D microarchitecture of trabecular bone in postmeno-
pausal women has been investigated under several condi-
tions. Using bone biopsy samples, Recker et al. [27] and
Borah et al. [31] reported that bisphosphonates protect 3D
trabecular microarchitecture in postmenopausal women.
Recker et al. [31] revealed that zoledronic acid improved
BV/TV, Tb.N, Tb.Sp, and connectivity density. Borah et al.
[27] demonstrated that another bisphosphonate, risedro-
nate, improved structural indices, such as BV/TV, Tb.Th,
marrow star volume, and SMI. Here, we showed that bis-
phosphonates improved BV/TV, Tb.Sp, marrow star

o
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-10.0
-15.0
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-25.0 NS

% Changes in BV/TV

a P = 0.926 for VK and P = 0.136 for Bis; b P = 0.987 for VK and
*P = 0.004 for Bis). Data are mean 4+ SD
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Fig. 6 MDCT-based analyses of Tb.N, Tb.Th, Tb.Sp, and marrow
star volume. a Tb.N and b Tb.Th were not different among the three
groups, whereas ¢ Tb.Sp and d star volume significantly decreased in
the Bis group (VS not significant; a P = 0.120 for VK and P = 0.992
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Fig. 7 MDCT-based analyses of SMI and fracture load. a SMI
significantly decreased in the Bis group. b Reflecting the improved
trabecular microarchitecture, the Bis group tolerated higher load than

volume, and SMI in glucocorticoid-treated patients
(Figs. 5, 6, 7) without performing bone biopsy. Our results
indicated that the assessment of trabecular microarchitec-
ture is useful to detect the therapeutic effect of bisphos-
phonates not only in postmenopausal women but also in
patients treated with glucocorticoids.

High bone remodeling rate has been reported to be
associated with fracture risk in postmenopausal women.
Both the Epidemiologie de 1’Ostéoporose (EPIDOS) and
Os des Femmes de Lyon (OFELY) studies showed that
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postmenopausal women with increased levels of bone
resorption markers had high fracture risk independent of
bone density and physical performance [32, 33]. Moreover,
reduction in bone turnover has been revealed to be an
independent predictor of therapeutic effects on fracture risk
reduction in postmenopausal women [34-36]. Although
previous prospective randomized controlled trials have
shown that bisphosphonates, a potent inhibitor of bone
resorption, prevent bone fracture in patients treated with
glucocorticoids, the relationship between bone turnover
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markers and the fracture risk in GIO remains controversial
[11-15]. Indeed, our result showed that bisphosphonates
prevented structural decay of trabecular microarchitecture
by glucocorticoids even in the absence of significant
improvement in serum BAP and NTX (Fig. 2). The con-
troversy on turnover markers in GIO may be derived from
the regimens of glucocorticoid therapy. Kuroki et al. [37]
demonstrated that the changes in serum NTX differed
among the regimens. In contrast to a persistently increasing
trend of serum NTX in low-dose glucocorticoid therapy,
pulse therapy showed a transient increase of serum NTX
[37]. These finding indicate that two factors, the regimen of
glucocorticoid therapy and the timing of sampling, affect
bone resorption markers. Thus, it seems difficult to accu-
rately evaluate the therapeutic effects of bisphosphonates
in GIO by bone turnover markers. The direct assessment of
bone structure, i.e., MDCT-based assessment, is more
suitable for GIO.

There are two major limitations to the current study.
First, we did not set up a placebo-treated control group.
Because the patients enrolled in our study were treated with
high doses of glucocorticoids, it was not ethically allowed
to set up a placebo group. Thus, we compared the differ-
ence among the three anti-osteoporotic agents. Second, we
did not evaluate the actual bone fracture in our subjects.
Thus, we could not conclude that the improvement of
trabecular microarchitecture in glucocorticoid-treated
patients really prevented bone fracture. In postmenopausal
osteoporosis, Ito et al. [8] demonstrated that structural
indices assessed by MDCT, such as low BV/TV, fewer
Tb.N, higher SMI, and lower connectivity, were associated
with fracture risk. Further study is required to determine
whether MDCT-based assessment is predictive of bone
fracture not only in postmenopausal women but also in
patients treated with glucocorticoids.

Iliac bone biopsy samples have been used in the
majority of previous clinical studies that have investigated
structural indices of trabecular bone [28, 31]. In these
studies, 3D microarchitecture has been assessed by pCT
[28, 31]. Here, we employed MDCT to analyze the mic-
roarchitecture of lumbar spine. Because both pCT-based
and MDCT-based assessments have their own intrinsic
advantages and disadvantages, it is difficult to determine
which is a superior analytical method. A disadvantage of
MDCT-based assessment is radiation exposure. However,
the amount of radiation in our MDCT examination did not
exceed that in usual CT examinations. Average volume CT
dose index (CTDI,,;) and dose-length product (DLP) of our
MDCT protocol were 72 and 417.78 mGy, respectively.
Dosimetry metrics of normal thin-slice brain CT using the
same CT machine are approximately 70 mGy in CTDI,,
and 800-1000 mGy in DLP. In normal abdominal CT
scans, CTDI,,; and DLP are approximately 20 and

500 mGy, respectively. Moreover, we scanned only the
third lumbar vertebra to avoid radiation exposure to organs
that have a high effective dose/DLP (ED/DLP) ratio [38].
Although radiation exposure is a potential disadvantage,
this point is also linked to two advantages of MDCT-based
assessment. First, MDCT is a non-invasive method. MDCT
does not require invasive bone biopsy, whereas LCT-based
assessment cannot be carried out without bone biopsy.
Second, MDCT can directly assess the osteoporotic status
of clinically relevant sites, i.e., vertebrae. GIO often results
in vertebral and/or femoral neck fracture but not iliac
fracture. The potential limitation of pCT-based assessment
is that the iliac crest is not a good representative of clini-
cally relevant sites susceptible to glucocorticoids.

In conclusion, non-invasive MDCT-based analyses
detected the therapeutic effects of bisphosphonates in GIO,
even in the absence of any significant differences in con-
ventional analytical modalities. Our results suggest that
MDCT-based assessment of trabecular microarchitecture is
useful to detect therapeutic effects of bisphosphonates in GIO.
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