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B OADURY T 709 —ENERE

YROIT7 05— B OA RENDEE HE fE PR
Occupational activity heavy knee demand, heavy lifting work 1.7-3.4
Sports activity high level, elite former athlete 1.3-6.5
low level, recreational sports( { risk) insufficient data
Knee injury ligament, cartilage, meniscus 5.2-14.0
surgical menisectomy 2.6-4.8
Knee alignment varus alignment (med knee OA) 4.0
valgus alignment (lat knee OA) 2.0
Muscle strength low quadriceps strength ( T risk) insufficient data
Smoking average smoking 0.7
Race black women 2.1
Japanese 1.9
Chinese (women/men) 1.5/0.9
Obesity high BMI 3.2-34.7
Bone high BMD 1.1-2.3
Nutrients Vitamin C intake 0.3
betacarotine 0.4
low vitamin D 1.02-2.9
Sex hormone estrogen use 0.3-3.3

BMD : bone mineral density, BMI : body mass index
% :Lawence JS(England) % :Lawence JS(England)
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= O :Zhang Y (Beijing Study, China) £ O :Zhang Y (Beijing Study, China)
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Abstract

Vascular and cellular invasion into the cartilage is a critical step in the fracture healing. Matrix metalloproteinase-13 (MMP-13) is a
member of the zinc-dependent endopeptidase family and plays an important role in remodeling of extracellular matrix. Therefore we
investigated the possible involvement of MMP-13 in a murine model of stabilized bone fracture healing. Repair of the fracture in
MMP-13 deficient (MMP-13~/") mice was significantly delayed and characterized by a retarded cartilage resorption in the fracture
callus. Immunohistochemistry indicated severe defects in vascular penetration and chondroclast recruitment to the fracture callus in
MMP-137/~ mice. Consistent with the observations, the chondrocyte pellets cultured from the MMPI13~/~ mice exhibited diminished
angiogenic activities when the pellets were co-cultured with endothelial cells. These results suggest that MMP-13 is crucial to the process

of angiogenesis during healing of fracture, especially in the cartilage resorption process.

© 2007 Elsevier Inc. All rights reserved.

Keywords: MMP-13; Fracture healing; Extracellular matrix; Angiogenesis; Chondroclast

Bone fracture triggers a steady cascade of bone regener-
ation. Under optimal conditions, fractured bone heals
without scar formation and fully recovers its morphologi-
cal and biomechanical properties. This reparative process
consists of a variety of molecular and cellular events, which
recapitulate several aspects of skeletal development [1].
Although various growth factors and cytokines that partic-
ipate in fracture healing have been identified [2], the precise
mechanism behind these processes has not been fully
elucidated.

Matrix metalloproteinases (MMPs) constitute a family
of zinc-dependent proteinases which have essential roles
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0006-291X/$ - see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/).bbrc.2006.12.234

in degradation of extracellular matrix (ECM) components
such as collagens and proteoglycans. They are involved in
normal development and tissue dysfunction under various
pathophysiological conditions including wound healing,
arthritis, and tumor development [3]. Among the members
of secreted-type MMPs, MMP-9, and MMP-13 are
thought to be important to normal skeletal development
in mice [4-6]. MMP-13 is primarily expressed in osteoblasts
and hypertrophic chondrocytes, while MMP-9 is mainly
expressed in osteoclasts [7]. In contrast to the difference
in their expression patterns, MMP-9 deficient (MMP-9~/ )
mice and MMP-13 deficient (MMP-137/~) mice exhibited
similar skeletal phenotypes characterized by the elongation
of hypertrophic cartilage zone in the growth plates [4-6].
The skeletal defects in MMP-9~/~ mice are explained by
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the impaired angiogenesis as vascular invasion of calcified
cartilage is a crucial step for endochondral bone formation
[8]. Because of the critical involvement of MMP-13 in
endochondral bone development, we conducted the follow-
ing experiments to analyze the role of MMP-13 in fracture
healing.

In the current study, we generated a stabilized bone
fracture at the middle of the tibia in MMP-13~/~ mice
and the healing process was then compared with those
of WT mice. Cartilage formation and the angiogenic activ-
ity of chondrocytes derived from MMP-13~/~ and WT
mice were also analyzed using an in vitro chondrocyte cul-
ture system. The lack of MMP-13 leads to a severe delay
in fracture healing, which is characterized by prolonged
absorption of the fracture callus. In addition, chondro-
cytes derived from MMP-13~/~ mice exhibit diminished
angiogenic activity. These observations deepen our under-
standing of fracture healing and further underscore the
importance of MMP-13 during this pathological
condition.

Materials and methods

Animals. MMP-13"~ and WT male littermates in a C57BL/6] and
129/Sv hybrid background were generated from the intercross between
heterozygous MMP-13*/~ mice. The generation of MMP-13~/~ mice is
described elsewhere [9). All experiments were performed according to the
protocol approved by the Laboratory Animal Care and Use Committee of
Keio University School of Medicine.

Fracture model. Bone fractures were generated essentially as previ-
ously described [10]. Thirty 8-week-old mice were used in each group.
Briefly, under general anesthesia with xylazine (0.2mg /10 g body weight,
Bayer) and ketamine (0.5 mg/10 g body weight, Sankyo), an anterior
knee incision was made, and a transverse osteotomy was performed at
the middle of the tibia with a bone saw (Volvere GX, NSK Nakanishi).
Fractured bones were repositioned and stabilized by inserting the inner
pin of a 23-gauge spinal needle intramedullary. The mice were eutha-
nized by cervical dislocation at designated time points and their tibiae
were excised.

Radiological analysis. Bone radiographs were taken with a soft X-ray
instrument (CMB-2, SOFTEX). Microarchitecture of the fracture callus
was evaluated by using a micro-CT system (Scan Xmate-A 100540,
Comscantecno). Calcified area and bone mineral content (BMC) of the
entire tibiae were measured by a single energy X-ray absorptiometry
utilizing a bone mineral analyzer for small animals (PIXImus,
LUNAR), and gain of the calcified area and % gain of the BMC were
calculated.

Histological analysis. The harvested tibiae were fixed in 4% parafor-
maldehyde, decaicified in 0.5 M EDTA (pH 7.4), embedded in paraffin,
and then cut into 4-um sections. Alcian blue and van Gieson stainings
were performed according to the standard procedure. Ratio of cartilage
area and bone area to total callus area was measured by a planimetric
method using NIH Image.

Histochemical detection of tartrate resistant acid phosphatase
(TRAP) and immunohistochemistry of type II collagen, type X colla-
gen, MMP-9, CD3l, and cathepsin K were performed as previously
described [11,12].

Cell cultures. Rib chondrocytes were isolated from neonatal MMP-
13/~ and WT littermates, and maintained in Dulbecco’s modified Eagle’s
medium (DMEM) containing 10% fetal bovine serum and antibiotics.
Human umbilical vein endothelial cells (HUVEC, Kurabo) were cultured
in HuMedia-EG2 medium (Kurabo). All the cells were maintained at
37°C in a humidified CO, incubator. Any chemicals if not mentioned
otherwise were purchased from Sigma.

Cell differentiation assay. To induce chondrogenic differentiation,
chondrocyte 3D culture was performed as previously described [13].
Briefly, chondrocytes were suspended in atelopeptide collagen solution
(0.5% atelopeptide collagen (Kawaken Fine Chemicals)/SmM NaOH/
26 mM NaHCO;/20 mM Hepes/one volume of 10 times concentrated
o-minimal essential medium («MEM)) at a density of 1 x 107 cells/ml.
Each 20 pl of the mixture was placed into the bottom of 15 ml conical
tubes (Falcon) and incubated for 1h at 37°C to form a gel. DMEM
with 200 ng/ml recombinant human bone morphogenetic protein-2
(kindly provided by Astellas Pharma Inc.), 5 pg/ml insulin and anti-
biotics (chondrogenic medium) was gently poured onto the gel at a
volume of ) ml. The paraffin sections of the pellets were made after
fixation with 4% paraformaldehyde and stained with Alcian blue.

Angiogenesis assay. For the in vitro angiogenesis assay, the chon-
drocyte pellets that had been cultured in chondrogenic medium for 3
weeks were co-cultured with HUVEC. HUVEC were suspended in a
collagen gel solution (Cellmatrix type 1A (Nitta Gelatin)/5S mM NaOH/
26 mM NaHCO,/20 mM Hepes/one volume of 10 times concentrated
oMEM) at a density of 1 x 10° cells/ml, and 400 yl of the mixture was
poured into each well of 24-well plates. The chondrocyte pellets were
then dropped at the center of each well and incubated for 30 min at
37°C to form a gel. These cells were cultured together in HuMedia-
EG2 medium and the angiogenic reactions were monitored for 2
weeks.

Statistical analysis. Means of groups were compared by analysis of
variance, and significance of differences was determined by post hoc
testing using Bonferroni’s method.

Results
MMP-137"~ mice exhibit delayed fracture healing

To investigate the effect of MMP-13 on fracture healing,
we generated a stabilized tibial fracture model in mice and
assessed the healing process by radiological evaluation
(Fig. 1A). In plain radiographs of WT mice, the calcified
callus appeared at post-fracture week (PFW) 1, progressed
to form a bony bridge by PFW3, and then gradually
decreased in size by PFWI10. In contrast, in the MMP-
137/~ mice, a radiolucent zone was apparent in the fracture
callus even at PFW3, suggesting that with the loss of
MMP-13 the bony bridging was delayed. In axial CT imag-
es, the WT mouse callus contained a small noncalcified
area at PFW2, which was subsequently replaced by calcifi-
cation at PFW3. However, in MMP-13~/~ mice, the callus
consisted mainly of noncalcified tissue at PFW2, and
although calcification progressed, there remained an area
of noncalcified tissue at PFW3,

To quantify the extent of callus formation, the calcified
area and BMC in the fractured and control tibiae were
measured by a bone densitometer. As shown in Fig. IB,
both parameters increased for 3 weeks during the modeling
phase and then decreased during the remodeling phase in
WT mice. In contrast, MMP-13~/~ mice showed a signifi-
cant reduction in these parameters at PFW2-3 during the
modeling phase. There were no differences in the calcified
area and BMC between the two genotypes during the
remodeling phase (PFW4-10). These results indicate that
MMP-13 deficiency causes a delay in fracture healing
through impaired bone modeling due to retarded
calcification of the fracture callus.
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Fig. 1. Radiological analyses of bone fracture healing in WT and MMP-13~/~ mice. (A) Plain radiographs (upper row) and CT images (lower row) of the
representative fractured tibiae in WT and MMP-13"'" mice at PFWs 1-10. The arrowheads indicate non-calcified areas. Scale bar. 1 mm. (B) Time course
changes of the calcified area and bone mineral content of the callus at the fracture site measured by single energy X-ray absorptiometry. Data are expressed
as the means (symbols) + SD (error bars) of 6 mice per genotype. "p < 0.05 versus WT.

MMP-13 deficiency impairs the replacement of cartilage
with bone in the fracture callus

Remeodeling of bone requires the resorption of cartilage,
which provides initial stabilization to the fractured bone
[2]. To evaluate the turnover of cartilage to bone in the
fracture callus, the ratio of cartilage area and bone area
to total callus area (CA/TA and BA/TA. respectively) were
measured utilizing a planimetric method in histological sec-
tions (Fig. 2). The cartilage area was stained blue with Alci-
an blue staining, and the bone area was stained red with
van Gieson. In WT mice, CA/TA reached its peak value
at PF'W1 and then decreased by PFW4, whereas BA/CA
increased to reach a plateau by PFW3. Compared to WT
mice, MMP-13"/" mice exhibited higher CA/TA values
and lower BA/TA values at PFW2-3, indicating that loss
of MMP-13 interferes with cartilage-to-bone replacement.

MM P-13 deficiency impairs vascular and chondroclast
invasion of cartilage

To further investigate the mechanisms underlying the
impaired bone healing in MMP-13~/~ mice, we performed
immunohistochemical analysis of the fracture callus at
PFW2 (Fig. 3). Type X collagen. a marker for hypertrophic
chondrocytes, was more prevalent in the MMP-137/-

cartilage than in the WT cartilage, while type II collagen
was equivalent between the genotypes (Fig. 3A-D).
MMP-9 was expressed in hypertrophic chondrocytes and
chondroclasts, and appeared to be up-regulated in the
MMP-13""" mice (Fig. 3E and F). In WT mice, the
CD31-immunostained capillaries penetrated into the carti-
lage extending their cytoplasmic processes (Fig. 3G), and
cathepsin K/TRAP-positive chondroclasts were directly
attached to the cartilage matrix (Fig. 31 and K). In
contrast, MMP-13~/~ mice showed minimal cartilaginous
breakage associated with capillary invasion (Fig. 3H).
and the chondroclasts were not attached to the cartilage
matrix (Fig. 3] and L). These findings suggest that the
impaired cartilage resorption in the MMP-13 "~ mouse
callus is associated with the inability of capillaries and
chondroclasts to invade the cartilage.

MMP-13 is required for the angiogenic activation of
cartilage

In order to clarify the cellular mechanism underlying
these abnormalities, we examined in vitro the differentiation
of rib chondrocytes isolated from WT and MMP-13 /" lit-
termates (Fig. 4). Calvarial osteoblasts cultured from
MMP-13~/~ mice exhibited no difference in proliferation
and differentiation compared with those from WT mice,
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Fig. 2. Histomorphological analyses of bone fracture healing in WT and MMP-13~/" mice. (A) Alcian blue staining (right column) and van Gieson
staining (left column} of the fractured tibia sections from WT and MMP-13~/~ mice. Scale bar, 1 mm. (B) Ratios of cartilage area and bone area to total
callus area of the fractured site, which were measured by a planimetric method. Data are expressed as the means (symbols) = SD (error bars) of 6 mice per

genotype. *p < 0.01 versus WT.

Fig. 3. Immunohistochemical and histochemical analyses of bone fracture healing in WT and MMP-13"/" mice. (A-J) Immunohistochemistry of type I
collagen (A B}, type X collagen (C.D), MMP-9 (EF), CD31 (G,H) and cathepsin K (LJ) in the fracture callus of WT and MMP-13""~ mice at PFW2.
(K.L) Histochemistry for TRAP in the fracture callus of WT and MMP-13""" mice at PFW2. All insets are higher magnification images of each figure,
Note that the expression of type X collagen and MMP-9 in hypertrophic chondrocytes and/or chondroclasts appear to be up-regulated in MMP-13~
mice compared to WT niice (C-F). Also note that and cathepsin K/TRAP-positive chondroclasts are unattached to cartilage matrix in MMP-13""" mice

(J.L}. Scale bar. 80 pm.

and the cell proliferation rate of MMP-13"/~ chondrocytes
was also normal (data not shown).

To evaluate the cartilage formation, chondrocytes were
cultured in 3D collagen gel pellets. During the first 2 days
the WT pellets shrunk and the cartilage matrix formation
by the chondrocytes was observed at the pellet periphery
on day 7. By 21 days cartilage maturation proceeded
toward the center forming a mature cartilage pellet. In

the MMP-13/~ pellets, the gel contraction rate on day 2
and matrix synthesis on day 7 were reduced compared to
WT pellets, although the matured pellets exhibited no his-
tological differences between genotypes on day 21.

To further investigate the angiogenic property of the
cartilage pellets. we developed a co-culture system of the
chondrocyte pellets with HUVEC. After 1 week of co-cul-
ture, extensive vascular sprouting was observed around the
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Fig. 4. Cultured chondrocytes from WT and MMP-13~/" mice. (A) Gross appearance (upper row} and Alcian blue stainings (lower row) of chondrocyte
pellets on days 2, 7, and 21. Chondrocytes from WT and MMP-13~ mice were cultured in 3D collagen gel pellets. Note that MMP-1 37 pellet is
reduced in gel contraction rate on day 2 (arrowheads) and Alcian blue-positive matrix synthesis on day 7 (arrows). Scale bar, 500 ym. (B) In vitro
angiogenesis assay. Chondrocyte pellets were co-cultured with HUVEC in collagen gel. Note that WT pellets are surrounded by numerous vascular
sproutings, which are barely seen with the MMP-13 7/~ pellets. Scale bar, 250 pym.

WT pellets, although the MMP-137/" pellets exhibited lim-
ited sprouting (Fig. 4B). These results suggest that MMP-
13 is involved in the angiogenic activation of chondrocytes
via matrix remodeling.

Discussion

MMP-13 is the major proteinase that cleaves interstitial
fibrillar collagens (type 1. 11, and 1II collagens) [14]. Defi-
ciency of MMP-13 causes a transient elongation of the
hypertrophic zone in the growth plate during the early stag-
es of growth and development, indicating a role for this
enzyme in endochondral bone development [5,6]. Since
the bone fracture healing process is thought to recapitulate
skeletal development [1], and since MMP-13 is highly
expressed in the fracture callus [7]., we hypothesized that
MMP-13 plays an important role in fracture healing. Uti-
lizing a mouse fracture model and a chondrocyte pellet cul-
ture, the present studies demonstrate that the lack of
MMP-13 leads to a significant delay in the fracture healing
process, and that MMP-13 plays a critical role in the mat-
uration of chondrocytes and the induction of angiogenesis.

During the bone fracture healing process, fracture callus
consisting of cartilage tissue is transiently formed and sub-
sequently resorbed and replaced with osseous tissue; hence
the cartilage resorption process is an important step for
fracture healing. In general, the vascular invasion is a crit-
ical rate-limiting determinant for bone formation [15], and
at the chondroosseous junction there are three key players
in this process: hypertrophic chondrocytes, capillaries, and
chondroclasts [16]. Among them, hypertrophic chondro-
cytes are the major cell type producing MMP-13 in the
fracture callus and. in MMP-13~/~ mice, the cartilage
resorption was delayed due to the impairment of the inva-
sion of capillaries and chondroclasts into the cartilage.
These data re-emphasize the role of vascular and
chondroclast invasion during the fracture callus resorption

and indicate that MMP-13 production by chondrocytes is a
prerequisite for this process.

Since primary chondrocytes from the rib cartilage were
not capable of eflectively producing ECM in a monolayer
culture, we utilized a 3D pellet culture model to mimic
the in vivo environment. Cells/collagen gel composites are
known to undergo shrinkage during culture [17], and early
gel contraction and subsequent matrix synthesis in the
MMP-137/~ chondrocyte pellets were both suppressed
compared to those observed in WT controls, suggesting
that cell ECM and/or cell-cell interactions caused by gel
contraction are important for chondrocyte development
and that MMP-13 is involved in these processes. These
findings are similar to those seen in mice deficient in al
integrin, a key molecule for cell-ECM interaction, which
exhibited reduced cartilage ECM synthesis during fracture
healing [18]. Moreover, interactions of chondrocytes with
their ECM are required for the expression of angiogenic
activities of chondrocytes [19]. When chondrocyte pellets
and endothelial cells from the MMP-13"/~ mice were co-
cultured, tubular formation was considerably reduced in
the pellets from MMP-13"/" mice, indicating that MMP-
13 is critical for the angiogenic activities of chondrocytes.
These data strongly support the notion that MMP-13 con-
tributes to the fracture healing process by regulating both
chondrocyte development and vascular induction.

MMP-9 deficiency has been shown to cause delayed
fracture healiu}g [8] in a manner similar to that seen in
the MMP-13~/~ mice. MMP-9~/~ mice exhibit hindered
cartilage resorption mainly due to suppressed angiogenesis,
which can be rescued by local injection of recombinant vas-
cular endothelial growth factor. Similar to the MMP-13~/~
mice, elongation of the hypertrophic cartilage zone is also
observed in the MMP-9 7~ mice [4-6], although the expres-
sion pattern of these enzymes are different; in bone tissue
MMP-9 is expressed mainly in osteoclasts and chondro-
clasts while MMP-13 is expressed mainly in osteoblasts
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and chondrocytes [7). In line with the findings of the
growth plates of MMP-13"/~ mice in which MMP-9
mRNA expression is up-regulated [5} the intensity of
MMP-9 expression in the fracture callus was higher in
MMP-13~~ mice compared to that in WT mice. These
findings indicate a possible compensatory/redundant
mechanism between these two MMPs during cartilage
resorption in both physiological and pathological condi-
tions, where chondrocytes, endothelial cells, and chondro-
clasts are intricately regulated.

In conclusion, the current study provides in vivo and
in vitro evidence for the critical role of MMP-13 in cartilage
resorption during bone fracture healing. In addition, the
finding that MMP-13 plays a major role in vascular inva-
sion of cartilage provides an incentive to further study
the mechanism underlying the pro-angiogenic function of
MMP-13. Moreover, it will be interesting to examine the
compensatory role of MMPs, such as MMP-9 and
MMP-13, in fracture healing. Taken together, this study
provides new insight into the role of MMP-13 in fracture
healing, which in turn has implications for bone regenera-
tive medicine.
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Abstract Asinhibitors of bone resorption, bisphosphonates
and vitamin D derivatives have been extensively used for
the treatment of osteoporosis in various parts of the world,
but the clinical effects of these two groups of agents have
rarely been compared in detail. A multicenter, prospective,
double-blind controlied study was started comparing
the effects of etidronate and alfacalcidol (1-alpha-
hydroxycholecalciferol) in 414 patients with established os-
teoporosis from 36 centers. Among these patients, 135 were
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given 400mg etidronate daily at bedtime for 2 weeks fol-
lowed by 10 weeks off treatment, and this cycle was repeated
four times along with a placebo indistinguishable from the
alfacalcidol capsule daily throughout the 48 weeks of study
(Group A, High Dose Etidronate Group). In 133 patients,
200mg etidronate was used instead of 400mg (Group B,
Low Dose Etidronate Group). In 138 patients, 1 ug alfacal-
cidol was given daily throughout the 48-week study period
along with a placebo indistingnishable from the etidronate
tablet in four separate periods of 2 weeks (Group C, Control
Group). Dual-energy X-ray absorptiometry of the lumbar
spine (L2-14) was performed before the beginning of the
study and every 12 weeks thereafter. Changes in spinal de-
formity were also assessed based on the lateral thoracic and
lumbar spine X-ray films taken before and after the study.
The lumbar spine bone mineral density (BMD) changes
were +3.4% * 0.6% (mean £ SEM) in Group A, +24%
0.5% in Group B, and -0.5% 1 0.4% in Group C, the former
two being significantly higher than the last. New occurrence
of spinal compression fracture was also significantly reduced
in Group A compared to Group C. In patients without pre-
vious fracture at entry, incident fracture was 10.2% in Group
C, but 0% in Groups A and B. In patienis with prevalent
fracture at entry, corresponding figures were 21.5% (Group
C), 12.0% (Group A), and 13.2% (Group B), respectively.
Alfacalcidol maintained lumbar spine BMD, preventing a
decrease for 48 weeks, and etidronate significantly increased
it further, demonstrating its usefulness in the treatment of
established osteoporosis.

Key words etidronate - alfacalcidol - osteoporosis - DXA
(dual energy X-ray absorptiometry) - fracture

Introduction

Etidronate is the first bisphosphonate developed for the
treatment of osteoporosis, based on its potent inhibitory
effect on osteoclastic resorption [1-3]. Although several
studies including prospective, placebo-controlled double



blind trials indicated positive effects of etidronate in pre-
venting bone loss in osteoporosis [4-10], its effect has rarely
been compared with those of other drugs. In addition to the
well-known estrogen, calcitonin and vitamin D derivatives,
especially alfacalcidol (1-alpha-hydroxycholecalciferol)
have been extensively used for the treatment of osteoporo-
sis in Japan [11,12], possibly because of the profound calci-
um deficiency caused by Japanese dietary habits. Vitamin
D and its derivatives decrease vertebral fracture, and may
also decrease nonvertebral fractures, according to a meta-
analysis [13]. To evaluate the clinical effect of etidronate,
alfacalcidol was therefore employed as the active control
drug in a multicentered, prospective, double-blind program
involving 414 patients with established osteoporosis at 36
centers in Japan.

Patients and methods
Test subjects

This study was started on 414 patients with established pri-
mary osteoporosis with scores higher than 4 according to
the scoring method for the diagnosis of involutional osteo-
porosis established by the Osteoporosis Research Group
sponsored by the Health and Welfare Ministry (Chairper-
son: Dr. Hajime Orimo) (Table 1). Patients with primary or
secondary hyperparathyroidism, and secondary osteoporo-
sis caused by renal failure, vitamin D deficiency, rheuma-
toid arthritis, bone metastases of malignant tumors, multiple
myeloma, trauma or corticosteroid use, and osteomalacia,
were excluded from the study. This study was conducted
from July 1990 to June 1992.

Study design

Over a period of 8 weeks before the beginning of the study
(washout period), specific treatments for osteoporosis in-

Table 1. Scoring method for the diagnosis of involutional
osteoporosis

1. Decrease of bone mass: score 3
Bone mineral density (AP spine by DXA) less than 2 SD of
young adult mean and/or X-ray evidence of vertical trabecular
loss

2. Fracture

One vertebra 1
More than two vertebrae 2
Proximal femur 3
Radius 1
3. Premenopausal female -1
4. Backache 1
5. Serum Ca, P, and alkaline phosphatase
Normal 1
One abnormal value 0
More than two abnormal values -1

Each item is given scores specified, and evaluation is based on the
total of the scores. In case the total is above 5, diagnosis of osteopo-
rosis is definite. Total score 4 indicates that osteoporosis is likely.
Total score 3 indicates that osteoporosis is suspected. In case the total
is 2 on less, osteoporosis is unlikely

AP, antiroposterior; DXA, dual-energy X-ray absorptionetry
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cluding estrogens, calcitonins, vitamin D derivatives, and
iprifiavone were withheld. Because no bisphosphonate had
been therapeutically administered before this study and
subsequent government authorization, no subjects had
taken any bisphosphosphonate before their participation. A
prospective, randomized, double-blind-controlled compar-
ative study among the three groups was constructed as
follows. Informed oral consent was obtained from each
proposed test subject as to voluntary participation to this
study.

The 414 test subjects were given either 400 mg etidronate
(Group A), 200mg etidronate (Group B), or 1pg alfacal-
cidol (Group C) according to the preset randomized order.
The key of the randomized samples was kept by the control-
ler until the finalization of the data, when it was opened
and the results were analyzed. To assure the blindness, a
placebo with indistinguishable appearance was provided
whenever the true drug was not given. The 48-week test
period was divided into four equal parts consisting of 12
weeks each. Each momning, Groups A and B were given one
alfacalcidol placebo. At bedtime, only during the first 2
weeks of each 12-week period, Group A was given two
200 mg etidronate tablets, Group B one etidronate placebo
tablet and one etidronate 200 mg tablet, and Group C two
etidronate placebo tablets. No calcium supplements were
given in any of the three groups.

Measurement of efficacy

Each test subject was seen by the physician in charge of the
project at each center every 2 weeks and asked for symp-
toms, especially backache, as well as those possibly related
to side effects. X-ray pictures of the lumbar and thoracic
spine were taken at anteroposterior and lateral projections
at the beginning and end of the study. Vertebral fracture
was defined by a decrease of the anterior height (wedge
deformity) or middle height (biconcave deformity) to less
than 80% of the intact posterior height. In case the poste-
rior height was also decreased (flat deformity or crush frac-
ture), the decrease of the anterior, middle, or posterior
height to less than 80% of the posterior height of the adja-
cent intact vertebra was used as the criterion for the defor-
mity. Incident fractures were analyzed by the logistic
method in the whole series, and cases with and without
fracture at the start of the test, to calculate the odds ratio.

For bone measurements, dual energy X-ray absorptiom-
etry (DXA) of L2-14 was performed at the beginning of
the study and every 12 weeks thereafter using a QDR-1000
(Hologic), XR-26 (Norland), or DPX (Lunar). The results
were expressed as percent (%) of the initial value, and the
same method of measurement with the same apparatus was
used for each patient throughout the study period. Subjects
with compressive or osteophytic deformities, interfering
with accurate bone mineral density (BMD) measurement
in two adjoining vertebrae of L2-14 were excluded from
the series.

Biochemical measurements were carried out as follows.
Vitamin D metabolites (25-hydroxyvitamin D and 1,25-



