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Object. The present study was designed to determine clinical and radiographic characteristics of unhealed os-
teoporotic vertebral fractures (OVFs) and the role of fracture mobility and an intravertebral cleft in the regulation of
pain symptoms in patients with an OVF.

Methods. Patients who had persistent low-back pain for 3 months or longer and a collapsed thoracic or lumbar
vertebra that had an intervertebral cleft and abnormal mobility were referred to as having unhealed OVFs. Twenty-
four patients with an unhealed OVF and 30 patients with an acute OVF were compared with regard to several clinical
and radiographic features including the presence of an intravertebral fluid sign. Subsequently, the extent of dynamic
mobility of the fractured vertebra was analyzed for correlation with the patients’ age, duration of symptoms, back
pain visual analog scale (VAS) score, and performance status. Finally, in cases of unhealed OVFs, the subgroup of
patients with positive fluid signs was compared with the subgroup of patients with negative fluid signs.

Results. Patients with an unhealed OVF were more likely to have a crush-type fracture, shorter vertebral height
of the fractured vertebra, and a fracture with a positive fluid sign than those with an acute OVF. The extent of dynamic
mobility of the vertebra correlated significantly with the VAS score in patients with an unhealed OVF. In addition,
a significant correlation with the extent of dynamic vertebral mobility with performance status was seen in patients
with an unhealed OVF and those with an acute OVFE. Of the 24 patients with an unhealed OVF, 14 had a positive fluid
sign in the affected vertebra. Patients with a positive fluid sign exhibited a statistically significantly greater extent of
dynamic vertebral mobility, a higher VAS score, a higher performance status grade, and a greater likelihood of hav-
ing a crush-type fracture than those with a negative fluid sign. All but 1 patient with an unhealed OVF and a positive
fluid sign had an Eastern Cooperative Oncology Group Performance Status Grade 3 or 4 (bedridden most or all of the
time). In sharp contrast, all 10 patients with an unhealed OVF and a negative fluid sign were Grade 1 or 2.

Conclusions. Unhealed OVFs form a group of fractures that are distinct from acute OVFs regarding radiographic
morphometry and contents of the intravertebral cleft. Dynamic vertebral mobility serves as a primal pain determinant
in patients with an unhealed OVF and potentially in those with an acute OVF. Fluid accumulation in the intravertebral
cleft of unhealed OVFs likely reflects long-term bedridden positioning of the patients in daily activity.
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ERTEBRAL fractures are the most common type of

\ / osteoporotic fracture.?! In the majority of patients
with OVFs, acute back pain symptoms abate over

a period of 6-8 weeks in line with the pace of fracture
healing. However, a certain number of patients suffer

Abbreviations used in this paper: ECOG = Eastern Cooperative
Oncology Group; OVF = osteoporotic vertebral fracture; VAS =
visual analog scale.
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persistent pain symptoms following an OVF. Various
synonyms for this condition have been used in the litera-
ture, including Kiimmell disease, avascular necrosis of
the vertebra, vertebral fracture with intravertebral cleft,
vertebral fracture with intraosseous vacuum phenomena,
delayed vertebral collapse, vertebral pseudarthrosis, and
intravertebral pseudarthrosis.>’#1022 A common radio-
graphic feature of the fractured vertebra in this group
of patients is the presence of an intravertebral cleft that
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shows abnormal mobility. Although the primary patho-
genesis of this condition is currently considered to be a
failure of the fracture healing process, controversies exist
regarding its nature, diagnosis, and therapeutic aspects.

Intravertebral clefts, also called intravertebral vac-
uum phenomena and Kiimmell signs, have been well
documented in the imaging literature.!16182426.28 p ra-
diographs, they are seen as an intravertebral transverse,
linear, or semilunar radiolucent shadow. Magnetic reso-
nance images reveal an accumulation of air or fluid in the
cleft.”!42® Abnormal mobility of the intravertebral cleft
has been suggested as a cause of severe back pain during
motion in patients with vertebral pseudarthrosis.®'8 How-
ever, to our knowledge no study has addressed the symp-
tomatic relevance of the intravertebral cleft. Furthermore,
the clinical significance of fluid and gas accumulation in
the intravertebral cleft remains under debate.!0-14-28

In the present study, we determined the diagnostic
criteria of OVFs that failed to heal properly. We then
compared patients with an unhealed OVF with those with
an acute OVF with regard to clinical and radiographic
features. Subsequently, we analyzed the symptomatic rel-
evance of vertebral mobility and the intravertebral clefts
in these groups of patients.

Methods
Patient Population

Patients with low-back pain lasting 3 months or lon-
ger, a collapsed vertebra in the thoracic or lumbar spine
showing mobility in flexion-extension or sitting-supine
position radiographs, and an air- or fluid-containing in-
travertebral cleft in the collapsed vertebra were consid-
ered to have an unhealed OVF. Between June 2005 and
November 2008, 24 patients met the diagnostic criteria
of an unhealed OVF and were treated at our institutions
(Table 1). There were 17 women and 7 men with a mean
age of 77.0 years (range 61-92 years). Two patients were
younger than 65 years old. One of these patients (61 years
old) had been treated with prednisolone for rheumatoid
arthritis, and the other (62 years old) suffered a com-
pression fracture caused by a fall from a height of 1.5 m
6 months before referral to our institution. The affected
vertebrae were distributed from T-11 to L-4. The dura-
tion of back pain symptoms ranged from 3 to 48 months
(mean 9.3 months).

As a control group, records of patients in whom an
OVF had been diagnosed on plain radiographs and MR
images obtained within 14 days after onset were reviewed.
These fractures were referred to as acute OVFs. For the
detection of an acute OVF, sagittal T1-weighted images,
sagittal T2-weighted images, and sagittal STIR sequence
images were used. Fractures caused by severe trauma and
pathological fractures (tumor or infection) were excluded.
Between May 2007 and April 2008, an acute OVF was
diagnosed in 30 patients at one of our institutions. There
were 21 women and 9 men with a mean age of 77.9 years
(range 54-94 years) (Table 1). Two of 3 patients younger
than 65 years old (ages 54 and 60 years) had been treat-
ed with corticosteroids for dermatomyositis and aplastic
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TABLE 1: Clinical pictures of patients with an unhealed OVF and
those with an acute OVF*

Variable Unhealed OVF  Acute OVF
no. of patients 24 30
age (y) e TI0£86 778294
‘male sex o 9(30)
‘IV 'Ii i e .

duration of pain ' 93+ 9.9 mos v 41 + 3.0 days

VASscore (mm) Boens . Wy
ECOG Performance Status Grade o

1 0(0)

2 9(30)

3 19 (63)

4

Mapmiit o e L
'height‘of the vertebra (mm)
sitting 81+37f 171 4.4t
supine 15.7 + 4.6t 23.3+45¢
mobility 76+3.6 52+30
presence of prevalent fracture(s) 15(63) 13(43)
positive fluid sign 14 (59)t 3(10)t

* Values for age, duration of pain, VAS score, and height of the ver-
tebra are described as mean + SD. All other values are the number
of patients with percentages in parentheses. Abbreviation: ND = not
determined.

t Statistically significant difference between unhealed OVFs and acute
OVFs (p<0.01).

anemia, respectively. Fractures were distributed from the
T-7 to L-4 vertebrae. Seventeen fractures were caused by
a simple fall, and 13 fractures occurred during daily ac-
tivities.

Evaluation

Patients with an unhealed OVF were evaluated for
severity of low-back pain by using the VAS and ECOG
Performance Status.?’ In accordance with the ECOG Per-
formance Status grade, Grade 1 indicates symptomatic
but fully ambulatory, Grade 2 indicates symptomatic and
up and about for more than 50% of waking hours, Grade
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TABLE 2: Clinical relevance of the fluid sign in patients with an
unhealed OVF*

Fluid Sign
Positive Negative

Variable (14 patients) (10 patients)
patient age (yrs) 79.7+9.3 73167
male sex 4(29) 3(30)
duration of pain (mos) 8.2+6.7 10.9+139
VAS score (mm) 749 £ 1611 414 +15.01
ECOG Performance Status Grade 3.2+0.8t 11+£0.3tF
crush-type fracture 10 (71)t 1100t
height on sitting radiographs (mm) 83+39 7839
height on supine radiographs (mm) 17547 13.6 +3.9
dynamic mobility (mm) 92+41% 58+19%
presence of prevalent fracture 9 (64) 6 (60)
communication to intradiscal air 2(1Nt 10 (100)1

* Values for age, duration of pain, VAS score, performance status, and
height of anterior wall are described as the mean + SD. All other values
are the number of patients with percentages in parentheses.

T Statistically significant difference (p < 0.01) between the subgroups
with positive and negative fluid signs.

T Statistically significant difference (p < 0.05) between the subgroups
with positive and negative fluid signs.

3 indicates symptomatic and being confined to bed or a
chair for 50% or more of waking hours, and Grade 4 in-
dicates being totally confined to bed or a chair. Patients
with an acute OVF were also evaluated for performance
status.

Radiographic evaluation included classification of
the fracture types, dynamic mobility of the affected ver-
tebra, contents of the intravertebral cleft, prevalent ver-
tebral fracture, and communication between air in the
intravertebral cleft and air in the adjacent intervertebral
disc. Fractures were classified into normal, wedge, bicon-
cave, and crush types*® using lateral decubitus-position
radiographs (Fig. 1A).

Dynamic mobility of the vertebra was determined by
measuring the height of the affected vertebra manually in
lateral radiographs obtained in the sitting and supine po-
sitions (Fig. 1B and C).”” The radiographs were obtained
at a film-focus distance of 1.1 m during the initial visit.
Sitting lateral radiographs (Fig. 1B) and supine cross-
table lateral radiographs (Fig. 1C) were compared with
regard to the vertebral height that was measured to the
nearest millimeter at the anterior border, the midpoint,
and the posterior border of the vertebra. The region that
indicated the largest difference of the vertebral height be-
tween the sitting lateral radiograph and the supine cross-
table lateral radiograph was selected. The difference in
the vertebral height in that region was referred to as the
dynamic mobility of the vertebra. All cases with an acute
OVF and 22 of 24 cases with an unhealed fracture were
evaluated for dynamic fracture mobility using the afore-
mentioned procedure.

Accumulation of fluid in fractured vertebrae (flu-
id sign) was determined using MR imaging. In cases
in which the signal intensity of an intravertebral lesion
was equivalent to that of CSF on T2-weighted images,
the vertebrae were defined as having a positive fluid
sign. Intravertebral air and intradiscal air were defined
as profound low-density lesions on sagittal reconstructed
CT scans. Presence of intravertebral air, intradiscal air
(vacuum disc), and communication between these 2 air
lesions were determined using serial sagittal images of
CT scans. A fluid sign was assessed in all 54 patients.

Fie. 1. Evaluation of fracture type and dynamic mobility. This 91-year-old man had an unhealed fracture of the L-4 vertebra.
Fractures are classified into normal, wedge, biconcave, and crush types by using lateral decubitus-position radiographs (A). The
present case is classified as a crush type. The difference in the vertebral height at the anterior border of the affected vertebra
between a sitting lateral radiograph (B) and a supine cross-table lateral radiograph (C) indicates the extent of dynamic fracture
mobility. In the present case, the vertebral height is 7 mm in the sitting lateral radiograph and 21 mm in the supine lateral radio-

graph, indicating a dynamic fracture mobility of 14 mm.
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Fic. 2. Representative T1-weighted MR images (A, D, and G), T2-weighted MR images (B, E, and H), and reconstructed CT
scans (C, F, and 1) of unhealed OVFs.  A-C: Images obtained in an 89-year-old man with an unhealed crush-type fracture of
the T-12 vertebra, showing an accumulation of fluid in the intravertebral cleft. There is a fracture line in the posterior wall of the
T-12 vertebra, associated with a collapse of both anterior and posterior borders of the vertebra. Of our cases, 9 exhibited an ac-
cumulation of fluid alone in the cleft. D-F: Images obtained in a 68-year-old man with an unhealed crush-type fracture of the
L-1 vertebra, showing an accumulation of fluid and air in the intravertebral cleft. There is a fracture line in the posterior wall of the
L-1 vertebra, associated with a collapse of both anterior and posterior borders of the vertebra. Of our cases, 5 had fluid and air
in the cleft. G-I: Images obtained in a 67-year-old man with an unhealed wedge-type fracture of the T-12 vertebra, showing a
negative fluid sign. The intravertebral cleft is filled with air. The posterior wall of the vertebra has not collapsed, consistent with a
wedge-type fracture. Of our cases, 10 showed an accumulation of air alone in the cleft (negative fluid sign).

Intravertebral air was evaluated using CT scans in 22 of
24 patients with an unhealed OVF. Prevalent vertebral
fractures were defined by MR images showing collapse
with recovered signal intensity (high signal intensity on
T1- and T2-weighted images). All MR and CT images
were analyzed by an author (S.K.) and an experienced ra-
diologist working together.

Analysis of Patient Groups

Patients with an unhealed OVF and those with an
acute OVF were compared with regard to clinical and ra-
diographic features, including age, sex, duration of pain,
performance status, fracture location, fracture classifica-
tion, height of the affected vertebra, extent of dynamic
vertebral mobility, presence of a fluid sign, and presence
of prevalent vertebral fractures.

The extent of dynamic mobility of the affected ver-
tebra was analyzed for correlation with age, duration of
symptoms, and performance status in all patients, and
with VAS scores in patients with an unhealed OVF.

The OVFs were divided into 2 subgroups on the ba-
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sis of a fluid sign. Two subgroups (positive fluid sign and
negative fluid sign) were compared with regard to age, sex,
duration of pain, VAS score, performance status, number
of cases with a crush-type fracture, height of the affected
vertebra, extent of dynamic fracture mobility, presence of
prevalent vertebral fracture, and communication between
intravertebral air and intradiscal air.

Statistical significance was determined using the
Pearson correlation method, the Mann-Whitney test,
and the Fisher exact probability test. A p value < 0.05
was considered statistically significant. Groups contain-
ing fewer than 5 patients were not subjected to statistical
analysis.

Results

Clinical and Radiographic Features of Unhealed OVFs
and Acute OVFs

To determine the clinical and radiographic features
of unhealed OVFs, we analyzed 24 patients with putative
diagnosis of an unhealed OVF and 30 patients with an

J Neurosurg: Spine / Volume 13 / August 2010



Symptomatic relevance of intravertebral cleft

Fic. 3. Representative T1-weighted (A, D, and G), T2-weighted (B, E, and H), and STIR (C, F, and I) MR images of acute
OVFs. The intravertebral high signal intensity in STIR images (right panels) indicates an edematous change associated with
acute fracture. A-C: Images obtained in an 85-year-old woman with an acute wedge-type fracture of the T-11 vertebra, showing
a square-shaped fluid sign. The posterior wall of the vertebra has not collapsed. Of our cases, only 1 showed a square-shaped
fluid sign. D-F: Images obtained in an 80-year-old woman with an acute wedge-type fracture of the L-1 vertebra, showing a
linear fluid sign. The posterior wall of the vertebra has not collapsed. Of our cases, 2 exhibited a linear fluid sign.  G-I: Images
obtained in an 84-year-old woman with an acute wedge-type fracture of the L-3 vertebra. There is no fluid sign in the vertebra.
The posterior wall of the vertebra has not collapsed. Of our cases, 27 had a negative fluid sign.

acute OVF comparatively. As depicted in Table 1, age,
sex, and location of the fractures were comparable be-
tween the groups. The VAS score of patients with an un-
healed OVF ranged from 20 to 100 mm (mean 61 mm).
The ECOG Performance Status was Grade 1 in 10 pa-
tients, Grade 2 in 1 patient, Grade 3 in 8 patients, and
Grade 4 in 5 patients. In patients with an acute OVF, the
performance status was Grade 2 in 9 patients, Grade 3 in
19 patients, and Grade 4 in 2 patients.

With respect to the fracture types, 12 patients with
an unhealed OVF (50%) had a wedge-type fracture and
11 patients (46%) had a crush-type fracture (Figs. 1 and
2). In contrast, 27 patients with an acute OVF (90%) had a
wedge-type fracture, and none of them had a crush-type
fracture (Fig. 3). In sitting and supine cross-table lateral
radiographs, the height of the affected vertebra was sig-
nificantly shorter in unhealed OVFs than that in acute
OVFs. The average mobility of the vertebra was 7.6 mm
in unhealed OVFs and 5.2 mm in acute OVFs. The differ-
ence was not statistically significant. Prevalent fractures
were found in 15 patients with an unhealed OVF (63%)
and 13 patients with an acute OVF (43%).
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Intravertebral Accumulation of Fluid and Air

Fourteen patients with an unhealed OVF (59%) and
3 patients with an acute OVF (10%) had a positive fluid
sign in the affected vertebra (Table 1 and Figs. 2 and 3).
The difference in the frequency of a positive fluid sign is
statistically significant. Fluid was accumulated in a tri-
angular/square shape in all 14 cases of an unhealed OVF
(Fig. 2). In contrast, 2 of 3 acute OVFs showed fluid ac-
cumulation in a linear shape and the remaining fracture
exhibited a triangular/square shape (Fig. 3). Accumula-
tion of air in the vertebra was defined using reconstructed
CT scans in 22 of 24 patients with an unhealed OVF. Of
these, 5 patients showed fluid and air in the intravertebral
cleft, and 10 patients had an air-filled intravertebral cleft
(Fig. 2).

Correlation of Dynamic Vertebral Mobility With Clinical
Parameters

Based on these clinical and radiographic findings,
we conducted a correlation analysis between the extent
of dynamic vertebral mobility and clinical parameters. In
patients with an unhealed OVF, there was a significant

271



S. Kawaguchi et al.

ﬁ VAS score (r=0.54, p<0.01) S Ee ‘
0 "5 : .
o8 .
60 .
40 N L .,
. e 8 8 o 2 0 @
o Performance status (r=0.57, p<0.01)
()} 0
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
b 3 poties % Duration of pain (r=-0.01, p=0.97)
L A 50 o
80 oin . —
0 . . 40
60 o
30
40 ia . .
20| Age (r=0.31, p=0.16) 10 . TP ) —
u o . 0 .
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16

Fic. 4. Graphs showing the correlations of dynamic fracture mobility and clinical parameters in patients with an unhealed OVF.
The x axes indicate dynamic mobility of the affected vertebra (mm). The y axes indicate VAS score (mm, A), ECOG Performance
Status (grades, B), age (years, C), and duration of pain symptoms (months, D). The correlations of dynamic mobility with clinical
parameters were analyzed and are presented with correlation coefficient (r) and probability (p) values.

correlation between the extent of dynamic mobility and
the VAS score (r = 0.54, p < 0.01) (Fig. 4). A significant
correlation was also seen between the extent of dynamic
mobility and performance status (r = 0.57, p < 0.01) (Fig.
4). In contrast, the extent of dynamic mobility was not
significantly correlated with the patient’s age and dura-
tion of symptoms. In patients with an acute OVF (Fig.
5), statistically significant correlations were seen between
the extent of dynamic fracture mobility and performance
status (r = 0.61, p < 0.01) and the patient’s age (r = 0.49,
p < 0.01). Also, there was a reverse correlation between
the extent of dynamic mobility and duration of symptoms
(r=-045,p <0.02) (Fig. 5).

Clinical Relevance of Intravertebral Fluid Sign

Finally, we analyzed the clinical relevance of the fluid
sign. Because only 3 patients with an acute OVF showed
a positive fluid sign, analysis focused on patients with
an unhealed OVF. As depicted in Table 2, there was no
statistically significant difference between the subgroup
with a positive fluid sign and that with a negative fluid
sign with respect to patients’ age, sex, duration of symp-
toms, height of the affected vertebra in sitting and supine
lateral radiographs, and the presence of prevalent frac-
tures. In contrast, statistically significant differences were
noted between these subgroups with respect to back pain
VAS score, ECOG Performance Status grade, frequency
of a crush-type fracture, extent of dynamic vertebral mo-
bility, and frequency of communication between intra-
vertebral air and intradiscal air. The VAS score, ECOG
Performance Status grade, and the extent of dynamic ver-
tebral mobility were larger in the subgroup with a posi-
tive fluid sign than that with a negative one. Notably, 13
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of 14 patients with a positive fluid sign and an unhealed
OVF had an ECOG Performance Status Grade 3 or 4,
whereas all 10 patients with a negative fluid sign and an
unhealed OVF had an ECOG Performance Status Grade
1 or 2. Communication between intradiscal air and intra-
vertebral air was seen in all 10 patients with a negative
fluid sign in an unhealed OVF and 2 of 12 patients with
a positive fluid sign in an unhealed OVF examined with
CT scans (Fig. 6).

Discussion

In the present study, we analyzed 24 patients with an
unhealed OVF and 30 patients with an acute OVF. Pa-
tients with an unhealed OVF suffered various degrees of
persistent pain for 3 months or longer and had a collapsed
thoracic or lumbar vertebra that had an intravertebral cleft
and mobility. Apart from these features, these patients
were more likely- to have a crush-type fracture, shorter
vertebral height of the fractured vertebra, and a positive
fluid sign fracture than those with an acute OVE. These
findings support the claim that the fractures deemed as
unhealed OVFs in this study form a distinct group of
fractures from acute OVFs.

The extent of dynamic vertebral mobility correlated
significantly with back pain status (VAS score) in patients
with an unhealed OVF. Dynamic mobility of the vertebra
has been speculated as a cause of pain symptoms in pa-
tients with an unhealed OVE.®* This assumption is based
on the observation that operative stabilization of the in-
travertebral mobility in patients with an unhealed OVF
leads to immediate pain relief.”*!° Our findings serve as
a more direct support for this assumption. In addition,
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Fic. 5. Graph showing the correlations of dynamic fracture mobility and clinical parameters in patients with an acute OVF. The
x axes indicate dynamic mobility of the affected vertebra (mm). The y axes indicate ECOG Performance Status (grades, A), age
(years, B), and duration of pain symptoms (days, C). The correlations of dynamic mobility with clinical parameters were analyzed
and are presented with correlation coefficient (r) and probability (p) values.

a significant correlation between the extent of dynamic
fracture mobility and performance status grade was seen
in patients with an unhealed OVF and those with an acute
OVE. This indicates the possibility that dynamic fracture
mobility serves as a primal pain determinant for patients
with an unhealed OVF as well as those with an acute
OVE.

The clinical significance of fluid accumulation in the
intravertebral clefts remains under debate. In the litera-
ture, Yu et al.?® reported that vertebral collapse was more
advanced in cases of unhealed OVFs with a negative fluid
sign (that is, those that are air-filled) than unhealed OVFs
with a positive fluid sign. This indicates that the contents
(air or fluid) of the intravertebral cleft represent the sever-
ity of the vertebral collapse on radiographs. In contrast,
Jang et al.! suggested that the contents of the intraverte-
bral cleft denote the “stages” of unhealed OVFs, where
fluid is accumulated in the early stages and converted
into air in the later stages. Malghem,' Sarli,2¢ and Linn's
and their colleagues reported that supine positioning for
a long time (more than 20 minutes) leads to fluid collec-
tion in the intravertebral cleft. They speculated that fluid
may flow from blood into the intravertebral cleft by nega-
tive pressure created by widening of the affected vertebra
during supine positioning. In this respect, all but 1 patient
with an unhealed OVF that had a positive fluid sign in the
present study had an ECOG Performance Status Grade 3
or 4, indicating that these patients were bedridden most
of the time. In sharp contrast, all 10 patients with an un-
healed OVF that had a negative fluid sign had an ECOG
Performance Status Grade | or 2. Therefore, fluid accu-
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mulation in unhealed OVFs likely reflects long-term bed-
ridden positioning of the patients. This theory, however,
does not explain our finding that 18 of 27 patients with
an acute OVF with a negative fluid sign had an ECOG
Performance Status Grade 3 or 4.

Communication between the intravertebral air and
intradiscal air in the adjacent disc seen in the present
study was previously reported by Lafforgue et al."® They
found such communication in 83% of the 23 patients with
an unhealed OVF with a negative fluid sign (air-filled).
Lack of communication between the intravertebral cleft
and intradiscal air in the adjacent disc in patients with
an unhealed OVF was also demonstrated by Yu et al 2
These observations, together with the findings in the
present study, consistently suggest that the communica-
tion between the intravertebral cleft and the adjacent in-
tradiscal air is likely to be pathognomic for air accumula-
tion in the cleft.

Of 24 patients with an unhealed OVF, 14 patients
(58%) had positive fluid signs (including 5 patients show-
ing both fluid and air) and the remaining 10 patients
(42%) exhibited an air-filled cleft in the present study
group. Similarly, Yu et al.?® reported a positive fluid sign
in 61% (fluid alone in 40% and fluid and air in 21%) and a
negative fluid sign (air-filled clefts) in the remaining 39%
of 112 patients with an unhealed OVF. In contrast, in the
studies by Jang et al.' and Lane et al.,' only 12.5% and
11.4%, respectively, of unhealed OVFs had an air-filled
cleft. These low percentages of the air-filled types may
be explained by the selection of patients as every partici-
pant in these studies was referred to them for percutane-
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Fie. 6. Sagittal reconstructed CT scans showing communication of
the airin the vertebra and the air in the adjacent intervertebral disc. ~ A:
Image obtained in a 67-year-old woman with an unhealed wedge-type
fracture of the L-1 vertebra. The fluid sign in this case was negative. B:
Image obtained in a 77-year-old woman with an unhealed wedge-type
fracture of the L-3 vertebra. The fluid sign in this case was negative.

ous vertebroplasty. In our study group, all but 1 of the 14
patients with a positive fluid sign in an unhealed OVF
had been hospitalized for pain and disability before re-
ferral to our institutions. In contrast, all 10 individuals
with a negative fluid sign (air-filled) unhealed OVF were
outpatients. Thus, the number of patients with the air-
filled unhealed OVF is likely to be low in referral-based
orthopedic clinics. Because patients with an air-filled un-
healed OVF visit clinics with relatively mild back pain, it
is important that they are not misdiagnosed. In fact, some
of the patients in our study group had been treated for
osteoporosis-related chronic back pain elsewhere before
presenting to our institutions.

The presence of prevalent fractures may affect back
pain status and performance status of patients with an
acute OVF or an unhealed OVFE In this regard, frequency
of the presence of prevalent fracture(s) was not signifi-
cantly different between the patients with an unhealed
OVF and those with an acute OVF (Table 1). Also, there
was no significant difference in terms of frequency of
prevalent fractures between unhealed OVFs with positive
and negative fluid signs (Table 2). Patients who present for
medical attention with back pain and have only a healed
vertebral fracture may represent a suitable control group
in the present study. However, in these patients, there is
difficulty in determining whether healed OVF(s) are re-
sponsible for the pain symptoms.

Unhealed OVFs with small dynamic vertebral mobil-
ity may be treated successfully with the long-term wear-
ing of a body jacket. However, in the literature, unhealed
OVFs have been treated surgically rather than conserva-
tively. A variety of surgical procedures have been reported
for the treatment of unhealed OVFs. These include osteo-
synthesis,” decompression and fusion surgeries via ante-
rior,'""” posterior,'>!*?> and anteroposterior?’ approaches,
percutaneous vertebroplasty,>'®** and percutaneous
kyphoplasty” The treatment procedure was determined
depending on the severity of the fracture and neurological
compromise and the surgeon’s preference. Whereas os-
teosynthesis and fusion surgeries aim at solid bone union
for stabilization of the affected vertebra, union status
following percutaneous vertebroplasty or percutaneous
kyphoplasty has not yet been addressed.
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Conclusions

Unhealed OVFs form a group of fractures that are
distinct from acute OVFs regarding radiographic mor-
phometry and contents of the intravertebral cleft. Dynam-
ic fracture mobility serves as a primal pain determinant
of patients with an unhealed OVF and potentially those
with an acute OVF. Fluid accumulation in the intraverte-
bral cleft in unhealed OVFs likely reflects the positioning
of patients in daily activity.
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Abstract The purpose of this study was to clarify the
effects of 2-year treatment with raloxifene on the proximal
femoral geometry among Japanese patients with osteopo-
rosis by hip structure analysis. One hundred ninety-eight
community-dwelling postmenopausal women with osteo-
porosis were enrolled. The structural variables were areal
bone mineral density (BMD), cross-sectional area (CSA),
section modulus (index of resistance to bending forces),
and buckling ratio (index of cortical instability). BMD,
CSA, and section modulus at the narrow neck significantly
increased by 1.27, 2.67, and 3.90% at 2 years, respectively.
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BMD, CSA, and section modulus at the intertrochanter
significantly increased by 2.55, 4.49, and 6.60% at study
termination, respectively. The buckling ratio at the inter-
trochanter decreased by 2.36% at 1 year, but differences at
2 years became non-significant. Parameters at the shaft
were qualitatively similar to those of the narrow neck and
intertrochanter. The percent change of the section modulus
was significantly higher than that of BMD at 2 years in all
three regions. The percent changes of the section modulus
is strongly correlated with the percent changes of BMD and
CSA, and negative correlated with the percent changes of
buckling ratio in all regions. In conclusion, Japanese
osteoporotic women on raloxifene therapy have significant
improvements of both BMD and geometry in the proximal
femur.

Keywords Hip structure analysis - Raloxifene -
Geometry - Bone strength - Hip fracture

Introduction

Areal bone mineral density (BMD) measured by dual
energy X-ray absorptiometry (DXA) is a valuable tool for
the evaluation of bone fragility and shows significant cor-
relations between BMD decline and risk of fracture [1-3].
However, BMD may not be the best assessment of treat-
ment efficacy since the fracture reduction after treatment is
only partially explained by increased BMD [4—6]. Strength
of bone is however governed by structural dimensions and
tissue materials properties, neither of which is directly
measured by a conventional BMD measurement. Beck and
Ruff have applied the hip structure analysis (HSA) method
to measure proximal femur geometry and strength using
conventional DXA scans of the hip [7, 8]. HSA has been
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used to demonstrate age trends, racial and gender differ-
ences, and treatment effects on osteoporosis in Caucasians
[8-16]. In Japan, we have previously demonstrated age-
related differences in structural geometry and femoral
strength and changing patterns in HSA geometry that may
be consistent with the epidemiological evidence of hip
fracture rates in Japan [17]. However, osteoporosis treat-
ments analyzed by HSA have not previously been reported
in Japanese patients.

The purpose of this study was to use the HSA method to
gain some insights into the effects of a 2-year treatment
with raloxifene on the proximal femur geometry among
Japanese women with osteoporosis.

Materials and methods

One hundred ninety-eight community-dwelling, ambula-
tory, postmenopausal women were enrolled who had
osteoporosis as defined by Japanese diagnostic criteria
[18]. These criteria included low BMD (7 score < —2.5) or
presence of osteoporotic fractures. Patients with a history
of hip fracture or any disease or medication known to affect
bone metabolism were excluded from this study. All
patients were given raloxifene (60 mg/day) over the study
period.

DXA scans of the hip were taken at baseline, and were
repeated at 6-, 12-, and 24-month follow-up points. Hip
scans were performed using a hip positioner system (HPS;
OsteoDyne, Durham, NC) to ensure consistent positioning
[19]. This device keeps the subject’s legs positioned in
abduction and internal rotation (15°).

Hip structure analysis

The archived DXA images were analyzed using the HSA
method, which has been described in detail in earlier
publications [7, 8]. Briefly, DXA scan files were first
converted into bone mass images in which pixel values
represent bone mass in grams per square centimeter, using
an automated program. The underlying principle of the
method is that a line of pixels traversing the bone axis is a
projection of the corresponding cross-section from which
certain geometric properties can be derived.

Three measured sites were defined as (1) narrow neck,
traversing the narrowest width of the femoral neck; (2)
intertrochanter, along the bisector of the shaft and femoral
neck axes; (3) shaft, at a distance of 1.5 times the minimum
neck width, distal to the intersection of the neck and shaft
axes.

The structural variables used in this paper were as fol-
lows [20, 21].

Q_) Springer

¢ Areal BMD (g/cmz): mean values of BMD from the
narrow neck region are on average about 14% higher
than the conventional Hologic neck ROI values on the
same subjects, although age trends were similar in
previous reports [10].

o OQuter diameter (c¢cm): the distance between (blur
corrected) outer margins of the cross-section.

o Cross-sectional area (CSA, cm?): this is defined as the
surface area of bone tissue in the cross-section after
excluding soft tissue (marrow) spaces. CSA is an index
of resistance to forces directed along the long axis of
the bone.

e Section modulus (cm®): this is an index of resistance to
bending forces and is calculated as CSMI/d,, ., where
CSMI is the cross-sectional moment of inertia and d.,
is the maximum distance from either bone edge to the
centroid of the profile.

e Average cortex (cm): this is an estimate of the mean
cortical thickness assuming a circular (narrow neck or
shaft) or elliptical (intertrochanter) annulus model of
the cross-section for use in the estimated buckling ratio.
The model assumes that 60, 70, and 100% of the
measured bone mass is in the cortex for the narrow
neck, intertrochanter and shaft, respectively.

¢ Buckling ratio: this describes stable configurations of
thin-walled tubes subjected to compressive loads and is
estimated as the ratio of d.. to the estimated mean
cortical thickness.

In addition to these parameters, the HSA program
measures neck-shaft angle and femoral-neck length. The
latter is defined as the distance from the center of
the femoral head to the intersection of the neck and
shaft axes.

Statistical analysis

All parameters are presented as mean (standard deviations,
SD) at baseline and percent differences from baseline (95%
confidence interval, CI). Differences were regarded as
statistically significant when the 95% CI did not include
zero. P values from two-sample ¢ tests were employed to
compare HSA parameter means. The correlations between
HSA parameters were analyzed by Pearson’s R and con-
sidered statistically significant at P < 0.05.

Results

Clinical characteristics at baseline

The mean (SD) age, body mass index, neck shaft angle, and
neck length were 62.6 (7.7) years, 22.0 (3.0) kg/mz, 129.1
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(4.6) degrees, and 4.7 (0.5) cm, respectively. The neck-
shaft angles and femoral-neck lengths were not signifi-
cantly different from Japanese values (neck-shaft angle:
129.9°, femoral-neck length: 4.7 cm) from our previous
report [17].

Changes from baseline in HSA parameters over 2 years

Based on repeated measures analyses, the baseline values
and the percent changes from baseline in each parameter
are shown in Tables 1, 2, and 3.

Narrow neck

BMD significantly increased by 1.27% (95% CIL: 0.01,
2.54) compared to baseline at 2 years. The section modu-
lus, an index of bending strength, significantly increased by
2.53% (95% CI. 1.22, 3.85) and 3.90% (95% CI: 2.33,
5.47) compared to baseline at | and 2 years, respectively.
Compared to baseline, the mean difference in CSA was
1.20% (95% CI: 0.32, 2.08) after 1 year and 2.67% (95%
CL: 1.44, 3.90) at study termination. Quter diameter sig-
nificantly increased at study termination; however, changes
in average cortex and buckling ratio did not reach signifi-
cance (Table 1).

Intertrochanter

BMD increased significantly by 2.73% (95% CI: 1.88,
3.58) at 1 year and then remained relatively constant
thereafter by 2.55% (95% CI: 1.55, 3.55) at study termi-
nation. The section modulus significantly increased by
4.63% (95% CI: 3.38, 5.87) and 6.60% (95% CI: 4.93,
8.26) compared to baseline at 1 and 2 years, respectively.
The buckling ratio decreased by 2.36% (95% CI: —3.55,
—1.16) at 1 year, but differences at 2 years became non-
significant (—0.69%, 95% CI; —2.05, 0.66). The other
parameters, CSA, outer diameter, and average cortex, were
all significantly increased at study termination by 4.49%
(95% CI: 3.30, 5.67), 1.92% (95% CI. 1.07, 2.78), and
2.78% (95% CI: 1.44, 4.12), respectively (Table 2).

Shaft

Results at the femoral shaft were qualitatively similar to
those of the narrow neck and intertrochanter. The effects of
raloxifene were significantly increased in all parameters
except buckling ratio at study termination (Table 3).

It is worth noting that the % change of the section
modulus was significantly higher than that of BMD at
2 years in all three regions.

Table 1 Mean (SD) bone values at baseline and mean percent difference (95% CI) from baseline in ralox‘ifene treatment in 2 years at the narrow

neck region

Narrow neck Baseline values,

% difference vs. baseline, mean (95% CI)

mean (SD)

6 months

12 months

24 months

BMD (g/cm®)
CSA (cm?)
Outer diameter (cm)

Section modulus (cm®)

Average cortex (cm)

Buckling ratio

0.742 (0.134)
2.033 (0.351)
2.889 (0.186)
0.875 (0.165)
0.142 (0.027)
11.601 (0.118)

0.03 (—0.81, 0.87)
0.89 (—0.14, 1.92)
0.85 (0.39, 1.30)*
1.68 (0.14, 3.22)*
0.00 (—0.89, 0.89)
1.72 (0.61, 2.84)*

0.47 (—0.50, 1.45)
1.20 (0.32, 2.08)*
0.81 {0.25, 1.36)*
2.53 (1.22, 3.85)*
0.51 (—0.53, 1.55)
1.38 (—0.41, 3.17)

1.27 (0.01, 2.54)*
2.67 (1.44, 3.90)*
1.4 (0.68, 2.20)*
3.90 (2.33, 5.47)*
1.28 (—0.06, 2.61)
0.56 (—1.73, 2.81)

* P < 0.05 vs. baseline

Table 2 Mean (SD) bone values at baseline and mean percent difference (95% CI) from baseline in raloxifene treatment in 2 years at the

intertrochanter region

% difference vs. baseline, mean (95% CI)

12 months 24 months

Intertrochanter Baseline values,
mean (SD)
6 months
BMD (g/cm?) 0.749 (0.134)
CSA (cm?) 3.507 (0.593)

Outer diameter (cm)

Section modulus (cm?)

Average cortex (cm
Buckling ratio

4.937 (0.343)
2.903 (0.552)
0.305 (0.059)
9.510 (2.346)

2.12 (1.53, 2.87)*
2.15 (1.36, 2.94)*
—0.02 (—0.56, 0.52)
2.29 (1.22, 3.36)*
2.50 (1.65, 3.36)*

—2.38 (—3.20, —1.56)*

2.73 (1.8, 3.58)*
3.53 (2.64, 4.41)*
0.82 (0.24, 1.41)*
4.63 (3.38, 5.87)*
3.24 (2.15, 4.33)*

—2.36 (—3.55, —1.16)*

2.55 (1.55, 3.55)*
4.49 (3.30, 5.67)*
1.92 (1.07, 2.78)*
6.60 (4.93, 8.26)*
2.78 (1.4, 4.12)*
—0.69 (—2.05, 0.66)

* P < 0.05 vs. baseline
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Table 3 Mean (SD) bone values at baseline and mean percent difference (95% CI) from baseline in raloxifene treatment in 2 years at the shaft

region

Shaft

Baseline values,
mean (SD)

% difference vs. baseline, mean (95% CI)

6 months

12 months

24 months

BMD (g/cm?)

CSA (cm?)

Quter diameter (cm)
Section modulus (cm?)
Average cortex (cm)
Buckling ratio

1.258 (0.218)
3284 (0.527)
2754 (0.182)
1.693 (0.312)
0.465 (0.105)
3.234 (0.919)

1.33 (0.65, 2.00)*
1.18 (0.48, 1.87)*

—0.14 (=0.43, 0.15)
047 (—0.51, 1.45)
1.81 (0.92, 2.71)*

—1.59 (—2.60, —0.58)*

1.77 (0.89, 2.66)*
2.27 (143, 3.10)*
0.54 (0.07, 1.00)*
2.56 (1.36, 3.77)*
2.44 (1.12, 3.75)*
—-1.26 (-2.79, 0.28)

1.80 (0.76, 2.84)*
3.54 (248, 4.59)*
1.74 (1.18, 2.3D)*
474 (3.26, 6.23)*
2.08 (0.62, 3.55)*
0.11 (—1.55, 1.78)

* P < 0.05 vs. baseline

Table 4 Cross-correlations (Pearson’s R) among the percent changes of parameters in hip structure analysis at the narrow neck region

Narrow neck BMD CSA Outer diameter Section modulus Average cortex Buckling ratio
BMD 1.000 0.840** —0.465** 0.794** 0.998** —0.862**
CSA 1.000 0.084 0.797** 0.825** —0.520%*
Quter diameter 1.000 —0.172* —0.486** 0.769**
Section modulus 1.000 0.785%* —0.648**
Average cortex 1.000 —0.869**
Buckling ratio 1.000

* P < 0.05, ** P <0.001

Table 5 Cross-correlations (Pearson’s R) among the percent changes of parameters in hip structure analysis at the intertrochanteric regicn

Intertrochanter BMD CSA Outer diameter Section modulus Average cortex Buckling ratio
BMD 1.000 0.761** —0.297** 0.535** 0.714** —0.837**
CSA 1.000 0.392%* 0.879** 0.894** —0.708*+*
Outer diameter 1.000 0.534+* 0.302+* 0.148
Section modulus 1.000 0.757** —0.557**
Average cortex 1.000 —0.868**
Buckling ratio 1.000

** P <0.001

Table 6 Cross-correlations (Pearson’s R) among the percent changes of parameters in hip structure analysis at the shaft region

Shaft BMD CSA Outer diameter Section modulus Average coriex Buckling ratio
BMD 1.000 0.865** —0.360** 0.628%* 0.975%* —0.900%**
CSA 1.000 0.155 0.856** 0.803** —0.598**
Outer diameter 1.000 0.357** ~0.416%* 0.682**
Section modulus 1.000 0.561** —0.361**
Average cortex 1.000 —0.914**
Buckling ratio 1.000

** P < 0.001

Correlations among the percent changes of parameters

Tables 4, 5, and 6 show correlations (Pearson’s R) among
the percent changes of HSA parameters in the narrow neck,
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intertrochanter, and shaft, respectively. The percent change
of the section modulus is strongly correlated with the
percent change of BMD, CSA, and average cortex and
negatively correlated with the percent change of the
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buckling ratio in all regions. As expected, the percent
change of BMD has a positive relationship with the percent
change of CSA, but a negative relationship with the percent
change of outer diameter in all regions.

Discussion

One of the problems with the use of BMD as a monitor for
osteoporosis treatment is that it does not completely cap-
ture the mechanical factors that lead to fragility [4-6]. On
the other hand, bone geometry measurements have a more
direct relationship with mechanical strength. In this study,
we are the first to report that Japanese women on raloxifene
therapy over 2 years had significant positive changes in the
structural geometry at all measured cross sections of the
proximal femur. Raloxifene treatment produced positive
changes in CSA and in the section modulus, indices of
geometric strength in axial compression and bending,
respectively. These changes were particularly evident at
the narrow neck and intertrochanter regions that corre-
spond to common fracture sites. The interpretation of these
data is complex because the interplay between structure
and fragility is not completely understood.

It is critical to first consider the effect of periosteal
expansion because it is a geometric confounder of BMD,
but also opposing effects on bending resistance (section
modulus) susceptibility. The expansion of bone outer
diameters confounds conventional BMD analyses because
it increases the region area over which the BMD is aver-
aged (i.e., BMD = bone mineral content/region area).
Thus, in general, any net gain in bone within cross sections
due to treatment will be underestimated by BMD. This was
the case in the present study as treatment-induced gain in
bone (directly measured as CSA in HSA) is roughly twice
that apparent in the BMD due to the effects of expansion
(Tables 1, 2, 3). An increase in CSA will improve its
resistance to the axial component of those loads. Under
most conditions, however, bending dominates physiologic
loads on the proximal femur, and addition of bone to the
outer surface has a preferentially greater effect on the
section modulus. In the present study, the treatment-
induced effect on bending resistance (section modulus)
is about 30-50% greater than the effect on CSA and
2-3 times the effect on BMD in the same region.

Outer diameters widened from baseline in all three
femur regions, becoming significant after 12 months. Lack
of a placebo group in the present study prevents drawing
conclusions regarding treatment effects on expansion. The
yearly changes of outer diameter in the present study were
higher than that of literally reported data in untreated
Japanese women (narrow neck: 0.46%/year, intertrochant-
er: 0.22%/year, shaft: 0.16%/year) [17]. However, it could

not be concluded that the expansion of outer diameter in
this study was the effect of raloxifene, because the literally
reported data include not only osteoporotic patients, but
also normal women, and the baseline values in this study
were lower than those in literal data. In addition, the
multiple outcomes of raloxifene evaluation (MORE) trial
was unable to detect raloxifene effects on rates of perios-
teal apposition vs. placebo [12]. For the above-mentioned
reasons, the expansion of outer diameter in the present
study might mainly appear to accompany the aging process
rather than the effects of raloxifene.

Nevertheless, the presence of expansion in the present
study does have important implications because it modifies
the effects of bone gain due to treatment. Although the
outer diameter expands with age in untreated patients,
average cortex, CSA, and section modulus decrease with
age. On the other hand, the average cortex, CSA, and
section modulus in raloxifene treatment were significantly
increased. These results indicated that raloxifene decreased
the bone resorption in endocortical bone without inhibiting
the bone formation in periosteal, and induced an increase in
the average cortex, CSA and section modulus.

Our results in Japanese women were generally consis-
tent with the larger MORE study of raloxifene effects on a
mostly (95.7%) white population of postmenopausal
women with osteoporosis [12] with one notable difference.
In both studies, significant improvements (reduction) in
buckling ratios were evident at the narrow neck and in-
tertrochanter regions at early time points, but differences
declined with time. In the MORE study, a 2% lower
buckling ratio remained significant at 3 years [12], but in
our study, the buckling ratios were no longer significant
after 2 years of treatment. A clinical trial by Greenspan
et al. [13] evaluated the effects of estrogen replacement
therapy on femur geometry, and showed positive effects on
CSA and section modulus that were comparable to those of
the present study. Interestingly, after 3 years of estrogen
treatment, there were no apparent differences from baseline
in buckling ratio at the narrow neck, intertrochanter, and
shaft regions. Treatments followed for longer periods seem
to initially reduce the buckling ratio, but with continued
expansion the effect seems to moderate with time [12, 16,
22]. This mechanism still needs to be carefully studied.

MORE and the present study showed significantly
improved geometric parameters in the proximal femur,
which were similar to those of alendronate, risedronate,
and estrogen, so that the important question is whether
these results lead to a reduction of the incidence of hip
fracture. In previous clinical trials, alendronate, risedro-
nate, and estrogen have shown protective effects against
hip fracture, but there are no reports about raloxifene for
the reduction of hip fractures [23-28]. Alendronate,
risedronate, and raloxifene (MORE) significantly improved
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both the section modulus and buckling ratio, and the results
for estrogen and the present study have shown significantly
increased section modulus. These data indicated that there
is no qualitative difference in the changes of geometric
parameters (section modulus, buckling ratio) between ra-
loxifene and others (alendronate, risedronate, estrogen). On
the other hand, alendronate significantly improved the
section modulus and buckling ratio compared to risedro-
nate in a head-to-head trial [15]. However, these quanti-
tative differences could not directly explain the risk
reduction of hip fracture, because there is no evidence that
alendronate has a superior effect for reducing hip fracture
compared to risedronate. The quantitative differences
between raloxifene and others (alendronate, risedronate,
and estrogen) could not explain the risk reduction of hip
fracture, because there is no head-to-head comparison
study.

The MORE trial has shown that raloxifene treatments
reduce new vertebral fracture incidence by about half
compared to placebo control {23, 24], but the incidence of
hip fracture in that trial was inadequate to detect effects on
hip fracture rates. This contrasts with the alendronate (FIT-
1) and risedronate (HIP) studies, where because of differ-
ences in enrollment criteria, rates of hip fracture in control
groups were 3-5 times higher in the FIT-1 (2.2%) and HIP
(3.2%) studies vs. 0.7% in MORE [23, 25, 26]. Nakamura
et al. [29] reported that raloxifene treatment at 60 mg/day
for 1 year resulted in a significant reduction in the risk of
new clinical vertebral fractures and any new clinical frac-
ture in postmenopausal Asian women with osteoporosis.
Moreover, in a recent observational study, there were no
significant differences in hip fracture incidence between
patients treated with risedronate, raloxifene, and alendro-
nate [30]. Raloxifene may reduce the incidence of hip
fracture as well as risedronate and alendronate, although
this would be difficult to prove in a head-to-head study
because of the low incidence of hip fracture and the
necessity for enrolling huge numbers of patients.

There are methodological limitations to our study; DXA
scanners are not designed or optimized to measure struc-
tural dimensions. Precision, not evaluated in the present
study, was relatively poor in the MORE study [12]. The
main reason is the difficulty in reproducing the position of
the three-dimensional femur in two-dimensional images
separated months to years apart. Imprecision may prevent
the detection of subtle effects on geometry in this study. In
addition, use of two-dimensional DXA scans means that
the section modulus is assessed only in the scan plane;
effects of treatment may be different for bending directions
out of the image plane.

Although there were some limitations, this study also
has significant strengths. This is the first study employing
the HSA method to examine geometric strength-related

&\ Springer

parameters in elderly Japanese women on raloxifene ther-
apy over 2 years. Although these women maintained their
hip BMD, there were statistically significant changes in the
underlying geometry that have not previously been repor-
ted in this population. It is clear that like other osteoporosis
treatments, raloxifene alters femur geometry in a positive
direction. If technological improvements can make them
reliable enough for clinical use, geometric measurements
may ultimately provide a clearer view of the pharmaco-
logical efficacy of osteoporosis treatments.

We conclude that Japanese women on raloxifene ther-
apy have significant improvements of both BMD and
proximai hip structural geometry. Women who were trea-
ted with raloxifene showed positive structural changes in
the proximal regions of the femur that suggest improved
bending and axial strength over 2 years.
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