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Abstract

Summary—Changes in bone mineral density and bone strength following treatment with
zoledronic acid (ZOL) were measured by quantitative computed analysis (QCT) or dual-energy X-
ray absorptiometry (DXA). ZOL treatment increased spine and hip BMD vs placebo, assessed by
QCT and DXA. Changes in trabecular bone resulted in increased bone strength.

Introduction—To investigate bone mineral density (BMD) changes in trabecular and cortical
bone, estimated by quantitative computed analysis (QCT) or dual-energy X-ray absorptiometry
(DXA), and whether zoledronic acid 5 mg (ZOL) affects bone strength.

Methods—In 233 women from a randomized, controlled trial of once-yearly ZOL, lumbar spine,
total hip, femoral neck, and trochanter were assessed by DXA and QCT (baseline, Month 36).
Mean percentage changes from baseline and between-treatment differences (ZOL vs placebo, t-
test) were evaluated.

Results—Mean between-treatment differences for lumbar spine BMD were significant by DXA
(7.0%, p<0.01) and QCT (5.7%, p<0.0001). Between-treatment differences were significant for
trabecular spine (p=0.0017) [non-parametric test], trabecular trochanter (10.7%, p<0.0001), total
hip (10.8%, p<0.0001), and compressive strength indices at femoral neck (8.6%, p=0.0001), and
trochanter (14.1%, p<0.0001).

Conclusions—Once-yearly ZOL increased hip and spine BMD vs placebo, assessed by QCT vs

DXA. Changes in trabecular bone resulted in increased indices of compressive strength.
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Once-yearly treatment with zoledronic acid is known to be effective in decreasing the risk of
fracture in women with postmenopausal osteoporosis [1]. In a 3-year study, zoledronic acid
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reduced the risk of vertebral fracture by 70% and the risk of hip fracture by 41% compared
with placebo persistently over 3 years [1]. In addition, zoledronic acid was associated with a
significant improvement in bone mineral density (BMD) as measured by dual-energy X-ray
absorptiometry (DXA).

Measurement of BMD by DXA has a number of limitations. Such measurements integrate
the cortical and trabecular compartments of bone. Evaluations of spine BMD in the
anteroposterior projection include the posterior elements of the vertebrae, which do not
contribute to the strength of the vertebral body, and aortic calcification (if present). Also,
DXA measurements are influenced by degenerative changes to the vertebrae, such as
osteophytes and endplate sclerosis, and these contributions do not add to the strength of the
bone. In addition, a number of studies have suggested that changes in BMD as measured by
DXA with bisphosphonate treatment only partially explain the decreases in fracture risk seen
with these agents. Measurement of the spine by quantitative computed tomography (QCT)
however, allows study of the trabecular compartment of the vertebral body, avoiding the
endplates and osteophytes, and does not include the posterior elements or aortic
calcification. Such measurements may therefore give a clearer picture of the effects of a drug
on the strength of the vertebrae. Similarly, QCT measurements of the proximal femur allow
the study of cortical and trabecular compartments and moreover, the sites measured are
relevant to fracture: femoral neck measurements reflect the region at which femoral neck
fractures occur, while trochanteric measurements reflect the region at which
intertrochanteric fractures occur. Importantly, QCT measurements of the proximal femur
allow calculation of more biomechanically relevant indices relating to bone strength than
DXA, as they are based on volumetric rather than projectional data. For example, Cheng et
al. (2007) reported a case—control study of Chinese women with hip fracture and calculated
indices of bending/torsion strength (BSI) and compression strength (CSI) [2]. They found
that CSlI, but not BSI, was decreased in patients with hip fracture, and also found that some
cortical bone indices, such as the ratio of cortical to total bone volume, were associated with
the risk of hip fracture independent of volumetric BMD.

The study was conducted in a subgroup of the postmenopausal women studied in the Health
Outcomes and Reduced Incidence with Zoledronic Acid Once Yearly—Pivotal Fracture Trail
(HORIZON-PFT) [1]. We hypothesized that treatment with zoledronic acid 5 mg would (1)
result in increases in lumbar spine and proximal femur BMD, although the changes may
differ when measured by QCT as compared with DXA,; (2) result in increases in trabecular
and cortical bone, although the magnitude of the changes may differ; and (3) result in
changes in bone strength indices, and these may help explain the reduction in hip fracture
risk observed in the HORIZON-PFT study.

In the HORIZON-PFT, a total of 3,889 patients were randomly assigned to receive a single
15-min infusion of zoledronic acid (5 mg; manufactured by Novartis Pharma, Basel,
Switzerland) at baseline, 12 and 24 months, and 3,876 were assigned to receive a matching
placebo [1]. Patients were subsequently followed for 36 months. Overall, 233 women (mean
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age, 74 years; range, 65-87 years) were recruited from six clinical sites for this substudy of
QCT.

Dual X-ray absorptiometry

Measurement of the hip (total hip, femoral neck, and trochanter) by DXA was performed at
baseline and at months 6, 12, 24, and 36 using a Hologic (Waltham, MA) or GE Lunar
(Madison, WI) or Norland (Trumbull, CT) axial bone densitometer. Measurements of BMD
at the lumbar spine were obtained for a subgroup of patients at the same timepoints.

Quantitative computed tomography

All QCT acquisition used CT scanners (Pittsburgh, GE Lightspeed 16 detector; Sheffield,
Siemens Somatom 16 detector scanner; Hong Kong, GE Hi Speed advantage, GE
LightSpeed; Buenos Aires, Picker PQ5000, Toshiba Xpress Gx; Quebec, GE LightSpeed).
Patients were positioned supine on the CT table. An Image Analysis QCT calibration
phantom (Image Analysis, Columbia KY, USA) was placed under the patient between the
hips. The superior aspect of the helical scan was 5 mm above the acetabulum and the inferior
limit was 5 mm below the lesser trochanter. Scan parameters were 3-mm section thickness
(pitch=1), 80 kVp, and 140 and 280 mAs for spine and hip, respectively, with an in-plane
pixel size of 0.94-0.97 mm depending on the model of scanner. The CT images were
archived to DICOM CD-ROM and forwarded to the University of California, San Francisco
(UCSF) for analysis by the UCSF QCT Reading Center.

The QCT image analysis of the left hip was performed as previously described, [2, 3] using
an image analysis program. The software defined the periosteal boundaries of the hip, and
defined measurement regions encompassing the greater and lesser trochanters, the femoral
neck, and the entire hip. Within each region, the program characterized the volumetric
BMD, volume and bone mineral content of the total tissue envelope, the cortical bone, and
the trabecular bone. Areal BMD was computed from each region by projecting each region
into the anteroposterior plane and dividing the projected region area into the total bone
mineral content for that region. The program searched along the femoral neck axis between
the lateral aspect of the femoral head and the lateral edge of the proximal femur and
computed the cross-sectional area within the periosteal boundary as a function of position
along the neck axis. The minimum of this function (MNCS) occurred at the femoral neck,
and the maximum (MXCS) is the plane between the lesser and greater trochanters. Femoral
neck BSI was computed from the elastic modulus-weighted effective polar moment of
inertia of the MNCS cross-section divided by the calculated bone width. Femoral neck and
trochanteric compressive strength indices (NCSI and BCSI) were then computed from the
square of volumetric BMD of each region multiplied by the cross-sectional area values for
those regions (MNCS and MXCS, respectively).

Statistical analysis

Analysis of the data from the QCT subgroup was carried out at UCSF by the Department of
Epidemiology and Biostatistics. Group means (unadjusted) and 95% confidence intervals
(CI) were calculated for the percentage changes from baseline in variables measured by
DXA and QCT. These values were then used to assess the significance of changes within
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each treatment group. The statistical significance of between-treatment differences in
baseline risk factors was evaluated using a two-sample ¢test. When data were not normally
distributed, non-parametric Wilcoxon rank-sum tests were performed. Interactions between
treatments and baseline values were assessed at the p<0.05 level.

We limited this analysis to the cohort of 233 participants who had an evaluable spine or hip
QCT measurement at baseline. The numbers included for DXA are the subset among these
233 with DXA available for each measurement site or time. Where specific measurements

for either DXA or QCT were not available, the denominators are indicted in the tables.

Given the sample size and the standard deviations of percentage change seen in this study,
with a power of 0.9 (calculated post hoc), changes of approximately 3% would have been
detected for the DXA measurements. For QCT, there was sufficient power to see differences
of approximately 4% for trabecular spine BMD or for integral hip BMD, 6% for hip cortical
volume and about 5% for compressive strength indices.

At baseline, 232 and 230 patients had evaluable QCT scans at the hip and spine,
respectively. Of these, 177 patients had evaluable QCT scans for both hip and spine at year
3, while an additional two patients had evaluable data at the hip only, and one had evaluable
data at the spine only. Most baseline characteristics were similar between the groups (Table
1), and similar to those of the overall HORIZON-PFT population [1]. The subgroup with
QCT had slightly greater femoral neck BMD at baseline (0.56 vs. 0.53 g/cm?, respectively)
and a slightly lower proportion of prevalent vertebral fractures (56% vs. 63%) compared
with the overall population [1]. At baseline, most QCT parameters were comparable
between the two treatment groups (Table 2). Safety was assessed for the HORIZON-PFT
population as previously reported [1]. Zoledronic acid (5 mg) was generally safe and well
tolerated.

Change in BMD

Mean percentage changes in BMD from baseline in the zoledronic acid and placebo groups
are shown in Table 3. The mean difference between treatment groups for lumbar spine BMD
by DXA was 7.0% and this was similar to the percentage change in QCT-derived AP view
DXA-like, for which the mean difference was 5.7%. The mean between-treatment
differences for femoral neck, trochanter, and total hip BMD by DXA were 5.1%, 7.5%, and
5.1%, respectively. These were similar to the measurements obtained at the same sites by
QCT of 4.0%, 6.5%, and 6.0% (Table 3, Fig. 1).

Changes in cortical and trabecular compartments

Mean percentage changes from baseline in cortical and trabecular components are
summarized in Table 3. The cortical bone component for the spine is too thin and cannot be
separated accurately from the trabecular component and so this result is not shown.

Mean between-treatment percentage differences for integral spine, but not the trabecular
component, were statistically significant; however, the 3.3% mean between-treatment
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difference for the trabecular component was significant when analyzed by non-parametric
test (p= 0.0017). Similarly the absolute between-treatment change, 0.00575 g/cm3, was
significant (p=0.0062). Integral BMD is defined as the mean BMD within the periosteal
contour of the specific region. It includes both the cortical and trabecular bone envelopes.

The mean percentage change from baseline in femoral neck trabecular BMD shown in Table
3 differs from the absolute change from baseline, where no significant difference was
observed between the zoledronic acid and placebo groups. There was a significant mean
between-treatment difference for femoral neck integral BMD (4.0%; p<0.0001), but not
cortical BMD. Significant mean between-treatment differences were observed for trochanter
and total hip integral (6.5% and 6.0%, respectively) and trabecular BMD (10.7% and 10.8%,
respectively) (all p< 0.0001), but not for the corresponding cortical components (Fig. 1). The
changes in integral bone at the femoral neck, trochanter, and total hip all showed decreases
in the placebo group of approximately 3%. The changes in trabecular bone at the trochanter
and total hip showed decreases in the placebo group of about 8% (Table 3, Fig. 1).

Changes in cortical volume and indices of strength

There was a significant mean between-treatment increase in cortical bone volume of the
trochanter of 8.7% and of the total hip of 7.2% (all p<0.0005). There was no significant
change in cortical bone volume of the femoral neck, although there was a significant mean
between-treatment increase in femoral neck ratio of cortical to total volume of 4.8%. There
was no mean between-treatment increase in MNCS or BSI of the femoral neck. However,
CSl showed a mean between-treatment increase of 8.6% at the femoral neck and 14.1% at
the trochanter (all p<0.0001; Table 3, Fig. 1).

Discussion

Overall, the results of this study show that treatment with zoledronic acid (5 mg) leads to
significant increases in BMD at the spine, femoral neck, trochanter, and hip, compared with
placebo as measured by both DXA and QCT. It is widely acknowledged that QCT has
several advantages over DXA, as it allows the separate analysis of trabecular and cortical
bone compartments, cortical bone volume and indices of bending/torsional and compressive
strength. Such measurements can give a more detailed picture of the effects of a drug on
bone strength.

In general, the present study found that the increases in BMD observed in response to
treatment with zoledronic acid corresponded to changes in both trabecular and cortical
compartments, with trabecular bone density showing large percentage increases. Although
cortical bone density did not differ significantly between groups, cortical bone volume
increased in the treatment group, contributing to the difference in integral BMD measures by
QCT and DXA. Bone turnover is higher in trabecular than cortical bone, and the effects of
antiresorptive therapy, such as zoledronic acid, would therefore be expected to be greater in
trabecular bone. In this study, the femoral neck trabecular and cortical measures by QCT
were observed to be the same in both treatment groups as were the strength indices MNCS
and femoral neck BSI. However, the femoral neck CSI was observed to be higher in
response to treatment with zoledronic acid than with placebo. This can be explained by the
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fact that trabecular BMD is quite variable due to a small region size and in this study had
very low baseline BMD, meaning that the absolute changes of a few mg/cm3 translate into
huge percentage changes and large variations. The cortical BMD in the neck showed a trend
towards an intergroup difference (slight increase to the same in the zoledronic acid treatment
group, with a decrease in the placebo-treatment group) but this was not significant. Femoral
neck CSlI is based on neck integral BMD which showed a significant change. Since femoral
neck CSI is neck integral BMD? multiplied by MNCS, there was a large change in femoral
neck CSI even though MNCS did not change.

Only a few other studies have examined the effect of bisphosphonates on changes in bone as
assessed by QCT. In the PaTH (Parathyroid Hormone and Alendronate) study, for example,
the effect of parathyroid hormone 1 to 84 (PTH;_g4) compared with alendronate or the
combination of both agents over 1 year on the spine and hip was evaluated by QCT [4]. The
PaTH study also used the same analysis program as used in this study so the results can be
broadly compared [2, 3]. In an extension to the PaTH study, 1 year of alendronate therapy
was compared with 1 year of placebo, after 1 year of parathyroid hormone treatment [5]. In
agreement with our findings, alendronate treatment resulted in significant increases in
trabecular BMD, but no significant increases in cortical BMD compared with placebo. One
group in the study received 2 years of alendronate therapy, and the pattern of BMD response
was broadly similar to our findings in that trabecular, but not cortical BMD was increased
(although the increases in trabecular bone from baseline did not reach significance). The
PaTH study also reported significant increases in cortical bone volume in response to
alendronate treatment, and similarly we found that zoledronic acid resulted in significant
increases in cortical bone volume at the trochanter and hip.

In an 18-month, randomized, parallel, double-blind study that compared the effects of once-
daily doses of teriparatide and alendronate on BMD and biomarkers of bone turnover,
trabecular lumbar spine BMD and trabecular and cortical femoral neck BMD were measured
by QCT [6]. Alendronate treatment resulted in significant increases in trabecular lumbar
spine BMD and cortical femoral neck BMD, but not trabecular femoral neck BMD, after 18
months [6]. This is in contrast to our study, which found a significant increase in absolute
lumbar spine trabecular BMD, but no significant increase in cortical or trabecular BMD at
the femoral neck. In addition, we observed the greatest increases in BMD in the trabecular
rather than cortical compartments of the total hip and trochanter.

In the MORE (Multiple Outcomes of Raloxifene Evaluation) study; a 3-year, randomized,
double-blind, placebo-controlled trial of raloxifene in postmenopausal women, QCT of the
spine was evaluated in a subgroup of patients [7]. In agreement with our study, the results
indicated an effect of raloxifene treatment on both integral bone and vertebral trabecular
BMD. However, in contrast to our findings, the MORE trial showed decreases in BMD in
the placebo groups at both integral and trabecular spine.

The present study found that for similar sites, QCT gave similar results to DXA. The QCT-
based measurements showed no bone loss at the spine (except in absolute values for antero-
posterior view DXA-like). Similarly, DXA measurement of lumbar spine BMD showed an
increase in the placebo group, possibly due to artifacts. Interestingly, the lack of bone loss at
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the spine is often attributed to the development of degenerative changes. However, use of
QCT measurements should mean that the effects of such changes on BMD measurement are
avoided as QCT measurements avoid endplates and osteophytes, and do not include the
posterior elements or aortic calcification.

A promising finding in the present analysis is the response to zoledronic acid observed in
parameters that are believed to be related to bone strength. Femoral neck cortical to total
volume ratio and femoral neck and trochanter CSI have all been linked to lower hip fracture
risk in a case control study [2]. From basic mechanical engineering principles, the
compressive strength of an object is mean elastic modulus (Ea) multiplied by cross-sectional
area (CSA). In this study, we modeled Ea as BMD? where BMD is the integral BMD of a
region and where NCSI equals BMD? multiplied by MNCS and TCSI equals BMD?
multiplied by MXCS. TCSI has been validated against femoral strength in vitro by Lotz et
al. [8] and for vertebrae by Buckley et al. [9]. Although prospective studies are needed, our
results suggest a significant treatment effect with zoledronic acid on all three of these key
indices, and the increase in volumetric BMD is consistent with expectation of an increase in
the compressive strength. In addition, a 7% increase in total hip cortical volume with
zoledronic acid was observed, with cortical volume increasing more in the trochanter than
the femoral neck. This apparent increase in cortical bone volume could be due to three
changes: (1) trabecular bone in the endocortical region is increasing in density and so is
misclassified by the image processing program as cortical, (2) there is a decrease in cortical
porosity and hence cortical bone that is porous at the first visit is counted as trabecular but at
the second visit it is less porous and so counted as cortical, and (3) there is a decrease in
subendosteal resorption causing a relative increase in cortical thickness.

In conclusion, we found that treatment with zoledronic acid 5 mg (1) resulted in increases in
lumbar spine and proximal femur BMD, and the changes did not differ when measured by
QCT as compared with DXA, (2) resulted in increases in trabecular but not cortical bone,
and 3) resulted in increases in compressive bone strength index, and this may help explain
the reduction in hip fracture risk observed in the HORIZON-PFT study.
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Change in DXA and QCT measures over 36 months in response to zoledronic acid (5 mg) or
placebo at the spine and hip. a Change in bmd at the spine and hip as measured by DXA and
QCT. b Change in trabecular and cortical bone at the hip measured by QCT. ¢ Change in

bone strength indicies measured by QCT. *p<0.001. 75 non-significant
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Baseline characteristics

Table 1

Zoledronic acid (n=122)

Placebo (n=111)

Age at randomization, years
Age at time of menopause, years
Race
Caucasian
Asian
Body mass index, kg/m?2
Prior bisphosphonate usage
Yes
No
Missing
Baseline vertebral fracture
Yes
No
Patients with three infusions
Corrected BMD, g/cm3
Lumbar spine
Femoral neck

Total hip

74.2+5.6
48.2+5.8

90 (73.8)
32(26.2)
25.0+4.3

108 (88.5)
14 (11.5)
0

68 (55.7)
54 (44.3)
92 (75.4)

0.807+0.119 (7=67)
0.5650.081 (11=97)
0.6810.101 (7=97)

74.3+6.4
46.8+5.7

89 (80.2)
22 (19.8)
24.843.9

91 (82.0)
19 (17.1)
1(0.9)

63 (56.8)
48 (43.2)
83 (74.8)

0.8020.137 (7=68)
0.5600.083 (71=86)
0.6720.097 (n=86)

Data are expressed as 77 (%) or mean+SD
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Table 2
Baseline QCT measurements
Bone measurement Zoledronic acid Placebo
Spine (m=120) (r=110)
Spine BMD
Single slice integral, g/cm3 0.145+0.027 0.142+0.032
AP view: DXA-like vertebrae, g/cm3 0.158+0.027 0.156+0.031
Lateral view DXA-like vertebrae, g/cm®  0.121+0.026 0.114+0.024
Total vertebrae trabecular bone, g/cm3  0.071%0.023 0.062+0.023 *
Hip (n=121) (n=111)
Femoral neck BMD
Integral, g/cm? 0.207+0.030 0.202+0.031
Trabecular, g/cm3 0.030+0.031 0.022+0.027 *
Cortical, g/cm3 0.473+0.034 0.476+0.033
Trochanter BMD
Integral, g/cm3 0.190+0.030 0.182+0.031™
Trabecular, g/cm3 0.066+0.025 0.060+0.025 *
Cortical, g/cm3 0.463+0.030 0.457+0.031
Total hip BMD
Integral, g/cm? 0.193+0.029 0.185+0.030 *
Trabecular, g/cm? 0.063+0.024 0.057+0.023
Cortical, g/cm3 0.457+0.028 0.453+0.029
Cortical volume measurements (n=121) (n=111)
Femoral neck cortical bone volume, cm?3 4.96+1.17 4.98+1.34
Trochanter cortical bone volume, cm3 18.10+4.74 18.20+5.23
Total hip cortical bone volume, cm? 24.36+6.00 (7=120) 24.53+6.81 (7=109)
Strength indices (n=121) (n=111)
MNCS, cm 9.65+1.33 9.84+1.56
MXCS, cm 27.06+3.87 27.69+4.05
Femoral neck BSI 202187+441190 215660+521461
Femoral neck CSI 0.42+0.12 (7=120)  0.41+0.11 (7=109)

Trochanter CSI

1.01+0.32 (/=120)

0.95:0.33 (7=109)

Data are presented as mean + SD

BS/bending/torsion strength index, CS/compression strength index

*
p<0.05 vs zoledronic acid group
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Table 3

Page 14

Change in DXA and QCT measures over 36 months in response to zoledronic acid (5 mg) or placebo

Variable Zoledronic acid (95% CI) Placebo (95% CI) Between-treatment difference  pvalue
(95% CI)
Spine (=67) (r7=68)
Lumbar spine BMD (DXA) 8.81(7.31, 10.31) 1.83 (0.34, 3.32) 6.98 (4.86, 9.10) <0.0001
Spine BMD (QCT) (r=92) (=88)
AP view DXA-like 5.98 (4.51, 7.45) 0.31 (-1.20, 1.81) 5.67 (3.56, 7.77) <0.0001.
Lateral view DXA-like 9.80 (7.40, 12.20) 1.4 (-1.01, 3.90) 8.36 (4.93, 11.78) <0.0001
Total bone trabecular@ 0.006381 (0.003515, 0.009247)  0.000627 (-0.002304, 0.003558)  0.005754 (0.001654, 0.009853)  0.0062.
Hip (r,=97) (r=86)
Femoral neck BMD (DXA) 4.03 (2.85, 5.22) ~1.06 (-2.32, 0.20) 5.10 (3.36, 6.83) <0.0001
Trochanter BMD (DXA) 5.84 (4.67, 7.02) -1.62 (-2.86, -0.37) 7.46 (5.74,9.17) <0.0001
Total hip BMD (DXA) 3.53 (2.62, 4.44) -1.54 (-2.50, -0.57) 5.07 (3.74, 6.39) <0.0001
Femoral neck BMD (QCT) (7=93) (7=86)
Integral 0.92 (-0.39, 2.22) -3.10 (-4.46, -1.74) 4.02 (2.13, 5.90) <0.0001.
Trabecular? -0.00576 (-0.00946, ~0.00206)  -0.00559 (~0.00944, -0.00174)  -0.000168 (-0.0055, 0.00517) ~ 0.951
Cortical -0.86 (-1.94, 0.21) -1.81 (-2.92, -0.69) 0.94 (-0.61, 2.50) 0.2323
Trochanter BMD (QCT) (r=93) (1=86)
Integral 3.27 (2.00, 4.54) -3.26 (-4.58, -1.94) 6.53 (4.70, 8.36) <0.0001.
Trabecular 2.98 (-0.08, 6.04) -7.76 (-10.94, -4.57) 10.74 (6.32, 15.20) <0.0001.
Cortical -0.54 (-1.26, 0.18) -1.46 (-2.21, -0.71) 0.92 (-1.22, 1.96) 0.0834.
Total hip BMD (QCT) (7=93) (7=86)
Integral 2.86 (1.65, 4.07) -3.15 (-4.41, -1.90) 6.02 (4.27, 7.76) <0.0001
Trabecular 2.04 (-1.30, 5.38) -8.73 (-12.20, -5.26) 10.77 (5.95, 15.59) <0.0001.
Cortical -0.43 (-1.14, 0.27) -1.43 (-2.16, -0.70) 1.00 (-0.02, 2.02) 0.0541
Cortical volume measurements(QCT) (7=93) (r7=86)
Femoral neck cortical bone 3.31(0.62, 6.00) 1.11 (-1.69, 3.91) 2.20 (-1.68, 6.09) 0.2640.
volume
Trochanter cortical bone volume 8.83(5.70, 11.95) 0.13 (-3.12, 3.37) 8.70 (4.20, 13.20) 0.0002
Total hip cortical bone volume 7.20 (4.53, 9.86) -0.02 (-2.79, 2.79) 7.22 (3.38, 11.06) 0.0003
Strength indices(QCT) (7=93) (7=86)
MNCS 2.44(0.68, 4.19) 2.75(0.92, 4.57) -3.10 (-2.84, 2.22) 0.8097
MXCS 2.65(1.53,3.78) 1.83 (0.66, 3.00) 0.82 (-0.80, 2.44) 0.3188
Femoral neck BSI -2.25 (-3.42, -1.08) -2.21 (-3.43, -1.00) -0.03 (-1.72, 1.65) 0.9674
Femoral neck CSI 4.91 (2.06, 7.76) -3.70 (-6.67, =0.74) 8.61 (4.50, 12.72) 0.0001
Trochanter CSI 9.83 (7.12, 12.55) -4.25 (~7.08, -1.43) 14.08 (10.16, 18.00) <0.0001

Data are presented as mean (95% CI) percentage change, with p values showing the differences between the two groups

a.. . .
Since baseline values are very low, data are shown as absolute rather than relative changes

nnumber of patients with baseline and follow up DXA or QCT data for a specific measurement and timepoint

BS/ bending/torsion strength index

CS/ compression strength index
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