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Abstract

The unique noninvasive MRI technique was used to assess trabecular microarchitecture at 

multiple skeletal sites in 91 postmenopausal osteoporotic women receiving nasal spray salmon 

calcitonin (CT-NS) or placebo over 2 years. In the distal radius and lower trochanter of the hip, 

individuals treated with CT-NS exhibited significant preservation of trabecular bone 

microarchitecture compared with placebo, where significant deterioration was shown. MRI 

analyses of os calcis or μCT/histomorphometric analyses of bone biopsies did not reveal consistent 

differences in architecture between CT-NS and placebo.

Introduction—It is postulated that the reduction in osteoporotic fracture risk in response to 

certain antiresorptive osteoporosis therapies is caused less by effects on bone quantity than on 

bone quality (specifically trabecular microarchitecture). To test this hypothesis, the QUEST study 

was conducted to assess the effects of nasal spray salmon calcitonin (CT-NS) or placebo on 

parameters of trabecular microarchitecture at multiple skeletal sites using noninvasive MRI 

technology and iliac crest bone biopsies by μCT/histomorphometry.

Materials and Methods—Ninety-one postmenopausal osteoporotic women were followed for 2 

years (n = 46 for CT-NS, n = 45 for placebo); all women received 500 mg calcium daily. MRI 

measurements at distal radius, hip (T2 relaxation time [T2*]), and os calcis (obtained yearly), iliac 

crest bone biopsies with 2D histomorphometry and 3D μCT (obtained at study onset and 

conclusion), DXA-BMD at spine/hip/wrist/os calcis (obtained yearly), and markers of bone 
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turnover (obtained at 2-week to 12-month intervals) were analyzed, with an analysis of covariance 

model used to assess treatment effect for parameters of interest.

Results and Conclusions—MRI assessment of trabecular microarchitecture at individual 

regions of the distal radius revealed significant improvement, or preservation (no significant loss), 

in the CT-NS–treated group compared with significant deterioration in the placebo control group, 

as reflected in apparent BV/TV (p < 0.03), apparent trabecular number (p < 0.01), and apparent 

trabecular spacing (p < 0.01). Also, at the hip, the CT-NS group exhibited preservation of 

trabecular microarchitecture at the lower trochanter (p < 0.05) as determined by T2* MRI 

technology. Significant deterioration of trabecular bone architecture was noted in the placebo 

group at the femoral neck, Ward's triangle, and lower trochanteric sites. Apart from a significant 

increase in apparent trabecular number in the CT-NS group, significant changes within or between 

groups were not noted at the os calcis. Combined μCT/histomorphometric analysis of iliac crest 

bone biopsies did not reveal significant differences between treated and placebo groups. In the 

CT-NS group, regardless of the change in BMD (gain or loss) at the spine, hip, or distal radius, 

preservation of parameters of trabecular microarchitecture was noted, whereas in the placebo 

group, regardless of the change in BMD (gain or loss) at the spine, hip, or distal radius, loss or 

preservation was noted; however, changes in DXA/BMD (of the spine, hip, wrist, os calcis) 

between CT-NS and placebo groups were not significant. Serum C-telopeptide (S-CTx), a specific 

bone resorption marker, was reduced by 22.5% at 24 months (p = 0.056). The results of the 

QUEST study suggest therapeutic benefit of CT-NS compared with placebo in maintaining 

trabecular microarchitecture at multiple skeletal sites and support the use of MRI technology for 

assessment of trabecular microarchitecture in clinical research trials. However, the results also 

highlight site specific differences in response to antiresorptive therapies and the importance of 

sufficiently large sampling volumes (areas) to obtain reliable assessment of bone architecture.
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INTRODUCTION

Compromised bone quality and bone quantity (as components of bone strength) are 

recognized as substantially contributing to osteoporotic fracture risk.(1) Perhaps less well 

recognized is the role of bone quality (including bone architecture, turnover, damage 

accumulation, material strength, and mineralization) in defining and mediating therapeutic 

benefit in reducing such fracture risk. However, in this regard, there is increased awareness 

and an evolving consensus that the reduction in osteoporotic fracture risk in response to 

certain antiresorptive osteoporosis therapies may be caused less by effects on bone quantity 

than by effects on bone quality.(2–4) The genesis of such a perhaps heretical concept may 

have arisen from the results of two previous 3- to 5-year prospective postmenopausal 

osteoporosis therapy studies, the PROOF trial(5) and the MORE trial,(6) in which relatively 

modest improvements in spinal BMD were associated with significant reductions in 

vertebral fracture risk in response to either salmon calcitonin nasal spray (CT-NS)(5) or oral 

raloxifene,(6) raising questions over the relative contribution of change in bone quantity to 
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the reduction in fractures seen with these therapeutic agents. Such questions are reinforced 

with further posthoc analyses of the MORE data,(7) suggesting that only 4% of the vertebral 

fracture reduction seen with raloxifene in the MORE study was caused by improvement in 

bone quantity. A second posthoc analysis from the alendronate FIT trial(8) suggests that only 

16% of the vertebral fracture reduction in that study was caused by improvement in bone 

quantity. What might explain the additional reduction in fracture?

A change in bone quality—specifically trabecular microarchitecture—in response to 

antiresorptive therapy has been hypothesized to explain some proportion of the observed 

osteoporotic fracture reduction in the previous trials.(2) To test this hypothesis, a 2-year 

prospective study, the QUEST (Qualitative Evaluation of Salmon Calcitonin Therapy) trial, 

was conducted in postmenopausal osteoporotic women, using CT-NS as the antiresorptive 

osteoporosis therapy, with examination of its effects compared with placebo on parameters 

of bone quantity and bone quality. To assess trabecular microarchitecture as a component of 

bone quality, the iliac crest bone biopsy with 2D histology,(9) and more recently 3D μCT,(10) 

has been used. However, the high-resolution MRI technology has shown potential value to 

noninvasively evaluate trabecular microarchitecture.(11) The QUEST study was designed to 

determine the effects of CT-NS on trabecular microarchitecture and to evaluate the use of 

MRI in assessing trabecular structure in prospective clinical trials. We therefore report here 

the results of the QUEST study, specifically the effects of CT-NS or placebo on trabecular 

microarchitecture as determined by the relatively unique MRI technology at the radius, hip, 

and heel (os calcis).

MATERIALS AND METHODS

This double-blind placebo-controlled trial was conducted at a single study site (UWMC–

ORG, Seattle, WA, USA).

Study participants

White, Asian, or Hispanic women were eligible to participate if they were postmenopausal 

for at least 5 years with at least one to five prevalent thoracic or lumbar vertebral 

compression fractures, a lumbar spine BMD T score of <0, and no history of hip fracture. 

Women with a history of diseases or receiving medications known to affect bone 

metabolism were excluded, as were women currently or previously treated with 

bisphosphonates or currently or previously (within the past 12 months) treated with 

calcitonin, hormone replacement therapy, selective estrogen receptor modulators (SERMs) 

such as raloxifene, or PTH. The study protocol was approved by the University of 

Washington Institutional Review Board, and all women provided written informed consent.

Protocol treatment/follow-up studies

Participants were assigned to receive salmon calcitonin nasal spray at a daily dose of 200 IU 

(Miacalcin Nasal Spray; Novartis Pharmaceuticals, East Hanover, NJ, USA) or placebo 

nasal spray, using a computer-generated 1:1 randomization. All participants received one 

500 mg calcium carbonate tablet daily. Study subjects were seen at baseline and at months 1, 

2, 3, 6, 12, 18, and 24 of the 2-year study. Markers of bone turnover (serum bone-specific 

Chesnut et al. Page 3

J Bone Miner Res. Author manuscript; available in PMC 2015 May 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



alkaline phosphatase, serum C- and N-telopeptide, urinary N-telopeptide/creatinine) were 

obtained at baseline, 2 weeks, and 1, 2, 3, 6, 12, and 24 months; lumbar spine, hip, os calcis, 

and wrist BMD by DXA measurements was obtained at baseline and 1 and 2 years; MRI 

determinations at wrist, hip, and os calcis were obtained at baseline and 1 and 2 years; and 

X-rays of the thoracic and lumbar spine, iliac crest bone biopsies, and routine blood 

hematology/chemistry screening and safety parameters, (hemoglobin, calcium, phosphorus, 

creatinine, PTH, vitamin D) were obtained at baseline and at 2 years.

Analytical procedures

BMD—BMD was determined at the lumbar spine (L1–L4), hip (total hip, femoral neck, 

Ward's triangle, and tro-chanter sites), os calcis, and nondominant wrist (distal and 

midcortical sites) by DXA using a Hologic 1500 machine (Waltham, MA, USA); the short-

term in vivo precision error for this machine at the UWMC–ORG was <1%.

Spine radiographs—Anterior-posterior (AP) and lateral thoracic and lumbar spine X-

rays were evaluated by two of the study investigators (CHC, AS) for the presence of 

compression fracture; a 20% or greater reduction in anterior height of the individual 

vertebral body T3–L5, compared with posterior height, was accepted as a compression 

fracture.

Markers of bone turnover—Serum concentrations of bone-specific alkaline phosphatase 

(a marker of bone formation) were measured with an immunoradiometric assay (Tandem-R 

Ostase; Hybritech); serum concentrations of C-telopeptide cross-links and serum and urine 

normalized for creatinine concentrations of N-telopeptide cross-links (markers of bone 

resorption) were measured with enzyme-linked immunosorbent assays (Crosslaps; 

Osteometer Biotech and Osteomark; Ostex, respectively). All assays were performed at 

Pacific Biometrics (Seattle, WA, USA).

MRI—All MRIs (radius, hip, and os calcis; Fig. 1) were acquired using a General Electric 

Sigma scanner operating at 1.5 T (General Electric Medical Systems, Milwaukee, WI, 

USA). Images were obtained at the distal radius, using a custom-built phased array coil 

(University of Washington, Seattle, WA, USA), and the os calcis, using a 5-in surface coil 

(General Electric Medical Systems). For the radius scans, the patient laid supine with the 

arm at the side. A coronal, spin-echo localizer was used to identify axial sections starting 7 

mm proximal to the joint line and extending into the radial shaft. At these locations, four 

axial high-resolution fast gradient echo images (Fig. 1A) were obtained at a spatial 

resolution of 156 μm in-plane and 500 μm in slice direction. The flip angle, echo time, and 

repetition time were 30°, 5.6 ms, and 29 ms, respectively. The total imaging time for the 

high resolution scan was 12 minutes.

For the os calcis scans, the patient was also positioned supine; the lateral posterior edge of 

the foot was restrained, and the foot was rotated by ~20° (range, 10–30°). This was done to 

ensure that the os calcis was oriented vertically as much as possible, which is necessary for 

reproducible positioning in the follow-up scans and to assure maximum coverage in the 

high-resolution scan. An axial locator was used to prescribe a sagittal high-resolution scan 
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image (195 × 195 × 500 μm) using a 3D gradient echo sequence. The echo time, repetition 

time, flip angle, and bandwidth were 6.7 ms, 29 ms, 30°, and 7.81 kHz, respectively. At the 

os calcis, a single region in the posterior location was analyzed (Fig. 1B). The total imaging 

time was 12 minutes.

For the hip scans, T2* single slice, water-saturated, coronal gradient echo images (resolution 

1.875 × 1.875 × 10 mm) were obtained at 12 different echo times ranging from 4 to 40 ms. 

Four different regions were analyzed: the femoral neck, Ward's triangle, and upper and 

lower trochanteric regions (Fig. 1C). The relaxation time was determined assuming a 

monoexponential decay, and the underlying assumption was that the marrow fat T2 

relaxation time did not change with therapy. For the T2* relaxation time variable, an 

increase in T2* relaxation time in milliseconds is viewed as deleterious to bone structure, 

and a decrease in milliseconds is viewed as beneficial. The total imaging time was 6 

minutes.

The MRI scans were transferred to an independent SUN Workstation and processed using 

software developed in-house based on an IDL (Research Systems, Boulder, CO, USA) 

interface. For the coil geometries used in this study (radius and os calcis), correction maps 

based on low-pass-filtered versions of the actual high-resolution images(12) were used to 

correct the inhomogeneities caused by the coil geometry.

In the radius, an automatic contour tracking algorithm was used to identify the inner rim of 

cortical shell. An intensity based criterion using the coronal localizer scan was used for the 

automatic identification of the end plate, as previously described.(13) Regions of interest 

(ROI) were selected beginning 7 mm from the end plate and extending into the radial shaft, 

and 2D ROIs defined by the automated identification of the inner cortex were used to 

determine irregular regions of interest consisting of trabecular bone. A global threshold 

criterion based on two reference intensity levels, one for marrow fat (Im) and one for bone 

(Ib) was used to segment the images.(14) The intensity of the cortical bone was used to define 

the bone reference Ib as follows: smoothed intensity profiles along rays normal to the 

cortical bone surface were calculated, and the cortical intensity for each ray was taken as the 

value of the first minimum outside the trabecular region. The median value from 10 rays 

was taken as the cortical intensity for a slice. To obtain the final mean bone intensity, these 

intensity values were averaged for slices >2.5 mm from either end of the analysis region to 

avoid regions where the cortex was very thin and could lead to errors in the choice of the 

bone intensity. The marrow reference intensity Im was automatically selected using the 

histogram of intensities within the trabecular bone region as previously described.(14) The 

global threshold was set using the mean intensity of the trabecular region, Itrab, to give a 

bone fraction bone volume/total volume (BV/TV) = (Itrab – Ib)/(Im – Ib). At the os calcis, 10 

midsagittal slices (0.5 cm total thickness) were analyzed with the circular ROI. In the os 

calcis, Ib was selected manually in the background area because the cortical shell is too thin, 

the marrow intensity was selected as before, and a threshold was set as before.

Stereology techniques for quantifying 3D trabecular bone have been implemented.(15) For 

this study, the analyses were conducted over a trabecular bone region at the radius and os 

calcis. Using the segmented binary image the total number of bone pixels in each ROI and 
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the total area of the ROI were used to compute the apparent BV/TV. The number of pixels 

that crossed a set of parallel rays at a given angle through the image was counted, and the 

mean intercept length was computed. The mean intercept length for all angles was used to 

calculate apparent trabecular number. Apparent trabecular thickness and apparent trabecular 

spacing were calculated using apparent BV/TV and apparent trabecular number.

The segmented images were also analyzed with the recently introduced(16) 3D distance 

transformation techniques after the voxels were scaled to an isotropic resolution of 156 μm3 

by replication in the axial direction. Trabecular thickness was assessed by filling the bone 

phase of the segmented images with maximal spheres and computing the apparent trabecular 

thickness as the mean diameter of the spheres. Apparent trabecular spacing was measured as 

the thickness of the marrow spaces. To determine the trabecular number, the trabecular 

network was skeletonized and the apparent trabecular number was computed as the inverse 

of the mean distances between the structural elements of the skeleton. The stereology-based 

and the direct transformation-based techniques for assessing trabecular bone 

microarchitecture were compared at baseline in this study; significant correlations (R2 

ranging from 0.94 to 0.98 depending on the parameters assessed) were noted between the 

two techniques. Therefore, in addition to apparent BV/TV, only the stereology-derived 

measures of apparent trabecular number, spacing, and thickness are reported here.

Reproducibility for the MRI measurements is dependent on image quality for most 

parameters of trabecular microarchitecture; for seven subjects with reasonable image 

quality, a reproducibility of 2–4% was found for microstructure parameters.(17)

Bone histology—For histomorphometry and μCT, transiliac crest bone biopsy specimens 

were obtained from 91 women at baseline (right iliac crest) and from 67 women at the 2-

year study conclusion (left iliac crest). Specimens were obtained with a Rochester biopsy 

trephine (7.5 mm internal diameter; Rochester, MN, USA) after tetracycline hydrochloride 

was given orally in a 3:12:3-day sequence. Biopsy specimens were fixed in 70% ethanol and 

forwarded to Dr Erik Eriksen (Bone Histomorphometry Laboratory, Aarhus, Denmark) for 

analysis.

Standard static 2D histomorphometric parameters for trabecular and cortical bone 

parameters were measured as previously described.(9,18,19)

After histomorphometric assessment, the nondecalcified specimens, embedded in methyl 

methacrylate, underwent 3D μCT analysis (Scanco Medical AG, Bassersdorf, Switzerland) 

as performed by Dr M Glatt (Basle, Switzerland). Parameters obtained included BV/TV, 

trabecular number, trabecular spacing, and trabecular thickness, as previously described.(20)

Statistical analysis

An analysis of covariance model was used to assess treatment effect for the parameters of 

interest. The models included a factor indicating treatment group and the baseline value of 

the parameter of interest as a covariate. All tests were two-sided with a level of significance 

of 0.05. Given the exploratory nature of the trial, it was specified that no imputation method 

would be used to account for missing data and that the main analysis would be based on 
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observed data only. It was also specified that there would be no adjustment made for 

multiple comparisons. As such, the p values presented need to be interpreted in the context 

of this being an exploratory trial.

RESULTS

One hundred seventy-seven postmenopausal women were screened for the study; 91 were 

enrolled and randomly assigned to either CT-NS plus calcium (n = 46) or placebo nasal 

spray plus calcium (n = 45). The baseline characteristics of the 91 recruited women, 

including the parameters for microarchitecture, are noted in Tables 1 and 2. No significant 

differences were noted between treated and control groups for these parameters. All women 

were at least 5 years postmenopausal, with a lumbar spine T score of <0 and with at least 

one atraumatic vertebral compression fracture.

Seventy-one of the enrolled 91 women (78%) completed the 2-year study: 33 (72%) in the 

treated group and 38 (84%) in the placebo control group. Two subjects in the treated group 

discontinued the study because of nasal events including rhinitis; however, there were no 

significant differences between treated and control groups in women discontinuing the 

study. More than 90% of women were >75% adherent to treatment during their study 

participation, as determined by assessment of remaining drug in the nasal spray canister at 

study visits.

Ninety-one and 66 women provided baseline and 2-year MRI scans, respectively; reasons 

for declining the MRI procedure at wrist, hip, and/or heel included claustrophobia (n = 3) or 

inability to remain stationary for the entire procedure (n = 2). Specifically, 66 scan sets from 

the 71 women completing the study were forwarded to the UCSF group (SM, DCN) for 

analysis. Overall, no MRI images were eliminated for motion- or image quality-based 

considerations once received and analyzed by the UCSF group. However, four hip scans 

were analyzed but were not used in the study data analysis because of positioning at an 

incorrect site at follow-up compared with baseline. For the wrist scans, incorrect positioning 

of the wrist for the follow-up scans resulted in the deletion from study data analysis of 12 

scan sets at region 1, 8 scan sets at region 2, 6 scan sets at region 3, and 4 scan sets at region 

4. For region 4, an additional 10 scan sets were deleted from study data analysis because of 

incorrect coil placement, for a total of 14 scan sets deleted at region 4.

MRI results: radius

At baseline, correlations of BMD as determined by DXA and trabecular microarchitecture 

parameters as determined by MRI were assessed. At the radius, correlations were modest but 

significant (p < 0.05) and were dependent on the region (ultradistal or distal BMD, and 

regions 1–4 MRI): for apparent bone volume/total volume, the correlation coefficients 

ranged from 0.42 to 0.57, for apparent trabecular number the correlation coefficients ranged 

from 0.34 to 0.51, and for apparent trabecular spacing the correlation coefficients ranged 

from –0.26 to –0.47. For the os calcis, the correlations between DXA-assessed BMD and 

apparent bone volume/total volume, apparent trabecular number, and spacing were 0.42, 

0.37, and –0.39, respectively (p < 0.05). Correlations between BMD and apparent trabecular 

thickness were not significant for either radius or os calcis. At the hip, T2* correlations were 
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again dependent on the MRI hip region, but for total hip BMD ranged from –0.26 to –0.58, 

and –0.33 to –0.55 for femoral neck BMD (p < 0.05) Such correlations are similar to those 

previously noted.(11,21)

Correlations of apparent bone volume/total volume (apparent BV/TV) to the other radial 

trabecular microarchitecture parameters were assessed at baseline to determine the 

relationship of apparent BV/TV to apparent trabecular number/ spacing/thickness. The 

correlations between apparent BV/TV and the other parameters were significant (p < 0.05) 

and ranged from moderate to good (e.g., for region 2 of the radius, the correlation between 

apparent BV/TV and apparent trabecular number/spacing/thickness was 0.87, –0.85, and 

0.44, respectively; for region 3, the correlations were 0.89, –0.90, and 0.60, respectively).

High-resolution MRI assessment of trabecular microarchitecture at four regions of the distal 

radius through 2 years revealed a significant 2% percent gain in apparent trabecular bone 

volume (BV/TV) at region 1 within the CT-NS–treated group, with no significant change at 

region 1 in the placebo control group (+0.3%; Table 3). Significant percentage losses of –

5.9% and –9.1% at regions 3 and 4 were observed in the placebo control group, whereas no 

significant changes from baseline were seen for the CT-NS group at these regions (–0.5% 

and +0.4%, respectively). Significant differences between treated and control groups in 

percent change in apparent BV/TV through 2 years were seen at regions 3 (5.4%) and 4 

(9.8%; Fig. 2A; Table 3).

A significant increase (+1.7%) in apparent trabecular number and a significant decrease (–

2.3%) in apparent trabecular spacing were noted at region 1 within the CT-NS– treated 

group; significant decreases in apparent trabecular number (–4.1% and –6.9%) and 

significant increases in apparent trabecular spacing (+8.8% and +12.9%) were found at 

regions 3 and 4, respectively, in the placebo control group. There were significant 

differences in percent change through 2 years between treated and control groups for 

apparent trabecular number (5.1% and 8.9%) and apparent trabecular spacing (–8.8% and –

13.8%) at regions 3 and 4, respectively, and borderline significant differences in apparent 

trabecular number at region 1 (p = 0.050; Figs. 2B and 2C; Table 3).

For apparent trabecular thickness, significant losses from baseline were noted in the placebo 

control group at regions 3 and 4 (Fig. 2D; Table 3), but no between-treatment group 

differences were shown.

Absolute changes were in agreement with percent changes in CT-NS–treated and placebo 

control groups across regions 1–4 for all measured parameters, except for absolute change in 

apparent BV/TV in the NS-CT group at region 1 (p = 0.09 for absolute change, p = 0.03 for 

percent change). MRI scans were also obtained at 12 months of study participation; changes 

at 12 months within and between treated and placebo control groups for all MRI parameters 

at all regions of the distal radius showed similar trends to those seen at 24 months, but were 

not significant except for apparent BV/TV that increased at region 1 in the CT-NS–treated 

group (n = 32; +2.49%; 95% CI, 0.04, 4.94; p = 0.047) and for apparent trabecular spacing 

that, in the placebo group, worsened at region 3 (n = 35; +6.34%; 95% CI, 1.21, 11.48; p = 

0.016; data not shown).
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To address potential concerns regarding the variable responses to CT-NS or placebo across 

the individual regions 1–4, average absolute and percentage changes within and between 

treated and placebo groups were examined by calculating the mean for each structural 

parameter across the four regions at baseline and 12 and 24 months, with a percentage 

change calculated based on the means. Again, significant losses (save for apparent 

trabecular thickness) were noted within the placebo group (apparent BV/TV, –4.51%, p = 

0.002; apparent trabecular number, –4.03%, p = 0.002; apparent trabecular spacing, 

+10.72%, p = 0.003; apparent trabecular thickness, –1.11%, p = 0.138). Such losses were 

significantly different (save for apparent trabecular thickness) between the treated and 

placebo groups (apparent BV/TV, +5.67%, p = 0.005; apparent trabecular number, +5.43, p 

= 0.002; apparent trabecular spacing, –11,56%, p = 0.004; apparent trabecular thickness, 

+0.64%, p = 0.531). No significant average within group changes were noted in the 

parameters of the treated group; the significant gains in apparent BV/TV and apparent 

trabecular number/spacing noted in the treated group at region 1 were not seen when the 

means of regions 1–4 were assessed.

MRI results: hip

Significant percent increases through 2 years in MRI-derived T2* relaxation times were 

noted in the placebo control group at the femoral neck, Ward's triangle, and lower 

trochanteric sites of the proximal femur and in the CT-NS treated group only at the Ward's 

triangle site; again, an increase in T2* relaxation time reflects a deleterious effect on bone 

structure. Changes between treated and control groups were significantly different only at 

the lower trochanteric site (–7.42%; 95% CI, –12.49, –2.34; p = 0.049; Fig. 3).

MRI results: os calcis

There was a statistically significant increase in apparent trabecular number at the os calcis in 

the CT-NS–treated group (+1.66%; 95% CI, 0.61, 2.72; p = 0.003; data not shown). The 

remainder of the parameters were not statistically significantly different from placebo.

Relationship between change in trabecular microarchitecture and change in BMD in 
response to therapy

To examine the relationships between changes in MRI-derived microarchitectural 

parameters and changes in DXA-derived BMD in response to CT-NS or placebo, 

dichotomous analyses were performed. Subjects were divided into those women gaining 

BMD/showing no change and losing BMD at the spine, hip, or distal radius. Percentage 

changes in MRI microarchitectural parameters at the distal radius and hip were computed for 

treated and control groups gaining or losing BMD at the spine, hip, or distal radius (Table 4; 

Fig. 4). Although for MRI parameters the region 4 site of the distal radius and the femoral 

neck and lower trochanteric hip regions showed the most significant findings (Table 4; Fig. 

4), the relationships noted in Table 4 and Fig. 4 between change in microarchitecture and 

change in BMD were consistent for other distal radius and hip sites across all MRI 

measurements.

As noted in Table 4 and Fig. 4, women in the placebo control group losing BMD at the 

lumbar spine, hip, or distal radius were significantly losing trabecular microarchitecture at 
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the distal radius (region 4) and at the femoral neck and lower trochanteric sites of the hip (as 

implied by an increase in the T2* measurement). However, women in the CT-NS–treated 

group, even though losing BMD at the spine, hip, or distal radius, showed a consistent 

preservation (no significant loss) of trabecular microarchitecture at these skeletal sites. Also, 

these changes between the treated and control groups losing spine or total hip BMD were 

significantly different at the radius (save for trabecular thickness; Table 4), at the femoral 

neck of the hip (Table 4; Fig. 4) and at the lower trochanter of the hip (p = 0.05; Fig. 4). 

However, in women receiving placebo and gaining/no change in BMD at the spine or total 

hip, significant deterioration in trabecular microarchitecture was noted at the lower 

trochanteric and Ward's triangle hip site (+10.2% and + 12.8%, respectively, for gain in 

spine BMD; Table 4; and +10.0% at the lower trochanteric site for gain in total hip BMD; 

Fig. 4).

At region 3 of the distal radius, significant losses were noted in apparent trabecular number 

(–3.13 ± 4.38%; p < 0.02) and significant increases were noted in apparent trabecular 

spacing (+6.16 ± 8.88%; p < 0.03) in the placebo group women gaining/showing no change 

in BMD at the spine; such changes were significantly different from women in the treated 

groups (data not shown).

Relationships between changes in BMD/MRI and changes in MRI/MRI at different skeletal 
sites

Across the entire cohort of treated and placebo groups, for most sites, the correlations 

between changes in spine or hip BMD and changes in MRI parameters at the forearm or hip 

were nonsignificant (Table 5), as were the changes in MRI parameters at different skeletal 

sites (Table 6). However, the correlations between midradius BMD and MRI parameters of 

distal radius regions 3 and 4 reached significance for apparent BV/TV (Table 5), apparent 

trabecular number (region 3: r = 0.312, p = 0.015; region 4: r = 0.331. p = 0.017), and 

apparent trabecular spacing (region 3: r = –0.356, p = 0.005; region 4: r = –0.429, p = 0.002; 

data not shown). When correlating MRI parameters from the four regions of the forearm to 

T2* MRI parameters of the hip, apparent BV/TV at region 4 of the distal radius reached 

significance (p < 0.05) at the femoral neck and upper tro-chanter of the hip (Table 6).

BMD results

No significant changes (percent or absolute) were noted through 2 years within or between 

CT-NS–treated and placebo groups in BMD at spine, hip, wrist, or os calcis (spine BMD + 

0.84% difference compared with placebo, median reported because of skewness of data).

Bone turnover marker results

Serum C-telopeptide (CTx) showed a 22.5 ± 11.8% (SE) difference compared with placebo 

at 2 years (p = 0.056). If the statistical analysis was performed as the last observation carried 

forward, the reduction was –25.3% (p = 0.02). No significant changes in serum or urine N-

telopeptide (NTx) or serum bone-specific alkaline phosphatase (BSALP) were noted in the 

treated or control groups.
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Blood safety parameters/spine X-ray results

No abnormalities of blood safety parameters were noted; two new spinal fractures were 

noted in each group during the study.

Iliac crest bone biopsy results: histomorphometry and μCT

No significant changes in histomorphometric or μCT parameters were noted at 2 years, 

compared with baseline, within or between the treated and control groups, except for a 

significant difference in mean resorption rate as determined histomorphometrically (–0.399 

± 0.253 μm/day NS-CT, 0.380 ± 0.285 μm/day placebo, p < 0.048).

A detailed report of the iliac crest bone biopsy results (histomorphometry and μCT) and the 

relationships of these results to changes in BMD, markers of bone turnover, and MRI 

parameters will be the subject of a separate communication.

DISCUSSION

This study is the first clinical trial designed a priori to prospectively examine and compare 

the effects of an anti-resorptive osteoporosis therapy, in this study, salmon calcitonin nasal 

spray, specifically on parameters of trabecular microarchitecture, using both noninvasive 

MRI technology and invasive iliac crest bone biopsy–based μCT/ histomorphometry 

techniques to assess trabecular structure. The study shows significant preservation and/or 

improvement of trabecular microarchitecture (as determined by high-resolution MRI 

measurements of apparent bone volume/total volume, trabecular number, and trabecular 

spacing) at the distal radius in the postmenopausal osteoporotic women receiving CT-NS 

and calcium over 2 years compared with significant deterioration of trabecular 

microarchitecture in the women receiving only calcium. Preservation of bone quantity and 

structure, as measured by the MRI measurement of T2* relaxation time, was noted in the 

CT-NS group at the femoral neck and trochanteric regions of the proximal femur; significant 

deterioration (an increase in milliseconds) of this T2* relaxation time parameter was noted 

at multiple proximal femur sites in the calcium only control group. CT-NS–treated and 

control group subjects were stratified into groups gaining or losing BMD through 2 years at 

the spine, hip, or distal radius with subsequent examination of changes in the MRI-derived 

microarchitecture parameters in these groups. Women receiving CT-NS preserved trabecular 

microarchitecture at the distal radius and hip, regardless of their change in BMD (gain or 

loss): as noted in Table 4 and Fig. 4, no significant losses were noted in the CT-NS group in 

terms of parameters of trabecular microarchitecture even in those women in whom BMD 

was decreasing. However, significant losses of parameters of trabecular microarchitecture 

were noted at the wrist and hip in the placebo group losing BMD at the spine, hip, or distal 

radius. Such observations in the CT-NS treated group suggest a discordance between change 

in bone mineral quantity (as measured by BMD) and change in bone quality (as defined by 

trabecular microarchitecture), in response to the antiresorptive osteoporosis therapy salmon 

calcitonin, as hypothesized previously.(2) Although osteoporotic fracture was not an 

endpoint in this study, such discordance might contribute to an understanding of the 

apparent paradox in a number of clinical trials(5,6) of fracture reduction with only modest 

improvements in BMD, i.e., an effect on bone quality rather than bone quantity to explain 

Chesnut et al. Page 11

J Bone Miner Res. Author manuscript; available in PMC 2015 May 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the observed reduction in osteoporotic fracture risk. Also, at the lower trochanteric and 

Ward's triangle regions of the femur and at region 3 of the distal radius, significant 

deterioration was noted in parameters of trabecular microarchitecture (T2* relaxation time, 

and apparent trabecular number and spacing) in the calcium-only placebo group, even in 

those women who were gaining or showing no change in BMD at the spine or hip or distal 

radius. Such observations, whereas admittedly in small subgroups (14–16 subjects), raise 

questions regarding the adequacy of calcium supplementation (500 mg daily) alone to 

preserve trabecular microarchitecture in elderly postmenopausal osteoporotic women who 

are maintaining or even increasing BMD at the spine or hip.

Few previous studies in humans have been designed primarily to explain the effects of 

osteoporosis therapies, antiresorptive or bone-forming, on trabecular microarchitecture. 

Studies that have been performed have, most frequently, been substudies of larger clinical 

trials and have used paired iliac crest bone biopsies with 2D histomorpho-metric analysis of 

the biopsy specimens, with only recently the application of the μCT technique for a more 

specific 3D assessment of iliac crest trabecular microarchitecture. In response to estradiol(22) 

or estradiol/norethisterone(23) therapy, no significant change in BV/TV, and either no 

significant change(23) or a decrease(22) in wall thickness, was noted after paired iliac crest 

bone biopsy histomorpho-metric analysis in 22–28 postmenopausal osteopenic or 

osteoporotic women studied for 1–2 years. In response to bisphosphonate treatment, 

preservation of trabecular microarchitecture (BV/TV, trabecular number and spacing, 

trabecular thickness, and connectivity density), similar to that seen at the radius and hip in 

this study, was noted in 14 postmenopausal osteopenic women in response to 1 year of 

risedronate treatment as determined by μCT analysis of paired iliac crest bone biopsy 

specimens(24); in 12 placebo control subjects significant deterioration of these 

microarchitecture parameters was noted. In response to alendronate therapy, a preliminary 

report(25) postulated an increase in BV/TV, trabecular number and thickness, and 

connectivity as determined by both iliac crest biopsy histomorphometric and μCT analysis in 

14 osteoporotic women followed for 2 years, but the study only considered single end-of-

study biopsy specimens, as did a previous study suggesting a significant increase in the 

histomorphometry determined wall thickness.(26) For anabolic bone-forming therapies such 

as PTH, an interestingly little significant effect on the trabecular microstructural parameters 

of number, spacing, and thickness was noted in two studies: one was an uncontrolled study 

in 16 individuals (females and males) treated for 1.5–3 years with recombinant 

PTH(1-34),(27) and the other was a placebo-controlled substudy of the effects of 19 months 

of teriparatide in postmenopausal osteoporotic women (n = 51).(19) Both studies used paired 

iliac crest bone biopsy with histomorphometric and μCT analysis techniques. Significant 

improvement in μCT determined connectivity density in response to PTH therapy was noted 

in both studies.(19,27) Jiang et al.(19) noted a significant improvement after teriparatide 

therapy in structure model index and cortical thickness. In the same study, BV/TV, as 

determined histomorphometrically, exhibited a significant increase. This increase was, 

however, not demonstrable with μCT, revealing a discrepancy between X-ray–based 

assessment of bone mineral (μCT) and histomorphometric assessment of stainable bone 

tissue. Additionally, studies using paired biopsies from both sides of the ilium are 

confounded by significant error caused by an intrabone variation of 30% between sides(28) 
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and the small sample size, demanding rather large number of biopsies to achieve sufficient 

power.

Some of these problems could conceivably be overcome by longitudinal QCT or MRI 

imaging of the same bone site, provided sufficient resolution could be achieved. These 

techniques can assess the same bone area repeatedly and can also sample from larger 

volumes (or areas) than those achievable with bone biopsies. A secondary aim of the 

QUEST study was therefore to evaluate the use of MRI for assessing trabecular structure in 

clinical trials, and specifically in noninvasively determining the effects of osteoporosis 

therapies on the trabecular microarchitecture of bone. Because the microarchitectural 

structure of trabecular bone may play a significant role in determining biomechanical bone 

strength,(29) such use of MRI measurements may be of value not only for defining 

osteoporotic fracture risk and therapeutic response in research studies, but also potentially 

for determination of clinical response to osteoporosis treatment beyond that currently 

available with DXA (BMD), bone turnover markers, and/or skeletal X-ray.

MRI currently uses two different in vivo approaches for assessment of trabecular bone 

microstructure. First is a “direct” depiction of the trabecular network with high-resolution 

MRI followed with image analysis; a limitation includes the resolution achievable, with 

subsequent partial volume effects.(30) Image analysis may be based on extracting measures 

synonymous with histomorphometric measurements such as trabecular number, spacing, and 

thickness, based on whether a plate model or direct assessment of microstructure is used.(10) 

In addition, images may also be analyzed using a digital topological analysis (DTA) of 

magnetic resonance microimages with a subsequent assessment of the 3D topology of each 

voxel.(31) Whereas trabecular bone architecture is complex, anisotrophic, and displays 

considerable variability across skeletal sites,(10,30) the relationship between MRI-derived 

trabecular structure and biomechanical integrity of trabecular bone has been well established 

both in vitro and in vivo with these approaches.(11,15,29,32) As well, preliminary results from 

an on going study(33) suggests the DTA methodology may assess the effect of estrogen on 

trabecular microarchitecture at the wrist.

The second MRI-based methodology is an “indirect” assessment of bone quality through a 

measurement of the T2* decay rate of marrow, assessing bone quantity, the overall 

trabecular architecture, and the orientation of trabeculae.(30)

For determining the therapeutic effects of CT-NS on trabecular microarchitecture, the 

QUEST study used both the direct characterization of the trabecular network by HRMRI at 

the radius and heel and the indirect T2* MRI methodology at the hip. As confirmed in this 

study, MRI advantages include its noninvasive nature, its 3D assessment of bone structure, 

its capability for assessing multiple skeletal sites, its lack of exposure to ionizing radiation, 

and in general, its acceptability to research subjects. Whereas shortcomings of the MRI 

procedure include length of time of the procedure, the occasional claustrophobia associated 

with the closed MRI scanner, and the partial volume effects on measurement of certain 

trabecular structure parameters (trabecular thickness), such shortcomings may be obviated 

with future MRI technical advances. Overall, the study suggests that the MRI technology 
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may provide a research, and potentially a clinical, alternative to the more traditional, but 

invasive, iliac crest bone biopsy for assessing trabecular structure.

A number of questions are raised by the results of the study. First, the size of the study (n = 

91) prohibits reaching any conclusions regarding the effects on fracture reduction of such 

apparent trabecular microarchitecture preservation after CT-NS therapy. However, a 

relationship between trabecular microarchitecture and biomechanical integrity and 

osteoporotic fracture risk has been postulated(34,35) and confirmed in vitro(15,29,32,36) and in 

vivo.(37) As well, a recent paper(38) has noted a significant effect of salmon calcitonin on 

compressive stress in an animal model. It may therefore be hypothesized that preservation of 

trabecular microarchitecture will translate into a reduced fracture risk, but larger multicenter 

clinical trials using MRI measurements, with fracture as an endpoint, are necessary to 

confirm such a hypothesis (this study was a single-site exploratory study).

A second question is the variable therapeutic response to CT-NS, in terms of trabecular 

microarchitecture, and for the various methodologies (MRI, DXA, bone turnover markers, 

etc.) used in this study. The MRI-derived trabecular microarchitecture results note 

disparities in terms of therapeutic response within (regions 1–4 at the radius and the 

proximal femoral sites) and between (radius, hip, os calcis) the measured skeletal sites; iliac 

crest biopsy–derived histomorphometric and μCT results differ from those obtained with 

MRI. However, a differential, heterogeneous therapeutic response (improvement at one 

skeletal site, no change or loss at another skeletal site) has been noted in previous 

osteoporosis therapy trials in terms of BMD change at spine/hip/wrist(6,39) and in terms of 

fracture.(6) A similar site-specific therapeutic response for trabecular microarchitecture 

would not be unexpected and may be caused not only by differing amounts of cortical and 

trabecular bone at different skeletal sites such as has been seen at the distal radius by 

Majumdar et al.(40) but also as shown by Hildebrand et al.(10) to differing types of trabecular 

bone at these sites (i.e., rods, plates, and rods and plates combined). There may be 

quantitative differences in trabecular microstructure within the same skeletal site as shown 

by Thomsen et al.(41) at the vertebrae. Differential changes in response to CT-NS treatment, 

or placebo, within the regions 1–4 at the radius, or between the radius, hip, and os calcis, 

may therefore be caused by such microarchitectural heterogeneity; in this regard, it is also 

worth noting that the sampling of MRI slices of the radius in this study traversed areas with 

very different mechanical strain distributions, as shown by finite element analysis.(42) These 

differences may also partly account for the heterogeneous response to CT-NS seen in the 

four regions of the radius. The significant correlations shown in Tables 5 and 6 between 

forearm BMD, different MRI areas of the hip, and MRI regions 3 and 4 of the forearm 

would, however, suggest that the changes seen in these regions of the distal radius better 

reflect overall skeletal response than do regions 1 or 2. Last, the apparent lack of 

histomorphometric and μCT response to CT-NS at the iliac crest (no significant change 

within or between treatment and placebo groups) is also not totally unexpected, again 

because of microarchitectural heterogeneity of therapeutic response across differing skeletal 

sites.

In terms of a lack of a statistically significant therapeutic effect on BMD/DXA at multiple 

skeletal sites and the lack of concordance of BMD change with MRI trabecular 
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microarchitecture change (although across the entire treated and control cohort, significant 

correlations were noted at regions 3 and 4 of the radius; Table 5), a likely explanation is a 

masking of potential therapeutic effects of CT-NS by superimposed cortical components 

included in the projectional DXA measurement (which integrates cortical and trabecular 

bone, whereas MRI measures purely trabecular bone); CT-NS may primarily affect 

trabecular bone rather than cortical bone. In this regard, trabecular BV/TV as measured by 

histomorphometry, μCT or MRI correlates strongly to site-matched trabecular BMD as 

determined by QCT or mCT; in this study, a significant relationship is noted at baseline 

between MRI apparent BV/TV at the radius and radial BMD/DXA and is noted between 

change in MRI apparent BV/TV at the radius and radial BMD, although only at regions 3 

and 4 (Table 5).

In terms of the effect on bone turnover markers, CT-NS caused a 22.5% decrease in bone 

turnover as assessed by serum CTx. This decrease was of borderline significance (p = 

0.056). Previous studies(43,44) have indicated that CT-NS exerts significant effects on serum 

CTx: Srivastava et al.(43) reported reductions ranging between 22% and 34%, and Zikan and 

Stepan(44) noted a 55% reduction in bone resorption as determined by serum CTx 1–3 h 

after CT-NS administration. The reductions in this study are within the same range, albeit of 

only borderline significance. Although all efforts were made to standardize the time of blood 

sample collections (early morning), it is quite possible that disparities in time of collection 

may have contributed to variability in therapeutic response. The lack of reduction in NTx 

and bone-specific alkaline phosphatase after CT-NS is in line with previous reports.(45) The 

presence of inhibition of bone resorption with limited effect on bone formation has also been 

shown with oral calcitonin.(46)

A third question is an apparent anabolic effect of CT-NS on trabecular microarchitecture 

(significant improvement in apparent BV/TV, and apparent trabecular number and spacing, 

at region 1 of the radius, but not when the means of regions 1–4 were assessed). Whereas 

Farley et al.(47) and Furuichi et al.(48) have suggested in vitro, or in vivo animal, effects of 

CT-NS on bone formation, such findings have been relatively unique, and a possible 

anabolic effect remains hypothetical. The specific mechanism for the apparent improvement 

in microarchitecture is therefore unclear, but nevertheless the finding is statistically 

significant.

The results of the QUEST study therefore suggest therapeutic benefit of CT-NS compared 

with placebo in maintaining trabecular microarchitecture at multiple skeletal sites, as 

determined by the MRI technology. As well, the use of MRI for assessment of trabecular 

microarchitecture in clinical research trials is supported by these results. Interestingly, and 

perhaps paradoxically, such therapeutic benefit is achieved in the absence of an effect on 

BMD/DXA and at the iliac crest. However, the results also highlight site-specific 

differences in response to antiresorptive therapies and the importance of sufficiently large 

sampling volumes (areas) to obtain reliable assessment of bone architecture.
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FIG. 1. 
Representative MRI images at the (A) radius, (B) os calcis, (C) and hip (proximal femur), 

acquired using a 1.5-T General Electric Systems scanner with high resolution array coils 

(radius and os calcis). For the radius, four distal axial regions were assessed, three of which 

are shown. Region 1 is 7 mm from the distal endplate, and regions 1–4 are each 2.5 mm 

thick, corresponding to five MRI slices. For the hip, a coronal image with four regions of 

interest was obtained; for the os calcis, a sagittal image was obtained with a circular region 

of interest in the calcaneal area.
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FIG. 2. 
Percentage change (±SE), CT-NS versus placebo, in high-resolution MRI–acquired 

measurements of trabecular microarchitecture at the distal radius from baseline to 24 

months: (A) apparent bone volume/total volume; (B) apparent trabecular number, (C) 

apparent trabecular spacing, and (D) apparent trabecular thickness. The number of subjects 

for each region (n), CT-NS: region 1, 28/26; region 2, 30/28; region 3, 31/29; region 4, 

30/22 (all parameters). *Change from baseline within group; [], change from baseline 

between groups.
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FIG. 3. 
Percentage change (±SE), CT-NS versus placebo, in MRI-derived T2* relaxation times at 

four sites of the proximal femur, from baseline to 24 months. The number of subjects for 

each region (n), CT-NS/placebo: 30/32. *Change from baseline within group; [], change 

from baseline between groups.
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FIG. 4. 
(A and B) Relationships of percent changes (±SE; gain or loss) in BMD at the distal radius 

or spine to percent changes in MRI microarchitecture parameters (apparent trabecular 

number at the radius; region 4) in CT-NS/placebo subjects from baseline to 24 months. (C 

and D) Relationships of percent changes (±SE; gain or loss) in BMD at the femoral neck or 

total hip to percent changes in MRI microarchitecture parameters (T2* at the femoral neck 

or lower trochanter) in CT-NS/placebo subjects from baseline to 24 months. *Change from 

baseline within group; [], change from baseline between groups.
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Table 1

Baseline Demographic Characteristics of Enrolled Women

CT-NS (n = 46)
*

Placebo (n = 45)
*

Age (years) 67.3 (8.0) 67.6 (8.2)

Years since menopause (years) 18.6 (9.1) 21.4 (9.8)

Number of vertebral fracture [n (%)]

    1 23 (50.1) 16 (35.5)

    2 11 (23.9) 18 (40.0)

    3 12 (26.0) 11 (24.5)

BMD of lumbar spine (g/cm2) 0.9 (0.2) 0.8 (0.2)

Serum BSAP (U/liter) 29.0 (7.6) 28.1 (9.1)

Serum NTx (nM BCE) 13.6 (3.5) 15.0 (6.5)

Serum CTx (ng/ml) 0.5 (0.2) 0.5 (0.3)

Values are mean (SD) unless otherwise specified.

*
Number of patients randomized to treatment arms.
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Table 2

Baseline MRI Microarchitecture Parameters (Distal Radius,Hip)

CT-NS (n = 46)
*

Placebo (n = 45)
*

Distal radius (region 4)

    Bone V./total V. app. (1/1) 0.27 (0.08) 0.29 (0.08)

    Trabecular number app. (mm) 1.36 (0.28) 1.42 (0.26)

    Trabecular spacing app. (mm) 0.59 (0.27) 0.55 (0.22)

    Trabecular thickness app. (mm) 0.20 (0.03) 0.20 (0.03)

T2
*
 decay time (ms) of the proximal femur

    Femoral neck 15.75 (1.89) 14.83 (2.92)

    Ward's triangle 17.00 (2.69) 15.93 (4.04)

    Upper trochanter 16.92 (2.01) 16.10 (2.03)

    Lower trochanter 18.31 (2.12) 16.94 (2.90)

Values are mean (SD).

*
Number of patients randomized to treatment arms.
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Table 3

MRI Acquired Measurements of Trabecular Microarchitecture at Different Regions of the Distal Radius, 

Percentage Change From Baseline to 24 Months

CT-NS Placebo Treatment group comparison

n Mean Within-group p n Mean Within-group p
Mean

* 95% CI Between-group p

Bone V./total V. app.

    Distal radius region 1 28 2.0 0.033 26 0.3 0.954 2.1 [–0.77;5.05] 0.145

    Distal radius region 2 30 2.0 0.134 28 –1.1 0.433 3.0 [–0.69 6.64] 0.110

    Distal radius region 3 31 –0.5 0.782 29 –5.9 0.002 5.4 [0.46;10.36] 0.033

    Distal radius region 4 30 0.4 0.832 22 –9.1 0.003 9.8 [1.93;17.67] 0.016

Trabecular number app.

    Distal radius region 1 28 1.7 0.006 26 0.1 0.991 1.8 [0.00;3.65] 0.050

    Distal radius region 2 30 0.8 0.260 28 –0.2 0.654 1.3 [–1.03;3.62] 0.270

    Distal radius region 3 31 1.1 0.409 29 –4.1 0.004 5.1 [1.35;8.94] 0.009

    Distal radius region 4 30 1.6 0.387 22 –6.9 0.005 8.9 [2.50;15.23] 0.007

Trabecular spacing app.

    Distal radius region 1 28 –2.3 0.032 26 0.3 0.623 –3.1 [–6.50;0.20] 0.065

    Distal radius region 2 30 –1.4 0.220 28 1.5 0.210 –3.6 [–7.60;0.47] 0.082

    Distal radius region 3 31 0.0 0.994 29 8.8 0.001 –8.8 [–15.49;–2.13] 0.011

    Distal radius region 4 30 –0.6 0.819 22 12.9 0.001 –13.8 [–23.88;–3.76] 0.008

Trabecular thickness app.

    Distal radius region 1 28 0.3 0.745 26 0.1 0.864 0.1 [–2.47;2.73] 0.919

    Distal radius region 2 30 1.2 0.324 28 –0.7 0.647 1.5 [–1.43;4.38] 0.313

    Distal radius region 3 31 –1.6 0.070 29 –2.2 0.023 0.5 [–2.02;3.05] 0.688

    Distal radius region 4 30 –1.3 0.228 22 –2.8 0.033 1.5 [–1.89;4.81] 0.386

*
It is the least square means because the analysis was performed using an ANCOVA with baseline value as covariate.
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Table 5

Correlations (Standard Pearson Coefficients) Between BMD and MRI Parameters of the Forearm and Hip 

(Percent Change at Month 24)

BMD variable MRI variable n Correlation p

Lumbar spine BV/TV-R1 54 0.23 0.091

BV/TV-R2 58 –0.01 0.952

BV/TV-R3 60 0.08 0.565

BV/TV-R4 52 0.09 0.548

Midradius BV/TV-R1 54 0.05 0.736

BV/TV-R2 58 0.09 0.513

BV/TV-R3 60 0.28 0.031

BV/TV-R4 52 0.38 0.005

Lumbar spine T2*-femoral neck 62 –0.11 0.410

T2*-Ward's triangle 62 0.01 0.910

T2*-upper trochanter 62 0.09 0.500

T2*-lower trochanter 62 0.09 0.475

Femoral neck T2*-femoral neck 62 –0.10 0.447

T2*-Ward's triangle 62 0.10 0.448

T2*-upper trochanter 62 –0.04 0.780

T2*-lower trochanter 62 0.03 0.811
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Table 6

Correlations (Standard Pearson Coefficients) Between MRI Parameters (Percent Change at Month 24) at Four 

Regions of the Hip (Femoral Neck,Ward's Triangle,Upper, and Lower Trochanter) vs. MRI of Four Regions 

of the Forearm (R1/R4)

Wrist variable Hip variable n Correlation p

BV/TV-R1 T2*-femoral neck 51 0.20 0.153

T2*-Ward's triangle 51 0.25 0.081

T2*-upper trochanter 51 0.21 0.131

T2*-lower trochanter 51 0.19 0.173

BV/TV-R2 T2*-femoral neck 53 –0.02 0.911

T2*-Ward s triangle 53 0.15 0.268

T2*-upper trochanter 53 –0.02 0.910

T2*-lower trochanter 53 0.01 0.997

BV/TV-R3 T2*-femoral neck 55 –0.14 0.302

T2*-Ward s triangle 55 0.11 0.445

T2*-upper trochanter 55 –0.18 0.185

T2*-lower trochanter 55 –0.21 0.116

BV/TV-R4 T2*-femoral neck 46 –0.37 0.012

T2*-Ward s triangle 46 –0.27 0.066

T2*-upper trochanter 46 –0.35 0.017

T2*-lower trochanter 46 –0.28 0.062
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