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Abstract

Trabecular Bone Score (TBS) has been shown to predict major osteoporotic (clinical vertebral, 

hip, humerus, and wrist) and hip fractures in post-menopausal women and older men, but the 

association of TBS with these incident fractures in men independent of prevalent radiographic 

vertebral fracture is unknown. TBS was estimated on AP spine DXA scans obtained at the 

baseline visit for 5,979 men age ≥65 years enrolled in MrOS and its association with incident 

major osteoporotic and hip fractures estimated with proportional hazards models. Model 

discrimination was tested with Harrell’s C-statistic and with a categorical net reclassification 

improvement index, using 10-year risk cutpoints of 20% for major osteoporotic and 3% for hip 

fractures. For each standard deviation decrease in TBS, there were hazard ratios of 1.27 (95% C.I. 

1.17 to 1.39) for major osteoporotic fracture, and 1.20 (95% C.I. 1.05 to 1.39) for hip fracture, 

adjusted for FRAX with BMD 10 year fracture risks and prevalent radiographic vertebral fracture. 
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In the same model, those with prevalent radiographic vertebral fracture compared to those without 

prevalent radiographic vertebral fracture had hazard ratios of 1.92 (95% C.I. 1.49 to 2.48) for 

major osteoporotic fracture and 1.86 (95% C.I. 1.26 to 2.74) for hip fracture. There were 

improvements of 3.3%, 5.2%, and 6.2%, respectively, of classification of major osteoporotic 

fracture cases when TBS, prevalent radiographic vertebral fracture status, or both were added to 

FRAX with BMD and age, with minimal loss of correct classification of non-cases. Neither TBS 

nor prevalent radiographic vertebral fracture improved discrimination of hip fracture cases or non-

cases. In conclusion, TBS and prevalent radiographic vertebral fracture are associated with 

incident major osteoporotic fractures in older men independent of each other and FRAX 10 year 

fracture risks, and these data support their use in conjunction with FRAX for fracture risk 

assessment in older men.
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Introduction

Trabecular Bone Score (TBS) is a surrogate measure of vertebral trabecular architecture 

derived from pixel by pixel textural analysis of the AP spine fan-beam dual energy x-ray 

absorptiometry (DXA) scans.(1–3) TBS correlates highly with direct measures of trabecular 

microarchitecture from micro-CT scans of vertebral cadaver bone,(4,5) but only weakly to 

modestly with lumbar spine bone mineral density (BMD).(3) The majority of individuals 

who have osteoporotic fractures do not have osteoporosis by bone density criteria (femoral 

neck T-score ≤ −2.5), and TBS has been proposed as an additional complementary method 

to BMD to identify individuals at high risk of fracture.(1,6) Several studies have now shown 

that TBS is associated with incident major osteoporotic (defined as clinical vertebral, hip, 

humerus, and wrist) fractures and hip fractures in Caucasian women independent of FRAX 

with BMD estimated fracture probabilities,(3,7,8) and in one study of Japanese women,(7) 

also independent of prevalent radiographic vertebral fracture. The FRAX website now 

allows estimated 10 year major osteoporotic and hip fracture risks to be adjusted for TBS, if 

it is known.

In men, the association of TBS with incident clinical fractures has been estimated in several 

cohorts. The recently completed meta-analysis of the FRAX cohorts (which included about 

7,000 older men)(6) and analyses of smaller populations of men in the Japanese FORMEN 

cohort(9) and Manitoba Bone Density database(2) have indicated that TBS predicts incident 

major osteoporotic and hip fractures in men, after adjustment for the other clinical risk 

factors that are included in FRAX. To our knowledge, there has not been a prospective study 

in men that has estimated the ability of TBS to predict incident major osteoporotic and hip 

fractures in men after adjustment for both clinical risk factors included in FRAX and for 

prevalent radiographic vertebral fracture status. Since prevalent radiographic vertebral 

fracture and TBS both reflect deterioration of trabecular microarchitecture, it is important to 

test whether or not the associations of TBS with incident fractures in older men are 

attenuated with adjustment for prevalent radiographic vertebral fracture.
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Our primary study objective was to use data from the Osteoporotic Fractures in Men (MrOS) 

study to estimate the associations of TBS with incident major osteoporotic and hip fractures 

in older men after adjustment for both FRAX 10 year fracture risk scores and prevalent 

radiographic vertebral fracture. Our second study objective was to estimate if models that 

include TBS, prevalent radiographic vertebral fracture, or both improve prediction of 

incident major osteoporotic and hip fractures compared to FRAX plus BMD alone. 

Improvement of prediction of major osteoporotic and hip fractures with TBS and/or lateral 

spine imaging to detect vertebral fractures compared to FRAX plus BMD alone would 

support its use in clinical practice in conjunction with FRAX to aid fracture risk assessment 

in older men.

Materials and Methods

The population based MrOS study recruited 5,994 community dwelling men age 65 and 

older between 2000 and 2002 in six U.S. geographic locations (Birmingham AL, 

Minneapolis MN, Palo Alto CA, Pittsburgh PA, Portland OR, and San Diego, CA). The 

methods of study recruitment have been previously described.(10,11) The cohort for this 

analysis was comprised of 5,863 men who had TBS and FRAX measurements and BMI<37 

kg/m2 at baseline.

Measurement of TBS

TBS was scored on baseline visit AP spine DXA scans for 5,979 men using Med-Imaps 

Software (version 2.1) for the lumbar vertebrae L1 to L4 that had not been excluded in the 

AP spine BMD measurement. The remainder of men enrolled in MrOS either did not have a 

spine DXA or had one of insufficient quality for TBS to be accurately scored.

Measurement of bone mineral density

Bone mineral density was measured at the femoral neck and total hip with QDR-4500 fan-

beam densitometers (Hologic, Bedford, MA, USA), at the baseline MrOS visit. Central 

training of densitometry technologists and cross-calibration of densitometers across study 

centers with a phantom was done to ensure consistency and quality of bone mass 

measurement.(12)

Measurement of other covariates

At the baseline visit, height loss was calculated as the difference between recalled young 

height at age 25 and height measured at the baseline visit with a Harpenden stadiometer. 

Current weight was measured at the baseline visit with a balance beam or electronic scale, 

and body mass index (BMI) calculated as weight (kg) divided by height (meters) squared. 

Participants were asked if they experienced any fractures since age 50, and if so, the skeletal 

location of the fracture(s). They were asked whether or not they were currently smoking 

cigarettes, whether or not they were taking glucocorticoids, whether or not either their 

mother or their father had a hip fracture, and whether or not they had been diagnosed as 

having rheumatoid arthritis. Data for MrOS men was sent to the World Health Organization 

Collaborating Centre for Metabolic Bone Disease at the University of Sheffield, U.K. for 10 

year major osteoporotic and hip fracture risk scores to be estimated using the FRAX with 
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femoral neck BMD scoring algorithm.(13) For each of these men, if data was missing for any 

dichotomous clinical risk factors in the FRAX algorithm, this risk factor was assumed to be 

absent; baseline visit FRAX with BMD fracture risk scores ultimately were calculated for 

5,991 men.

Assessment of lateral spine radiographs for prevalent vertebral fracture

Lateral lumbar and thoracic spine radiographs were obtained for all men at the baseline 

study visit with an x-ray tube to film distance of 40 inches using a breathing technique, with 

thoracic x-rays centered at T7 and lumbar x-rays centered at L3. X-rays for which more than 

6 of the vertebrae from T4 through L4 were not evaluable (34 men) were considered 

technically inadequate. In most of these instances, either the thoracic or lateral view from the 

baseline study visit could be located. All technically adequate x-rays (for 5,962 men) were 

scanned to digital format; among these, only 174 (2.9%) had any vertebrae that were not 

evaluable. A triage process that has been validated in other populations was used to identify 

those (2,749 men) with unequivocally normal x-rays.(14) The lateral spine radiographs of the 

remaining 3,213 men were evaluated for vertebral fracture using the Genant semi-

quantitative (SQ) criteria,(15) detailed in a previous publication.(16) Prevalent radiographic 

vertebral fracture was defined as the presence of one or more SQ grade 2 or grade 3 

fractures.

Assessment of incident fractures

Participants were contacted by mailed postcard every 4 months and queried whether or not 

they had a fracture. The radiographic reports in the participant’s medical record pertaining to 

the fracture event were obtained and reviewed at the MrOS Coordinating Center to confirm 

that an incident fracture had taken place. For incident clinical vertebral fractures, spine 

images taken at the time of the clinical encounter were obtained and reviewed by the study 

radiologist, who used the Genant semi-quantitative method(15) to confirm that the 

community imaging study showed in increase of ≥ 1 SQ grade in one or more vertebrae 

compared to the study baseline lateral spine radiographs. Over the 10 year period following 

the baseline visit, 99% of these contacts were completed. Mean follow-up was 8.5 years (sd 

2.6 years) for incident major osteoporotic fractures and 8.6 years (sd 2.5 years) for incident 

hip fracture.

Statistical analysis

The distributions of FRAX with BMD fracture risk scores, particularly for hip fracture, were 

right skewed such that regression models (described below) were poorly calibrated. 

Therefore, FRAX fracture risk estimates were modeled as the log of the FRAX with BMD 

10 year major osteoporotic and hip fracture risk scores. Four sets of proportional hazards 

models through ten years of follow-up time were run with the following predictors; a) log of 

FRAX with BMD fracture risk as the sole predictor (base model); b) log of FRAX with 

BMD fracture risk plus TBS (model 1); c) log of FRAX with BMD fracture risk plus 

radiographic prevalent vertebral fracture (model 2), and d) log of FRAX with BMD fracture 

risk plus TBS and prevalent radiographic vertebral fracture (model 3). The proportional 

hazards assumption was violated for both log of FRAX with BMD major osteoporotic and 
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hip fracture risk scores; therefore, models with one of these predictors included an 

interaction term between log of FRAX fracture risk scores and follow-up time.

Discrimination of models with TBS, prevalent radiographic vertebral fracture, or both were 

compared to the base model by Harrell’s C-statistic. Because of multiple comparisons (four 

each for major osteoporotic and hip fractures), we used a Bonferroni correction to set the p-

value significance threshold at 0.012 when testing if Harrell’s C of two models were 

different.

We also tested how well TBS and/or prevalent radiographic vertebral fracture improved 

discrimination of fracture cases and non-cases compared to the base model using a 

categorical net reclassification improvement (NRI) index.(17) Based on recommended 10 

fracture risk treatment thresholds,(18,19) we considered a model to have correctly classified 

major osteoporotic fracture and hip fracture cases if the model-predicted probabilities of 

major osteoporotic and hip fracture were, respectively, ≥ 20% and ≥ 3%. Conversely, we 

considered a model to have correctly classified fracture non-cases if the model-predicted 

probabilities were below these thresholds. The NRI statistic estimates the net improvement 

of classification of fracture cases as being at high risk for that fracture, and the net 

improvement of classification of fracture non-cases as being at low risk, when adding a 

predictor to a referent model, for example, the addition of TBS to a model with FRAX. In 

this example, the net improvement of classification of fracture cases was calculated as the 

proportion who were shifted from being low risk to high risk after adding TBS to FRAX 

with BMD (representing reclassification in the desired direction), minus the proportion who 

were shifted from being at high risk to low risk. Similar calculations were done to estimate 

the net proportion of fracture non-cases reclassified as being at low risk after adding TBS to 

FRAX with BMD.

We used logistic regression models to estimate the predicted probabilities of incident major 

osteoporotic and hip fractures over 10 years. Age was included as a covariate in the hip 

fracture models to assure good model calibration according to the Hosmer-Lemeshow 

statistic and plots of observed vs. expected number of fractures within each decile of 

predicted risk. For each fracture type, a total of six comparisons were done (three models 

comparisons each for fracture cases and non-cases); therefore we used a Bonferroni 

correction to set the p-value for significance at 0.0083.

Two sets of secondary analyses were done. First, because the calibration of FRAX in MrOS 

is less than optimal,(13,20) we were concerned that FRAX might be incompletely adjusting 

for the clinical risk factors that are part of FRAX. Therefore, to address the question as to 

whether or not TBS truly is associated with incident major osteoporotic and hip fractures 

independent of these clinical risk factors, proportional hazards models were done with 

femoral neck BMD, body mass index, parental history of hip fracture, personal history of a 

clinical fracture since age 50, current glucocorticoid use, and rheumatoid arthritis as separate 

predictor variables, instead of FRAX with BMD risk score. Predictors with a multivariable 

adjusted p-value of association >0.1 were removed in a stepwise manner.
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Second, because such a large proportion of men in MrOS are at low risk of fracture, a 

categorical NRI index may underestimate the improvement in fracture prediction using TBS 

and/or lateral spine imaging to detect vertebral fracture for the subset of men at intermediate 

to high risk of fracture. Therefore, model predictions of incident major osteoporotic and hip 

fractures with the additions of TBS and/or prevalent radiographic vertebral fracture were 

compared in the subset of men with a femoral neck T-score < −1.0. We also compared model 

predictions of incident hip fracture in the subset of men with a FRAX with BMD 10 year hip 

fracture risk score of 1.5% to 4.5%. We considered performing a secondary analyses of 

model discrimination in the subset of men with FRAX predicted 10 year major osteoporotic 

fracture risk between 15% and 25%, but there were too few men (316) to carry this out.

Results

Of the original 5,994 enrollees, 5,863 both had a BMI < 37 kg/m2 and had AP DXA scans 

on which valid TBS scores could be calculated, and of these, 5,829 had lateral thoracic and 

lumbar spine x-rays interpretable for prevalent radiographic vertebral fracture.

The mean (sd) age and total lumbar spine trabecular bone score were, respectively, 73.7 

(5.9) years, and 1.27 (0.12). Modeled in categories corresponding to degraded (≤ 1.200), 

partially degraded (>1.200 and < 1.350), and normal (≥ 1.350) TBS values(1) (table 1), 

higher TBS was strongly associated (p-values< 0.001) with greater femoral neck BMD, 

lower BMI, and lower 10 year hip and major osteoporotic fracture risks. Similarly, increased 

TBS was strongly associated (p-values<0.001) with lower proportions of older men with 

self-reported prior fracture or prevalent radiographic vertebral fracture.

Association of TBS and prevalent radiographic vertebral fracture with incident fractures

Over a 10 year follow-up period, 448 men (7.6%) and 181 men (3.1%) had incident major 

osteoporotic and hip fractures, respectively. Each standard deviation decrease in TBS was 

associated with a hazard ratio of 1.31 (95% C.I. 1.20 to 1.43) of incident major osteoporotic 

fracture, adjusted only for the log of FRAX 10 year major osteoporotic fracture risk score 

(model 1, table 2). Further adjustment for prevalent radiographic vertebral fracture did not 

significantly change this association (model 3, table 2). Men with one or more prevalent 

radiographic vertebral fracture had a hazard ratio of 2.10 (95% C.I. 1.63 to 2.70) of incident 

major osteoporotic fracture compared to those with no prevalent vertebral fracture, adjusted 

only for log of FRAX risk score (model 2, table 2); this association was not substantially 

altered with further adjustment for TBS (model 3, table 2).

Each standard deviation decrease in TBS was associated with a hazard ratio of 1.24 (95% 

C.I. 1.08 to 1.43; model 1, table 3) of incident hip fracture adjusted only for log of FRAX 

with BMD 10 year hip fracture risk score, and this did not change with further adjustment 

for prevalent radiographic vertebral fracture (model 3, table 3). Those with one or more 

prevalent radiographic vertebral fractures had a hazard ratio of 2.02 (95% C.I. 1.38 to 2.90) 

of incident hip fracture compared to those with no prevalent vertebral fracture, adjusted for 

FRAX risk score alone (model 2, table 3). This association remained significant after 

additional adjustment for TBS (model 3, table 3).
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When clinical risk factors were entered into the regression model as separate covariates 

instead of overall FRAX with BMD risk score, the association of prevalent radiographic 

vertebral fracture with incident major osteoporotic fracture remained significant (HR 1.71, 

95% C.I. 1.16 to 2.53, table 4). However, TBS was no longer significantly associated with 

incident hip fracture after adjustment for individual clinical risk factors instead of FRAX 

with BMD score (table 4).

Discrimination of those with from those without incident fractures

By Harrell’s C statistic, model discrimination of those who had from those who did not have 

an incident major osteoporotic fracture or an incident hip fracture did not significantly 

change when TBS and/or prevalent radiographic vertebral fracture were added as predictors 

to log of FRAX risk score (tables 2 and 3). Models with clinical risk factors entered as 

separate covariates discriminated those who had an incident hip or major osteoporotic 

fracture from those who did not moderately better than models that adjusted for overall 

FRAX fracture risk score (table 4).

The net reclassification improvement index showed small to modest increases in the 

proportions of major osteoporotic fracture cases correctly classified as being at high risk 

with the addition of TBS to FRAX (3.3%, p-value 0.005), prevalent radiographic vertebral 

fracture to FRAX (5.2%, p-value<0.001), and the addition of both TBS and prevalent 

vertebral fracture status to FRAX (6.2%, p-value<0.001, Figure 1). For the subset of men 

with a femoral neck T-score of less than −1.0 (using young female norms), slightly higher 

proportions of major osteoporotic fracture cases were classified as being at high risk (5.2%, 

7.7%, and 8.7%, [p-values all <0.001] respectively), with the addition of TBS, prevalent 

radiographic vertebral fracture, or both to FRAX with BMD. There was a minimal decrease 

in the percentage of those who did not have a major osteoporotic fracture classified as being 

at low risk (−0.3% to −1.5%) in all of these model comparisons.

On the other hand, there was minimal net reclassification of hip fracture cases or non-cases 

with the addition of TBS, prevalent radiographic vertebral fracture, or both to FRAX with 

BMD (Figure 2), when all men were included. Additional analyses of NRI subset of men 

with FRAX with BMD hip fracture risk scores between 1.5% and 4.5% yielded similar 

results (data not shown).

Discussion

In this community dwelling cohort of older U.S. men, TBS was modestly associated with 

incident major osteoporotic and hip fractures after adjustment for FRAX with BMD fracture 

risk score and prevalent radiographic vertebral fracture. There was also a small improvement 

in correct classification of major osteoporotic fracture cases (but not hip fracture cases) 

when TBS was added to FRAX with BMD risk score as a predictor, especially in the subset 

of men with low bone mass at the femoral neck, with minimal loss of correct classification 

of non-cases. Our data are the first to show that TBS remains significantly associated with 

incident major osteoporotic and hip fractures after adjustment for prevalent radiographic 

vertebral fracture status in older men
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Additionally, our data show that prevalent radiographic vertebral fracture are associated with 

incident major osteoporotic and hip fractures, even after adjustment for TBS and other 

clinical fracture risk factors. These data suggest that prevalent radiographic vertebral fracture 

status modestly discriminates those who will from those who will not have an incident major 

osteoporotic fracture. However, TBS has the large advantage that it can be seamlessly 

obtained from AP spine DXA scans done as part of routine densitometry. Even though TBS 

values may alter management decisions for only a minority of older men with estimated 

fracture risks closer to treatment thresholds (before TBS is known), beyond an initial 

software purchase there is no additional cost to estimate TBS on everyone who has bone 

densitometry, and additional physician and/or bone densitometry technician time to discern a 
priori who would benefit from TBS is unnecessary. In contrast, although bone densitometry 

technologists can use an algorithm to select the minority of those having a bone density test 

who would benefit from VFA,(21) this does require additional densitometry technologist time 

to obtain and physician time to interpret a lateral spine image. Moreover, additional 

resources to train physicians to expertly interpret lateral spine images for vertebral fracture 

is required for more widespread use of VFA in clinical practice, whereas that is unnecessary 

for widespread clinical application of TBS.

Our data support the practical clinical use of TBS to adjust FRAX with BMD fracture risk 

estimates for TBS values (as can currently be done using the FRAX website) when using 

FRAX fracture risk thresholds for treatment decisions. However, our results suggest that its 

overall impact on identification of men at high risk of major osteoporotic fracture in clinical 

practice will be correspondingly small, and at least in US men, will not improve 

identification of men at high risk of hip fracture. The impact of TBS on fracture risk is 

modest enough that, considered by itself, we cannot establish any TBS cutpoints in these 

men above or below which treatment should be given or withheld. We believe that current 

fracture risk assessment standards of care, such as those recommended by the National 

Osteoporosis Foundation,(18) should indicate that TBS is an optional addition to FRAX for 

fracture risk assessment for men, but is not necessary or mandatory for good clinical 

practice.

The hazard ratio estimate of incident major osteoporotic fracture with each standard 

deviation decrease in TBS in our study (1.31) is nearly identical to what thus far has been 

reported out of the FRAX TBS meta-analysis for men and women together (1.32).(6) 

However, our results are different from that of the Manitoba study, which found TBS in men 

to be associated with incident hip but not incident major osteoporotic fractures.(2) The 

Manitoba cohort consists of all individuals referred for bone densitometry testing in the 

province of Manitoba, Canada,(22) whereas the MrOS study recruited US men age 65 and 

older from general population listings (such as state driver’s license registrations). Whether 

or not the difference in enrollment strategy between these two studies explains these 

different associations of TBS with major osteoporotic fracture in older men is not known.

Our results are also in contrast with those of the FORMEN study, which suggested a large 

improvement in net correct reclassification of osteoporotic fractures in men with use of TBS 

in addition to FRAX.(9) However, there were only 22 fracture cases in FORMEN (in contrast 

to 441 major osteoporotic fractures in our study), and a category free net reclassification 
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index was used in FORMEN. Category free NRI indices are highly susceptible to bias if 

they are applied to poorly calibrated regression models,(23,24) and it is unclear that the 

models in FORMEN were in fact well calibrated.

In the case of hip fracture, we were unable to show any meaningful improvement in 

discrimination of hip fracture cases and non-cases. Moreover, we were unable to confirm 

that TBS is independently associated with incident hip fracture in older men, after full 

adjustment for other clinical risk factors. In these respects, TBS in these men was a more 

robust predictor of major osteoporotic fracture than of hip fracture. We suspect that the 

aggregate FRAX with BMD fracture risk scores incompletely capture the effects of the 

individual clinical risk factors that are used in FRAX; this may be particularly true in the 

MrOS population since the calibration of FRAX in the MrOS population is less than 

optimal.(13,20)

There are many strengths to our study. The MrOS study population is broadly representative 

of the population of U.S. men age 65 and older, with characteristics similar to those of the 

National Health and Nutrition (NHANES) Survey study. To our knowledge, ours is the 

largest single study of the association of TBS with incident fractures in older men. 

Ascertainment of incident fractures in MrOS was excellent, with 99% completion of follow-

up contacts to ascertain self-reported fractures and confirmation of positive self-reports by 

review of clinical radiographic reports.

There most important limitation to our study is that robust fracture prediction using TBS 

combined with FRAX may well require different coefficients of the other risk factors than 

those of the FRAX algorithm version (3.3) used to generate the FRAX fracture risk scores 

for MrOS men. Moreover, it is possible that prediction within FRAX may be improved with 

use of interaction terms between TBS and other risk factors within the FRAX model.(25) We 

could not explore these issues, since we only have the aggregate FRAX risk scores and no 

additional details of the FRAX algorithm. Second, it is possible that discrimination of those 

with major osteoporotic fracture with TBS would be even better in subsets of men with pre-

TBS FRAX major osteoporotic fracture risk scores closer to the threshold value of 20%, e,g. 

between 15% and 25%. However, we could not obtain reliable estimates of NRI for this 

subset of men because of its very small size (316 men, 5.4% of the cohort). Although 10% 

of the MrOS study population is non-white, our results cannot be generalized beyond non-

Hispanic white populations. Finally, as is true of any prospective observational study, there 

is the possibility that there is some residual confounding of our estimated associations of 

TBS with incident fractures by unmeasured or unknown characteristics.

In conclusion, TBS is independently associated with incident major osteoporotic and hip 

fractures in older men after adjustment for FRAX fracture risk score and prevalent 

radiographic vertebral fracture status. TBS and lateral spine imaging to detect prevalent 

vertebral fracture are complementary methods that may modestly aid fracture risk 

assessment and treatment decisions in older men.
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Figure 1. 
Net Correct Reclassification Improvement of Major Osteoporotic Fracture Cases and Non-

Cases with addition of TBS, Prevalent Radiographic Vertebral Fracture, or Both to FRAX 

with BMD
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Figure 2. 
Net Correct Reclassification Improvement of Hip Fracture Cases and Non-Cases with 

addition of TBS, Prevalent Radiographic Vertebral Fracture, or Both to FRAX with BMD
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Table 1

Baseline characteristics of Study Population, According to TBS Level

Characteristics TBS Level
[Range]

(number)

Degraded
[≤ 1.200]
(n=1348)

Partially
degraded

[>1.209 to <1.350]
(n=2945)

Normal
[≥ 1.350]
(n=1570)

*Age, years (sd) 73.4
(5.7)

74.0
(5.9)

73.3
(5.8)

^FRAX 10 year Hip Risk w/ BMD, median (IQR) 0.017
(0.008–0.034)

0.016
(0.007–0.030)

0.011
(0.005–0.021)

^FRAX 10 year MOF Risk w/ BMD, median (IQR) 0.075
(0.053–0.105)

0.068
(0.050–0.094)

0.057
(0.045–0.077)

*Femoral Neck BMD, g/cm2 0.753
(0.121)

0.773
(0.122)

0.825
(0.131)

*BMI kg/m2, sd 29.6
(3.5)

26.8
(3.1)

25.6
(2.9)

‡‽Prior Clinical Fracture, % 300
(22.2%)

513
(17.4%)

194
(12.4%)

†‽Parental Hip Fx, % 195
(14.5%)

377
(12.8%)

175
(11.1%)

‡‽Current Smoking, (%) 69
(5.1%)

92
(3.1%)

41
(2.6%)

‽≥ 3 Alcohol Drinks per day, n (%) 61
(4.5%)

115
(3.9%)

58
(3.7%)

†‽Rheumatoid Arthritis, n (%) 90
(6.7%)

144
(4.9%)

71
(4.5%)

‡‽Glucocorticoid Medication Use, n (%) 44
(3.3%)

62
(2.1%)

18
(1.1%)

‡Prevalent Vertebral Fracture, % 175
(13.0 %)

199
(6.8%)

62
(3.9%)

*
p-value of association < 0.001 by ANOVA

^
p-value of association <0.001 by Kruskal Wallis rank test

‡
p-value of association <0.001 by chi-square test

†
p-value of association >0.001 &<0.05 by chi-square test

‽
Assumed to negative if datum was missing in calculating FRAX scores
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Table 2

Associations of TBS and prevalent radiographic vertebral fracture with incident major osteoporotic fractures, 

and model discrimination compared to base model*†

Predictor Model 1
(n=5862)

Model 2
(n=5829)

Model 3
(n=5829)

TBS (per sd decrease) 1.31
(1.20 to 1.43)

1.27
(1.17 to 1.39)

Prevalent Radiographic Vertebral Fracture 2.10
(1.63 to 2.70)

1.92
(1.49 to 2.48)

Harrell’s C (95% C.I.) 0.69^
(0.67 to 0.72)

0.69**
(0.67 to 0.72)

0.70‡
(0.68 to 0.72)

*
Base model has log of FRAX with BMD 10 year major osteoporotic fracture risk as sole covariate; Harrell’s C for base model 0.69 (95% C,I, 0.66 

to 0.71) .

†
Model 1 covariates: log of FRAX with BMD plus TBS; Model 2 covariates; log of FRAX with BMD plus prevalent radiographic vertebral 

fracture; Model 3 covariates; log of FRAX with BMD plus TBS and prevalent radiographic vertebral fracture

^
p-value=0.067 compared to base model

**
p-value=0.054 compared to base model

‡
p-value=0.010 compared to base model
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Table 3

Associations of TBS and prevalent radiographic vertebral fracture with incident hip fractures, and model 

discrimination compared to base model*†

Predictor Model 1
(n=5862)

Model 2
(n=5829)

Model 3
(n=5829)

TBS (per sd decrease) 1.24
(1.08 to 1.49)

1.20
(1.05 to 1.39)

Prevalent Radiographic Vertebral Fracture 2.02
(1.38 to 2.96)

1.86
(1.26 to 2.74)

Harrell’s C (95% C.I.) 0.79
(0.76 to 0.82)

0.79
(0.76 to 0.82)

0.79‡
(0.76 to 0.82)

*
Base model (with log of FRAX with BMD 10 year hip fracture risk estimate as sole covariate; Harrell’s C for base model is 0.79 (95% C.I. 0.76 

to 0.92).

†
Model 1 covariates: log of FRAX with BMD plus TBS; Model 2 covariates; log of FRAX with BMD plus prevalent radiographic vertebral 

fracture; Model 3 covariates; log of FRAX with BMD plus TBS and prevalent radiographic vertebral fracture

‡
p-value >0.5 compared to base model
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Table 4

Associations of TBS and prevalent radiographic vertebral fracture with incident major osteoporotic and hip 

fractures, adjusted for other clinical risk factors individually instead of FRAX with BMD score

Predictor

Hazard Ratio
(95% C.I.)

Incident Major Osteporotic
Fracture (n=5827)

Incident Hip Fracture
(n=5828)

TBS (per sd decrease)† 1.23
(1.14 to 1.37)

1.06
(0.88 to 1.28)

Prevalent Radiographic Vertebral Fracture 1.72
(1.33 to 2.23)

1.71
(1.16 to 2.53)

Age (per 5 year increase) 1.45
(1.34 to 1.57)

1.83
(1.61 to 2.09)

Femoral Neck BMD (per sd decrease) 1.81
(1.61 to 2.03)

2.98
(2.42 to 3.67)

BMI (per sd increase) * 1.21
(1.00 to 1.47)

Prior Clinical Fracture 1.62
(1.31 to 2.00)

*

Rheumatoid Arthritis 1.57
(1.11 to 2.22)

*

Current Smoking 1.59
(0.99 to 2.57)

3.31
(1.81 to 6.07)

Harrell’s C (95% C.I.) 0.74^
(0.72 to 0.76)

0.82^
(0.79 to 0.85)

*
Predictor variable dropped from final model because p-value of association >0.1

^
P-value < 0.001 compared to base model with log of FRAX with BMD score as the sole predictor
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