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O

steoporosis is
characterised by low
bone mass and a
microarchitectural deterioration
of bone tissue, resulting
in a propensity to fragility
fracture. It has been defined
operationally as a bone mineral
density(BMD) by dual-energy
X-ray absorptiometry of 2.5
standard deviations or more
below the young adult female
mean (T-score ≤ 2.5), measured
at the femoral neck, total
hip, or lumbar spine(1). DXA
BMD presents an amalgam
of contributions from bone

size, volumetric density and
microarchitecture. This latter
aspect has not been easily
assessed clinically until recent
years, with the advent of novel
imaging techniques such
as (peripheral) quantitative
computed tomography
(QCT) and high resolution
peripheral QCT. Whilst these
modalities yield indices
associated with fracture risk
partly independently of DXA
BMD, they do not reliably
outperform BMD in prediction
of osteoporotic fractures, and
are not as readily available.

Trabecular bone score

Trabecular Bone Score (TBS) assesses bone
microarchitecture indirectly through a grey-level
texture measurement that uses experimental
variograms of 2D projection images, quantifying
variation in grey-level between adjacent pixels.
This yields information related to 3D bone
characteristics such as trabecular number,
separation and connectivity(2). An elevated TBS
arises from more numerous, and connected,
and less sparse trabeculae and indicates strong,
fracture resistant microarchitecture. The TBS
can be obtained from re-analysis of AP lumbar
spine DXA images, and thus has the merits of
being widely available, subject to the acquisition
of the software required. The remainder of this
review will provide an overview of the available
evidence which informs the potential role of TBS
in clinical practice.

TBS and fracture risk
The evidence supporting the use of TBS in
clinical practice has been recently reviewed(3).
The eighteen included studies, of which eleven
were cross-sectional and seven prospective,
assessed fracture risk using TBS and DXA BMD.
Fourteen of these studies assessed women
only. In every cross-sectional study significantly
increased odds of prior fracture (every fracture
type) were found among those patients with low
TBS even when adjusted for age, lumbar aBMD,
body mass index, and clinical risk factors.
Although helpful, case-control studies do not
yield evidence that a modality will be useful
in the prediction of incident fractures. The
considered prospective studies included a
much larger number of individuals, for example
a cohort of 29,407 postmenopausal women
in the Canadian province of Manitoba(4).
Fracture risk was greatest for individuals in the
highest compared to lowest third of TBS across
the range of DXA BMD (Figure 1). To assess
the ability of BMD and TBS to discriminate
between those with and without clinical
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fractures, Receiver Operating Curves (ROC) and
Area Under the Curve (AUC) estimates were
performed, where a value for AUC of 1 is perfect
(i.e. zero false positives and zero false negatives)
and a value for AUC of 0.5 is no better than
chance. For a model combining total hip BMD
and lumbar spine TBS, the AUC values were
0.73 (95%CI: 0.71, 0.75) and 0.82 (95%CI: 0.79,
0.84) for vertebral and hip fractures respectively.
The AUC for femoral neck, total hip and lumbar
aBMD were all improved (p <0.001) with the
inclusion of TBS.

TBS and FRAX
FRAX is a fracture risk assessment tool, which
integrates eight clinical risk factors (CRFs: prior
fragility fracture, parental hip fracture, smoking,
systemic glucocorticoid use, excess alcohol
intake, body mass index, rheumatoid arthritis,
and other causes of secondary osteoporosis),
which, in addition to age and sex, contribute to
a 10-year fracture risk estimate independently of
BMD(5). BMD from the femoral neck is an optional
input variable when FRAX is used to calculate
10-year fracture probability. FRAX is based
on meta-analyses of 12 international cohorts
comprising 59,644 individuals and validated
in a further 11 cohorts comprising 230,486
individuals worldwide. It is the most widely
used and accepted fracture risk assessment
tool, incorporated into the majority of fracture
risk assessment guidelines internationally.
Leslie et al(6) demonstrated that lumbar spine
TBS remained a significant predictor of major
osteoporotic fracture after adjustment for
significant clinical risk factors and femoral neck
aBMD (HR/SD decrease 1.32; 95%CI: 1.12-1.23).
Therefore, given the independence of TBS from
clinical risk factors and femoral neck BMD for
fracture, it could be considered for use as a FRAX
modifier.
Data from the Manitoba cohort were used to
assess how FRAX probabilities change when
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TBS is taken into account(7), the approach
being validated in a meta-analysis of 14 cohorts
comprising 17,809 individuals(8). This work
resulted in an algorithm, which adjusts, across
a continuous range, the FRAX probability
upwards if TBS is low and downwards if TBS is
high, the adjustment now available via a link on
the FRAX site. An example of this effect of this
approach follows: an 80-year-old woman with
a femoral neck T score -2, BMI 27kg/m2 has a
10-year FRAX probability of major osteoporotic
fracture of 16.5%. If her TBS were low at the
10% percentile, her fracture probability would
increase to 18%, and conversely with a high
TBS at 90% percentile, her fracture probability
would reduce to 13.6%. Overall the influence of
TBS on the gradient of risk (hazard ratio for new
fracture per standard deviation change in FRAX
probability) was modest, but varied with age,
and taken as a whole, these studies probably
best support the use of TBS as an adjunct to
FRAX and BMD in deciding treatment decisions
where probability lies close to the intervention
threshold.

TBS and treatment for osteoporosis
There have been a small number of relatively
small studies examining change in TBS with
treatment for osteoporosis. These have shown
modest increases in TBS with anti-osteoporosis
therapy, the magnitude of which are generally
lower than changes in aBMD. In the Swiss
Horizon trial of 54 post menopausal women
treated with zoledronic acid, over 3 years
lumbar spine aBMD increased by 9.6% and the
TBS by 1.4% on active treatment(10). Notably,
whilst the change in aBMD became statistically
significant at 6 months, the change in TBS
became statistically significant at 24 months.
Other studies confirm this pattern, however
importantly it is unclear if these changes
predict the reduction in risk of future fracture
consequent on treatment.

TBS and secondary osteoporosis
There is limited evidence, usually from
relatively small studies, that TBS may usefully
add to patient assessment in several causes
of “secondary osteoporosis”, such as type-2
diabetes and primary hyperparathyroidism:

Type-2 diabetes
Patients with type-2 diabetes are at increased
risk of fracture, although this is beyond a level
explained by a decrease of BMD and is typically
at higher BMD than fractures in postmenopausal
women. This is thought to be due to a
deterioration in bone microarchitecture, and
degraded collagen cross-links from glycation
and oxidation(9). Indeed a case-control study
demonstrated TBS to be lower in diabetics
than to non-diabetics, despite diabetics having
greater DXA BMD; TBS was further reduced
in diabetics with poor glycaemic control(10). A
retrospective subset analysis of the Canadian
Manitoba cohort data provided evidence that
after adjustment for clinical risk factors, diabetic
women were less likely to be in the lowest third
of lumbar, femoral neck or total hip aBMD but
more likely to be in the lowest third of TBS. Both
TBS and measures of aBMD were predictive of
incident fracture(11).

Primary hyperparathyroidism
Several studies have provided evidence
that lumbar spine TBS may be helpful in the
management of primary hyperparathyroidism.
Reduced TBS was noted in 73 postmenopausal
women with this condition compared with 74
age-matched controls(12). In a further study 92
patients with primary hyperparathyroidism were
compared with 98 controls with other conditions
consecutively recruited from clinic(13). Consistent
with the previous study, TBS was lower in
patients with primary hyperparathyroidism
than in controls and was also associated with
past vertebral fracture. In this latter study there
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was a longitudinal phase in which mean TBS
score increased following parathyroid surgery,
compared with a non-significant TBS decline
in non-surgically treated hyperparathyroidism
patients.

Conclusion
Whilst DXA assessment of bone mineral density,
ideally at the femoral neck, provides the
standard for bone measurement in fracture risk
assessment, there is increasing evidence that
trabecular bone score usefully adds to current
fracture risk prediction strategies. Thus TBS is
associated with past and future fracture and
predicts incident fracture partly independently
of BMD and FRAX probability. The evidence
to date suggests adjunctive use of TBS with
FRAX/BMD is likely to be of most value in those
individuals who are close to an intervention
threshold, where further information is required
to refine the decision on whether to treat.

Key Points:
•

•

•

•
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Trabecular bone score (TBS)
is obtained from re-analysis of
lumbar spine dual-energy X-ray
absorptiometry (DXA) images and
yields information related to bone
microarchitecture
Low lumbar spine TBS is associated
with both a history of fracture and
the incidence of new fracture,
independent of DXA BMD
The available evidence supports the
use of TBS in fracture risk assessment,
as an adjunct to BMD and FRAX
The clinical utility of TBS is likely to be
greatest in those individuals close to
an intervention threshold based on
FRAX/ BMD
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