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Context: In the milder form of primary hyperparathyroidism (PHPT), cancellous bone, represented
by areal bone mineral density at the lumbar spine by dual-energy x-ray absorptiometry (DXA), is
preserved. This finding is in contrast to high-resolution peripheral quantitative computed tomog-
raphy (HRpQCT) results of abnormal trabecular microstructure and epidemiological evidence for
increased overall fracture risk in PHPT. Because DXA does not directly measure trabecular bone and
HRpQCT is not widely available, we used trabecular bone score (TBS), a novel gray-level textural
analysis applied to spine DXA images, to estimate indirectly trabecular microarchitecture.

Objective: The purpose of this study was to assess TBS from spine DXA images in relation to HRpQCT
indices and bone stiffness in radius and tibia in PHPT.

Design and Setting: This was a cross-sectional study conducted in a referral center.

Patients: Participants were 22 postmenopausal women with PHPT.

Main Outcome Measures: Outcomes measured were areal bone mineral density by DXA, TBS
indices derived from DXA images, HRpQCT standard measures, and bone stiffness assessed by finite
element analysis at distal radius and tibia.

Results: TBS in PHPT was low at 1.24, representing abnormal trabecular microstructure (normal
�1.35). TBS was correlated with whole bone stiffness and all HRpQCT indices, except for trabecular
thickness and trabecular stiffness at the radius. At the tibia, correlations were observed between
TBS and volumetric densities, cortical thickness, trabecular bone volume, and whole bone stiffness.
TBS correlated with all indices of trabecular microarchitecture, except trabecular thickness, after
adjustment for body weight.

Conclusion: TBS, a measurement technology readily available by DXA, shows promise in the clinical
assessment of trabecular microstructure in PHPT. (J Clin Endocrinol Metab 98: 1963–1970, 2013)
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Tb.Sp.SD, standard deviation of trabecular separation; Tb.Th, trabecular thickness;
Tb.vBMD, trabecular volumetric bone density; UD, ultradistal; vBMD, volumetric bone
mineral density.
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Primary hyperparathyroidism (PHPT) is a common en-
docrine disorder characterized by hypercalcemia and

elevated or inappropriately normal levels of PTH. With
the advent of the multichannel autoanalyzer in the early
1970s, the clinical presentation of PHPT changed from
symptomatic (1) to asymptomatic (2–4). Whereas overt
skeletal disease, formerly a common finding, is rarely seen
now, dual-energy X-ray absorptiometry (DXA) routinely
detects evidence for skeletal involvement. The distal one-
third radius, a dominant site of cortical bone, is typically
more involved than the lumbar spine, a site of predomi-
nantly trabecular bone (5). These findings, however, are
not consistent with recent observations using technologies
that have greater resolving power than DXA, such as high-
resolution peripheral quantitative computed tomography
(HRpQCT) in which trabecular microarchitectural defi-
cits are seen (6, 7). By HRpQCT, both trabecular and
cortical compartments are abnormal at the radius and
tibia inpostmenopausalwomenwithPHPT.Thesedeficits
are associated with reduced whole bone and trabecular
stiffness by finite element analysis (FEA) (7). Hansen et al
(6) have also observed similar structural deficits at the
distal radius in PHPT. These more recent findings by
HRpQCT and FEA are consistent with epidemiological
evidence of increased fracture risk at both vertebral and
nonvertebral sites in PHPT (8–11). Whereas HRpQCT
has added a dimension of insight not previously seen with
regard to trabecular bone in PHPT, HRpQCT is not
widely available and remains so far a research tool.

Trabecular bone score (TBS) is a novel gray-level tex-
tural analysis that can be applied to DXA images to esti-
mate trabecular microarchitecture and has been shown to
be related to direct measures of bone microarchitecture
and fracture risk (12). Using experimental variograms of
two-dimensional (2D) projection images, TBS differenti-
ates between three-dimensional (3D) bone structures that
exhibit the same areal bone mineral density (aBMD),
but different trabecular microarchitecture (13). TBS
analysis is readily available from the lumbar spine DXA
image without the need for further imaging or expensive
instrumentation. Studies in cadaveric bones have shown
significant correlations between TBS and 3D trabecular
microarchitecture measurements by microcomputed to-
mography (�CT) (12–14). In clinical studies, TBS en-
hanced the ability of DXA to predict fracture risk (15–20),
and in a recent study involving more than 29,000 post-
menopausal women, TBS predicted osteoporotic frac-
tures, independent of aBMD (20). Finally, Boutroy et al
(21) showed that TBS predicts osteoporotic fracture as
well as lumbar spine aBMD and that TBS helps to define
a subset of nonosteoporotic women at high risk for
fracture.

The ability of TBS to estimate trabecular microarchi-
tectural texture and predict fracture risk, along with its
direct measurement from DXA images, led us to investi-
gate its potential utility in evaluating the trabecular skel-
eton in PHPT. To this end, our aim was to assess TBS from
spine DXA images in postmenopausal women with PHPT
and to correlate it, for the first time, with HRpQCT mea-
surements of volumetric bone density, skeletal micro-
architecture, and bone stiffness.

Patients and Methods

Study subjects
Twenty-two postmenopausal women with PHPT were re-

cruited from Columbia University Medical Center (CUMC).
Subjects were eligible for inclusion if they had well-characterized
PHPT (elevated serum calcium and elevated or inappropriately
normal PTH levels). Exclusion criteria included bisphosphonate
or glucocorticoid use within the past 2 years, a history of Cushing
syndrome, uncontrolled thyroid disease, malabsorption syn-
drome, significant liver disease, creatinine clearance �30 mL/
min, and any chronic disorders of mineral metabolism such as
Paget disease or osteogenesis imperfecta. Women were consid-
ered postmenopausal if they had not had a menstrual period for
more than 1 year. Among the 29 women screened, 1 was ex-
cluded because of her premenopausal status and 6 were excluded
because of a history of bisphosphonate use within 2 years before
study.

The study was approved by the institutional review board of
CUMC, and all subjects gave written informed consent.

DXA
aBMD by DXA was measured at the lumbar spine (L1–L4),

total hip, femoral neck, and nondominant forearm (ultradistal
[UD] radius and one-third radius) using a Discovery A dual-
energy X-ray absorptiometer (Hologic Inc; Bedford, Massachu-
setts). Bone mineral density was expressed in grams per square
centimeter and in T-score unitage.

TBS
Site-matched spine TBS parameters were extracted from the

DXA image using TBS iNsight software (version 1.9; medimaps,
Geneva, Switzerland). TBS measurements were performed in the
Bone Disease Unit at the University of Lausanne (Lausanne,
Switzerland), using deidentified spine DXA files from scans ob-
tained at CUMC. TBS was evaluated by determining the vario-
gram of the trabecular bone projected image, calculated as the
sum of the squared gray-level differences between pixels at a
specific distance and angle. TBS was then calculated as the slope
of the log-log transform of this variogram (13). The mean value
of the individual measurements for L1–L4 represents the lumbar
spine TBS (unitless).

To ensure comparability with previous TBS studies, calibra-
tion of the DXA instrument at CUMC was performed using a
TBS-specific phantom (medimaps). With use of an extensively
calibrated dataset based on more than 35,000 women, normal
and abnormal scores have been established: TBS �1.2 defines
degraded microarchitecture, TBS between 1.20 and 1.35 is par-
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tially degraded microarchitecture, and TBS �1.35 is considered
normal (19–23).

HRpQCT
Volumetric bone mineral density (vBMD) and microarchi-

tecture were measured at the nondominant distal radius and tibia
using the HRpQCT system (voxel size 82 �m, XtremeCT;
Scanco Medical AG, Brüttisellen, Switzerland) at CUMC, as de-
scribed previously (24).

Image analysis has been validated and detailed elsewhere
(24–27). The following indices were evaluated at the distal ra-
dius and tibia: total area and total vBMD, cortical vBMD
(Ct.vBMD), and trabecular vBMD (Tb.vBMD); cortical thick-
ness (Ct.Th); trabecular bone volume (BV/TV); trabecular num-
ber (Tb.N); trabecular thickness (Tb.Th); trabecular separation
(Tb.Sp); and standard deviation of trabecular separation
(Tb.Sp.SD), a parameter reflecting the heterogeneity of the tra-
becular network.

FEA of HRpQCT images
FEA was performed to estimate whole bone and trabecular

stiffness by converting whole bone and trabecular HRpQCT
images into finite element models. For each finite element model,
a uniaxial compression test was performed with displacement
equivalent to 1% apparent strain to calculate stiffness. Bone
tissue was assumed to have an isotropic linear material property
with a Young modulus of 15 GPa and a Poisson ratio of 0.3.
Whole bone stiffness was defined as the reaction force divided by
the applied displacement. This measurement characterizes the
mechanical competence of both cortical and trabecular compart-
ments, and it is closely related to whole bone strength (28). Like-
wise, trabecular bone stiffness characterizes the mechanical com-
petence of the trabecular bone compartment.

Biochemical analysis
Serum total calcium (normal, 8.4–10.2 mg/dL) and albumin

were measured using standard methods (Quest Diagnostics,
Madison, New Jersey), and calcium values were corrected for
albumin concentration �4 g/dL. Intact PTH (normal, 14–66
pg/mL) was measured by immunoradiometric assay (Scantibod-
ies Laboratory, Santee, California) in the Bone Marker Labora-
tory at CUMC. The inter- and intra-assay coefficients are �7%
and �5%, respectively. Serum intact amino-terminal propeptide
of type I procollagen (Orion Diagnostica, Espoo, Finland) was
measured by radioimmunoassay (normal, 19–83 �g/L). Serum
N-Mid osteocalcin (OC) (IDS, Scottsdale, Arizona), bone-spe-
cific alkaline phosphatase (BSAP) (Quidel, San Diego, Califor-
nia), and C-telopeptide (CTX) (IDS) were measured by ELISA.
The reference ranges in premenopausal women for OC, BSAP,
and CTX were, respectively, 8.4 to 33.9 ng/mL, 11.6 to 29.6 U/L,
and 0.112 to 0.738 ng/mL.

Statistical analysis
Descriptive statistics are expressed as means � SEM. The

correlation of TBS with HRpQCT indices, mechanical param-
eters, and DXA measurements was assessed by the Pearson cor-
relation test. Because Tb.Sp and Tb.Sp.SD did not follow a nor-
mal distribution, they were log-transformed before analysis.
Linear regression analyses, without and with adjustment for
weight, were applied to estimate the variability in HRpQCT and
biomechanical parameters when TBS, aBMD at the lumbar

spine, or the combination of both was used as the explanatory
variable. All statistical tests were performed at the 2-sided P �
.05 significance level. Statistical analysis was performed using
SAS (version 9.2; SAS Institute, Inc, Cary, North Carolina).

Results

Baseline characteristics of 22 postmenopausal women
with PHPT are described in Table 1. Most patients with
PHPT (77%) were asymptomatic. Only 1 subject had a
history of nephrolithiasis, whereas 4 had a history of fra-
gility fracture. Bone turnover markers (amino-terminal
propeptide of type I procollagen, OC, and CTX) were at
the upper range of normal, whereas serum BSAP was
frankly elevated at 37.6 U/L (normal, 11.6–29.6 U/L). The
average creatinine clearance was normal at 77.7 mL/min
per 1.73 m2.

TBS and aBMD by DXA
Mean TBS, aBMD, and T-scores by DXA are shown in

Table 1. Although the prevalence of osteoporosis at any
site was 50%, the L1–L4 T-score by DXA was well above
the WHO osteoporosis threshold (T-score �2.5) in the
vast majority of subjects. Only 3 (14%) patients were clas-
sified as osteoporotic and 7 (32%) as osteopenic, whereas
the remaining 12 (54%) subjects presented with normal
L1–L4 T-scores by DXA. In marked contrast, TBS at the
lumbar spine showed degraded microarchitecture (TBS
�1.20) in 8 (36%) patients, partially degraded (TBS
�1.20 and �1.35) in an additional 8 patients (36%), and

Table 1. Baseline Characteristics of 22 Subjects With
PHPT

Characteristics PHPT (n � 22)

Age, y 67 � 2
Weight, kg 71 � 4
Height, cm 161.5 � 1.9
BMI, kg/cm2 27.2 � 1.5
Time since menopause, y 15 � 2
Time since diagnosis, y 6 � 1
Serum total calcium, mg/dL 10.4 � 0.1
PTH, pg/mL 72 � 9
TBS 1.24 � 0.03
L1–L4 aBMD, g/cm2 0.940 � 0.039

T-score �1.0 � 0.4
Total hip aBMD, g/cm2 0.808 � 0.035

T-score �1.1 � 0.3
Femoral neck aBMD, g/cm2 0.693 � 0.030

T-score �1.4 � 0.3
One-third radius aBMD, g/cm2 0.616 � 0.022

T-score �1.3 � 0.4
UD radius aBMD, g/cm2 0.361 � 0.018

T-score �1.4 � 0.3

Data are means � SEM. The normal range for serum calcium is 8.6 to
10.2 mg/dL and for serum PTH is 14 to 66 pg/mL.
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normal values (TBS � 1.35) in only 6 (27%) subjects (Fig-
ure 1, A and B). The mean TBS of the whole group was
1.24, markedly below the normal threshold (�1.35).

Relationship between TBS and aBMD by DXA
Correlations between TBS and aBMD at the lumbar

spine (r � 0.367), total hip (r � 0.269), and femoral neck
(r � 0.350) were not significant, but significant correlations
werefoundbetweenTBSandaBMDattheone-thirdradius(r�
0.427; P � .047) and UD radius (r � 0.450; P � .036).

Relationship between TBS, HRpQCT, and
mechanical parameters

As shown in Table 2, TBS was significantly correlated
with all radius HRpQCT and biomechanical measure-
ments except total area, Tb.Th, and trabecular stiffness.
Significant correlations remained after adjustment for
body weight (Table 2 and Figure 2).

TBS was significantly correlated with tibia HRpQCT
with regard to volumetric densities, Ct.Th, BV/TV, and
whole bone stiffness. All indices of trabecular microarchi-
tecture, except Tb.Th, became significant after adjusting
for body weight (Table 2 and Figure 2).

With the use of linear regression analysis, TBS or L1–L4
aBMD alone explained 20 to 52% of variance in
HRpQCT measurements of volumetric densities, Ct.Th,
BV/TV, and whole bone stiffness at the radius and tibia.
TBS and aBMD together better predicted the variability in
these HRpQCT indices and whole bone stiffness than ei-
ther one alone (Table 3).

At the radius, TBS explained 25% and 21% of the vari-
ance inTb.NandTb.Sp, respectively,witha slight increase

in the degree of variance explained by the combination of
TBS with L1–L4 aBMD compared with L1–L4 aBMD
alone (Table 3). At the tibia, TBS was a poor predictor of
the variance in HRpQCT measurements of trabecular
microarchitecture.

The addition of weight in the model increased the total
variance in HRpQCT measurements, and TBS was no lon-
ger distinctly associated with HRpQCT indices when
body weight was included in the analyses.

Discussion

The results of this study show, for the first time, significant
correlations between TBS and HRpQCT measurements of
volumetric densities, skeletal microarchitecture, and bone
stiffness at the radius and tibia in a group of postmeno-
pausal women with PHPT. Previous HRpQCT studies
have shown that not only cortical but also trabecular bone
is compromised in PHPT, even in the mild form of this
disease (6, 7). This technology, however, is not widely
accessible, and a clinical tool to assess trabecular micro-
architecture could be helpful in the evaluation of this

Figure 1. Prevalence of subjects with osteoporosis, osteopenia, or
normal aBMD at the lumbar spine by DXA (A) and degraded
microarchitecture (TBS �1.2), partially degraded microarchitecture
(TBS �1.2 and �1.35), and normal TBS at the lumbar spine (TBS
�1.35) (B).

Table 2. Correlation Between TBS and
HRpQCT/Mechanical Parameters at the Radius and at the
Tibia in Subjects With PHPT (n � 22)

TBS

r Value
r Value Adjusted

for Weight

Radius
Total area �0.153 �0.063
Total vBMD 0.489a 0.536a

Ct.vBMD 0.507a 0.512a

Ct.Th 0.453a 0.480a

Tb.vBMD 0.476a 0.562a

BV/TV 0.473a 0.559a

Tb.N 0.505a 0.620a

Tb.Th 0.317 0.337
Tb.Sp (log) �0.492a �0.580a

Tb.Sp.SD (log) �0.441a �0.533a

Trabecular stiffness 0.332 0.326
Whole bone stiffness 0.442a 0.530a

Tibia
Total area �0.373 �0.259
Total vBMD 0.619a 0.668a

Ct.vBMD 0.471a 0.465a

Ct.Th 0.515a 0.545a

Tb.vBMD 0.528a 0.606a

BV/TV 0.530a 0.608a

Tb.N 0.297 0.573a

Tb.Th 0.056 �0.112
Tb.Sp (log) �0.365 �0.524a

Tb.Sp.SD (log) �0.390 �0.483a

Trabecular stiffness 0.262 0.403
Whole bone stiffness 0.516a 0.609a

a P � .05.

1966 Silva et al TBS in Primary Hyperparathyroidism J Clin Endocrinol Metab, May 2013, 98(5):1963–1970

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/98/5/1963/2536954 by guest on 21 August 2022



disease. TBS, an indirect measurement of trabecular mi-
croarchitecture, is now an US Food and Drug Adminis-
tration–approved application applied to DXA images and
is readily available. Significant correlations between TBS
and HRpQCT indices demonstrated here indicate that
TBS may serve as a valuable additional index in the as-
sessment of skeletal microstructure in PHPT.

Significant correlations between TBS and 3D direct
measurements of trabecular microstructure were previ-
ously observed in human cadaver bone specimens (verte-
brae, femur, and radius) (12, 13). The pivotal TBS study
showed significant relationships between TBS evaluated
from 2D projection images directly derived from 3D �CT
reconstruction and direct 3D measurements of trabecular
microarchitecture by �CT (12). After this observation,
TBS was derived from DXA images of lumbar vertebrae,
and significant correlations between trabecular indices by
�CT and TBS were confirmed (13, 14). In agreement with
these data, we observed a positive correlation between
TBS and BV/TV and Tb.N and a negative correlation with
Tb.Sp and Tb.Sp.SD at the radius. At the tibia, correla-
tions between TBS and Tb.N, Tb.Sp, or Tb.Sp.SD became
significant only after adjustment for body weight, a sur-
rogate for biomechanical loading. Although the lumbar
spine and tibia are both load-bearing sites, they are sub-
jected to different loading forces, which might explain this
observation. Differences in the quality of trabecular

bone can also be recognized when
HRpQCT findings are compared
with histomorphometric and �CT
analyses of iliac crest bone biopsy
samples in PHPT. Although both
cortical and trabecular bone are ab-
normal when assessed by HRpQCT
at the radius and tibia, histomor-
phometry and �CT studies of iliac
crest biopsy samples show that tra-
becular bone volume, number, sep-
aration, and connectivity are either
preserved or increased in PHPT (29–
33). Cohen et al (34) have also found
modest or no correlations between
microarchitecture parameters as as-
sessed by HRpQCT of the radius and
tibia and histomorphometry and
�CT of iliac crest biopsy samples.
Because previous studies have shown
strong correlations between micro-
architecture assessed by HRpQCT
and histomorphometry or �CT at
the same bony regions (25, 35), site-
to-site differences are likely to con-
tribute to the weak correlations ob-

served by Cohen et al (34). The discrepant observations by
histomorphometric analysis of bone biopsy samples vis-
à-vis fracture incidence in this disease suggest that
HRpQCT and now TBS might be more clinically pertinent
to fracture risk in PHPT.

Despite the fact that TBS estimates trabecular micro-
architecture, our results also revealed positive correlations
between TBS and Ct.vBMD and Ct.Th at the radius and
tibia. This finding is not surprising, because cortical and
trabecular compartments are both affected in PHPT, lead-
ing to strong correlations between measurements of tra-
becular and cortical microarchitecture and density, even
among HRpQCT indices (eg, correlation between Tb.N
and Ct.Th at the radius: r � 0.667; P � .001). Moreover,
because TBS is assessed on 2D projection images, it is not
likely that TBS analyzes purely trabecular bone.

Using linear regression analysis, variations in
HRpQCT measurements of volumetric density were bet-
ter predicted by the combination of TBS and L1–L4 aBMD
than by either one alone. However, HRpQCT indices of
trabecular microarchitecture and stiffness were better pre-
dicted by L1–L4 aBMD, and the combination of TBS and
L1–L4 aBMD was only slightly better in predicting their
variance. Likewise, although our results showed positive
relationships between TBS and whole bone stiffness at the
radius and tibia, no significant correlations between TBS

Figure 2. Correlations adjusted for body weight between TBS and trabecular number (A and C)
and whole bone stiffness (B and D) at the radius/tibia.
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and trabecular stiffness were observed either at the radius
or at the tibia, even after adjustment for body weight.
Because trabecular microstructure can differ significantly
among different anatomical sites, it is possible that these
weak relationships are explained by the comparison of a
method that estimates trabecular microarchitecture at the
lumbar spine (TBS) with a technology that measures tra-
becular microstructure and stiffness at the radius and tibia
(HRpQCT). In fact, when TBS, aBMD, and measurements
of trabecular microstructure by �CT were assessed at the
same bony region, correlations of aBMD and TBS with
BV/TV, Tb.N, Tb.Sp, and connectivity density were sim-
ilar (13). Likewise, a recent ex vivo study on 16 human
vertebrae showed a positive relationship between TBS as-
sessed in L3 and mechanically measured bone stiffness of
the same vertebra (14).

The amount of variance in HRpQCT indices explained
by TBS and weight was greater than that for TBS alone.
Because of the increase in variance due to the addition of
weight as a variable, TBS lost its predictive value. Because
BMI is taken into account in the calculation of the TBS,
part of the variability in HRpQCT measurements ex-
plained by TBS alone might depend on some interaction of
TBS with weight.

Although we have not assessed differences in TBS in
patients with PHPT with or without fracture, we did show
positive correlations between TBS and whole bone stiff-
ness at the radius (r � 0.442; P � .04) and at the tibia (r �
0.516; P � .02) as measured by FEA of HRpQCT images.
Reduced bone stiffness assessed by FEA of HRpQCT im-
ages (36, 37), as well as low TBS (15–17, 19–21), has been
associated with fragility fractures in postmenopausal
women. In addition to predicting fracture risk in primary
osteoporosis and healthy subjects, TBS has also been
shown to predict fracture in individuals with secondary
osteoporosis related to several diseases, such as diabetes,
rheumatoid arthritis, and subclinical hypercortisolism
(38–40). Even though these studies did not involve pa-
tients with PHPT, our findings suggest that low TBS may
be related with decreased bone stiffness, and conse-
quently, fracture risk, also in PHPT.

As reported previously (22, 41), we observed modest or
no correlation between TBS and aBMD at all sites. Weak
relationships of TBS with aBMD at the lumbar spine, fem-
oral neck, and total hip were also reported in The Mani-
toba Study (20). The poor correlation between TBS and
aBMD at the lumbar spine, despite the fact that both eval-
uate the same region of bone, implies that these measure-
ments are at least partially independent of each other. In
contrast, Boutroy et al (21) found significant correlations
between TBS and L1–L4 aBMD (r � 0.58; P � .001) in
560 women from the OFELY cohort. However, part of
this correlation was partially confounded with age. Nev-
ertheless, there may be a tendency for higher correlations
between these 2 indices when Hologic scanners (21, 42) as
opposed to GE Lunar DXA devices (20, 43) are used. The
reason for these discrepant findings is still not clear but is
probably related to the image resolution, the DXA soft
tissue correction applied, and the spectra of X-ray energies
used.

A TBS threshold of 1.200 has been used in numerous
studies to identify patients at high risk of fracture. Results
from these studies have shown that a significantly greater
number of postmenopausal women at high risk of fragility
fracture are identified when a combination of either
aBMD T-score �2.5 or TBS �1.200 is considered as op-
posed to aBMD T-score �2.5 alone (19, 22, 23). Similarly,
in the study of Boutroy et al (21), nonosteoporotic women
whose TBS values were less than 1.209 (the first TBS quar-
tile threshold) had a significant higher incidence of fragil-
ity fracture. Using cutoff points previously reported as
having the best sensitivity and specificity in terms of frac-
ture risk (19–23), we showed that 36% of patients with
PHPT had degraded microarchitecture (TBS �1.20), an
additional 36% had partially degraded microarchitecture
(TBS �1.20 and �1.35), and only 27% had normal TBS

Table 3. Univariate or Multivariate Linear Regression
Analysis to Predict the Variability in HRpQCT Indices and
Mechanical Parameters

TBS (R2)

aBMD (R2)

L1–L4 TBS � L1–L4

Radius
Total area 0.023 0.004 0.039
Total vBMD 0.239a 0.330a 0.420a

Ct.vBMD 0.257a 0.209a 0.342a

Ct.Th 0.205a 0.233a 0.321a

Tb.vBMD 0.227a 0.479a 0.536a

BV/TV 0.224a 0.479a 0.534a

Tb.N 0.255a 0.460a 0.536a

Tb.Th 0.100 0.269a 0.287a

Tb.Sp 0.208a 0.345a 0.411a

Tb.Sp.SD 0.161 0.315a 0.359a

Trabecular stiffness 0.110 0.365a 0.379a

Whole bone stiffness 0.195a 0.522a 0.558a

Tibia
Total area 0.139 0.004 0.187
Total vBMD 0.383a 0.369a 0.550a

Ct.vBMD 0.222a 0.209a 0.315a

Ct.Th 0.265a 0.276a 0.396a

Tb.vBMD 0.278a 0.345a 0.458a

BV/TV 0.280a 0.345a 0.459a

Tb.N 0.088 0.642a 0.642a

Tb.Th 0.003 0.184a 0.237
Tb.Sp 0.127 0.343a 0.366a

Tb.Sp.SD 0.123 0.277a 0.306a

Trabecular stiffness 0.069 0.123 0.141
Whole bone stiffness 0.266a 0.444a 0.518a

a P � .05.
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values (TBS �1.35). In contrast to 72% of patients with
PHPT showing degraded or partially degraded micro-
architecture by TBS, only 46% were classified as os-
teopenic or osteoporotic by lumbar spine T-score. Like-
wise, Romagnoli et al (42) recently showed that TBS
values were lower in subjects with mild PHPT than in
aged-matched healthy control subjects, despite similar
lumbar spine aBMDs by DXA (42). Noteworthy conclu-
sions of this study of postmenopausal women with PHPT,
therefore, are that TBS may help to identify structural
abnormalities in trabecular bone and that conventional
DXA assessment is insufficient for this purpose.

This study has limitations. Because of the relatively
small number of subjects, we could not evaluate any
association between TBS and fracture risk in PHPT.
These results also need to be followed up with a larger
number of patients along with 2 groups of hyperpara-
thyroid subjects we have yet to study, namely men and
premenopausal women. Although we did not have a
healthy control group, there is robust experience with
normative datasets that have already defined normal
values for this technology.

Our study has important strengths. This is the first clin-
ical study to report significant correlations between TBS
and direct measurements of trabecular microstructure by
HRpQCT. The positive relationship between TBS and
whole bone stiffness assessed by FEA of HRpQCT images
suggests that, in PHPT, low TBS may also indicate in-
creased fracture risk. Moreover, our results demonstrate
that TBS has the potential to identify subjects with PHPT
with abnormalities in trabecular bone not captured by
lumbar spine aBMD. TBS has the major clinical advantage
of being readily available from images of DXA, a test rou-
tinely performed in PHPT. With significant correlations
between TBS and volumetric and microstructural indices,
as well as biomechanical measurements by HRpQCT, a
method that has greater resolving power but is not widely
accessible, TBS could become a helpful clinical tool in the
assessment of skeletal involvement in PHPT.
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