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Abstract
Introduction This study aimed to evaluate the effects of
teriparatide [hPTH (1–34)] on quantitative ultrasound
(QUS) parameters and bone mineral density (BMD) at the
axial and appendicular (hand) skeleton in women with
established osteoporosis who had been previously treated
with antiresorptive drugs.
Methods Sixty postmenopausal women (age 71.1±
6.8 years) were randomly assigned to either receive once-
daily 20-μg subcutaneous teriparatide (n=30) or continue
the antiresorptive treatment (n=30). At baseline and at 2-
month intervals we measured QUS parameters at the
calcaneus using the Achilles Plus (GE, Lunar), measuring
speed of sound (SOS), broadband ultrasound attenuation
(BUA), and stiffness index; QUS parameters at the
phalanxes using the Bone Profiler (IGEA), measuring
amplitude-dependent speed of sound (AD-SoS), bone
transmission time (BTT), and fast wave amplitude (FWA);
and BMD values at the right hand using dual x-ray
absorptiometry. BMD at the lumbar spine, femur, and
whole body were measured on a 6-monthly basis.
Results After 1 year of teriparatide treatment, the changes
in BMD were 7.1% at the lumbar spine, 2.6% at the
femoral neck, −0.8% at the total hip, and −0.6% for the
whole body. Teriparatide induced a significant and persis-
tent decrease in BMD at the hand (−3.6% at month 6 and
−2.7% at month 12). In the teriparatide group at month 12,
AD-SoS was slightly increased (0.7%; not significant),

whereas BTT significantly decreased (−16.4%, p<0.001)
and FWA significantly increased (17.5%, p<0.001). The
FWA/BTT ratio increased by 26.6% and 32.9% at months 6
and 12, respectively, in the teriparatide group and remained
unchanged in the antiresorptive group.
Conclusions In women with established osteoporosis who
had previously been treated with various antiresorptive drugs,
1 year of teriparatide treatment determined the expected
increase in BMD at the axial skeleton and a significant and
prolonged decrease in BMD at the hand. Moreover, teripara-
tide determined important changes in BTT and FWA, two
parameters obtained from the analysis of ultrasonographic
trace at the phalanxes, which could be considered in
monitoring for the early effect of teriparatide on bone.
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Introduction

The currently accepted treatment of postmenopausal oste-
oporosis uses bisphosphonates, selective estrogen-receptor
modulators, and salmon calcitonin. These drugs all act by
reducing bone turnover, which is usually associated with an
increase in bone mineral density (BMD) and a lower risk of
subsequent fragility fractures [1].

However, even with the use of such antiresorptive
treatment, many patients continue to have a BMD that
remains within the osteoporotic range, and many continue
to have fractures. Therefore, there is a great need for new
classes of drugs. With the approval of teriparatide [hPTH
(1–34)], a potent anabolic drug has been added to the
therapies currently available for osteoporosis. In fact,
teriparatide increases BMD by stimulating bone formation
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rather than by reducing bone resorption [2–4]. In a placebo-
controlled clinical trial, once-daily administration of ter-
iparatide for a median of 19 months significantly increased
BMD at most skeletal sites and substantially reduced the
risk of vertebral and nonvertebral fractures [5].

However, the observed decrease in BMD at the distal
radius in the study by Neer et al. [5] seemed to stimulate the
hypothesis of a negative effect of teriparatide on skeletal
sites made up predominantly of cortical bone. This doubt
has been overcome by the finding that teriparatide
determines a striking decrease in fracture risk at the
appendicular skeleton [5]. Moreover, by using quantitative
computed tomography (QCT), two recent studies have
demonstrated that teriparatide increases cortical thickness
and cross-sectional area at both the axial and appendicular
skeleton [6, 7]. Moreover, many animal and human studies
have reported that teriparatide greatly improves bone
quality (microarchitecture, trabecular connectivity, geome-
try, etc.) and bone strength [8–10]. Therefore, there is a
growing conviction that BMD measurement by dual x-ray
absorptiometry (DXA) is unable to register all the positive
changes induced in bone by teriparatide; in particular, the
measurement of BMD by DXA seems to underestimate the
amount of new bone made by teriparatide until secondary
mineralization is concluded [11, 12]. The last decade has
seen growing interest in the assessment of bone status using
quantitative ultrasound (QUS) techniques, which may offer
an attractive possible alternative to the central DXA
assessment because they are radiation-free, relatively cheap,
and easily transportable [13]. Moreover, many studies have
reported that QUS parameters may reflect not only bone
density but also other qualitative properties of bone that are
strictly related to bone strength (elasticity, structure, micro-
architecture) [14].

Several studies carried out in postmenopausal women
[15, 16] and elderly men [17, 18] have demonstrated that
QUS can predict fragility fracture risk independent of
BMD. In a previous study we reported that patients with
primary hyperparathyroidism presented a pattern of QUS
parameters—obtained from graphic trace analysis of the
ultrasonographic signal at phalanxes—that was characteris-
tic and different from that of postmenopausal osteoporosis
[19]. Some studies have found that in postmenopausal
women, QUS parameters were positively influenced by
antiresorptive agents or supplementation with calcium and
vitamin D [20, 21]. However, critics have questioned the
ability of QUS to detect treatment response because of its
lower precision and changes over time with respect to DXA
[13].

To date, no data exist in the literature on the effects of
teriparatide on QUS parameters. The aims of the present
study were twofold: (1) to determine whether teriparatide
treatment influences QUS parameters at the calcaneus and

phalanxes in postmenopausal women with established
osteoporosis, and (2) to compare the changes of QUS with
those of BMD by DXA at the axial and appendicular (hand)
skeleton.

Subjects and methods

Subjects

This randomized prospective, parallel-group, open-label
study was carried out using a cohort of 60 postmeno-
pausal women at least 5 years after natural menopause,
age 71.1±6.8 years with established osteoporosis, who
were consecutively referred to the Centre of Prevention,
Diagnosis and Therapy of Metabolic Bone Diseases at the
University of Siena (Italy). All patients were ambulatory
and had been under treatment with antiresorptive drugs for
at least 12 months. Woman were excluded if they had
suffered clinical fractures in the 3 months before the
study. Patient recruitment begun in March 2004 and was
concluded in June 2004.

Patients were not more than 15% below or 30% above
ideal body weight, and they had spine anatomy suitable for
obtaining DXA measurements of at least three lumbar
vertebrae.

We excluded patients with vitamin D deficiency (defined
as serum 25-hydroxy vitamin D concentration <15 ng/ml)
or with metabolic disorders known to affect mineral
metabolism. Other exclusion criteria were history of alcohol
abuse (>300 g/week); habitual smoking (>15 cigarettes/
day); cancer (except nonmelanoma skin cancer); stroke or
transient ischemic attack; nephrolithiasis or urolithiasis
during the previous 2 years; significantly impaired renal
or hepatic function; diabetes; or intake of drugs known to
interfere with calcium metabolism, such as anticonvulsants,
corticosteroids, heparin, anabolic steroids, and gonadic
hormones.

The preceding antiresorptive treatment was represented
by raloxifene (60 mg/day orally) in 14 patients, tibolone in
five, salmon calcitonin (100 IU intramuscularly every other
day) in six, clodronate (100 mg/week intramuscularly) in
15, risedronate (35 mg/week) in eight, and alendronate
(70 mg/week) in 12. On recruitment, most patients were
already receiving calcium supplementation (generally
500 mg/day).

The study was approved by the local ethics committee,
and all participants gave informed consent. The protocol
consisted of two phases: a run-in phase of a minimum of
1 month and a maximum of 2 months, and a treatment
phase of 12 months. During the run-in phase we ensured
that all patients received daily supplementation of calcium
(1,000 mg) and vitamin D (400 IU); study participants
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continued with these calcium and vitamin D supplements
throughout the entire study period. At the end of the run-in
phase, participants were randomly assigned to either receive
20 μg teriparatide (Forsteo; Eli Lilly) subcutaneous
injection once daily (n=30) or continue the previous
antiresorptive treatment (n=30).

Fifty-five patients (27 in the teriparatide group and 28 in
the control group) completed the 12-month study period,
and five patients withdrew from the study for problems
unrelated to the study drugs. Only the results from the
women with complete 12-month follow-up are analyzed
and reported here.

Methods

QUS measurements were carried out at the calcaneus using
the Achilles Plus (GE, Lunar USA) and at phalanxes using
the Bone Profiler (IGEA Italy) at the end of the run-in
phase (baseline) and after 2, 4, 6, 8, 10, and 12 months of
treatment.

The Achilles Plus measures speed of sound (SOS),
broadband ultrasound attenuation (BUA), and a clinical
index called stiffness. Stiffness is calculated automatically
by the machine according to the following formula:
stiffness =(0.67×BUA+0.28×SOS)−420. The Bone Profiler
measures the amplitude-dependent SOS (AD-SoS; m/s) and
some parameters of the graphic trace of the QUS signal [19,
22]. Among these, we considered bone transmission time
(BTT; μs), which is the difference between the time when
the first peak of the signal received attains its maximum and
the time that would be measured if no bone, but only soft

tissue, were present between the transducers, and fast wave
amplitude (FWA; mV), which is the maximum amplitude of
the fastest peak of the received ultrasound signal. AD-SoS
depends on the signal amplitude because it is calculated by
considering the time when the electrical signal, generated
by the ultrasound mechanical wave at the receiving probe,
reaches an amplitude of 2 mV [22]. In our institution the
precision of the QUS parameters evaluated in postmeno-
pausal osteoporotic women was 1.7% for stiffness, 0.8% for
AD-SoS, 0.6% for BTT, and 6% for FWA. In addition, the
standardized coefficient of variation (sCV) was calculated
for each QUS parameter according to the following
formula: sCV = CV%/range/mean, where range was the
difference between the 5th and the 95th percentiles of the
population. The sCV were 2.9% for stiffness, 4.4% for AD-
SoS, 11.9% for FWA, and 1.1% for BTT.

In all subjects at baseline and at months 6 and 12, we
used DXA (Prodigy, GE, Lunar) to measure BMD at the
lumbar spine (BMD-LS), at femoral subregions (femoral
neck: BMD-FN; total hip: BMD-T; trochanter: BMD-TR),
at total body (BMD-TB), and at the right hand (BMD-H).
Figure 1 shows the analysis of the total hand performed by
using the manual mode as described by Brownbill and Ilich
[23]. BMD at the right hand was also measured at months 2,
4, 8, and 10. In our institution the in vivo precision of
BMD-H, as obtained by measuring 50 postmenopausal
women twice with repositioning, was 1.1%. During the
study period no devices were exchanged or modified in
their hardware or software components. All measurements
were performed by the same operator, who was blinded to
the group characteristics.

Statistical analysis

Clinical data and initial values of the measured variables in
the study groups were compared using Student’s t-test for
unpaired data. For BMD and QUS parameters, the absolute
changes over time for each woman were expressed as a
percentage of the baseline values. Two-tailed paired t-tests
and Wilcoxon matched-pairs signed-ranks tests were used,
when appropriate, to compare the changes at each time
point with the baseline values. Two-tailed Student’s t-test
and Mann-Whitney U-test were used to compare the
difference between patient groups. A p-value <0.05 was
considered statistically significant.

Results

The baseline characteristics of the 55 patients who
completed the study period are shown in Table 1. There
were no significant differences between the two groups in
baseline characteristics. The mean BMD values at the

Fig. 1 Illustration of the hand’s region of interest (ROI). The proximal
limit of the ROI was a line through the base of the metacarpal bones
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lumbar spine and femoral neck were −3.5 and −2.6 standard
deviations below the respective mean values for young
women. In the teriparatide patients, the previous antire-
sorptive treatment was represented by alendronate in six,
risedronate in three, raloxifene in six, tibolone in two,
salmon calcitonin in three, and clodronate in seven.

The time course of changes in BMD at the axial skeleton
and whole body over the 1-year study period is shown in
Table 2. In teriparatide-treated patients, BMD-LS signifi-
cantly increased by 5.6% and by 7.1% after 6 and

12 months, respectively, whereas in the control group it
increased by 1.2% and 1.5%, respectively. The difference
between the two groups was significant (p<0.05) after both
6 and 12 months. At month 6 in the teriparatide patients,
both BMD-FN and BMD-T were reduced with respect to
baseline (−1.8% and −2.1%, respectively). During the
following 6 months, BMD-T tended to increase but
remained lower with respect to baseline (−0.8%). In
contrast, in the last 6 months of teriparatide treatment,
BMD-FN markedly increased and at month 12 was
significantly higher with respect to baseline (2.6%,
p<0.05). In the control group, neither BMD-FN nor
BMD-T showed any significant change during the study
period. The changes in BMD-TB were −0.4% and −0.6%,
respectively, after 6 and 12 months of teriparatide treat-
ment. Corresponding changes in the patients on antiresorp-
tive treatment were 0.2% and 0.3%, respectively. None of
the changes was statistically significant.

The changes in BMD-H are shown in Fig. 2. The
teriparatide group already showed a significant decrease in
BMD-H after 4 months of therapy. At month 6, BMD-H
was 3.6% lower with respect to baseline; BMD-H tended to
increase thereafter, but at month 12 it remained reduced
with respect to baseline (−2.7%). The differences between
the two groups were significant at both months 6 and 12
(Fig. 2).

Figure 3 shows the changes in QUS parameters at the
calcaneus and at phalanxes. Stiffness index showed no
significant change in either of the two groups (Fig. 3a).
Stiffness decreased during the first 6 months of teriparatide
treatment (−1.5% at month 6), and thereafter it tended to
return to baseline values (0.1% at month 12). In patients
continuing the treatment with antiresorptive drugs, stiffness
showed a progressive but not significant increase (Fig. 3a).

Table 1 Demographic characteristics and dual x-ray absorptiometry
and quantitative ultrasound parameters in teriparatide-treated patients
and in controls (NS not significant, BMI body mass index, BMD bone
mineral density, BUA broadband ultrasound attenuation, SOS speed of
sound, AD-SoS amplitude-dependent SOS, BTT bone transmission
time, FWA fast wave amplitude)

Teriparatide Controls p

n 27 28 -
Age (years) 71.3±7.0 71.0±6.8 NS
BMI (kg/m2) 24.7±3.3 24.8±3.1 NS
BMD hand
(g/cm2)

0.279±0.040 0.277±0.048 NS

BMD lumbar
spine (g/cm2)

0.742±0.104 0.740±0.111 NS

BMD femoral
neck (g/cm2)

0.626±0.077 0.621±0.091 NS

Stiffness (%) 58.7±9.7 57.7±10.5 NS
BUA (dB/Mhz) 90.8±7.1 89.4±9.2 NS
SOS (m/s) 1,490.9±16.7 1,491±19.9 NS
AD-SoS (m/s) 1,882.8±86.6 1,880.5±83.8 NS
BTT (μs) 1.25±0.4 1.24±0.3 NS
FWA (mV) 1.81±0.4 1.87±0.4 NS

Values expressed as mean ± SD

Table 2 Changes from baseline in bone mineral density (BMD) at the lumbar spine, femur, and total body

Teriparatide Controls

Baseline 6 months 12 months Baseline 6 months 12 months

BMD lumbar spine
(g/cm2) (Δ%)

0.742±0.104 0.785±0.122a,b

(5.6±6.7)
0.792±0.132b,c

(7.1±5.9)
0.740±0.111 0.750±0.120

(1.2±3.4)
0.752±0.119
(1.5±4.3)

BMD femoral neck
(g/cm2) (Δ%)

0.626±0.077 0.620±0.093
(−1.8±8.7)

0.642±0.81d

(2.6±5.1)
0.621±0.091 0.627±0.086

(1.6±3.1)
0.625±0.098
(1.1±3.8)

BMD trochanter
(g/cm2) (Δ%)

0.571±0.100 0.563±0.100
(−1.6±4.2)

0.568±0.104
(−0.3±5.4)

0.576±0.097 0.575±0.101
(0.1±4.0)

0.580±0.098
(1.2±6.2)

BMD total hip
(g/cm2) (Δ%)

0.707±0.091 0.693±0.100b,d

(−2.1±3.5)
0702±0.104
(−0.8±2.7)

0.712±0.099 0.713±0.089
(0.20±2.9)

0.719±0.091
(1.2±4.2)

BMD total body
(g/cm2) (Δ%)

0.884±0.080 0.880±0.084
(−0.4±2.2)

0.878±0.090
(−0.6±2.3)

0.879±0.081 0.880±0.082
(0.2±1.0)

0.883±0.101
(0.3±0.9)

Values expressed as mean ± SD
a p<0.01
b p<0.05 between groups
c p<0.001 vs. baseline
d p<0.05
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In the teriparatide group, SOS remained substantially
unchanged throughout the study period, whereas BUA
decreased in the first 6 months and thereafter tended to
increase (data not shown). None of the changes in QUS
parameters at the calcaneus was significant.

In the teriparatide group, AD-SoS slightly decreased at
month 2 (−0.9%, NS) and at month 4 (−1.3%, p<0.05).
Thereafter it tended to increase, and at the end of the study
period it was higher with respect to baseline (+0.7%). No
notable changes in AD-SoS were observed in patients
continuing antiresorptive treatment (Fig. 3b).

The QUS parameters derived from the graphic trace
analysis at phalanxes (BTT and FWA) showed a divergent
pattern in patients treated with teriparatide (Fig. 3c and d).
In fact, BTT already showed a significant decrease
(−12.2%, p<0.01) after 2 months of teriparatide treatment
and remained significantly reduced for the remainder of the
study period (Fig. 3c). FWA showed an opposite pattern; in
fact, it increased by 9.1% at month 2 even though the
increase in FWA values reached statistical significance only
at month 6 (13%, p<0.01), thereafter remaining elevated
until the end of the study (Fig. 3d). In patients treated with
antiresorptive drugs, FWA remained unchanged, and BTT
showed a slight increase (Fig. 3c and d). Combining BTT
and FWA in a ratio, we found that teriparatide was able to
significantly (p<0.01) increase the FWA/BTT ratio by
26.6% and 32.9% after 6 and 12 months, respectively. In

Fig. 2 Mean (±SE) percent changes from baseline in bone mineral
density (BMD) at the right hand in osteoporotic women treated for 1
year with teriparatide or antiresorptive drugs (controls) (*p<0.05;
**p<0.01, ***p<0.001 vs. baseline; #p<0.05, ##p<0.01, ###p<0.001
between groups)

Fig. 3 Mean (±SE) percent changes in stiffness at the calcaneus
(stiffness; a), amplitude-dependent speed of sound at phalanxes (AD-
SoS; b), bone transmission time (BTT; c), and first wave amplitude

(FWA; d) in osteoporotic women treated for 1 year with teriparatide or
antiresorptive drugs (controls) (*p<0.05, **p<0.01, ***p<0.001 vs
baseline; #p<0.05, ##p<0.01 between groups)
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contrast, the FWA/BTT ratio remained substantially un-
changed in women treated with antiresorptive drugs.

Discussion

Our results clearly show that 1-year treatment with
teriparatide in postmenopausal women who were previous-
ly treated with antiresorptive drugs induced spine BMD
increases similar to those observed in the Fracture Preven-
tion Trial, when teriparatide was given to naïve patients [5],
and to those observed in the study by Ettinger et al. [12] in
patients previously treated with raloxifene. In the same
study, Ettinger et al. [12] reported that patients previously
treated with alendronate showed an increase in BMD-LS of
about half that observed in naïve patients. There is growing
evidence from some [12, 24], but not all [25], studies that
prior therapy with alendronate may blunt the effectiveness
of teriparatide by reducing the expected increments in both
turnover and density of bone. No clinical information
currently exists regarding interactions between other
bisphosphonates or calcitonin and teriparatide [26]. Ralox-
ifene and estrogen, instead, do not seem to blunt the
anabolic effect of PTH [12, 26]. Unfortunately, in our study
the low number of patients does not allow any separate
analysis on the basis of the prior treatments.

In our study, teriparatide treatment was associated with
an early decrease in BMD-FN with a subsequent tendency
to reverse this trend. Similar biphasic patterns of BMD at
the femur were reported in osteoporotic women receiving
hPTH (1–84) [27, 28] and in those receiving hPTH (1–34)
who had been previously treated with alendronate [12]. The
disparate effects of PTH on trabecular and cortical bone
may explain the fact that BMD-TB is reported as slightly
increased in some studies [5] and slightly decreased in
others [27, 28].

To our knowledge, this is the first study to evaluate the
effect of teriparatide on BMD at the hand, an appendicular
site characterized by a high percentage of cortical bone
[23], showing that BMD-H was markedly reduced in the
teriparatide-treated group. Early reduction in BMD as
measured by DXA at skeletal sites where cortical bone
prevails was reported either in patients treated with
teriparatide [3–5] or intact PTH [27, 28] and is probably
due to an enhanced intracortical remodeling leading to the
“trabecularization” of the endocortical envelope. However,
it has been reported that teriparatide could offset the
expansion of the inner diameter of tubular bones by an
increase in external diameter due to new periosteal bone
apposition [6, 26]. The possible negative effect of teripara-
tide on areal BMD may be increased in patients previously
on long-term bisphosphonate treatment. In fact, the latter
may reduce the ability of PTH to stimulate new bone

formation [24]. Because BMD measurement by DXA
presents several shortcomings in evaluating the effects of
PTH on bone, there is a pressing need to explore the utility
of other complementary techniques (e.g., QCT, magnetic
resonance imaging, or QUS) [26].

Our study, even though preliminary and carried out on a
small sample of patients, suggests the possibility of using
QUS parameters, namely BTT and FWA, to monitor the
effects of teriparatide on bone. These derive from the
analysis of ultrasound received signals, and each reflects
somewhat different aspects of skeletal status [29]. BTT is
independent of the thickness of the soft tissue, depends on
the amount of bone inside the phalanxes, and is strongly
correlated to pure SOS, so the results for SOS should also
be valid for BTT [29, 30]. It has been reported that BTT can
be considered sensitive to cortical bone density, cortical
thinning, and porosity [30]. In our patients, the reduction in
BTT may be a combination of several effects induced by
PTH, which include increased endocortical remodeling,
expansion of the inner diameter, and, probably, the
“trabecularization” of the endocortical envelope. In a
previous study we found that BTT was markedly more
reduced in patients with primary hyperparathyroidism than
in osteoporotic women, with respect to controls [19].

On the other hand, the significant increase in BTT
observed by Ingle et al. [31] in osteoporotic women, in the
course of a 2-year alendronate treatment, could be
explained by the increased mineralization and reduced
endosteal resorption due to bisphosphonate treatment.

The significance of the increase in FWA is less evident.
Barkmann et al. [29] showed that in healthy subjects, FWA
was related to the medullary canal cross-sectional area but
not to the cortical area. In a previous study we found that
FWA was significantly reduced in osteoporotic patients but
not in patients with primary hyperparathyroidism, and we
suggested that FWA was probably related to trabecular
connectivity, which is conserved in hyperparathyroidism
[19]. Moreover, it has been reported that FWA is associated
with the structure of the trabecular bone [32]. The FWA
increase in teriparatide-treated patients may reflect the
deposition of new bone with a consequent improvement
in bone connectivity [33].

Therefore, because BTT and FWA are differently
influenced by teriparatide, the FWA/BTT ratio could better
express the global effect of teriparatide on bone. The
pattern of AD-SoS, the QUS variable routinely measured in
clinical practice, may be explained by the fact that it is
affected by both the relative cortical area and the signal
amplitude [29]. Moreover, it has been reported that AD-SoS
depends less on cortical area than BTT [29, 30]. AD-SoS
showed a decrease during the first 6 months of teriparatide
therapy, and thereafter it tended to increase and could have
been expected to further increase if the observation period
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had been prolonged parallel with the mineralization of the
newly formed bone. The reproducibility represents one of
the major critical points for the use of QUS in clinical
practice. The precision data for QUS parameters at
phalanxes are quite different in the various studies that
evaluated different populations. Namely, the CV of BTT is
better in our study with respect to that reported by other
authors [31]. However, it is important to consider that the
precision of QUS parameters could lessen when using QUS
devices in a real practice setting outside of a dedicated
laboratory. Despite substantial increases in spine BMD in
the teriparatide group, parallel increases in calcaneal QUS
measurements did not occur, even though both sites are
predominantly trabecular bone and weight bearing. The
clinical significance of these findings is unknown. Howev-
er, the mild and transient decrease in the stiffness index at
the calcaneus could be explained by an increased porosity
of the cortical envelope.

Clearly, our study presents some limitations: Our sample
size was relatively small, the observation period was
limited to 1 year, and the reproducibility of some QUS
parameters, namely FWA, is not entirely satisfactory.
Moreover, the patients included in the study were not
naïve. However, this latter could also be considered a point
of strength because our study population is representative
of normal patients who are generally treated with anti-
resorptive drugs before receiving teriparatide.

In conclusion, our study shows that in women with
established osteoporosis who had previously been treated
with various antiresorptive drugs, a 1-year teriparatide
treatment determined the expected increase in BMD at the
axial skeleton and a significant and prolonged decrease in
BMD at the hand. Moreover, teriparatide determined
important changes in BTT and FWA, two parameters
obtained from the analysis of ultrasonographic trace at
phalanxes, which could be considered in monitoring for the
effect of teriparatide on bone. Further studies carried out on
a larger population would be necessary to define the
clinical role of QUS parameters in patients treated with
teriparatide.
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