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Abstract Vertebral fractures are an emerging complication
of acromegaly but their prediction is still difficult occurring
even in patients with normal bone mineral density. In this
study we evaluated the ability of high-resolution cone-beam
computed tomography to provide information on skeletal
abnormalities associated with vertebral fractures in acro-
megaly. 40 patients (24 females, 16 males; median age 57
years, range 25—72) and 21 healthy volunteers (10 females,
11 males; median age 60 years, range: 25-68) were eval-
uated for trabecular (bone volume/trabecular volume ratio,
mean trabecular separation, and mean trabecular thickness)
and cortical (thickness and porosity) parameters at distal
radius using a high-resolution cone-beam computed tomo-
graphy system. All acromegaly patients were evaluated for
morphometric vertebral fractures and for mineral bone
density by dual-energy X-ray absorptiometry at lumbar
spine, total hip, femoral neck, and distal radius. Acromegaly
patients with vertebral fractures (15 cases) had significantly
(p <0.05) lower bone volume/trabecular volume ratio,
greater mean trabecular separation, and higher cortical
porosity vs. nonfractured patients, without statistically sig-
nificant differences in mean trabecular thickness and
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cortical thickness. Fractured and nonfractured acromegaly
patients did not have significant differences in bone density
at either skeletal site. Patients with acromegaly showed
lower bone volume/trabecular volume ratio (p =0.003) and
mean trabecular thickness (p <0.001) and greater mean
trabecular separation (p=0.02) as compared to control
subjects, without significant differences in cortical thickness
and porosity. This study shows for the first time that
abnormalities of bone microstructure are associated with
radiological vertebral fractures in acromegaly. High-
resolution cone-beam computed tomography at the distal
radius may be useful to evaluate and predict the effects of
acromegaly on bone microstructure.

Keywords Acromegaly - Vertebral fractures - Bone
microstructure - Cone beam computed tomography -
Osteoporosis

Introduction

Acromegaly is an insidious disorder characterized by
excessive secretion of growth hormone (GH) generally
caused by a pituitary adenoma, resulting in elevations of
circulating levels of GH and insulin-like growth factor
(IGF-I) [1]. Acromegaly is associated with an average 10-
year reduction in life expectancy and a double standardized
mortality rate as compared to the general population [2].
Skeletal fragility is an emerging complication of acrome-
galy [3] deriving from a chronic stimulation of bone turn-
over induced by GH excess [4-6]. As a matter of fact, over
the last 10 years several studies have reported high pre-
valence [7-9] and incidence [10, 11] of vertebral fractures
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(VFs) in patients with acromegaly. However, bone mineral
density (BMD) is low in only a minority of acromegaly
patients [5] and VFs were shown to occur even in patient
with normal BMD [7, 8]. Indeed, there is evidence that GH
hypersecretion causes deleterious effects on trabecular
microarchitecture whereas cortical bone density tends to be
increased as effect of GH on periostal ossification [12, 13].
Dual-energy X-ray absorptiometry (DXA) does not distin-
guish between the cortical and trabecular bone and the
densitometric results are greatly influenced by the variable
distribution of these compartments in the different skeletal
sites. Moreover, DXA does not quantify some of the factors
that contribute to bone strength, such as the bone-tissue
properties, morphology, and microarchitecture. Many of the
limitations of areal DXA measurement can be overcome by
computed tomography techniques that allow higher spatial
resolution, improved delineation of bone architecture, and
acquisition of near isotropic volumetric datasets [14].
However, only few clinical studies were carried out with
tomography techniques in acromegaly [12, 15] and they did
not investigate the correlation between abnormalities of
bone microstructures and fragility fractures in this clinical
setting. In this cross-sectional study, we aimed at char-
acterizing for the first time the specific abnormalities of
cortical and trabecular bone structures associated with
radiological VFs in patients with acromegaly. Bone
microstructure was evaluated at distal radius using high-
resolution cone-beam computed tomography (HR-CBCT)
[16].

Materials and methods
Subjects

This cross-sectional study included patients attending our
out-patient endocrine clinic. Inclusion criteria were: (1)
diagnosis of acromegaly and (2) age older than 18 years.
Exclusion criteria were: (1) neoplastic diseases in progres-
sion; (2) treatment with anti-osteoporotic drugs except for
calcium and vitamin D; (3) treatment with drugs causing
osteoporosis [17], as glucocorticoids (except of those used
to replace hypopituitarism), aromatase inhibitors, thiazoli-
nediones, selective serotonin reuptake inhibitors, antic-
onvulsants, and anti-retroviral drugs; (4) prolonged
immobilization; (5) trauma; (6) surgical intervention on the
spine.

Acromegaly was diagnosed by failure of suppression of
serum GH concentrations below 1 ng/ml after a 75-g oral
glucose load together with fasting plasma IGF-1 con-
centrations above the normal ranges for age [18]. Among 44
acromegaly patients consecutively attending our out-patient
endocrine clinic in the period June 2013 and December

2015, 40 patients (24 females, 16 males; median age 57,
range 25-72) who met the inclusion criteria were included
in the study. Fourteen patients had been already enrolled in
our previously published cross-sectional e prospective stu-
dies [7, 8, 10].

At the study entry, 7 patients were cured after neuro-
surgery, 13 had controlled disease by somatostatin analog
(12 cases) or pegvisomant (1 patient) treatment, whereas the
remaining 20 patients had active acromegaly disease not-
withstanding different treatments [19]. Patients under
somatostatin analogs were evaluated by measurement of
serum random GH and IGF-I, those under pegvisomant
were evaluated by serum IGF-I alone, whereas patients
treated with neurosurgery alone were evaluated also by
serum GH after a 75-g oral glucose tolerance test [19].
Acromegaly was defined controlled if IGF-I values were in
the reference ranges for age and, in patients under soma-
tostatin analogs and after neurosurgery, random GH was
below 1.0ng/ml. When oral glucose tolerance test was
performed, GH values equal or below 0.4 ng/ml were con-
sidered expression of cured disease [20].

In all patients, the median duration of active disease was
estimated on the basis of clinical history, i.e., when the
patient recalled appearance of signs and symptoms of the
disease, and duration of uncontrolled disease during medi-
cal treatment.

At the study entry, 7 patients had glucocorticoid defi-
ciency, 14 had hypothyroidism and 25 were hypogonadal
(16 post-menopausal women, 2 pre-menopausal women
and 7 males). All patients with glucocorticoid deficiency
and hypothyroidism were on replacement therapy, whereas
only 6 out of 25 patients with hypogonadism (5 men and 1
pre-menopausal woman) were adequately replaced for this
deficiency. Patients with diagnosis of hypogonadism under
replacement treatment with sex steroids were considered
eugonadal if treatment was started at least 12 months prior
the study entry. Vitamin D status of acromegaly patients
was retrospectively assessed using 25-hydroxyvitamin D
values measured within 1 month before the enrollment and
available in the clinical files. Hypovitaminosis D was
defined by serum 25-hydroxyvitamin D values below
30 ng/ml. All patients had an history of hypovitaminosis D
and were on treatment with cholecalciferol + calcium at
the time of study entry. At the study entry, 28 had per-
sistent hypovitaminosis D notwithstanding vitamin D
replacement therapy. Ten patients were affected by dia-
betes mellitus [21].

Twenty-one healthy volunteers (10 females and 11
males; median age 60 years, range: 25-68) were enrolled as
controls for the evaluation of cortical and trabecular bone
structure by HR-CBCT. The control subjects were con-
secutively recruited among the hospital staff after the
enrollment of acromegaly patients. The criteria used to
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select control subjects were: (1) age and sex distribution
consistent with that of acromegaly patients; (2) no personal
history of pituitary diseases and osteoporosis; (3) no treat-
ment with drugs potentially causing osteoporosis [17]; (4)
no familiar history of osteoporosis and fragility fractures;
(5) willingness to perform HR-CBCT evaluation. The
recruitment was stopped when the control group was
comparable for sex and age to acromegaly patients. Control
subjects did not undergo DXA scan and morphometric
evaluations since the additional radiation exposure,
although minimal, was not considered ethically justified in
view of the aims of the study (see below). The patients and
control subjects gave informed consent to the study that was
approved by local Ethical Committee.

Study Protocol

The main end-point of the study was to evaluate whether
prevalent VFs in acromegaly patients were associated with
abnormalities of trabecular and/or cortical cortical bone, as
assessed by HR-CBCT at distal radius. As secondary end-
points, we evaluated: (1) the differences in CBCT bone
parameters between acromegaly and control subjects and
(2) the determinants of CBCT parameters in patients with
acromegaly.

Geometric trabecular parameters and cortical thickness
were measured at the distal radius using a high-resolution
CBCT system (Newtom 5G; QR, Verona, Italy) with an
isotropic voxel size of 75 microns and a fixed tube voltage
of 110kV. Forearms were scanned with 8 x 8 cm> FOV
starting from the styloid process of the radius (Supple-
mentary Fig. 1). Images were imported to Image] 1.48v
(Rasband, W.S., ImageJ, U.S. National Institutes of Health,
Bethesda, MD, USA). The BoneJ 1.3.9 program [22] was
applied to measure five bone structural parameters: bone
volume/trabecular volume ratio (BV/TV), mean trabecular
thickness (Th.mean), mean trabecular separation (Sp.mean),
cortical thickness and cortical porosity. According to lit-
erature guidelines [23-25], the analysis was performed on a
volume of 9.0 mm (120 slices) ending 9.5 mm proximal to
the distal epiphysis border (Supplementary Fig. 1; more
details on the methodology were provided in the supple-
mental material). A validation analysis was performed
comparing HR-CBCT to micro-computed tomography
(micro-CT) procedures [26]. Specifically, four specimens of
trabecular bone with different trabecular content were pre-
pared and scanned with both HR-CBCT and micro-CT
(Skyscan model 1072 installed at Rizzoli Orthopaedic
Institute, Bologna, Italy). A fixed threshold value was
applied and a good correlation between HR-CBCT and
micro-CT was observed for all trabecular parameters
(Fig. 1) [22].
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The assessment of VFs was performed with a mor-
phometric X-ray absorptiometry method using images of
the spine (T5-L4) acquired by DXA [27]. According to
quantitative morphometric approach, the fractures were
defined mild, moderate, and severe based on a height
decrease of 20-25 %, 26-40 %, and more than 40 %,
respectively [28].

BMD at the lumbar spine, total hip, femoral neck, and
distal radius was measured in patients with acromegaly by
DXA (Explorer Hologic Inc., Waltham, MA). Fractured
vertebrae, assessed by the above reported method, were
excluded from the lumbar BMD analysis. In patients aged
50 years or older, BMD was expressed as T-score, com-
paring the results with those obtained in a sex-matched
Caucasian population at peak of bone mass [29]. A T-
score less than or equal to —2.5 SD at the hip or spine was
defined as osteoporosis, whereas osteopenia was defined
as a T-score between —1 and —2.5 SD. In younger than 50
years patients, the results were expressed as Z-score,
comparing the results with those obtained in an age and
sex-matched Caucasian population [29]. A Z-score of
—2.0 SD or lower was used to define a BMD “below the
expected range for age” [29].

Patients were also evaluated for their body mass index
(BMI: weight/height?).

Blood samples were collected after an overnight fast. GH
and IGF-1 were measured by Immulite 2000 (DPC, Los
Angeles, CA). For IGF-I, normal ranges were 116-358 ng/ml,
109-307 ng/ml,  94-267ng/ml, 81-225ng/ml, and
55-212 ng/ml for patients aged 21-30 years, 31-40 years,
41-50 years, 51-60 years, and 61-85 years, respectively.

Statistical analysis

All data were expressed as median and range. Un-paired
data and frequencies were compared using Mann—Whitney
and y” tests, respectively. Spearman rank order correlation
was performed to identify the determinants of CBCT
parameters in patients with acromegaly. Statistical sig-
nificance was assumed when p-values were equal or less
than 0.05.

Results
DXA and morphometric analyses

In patients aged 50 years or older (26 cases), osteopenia and
osteoporosis at any skeletal site were found in 8 (30.8 %)
and 7 (26.9 %) patients, respectively. Only one acromegaly
patient younger than 50 years (7.5 %) had BMD “below the
expected range for age”. In the whole acromegaly group,
24 patients (60.0 %) had normal BMD at all skeletal sites.
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Fig. 1 Correlations between HR-CBCT and micro-CT reading of BV/TV (A), Th.mean (B), and Sp.mean (C)

The prevalence of pathological BMD (i.e., osteoporosis or
osteopenia or BMD “below the expected range for age”)
was significantly higher in patients with untreated hypo-
gonadism as compared to eugonadal patients (57.9% vs.
23.8 %; p =0.03).

VFs were found in 15 patients (37.5 %). VFs were mild,
moderate, and severe in 6, 8, and 1 patient, respectively,
while multiple VFs occurred in 10 patients. Patients with
VFs were older, had longer duration of active acromegaly
and higher prevalence of untreated hypogonadism as

@ Springer



536

Endocrine (2016) 54:532-542

Table 1 Demographical and
clinical features of acromegaly

Acromegaly patients

patients with VFs as compared No VFs VFs p-values

to those who did not fracture
N 25 15 —
Sex (F/M) 15/10 9/6 1
Age (yrs.) 49 (25-71) 63 (47-72) <0.001
BMI (Kg/m?) 27 (19-42) 28 (21-42) 0.58
Controlled/Cured acromegaly 11 (44 %) 9 (60.0 %) 0.33
Duration of active disease (yrs) 4 (0.7-15) 5 (3-14) 0.01
Lumbar spine-BMD Z-score (SD) +0.35 ( -2.8 to +4.4) +0.01 (3.2 to +4.9) 0.45
Total hip-BMD Z-score (SD) +0.45 (-1.3 to +4.2) —0.10 (-1.4 to +2.0) 0.10
Femoral neck-BMD Z-score (SD) +0.60 (-1.1 to +4.5) +0.1 (-1.1 to +2.0) 0.16
Distal radius-BMD Z-score (SD) +1.0 (2.0 to +5.0) +0.4 (-2.4 to +2.4) 0.29
Untreated hypogonadism 8 (32.0 %) 11 (73.3 %) 0.01
Diabetes 5 (20.0 %) 5 (33.3 %) 0.35
Treated hypoadrenalism 4 (16.0 %) 3 (20.0 %) 0.75
Treated hypothyroidism 7 (28.0 %) 7 (46.7 %) 0.23
Persistent hypovitaminosis D 19 (76.0 %) 9 (60.0 %) 0.28

Data were presented as percentages and median (range), and comparisons were performed using non-

parametric tests

F females, M males, yrs years, BMI body mass index, BMD bone mineral density, SD standard deviation

compared to patients who did not fracture, without sig-
nificant differences in sex, controlled/cured acromegaly,
BMI, BMD at any skeletal site and prevalence of diabetes,
persistent hypovitaminosis D, treated hypoadrenalism and
hypothyroidism between the two groups (Table 1).

CBCT analyses

Representative HR-CBCT images and their qualitative dif-
ferences between control subjects and acromegaly patients
with and without VFs are shown in Fig. 2.

Quantitatively, patients with acromegaly showed at HR-
CBCT lower BV/TV, smaller Th.mean, and greater Sp.
mean, without significant differences in cortical thickness
and porosity as compared to control subjects (Table 2).
Acromegaly patients with VFs had significantly lower BV/
TV (Fig. 3a), greater Sp.mean (Fig. 3b), and higher cortical
porosity (Fig. 3c) as compared with non-fractured patients,
without statistically significant differences in Th.mean (p =
0.25) and cortical thickness (p=0.11). Statistical sig-
nificance for trabecular parameters BV/TV and Sp.mean
was verified over a wide of threshold values around the
selected one (gray level 39).

In control group, males showed higher BV/TV
(p =0.02), greater Th.mean (p =0.01) and lower Sp.mean
(p=0.03) as compared to females, without statistically
significant differences in cortical thickness (p =0.06) and
porosity (p =0.13). Moreover, either trabecular or cortical
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parameters did not correlate significantly with age of control
subjects (data not shown).

In acromegaly, males showed greater Th.mean (p = 0.02)
as compared to females, without significant differences in
BV/TV (p=0.11) and Sp.mean (p =0.13). Moreover, tra-
becular parameters were associated with the age of patients
(Table 3), since older patients had lower BV/TV and greater
Sp.mean as compared to younger ones. Although no sig-
nificant differences were found between active and con-
trolled/cured acromegaly at the time of study entry (data not
shown), trabecular parameters were significantly associated
with duration of active disease (Table 3). In fact, longer
duration of active acromegaly was associated with lower
BV/TV and greater Sp.mean.

Acromegaly patients with untreated hypogonadism
showed lower BV/TV (0.71 %, range: 0.35-0.94 vs. 0.87
%, range: 0.62-0.94; p =0.005) and greater Sp.mean (0.41
mm, range 0.26-0.72 vs. 0.33 mm, range: 0.21-0.53; p =
0.004) as compared to eugonadal patients. Eugonadal
patients did not show any significant differences in trabe-
cular parameters as compared to control subjects (data not
shown). However, eugonadal acromegaly patients were
significantly younger as compared to patients with untreated
hypogonadism (48 years, range: 25-72 vs. 62 years,
range: 46-71; p=0.001) and control subjects (48 years,
range: 25-72 vs. 60 years, range: 25-68; p = 0.05).

Cortical thickness and porosity were significantly asso-
ciated with age of patients (i.e., older patients had lower
cortical thickness and higher porosity as compared to
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Fig. 2 Representative images of a

qualitative differences in HR- trabecular structure
CBCT parameters between
control subjects (a) and
acromegaly patients with (b) and cortical porosity
without (¢) VFs.

cortical structrure

trabecular structure

cortical porosity

trabecular structure

cortical porosity

younger patients) (Table 3). Moreover, patients with  0.15-0.52; p =0.02). Furthermore, both cortical thickness
untreated hypogonadism had higher porosity than eugona-  and porosity were significantly associated with diabetes
dal patients (0.35 %, range: 0.23-0.53 vs. 0.27 %, range: (Table 3), since lower cortical thickness (0.78 mm,
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Table 2 Differences in trabecular and cortical bone, as evaluated by
HR-CBCT at distal radius, between acromegaly patients (40 cases) and
control subjects (21 cases)

Controls Acromegaly p-values
patients
N 21 40
Sex (F/M) 10/11 24/16 0.35
Age (yrs) 60 (25-68) 57 (25-72) 0.83
BV/TV (%) 0.90 (0.62-0.98)  0.82 (0.35-0.99) 0.003
Th.mean (mm) 1.25 (0.79-1.89)  0.95 (0.50-1.81)  <0.001

Sp.mean (mm)

Cortical thickness
(mm)

0.30 (0.22-0.61)
0.96 (0.60-1.18)

0.36 (0.21-0.72) 0.02
1.05 (0.61-1.78) 0.17
0.35 (0.25-0.58)

Cortical porosity 0.31 (0.15-0.53) 0.49

(%)

Data were presented as percentages and median (range), and
comparisons were performed using non-parametric tests

F females, M males, yrs years, BV/TV trabecular bone volume ratio,
Th.mean mean trabecular thickness, Sp.mean mean trabecular
separation

range: 0.65-1.12 vs. 1.1 mm, range: 0.61-1.78; p =0.004)
and higher cortical porosity (0.47 %, range: 0.31-0.53 vs.
0.29 %, range: 0.15-0.53; p=0.001) were found in acro-
megaly patients with diabetes as compared to those without
diabetes. Finally, cortical thickness and porosity were sig-
nificantly correlated with BMD as measured by DXA at
distal radius (Table 3). No significant differences in cortical
thickness (p=0.28) and porosity (p=0.54) were found
between males and females in acromegaly.

Trabecular and cortical CBCT parameters were not sig-
nificantly associated with treated hypoadrenalism and
hypothyroidism (data not shown).

Discussion

In this cross-sectional study, acromegaly patients with VFs
were found to have abnormal trabecular and cortical bone
microstructure as compared to acromegaly patients who did
not fracture.

In patients with various forms of secondary osteoporosis,
bone strength and quality are compromised independently
of bone density [30-32]. Moreover, trabecular and cortical
bone respond differently to GH excess [4, 12, 13]. Con-
sistently with previous reports [5], more than half of our
acromegaly patients had normal BMD and only 20 % of
them had either densitometric osteoporosis (>50 years) or
BMD “below the expected range for age” (<50 years of
age). Despite these reassuring densitometric findings, in the
last decades high prevalence and incidence of VFs even in
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Table 3 Determinants of HR-CBCT parameters at distal radius in patients with acromegaly

Rho (p-values)

BV/TV Th.mean Sp.mean Cortical thickness Cortical porosity
BV/TV — — — — —
Th.mean 0.89 (p <0.001) — — — —
Sp.mean —0.98 (p <0.001) —0.82 (p <0.001) — — —
Cortical thickness 0.31 (p =0.06) 0.28 (p =0.08) -0.28 (p =0.08) — —
Cortical porosity -0.28 (p =0.08) -0.21 (p =0.18) 0.26 (p=0.11) -0.85 (p < 0.001) —
Age -0.34 (p =0.03) -0.21 (p=018) 0.32 (p =0.04) -0.37 (p =0.02) 0.51 (p =0.001)
BMI 0.10 (p=0.53) 0.19 (p=0.24) -0.10 (p =0.55) 0.04 (p=0.79) 0.02 (p=0.89)
Duration active acromegaly -0.35 (p =0.02) -0.28 (p =0.07) 0.33 (p =0.04) 0.07 (p=0.68) 0.01 (p=0.99)
Lumbar spine-BMD Z-score 0.08 (p=0.62) 0.02 (p =0.88) -0.10 (p =0.70) 0.14 (p=0.39) -0.13 (p=042)
Total hip-BMD Z-score 0.26 (p=0.11) 0.24 (p=0.14) -0.24 (p=0.14) 0.30 (p =0.06) -0.29 (p =0.07)
Femoral neck-BMD Z-score 0.17 (p=0.29) 0.17 (p=0.30) -0.18 (p =0.28) 0.24 (p =0.08) -0.23 (p=0.14)
Distal radius-BMD Z-score 0.32 (p =0.06) 0.23 (p=0.14) -0.31 (p =0.06) 0.50 (p =0.001) —0.49 (p =0.001)

The univariate correlation analysis was performed using Spearman rank test. The statistically significant correlations were shown as bold text

BV/TV trabecular bone volume ratio, Th.mean mean trabecular thickness, Sp.mean mean trabecular separation, BMI body mass index, BMD bone

mineral density

acromegaly patients with normal BMD were consistently
reported [7-11].

Riggs and colleagues, more than 40 years ago, showed
that acromegaly patients had increased bone width,
increased cortical remodeling, and normal or increased
cortical bone but decreased trabecular bone mass [33]. More
recently, convincing evidence that bone microstructure may
be compromised in acromegaly was reported [6, 12, 34].
Moreover, biomechanical competence and apparent density
of trabecular framework were shown to be reduced in
acromegaly patients evaluated by iliac crest biopsy [6].
Consistently, a recent clinical study with high-resolution
peripheral computed tomography showed lower trabecular
volume and greater trabecular separation in eugonadal
patients with acromegaly as compared to control subjects
[12]. However, so far no study has investigated the possible
role of bone microarchitecture abnormalities in the deter-
minism of fragility fractures in acromegaly. In this respect,
the original methodological aspect in our study was that, for
the first time, we analyzed bone microstructure in acrome-
galy using HR-CBCT, a multitask tomography technique
characterized by low radiation dose and costs, reduced
scanning time and 3D modalities in evaluating bone struc-
ture [16]. In fact, HR-CBCT has high isotropic resolution
(i.e., voxel size 75 um), with the ability to define indepen-
dently trabecular and cortical microstructures [16], and has
been recently proposed as a tool for the assessment of bone
microstructure in patients with osteoporosis
[16, 35]. Using this technique, we confirmed that acromegaly
patients have a compromised trabecular bone framework
and architecture (BV/TV, Sp.mean, Th.mean) as compared to
control subjects [12]. The significant association between

trabecular bone parameters and duration of active disease
suggests that GH hypersecretion was the main determinant of
bone trabecular abnormalities in acromegaly [34].

The main original finding of our study was the associa-
tion between radiological VFs and bone microstructure
abnormalities at distal radius in acromegaly. Specifically,
HR-CBCT analysis showed that patients with VFs had
decreased trabecular bone volume and greater trabecular
separation in distal radius as compared to patients who did
not fracture, consistently with the working hypothesis that
VFs in acromegaly are caused by a specific and generalized
deterioration of trabecular bone microarchitecture [6, 12,
34]. Interestingly, VFs were found to be associated also
with higher cortical porosity. Although cortical porosity
may have been underestimated by HR-CBCT, which could
capture only pores larger than 150 pm, our results may
suggest that even abnormalities in cortical structure may
contribute to skeletal fragility in acromegaly [34, 36, 37]. In
agreement with previous observations already performed in
non-acromegaly patients [38, 39], in our study reduced
cortical thickness and higher cortical porosity were shown
to occur in older patients and in those with diabetes
mellitus.

Some limitations of this study merit mention. The cross-
sectional design did not allow to investigate the timing of
VFs development and the value of HR-CBCT data in pro-
spectively predicting the fracture risk in acromegaly
patients. Hypogonadism has been reported to play a role in
bone microstructure deterioration in acromegaly [12, 40]. In
our study, both VFs and CBCT parameters were associated
with age of patients, untreated hypogonadism and duration
of active acromegaly, but the small size of study group did
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not allow us to investigate the independent impact of these
factors on skeletal fragility. However, when the analysis
was restricted to eugonadal subjects, the differences in HR-
CBCT parameters between acromegaly patients and control
subjects were lost possibly because the two groups were
small and had significantly different ages. Using HR-
CBCT, we were able to assess bone microstructure in the
radius but not at the spine level where fractures occurred.
However, the use of high-resolution quantitative computed
tomography for the analysis of architecture of the vertebrae
in vivo is limited by relatively high radiation dose and most
studies have been so far performed at peripheral site,
demonstrating that this approach may provide reliable
information on skeletal fragility and fracture risk in different
clinical settings [12, 25, 37-39, 41, 42]. The reliability and
reproducibility of HR-CBCT results have been recently
questioned due to the lack of clinically relevant parameter
ranges and potentially high variability of trabecular bone
measurements [43]. Specifically, BV/TV was shown to be
the most consistent bone parameter evaluated by HR-
CBCT, whereas high variability was already reported for
the other trabecular parameters measured by this technique
[43]. The highest achievable spatial resolution for HR-
CBCT (around 150 pm) is lower than the one available with
micro-CT—the standard for trabecular bone structure eva-
luation—which ranges between 7 and 35 pm [26, 44—46]. In
fact, CBCT systematically overestimates trabecular thick-
ness with respect to micro-CT [26] as confirmed by our
validation analysis. This may explain why VFs in our
acromegaly patients were associated with bone trabecular
volume and separation but not with trabecular thickness.
However, all these parameters were clearly different
between acromegaly patients and control subjects support-
ing the concept that HR-CBCT may be reliable in eviden-
cing impaired skeletal structure in acromegaly. On the other
hand, this study did not provide information on the role of
HR-CBCT in predicting VFs in non-acromegaly patients
with osteoporosis, since our control group included healthy
subjects in whom DXA evaluations were not performed. In
our study, VFs were evaluated using DXA technique in
order to reduce radiation exposure in patients with acro-
megaly. Although some underestimation of VFs has been
reported with this technique especially when fractures were
mild and involved upper thoracic vertebrae [47], the use of
DXA assessment of VFs showed reasonable agreement with
morphometry performed on standard X-ray [48] and was
recommended as a viable alternative to conventional
radiography to detect VFs in osteoporosis [29].

Besides the above mentioned limitations, the results of
this study provide the first evidence that HR-CBCT at the
distal radius may be an useful tool to evaluate and measure
the deleterious effects of GH excess on trabecular and
cortical bone microarchitecture predisposing to VFs in

@ Springer

acromegaly patients. Based on these data, it is reasonable to
hypothesize that in the next future HR-CBCT may replace
DXA in stratifying the fracture risk of patients with
acromegaly.
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