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Abstract

Hand and wrist are well recognized as a mirror of
disease for various metabolic and endocrine
pathologic conditions. Among them, osteoporosis
is the most common metabolic bone disorder. It is
defined as ‘‘a skeletal disease, characterized by
decreased bone mineral density (BMD) and micro-
architectural deterioration of bone tissue, with a
consequent increase in bone fragility and suscep-
tibility to fracture’’ . As a disease of the elderly, its
prevalence will increase as the population ages
leading to a need to intensify and optimize the
diagnostic techniques for its assessment. BMD is a
measurement of bone mass and a reflection of the
amount of calcium in bone. Currently, the gold
standard for measuring BMD is Dual-energy
X-ray Absorptiometry (DXA).

1 Introduction

Hand and wrist are well recognized as a mirror of
disease for various metabolic and endocrine patho-
logic conditions (Theodorou et al. 2001). Among
them, osteoporosis is the most common metabolic
bone disorder. It is defined as ‘‘a skeletal disease,
characterized by decreased bone mineral density
(BMD) and micro-architectural deterioration of bone
tissue, with a consequent increase in bone fragility
and susceptibility to fracture’’ (Anonymous 2003).
As a disease of the elderly, its prevalence will
increase as the population ages leading to a need to
intensify and optimize the diagnostic techniques for
its assessment. BMD is a measurement of bone mass
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and a reflection of the amount of calcium in bone.
Currently, the gold standard for measuring BMD is
Dual-energy X-ray Absorptiometry (DXA). On the
basis of the T-score (the difference between the BMD
of the patient under examination and the BMD of a
standard young adult population) The World Health
Organization (WHO) has defined as:
• normal T-score values of -1.0 or higher;
• osteopenia T-score values of less than -1.0 but

higher than -2.5;
• osteoporosis T-score values of -2.5 or less;
• severe osteoporosis T-score values of -2.5 or less

with a fragility fracture (Kanis JA, on behalf of the
World Health Organization Scientific Group 2007).
Osteoporotic fractures may affect any part of the

skeleton except the skull. Most commonly, fractures
occur in the distal forearm (Colles’ fracture), thoracic
and lumbar vertebrae, and proximal femur (hip frac-
ture). Fractures usually have substantial clinical and
social impact. Following a fragility fracture, signifi-
cant pain, disability, and deformity can ensue,
compromising life quality and shorten life expectancy
(Cockerill et al. 2004; Center et al. 1999). Moreover,
if fracture union is not achieved, the patient may
suffer long-term disability due also to degenerative
joint disease distal to the fracture and to reflex sym-
pathetic dystrophy (Cosman 2005). A prior fracture
increases the risk of future fractures (Cummings et al.
1995). Moreover, fractures are often under-recog-
nized and patients who sustain a fragility fracture
often do not receive adequate or appropriate medical
treatment for the underlying osteoporosis. Given the
substantial impact of osteoporosis on both patients
and the medical community, it is imperative that
physicians improve awareness and knowledge of
osteoporosis in the setting of low-energy fractures.

2 Classification of Osteoporosis

Osteoporosis is generally characterized into primary
and secondary causes. Primary osteoporosis is divided
into type I, postmenopausal osteoporosis, and type II,
senile or age-related osteoporosis. Type I represents a
high turnover state that occurs after menopause. Type
II is largely a failure of osteoblastic bone to form
(Lane et al. 2006). In ‘‘postmenopausal’’ osteoporosis
there is an apparent excess loss of cancellous bone
with relative sparing of cortical bone, and the clinical

syndrome involves Colle’s fracture and vertebral
fracture. In ‘‘senile’’ osteoporosis there is a more
simultaneous loss of both cortical and cancellous
bone. The pathogenesis of senile osteoporosis is
uncertain, but it is postulated to result from an
age-related decline in renal production of 1,25-di-
hydroxyvitamin D and calcium malabsorption, with
subsequent secondary hyperparathyroidism. Fracture
syndrome often seen in the patient with senile oste-
oporosis characteristically involves the hip and pelvis
(Ross 1998). Besides the above mentioned, other risk
factors like presence of dementia, susceptibility to
falling, history of fractures in adulthood, history of
fractures in a first-degree relative, frailty, impaired
eyesight, insufficient physical activity and low body
weight can partly contribute to the development of
osteoporosis and its complications (Guglielmi et al.
2008).

Secondary osteoporosis is caused by a multitude of
factors, including endocrine disorders, hematopoietic
diseases, immobilization, gastric disorders, medica-
tions (long-term oral glucocorticoid therapy),
increased alcohol intake and smoking (Seeman et al.
1983).

3 Diagnosis of Osteoporosis

3.1 Conventional Radiography

Indications of bone loss on radiographs are generally
a reduction in density and changes in morphology. It
has been estimated that in most cases osteopenia
becomes detectable on conventional radiographs only
after a loss of at least 20–40% of the skeletal bone
mass (Virtama 1960; Grampp et al. 1993). Never-
theless, conventional radiography is widely available,
and it remains useful for the detection of specific
alterations in certain instances (e.g., subperiosteal
resorption in hyperparathyroidism). Alone and in
conjunction with modern, computed-aided, imaging
techniques, conventional radiography is widely used
for the detection of fractures, for the differential
diagnosis of osteopenia, or for follow-up examina-
tions in specific clinical settings (Genant et al. 1996;
Guglielmi et al. 1994). Moreover, conventional radi-
ographies are predominantly performed at sites of the
peripheral skeleton (calcaneus and distal radius) as
surrounding soft tissue does not compromise image
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quality and standardization (Caligiuri et al. 1994;
Vokes et al. 2006).

In osteoporosis a decrease in the mineralized bone
volume results in a decrease of the total bone calcium
and a decreased absorption of the X-ray beam.
This phenomenon is then referred to as increased
radiolucency. As bone mass is lost, changes in the
bone structure occur. Bone is composed of two
compartments: cortical bone and trabecular bone.
The structural canes seen in the cortical bone repre-
sent bone resorption at different sites (e.g., the inner
and outer surfaces of the cortex, or within the cortex
in the Haversian and Volkmann channels). These
three sites (endosteal, intracortical, and periosteal)
may react differently to distinct metabolic stimuli.
Cortical bone remodeling typically occurs in the
endosteal ‘‘envelop’’, and the interpretation of subtle
changes in this layer may be difficult. With increasing
age there is a widening of the marrow canal due to an
imbalance of endosteal bone formation and resorption
that leads to a ‘‘trabeculization’’ of the inner surface
of the cortex. Endosteal scalloping due to resorption
of the inner bone surface can be seen in high-bone
turnover states like reflex sympathetic dystrophy.
Intracortical bone resorption may cause longitudinal
striation or tunneling. These changes are seen in
various high-turnover metabolic diseases affecting the
bone like hyperparathyroidism, osteomalacia, renal
osteodystrophy, and acute osteoporoses from disuse
or reflex sympathetic dystrophy syndrome, but also
rapidly evolving postmenopausal osteoporosis. It is
usually not apparent in disease states with relatively
low turnover like senile osteoporosis.

Accelerated endosteal and intracortical resorption,
with intracortical tunneling and indistinct border of
the inner cortical surface, is best depicted with high-
resolution radiographic techniques with optical
magnification.

Subperiosteal bone resorption is associated with an
irregular definition of the outer bone surface. This
finding is pronounced in diseases with high bone
turn-over, principally primary and secondary hyper-
parathyroidism (Guglielmi et al. 2001, 2003).

In the appendicular skeleton, changes in the
trabecular and cortical bone are first apparent at the
ends of long and tubular bones due to the predomi-
nance of cancellous bone in these regions.

Radiologic imaging of the hand is a fundamental
step in evaluating grade and type of osteoporosis,

thanks to anatomic peculiarities of this anatomic
region that allow a best detailed evaluation through
high-resolution systems (e.g., industrial films).

Metacarpal bones (usually II, III, and IV) are
investigated. Spongious and cortical compartments
are separately evaluated (Fig. 1). The cortico-medul-
lar index, based on the evaluation of the cortical
thickness at II metacarpal bone, represented in the
past a good semi-quantitative measure for grading
osteoporosis at this site (Link et al. 1994).

3.2 Peripheral Dual-Energy X-Ray
Absorptiometry

Bone mineral density is an important factor influ-
encing bone strength and a key predictor of fracture
risk in patients with osteoporosis and other metabolic
bone diseases (Cummings et al. 2002; Grampp et al.
1997). DXA is the most widely used technique
for diagnosis of osteoporosis (Cauley et al. 2005;

Fig. 1 Radiographs of the hand showing a detailed evaluation
of II, III, and IV metacarpal bones. Spongious and cortical
compartments are separately evaluated
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Damilakis et al. 2006; Guglielmi et al. 2003).
This technique determines an aerial density and BMD
is therefore given as g/cm2. It has a limited ability to
evaluate bone geometry and cannot provide separate
cortical and trabecular bone evaluations (Seeman and
Delmas 2006).

An increasing number of small, portable DXA
scanners are becoming available for application to
peripheral sites (distal radius and calcaneus). Scan-
ning of the forearm takes about 5 min to perform. The
position of the forearm is standardized by the patient
gripping a vertical rod. DXA allows an evaluation of
weight-bearing and not weight-bearing bones. The
scan is performed in a rectilinear fashion at a distal
(87% cortical bone) and ultradistal (predominantly
65% trabecular bone) site (Fig. 2). Accuracy is 3%,
precision is better than 1% and radiation dose is
0.1 lSv. Due to its composition, the forearm site is
not a sensitive site for monitoring changes in BMD
with respect to the calcaneus that is 95% trabecular
bone and offers more potential for this purpose. The
WHO criterion for the diagnosis of osteoporosis
(T-score of -2.5 or less) is applicable to the forearm

but the definitive threshold for diagnosis has still to be
determined (Pacheco et al. 2002). By consequence,
BMD changes in peripheral bones such as phalanx
and forearm must be very carefully interpreted.
In fact, screening individuals using peripheral sites
and technologies is not completely supported by
current evidences. Picard and collaborators (Picard
et al. 2004) compared results of BMD obtained at the
forearm and phalanges with those obtained at lumbar
spine and femoral neck evaluated by DXA: even
though the negative predictive value reached more
than 95% of the true negatives, the positive predictive
value was only ranged from 40 to 43% what is, again,
distant from the ideal situation. In general, it is rec-
ognized that the elder the subject is, the more likely to
have agreement between a peripheral and a central
measurement (Deng et al. 1998).

Monitoring treatment could be a very specific
applicability but, even in this case, distal sites are not
completely accepted due, mainly, to the fact that the
changes expected with the available therapies are also
smaller than at central sites. As reviewed by the
ORAG group (Guyatt et al. 2002), if the forearm was
used for monitoring treatment, only the treatment
with Hormonal Therapy and Alendronate for
2–4 years could be adequately monitored.

3.3 Peripheral Quantitative Computed
Tomography

Bone strength and fracture risk are also influenced by
parameters of bone quality such as micro-architecture
and tissue properties, evaluable by developing tech-
niques other than DXA. Peripheral Quantitative
Computed Tomography (pQCT) has been proposed as
a relatively inexpensive method to assess trabecular
BMD in single-slice mode (Rüegsegger et al. 1976;
Schneider and Börner 1991; Guglielmi and Lang
2002; Guglielmi et al. 1997). Dedicated peripheral CT
scanners are available for assessing BMD in the
radius and tibia. They are smaller, more mobile and
less expensive that whole body CT scanners. pQCT
measures the apparent volumetric BMD (mg/cm3), in
contrast to projection techniques such as DXA of the
radius, and allows separate assessments of trabecular
and cortical bone (Ito et al. 1997; Schneider and
Reiners 1998) (Fig. 3). Peripheral QCT is most
commonly applied to the non-dominant forearm.

Fig. 2 DXA of the distal (87% cortical bone) and ultradistal
(65% trabecular bone) forearm
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Initially the forearm length is measured as the
distance between the tip of the ulnar styloid and the
olecranon. The patient’s forearm is placed pronated in
the pQCT gantry with the elbow resting on a block
and the hand gripping the hand fixture. The arm is
secured with Velcro straps to prevent movement.
A coronal scout scan is performed and a reference line
is placed to bisect the medial border of the end of the
distal radius. Accurate and consistent positioning of
this reference line is essential in any longitudinal or
multi-center studies for comparable results. The sites
generally scanned in the radius are the 4% (distal),
50% (mid) and between 60 and 66% (proximal) shaft,
but other sites (e.g., 38% distal) are also used. The
parameters measured at the 4% site include total and
trabecular bone mineral content (BMC), BMD and
cross-sectional area (CSA); in the shaft cortical BMC
and BMD are measured with many geometric
parameters including total and cortical area (mm2),
cortical thickness (mm), marrow cross-sectional area
(mm2), periosteal and endosteal circumference (mm),

(Adams 2009). The definition of osteoporosis given
by the WHO (T-score of -2.5 or less), is applicable
only to DXA of the lumbar spine, femoral neck, total
hip and distal 33% radius. The definition does not
apply to other anatomical sites (e.g., calcaneus) or to
other densitometric techniques, such as Quantitative
Ultrasound (QUS) or QCT, in either a central or
peripheral QCT in the spine, and in distal radius and
tibial sites.

Measurements of either total or trabecular BMD of
the ultra-distal radius, by pQCT, predict fractures of
the hip in post-menopausal women (Engelke et al.
2008). pQCT performs as well as, if not better than,
DXA spine or QCT spine for prediction of wrist and
hip fractures (Engelke et al. 2008).

Advantages of pQCT over axial QCT are that
pQCT generates a lower radiation dose (1–2 lSv in
pQCT compared with 50 lSv in spinal QCT), and
that it provides substantially higher reproducibility
(Guglielmi et al. 1997). Advantages of pQCT over
DXA are high accuracy, separate measurement of

Fig. 3 Peripheral QCT of the
distal radius allows separate
measurement of trabecular
bone, cortical bone, total and
cortical area and marrow
cross-sectional area
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cortical and trabecular bone, and cross-sectional bone
imaging to offer additional information.

Recent advancements in another novel technol-
ogy, volumetric QCT (vQCT), offers three-dimen-
sional (3D) information, and cortical and trabecular
bone can be separately analyzed. A particular
challenge of volumetric BMD (vBMD) is the
reproducible location of a given analysis volume of
interest (VOI) in longitudinal scans. Most analysis
software is experimental and only a few commercial
programs are available. The overall advantages of
this vQCT technique include high precision, on the
order of 1–2% for BMD of the spine, hip and
radius; nearly instant availability of data, in a matter
of seconds to minutes; widespread access, with
many thousands of systems available worldwide;
and minimal user interaction. The major disadvan-
tage for vBMD is the use of modest radiation
exposure, which for the radius requires an effective
dose \10 lSv (Genant et al. 2008). Guglielmi et al.
found that pQCT of the ultradistal radius is a precise
method for measuring the true volumetric BMD and
for detecting age-related bone loss in the trabecular
and total bone of female subjects encompassing the
adult age range and menopausal status (Guglielmi
et al. 2000).

Another area of active research is high-resolution
peripheral QCT (HR-pQCT), that allows accurate and
precise 3D evaluation of vBMD, quantitative trabec-
ular structure analysis of the distal radius and also a
separate assessment of cortical and trabecular BMD,
although with longer scan times and increased like-
lihood of motion artifacts (Boutroy et al. 2008;
Sornay-Rendu et al. 2009). The advancement of
techniques allowing assessments of cortical bone is
important. Indeed, non-vertebral fractures are a
significant cause of morbidity and mortality in oste-
oporosis, and cortical bone can account for a signifi-
cant amount of the likelihood for fracture in the
peripheral skeleton. On the other hand, occurrence of
a forearm fracture increases the risk of future hip,
spine, and forearm fractures (Cuddihy et al. 1999).
This is of particular importance if one thinks that
although they are accepted as a major fracture type,
forearm fractures remain under-recognized and
under-treated as osteoporosis-related fractures
(Endres et al. 2007). Spadaro et al. (1994) evaluated
the contributions of the cortical and trabecular
compartments to bone strength at the radius and found

that the cortical shell contributes substantially to bone
strength.

The structure or spatial arrangement of bone at the
macroscopic and microscopic levels is thought to
provide additional, independent information on
mechanical properties and may help to better predict
fracture risk and assess response to drug intervention.
Boutroy and colleagues (Boutroy et al. 2005) gave the
first indication that peripheral trabecular structure
assessment is indeed useful to differentiate women
with an osteoporotic fracture history from controls
better than DXA at hip or spine. Khosla and
colleagues (Khosla et al. 2006a; Khosla et al. 2006b)
examined age- and sex-related bone loss cross-
sectionally and speculated as to the different patterns
of bone loss in men and women.

3.4 Quantitative Ultrasound

Quantitative sonography methods have been intro-
duced in recent years for the assessment of skeletal
status in osteoporosis (Guglielmi et al. 2009). QUS
involves generating ultrasound impulses that are
transmitted (transversally or longitudinally) through
the bone under study. The frequency range employed
in QUS of bone lies between 200 kHz and 1.5 MHz.
The ultrasound wave is produced in the form of a
sinusoid impulse by special piezoelectric probes, and
is detected once it has passed through the medium;
there are two distinct probes, emitting and receiving,
and the skeletal segment for evaluation is placed
between them (Guglielmi and de Terlizzi 2009).

The first ultrasound parameters employed for
characterizing bone tissue were: Speed of Sound
(SoS) and Broadband Ultrasound Attenuation
(BUA). More complex parameters have been
developed from combination of SoS and BUA:
Amplitude Dependent Speed of Sound (AD-SoS),
stiffness, Quantitative Ultrasound Index (QUI)
(Gluer and the International Quantitative Ultrasound
Consensus Group 1997; Guglielmi et al. 2003). The
technique is usually applied at the calcaneus, tibia,
and phalanges, but has also been used at the patella
and distal radius (Gnudi et al. 2000). The phalanx is
a long bone consisting of a trabecular component
and a cortical component, the principal determinant
of the mechanical resistance of the bone. The
phalanx is measured by QUS at the metaphyseal site,
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where both trabecular (at about 40%) and cortical,
bones are present. The metaphysis of the phalanx is,
moreover, characterized by a high bone turnover
and, therefore, extremely sensitive to changes in
skeletal status due to natural causes (growth and
aging), metabolic diseases (e.g., hyperparathyroid-
ism), or drug-induced effects (treatment with gluco-
corticoids). When measurements are performed at
the radius site, propagation occurs mainly along the
external surface of the bone, and thus provides
information mostly of cortical bone.

The European multi-center study (PhOS) (Wüster
et al. 2000), performed on over 10.000 women,
provided clinical validation of QUS at the phalanx.
In this study the method could identify osteoporotic
subjects with vertebral or hip fractures. Guglielmi

et al. (1999) found no significant differences between
phalangeal QUS and X-ray densitometric BMD
methods (DXA and central QCT) in separating nor-
mal from osteoporotic subjects when using ROC
analysis (Fig. 4). Hartl et al. (Hartl et al. 2002)
showed that the diagnostic performance of QUS at the
calcaneus and the phalanx were comparable with
central DXA in assessing subjects with osteoporotic
vertebral fractures. Krieg et al. (2003) studied an
elderly (70–80 years) Swiss population, to assess the
ability of QUS at the calcaneus and phalanx in
discriminating subjects with, and without, hip frac-
ture. An interesting Italian study demonstrated that
QUS at the phalanx is more sensitive in discriminat-
ing subjects with, and without, vertebral fractures
immediately post-menopause, prior to the age of

Fig. 4 Quantitative
ultrasound at hand phalanges
showing the different graphic
traces in a normal subject and
osteoporotic patient
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70 years, whereas QUS at the calcaneus is more
sensitive in the subsequent period, at the age of
70 years and older (Camozzi et al. 2007).

Even if clinical studies demonstrated positive and
statistically significant correlations between results
from QUS and photon bone densitometric method,
this is not sufficient to predict central BMD from QUS
(Wüster et al. 2000; Guglielmi et al. 1999; Schott
et al. 1995). These observations demonstrate that
QUS cannot replace photon absorptiometric bone
densitometry, but the two techniques can provide
complementary information to improve estimates of
vertebral fracture risk: low QUS values must be
considered as a factor in fracture risk assessment
which is independent of BMD and, therefore,
emphasizes the clinical importance of QUS in
appropriate clinical situations. Anyway, it is impor-
tant to note that the WHO definition of osteoporosis
based on densitometry terms (T-score of -2.5 or less)
is not applicable to QUS. On the other hand, QUS for
the study of post-menopausal osteoporosis is now
completely validated: scientific societies of several
European countries have included bone QUS in their
national guidelines for the diagnosis and management
of osteoporosis, particularly for the evaluation of
fracture risk in post-menopausal women (National
Osteoporosis Society 2002; Schattauer GmbH 2006).
Ultrasound velocity has also been applied to monitor
changes and response to treatment in women with
osteoporosis. In particular, some studies show that
treatment with alendronate (Ingle et al. 2005),
raloxifene (Agostinelli and de Terlizzi 2007), and
teriparatide (Gonnelli et al. 2006) can be monitored
using phalanx QUS.

3.5 Magnetic Resonance

Magnetic resonance (MR) offers alternative ways of
assessing skeletal properties. Trabecular bone is not
visualized at MR imaging so that a trabecula appears
as a signal void, surrounded by high-intensity fatty
bone marrow. This signal void is due to the very short
T2 relaxation time of bone and to the bone marrow
interface (Link et al. 1999; Guglielmi et al. 2003).
Due to technical advances, like optimized coil design,
fast gradients and high field strength, clinical MR
scanners provide an in vivo spatial resolution close to
the diameter of a single trabecula (Sell et al. 2005;

Wehrli 2007). Moreover, with the advent of parallel
imaging, motion correction techniques and new
sequences, the limits of spatial resolution and scan
time can be further overcome (Banerjee et al. 2006;
Techawiboonwong et al. 2005). Most in vivo studies
focused on peripheral skeleton because the distal
radius, distal tibia and the calcaneus are easily
accessible with small coils, contain a high number of
trabeculae and the bone marrow consists of fat,
resulting in high bone–bone marrow contrast. Each
stage needs to be standardized to ensure a high degree
of reproducibility (Newitt et al. 2002). On the other
hand, the processing of high-resolution MR (HR–MR)
images generally consists of several stages (registra-
tion, segmentation, resolution enhancement and
normalization or binarization), before measures of the
trabecular architecture can be evaluated (Wehrli
2007; Newitt et al. 2002) (Fig. 5). The efficiency of
these techniques was evaluated in terms of repro-
ducibility (2–4%), (Gomberg et al. 2004) and differ-
ent approaches have been applied successfully in
several cross-sectional, and recently in longitudinal,
studies (Wehrli et al. 2001; Majumdar et al. 1999;
Cortet et al. 2000). MR imaging aims to quantification
of the trabecular bone architecture trough five types of
measures (describing scale; shape and orientation of
the trabeculae; connectivity or complexity of the
trabecular network and finite element models—FEM)
directly characterizing mechanical properties.

Many Authors studied performances of MR in
studying trabecular structure at distal radius and
phalanges. Stampa et al. (2002) used phalanges, a
convenient anatomic site particularly suitable for

Fig. 5 High-resolution MR of the radius allows quantification
of the trabecular bone architecture (scale, shape, orientation,
connectivity and finite element models of the trabeculae)
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obtaining high signal-to-noise and high-spatial
resolution images, to derive quantitative three-
dimensional parameters based on an algorithm and
model for defining trabecular rods and plates. To date
the quantification of trabecular bone architecture by
HR–MR imaging at distal radius aimed to assess the
prevalence and incidence of osteoporotic fractures
(Majumdar et al. 1999; Cortet et al. 2000; Majumdar
et al. 1997). Early studies suggested that MR-based
parameters of the trabecular architecture better sepa-
rate patients with, and without, osteoporotic fractures
compared to BMD (Cortet et al. 2000; Majumdar
et al. 1997). Link et al. (1998), Majumdar et al.
(Majumdar et al. 1997), and Wehrli et al. (Wehrli
et al. 1998; Wehrli et al. 2001; Wehrli et al. 2002)
have shown the ability to discriminate spine and/or
hip fractures using trabecular structure or textural
parameters from in vivo MR images of the radius.
In measuring the effect of pharmacological therapies
for osteoporosis, some studies shows that parameters
of trabecular micro-architecture derived by MR could
better monitor changes due to anti-resorptive treat-
ment than BMD (Chesnut et al. 2005). One of the
early longitudinal studies showed that salmon
calcitonin had therapeutic benefit compared with
placebo in maintaining trabecular micro-architecture
at multiple skeletal sites (Chesnut et al. 2005).

4 Other Metabolic and Endocrine
Disorders

4.1 Acromegaly and Gigantism

These conditions are characterized by excess pro-
duction of growth hormone (GH) due to acidophilic
adenomas of the anterior lobe of the pituitary gland or
from diffuse hyperplasia of the acidofilic cells. GH
excess, which can arise in children (gigantism) or in
adult (acromegaly), leads to an overgrowth of bone in
the skeleton. In the immature skeleton the disease is
associated with extreme height and a large skeleton
with normal bone age. In the mature skeleton, after
physeal closure, excessive GH production causes an
increase in width of bone and soft tissue enlargement
manifested particularly in the acral parts of the
skeleton.

Radiographic manifestations of the hand in
patients with acromegaly include soft tissue thicken-
ing of the digits, osseous enlargement and increased
width by means of thickening and squaring of the
phalanges and metacarpal bones, overconstrictions or
overtubulation of the shafts of the phalanges with
normal or increased cortical thickness, widening of
the articular spaces due to thickening of the articular
cartilage, bone proliferation at tendon and ligament
attachment site (enthesopathy) (Fig. 6).

In diagnosing early acromegalic changes some
indexes have been proposed. Among them the sesa-
moid index, proposed by Kleinberg et al. (1966).
According to this method, the size of the medial
sesamoid at the first metacarpophalangeal joint is
measured. This index has, however, a limited
reliability because of the significant overlap in
measurements in acromegalic patients and controls.
Besides bone proliferation, bone resorption can
associate (Resnick 1995), leading to a decreased bone
density, particularly in the late stages of disease
(Sartoris 1971). In addition, osteoarthritis usually
complicates the disease (Resnick 1995).

Fig. 6 Acromegaly showing bony overgrowth, joint widening,
metacarpal hooking, and arrow-head terminal tufts
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4.2 Hypopituitarism

Hypopituitarism can arise from many causative
factors (neoplasms, surgery, irradiation, injury, vas-
cular insult, infection, and granulomas of the pituitary
gland or the hypothalamus). Familial pituitary defi-
ciency is reported in 10% cases. Isolated GH defi-
ciency during the period of skeletal growth leads to
abnormality of osseous development as a delay in
appearance and growth of ossification centers and a
similar delay in their fusion and disappearance
(Resnick 1995). Radiographic manifestations in the
hand include shortening and broadening of the
metacarpal bones and distal phalanges or, less
commonly, a hypoplastic appearance of the distal
phalanges, metaphyseal irregularity, flattening and
absence of closure of the physes, and severe osteo-
porosis. Open epiphyses may be observed in the distal
portions of the radius and ulna (Resnick 1995).

4.3 Thyroid Disorders

Thyroid hormone increases bone remodeling
(Mosekilde et al. 1990). In cases of excessive thyroid
hormone, osteoclastic activity predominates on
osteoblastic one, with resultant bone resorption. In the
hand, hyperthyroid osteopathy leads to bone loss that
is manifested as a lattice-like appearance in the pha-
langes, and ‘‘flaky’’ cortices due to radiolucent intra-
cortical striations (Resnick 1995). In hypothyroidism,
bone abnormalities are more evident in neonates,
children, and young adults, and result in retardation of
skeletal maturation with subsequent retardation in
growth. Delayed appearance and growth of epiphyseal
ossification centers, and abnormality of physeal
development accompanied by delayed physeal closure
are observed. In the hand, arrest in growth is mani-
fested as shortening and widening of the metacarpal
bones, which present endosteal cortical thickening
(Fig. 7) (Steinbach et al. 1975). Hypoplastic phalanges
of fifth finger may be seen (Sartoris 1996). In affected
epiphyses, ossification proceeds from multiple centers
rather than from a single site (pseudoepiphyses).
Abnormal epiphiseal ossification results in a charac-
teristic irregular ad fragmented epiphyseal appearance
recognized as epiphyseal dysgenesis (Borg et al. 1975;
Parker 1981).

4.4 Hyperparathyroidism

Hyperparathyroidism, a clinical condition character-
ized by an elevation of serum parathyroid hormone
concentration, may be primary, secondary, or tertiary.
In primary hyperparathyroidism, hypersecretion of
parathyroid hormone is due to abnormality in the
parathyroid glands (single or multiple adenomas, dif-
fuse hyperplasia, and carcinoma). Secondary hyper-
parathyroidism usually is secondary to chronic renal
disease, or occasionally, malabsorption states. Tertiary
hyperparathyroidism occurs in patients with chronic
renal disease and secondary hyperparathyroidism who
develop autonomous parathyroid function.

The hand is almost always involved in hyper-
parathyroidism. Subperiosteal bone resorption is most
frequently observed along the radial aspect of the
phalanges, particularly in the middle phalanges of the
index and middle fingers (Fig. 8) (Resnick 1995).

Fig. 7 Hypothyroidism (cretinism) in a child. There is
retarded skeletal maturation with shortening of the metacarpals
and squaring of the epiphyses
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Subperioteal bone resorption involves the phalangeal
tufts as well, where loss of the cortical ‘‘white line’’
represents the earliest sign of the disease progressing
to acro-osteolysis (Sundaram et al. 1979). Intracorti-
cal resorption always associates (Meema and Meema
1972) leading to development of pseudoperiostitis
(Resnick 1995). Owing to rapid or severe bone loss
multiple intracortical, radiolucent areas, in the form of
linear striations or tunneling, may be observed in the
metacarpal bone and appear more evident in the
cortex of the second metacarpal bone (Meema and
Meema 1972). In the hand, osteoclastic resorption
occurs along the endosteal surface of bone causing
localized scalloped or pocket-like defects along the
endosteal margin of the cortex. In children with pri-
mary or secondary hyperparathyroidism, irregular
radiolucent areas may be apparent in the metaphysis
adjacent to the growth plate of tubular bones of the
hand (Resnick 1995). In the hyperparathyroid state,
osseous resorption may occur at sites of tendon and
ligament attachment to bone also at the hand and the
wrist (Resnick 1995). Trabecular resorption within
medullary bone, particularly in the advanced stages of
the disease, may involve the tubular bones of the hand
that assume a characteristic granular appearance, with
loss of distinct trabecular detail, and subsequent
osseous deformities that may simulate the changes of
osteomalacia (Resnick 1995). Brown tumors are also

included among the radiographic manifestations of
hyperparathyroidism and represent localized
accumulations of osteoclasts, fibrous tissue, and giant
cells, which can replace bone and occasionally
produce osseous expansion. They appear as single or
multiple well or poorly demarcated osteolytic lesions
with an eccentric or cortical location (Resnick 1995).
A prominent radiographic feature of hyperparathy-
roidism is generalized osteopenia. Nevertheless, as
hyperparathyroidism may induce either bone resorp-
tion or formation, increased radiodensity of bones
may become a prominent radiographic feature. There
is a meaningful association between primary hyper-
parathyroidism and CPPD crystal deposition that may
lead to the pseudogout syndrome. Renal osteodys-
trophy is the clinical term indicating bone disease in
patients with chronic renal failure. The radiographic
manifestations of renal osteodystrophy reflect hyper-
parathyroidism and deficiency of 1,25-dihydroxyvi-
tamin D, rickets and osteomalacia, osteoporosis, soft
tissue and vascular calcifications, and miscellaneous
changes (Fig. 9) (gout arthritis due to hyperuricemia).
Lytic, expansile lesions, the so-called brown tumor
may occur in the long bones of the hand and will

Fig. 8 Hyperparathyroidism.
There is subperiosteal
resorption along the middle
phalanges with terminal
phalangeal resorption (acro-
osteolysis)

Fig. 9 Secondary hyperparathyroidism in an adult with
chronic renal disease. a There is subperiosteal resorption along
the phalanges, terminal phalangeal resorption with soft tissue
and vascular calcification. b After successful renal transplan-
tation the resorption has resolved as has the soft tissue but not
the vascular calcification. The terminal phalanges remain
stunted

Metabolic and Endocrine Disorders 225



mimic a giant cell tumor both radiographically and
histologically (Fig. 10). They are commoner in
patients with chronic renal disease because of the
larger numbers of patients surviving on dialysis and
that most cases of primary hyperparathyroidism are
now detected on serum biochemistry.

4.5 Rickets and Osteomalacia

The terms rickets and osteomalacia refer to the same
condition manifesting in the child and adult, respec-
tively. The commonest cause worldwide is inadequate
dietary intake of vitamin D. Other causes include
inadequate sunshine, malabsorption states, anti-epi-
leptic drug therapy, renal disease and rarely tumur
related. This results in inadequate or delayed miner-
alization of osteoid in mature cortical and spongy
bone (osteomalacia) and from an interruption in
orderly development and mineralization of the growth
plate (rickets) (Resnick 1995). As rachitic changes are
more evident in regions of the most active bone
growth, target sites of rickets include the distal ends
of ulna and radius (Park 1932). General radiographic
features of rickets include retardation in bone growth
and osteopenia. Slight axial widening of the physis
represents the earliest specific radiographic finding
(Steinbach and Noetzli 1964). Disorganization
and ‘‘fraying’’ of the spongy bone occur in the
metaphyseal region, which eventually demonstrates
widening and cupping (Fig. 11) (Resnick 1995).
In the hand of the rachitic children, irregularities and
widening of the physes seen in the metacarpals and
phalanges also may be associated with bone resorp-
tion. In osteomalacia medullary bone shows a
decrease in the total number of trabeculae, owing to a
loss of secondary trabeculae. The remaining bone
trabeculae are prominent and present a ‘‘coarsened’’
pattern with unsharp margins reflecting deposition of
inadequately mineralized osteoid. Looser’s zones,
typical of osteomalacia elsewhere in the skeleton, are
uncommon in the hands.

4.6 Hypoparathyroidism

Hypoparathyroidism is a general term describing a
clinical state of parathyroid hormone deficiency,
which results in hypocalcemia and neuromuscular

Fig. 10 Brown tumor in a patient with chronic renal disease.
There is a pathological fracture developing through a lytic
expansile lesion in the distal end of the metacarpal. There are
features of hyperparathyroidism affecting the phalanges
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dysfunction. It can have many causes like surgery,
congenital absence or atrophy of the parathyroid
glands, and parathyroid gland destruction after radi-
ation. The major radiographic manifestations of
hypoparathyroidism are osteosclerosis, which may be
generalized or localized, and soft tissue calcification.
In the hand, radiographic findings of hypoparathy-
roidism are usually subtle and represented by subcu-
taneous, ligamentous and tendinous calcifications,
premature fusion of the physes, entsopathy, and
osteoporosis (Resnick 1995).

Pseudohypoparathyroidism (PHP) or Albright’s
hereditary osteodystrophy, is a congenital disorder
characterized by hypocalcemia and hyperphosphate-
mia. Pseudopseudohypoparathyroidism (PPHP) is the
normocalcemic form of PHP and is also caused by

failure and end-organ response to parathyroid
hormone. In the hand, radiographic findings of PHP
and PPHT include shortening of the metacarpal bone
and phalanges secondary to premature physeal
closure, widening and shortening of the phalanges
with presence of cone-shaped and pseudo-epiphyses,
soft tissue calcification, and small diaphyseal
exostoses that extend perpendicularly from the
surface of the bone (Fig. 12). In most cases of PHP
and PPHP, metacarpal shortening shows predilection
for the first, fourth, and fifth rays and may lead to a
positive metacarpal sign (the line drawn tangential to
the heads of the fourth and fifth metacarpal bones
intersects the end of the third metacarpal bone,
indicating disproportionate shortening of the fourth
and fifth metacarpal bones).

Fig. 11 Rickets. a In a young child there is generalized
osteopenia with cupping, splaying, and fraying of the distal
radial and ulnar metaphyses. b In an adolescent the only

abnormalities are generalized osteopenia and relative deminer-
alization of the distal radial and ulnar metaphyses
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4.7 Scurvy

Scurvy is due to a deficiency, typically dietary, of
vitamin C (ascorbic acid) which leads do a reduction
in collagen formation in bone. The radiographic fea-
tures include generalized osteopenia, thinned cortices
with sparse trabeculae, dense metaphyseal line with
an adjacent lucent line, metaphyseal spurs (Pelkan
spurs) and finely pencilled dense epiphyseal margins
(Wimburger’s sign). Capillary fragility may lead to
subperiosteal hemorrhage that in time may heal with
exuberant periosteal ossification. All these features
are more commonly seen in the lower limbs than the
hand or wrist.

5 Conclusions

Several metabolic and endocrine disorders cause
skeletal involving of hand and wrist. Among them
osteoporosis is the most common metabolic bone
disease. Besides traditional methods (conventional
radiographs), new interesting techniques are
developing and appear promising in the evaluation

of peripheral osteoporosis. Many studies evaluate
DXA application at distal radius; pQCT demon-
strates promising results in studying bone microar-
chitecture thanks to new technologies like vQCT
and HR-QCT; QUS are proving to be very useful in
the evaluation of bone properties and showed good
performances with respect to DXA; finally, HR-MR,
on the basis of sophisticated software, is becoming a
new challenging technique in the assessment of tra-
becular structure. Other metabolic and endocrine
conditions may manifest with radiographic
abnormalities in the hands including rickets and
hyperparathyroidism.

6 Key Points

• Osteoporosis and other several metabolic and
endocrine disorders cause skeletal involving of
hand and wrist.

• DXA is the gold standard for measuring BMD in
the axial skeleton, as defined by WHO.

• pDXA as well as pQCT are the methods of choice
in the evaluation of peripheral osteoporosis.

• QUS is a useful tool in the evaluation of bone
properties.

• vQCT, HR-QCT, and HR-MR, on the basis of
sophisticated software, are challenging techniques
in the assessment of trabecular structure.
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