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The term osteoporosis is widely used clinically
to mean generalized loss of bone, or osteopenia,
accompanied by relatively atraumatic fractures of
the spine, wrist, hips or ribs. Because of uncertain-
ties of specific radiologic interpretation, the term
osteopenia (“poverty of bone”) has been used as
a generic designation for radiographic signs of
decreased bone density. Radiographic findings
suggestive of osteopenia and osteoporosis are fre-
quently encountered in everyday medical practice
and can result from a wide spectrum of diseases
ranging from highly prevalent causes such as post-
menopausal and involutional osteoporosis to rare
endocrinologic and hereditary or acquired disor-
ders (Table 6.1). Histologically, in each of these dis-
orders there is a deficient amount of osseous tissue,
although different pathogenic mechanisms may be
involved. Conventional radiography is widely avail-
able, and alone, or in conjunction with other imag-
ing techniques it is widely used for the detection
of complications of osteopenia, for the differential
diagnosis of osteopenia, or for follow-up examina-
tions in specific clinical settings. Bone scintigra-
phy, computed tomography and magnetic resonance
imaging are additional diagnostic methods that are
applied almost routinely to aid in the differential
diagnosis of osteoporosis and its sequelae.

6.1
Radiographic Findings in Osteopenia and
Osteoporosis

Knowledge of both the physical nature of X-ray
absorption by biologic tissues as well as the histo-
pathologic changes leading to osteopenia and osteo-
porosis is required to understand the radiographic
findings. Theabsorptionof X-raysbyatissue depends
on the quality of the X-ray beam, the character of
the atoms composing the tissue, the physical density
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Table 6.1. Disorders associated with radiographic osteopo-
rosis (osteopenia).

I. Primary osteoporosis

1. Involutional osteoporosis (postmenopausal and
senile)
2. Juvenile osteoporosis

II. Secondary osteoporosis

A. Endocrine

1. Adrenal cortex (Cushing’s disease)
. Gonadal disorders (hypogonadism)
. Pituitary (hypopituitarism)
. Pancreas (diabetes)
. Thyroid (hyperthyroidism)
. Parathyroid (hyperparathyroidism)

A U W

B. Marrow replacement and expansion
Myeloma

. Leukemia

. Metastatic disease

. Gaucher’s disease

. Anemias (sickle cell disease, thalassemia)

(S RN N

C. Drugs and substances

. Corticosteroids

. Heparin

. Anticonvulsants

. Immunosuppressants

. Alcohol (in combination with malnutrition)

S S

D. Chronic disease
1. Chronic renal disease
2. Hepatic insufficiency
3. Gastrointestinal malabsorption
4. Chronic inflammatory polyarthropathies
5. Chronic immobilization

E. Deficiency states
1. Vitamin D
2. Vitamin C (scurvy)
3. Calcium
4. Malnutrition

F. Inborn errors of metabolism
1. Osteogenesis imperfecta
2. Homocystinuria

of the tissue, and the thickness of the penetrated
structure. The amount of X-ray absorption defines
the density of X-ray shadow that a tissue casts on the
film. Because absorption rises with the third power
of the atomic number, and because calcium has a
high atomic number, it is primarily the amount of
calcium that affects the X-ray absorption of bone.
The amount of calcium per unit mineralized bone
volume in osteoporosis remains constant at about
35% (ALBRIGHT et al. 1941; LEGEROS 1994). There-

fore, a decrease in the mineralized bone volume
results in a decrease of the total bone calcium and
consequently a decreased absorption of the X-ray
beam. On the X-ray film this phenomenon is referred
to as increased radiolucency.

As bone mass is lost, changes in bone structure
occur, and these can be observed radiographically
(Fig. 6.1). Bone is composed of two compartments,
cortical bone and trabecular bone. The structural
changes seen in cortical bone represent bone resorp-
tion at different sites (e.g., the inner and outer sur-
faces of the cortex, or within the cortex in the Haver-
sian and Volkmann channels). These three sites
(endosteal, intracortical and periosteal) may react
differently to distinct metabolic stimuli, and careful
investigation of the cortices may be of value in the
differential diagnosis of metabolic disease affecting
the skeleton.

Cortical bone remodeling typically occurs in the
endosteal “envelope”, and theinterpretation of subtle
changes in this layer may be difficult at times. With
increasing age, there is a widening of the marrow
canal due to an imbalance of endosteal bone forma-
tion and resorption that leads to a “trabeculization”
of the inner surface of the cortex. Endosteal scallop-
ing due to resorption of the inner bone surface can
be seen in high bone turnover states such as reflex
sympathetic dystrophy.

Intracortical bone resorption may cause longitu-
dinal striation or tunneling, predominantly in the
subendosteal zone. These changes are seen in vari-
ous high turnover metabolic diseases affecting the
bone such as hyperparathyroidism, osteomalacia,
renal osteodystrophy, and acute osteoporosis from
disuse or the reflex sympathetic dystrophy syndrome
but also postmenopausal osteoporosis. Intracortical
tunneling is a hallmark of rapid bone turnover. It
is usually not apparent in disease states with rela-
tively low bone turnover such as 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. Intracortical
tunneling must be distinguished from nutritional
foramina, which are isolated and present with an
oblique orientation. Intracortical resorption is also
a sign of bone viability and is not seen in necrotic or
allograft bone.

Subperiosteal bone resorption is associated with
an irregular definition of the outer bone surface.
This finding is pronounced in diseases with a high
bone turnover, principally primary and secondary
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Fig. 6.1a,b. Conventional radiographs of the hand in a healthy woman (a) and in a patient suffering from
osteoporosis (b). Aside from a general increase in radiolucency of the bone there is also a diminution of
cortical bone and widening of the marrow space

hyperparathyroidism. However, rarely it may also
be present in other diseases. Cortical thinning with
expansion of the medullary cavity occurs as endos-
teal bone resorption exceeds periosteal bone apposi-
tion in most adults. In the late stages of osteoporosis,
the cortices appear paper-thin with the endosteal
surface usually being smooth.

Trabecular bone has a greater surface and
responds faster to metabolic changes than does corti-
cal (FrosT 1964). These changes are most prominent
in the axial skeleton and in the ends of the long and
tubular bones of the appendicular skeleton (juxta-
articular), e.g., proximal femur, distal radius. These
are sites with a relatively great amount of trabecu-
lar bone. Loss of trabecular bone (in cases with low
rates of loss) occurs in a predictable pattern. Non-
weight bearing trabeculae are resorbed first. This
leads to a relative prominence of the weight bearing
trabeculae. The remaining trabeculae may become
thicker, which may result in a distinct radiographic
trabecular pattern. For example, early changes of
osteopenia in the lumbar spine typically include a
rarefication of the horizontal trabeculae accompa-
nied by a relative accentuation of the vertical tra-
beculae, radiographically appearing as vertical

striation of the bone. With decreasing density of the
trabecular bone the cortical rim of the vertebrae is
accentuated, and the vertebrae may have a “picture-
frame” appearance (Fig. 6.2). In addition to changes
in the trabecular bone, thinning of the cortical bone
occurs. Changes of the bone structure at distinct
skeletal sites are assessed for the differential diag-
nosis of various skeletal conditions. For the evalua-
tion of very subtle changes, such as different forms
of bone resorption, high resolution radiographic
techniques with optical or geometric magnification
may be required (GENANT et al. 1977).

The anatomic distribution of the osteopenia
or osteoporosis depends on the underlying cause.
Osteopenia can be generalized affecting the whole
skeleton, or regional, affecting only a part of the
skeleton, usually in the appendicular skeleton.
Typical examples of generalized osteopenias are
involutional and postmenopausal osteoporosis and
osteoporosis caused by endocrine disorders such as
hyperparathyroidism, hyperthyroidism, osteomala-
cia and hypogonadism. Regional forms of osteopo-
rosis result from factors affecting only parts of the
appendicular skeleton such as disuse, reflex sympa-
thetic syndrome and transient osteoporosis of large
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joints. The distribution of osteopenia may vary
considerably between different diseases and may
be suggestive of a specific diagnosis. Focal osteope-
nia primarily reflects the underlying cause such as
inflammation, fracture or tumor.

Thus, it seems that a number of characteristic fea-
tures by conventional radiography make the diag-
nosis of osteopenia or osteoporosis possible. How-
ever, the detection of osteopenia by conventional
radiography is inaccurate since it is influenced by
many technical factors such as radiographic expo-
sure factors, film development, soft tissue thickness
of the patient, etc. (Table 6.2). It has been estimated
that as much as 20%-40% of bone mass must be lost
before a decrease in bone density can be seen in lat-
eral radiographs of the thoracic and lumbar spine
(LAcaMANN and WHELAN 1936). Finally, the diag-
nosis of osteopenia from conventional radiographs
is dependent on the experience of the reader and his/
her subjective interpretation (JERGAS et al. 1994a).

In summary, aradiograph may reflect the amount
of bone mass, histology and gross morphology of
the skeletal part examined. The principal findings
of osteopenia are increased radiolucency, changes
in bone microstructure, e.g. rarefication of trabecu-
lae, thinning of the cortices, eventually resulting in
changes of the gross bone morphology, i.e., changes
in the shape of the bone and fractures.

Fig.6.2. Severe osteopenia. The
transparency of the vertebral
bodies matches that of the inter-
vertebral disc space. There are
multiple fractures of the vertebral
endplates leading to biconcave de-
formities of the vertebrae as well
as a severe fracture of L5

Table 6.2. Factors influencing the radiographic appearance
of objects (HEuck and SCHMIDT 1960)

Radiation source

Exposure time
Film-focus distance
Anode characteristics
Voltage

Beam filtration

Object

Thickness of bone
Bone mineral content
Soft tissue composition
Scattering

Film and screen

Film granularity
Emulsion of film
Film speed

Screen properties

Film processing

Developing time

Temperature of developer

Type of developer

Type of fixer

Type of processing (automated vs. manual)
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6.2
Diseases Characterized by Generalized
Osteopenia

6.2.1
Involutional Osteoporosis

Involutional osteoporosis is the most common gen-
eralized skeletal disease. It has been classified as a
type I or postmenopausal osteoporosis and a type II
or senile osteoporosis (ALBRIGHT 1947; R1GGs and
MELTON 1983). GALLAGHER (1990) added a third
type meaning secondary osteoporosis (Table 6.3).
Even though the importance of estrogen deficiency
for postmenopausal osteoporosis has been estab-
lished, the distinction between the first two types of
osteoporosis is not generally accepted. Distinctions
between postmenopausal and senile osteoporosis
may sometimes be arbitrary, and the assignment of
fracture sites to the different types of osteoporosis is
uncertain. Postmenopausal osteoporosis is believed
to represent that process occurring in a subset of
postmenopausal women, typically between the ages
of 50 and 65 years. There is accelerated trabecular
bone resorption related to estrogen deficiency, and
the fracture pattern in this group of women pri-

Table 6.3. Classification of osteoporosis acording to
Albright, Riggs and Melton, and Gallagher (Table adapted
from GALLAGHER 1992)

I II 111

Postmeno- Senile
pausal

Secondary

Age 55-70 75-90 Any age

Years past 5= 25-40 =

menopause

Sex ratio 20:1 2:1 1:1

(female:male)

Fracture site  Spine Hip, spine, Spine, hip, peri-
pelvis, pheral skeleton
humerus

Bone loss

- Trabecular +++ ++ +++

- Cortical + AFF +++

Contributing factor

- Menopause +++ ++ ++

- Age + +++ i

marily involves the spine and the wrist. In senile
osteoporosis, there is a proportionate loss of cortical
and trabecular bone. The characteristic fractures of
senile osteoporosis include fractures of the hip, the
proximal humerus, the tibia and the pelvis in elderly
women and men, usually 75 years or older. Major
factors in the etiology of senile osteoporosis include
the age-related decrease in bone formation, dimin-
ished adrenal function, reduced intestinal calcium
absorption and secondary hyperparathyroidism.

The radiographic appearance of the skeleton in
involutional osteoporosis may include all of the
aforementioned characteristics for generalized
osteoporosis. The high prevalence of involutional
osteoporosis with its typical radiographic manifes-
tations has lead to numerous attempts to diagnose
and quantify osteoporosis based on its radiographic
characteristics.

6.2.1.1
Osteopenia and Osteoporosis of the Axial Skeleton

The radiographic manifestation of osteopenia of the
axial skeleton includes increased radiolucency of the
vertebrae. The vertebral body’s radiographic density
may assume the density of the intervertebral disk
space. Further findings include vertical striation of
the vertebrae due to reinforcement of vertical tra-
beculae in the osteopenic vertebra, framed appear-
ance of the vertebrae (“picture framing” or “empty
box”) due to an accentuation of the cortical out-
line, and increased biconcavity of the vertebral end-
plates (Fig. 6.3). Biconcavity of the vertebrae results
from protrusion of the intervertebral disk into the
weakened vertebral body. A classification of these
characteristics can be found with the Saville index
(Table 6.4) (SAVILLE 1967). This index, however, has
never gained widespread acceptance, being prone
to great subjectivity and experience of the reader.
DoyLE and colleagues (1967) found that neither of
aforementioned signs of osteopenia reflect the bone
mineral status of an individual reliably and cannot
be used for follow-up of osteopenic patients. Thus,
bone density measurements using dedicated den-
sitometric methods have widely replaced the sub-
jective analysis of bone density from conventional
radiographs. Densitometric results may suggest
osteopenia even if the bone loss is not detectable on a
spine radiograph. Nevertheless, the aforementioned
radiographic signs of osteoporosis have been found
to be significantly related to measured bone density,
and normal bone densitometry measurements may
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Table 6.4. Osteopenia score for vertebrae by SAVILLE (1967)

Grade Radiographic appearance of vertebra

0 Normal bone density

1 Minimal loss of density; endplates begin to stand
out giving a stenciled effect

2 Vertical striation is more obvious; endplates are
thinner
3 More severe loss of bone density than grade 2; end-

plates becoming less visible

4 Ghost-like vertebral bodies; density is no greater
than soft tissue; no trabecular pattern is visible

sometimes have to be considered false if the radio-
graph displays characteristic changes of osteopenia
(JErGAS et al. 1994b; AHMED et al. 1998).

6.2.2
Vertebral Fractures and Their Diagnosis

Vertebral fractures are the hallmarks of osteopo-
rosis, and even though one may argue that osteo-
penia per se may not be diagnosed reliably from
spinal radiographs, spinal radiography continues
to be a substantial aid in diagnosing and following
vertebral fractures (GENANT et al. 1993). Further-
more, along with a low bone density the vertebral

Fig. 6.3. Severe osteopenia in
a patient with long-standing
osteoporosis. There are multi-
ple vertebral deformities. Due
to the decreased bone density
bone tissue can hardly be dif-
ferentiated from soft tissue

fracture has been recognized as the strongest risk
factor for future osteoporotic fractures (Ross et al.
1991, 1993; Kotowicz et al. 1994). Thus, the pres-
ence of vertebral fracture has become a key factor
in patient evaluation as expressed in the NOF guide-
lines (NATIONAL OSTEOPOROSIS FOUNDATION 2000;
LENCHIK et al. 2004). Educational efforts, such as
the Vertebral Fracture Initiative by the IOF, aim at
raising the awareness of physicians to recognize
the importance of vertebral fracture as a trigger for
therapeutic decisions to prevent future fractures
(DeELMAS et al. 2005).

Changes in the gross morphology of the verte-
bral body have a wide range of appearances from
increased concavity of the end plates to a complete
destruction of the vertebral anatomy in vertebral
crush fractures. In clinical practice conventional
radiographs of the thoracolumbar region in lateral
projection are analyzed qualitatively by radiolo-
gists or experienced clinicians to identify vertebral
deformities or fractures. For an experienced radi-
ologist, this assessment generally is uncomplicated,
and it can be aided by additional radiographic pro-
jections such as anteroposterior and oblique views,
or by complimentary examinations such as bone
scintigraphy, computed tomography (Fig. 6.4) and
magnetic resonance imaging (Fig. 6.5) (MCAFEE et
al. 1983; BALLOCK et al. 1992; CAMPBELL et al. 1995;
TEHRANZADEH and Tao 2004).
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Fig. 6.4. Computed tomography of the osteoporotic fracture
may reveal involvement of the posterior border as well as
narrowing of the spinal canal

In the context of conducting epidemiologic stud-
ies or clinical drug trials in osteoporosis research,
wherevertebral fracturesareanimportantend point,
the requirements and expectations differ consider-
ably from the clinical environment (KLEEREKOPER

Fig.6.5a,b. Magnetic resonance imaging of benign vertebral
collapse (a) and metastatic disease of the spine in breast cancer
(b). Abnormal signal that parallels the fracture, the absence of
abnormal signal in non-fractured vertebrae, other vertebral de-
formities with normal signal and the absence of paravertebral soft
tissue mass usually indicates benign vertebral collapse. Diffusion
weighted images may also help differentiate between benign (low

signal) and malignant (high signal) vertebral collapse

et al. 1992). The examinations are frequently per-
formed without specific clinical indications and
without specific therapeutic ramifications. The
evaluation for fractures is generally limited to lat-
eral conventional thoracolumbar radiographs, and
the number of subjects to be reviewed is often quite
large, requiring high efficiency. The assessment may
be performed by a variety of observers with differ-
ent levels of experience. The detection of vertebral
fractures certainly depends on the reader’s exper-
tise. Early experience with qualitative readings
indicated that considerable variability in fracture
identification exists when radiologists or clinicians
interpreted radiographs without specific training,
standardization, reference to an atlas or prior con-
sensus readings (JENSEN et al. 1984; DEYO et al. 1985;
GENANT et al. 1995).

Therefore, several approaches to standardizing
visual qualitative readings have been proposed and
applied in clinical studies. An early approach for
a standardized description of vertebral fractures
was made by SmITH and colleagues (1960). These
authors assigned one of three grades (normal, inde-
terminate or osteoporotic) to a patient depending on
the most severe deformity (SMITH et al. 1960). The
spinal radiographs were evaluated on a per patient
and not on a per vertebra basis, a serious limitation
for the follow-up of vertebral fractures and also for
the assessment of the severity of osteoporosis. Other
standardized visual approaches allow for an assess-
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ment of vertebral deformities on a per vertebra
rather than on a per patient basis and thus make a
more accurate assessment of the fracture status of a
person and the follow-up of individual fractures pos-
sible. MEUNIER et al. (1978) proposed an approach
in which each vertebra is graded depending on its
shape or deformity. Grade 1 is assigned to a normal
vertebra without any deformity, grade 2 is assigned
to abiconcave vertebra, and grade 4 is assigned to an
end plate fracture or a wedged or crushed vertebra.
The sum of all grades of the vertebrae T7 to L4 is the
radiological vertebral index (RVI). This approach is
limited since it considers only the type of the ver-
tebral deformity, i.e., biconcavity versus fracture,
without assessing fracture severity. For prevalent
fractures, each fracture, whether it is diminutive
or severe, would have the same weight in the RVI,
and for the application of this approach to follow-
up examinations this means that refractures of pre-
existing fractures may not be detected at all. With
the distinction between biconcavity and fracture in
this approach, the concept of «vertebral deformity»
versus vertebral fracture was introduced. However,
it was not expressively attempted to distinguish non-
fracture deformities, such as degenerative remodel-
ing, from actual fracture appearances.
KLEEREKOPER and colleagues (1984) modified
Meunier’s radiological vertebral index and intro-
duced the “vertebra deformity score” VDS (NIELSEN
etal. 1991; OLMEZ et al. 2005), by which each vertebra
from T4 to L5 is assigned an individual score from
0 to 3 depending on the type of vertebral deformity.
This grading scheme is based on the reduction of the
anterior, middle, and posterior vertebral heights, H,,
H,, and H,, respectively. A vertebral deformity (to be
graded 1 to 3) is present when any vertebral height,
H,, H,,, or H,;, is reduced by at least 4 mm or 15%. A
vertebral deformity score 0 is assigned to a normal
vertebra without any vertebral height reduction. A
VDS 1 deformity corresponds to a vertebral end plate
deformity with the heights H, and H,, being normal.
A wedge deformity with a reduction of H, and - to
a lesser extent H,, - is assigned a VDS of 2. A com-
pression deformity, which is assigned a VDS of 3, is
characterized by a reduction of all vertebral heights
H,, H,, and H,. Grading all vertebrae T4 to L5 using
this score, the minimum VDS for the whole spine
would thus be zero with all vertebrae intact and
the maximum score would be 42 with compression
fractures of all vertebrae. The vertebral deformity
score still relies on the type of deformity, i.e., the
vertebral shape, and changes of the vertebral shape

would be required to account for incident vertebral
fractures on follow-up radiographs. A quantitative
extension of the VDS with measurements of the ver-
tebral heights accounts for the continuous character
of vertebral fractures.

The radiologist’s perspective of vertebral fracture
diagnosis, i.e., considering the differential diagnosis
as well as the severity of a fracture, is probably best
reflectedin the semiquantitative fracture assessment
used in several studies (GENANT 1990; GENANT et
al. 1993). The severity of a fracture is assessed solely
by visual determination of the extent of a vertebral
height reduction and morphological change, and
vertebral fractures are differentiated from other
nonfracture deformities. With this approach the
type of the deformity (wedge, biconcavity, or com-
pression) is no longer linked to the grading of a frac-
ture as is done with the other standardized visual
approaches. Thoracic and lumbar vertebrae from T4
to L4 are graded on visual inspection and without
direct vertebral measurement as normal (grade 0),
mildly deformed (grade 1, approximately 20%-25%
reduction in anterior, middle and/or posterior height
and a reduction of 10%-20% of the projected verte-
bral area), moderately deformed (grade 2, approxi-
mately 25%-40% reduction in anterior, middle and/
or posterior height and a reduction of 20%-40% of
the projected vertebral area), and severely deformed
(grade 3, approximately 40% or greater reduction in
anterior, middle and/or posterior height and in the
projected vertebral area) (Fig. 6.6). From this semi-
quantitative assessment a “spinal fracture index”,
SFI, can be calculated as the sum of all grades
assigned to the vertebrae divided by the number of
the evaluated vertebrae. In addition to height reduc-
tions, careful attention is given to alterations in the
shape and configuration of the vertebrae relative to
adjacent vertebrae and expected normal appear-
ances. These features add a strong qualitative aspect
to the interpretation and also render this method
less readily definable. Several studies, however, have
demonstrated that semiquantitative interpretation,
after careful training and standardization, can pro-
duce results with excellent intra- and interobserver
reproducibility within the same school of training
(GENANT et al. 1993; Wu et al. 1995).

In a further effort to provide definable, reproduc-
ible, and objective methods to detect vertebral frac-
tures and in order to accommodate the assessment of
large numbers of radiographs by technicians (in the
absence of radiologists or experienced clinicians),
various quantitative morphometric approaches
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Fig. 6.6. Grading scheme for a semiquantitative assessment of vertebral deformities after Genant. The drawing illustrates
the reductions of vertebral height that correspond to the grade of deformity. (Drawing courtesy of Dr. C.Y. Wu)

have been explored and employed. Early studies
using direct measurements of vertebral dimensions
on lateral radiographs were described by FLETCHER
in 1946, HURXTHAL in 1968, JENSEN and TOUGAARD
in 1981, and KLEEREKOPER et al. in 1984, with the
rationale being a reduction in the subjectivity con-
sidered intrinsic to the qualitative assessment of
spinal radiographs.

Increasingly sophisticated morphometric ap-
proaches have been derived for the definition of
vertebral dimensions, most of them making 4 to 10

points on a vertebral body to define vertebral heights
(NELSON et al. 1990; SPENCER et al. 1990; JERGAS and
SAN VALENTIN 1995) (Fig.6.7). Typically, H,, H_
and H, are measured, as is the projected vertebral
area. Newer techniques are based on digitally cap-
tured conventional radiographs to assess the verte-
bral dimensions (KaLIDIS et al. 1992; EvaNs et al.
1993; Wu et al. 2000). These techniques then rely on
either marking points manually to define vertebral
heights or finding those points and measuring in an
automated or semiautomated fashion.
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HeDpLUND and GALLAGHER (1988) used criteria
such as percent reduction of vertebral height, wedge
angles, and areas in various combinations. DAVIES
and co-workers (1993) employed two distinct mor-
phometric cut-off thresholds for the detection of
either vertebral compression or wedge fractures
using vertebral height ratios that were defined by
a radiologist’s assessment of vertebral deformities.
SMITH-BINDMAN et al. (1991) initially reported the
use of vertebral level specific reductions in ante-
rior, middle, or posterior height ratios expressed as
a percentage relative to normal data. MELTON et al.
(1989) used this level-specific approach, and subse-
quently EASTELL et al. (1991) modified it by applying
height ratio reductions in terms of standard devia-
tions rather than percentage. With this approach,
each vertebral level has its own specific mean and
standard deviation. MINNE et al. (1988) developed
a method by which vertebral height measures are
adjusted according to the height of T4 as a means of
standardization, and the resulting values are com-
pared to a normal population. BLack et al. (1991)
derived a statistical method for establishing nor-
mative data from morphometric measures of verte-
bral heights based upon deletion of the tails of the
Gaussian distribution of an unselected population.
McCLOSKEY et al. (1993) used vertebral height ratios
and introduced an additional parameter defined as
a predicted posterior height in addition to the mea-
sured posterior height. Ross et al. (1993) further

Fig. 6.7. In six-point digitization for quantitative morphometric assess-
ment of vertebral fractures the endpoints of the vertebral height are
marked directly on the vertebra. Point placement is fairly easy when the
vertebra is ideally projected with perfect superposition of the vertebral
contours. When the vertebra is rotated and oblique, point placement is
more difficult

refined morphometric criteria for fracture by utiliz-
ing height reductions in standard deviations based
on the overall patient specific vertebral dimensions
combined with population based level-specific ver-
tebral dimensions.

Several comprehensive studies have compared
the various methods or cut-off criteria in the same
populations to examine the impact of methodology
on estimates of vertebral prevalence and on identifi-
cation of individual patients or individual vertebrae
as fractured. In these studies the expected trade-offs
between sensitivity and specificity were observed.
Two- to fourfold differences in estimates of frac-
ture prevalence and generally poor or modest kappa
scores between the different algorithms for defin-
ing fractures were reported (SMITH-BINDMAN et al.
1991; SAUER et al. 1991; HANSEN et al. 1992; AbaMI
et al. 1992). Therefore, despite having developed
sophisticated, describable, and objective methods,
the application and interpretation of the results have
been complicated by the large differences observed
from one technique to the next. Unfortunately, no
true gold standard for defining fractures exists, by
which one can judge the methods or their variable
cut-off criteria. However, as a first approximation,
there is some rationale for comparing visual assess-
ment and morphometric data on a per vertebra basis
in order to develop a consensus interpretation based
upon the expertise of experienced radiologists and
highly trained research assistants (GENANT et al.
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1996). This may help to understand the reasons for
concordant and discordant results and to utilize the
strengths of the respective methods. When relying
solely on quantitative morphometry one has to con-
sider that no real distinction between osteoporotic
fractures and other nonfracture deformities can be
made. Besides the uncertainties that are introduced
by vertebral projection, differences in the applied
technique and intra- and interobserver precision
of quantitative morphometry, this may have a sub-
stantial impact on the prevalence and to a lesser
extent on the incidence of vertebral fractures in a
population.

When comparing a standardized visual approach
with quantitative morphometry substantial differ-
ences between both techniques have been reported,
while the agreement between different, centrally
trained readers for the semiquantitative approach
is reportedly very good (GENANT et al. 1993; Wu
et al. 1995; HANSEN et al. 1992; LEIDIG-BRUCKNER
et al. 1994). This applies to the diagnosis of both
prevalent and incident fractures. Drawing on the
strength of each of the approaches both a quan-
titative approach as well as a standardized visual
approach may be applied in combination to reliably
diagnose vertebral fractures in clinical drug trials
(GENANT et al. 1996; CUMMINGS et al. 1995; GRADOS
et al. 2001).

Since dual X-ray absorptiometry is applied in
almost all patients suffering from osteoporosis it
has been proposed to use this technique to depict
the thoracolumbar spine. Initially this technique
has been termed morphometric X-ray analysis or
MXA (STEIGER et al. 1993, 1994). Especially the
effect of different projections and magnification
effects between two films of the spine will be mini-
mized due to the technical specifications of this
technique, and radiation dose may be reduced to
a minimum allowing for serial assessment of the
fracture status. Since its inception improvements
in image quality and the application of refined
diagnostic approaches have overcome some of the
inherent limitations of the technique such as poor
image resolution and relatively high noise levels
(FERRAR etal. 2001, 2005) (Fig. 6.8). Since its incep-
tion vertebral fracture assessment has been adopted
by the major manufacturers of DXA devices, and
improvements in image acquisition and vertebral
fracture detection have been applied. Depending on
the manufacturer, the technique has been termed
vertebral fracture assessment (VFA), computer
aided fracture assessment (CADfx) or dual energy

Fig. 6.8a,b. The lateral assessment of vertebral deformities
using a dual energy X-ray absorptiometry scanner is termed
vertebral fracture assessment (VFA). The resulting image of
the spine allows for a morphometric analysis of vertebral
deformities as well as an identification of vertebral fractures
using a semiquantitative technique

vertebral assessment (DVA). Several quantitative or
semiquantitative techniques may be applied to the
acquired scans. The restrictions that are inherent
to quantitative morphometry also apply to those
scans, potentially even more since image quality
does not always warrant a thorough diagnostic
evaluation of a vertebral deformity. While verte-
bral fracture detection may be helpful in the serial
assessment of vertebral deformities and it is now
widely applied, its diagnostic validity still requires
thorough evaluation by the experienced technolo-
gist and physician (CHAPPARD et al. 1998; FERRAR
et al. 2000; REA et al. 2000; GUERMAZI et al. 2002;
JacoBs-KosmiIN et al. 2005). Vertebral fracture
assessment in its present form is an effective tool
to identify moderate and severe vertebral deformi-
ties (SCHWARTZ and STEINBERG 2005). Thus, VFA
may serve as a valuable tool for the identification of
high-risk patients and as a screening tool for clini-
cal trials.
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6.2.2.1
Osteopenia and Osteoporosis at Other Skeletal Sites

The axial skeleton is not the only site where charac-
teristic changes of osteopenia and osteoporosis can be
depicted radiographically. Changes in the trabecular
and cortical bone can also be seen in the appendicular
skeleton. Itis firstapparent at the ends of long and tubu-
lar bones due to the predominance of cancellous bone
in these regions. Endosteal resorption has a prominent
role particularly in senile osteoporosis. The net result
of this chronic process is widening of the medullary
canal and thinning of the cortices. In late stages of
senile osteoporosis, the cortices are paper-thin and
the endosteal surfaces are smooth. In rapidly evolv-
ing postmenopausal osteoporosis accelerated endos-
teal and intracortical bone resorption may be seen
and can be directly assessed by high-resolution radio-
graphic techniques. Methods to quantitate the changes
at the peripheral skeleton have been proposed and also
clinically applied (e.g., Singh index, radiogrammetry)
(SinGH etal. 1970; BARNETT and NORDIN 1961; MEEMA
and MEeMA 1981). Conventional radiography is the
basis for a number of recent studies exploring new
aspects of assessing bone structure using sophisticated
image analysis procedures such as fractal analysis or
fast Fourier transforms (BENHAMOU et al. 1994; GER-
AETS et al. 1998; LINK et al. 1997; LESPESSAILLES et al.
1998). These techniques have also been applied to the
study of bone structure using high resolution images
acquired with magnetic resonance imaging or com-
puted tomography in a research setting (MAJUMDAR
etal. 1998, 1999; MILLARD et al. 1998; LINK et al. 1998;
La1B and RUEGSEGGER 1999; CORTET et al. 1999).

6.2.3
Differential Diagnosis of Reduced Bone Mass

Aside from senile and postmenopausal states there
are various other conditions that may be accompa-
nied by generalized osteoporosis. While most of the
previously mentioned radiographic characteristics
are shared by a variety of conditions, there may be
some apparent differences in the appearance of osteo-
porosis as compared to involutional osteoporosis.

6.2.3.1
Endocrine Disorders Associated with Osteoporosis

Increased serum concentrations of parathyroid
hormone in hyperparathyroidism may result from

autonomous hypersecretion by a parathyroid ade-
noma or diffuse hyperplasia of the parathyroid
glands (primary hyperparathyroidism). A long
sustained hypocalcaemic stimulus may result in
hyperplasia of all parathyroid glands and secondary
hyperparathyroidism (Fig. 6.9). The cause of hypo-
calcaemia usually is chronic renal failure or rarely
malabsorption states. Patients with long-standing
hyperparathyroidism may develop autonomous
function and hypercalcaemia (tertiary hyperpara-
thyroidism). While it is the increase in serum para-
thyroid hormone and calcium that establishes the
diagnosis, radiographs document the severity and
course of the disease. Hyperparathyroidism leads
to both increased bone resorption and bone for-
mation. Changes induced by hyperparathyroidism
may affect all bone surfaces resulting in subperi-
osteal, intracortical, endosteal, subchondral, sub-
epiphyseal, subligamentous, subtendinous and tra-
becular bone resorption (GENANT et al. 1973, 1974;
RICHARDSON et al. 1986).

Subperiosteal bone resorption is the most char-
acteristic radiographic feature of hyperparathy-
roidism (Camp and OCHSNER 1931). It is especially
prominentinthehand, wristand footbut mayalsobe
seen other sites. Radiographically, the outer margin
of the bone becomes indistinct. Scalloping and
spiculations of the cortex may occur in later stages.

Fig. 6.9. Conventional radiograph of the hand in secondary
hyperparathyroidism. The magnification illustrates perio-
steal bone resorption with indistinct delineation of the outer
cortical border. There is also osteolytic appearance of the
distal phalanges due to undermineralization of the osseous
substance
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Undermineralization of the tela ossea leads to the
distinctive radiographic appearance of acro-osteol-
yses (REsNICK and NiwavyaMma 1995). Intracortical
resorption results in longitudinally oriented linear
striations within the cortex (cortical tunneling),
and endosteal bone resorption leads to scalloping
of the inner cortex, cortical thinning and widening
of the medullary canal (MEEMA and MEEMA 1972).
Cortical tunneling is nonspecific and may be seen
in other diseases of rapid bone turnover, includ-
ing hyperthyroidism, reflex sympathetic dystrophy,
acute disuse osteoporosis and Paget’s disease.

Subchondral bone resorption frequently also
affects the joints of the axial skeleton causing
undermineralization of the Tela ossea. For example,
it may mimic widening of the sacroiliac joint space
leading to ‘pseudo-widening’ of the joint (HAYES
and CoNwAY 1991). The osseous surface may col-
lapse, and thus may simulate subchondral lesions of
inflammatory disease. Osteopenia occurs frequently
in hyperparathyroidism and may be observed
throughout the skeleton. Other radiographic signs
of hyperparathyroidism include focal bone lesions
(“brown tumors”), cartilage calcification resulting
from the deposition of of calcium pyrophosphate
dehydrate crystals (CPPD) and also bone sclerosis
(STEINBACH et al. 1961). Increased amounts of tra-
becular bone leading to bone sclerosis may occur
especially in patients with renal osteodystrophy and
secondary hyperparathyroidism. Increased bone
density may occur preferably in the axial skeleton,
sometimes leading to deposition of bone in sub-
chondral areas of the vertebral body resulting in an
appearance of radiodense bands across the superior
and inferior border and normal or decreased den-
sity of the center (“rugger-jersey spine”) (RESNICK
1981).

While osteoporosis is defined by a reduction of
regularly mineralized osteoid, findings in osteoma-
lacia include an abnormally high amount of non-
mineralized osteoid, and a reduction in mineralized
bone volume. Thus, radiographic abnormalities in
osteomalacia include osteopenia (reduction of min-
eralized bone), coarsened, indistinct trabeculae
and unsharp delineation of cortical bone (excessive
apposition of non-mineralized osteoid), deformi-
ties, insufficiency fractures and true fractures (bone
softening and weakening) (REGINATO et al. 1999).
Deformations include bowing and bending of the
long bones, and biconcave deformities of the verte-
brae (KIENBOCK 1940). Pseudofractures, or Looser’s
zones (focal accumulations of osteoid in compact

bone at right angles of the long axis), are diagnostic
of osteomalacia and often occur bilateral and sym-
metrical. There are more than 50 different diseases
that may cause osteomalacia of which chronic renal
insufficiency, hemodialysis and renal transplan-
tation are the most common causes (PrTT 1991;
KAINBERGER et al. 1992). Modern patient manage-
ment has resulted in typical radiographic features
of osteomalacia being present in only a minority of
these patients (ADAMS 1999). A decrease of vitamin D
and reduced responsiveness in chronic renal insuf-
ficiency leads to osteomalacia and rickets. The addi-
tional secondary hyperparathyroidism leads to a
superimposition of radiographic changes from both
osteomalacia and secondary hyperparathyroidism
(SunparRAM 1989). This radiographic appearance
is termed renal osteodystrophy. A common finding
in secondary hyperparathyroidism associated with
renal osteodystrophy is the osteosclerosis resulting
in typical appearance of the vertebral bodies as seen
in the rugger-jersey spine (P1TT 1991). Several other
radiographic abnormalities may be frequently seen
inrenal osteodystrophy (Fig. 6.10) includingamyloid
deposits, destructive spondyloarthropathy, inflam-
matory changes, and avascular necrosis, soft tissue
calcification and arteriosclerosis (KRIEGSHAUSER et
al. 1987; MURPHEY et al. 1993).

Hyperthyroidism is a high-turnover disease, and
itis associated with an increase in both bone resorp-
tion and bone formation (MOSEKILDE et al. 1990).
Since bone resorption exceeds bone formation
rapid bone loss may occur and result in generalized
osteoporosis with the largest effect on cortical bone
(GREENSPAN and GREENSPAN 1999). This effect is
especially pronounced in patients with thyrotoxi-
cosis, or with a history of thyrotoxicosis (ToH et al.
1985). TSH-suppressive doses of thyroid hormone
have been reported to decrease, or have no effect
on bone density (Nuzzo et al. 1998). Radiological
findings of hyperthyroidism-induced osteoporosis
are those that are commonly seen in involutional or
senile osteoporosis including generalized osteope-
nia and cortical thinning and tunneling. The frac-
tures associated with this condition affect the spine,
the hip, as well as the distal radius (CHEw 1991,
SoLOMON et al. 1993).

6.2.3.2
Medication-Induced Osteoporosis

Hypercortisolism is probably the most common
cause of medication induced generalized osteoporo-
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Fig. 6.10. Renal osteodystrophy presenting with
increased sclerosis of the vertebral endplates.
There is a vertebral fracture in the upper tho-
racic spine leading to increased kyphosis

sis while the endogenous form of hypercortisolism,
Cushing’s disease, is relatively rare (LAAN et al. 1993;
SarTo et al. 1995; ADACHI et al. 1993). That is why
this form of osteoporosis is listed in this section
on medication-induced osteoporosis. Decreased
bone formation and increased bone resorption
have been observed in hypercortisolism. This has
attributed to inhibition of osteoblast formation,
either direct stimulation of osteoclast activity or
increased secretion of parathyroid hormone. The
typical radiographic appearance of steroid-induced
osteoporosis comprises generalized osteoporosis,
at predominantly trabecular sites, with decreased
bone density and fractures of the axial but also of
the appendicular skeleton. A characteristic find-
ing in steroid-induced osteoporosis is the marginal
condensation of the vertebral bodies resulting from
exuberant callus formation. Avascular osteonecro-
sis is another complication of hypercortisolism,
most frequently involving the femoral head, and to
a lesser extent the humeral head and the femoral
condyles (HEIMANN and FREIBERGER 1969; HUREL
and KENDALL-TAYLOR 1997). Unlike the avascular
osteonecrosis of joints, these bone marrow infarcts
are clinically silent and insignificant.

Fig. 6.11. Serial radiographs in heparin-induced osteoporosis. The fol-
low-up radiograph (right) reveals newly developed fractures of the 1%,
3" and 5% lumbar vertebrae

Generalized osteoporosis has been observed
in patients receiving high dose heparin therapy
(GRIFFITH et al. 1965; Rupp et al. 1982; NELSON-
P1ERCY 1998) (Fig. 6.11). The radiological features of
heparin-induced osteoporosis include generalized
osteopenia and vertebral compression fractures
(SackiER and Liu 1973). The pathomechanism of
heparin-induced osteoporosis is not completely
clear, and there may be a prolonged effect on bone
even after cessation of therapy (WALENGA and Bick
1998; SHAUGHNESSY et al. 1999).

6.2.3.3
Other Causes of Generalized Osteoporosis

Other causes of generalized osteoporosis include
malnutrition, chronic alcoholism (if associated with
malnutrition), smoking and caffein intake, Marfan
syndrome and, somewhat infrequently, pregnancy
(SEEMAN et al. 1992; KOHLMEYER et al. 1993; SMITH
et al. 1985; HorPER and SEEMAN 1994; DI1Ez et al.
1994). Marrow abnormalities associated with osteo-
porosis are anemias (sickle cell anemia, thalasse-
mia), plasma cell myeloma, leukemia, Gaucher’s
disease and glycogen storage disease (RESNICK
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Fig.6.12a,b. Multiple myeloma
often cannot be distinguished
from osteoporosis on conven-
tional radiographs. Magnetic
resonance imaging often reveals
the bone marrow involvement
and makes it possible to distin-
guish multiple myeloma from
osteoporosis. In this patient with
multiple myeloma, extensive in-
homogeneities (“salt and pepper”)
of the bone marrow signal can be
seen on Tl-weighted images sug-
gesting the nature of the disease
as well as the extent of bone mar-
row involvement. There is a frac-
ture of L1

Fig. 6.13a,b. Conventional radiography of the long bones and the skull
may reveal extensive lytic lesions in multiple myeloma




92

M. Jergas

1995a,b) (Fig. 6.12, Fig. 6.13). This list is certainly
far from being complete but it represents some of
the major causes of osteoporosis. Additional imag-
ing techniques such as computed tomography, mag-
netic resonance tomography and bone scintigraphy,
as well as clinical information, may be helpful in
the differential diagnosis of the various conditions
associated with osteoporosis (STABLER et al. 1996;
BAUR et al. 1998; MouLopPoULOS and DIMOPOULOS
1997; LECOUVET et al. 1997a,b).

There are some conditions of the juvenile skel-
eton that result in generalized osteoporosis. Rickets
is characterized by inadequate mineralization of the
bone matrix, and some of its radiographic appear-
ance may resemble that of osteomalacia (MoLPUS
et al. 1991). Widening of the growth plates, cup-
ping of the metaphysis, and decreased density and
irregularities of the metaphyseal margins may be
present (P1TT 1995). Epiphyseal ossification centers
may show delayed ossification and unsharp borders
(STEINBACH et al. 1954). Overgrowth of the hyaline
cartilage may lead to prominence of costochondral
junctions of the ribs (rachitic rosary). The child’s age
at the onset of the disease determines the pattern of
bone deformity, with bowing of the long bone being
more pronounced in infancy and early childhood,
and vertebral deformities and scoliosis in older chil-
dren (ROSENBERG 1991). Further deformities that
may be observed in rickets include pseudofractures,
basilar invagination and triradiate configuration of
the pelvis.

Idiopathic juvenile osteoporosis is a self-lim-
ited disease of childhood with recovery occurring
as puberty progresses (SMITH 1995). A typical fea-
ture of this condition is the increased vulnerability
of the metaphyses, often resulting in metaphyseal
injuries of the knees and ankles. Idiopathic juvenile
osteoporosis must be distinguished from osteogen-
esis imperfecta, another disease often presenting
with radiographic signs of generalized osteoporo-
sis (SMITH 1995). The pathogenesis of osteogenesis
imperfecta is quantitative or qualitative abnormali-
ties of type I collagen. There are four major types
of osteogenesis imperfecta, and the degree of osteo-
porosis in osteogenesis imperfecta depends strongly
on the type of disease (MiNcH and KRUSE 1998). The
clinical features of each type usually correspond to
the type of mutation. The abnormal maturation of
collagen seen in this disorder results in a primary
defect in bone matrix. This, combined with a defec-
tive mineralization, result in overall loss of bone
density involving both the axial and peripheral

skeleton. Patients with type III disease have a sig-
nificantly decreased bone density presenting with
generalized osteopenia, thinned cortices, fractures
of long bones and ribs, exuberant callus formation
and bone deformation (HANscoMm et al. 1992). The
degree of osteopenia is highly variable, however,
and at the mildest end of the spectrum some patients
do not have any radiographic signs of osteopenia
(Z1oNTs et al. 1995).

6.3
Regional Osteoporosis

Osteoporosis may also be confined to only a seg-
ment of the body. This type of osteoporosis is called
regional osteoporosis, and it is commonly caused by
some disorder of the appendicular skeleton. Osteo-
porosis due to immobilization or disuse characteris-
tically occurs in the immobilized regions of patients
with fractures, motor paralysis due to central ner-
vous system disease or trauma and bone and joint
inflammation (KiRATLI 1996). Chronic and acute
disease may vary in their radiographic appearance
somewhat, showing diffuse osteopenia, linear radio-
lucent bands, speckled radiolucent areas and corti-
cal bone resorption.

Reflex sympathetic dystrophy, sometimes also
termed Sudeck’s atrophy or algodystrophy, has the
radiographic appearance of a high turnover process.
It most often occurs in patients with trauma, such as
Colles’ fracture but also in patients with any neurally
related musculoskeletal, neurologic, or vascular con-
dition such as hemiplegia or myocardial infarction
(Supeck 1901; OYEN et al. 1993; SARANGI et al. 1993).
This condition is probably related to overactivity
of the sympathetic nervous system with increased
blood flow and increased intravenous oxygen satu-
ration in the affected extremity (GELLMAN et al.
1992; SCHWARTZMAN and McLELLAN 1987). Its
radiographic appearance includes soft tissue swell-
ing as well as regional osteoporosis showing with
bandlike, patchy, or periarticular osteoporosis.
Additional radiographic features include subperios-
teal bone resorption, intracortical tunneling, end-
osteal bone resorption with initial excavation and
scalloping of the endosteal surface and subsequent
remodeling and widening of the medullary canal,
as well as subchondral and juxtaarticular erosions
(REsNIcK and N1wavama 1995). Especially in the
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early stages of reflex sympathetic dystrophy, bone
scintigraphy may be helpful to establish the diagno-
sis (Toporovic TIRNANIC et al. 1995; LEITHA et al.
1996).

Transient regional osteoporosis includes condi-
tions that have in common the development of self-
limited pain and radiographic osteopenia affect-
ing one or several joints, most commonly the hip.
Transient osteoporosis typically occurs in middle-
aged men and women in the third trimester of
pregnancy. At the onset of clinical symptoms, there
may be normal radiographic findings, and within
several weeks, patients develop variable osteopenia
of the hip, sometimes involving the acetabulum.
Some patients later develop similar changes in the
opposite hip or in other joints, in which case the
term regional migratory osteoporosis may be used.
The cause of transient regional osteoporosis is not
known, and it appears that it may be related to reflex
sympathetic dystrophy. In some patients with clini-
cally similar or identical manifestations, magnetic
resonance imaging presents with transient regional
bone marrow edema (HAYES et al. 1993; Boos et
al. 1993). Since not all patients with identical clini-
cal symptoms and transient bone marrow edema
develop regional osteoporosis, the sensitivity as
to the detection of regional osteoporosis has to be
questioned as well as the interrelationship between
transient regional osteoporosis and transient bone
marrow edema (PALIT et al. 2006). There also seems
to be a relationship of transient bone marrow edema
to ischemic necrosis of bone, and there is a need to
define criteria for allowing differentiation of tran-
sient bone marrow edema and the edema pattern
associated with osteonecrosis (TREPMAN and KiNG
1992; FROBERG et al. 1996; GUERRA and STEINBERG
1995; GIL et al. 2006).

6.4
Quantifying Bone Mineral in
Conventional Radiography

6.4.1
Standardized Evaluation of
Conventional Radiographs

The lack of methods to objectively assess bone
density in the past made some researchers use the
characteristic radiographic appearance of bone in

osteoporosis to grade or classify osteoporosis, e.g.,
Saville’s score (SAVILLE 1967). DoYLE and cowork-
ers (1967) studied radiological criteria of osteopo-
rosis and found, with the exception of biconcavity,
none of the other criteria to be valid criteria for
the diagnosis of osteoporosis. For follow-up even
increased biconcavity was not a useful criterion.
‘Can Radiologists Detect Osteopenia on Plain Radio-
graphs?” GARTON and colleagues (1994) asked and
concluded that even though the reproducibility of
Saville’s score was only moderate, bone density was
significantly correlated with this score. Potentially,
aside from single criteria, the radiographic impres-
sion of the spine as a whole may hint to a reduced
bone density (AHEMED et al. 1998). Therefore, and
because it is essential for differential diagnosis of
osteoporosis and for the diagnosis and follow-up
of vertebral deformities, conventional radiography
will remain an important asset to the diagnosis of
osteoporosis.

In an attempt to quantitate the degree of osteo-
porosis, BARNETT and NorDIN (1960, 1961), and
in a similar form DENT and colleagues (1953), pro-
posed that the increased biconcavity of a vertebra
could be used to diagnose and follow osteoporosis.
The quotient of middle and anterior vertebral height
today is associated with the names of Barnett and
Nordin. However, the authors only used one verte-
bra to calculate their score (usually L3) which may
not represent the bone mineral status of the whole
spine (JERGAS et al. 1994). Furthermore, following
the course of osteoporosis using only one vertebra
may also be regarded as problematic.

URIST (1960) reported that in women with hip
fracture the principal compressive trabeculae in
the proximal femur become more prominent while
other groups of trabeculae are resorbed. Based on
this observation in women with advanced osteo-
porosis SINGH et al. (1970) proposed a femoral
index for the diagnosis of osteoporosis based on
the assumption that the trabeculae in the proximal
femur disappear in a predictable sequence depend-
ing on their original thickness (Fig.6.14). The
authors considered that the thickness and spac-
ing of trabeculae in the various trajectorial groups
(principal compressive, secondary compressive,
greater trochanter, principal tensile, and secondary
tensile group) depend on the intensity of stresses
normally carried by these trabeculae. With advanc-
ing bone loss trabeculae that are thinner become
invisible first on the radiograph. SINGH and co-
workers (1970) introduced a classification rang-
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Fig. 6.14a,b. The Singh index is based on the assumption that the trabeculae in the proximal femur (a) disappear in a pre-
dictable sequence depending on their original thickness. The classification ranges from grade VII (normal, all trabecular
groups visible) to grade I (marked reduction of even the principal compressive trabeculae) according to the degree of bone

loss (b)

ing from grade VI (normal, all trabecular groups
visible) to grade I (marked reduction of even the
principal compressive trabeculae) according to the
degree of bone loss. SINGH et al. (1972) later added
a grade VII to their scale for individuals with dense
bone, meaning that the Ward’s triangle (an area
on radiographs of the proximal femur enclosed by
the principle and secondary compressive, and the
tensile groups) contained trabeculae that were as
dense as the other surrounding trabeculae. The
authors reported a relatively good discrimination
of individuals with and without vertebral frac-
tures. Interobserver variation for the Singh index
is highly variable being influenced strongly by the
quality of the radiographs, the degree of osteopo-
rosis (moderate changes being harder to agree on
than on the extremes), and the experience of the
observer. Right-left comparisons of the Singh index
show a concordance on the order of 80%. The Singh
index has been applied in a number of studies in
which varying results in the relationship to bone
mass and vertebral appearance have been shown
(GrirriTHS and VIRTAMA 1990; PEAcocK et al.
1995; Koor et al. 1996). More recent observations
indicate that the underlying assumption of the
Singh index, the organized sequential loss of tra-
beculae, may be false and a generalized loss of bone
mineral in both the tensile and compressive occurs.
A similar grading scheme for estimating bone loss
exists for the calcaneus (JHAMARIA et al. 1983).

6.4.2
Radiogrammetry

Radiogrammetry, a simple measurement of cortical
thickness in virtually any tubular bone, is easy to
perform with a caliper or with a graduated magni-
fying glass. Simple cortical measurements may be
represented in several ways (Fig. 6.15): One method
involves summing the thickness of both cortices as
an index of bone mass; another method uses the
combined cortical thickness divided by the total
bone width as a measure of density; finally, a cir-
cular cross-section of bone can be assumed with
the measurements of bone width and cortical thick-
ness converted to cortical areas that more closely
parallel actual physical mass. Radiogrammetry is
applied most often to the metacarpal bones (KaLLA
et al. 1989). The use of a caliper, the combination
of a number of metacarpals or repeated measure-
ments of one metacarpal and the use of digitization
techniques or automated edge detection on digitally
acquired radiographs may improve the precision
error (HorsMAN and SimpsoN 1975; BLooM et al.
1983; Rico and HERNANDEZ 1989). Variations in soft
tissue thickness and in radiographic geometry cause
systematic errors. As a consequence of these inac-
curacies and the imprecision of the measurements,
the values for compact bone area derived from radio-
grammetry at different skeletal locations are corre-
lated only moderately. The correlation between right-
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Fig. 6.15a,b. For a long time radiogrammetry represented the only quantita-
tive method to evaluate changes of bone density by measuring the thickness
of the cortical bone. The results may be expressed as combined cortical thick-
ness, cortical index, or even an assumed cortical area. Typically, this measure-
ment is performed on the second metacarpal bone

and left-sided bones is higher (HELELA and VIRTAMA
1970; BLooMm 1980; PLATO and PUurIFOY 1982). While
MEEMA and MEINDOK (1992) reported a good cor-
relation between radiogrammetric measurements
and dual photon absorptiometry of the spine, other
studies suggest only a poor to moderate correlation
with other methods of bone mineral measurements
(GUESENS et al. 1986; ROSENTHAL et al. 1987).
Simple cortical measurements, particularly when
obtained at several anatomic sites, provide informa-
tion that is more useful in clinical research than in
individual patient management. For example, exten-
sive data on metacarpal changesin populations show
aloss with aging in men and women (GEUSENS et al.
1986; DEQUEKER 1976; EVANS et al. 1978; GARN et al.
1967; FALcH and SANDVIK 1990; MAGGIO et al. 1997).
Studies of patients with primary hyperparathyroid-
ism, rheumatoid arthritis and systemic lupus ery-
thematosus have revealed substantial reductions
of the combined cortical thickness compared to
normal controls (GENANT et al. 1973; KALLA et al.

(T-M)/T
0.785 * (T>-M?)

1992). MEEMA (1991) and MEEMA and MEEMA (1987)
found radiogrammetry to be a good discriminator
between postmenopausal women with and without
vertebral fractures. While the aforementioned stud-
ies all used radiogrammetry on plain films, CRESPO
and colleagues (1998) reported on the use of com-
puted tomography for the determination of cortical
area. The authors found that cortical bone loss was
associated with prevalent Colles’ fractures in post-
menopausal women.

A variation of radiogrammetry was introduced a
few years ago and is called digital X-ray radiogram-
metry, or DXR. In this technique a radiogram of the
hand or forearm is scanned with a commercial high-
resolution scanner, and the digital image of the fore-
arm is analyzed using various regions of interest in
three metacarpals II to IV. A BMD equivalent DXR
bone density is calculated from cortical thickness
of these bones and image procession algorithms are
applied to calculate additional parameters, striation
and porosity (MALICH et al. 2004). Initial results
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showed the method provided adequate precision
as well as a good association with age and with the
history of fracture (JORGENSEN et al. 2000; TOLEDO
and JERGAS 2006). In the context of the large epide-
miological ‘Study of Osteoporotic Fractures’ digital
radiogrammetry proved to be predictive of incident
fractures of the wrist, hip and spine (BOUXSEIN et
al. 2002).

One major limitation of radiogrammetry is its
failure to measure intracortical resorption or poros-
ity and irregular endosteal scalloping or erosion. As
intracortical and trabecular bone resorptions are
important indicators of high bone turnover states,
the fact that they are not measured by this technique
is significant. Despite its shortcomings when applied
to individual patients, radiogrammetry remains an
important research tool, especially for studying
changes in cortical bone (vAN RIJN et al. 2004, 2006;
GOERRES et al. 2007; BOTTCHER et al. 2005).

6.4.3
Photodensitometry or
Radiographic Absorptiometry (RA)

It has been known for many years that the photo-
graphic density on a film is roughly proportional to
the mass of bone located in the X-ray beam. A rela-
tively large change in bone mineral content (25%-
50%) must occur, however, before it can be detected
with visual observation of radiographs (LACHMANN
and WHELAN 1936; VIRTAMA 1960). Some investiga-
tor proposed to include a standard bone on an the
X-ray of the hand, or even with a spine radiograph
(STEVEN 1947; NORDIN et al. 1962). In an effort to
quantitate bone mass, a number of investigators
have measured the optical density of bone contained
in radiographs, in which both the anatomic part to
be studied and a reference wedge are included in
the exposure area (HODGE et al. 1935; STEIN 1937;
Mack et al. 1939; CosMAN et al. 1991; TROUERBACH
etal. 1987) (Fig. 6.16). The simultaneous exposure of
a reference system (usually a wedge or step wedge
consisting of aluminum or hydroxyapatite) allows
for a reproducible determination of bone density
with an appropriate exposure technique. Following
film processing, bone and reference wedge are evalu-
ated using a photo densitometer. In its long history,
many names have been assigned to this technique
like radiographic photodensitometry, radiographic
absorptiometry, quantitative Rontgen microdensi-
tometry, and even digital image processing. They

are all basically the same technique using more or
less sophisticated approaches.

Photodensitometry is a low dose and low cost
technique, which measures integral bone (trabecu-
lar and cortical). Moreover, photodensitometry is
easy to perform. Multiple technical problems arise,
however, such as nonuniformity of X-ray intensity
beam hardening due to the polychromatic radia-
tion source, and variation in film sensitivity related
to processing. Photodensitometry is limited to the
peripheral skeleton because of soft tissue inhomo-
geneities. Various measurement sites in the upper
and lower extremities are reported in the literature.
Metacarpal or phalangeal bones are preferred sites.
Heuck and ScHMIDT (1960) reported an accuracy
of 5%-10% for photodensitometry of the femoral
neck and the calcaneus. Some results using more
advanced photodensitometric techniques suggest
that precision on the order of 1%-3.5% for photo-
densitometry of the phalangeal or metacarpal bones
is possible (TROUERBACH et al. 1987; HaYAsHI et al.
1990; MEEMA and MEEMA 1969).

Fig.6.16. In radiographic absorptiometry the simultane-
ous exposure of a reference system (usually a wedge or step
wedge consisting of aluminum or hydroxyapatite) enables
the reproducible determination of bone density with an ap-
propriate exposure technique. By comparing the attenua-
tion values of the reference with known density values one
determines corresponding density of a region of interest in
the bone
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HaGciwara et al. (1993) found the correlation
coefficient between photodensitometry of the meta-
carpal bones and their ash density to be r=0.95
(CV%=3.4%). Results derived from photodensi-
tometry of the hand compared significantly with
other bone density measurements in vivo. Moderate
correlation coefficients between spinal BMD using
a dual photon absorptiometry technique and pho-
todensitometry of the hand were reported. The cor-
relation with other measurement sites was found to
be in the same order (CosMAN et al. 1991).

The early investigations of MEEMA and MEEMA
(1976) showed that, at all ages, women have less cor-
tical bone than men and that age-related bone loss
starts earlier, proceeds more rapidly, and results in
a much greater depletion of the skeleton in women
than in men (TROUERBACH et al. 1987, 1993). Several
investigators have studied the association between
BMD of the phalanges assessed by radiographic
absorptiometry and fracture risk in cross-sectional
studies. Here the significant relationship with prev-
alent vertebral fractures could be confirmed (Ross
et al. 1995; TAKADA et al. 1997; HAGIWARA et al.
1998; VERSLUIS et al. 2000). MussoLINO et al. (1997)
examined the relationship between phalangeal bone
density in women and future hip fracture risk using
prospective fracture data with a maximum follow-
up of 16 years from the NHANES I study. They
found a significant association between phalangeal
bone density at baseline and future hip fractures
with an age-adjusted relative risk of approximately
1.8 per 1 standard deviation decrease in bone mass.
These results for the female study cohort could also
be confirmed in the male NHANES study cohort
(MussoLINo et al. 1998). However, in a cross-sec-
tional study EkMAN and colleagues (2001) found
that neither quantitative ultrasound nor densitom-
etry of the phalanges could discriminate between
women with and without hip fracture. As a plus, cost
effectiveness, ease of use and its theoretically ubiq-
uitous availability make this technique an interest-
ing option for the assessment of bone mass. Never-
theless, the value of peripheral measurements for
the diagnosis of osteoporosis and the prediction of
the significant hip fractures and vertebral fractures
have to be studied further.

Even some of the methods used to study bone
density at the axial skeleton are derived from radio-
graphic absorptiometry. Classic photodensitometry
cannot be applied to the axial skeleton due to the
greater amount and inhomogeneity of the surround-
ing soft tissue. KRokowskl and SCHLUNGBAUM

already reported on a photodensitometric method
for determining the bone mineral content at the
lumbar spine in 1959. The authors used two lateral
radiographs of the lumbar spine taken at two dis-
tinct energies (62 and 250 kV) to calculated bone
density in a region of interest (KrRokowskl and
SCHLUNGBAUM 1959). This method described the
basic principles of what was to become the most
widespread technique to assess bone density at the
axial skeleton, dual photon or X-ray absorptiometry
(DPA, DXA).
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