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1.32 Vertebral fractures are most commonly located at the lower thoracic spine (Th 11–12) and upper lumbar spine (L1) in
both men (A) and women (B). This is also shown in an X-ray (C). (Adapted from Ismail AA, Cooper C, Felsenberg D, et
al. (1999). Number and type of vertebral deformities: epidemiological characteristics and relation to back pain and height
loss. European Vertebral Osteoporosis Study Group. Osteoporos Int 9(3):206–213.)
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B

C

1.33 Multiple vertebral fractures at both the thoracic and
lumbar spine, resulting in kyphosis and loss of height (up
to 20 cm). The rib cage reaches inside the pelvic rim.
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11–12) and upper lumbar spine (L1) and rarely above the

level of Th 59 (1.32). Vertebral fractures are most often an

incidental finding. Only about one-third present clinically,

and then it is often with sudden onset of severe disabling

back pain. Multiple fractures may be unknown to the person

who just notices their decreasing body height.

End-stage vertebral osteoporosis results from multiple

vertebral fractures at both the thoracic and lumbar spine

(1.33). This leads to kyphosis, loss of height (up to 20 cm),

restricted lung capacity, impaired swallowing, stomach, and

the gut function, disturbed sleep, and problems with

walking. The rib cage reaches inside the pelvic rim. Recent

fractures can be demonstrated by increased uptake on bone

scintigraphy (1.34) or by intraosseous oedema which can be

visualized using magnetic resonance techniques (1.35).



Upper extremity fractures
The distal radius or Colles’ fracture is one of the most

common fractures (1.36–1.38) and, in women, is regarded

as an indicator for osteoporosis and future fracture risk

because it occurs at a relatively early age (see Chapters 2 and

3). The fracture is located at the vulnerable site at the distal

end of radius where trabecular bone dominates and where

the cortical bone is thinner towards the radio-carpal joint.

The fracture occurs when a person falls or stumbles

forward, reaching out with the hand to break the fall. Other

fractures of the upper extremity occur following low-energy

trauma (1.36). Fractures of the proximal humerus increase

with age in both men and women and are the third most

common fracture in persons over the age of 65 years (1.39,
1.40). They typically occur when the person is unable to

reach out fully to counteract a fall and instead they fall

slightly to the side and hit the shoulder region. The person

is usually generally fit and living at home. Fractures related

to osteoporosis also occur at the elbow (1.41).
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1.34 Scintigraphy of vertebral fracture.

1.35 Vertebral fractures induce intraosseous oedema
which can be visualized using magnetic resonance
techniques. The signal is altered in L2 and L4 as a sign of
recent fracture, not yet healed. Vertebral fractures are
commonly stable and rarely compromise the spinal space.

1.36 Common sites of fractures of the upper extremities.
The relative distribution of the most common fractures in
women: distal radius fracture 15–20% and proximal
humerus fracture <5%.

Proximal humerus

Distal radius

Elbow

L2

L4
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1.37 Distal radius
fracture in an 84-
year-old woman.
The fracture is
severely displaced
with dorsal
angulation and
axial compression.
In addition, the
head of the ulna is
fractured, as is the
styloid process.
The axial
compression
causes prominence
of the ulnar head, a
finding that patients
later often find
disturbing.

1.38 The side view is
necessary to evaluate
the dorsal displacement
Colles’s fracture.

1.39 Fractures of
the upper arm
(proximal
humerus)
commonly occur
at the surgical
neck, another
region rich in
trabecular bone
and thin cortical
bone. This
fracture is caused
by a fall towards
an outstretched
arm. The majority
of fractures are
not significantly
displaced and are
thereby stable, as
seen here.

1.40 A, B: A fracture of the proximal humerus where the
head of the humerus is multifragmented and has very little
contact with the humeral shaft. This fracture requires
surgical treatment.

A B



1.41 A, B: With severe
osteoporosis, fracture of the
elbow can be very detrimental.
The fracture can be extremely
fragmented (bag-of-bones) and
unstable, as in this 84-year-old
woman. These fractures are
often impossible to reduce or
stabilize.

1.42 Common sites of fractures of the lower extremities.

Femoral neck

Trochanteric

Subtrochanteric

Pelvis

Proximal tibia
lateral condyle

A B
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Lower extremity fractures
Many different types of fracture may occur in the lower

extremity after low-energy trauma (1.42). Fractures of the

hip are most common. These involve the femoral neck

(cervical, 47%) or the trochanter (53%), which is mainly

trabecular bone (1.43–1.47). Fractures of the proximal

femur just below the trochanter are called subtrochanteric

and are more severe or difficult to treat optimally. The

typical age in Europe to sustain a hip fracture is 80 years and

many individuals are frail with comorbidities and are already

unable to live independently.

Pelvic fractures constitute less than 1% of fractures and

are common only in the very elderly and usually occur in the

pubic rami (1.48). Fracture of the lateral condyl of the

proximal tibia is associated with osteoporosis (1.49).



1.43 Fractures (arrows) of the femoral neck (cervical)
may be graded according to displacement. The mildly
displaced fractures (Garden I) have a more favourable
outcome with regard to healing. Impaired healing is
caused by disruption of the vascular supply from the
circumflex artery.

1.44 This fracture of the femoral neck has a greater
degree of displacement. Displacement must be evaluated
in two planes, anterior-poterior (A) and lateral (B). Notice
also the thin cortices of the femoral shaft in this 89-year-
old woman. Arrows indicate the fracture.

A B

1.45 A severely displaced femoral neck
fracture. The patient has previously had
a pelvic fracture of the pubic ramus.
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1.46 A: A trochanteric fracture mainly involves trabecular bone and it may be multifragmented (as in
this case), a factor of major importance for obtaining stability after reduction. Note that this fracture
involves the lesser trochanter. B: A pelvic view should always be included in the assessment of a hip
patient.
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1.47 A, B: A fracture of the proximal femoral diaphysis is often described as subtrochanteric.
This is a spiral fracture with a large intermediate fragment on the medio-dorsal side, including
the lesser trochanter.

A B

A B



1.49 Fracture of the
lateral condyl of the
proximal tibia is
associated with
osteoporosis. In
younger persons,
the cruciate and
collateral ligaments
are injured instead
and joint stability
must be tested in
these patients. The
fracture is intra-
articular with a depression of the joint surface and
therefore requires surgical reduction.

1.50 A, B: Breast cancer is the most common cause of
metastatic bone disease in women, while in men it is
prostate cancer. Neurological deficits from osteoporotic
fractures are uncommon and, when present, particularly in
the elderly, malignancy should always be ruled out. Bone
metastases of the spine are preferably visualized and
evaluated by MRI (B) as it provides information on both
the skeletal and nonskeletal involvement. In this case L1
(arrow) has a generally higher signal similar to that of an
osteoporotic fracture, but in addition virtually all vertebral
bodies are infiltrated by malignant cells (the dark areas),
whereas the spinal space is intact.
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1.48 The pelvic fracture related to osteoporosis is most
often located at either or both of the inferior or superior
rami. The patients clinically present with similar signs and
symptoms as those with hip fracture. Acetabular fractures,
that in the most severe cases cause protrusion of the
femoral head into the pelvis (arrow), are rare after low-
energy trauma.

A B

Other causes of fracture
Fractures may arise for reasons other then osteoporosis and

trauma and the possibility of primary and secondary bone

cancer must always be considered (1.50–1.52). This

includes myeloma. Nonmalignant lesions such as cysts

(1.53) can also present as a fracture following minimal

trauma. Bone conditions such as osteomalacia (1.54) and

Paget’s disease (1.55) may also present with fracture.



1.52 A, B: A 71-year-old man with widespread myeloma resulting in vertebral deformities.

A B

1.51 Metastases of the long bones are not as frequent
as in the spine. Metastases of the long bone are mostly
seen in the proximal femur/hip and the proximal
humerus, both regions rich in metabolically active
trabecular bone. Metastases are either osteolytic or
sclerotic in nature. Osteolytic metastases in the long
bones (arrow) leads to cortical thinning and high
fracture risk without prior trauma.
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1.53 Bone cysts are most
often benign and are
accidentally found,
particularly in the small
bones of the hands and feet.
In children, solitary cyst
have a predilection for the
proximal humerus and are
associated with fractures
after minor trauma. The cyst
heals with the fracture. 
A: Bone cyst (arrow) in a
young person that was
identified because of a
fracture from a minor trauma
B: Bone cyst in the proximal
femur (arrow) in a patient
presenting with a dull ache
in the groin (MRI).

1.54 Pseudofracture (Looser’s zones)
(arrow) of the medial aspect of the
proximal femur in osteomalacia. 1.55 Paget’s disease of bone affecting the fourth lumbar

vertebra with typical disorganization of bone structure.

BA
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