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Abstract Injuries of the axial skeleton are an important field
of work within orthopaedic surgery and traumatology. Most
lesions following trauma may be diagnosed by means of
conventional plain radiography, computed tomography or
magnetic resonance imaging. However, for some aspects
SPECT/ CT can be helpful even in a trauma setting. In
particular, the combination of highly sensitive but nonspecific
scintigraphy with nonsensitive but highly specific computed
tomography makes it particularly useful in anatomically com-
plex regions such as the pelvis and spine. From a trauma
surgeon’s point of view, the four main indications for nuclear
medicine imaging are the detection of (occult) fractures, and
the imaging of inflammatory bone and joint diseases, chronic
diseases and postoperative complications such as instability of
instrumentation or implants. The aim of the present review
was to give an overview of the adoption of SPECT/CT in a
clinical setting.
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Introduction

Injuries of the axial skeleton and associated late sequelae are
an important field of work within orthopaedic surgery and
traumatology. Despite the relatively small proportion of spinal
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fractures compared to all fractures, they are of great impor-
tance due to potentially severe consequences. The estimated
incidence of spinal fractures reported in the literature is 64 per
100,000 persons, with young men and elderly women being
predominantly affected. In young patients, spinal fractures
usually occur in the presence of a substantial external force.
Depending on the direction and position of the main rotation
axis, the result is a compression fracture, a flexion/distraction
injury, a rotational injury or a combined injury. In the elderly,
spinal fractures are the most common first manifestation of
osteoporosis and may result not only from simple falls from a
standing height, but may also occur during activities of daily
living such as lifting objects or merely bending over [1]. The
result is usually a compression fracture, which according to
the AO/ASIF (Association for the Study of Internal Fixation)
classification may be classified as a type A fracture. The
consequences of such a fracture may frequently be
underestimated, but these injuries are of substantial relevance
in the elderly and mortality rates are comparable to those
recently demonstrated in femoral neck fractures [2].

Other frequent locations for osteoporotic fractures include
lesions of the pelvis, especially the pubic rami and sacrum.
They are associated with chronic pain and increased morbidity
and mortality [3—5]. This is believed to be due to occult
fractures of the posterior pelvic ring, which is far more im-
portant for stability than the anterior structures [6—8]. Timely
therapeutic intervention following an accident may substan-
tially lower morbidity and mortality rates. For this reason, as
well as a thorough patient history and physical examination, a
sufficient diagnostic work-up is also essential. This usually
involves a step-by-step process. In addition to digital conven-
tional X-ray imaging, the use of computed tomography (CT)
has been established especially in the acute phase following
trauma. Current guidelines strongly recommend a whole-body
CT scan following primary survey and basic life support
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measures during management of heavily injured patients in
the resuscitation room [9]. This approach has led to a signif-
icant decrease in mortality [10].

Conventional X-ray imaging has lost importance in the
context of spinal and pelvic injuries as well as in polytrauma
due to the higher sensitivity and specificity of CT [11, 12].
Lesions of the posterior pelvic ring, for example, are frequent-
ly missed on conventional radiographs [8, 12]. As well as CT,
magnetic resonance imaging (MRI) is also an important ele-
ment in detecting lesions of the axial skeleton. When neuro-
logical deficits are present, the use of MRI may be indicated
even in the acute phase following trauma in order to rule out
relevant spinal cord injuries or a spinal cord compression.
During the course of treatment, MRI is used for differentiating
between stable and unstable spinal fractures as well as explo-
ration of various differential diagnoses of back pain. With the
help of fluid-sensitive sequences, even subtle injuries such as
bone bruises may be visualized. Due to these developments,
scintigraphy has become increasingly less relevant in
posttraumatic musculoskeletal imaging. Hybrid imaging tech-
niques, however, have gained ground in recent years. In this
context, the highly sensitive but nonspecific planar scintigra-
phy or single photon emission CT (SPECT) is combined with
very specific but less sensitive CT. This has led to new
possible application areas far from the field of oncological
indications [13—-19].

From a trauma surgeon’s point of view, there are four main
types of indication for nuclear medicine imaging as listed in
Table 1: for detecting fractures, for imaging inflammatory
bone and joint diseases and posttraumatic or postoperative
complications, and for evaluating chronic diseases [20].

Trauma

Most osseous lesions following trauma may be diagnosed by
means of conventional plain radiography or CT. However,
several studies have demonstrated that planar scintigraphy is
able to reveal additional initially missed fractures in more than

Table 1 Indications of SPECT/CT with focus on trauma surgery

half of all examined polytraumatized patients [21, 22].
However, nuclear medicine imaging technologies still play a
minor role in the early diagnostic process. On the other hand,
they are of great value when searching for occult fractures and
subtle lesions of the ribs, sternum or pelvic region. In these
regions, bone metabolism is locally increased and perifocal
haematoma and necrosis, as well as calcification, may occur.
The resulting phosphate complex then bonds with the **™Tc-
methylenediphosphonate which is utilized in both scintigraphy
and SPECT [23, 24].

The moment when a fracture can first be detected with
SPECT/CT is dependent on the fracture location. Juxta-
articular fractures, for example, may be visualized earlier than
shaft fractures. Using bone scanning, a fresh fracture can be
diagnosed within 48 h with a sensitivity of 95 % and after 72 h
with a sensitivity of 100 % [25, 26] in patients with normal
bone metabolism rates. The time to initial fracture detection
may be increased up to 1 week in elderly patients. Within 6—
9 months, the visualized bone uptake continuously decreases
as bone healing progresses [27], but may be visible up to
3 years following a fracture.

Pelvic ring

In elderly patients, fractures of the pelvic ring are frequently
missed and certainly underestimated considering their sub-
stantial morbidity and mortality [3—5] (Fig. 1). Usually a
type-A fracture (according to the AO classification) is found,
which is considered stable. However, the rehabilitation of
such patients is commonly difficult and takes a long time.
This is believed to be due to occult lesions of the posterior
pelvic ring [3, 5, 28]. With the use of scintigraphy, Gertzbein
and Chenoweth were able to demonstrate that apparently
isolated fractures of the pubic rami were in fact associated
with additional osseous lesions to the posterior pelvic ring in
all of six patients examined [6]. Other studies subsequently
confirmed this finding and showed that given the adequacy of
the imaging modality, an additional lesion in seemingly iso-
lated fractures of the pubic rami can be found in almost every

Acute trauma Posttraumatic/postoperative Infections Chronic diseases
Occult fractures Loosening of implants Osteomyelitis Primary malignant bone diseases
Stress fractures Instability of instrumentation Osteitis Secondary malignant bone diseases

Insufficiency fractures Nonunion
Pathological fractures

Evaluation of fracture age

Low-grade infection®
Osteonecrosis
Sudeck’s atrophy

Joint infection Osteoarthrosis
Osteochondrosis
Rheumatoid arthritis

Degenerative changes

Spondylodiscitis
Soft-tissue infections
Postoperative infections

Prosthetic infections

 According to the literature, PET/CT is better than SPECT and bone scan for low-grade infections
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Fig. 1 SPECT/CT imaging in a 77-year-old patient with suspicion of
iliosacral joint arthritis 3 years after right total hip joint arthroplasty (a, b
axial and ¢ volume-rendered images). Tracer uptake is seen alongside

case [7, 8]. In addition to CT, other suitable imaging modal-
ities include SPECT/CT as it is not only possible to detect a
fracture, but also estimate the age of the injury. Furthermore,
reactive changes within the surrounding soft tissue may addi-
tionally be causing pain and can be visualized with SPECT/
CT (Fig. 2).

Spine

Traumatic spondylolysis, which results from a fractured pars
interarticularis of the vertebral body, is frequently not visible
on conventional radiographs [29]. Further, CT of the lumbar
spine is not sensitive for detecting early acute stress reactions

bilateral longitudinal sacral fractures and focal uptake due to bilateral
hypertrophic spondylarthrosis of L4/5. The hip implant does not show
increased signal uptake

in the pars interarticularis [30, 31]. This lesion is believed to
be caused by repetitive axial loading in combination with
hyperextension movements of the spine. The resulting in-
creased metabolic turnover in the affected region of the bone
can be made visible by SPECT. The sensitivity and specificity
are therefore superior even to those of MRI [29]. The lesion
can readily be anatomically localized when combined with
CT: SPECT/CT [29, 32]. Additionally, acute injuries can be
differentiated from chronic injuries [32] and inflammatory
changes from degenerative changes.

This distinction is of additional value in osteoporotic com-
pression fractures of the spine (Fig. 3). Conventional radio-
graphs as well as CT scans of the spine often reveal multiple

Fig. 2 SPECT/CT imaging in a 61-year-old patient with bilateral
iliosacral joint arthropathy. a—¢ Follow-up imaging 7 months after per-
cutaneous minimally invasive iliosacral S1 and S2 joint fusion with the
iFuse Implant System (a paracoronal, b sagittal and ¢ volume-rendered
images). The iFuse System is fully incorporated without any residual
signal uptake. There was residual pain due to activated erosive

osteochondrosis and bilateral facet L5/S1 joint arthritis (arrow). d, e
Follow-up imaging 4 months after decompressive L5/S1 laminectomy,
L5/S1 discectomy, interbody fusion with capstone and dorsal instrumen-
tation and L4-S1 spondylodesis (d paracoronal and e volume-rendered
images). There is minimal postoperative reactive tracer uptake alongside
the incorporated material
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Fig. 3 Imaging in a 79-year-old patient with osteoporotic compression
fractures of the spine. a—¢ CT (a), SPECT/CT volume-rendered (b ) and
SPECT/CT (c) images obtained 14 days after percutaneous balloon
kyphoplasty of Th5—7. Kyphoplasties of Th11, L3 and L4 are older than
1 year and do not show signal enhancement. The Th8 endplate is clearly

spinal deformities such as compression fractures in elderly
patients. Since the tracer accumulates in the region of a fresh
fracture, SPECT/CT can aid in distinguishing between fresh
and old lesions. To assess fracture age it is necessary to acquire
three scintigraphic phases normally as spot images (flow ,
blood-pool and late phases). Further, SPECT/CT of the
suspected fracture region is performed to evaluate morpho-
logical as well as metabolic changes. During the first 4 weeks
after trauma the fracture shows diffuse tracer uptake during
the flow and blood-pool phases. During the following 8 weeks
the activity is more focused on the late phase images, while
activity in flow and blood-pool phase images decreases.
Usually, normalization in the flow and blood-pool phases
can be observed after 6 months. A decrease in the late phase
is visible after 3—18 months, and sometimes uptake persists
for years.

As well as diagnostic benefits, this information is of value
when choosing a suitable treatment. For example, many pa-
tients with osteoporotic compression fractures of the spine
may experience pain reduction following a stabilization pro-
cedure such as percutaneous kyphoplasty of a fresh fracture
[33-36]. In this context, it is crucial that the fracture is not
older than 6 weeks, since a reduced therapeutic benefit has
been demonstrated when operatively treating such a fracture
beyond this time [37, 38]. Information concerning the approx-
imate age of the fracture may be obtained either using the
short tau inversion recovery sequence (STIR) in MRI or by
assessing tracer uptake on SPECT/CT. This makes estimation
of the benefit of a planned surgical intervention possible [39,
40]. A clear advantage for SPECT/CT imaging compared to
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visible with corresponding tracer enhancement as a sign of increased
loading (arrow). Due to pain and a high risk of fracture of adjacent
segments kyphoplasty was carried out. d Follow-up plain radiograph
4 weeks after kyphoplasty of Th8 and vertebroplasty of Th9 and Th10

conventional SPECT has been demonstrated as SPECT/CT
has shown additional information in 62.5 % of patients [40].
Furthermore, SPECT/CT allows a precise differentiation be-
tween malignant and benign compression fractures, which is
of key importance in therapy and prognosis [41]. These two
entities are usually distinguished using MRI [42].

Compression fractures result in lesions within the bone mar-
row which lead to minor signal intensity changes on the T1-
weighted sequences and a high signal intensity on the STIR
sequence. This however may cause difficulties in distinguishing
between malignant and benign processes [43]. Furthermore,
MRI is not an option in patients suffering from claustrophobia
or patients with a cardiac pacemaker, which is why other
equivalent diagnostic methods are necessary. SPECT/CT
may be a valuable alternative with proven equal sensitivity
and specificity to MRI [41].

Femoral neck fractures

Early detection and treatment of femoral neck fractures is
crucial because of their associated high morbidity and mortal-
ity. A twofold increase in mortality has been reported when
operative treatment of a femoral neck fracture is postponed by
only 2 days [44]. Nondisplaced fractures are partly not seen on
plain radiography and CT, as well as when there is an infrac-
tion. Consecutively, the partial lack of weight-bearing may
lead to a secondary dislocation mandating an operation at a
later time with increased perioperative risk. Due to their high
sensitivity and specificity, nuclear medicine technologies are a
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true alternative to MRI, especially in patients in whom MRI is
not an option [15, 25].

Stress fractures

As well as obvious acute traumatic fractures, repetitive stress
in certain regions may lead to an imbalance between contin-
uous bone resorption and reformation. These disrupted
remodelling processes may result in a stress fracture. In addi-
tion to the tibia and tarsal bones, further locations for such a
fracture are the vertebral bodies and the pelvic region. The
incidence of a spinal stress fracture is estimated at 6 % and
most commonly occurs in the fourth or fifth lumbar vertebra
[15]. Young athletic patients are frequently affected [45] and
present with acute onset of pain. These fractures are missed
even with CT in up to 15 % of patients [46], whereas such
lesions are readily visible on SPECT/CT due to increased
local bone uptake due to increased osteoblast activity [47].
SPECT/CT also reveals additional information concerning
metabolic activity which in turn allows a prognosis regarding
the healing process [48].

Insufficiency fractures

Insufficiency fractures can be considered a subgroup within
stress fractures and are defined as osseous lesions resulting
from minor trauma. The most common underlying reason is
osteoporosis. Further risk factors include rheumatoid arthritis,
fibrous dysplasia, osteomalacia, hyperparathyroidism and
long-term corticosteroid administration. The axial skeleton is
most commonly affected. Within the pelvic region, the pubic
rami and the sacrum are predominantly involved [1]. Other
locations include the supraacetabular region and fractures of
the superomedial portion of the ilium [49]. H-formed fractures
of the sacrum are quite common and are missed particularly
often on conventional plain radiography. Apart from MRI,
nuclear medicine techniques may be a helpful alternative in
these cases [50-52]. Additionally, SPECT/CT may be helpful
when ruling out malignancies. Furthermore, it has been esti-
mated that more than half of all compression fractures of the
spine are in fact insufficiency fractures [1]. As well as its
ability to assess fracture location and age, SPECT/CT may
also be helpful in diagnosing other painful degenerative or
neoplastic diseases [53]. SPECT may also be useful when
planning a specific treatment. A targeted injection into a single
activated facet joint, for instance, may relieve pain.

Posttraumatic and postoperative indications
From a trauma or orthopaedic surgeon’s perspective, the

assessment of potential implant loosening is of great value.
This question is usually addressed by conventional plain

radiographs or CT scans. Despite recent developments regard-
ing new sequence modalities, MRI—due to signal artefacts—
often leads to inconclusive results [54]. Nuclear medicine tech-
niques, especially SPECT, provide a solid alternative since the
visualized metabolic activity is not altered by metal artefacts
[55-57] (Table 1).

Spine

Some patients report persistent pain following treatment of
degenerative or traumatic afflictions of the spine and pelvis
with consecutive iliosacral arthrodesis or dorsal spine instru-
mentation and fusion. Studies have shown that up to 14 % of
patients with spinal implants may require an additional oper-
ation within 4 years due to persistent pain [58]. Because the
results of such a reoperation are inferior to those of a primary
operation, the indication must be well-founded [59].
Important questions to be answered by the chosen imaging
technique include loosening of pedicle screws, instability of
the instrumentation, non-union of spondylodesis, low-grade
infection and finally evidence of epifusional and subfusional
degeneration. With this knowledge, a well-founded judge-
ment can be made as to whether a patient might profit from
an additional operation or whether conservative treatment is
the better choice. Furthermore, the type of operation can be
better planned.

As mentioned above, in the postoperative setting following
spinal instrumentation, MRI has a much lower diagnostic
value in the presence of metal artefacts. When evaluating
osseous consolidation or active degenerative changes,
SPECT/CT again shows better sensitivity and specificity than
CT (Fig. 4) [60, 61].

Radiological documentation of spinal fusion is usually
possible after 6-9 months on conventional radiographs or
CT scans. However, complete healing may be expected only
after 2 years. With the help of nuclear medicine, suspected
pseudoarthrosis can be visualized through increased tracer
uptake as early as 1 year postoperatively [56, 60]. This in turn
may explain persistent pain and warrant additional surgical
interventions. Usually a consistent decrease in tracer uptake is
recorded beginning within the third postoperative month [61],
with the total tracer accumulation being dependent on general
bone metabolism.

As well as increased tracer uptake within the field of
operation in pseudoarthrosis, implant loosening and infection
may be detected (Fig. 5). Adjacent segments may show in-
creased uptake as well, as in the presence of epi- or
subfusional degeneration with (erosive) osteochondrosis [61].

Whether there is also a signal increase in adjacent segments
following percutaneous procedures such as kyphoplasty
still remains undetermined (Fig. 3). This would be of great
value when estimating the risk of adjacent segment fractures
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Fig. 4 Imaging in a 76-year-old patient 11 months after L4-S1 implant
removal and L1-L5 reinstrumentation and currently suffering from lower
lumbar pack pain (a coronal SPECTCT/CT, b axial L4/5 SPECT/CT and
¢ L4/5 CT images). Nonpathological perioperative tracer uptake is seen

which can consistently be found in a substantial number of
patients [62, 63].

Osteonecrosis

Posttraumatic osteonecrosis of the femoral head may occur in
up to 14 % of patients with impacted, nondisplaced femoral
neck fractures and 50 % of patients following a displaced
fracture [64]. SPECT/CT may be helpful in such cases as
sensitivity is superior even to that of MRI [65].

Infection

Visible changes on CT or MRI due to infection are usually
evident only during a late stage and are rather nonspecific in

around the intervertebral spacers as well as within segment L1/2 with
osteochondrosis. Strong focal tracer uptake is seen within the right facet
joint L4/5, which shows no signs of consolidation

nature. Furthermore, the presence of implant-associated arte-
facts may lead to a substantial deterioration in image quality.
Compared to other nuclear medicine techniques, SPECT/CT
not only allows the detection of infection but also its exact
location, and is thus of great value in implant-associated
infections [66]. The sensitivity and specificity are dependent
on the radiopharmaceutical agent used. For this purpose,
dicarboxypropandiphosphonate (DPD) scintigraphy com-
bined with radioactively marked leucocytes is considered the
gold standard [66]. Antigranulocyte scintigraphy is more pop-
ular in Europe and has been proven to be of equal value [67].
Depending on the body region, sensitivity and specificity may
vary. This is why FDG PET/CT is currently still considered
the standard for diagnosing infections of the spine, but
SPECT/CT is superior to PET/CT or MRI for imaging an
infection of an extremity [68, 69]. It is also highly sensitive
for detection of osteomyelitis and has a higher specificity than

Fig. 5 Imaging in a 46-year-old patient with persistent lower lumbar
pack pain 2 years after removal of dorsal Th11-L5 instrumentation
following a flexion-distraction type L1/2 injury and compression frac-
tures of L2-L4 (a SPECT/CT volume-rendered, b SPECT/CT coronal
and ¢ axial CT images). Strong tracer accumulation can be seen around
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the site of the L5 pedicle screws, on the left more than the right, with
subtle signs of loosening around these pedicle screws. The other segments
show signs of consolidation and allograft integration with nonpathological
mild tracer accumulation
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planar nuclear medicine techniques [69, 70]. Since a detailed
anatomical correlation is possible, it is also helpful in differ-
entiating between osteomyelitis and soft tissue infections [71].

Conclusion

The combination of highly sensitive but nonspecific scintigra-
phy and nonsensitive but highly specific CT can be very helpful
in a trauma setting. Compared to planar scintigraphy, additional
insight is possible as anatomical and pathomorphological find-
ings are coupled with metabolic information. This is especially
important in anatomically complex regions such as the pelvis
and spine [23, 24, 26].
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