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Abstract In recent years, with the higher median life
expectancy, the number of hip and knee replacements has
increased. Clinical examination and morphological studies
are essential to evaluate patients with a painful arthro-
plasty. Nuclear medicine examinations also play an
important role, their main usefulness being the exclusion of
prosthesis complications. Nevertheless, conventional
examinations, namely bone scan and white blood cell
scintigraphy, can also identify complications, such as
loosening and infection. This study describes the normal
and pathologic patterns of a bone scan and exemplifies ten
common situations that can cause pain in patients with hip
or knee arthroplasty, other than loosening and infection,
which can be disclosed on a bone scintigraphy. The ten
situations that should be considered and looked for when
analysing a bone scan are: referred pain, patellofemoral
pain syndrome, fractures, fissures, abscess/haematoma,
bone insert behaviour, heterotopic ossification, greater
trochanter pseudarthrosis, osteoarthritis extension in a knee
with an unicompartmental prosthesis, and systemic disease
with bone involvement.
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Introduction
European context

Joint arthroplasty began in the nineteenth century [1, 2],
and the modern surgical procedure was developed in 1950s
for hip prosthesis and in 1970s for knee prosthesis [3].

According to the Organisation for Economic Co-opera-
tion and Development (OECD) data, the number of hip and
knee replacements has increased in recent years in most
European countries, with knee replacements generally
growing more rapidly, although the volume of knee
replacements still remains below that of hip replacements
[4] (Figs. 1 and 2).

The majority of arthroplasties are successful in relieving
pain and improving function. However, complications may
occur in some patients, loosening and infection being the
most common. Loosening can occur 10-20 years after joint
replacement in 2—18% of prosthesis [5]. Infections occur in
2-3% of all primary joint replacements and in 5-8% of
revision joint replacement [2, 6]. Because infection and
loosening require different treatments, the differentiation
between these two complications is very important.

Painful arthroplasty evaluation

When evaluating a patient with painful arthroplasty, the
clinical history, history of the prosthesis (including the
surgical procedure) and physical examination are crucial
for diagnosis. Blood analysis (erythrocyte sedimentation
rate, C-reactive protein and peripheral white blood cell
count) and joint aspiration followed by culture are usually
very important [1, 6]. Plain X-rays can help, but they often
appear to be normal. Computed tomography (CT) and
magnetic resonance imaging (MRI) are not very useful due
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to imaging artefacts caused by the metallic implants. In
contrast to these techniques, nuclear medicine examina-
tions are not conditioned by the metallic implants [6].
Some of the available conventional nuclear medicine
examinations are [2, 6]:

1. Triple-phase bone scan is frequently used because it
is ubiquitously available, inexpensive, easily per-
formed and has a high sensitivity and a low radiation
dose. A normal examination excludes arthroplasty
complication with high accuracy. It is sensitive for
identifying the failed joint replacement, but cannot
clearly differentiate between infection and loosening
[1]. The radiotracer uptake is related to blood flow and
the rate of new bone formation. In fact, any cause of
accelerated new bone formation, including post-oper-
ative physiologic bone remodelling, as well as patho-
logical conditions such as heterotopic ossification,
fractures, neoplasms and arthritis, may show increased
periprosthetic uptake, explaining the low specificity of
this modality [7].

2. Gallium scintigraphy has been used in combination
with bone scintigraphy to increase diagnostic accuracy.
A gallium scan can detect infection with an accuracy
of 65-80% [1, 6]. However, gallium uptake is mainly
related to inflammation and not to infection specifi-
cally. In addition, the suboptimal imaging character-
istics of gallium radioisotope, the high radiation dose
and the need for multiple imaging sessions over several
days are disadvantages of this technique.

3. White blood cell (WBC) imaging is also used for
diagnosing complications of arthroplasty, and in com-
bination with bone marrow scintigraphy with *™Tc-
sulphur colloid, its accuracy can be improved, reaching
sensitivity of about 90% [1, 2, 6]. Both WBC imaging
and bone marrow imaging reflect radiotracer accumu-
lation in the reticuloendothelial system of the bone
marrow. Together these two radiotracers can reduce the
interference of ectopic bone marrow induced by pros-
thetic surgery, which can lead to false-positive findings
when interpreting the WBC scan alone. However, the
distinction between delayed (chronic) infection and
failure related to prosthetic wear debris can be very
difficult. Other causes of decreased sensitivity are the
formation of a biofilm by bacteria in bone infection and
the influence of antibiotics. To overcome these aspects,
and increase accuracy, it is important to acquire late
images (day after injection) [8], as well as, to perform a
single-photon emission computed tomography/com-
puted tomography (SPECT/CT) [9].

Presently, bone scintigraphy is useful for screening
purposes and the diagnosis of infection should be based on
the combined interpretation of findings from bone

scintigraphy and other radionuclide techniques like WBC
imaging [1, 6]. Dual-phase WBC scintigraphy and WBC
SPECT/CT combined with bone marrow scintigraphy seem
to be the imaging modality of choice, showing the highest
accuracy.

Since the beginning of the twenty-first century, another
nuclear medicine examination has been increasingly used
for studying prosthesis complication, the positron emis-
sion tomography with '®F-fluorodeoxyglucose (‘*F-FDG
PET). In infection and inflammation, the increased gly-
colytic activity in neutrophils and activated macrophages
leads to FDG uptake. A meta-analysis stated that the
sensitivity and specificity of 'SF-FDG PET are 82 and
87%, respectively [10]. A PET without abnormal radio-
tracer uptake can rule out infection due to its high sen-
sitivity, but when abnormal uptake foci are identified, it is
not possible to distinguish infection from loosening based
only on standardized uptake value (SUV) [11]. Therefore,
it is essential to observe the uptake pattern (Reinartz et al.
2005 tried to develop a classification pattern using five
uptake categories: patterns I, II and III are not associated
with loosening, pattern IV should be associated with
loosening, and pattern V should be associated with
infection [12,13]) and, the most important, to correlate the
findings from PET imaging with all the clinical infor-
mation. Furthermore, the use of hybrid imaging intro-
duced the possibility of performing '®F-FDG PET/CT,
which has high sensitivity for detecting small particle
disease. This aspect has significant clinical value as it can
predict loosening in an early phase [6].

Recently, some studies have been developed to evaluate
the usefulness of sodium ﬂuoride(lsF-FNa) PET. Most of
the '®F-FNa delivered to the bone is retained after a single
pass of blood, making it an excellent radiotracer to assess
subtle changes in bone cortex hyperaemia and turnover,
because bone marrow uptake is negligible. Its sensitivity is
about 97%, and its specificity is about 88% [5]. It is very
useful to evaluate bone metabolism at resurfacing arthro-
plasty, namely excluding aseptic femoral head necrosis,
which is a major risk of total hip replacement, and ana-
lysing bone formation and mineralization patterns to study
responses to prosthetic implants [2]. In 2011, Kobayashi
et al. [14] published a prospective study presenting patterns
to distinguish between normal, loosening and infected
prostheses.

With hybrid imaging, we observed a metamorphosis of
both bone scan and PET. The SPECT/CT and PET/CT
have a fourfold advantage because it adds the following
factors to the functional information: anatomical localiza-
tion, increased spatial resolution, improved image quality
due to attenuation correction and addition of extra diag-
nostic data. All these factors improve the hybrid exami-
nation specificity [1, 2, 6, 9, 15].
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Aim

The aims of this study were: (1) to describe the patterns of
a normal and a pathologic bone scan; and (2) to exemplify
ten common situations that can cause painful hip or knee
prosthesis, other than loosening and infection, and that can
be found on bone scan.

Bone Scan and SPECT/CT patterns of knee and hip
arthroplasty

The bone scan interpretation of a patient with a painful
joint prosthesis is challenging because:

e Pain is normal in the post-operative period (hip
prosthesis for up to 2-3 months and knee prosthesis
for up to 6-12 months) and is usually imprecisely
described;

e A joint prosthesis complication can be clinically and
imagiologically similar to other problems or patholo-
gies (i.e. soft tissue abscess, degenerative pathology
with referred pain, fractures);

e The periprosthetic radiotracer uptake can physiologi-
cally persist for several years;

e There are several hundred types of prosthesis.

The normal bone scan

A bone scan without abnormal uptake foci rules out
infection with high confidence. To avoid misinterpretation
of a physiologic uptake and to reduce the false-positive
examinations, it is essential to correlate all the clinical
information with the morphologic and functional exami-
nations. The normal aspect of a bone scan is [16, 17]:

¢ hip prosthesis homogenous uptake that can persist for
two years after the arthroplasty. There might be foci of
enhanced uptake in the acetabulum, greater trochanter
and prosthesis tip;

e knee prosthesis heterogeneous uptake that can persist
up to four years after arthroplasty. The uptake can be
more evident at the tibia medial compartment
(Table 1).

The knee prosthesis interpretation is usually more dif-
ficult than the hip prosthesis, mainly due to its variety,
asymmetry and the long period necessary to be considered
a pathological uptake (Table 1).

The pathologic bone scan
Differentiation between infection and loosening or

inflammation is challenging, even when using specific
uptake pattern classifications [6]. The examination is
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suspected of being pathological depending on the radio-
tracer uptake extent and intensity. The scintigraphic pattern
of infection is a diffuse and intense radiotracer uptake
around the prosthesis, in both the early (blood pool—soft
tissue phase) and late images (bone phase). The scinti-
graphic pattern of loosening is a more focal uptake and
more evident in the late images. In hip prosthesis, the
uptake is usually enhanced at the acetabulum (main loca-
tion), greater trochanter and in the prosthesis tip, while in
knee prosthesis the uptake is located in the tibia tray and
keel (main locations) and posterior region of the femoral
condyles (both medial and lateral) [16, 17] (Table 1).

Concerning the variety of uptake patterns and the
physiologic uptake period after a knee arthroplasty, bone
scan has a limited value in the evaluation of a painful knee
prosthesis. The identities in which the bone scan plays a
true role are: femorotibial and/or patellofemoral
osteoarthritis in a knee that already has a unicompartmental
prosthesis, periprosthetic fractures/fissures and heterotopic
ossifications [17].

The SPECT/CT

When analysing a hybrid examination, CT should also be
considered. To decrease metal artefacts, especially in
bilateral prostheses, it is advisable to optimize technical CT
parameters [i.e. preferably use a high voltage (140 kV),
high amperage (350-450 milliamperes (mAs) and up to
600 mAs if there are bilateral hip arthroplasties), narrow
collimation and thin sections] and to correctly reconstruct
the CT images [generate thick sections combining several
acquired thin sections, by using low kernel values (standard
reconstruction algorithm, using the soft filter B20) and by
extending CT scale (possible up to 40,000 Hounsfield units
in some scanners)] [18, 19]. It is also important to pay
attention to the scout view and always observe the images
in bone and soft tissues CT windows.

The radiologic signs of infection can include
[6, 16, 19, 20, 21] widening of the periprosthetic lucency;
presence of geodes (or subchondral cysts); osteolysis badly
defined; presence of granulome, abscess or effusion; fis-
tulous pathway; air bubbles; and intense periosteal reac-
tion. The radiologic signs of loosening can include
periprosthetic lucency more than 2 mm thick or progres-
sive; osteosynthesis material or prosthesis migration or tilt;
presence of granuloma; and cement fracture.

It is also very important to localize the radiotracer
uptake. To facilitate communication between nuclear
medicine physicians, radiologists, orthopaedists, rheuma-
tologists and other physicians, it is recommended to use the
DeLee & Charnley classification [22] for the acetabular
region and Gruen classification [23] for the femoral region
(Fig. 3). Concerning knee prosthesis, some classifications
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Table 1 Scintigraphic patterns of physiologic, infection and loosening uptake in hip and knee prosthesis. (Schemes based on J. Theriault

images)

Hip prosthesis

Knee prosthesis

Physiologic uptake

Uptake duration after arthroplasty For 2 years
Uptake type Homogeneous
Main uptake sites Acetabulum

For 4 years
Heterogeneous and asymmetric

Tibia medial compartment

Greater trochanter

Prosthesis tip
Infection
Uptake bone scan phase
Uptake type
Loosening
Uptake bone scan phase Late phase
Main uptake type and sites Focal uptake

1-Acetabulum

2-Greater trochanter

Blood pool and late phases
Periprosthetic diffuse uptake

1-Tibia tray and keel
2-Posterior region of femoral condyles

3-Tail femoral stem

LTherioutt

w

have been proposed, the more commonly referred are the
Ewald classification and Hirschmann classification

(Fig. 4), but there is no consensus yet.
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Fig. 3 Hip prosthesis classification: DeLee & Charnley classification
(roman numbers) and Gruen classification (Arabic numbers). Coronal
and sagittal projections

Ten clinical situations that can cause pain, other
than infection and loosening

When a patient has a painful hip or knee prosthesis and per-
forms a bone scan on account of the clinician’s suspicions of
prosthesis complication, the nuclear medicine physician should
bear in mind that there are situations that can also cause
arthroplasty pain, other than loosening and infection. The ten
common situations that can be found on a bone scan and should
be considered are: referred pain, patellofemoral pain syndrome,
fractures, fissures, abscess/haematoma, bone insert behaviour,
heterotopic ossification, greater trochanter pseudarthrosis,
osteoarthritis extension in a knee with an unicompartmental
prosthesis, and systemic disease with bone involvement.

1. Referred pain

Whenever possible, it is advantageous to perform a
SPECT/CT of the lumbar spine, to search for degenerative
pathology (mainly osteophytes, listhesis and scoliosis) or
fractures (e.g. vertebral bodies collapses or sacral ala
fractures) that can cause referred pain and simulate a
prosthesis complication. Ideally, the lumbar SPECT/CT
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Fig. 4 Knee prosthesis classification: Ewald classification (transverse, coronal and sagittal projections) and Hirschmann classification (medial,

coronal, transverse and lateral projections)

should be performed systematically in every patient pre-
senting a painful hip or knee prosthesis. It is also important
to evaluate the contralateral articulation.

2. Patellofemoral pain syndrome [20, 24]

This is a common entity that can justify knee pain. Its
diagnosis is mainly done by clinical and physical exami-
nations. Usually, pain starts with movement (pain caused
by squatting and descending stairs is a typical sign).

It can be caused by patellofemoral arthropathy (mainly
in a bicompartmental knee prosthesis), patellar instability,
patella fractures or patellar insertion mobilization.
Although the diagnosis is usually made by clinical obser-
vation, on bone scan it appears as a “hot patella” and the
radiotracer uptake is more intense at the patella posterior
region, patella lateral region and trochlea union.

@ Springer

3. Fractures [16, 17]

Fractures wusually occur in the periprosthetic bone
(mainly due to stress shielding that accelerates bone reab-
sorption and increases bone fragility), but they can also
happen in the osteosynthese material (more common at the
femoral stem). When analysing the images, besides ana-
lysing the scintigraphy, one should always examine the
scout view and the bone window on CT, to increase the
capacity to detect a fracture. Trojani et al. 1999 [25]
classified fractures in 3 types, depending on its localization,
stability and mobilization degree in extraprosthetic,
intraprosthetic and prosthetic stem fractures.

Bone scan is very useful to identify fractures. It is
important to report the location of the fracture and to
search for loosening signs, especially in stem fractures.
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Fig. 5 Fissures at Charnley’s zone I and Gruen’s zone VII

e

(A) B)

Fig. 6 A 35-year male with right hip prosthesis, due to osteonecrosis,
presented a sudden lameness. A right psoas abscess, caused by a
traumatic contact with a prosthetic screw, was identified. a Anterior
and posterior projections of the whole body bone scan. b SPECT/CT

4. Fissures

The forceful procedure of trying to achieve a tight fit of
the uncemented prosthesis, compared to cemented devices
where a space is left for the cement to act as a grout, makes
iatrogenic fissures and minor fractures a severe risk in the
cementless prosthesis. Bone scan can be very helpful to
diagnose these entities. Intense radiotracer uptake, with
focal or linear pattern, without evident correspondence on
CT is highly likely to be due to a fissure (Fig. 5).

©

of the zone with enhanced uptake (transverse, coronal and sagittal
projections). ¢ Axial projection of the abscess in soft tissues CT
window

5. Abscess/haematoma

These lesions are usually a consequence of the surgical
procedure or osteosynthesis material. They are evident in
the soft tissue CT window, but sometimes are not evident
in the metabolic study. Nevertheless, an abscess can show a
peripheral tracer uptake in the late bone scan phase and a
haematoma can be identified in the blood flow phase. This
demonstrates the importance of changing the CT window
from bone to soft tissues. Some common examples are the
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Fig. 7 Right pes anserinus haematoma with enhanced *™Tc-HMDP uptake in blood pool phase (left images) that are not evident in late phase
(right images). This haematoma is easily recognized in soft tissue CT window

e’
!

Fig. 8 High *™Tc-HMDP uptake at the tibia medial compartment identified on the whole bone scan (left images). Undoubtedly corresponding

to the bone substitution material found on the SPECT/CT (right images)

psoas muscle abscess (Fig. 6) and the pes anserinus
(“goose foot”) haematoma (Fig. 7).

6. Bone insert [20, 26]

These substances are synthetic bone substitutes, have
different components (e.g. hydroxyapatite nanocrystals and

@ Springer

tricalcium phosphate) and are increasingly used. They have
osteoconduction, osteoinduction and osteoformation prop-
erties. The porous structure of these implants is analogous
to the architecture of cancellous bone and allows
fibrovascular and bone ingrowth, promoting the healing
process. Planar scintigraphy and SPECT/CT can show an
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Fig. 9 Bilateral hip prosthesis with heterogeneous *™Tc-HMDP uptake (left images). Asymmetric linear uptake at the left greater trochanter
basis, which corresponds to the non-union trochanteric region on CT images (right images)

intense uptake within those implants in the early phase as
well as in the late phase of the bone scan. This hypothesis
should be considered in patients with such bone replace-
ment materials, in order to avoid a false diagnosis of
inflammation or infection (Fig. 8).

7. Heterotopic ossification [17, 20, 27]

It is more common in hip prosthesis than in knee pros-
thesis. Usually, osteomas are identified during the
3 months following the arthroplasty and can progress for
up to 2 years after the surgery. Some are similar to spurs,
and they are more common in patients with vertebral
ankylosing hyperostosis (e.g. Forestier disease). They can
be located in tendons, ligaments, muscles and bones. Only
1% causes mobility limitation. Bone scan can be useful to
determine the osteomas maturation degree before its sur-
gical resection. The Brooker classification [28] of peri-hip
prosthesis osteomas can also be used for knee prosthesis.

8. Greater trochanter pseudarthrosis [17, 29]

It is found when a trochanteric osteotomy, followed by a
cerclage, is performed, and its incidence is about 6%. This
shows the importance of knowing the surgical procedure
when analysing images. Trochanteric non-union associated
with total hip arthroplasty may result in isolated fracture of
the greater trochanter, complication of trochanteric
osteotomy, or fracture secondary to cystic formation or
osteolysis from wearing debris post-arthroplasty. Bone
scan shows a linear radiotracer uptake at the trochanter
union, which corresponds to the region linked by the

cerclage on CT images (Fig. 9). This pseudoarthrosis does
not consolidate, and it can cause loosening due to the
exacerbated macrophagic reaction in this region. Reat-
tachment may be accomplished using various techniques,
including abductor slide, trochanteric claw plate, grip
system and various wiring techniques. Persistent non-union
following reattachment ranges up to 39%.

9. Osteoarthritis extension in a knee with an unicompart-
mental prosthesis [20]

The unicompartmental knee arthroplasty is an option
applied when only half of the knee joint is affected (the
most common is the medial femorotibial compartment).
Bone scan shows a persistent periprosthetic uptake that can
remain for up to three years after surgery. The femoral and
tibial components uptake is usually asymmetric, as the
intensity is higher at the tibia baseplate, because this region
is submitted to more mechanical stress, and that can,
therefore, lead to loosening. The value of bone scan,
complementary to radiography, is in the evaluation of the
remaining femorotibial and/or patellofemoral compart-
ments, as it can detect degenerative changes suggesting the
necessity to perform a total knee arthroplasty.

10. Systemic diseases [30, 31]

Many systemic diseases have bone involvement.
Rheumatologic diseases often present articular manifesta-
tions. Several cancers can originate bone metastases,
mainly breast and prostate cancer. This demonstrates the
importance of integrating all clinical information.

@ Springer



156

Eur J Orthop Surg Traumatol (2017) 27:147-156

Conclusion

Nuclear medicine plays an important role in the evaluation
of a patient with a painful prosthesis. In spite of the
advances of PET and the promising expectations that are
being investigated, conventional examinations are widely
accepted and performed. Bone scintigraphy is useful for
screening. Labelled leucocytes scintigraphy, comple-
mented with bone marrow scintigraphy, are established as
the main examinations for prosthesis complication identi-
fication, namely loosening and infection.

There are several causes of painful arthroplasty, other than
loosening and infection, which should be investigated when
analysing a bone scan. Bone scan has lots of potential, and its
diagnostic accuracy increases when complemented with
SPECT/CT and correlated with the clinical information.
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