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Preface

For a long time, foot and ankle imaging was limited to the use of standard x-rays, which
remain an indispensable technique today. At the end of the 1980s, computed tomography (CT),
magnetic resonance imagery (MRI), and ultrasonography (US) allowed for volume imaging
which revolutionized the practice of radiology. Radiologists had to learn a new radiological
semiology and face an influx of anatomical and pathological information that had not been
visualized previously.

This type of revolution is occurring for the nuclear physicians.

Bone scans carried out by traditional gamma cameras were little used for foot imaging due
to their lack of specificity and low anatomical resolution. They were primarily used to diag-
nose algodystrophy, stress fractures, and acute osteomyelitis in children and to assess foot pain
when x-rays were normal. A normal bone scan had a rather good negative predictive value to
eliminate an osteoarticular etiology. But in the event of increased tracer uptake, it was often
impossible to say if the uptake was on a bone or an articulation, or if ankle uptake revealed a
talar or a malleolar problem. Single-photon emission computed tomography (SPECT), allow-
ing the capture of 3D images with detection heads that rotate 360°, was technically feasible but
unexploitable due to the small structures of the foot and was thus not used.

At the end of the 2000s, the arrival of hybrid scanners with the ability to acquire SPECT and
multislice CT data simultaneously opened a wide range of prospects for the nuclear physicians
[1]. Combining SPECT and CT considerably increases bone scan image quality (attenuation
correction), anatomic localization, and diagnostic accuracy (improved sensitivity and specific-
ity and a reduction in the number of undetermined tests) [2].

Since 2011, the term “bone SPECT” includes the CT study, and these hybrid scanners allow
a three-dimensional analysis particularly helpful for foot evaluation, the foot being a complex
structure made up of 26 bones.

At the end of 2012 in France, approximately 150 of the 500 gamma cameras installed were
hybrid scanners [3], and their proportion continues to increase, demonstrating the clinical
impact of this technological advance.

Like their fellow radiologists at the beginning of the 1990s, nuclear physicians are discover-
ing pathologies previously unknown to them and increased tracer uptake that they couldn't
previously see. They must in turn learn a new semiology. This is the objective of this book,
which was written by nuclear physicians and orthopedic surgeons specialized in the foot and
ankle.

This book has two parts:

» The first part is devoted to pathology. The most frequent ankle and foot pathologies that can
be seen with a bone scan are described briefly, with a focus on bone scan data. Sidebars
highlight information useful to orthopedic surgeons. Bone scan studies of clinical interest
are presented. Certain frequent or useful-to-know pathologies that are not diagnosed by
bone scan will be also described (such as Morton’s neuroma).

e The second part is devoted to anatomy, covering the bones, joints, and relevant anatomic
structures needed to interpret a bone scan of the ankle or foot. They are presented with
captioned drawings.
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Preface

The anatomical nomenclature used is in “Nomina Anatomica,” recognized by all the
countries.

This book deals with single-photon emission computed tomoscintigraphy (SPECT) with
Technetium 99m (**"Tc-HDP), but the data presented can also be used with positron emission
tomography (PET) with sodium fluoride-18 (**FNA).
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Orthopedics

Lateral Ankle Sprain

Predisposition:
e Sports or daily life accident

Past medical history:
* +/— sprains, ankle instability

Frequency [4, 5]:
e The most frequent injury encountered in traumatology
e 6000/D in France

Mechanism:

e The ankle being forced into too much inversion causes
injury to the lateral collateral ligament, predominantly
impacting the anterior talofibular ligament (++++,
ATFL), followed by the calcaneofibular ligament
(CFL) and finally the superior fibular retinaculum
(Fig. 1).

Types: NR

Interview:

* Inversion twist of the ankle

e Usually three phases of pain: intense pain, sedation, and
painful recovery

Clinical examination:

¢ Lateral malleolus hematoma.

e Walking: possible/impossible.

e Palpation: look for signs of fracture (Ottawa ankle
rules).

« Initial clinical examination can be difficult:

— Examination in 5 days is more precise for the diagno-
sis of lateral ankle sprain, /' SE and Sp ~ 85 and 95%,
respectively [6].

— Initial assessment incorrect in 30% of sprains seen in
emergency care [4].

© Springer International Publishing AG, part of Springer Nature 2018

Fig.1 Lateral ankle sprain. Predominantly impacting the anterior talo-
fibular ligament (black zigzag line). (1) Posterior talofibular ligament
(2) Calcaneofibular ligament (3) Anterior talofibular ligament

Paraclinical examination:

e If benign sprain: clinical examination is sufficient.

e If moderate or severe sprain: ultrasound.

e If positive Ottawa ankle rules: X-ray to look for
fracture.

Differential:
e There are a number of differential diagnoses and/or
related injuries:
— Malleolus fracture and malleolus avulsion fracture
— Fracture of the posterior tibial margin (Fig. 2)
— Fracture of the talus:
Superolateral fracture of the trochlea of talus
Fracture of the lateral process
Fracture of the neck

G. Chuto et al., Bone SPECT/CT of Ankle and Foot, https://doi.org/10.1007/978-3-319-90811-3_1
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Orthopedics

Fig. 2 Fracture of the posterior tibial margin. Back view of WB (a),
sagittal scintigraphy (b), fused slices (c), axial CT slice (d). Fifty-six-
year-old woman, persistent lumbar pain with history of compression of
the upper part of L2 5 months earlier: moderate uptake on upper part of

— Fifth metatarsal base fracture (fibularis brevis tendon
attachment)

— Navicular fracture

— Injury to the ligaments of the transverse tarsal joint

— Injury/dislocation of fibularis tendons

— Injury to anterior tibiofibular ligament +/— interosse-
ous membrane of the leg

Classification: There are different classifications.

e Benign sprain: ecchymotic infiltration of the ligament

e Moderate sprain: partial rupture +/— periosteal
stripping

e Severe sprain: complete rupture +/— bone avulsion

Evolution:
e Chronic pain due to:
— Fibrosis leading to impingement (cf. impingement
pages)
— Lack of ligament healing
— Diagnostic error/unseen related injury
e Instability: poorly healed severe sprain (Fig. 3)

L2, isolated and mild (SPECT images not shown). Unexpected uptake
in left ankle, still painful following a sprain 2 months prior: non-
displaced fracture not seen previously (arrowhead)

Treatment [5, 6]:
e Initial consultation and systematic second assessment
between D3 and D5
e Early Tx, always followed by functional rehabilitation
e In cases of functional Tx:
— No immobilization
— Rapid return to activity
* Benign sprain:
— Functional Tx, RICE protocol
Rest
Ice
+/— Compression: splint (Aircast type) for a few days
Elevation
e Moderate sprain:
— Functional Tx: RICE protocol
Rest + crutches
Ice
+/— Compression: splint (Aircast type) for a few weeks
Elevation
e Severe sprain:
— Orthopedic Tx: strict immobilization for 6 weeks
— Or surgery



