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This study aimed to characterize the imaging patterns of osseous pathologies of the ankle

and foot using bone scintigraphy and 99mTc-MDP SPECT/CT.

Illustrative cases of traumatic,

degenerative, infectious, metabolic, and neoplastic lesions were evaluated. The findings of bone
scintigraphy and SPECT/CT were compared with those of radiography, CT, and MRI. SPECT/CT
improved the localization and characterization of lesions in the anatomically complex ankle—foot region.
Distinguishing normal from abnormal uptake patterns helped reduce potential misdiagnoses. 99mTc-
MDP bone scintigraphy and SPECT/CT are valuable imaging modalities for detecting and characterizing
ankle and foot pathologies, enhancing diagnostic confidence and guiding clinical management.
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Introduction

Osseous pathologies of the ankle and foot present
significant diagnostic challenges due to their
complex anatomy and often nonspecific clinical
manifestations. Accurate evaluation requires thorough
familiarity with regional anatomy and the characteristic
imaging patterns of various disorders. Hybrid imaging
modalities, particularly 99mTc-MDP SPECT/CT, integrate
metabolic and anatomical information, thereby improving
lesion localization, characterization, and differentiation
between benign and malignant processes. This atlas
presents representative cases of traumatic, degenerative,
infectious, and neoplastic conditions affecting the ankle and
foot, highlighting characteristic nuclear medicine findings
and their correlation with radiography, CT, and MRL
Recognition of normal variants, growth-related tracer
uptake, and disease-specific imaging patterns is essential to
optimize diagnostic accuracy and guide clinical
management.
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Materials and Methods

A series of representative traumatic, degenerative,
infectious, metabolic, and neoplastic lesions was examined.
Imaging findings from bone scintigraphy and SPECT/CT
were systematically correlated with those of radiography,
computed tomography (CT), and magnetic resonance
imaging (MRI).

Physiologic physeal tracer uptake in the calcaneus and
distal fibula of a young boy. Symmetrical, linear uptake is
typical; asymmetry or focal deviation may suggest
underlying pathology [Figure 1].

Accessory ossicles in two patients. (A) Bilateral accessory
navicular bones (tibiale externum) in a 45-year-old patient
with medial left ankle and foot pain. This ossicle represents
a prominent accessory bone located along the medial aspect
of the navicular bone [Figure 2A]. (B) Bipartite hallux
sesamoid (arrows) and a fracture of the left third metatarsal
in a 53-year-old patient following intense exercise [Figure
2B]. Bipartite sesamoids represent normal variants

A e THE ONLINE VERSION OF THIS ARTICLE
o ABJS.MUMS.AC.IR

Arch Bone Jt Surg. 2026;14(4):321-328

Doi: 10.22038/ABJS.2026.93807.4233

http://abjs.mums.ac.ir

Copyright © 2026 Mashhad University of Medical Sciences. This work is licensed under a Creative Commons Attribution-
By NG Noncommercial 4.0 International License https://creativecommons.org/licenses/by-nc/4.0/deed.en



http://abjs.mums.ac.ir/
https://creativecommons.org/licenses/by-nc/4.0/deed.en

(322)

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 14. NUMBER 4. April 2026

resulting from incomplete ossification.*

‘ ANKLE AND FOOT BONE PATHOLOGY ATLAS

Figure 1. Normal physeal uptake in the calcaneus and fibula (arrows) Figure 2. (A) Bilateral accessory navicular; (B) bipartite hallux sesamoid (arrows)
With an associated fracture of the left third metatarsal

The two most common types of tarsal coalition are
talocalcaneal and calcaneonavicular coalitions. In a
talocalcaneal coalition, any or all facets of the subtalar joint
(anterior, middle, and posterior) may be involved, and the
condition is bilateral in most patients. (A) Bilateral
talocalcaneal coalition in a 19-year-old patient presenting
with medial midfoot pain during exercise [Figure 3A]. (B)
Calcaneonavicular coalition in a 45-year-old man with
chronic ankle pain [Figure 3B].
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Figure 3. (A) bilateral talocalcaneal coalition in a young patient; (B)
calcaneonavicular coalition in a man with chronic ankle pain

Fractures in two separate patients demonstrating
increased “99mTc-MDP uptake in all phases of bone
scintigraphy. (A) Talus fracture with a visible fracture line
and adjacent bone marrow edema on MRI [Figure 4A]. (B)
Fracture of the fifth metatarsal [Figure 4B].

Figure 4. Fractures: (A) talus fracture with a visible fracture line and
associated bone marrow edema on MRI; (B) fifth metatarsal fracture

Impingement syndrome is characterized by compression
of soft tissues or osseous structures. It may occur in the
anterior ankle [Figure 5A] or posterior ankle [Figure 5B].
Posterior impingement (os trigonum syndrome) is
frequently associated with the presence of an os trigonum
(arrow).?

Osteochondral lesions of the talus in two patients,
demonstrating increased blood-pool and delayed-phase
tracer uptake. These lesions result from injury to the
articular cartilage and subchondral bone, often secondary
to trauma, with possible fragment detachment [Figure 6].2
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Figure 5. Impingement syndrome involving the anterior (A) and
posterior (B) ankle regions
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Figure 6. Osteochondral lesions of the talus in two separate patients

Plantar fasciitis of the left foot in a soldier, demonstrating
increased uptake at the calcaneal origin of the plantar fascia,
often associated with heel spur formation [Figure 7].
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Figure 7. Plantar fasciitis of the left foot

Cuboid pulley lesion in a 49-year-old patient with chronic
midfoot pain. Increased tracer uptake corresponds to focal
mechanical stress at the lateroplantar ridge of the cuboid,
where the peroneus longus tendon changes direction
[Figure 8].4

Sinus tarsi syndrome® demonstrating increased 9°mTc-
MDP uptake with corresponding MRI abnormalities
localized to the sinus tarsi region. Sinus tarsi syndrome is
characterized by pain and tenderness in the lateral hindfoot,
most commonly related to subtalar instability following
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ankle sprains, although nontraumatic factors may also
contribute [Figure 9].5

Figure 9. Sinus tarsi syndrome demonstrating increased MDP uptake
with corresponding MRI changes localized to the sinus tarsi region

Reflex sympathetic dystrophy (complex regional pain
syndrome) demonstrates either increased [Figure 10A] or
decreased [Figure 10B] radiotracer uptake in the juxta-
articular regions. CT shows osteopenic changes, and MRI
reveals patchy bone marrow edema.®>”
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Figure 10. Reflex sympathetic dystrophy showing (A) increased and
(B) decreased radiotracer uptake in juxta-articular regions

Aneurysmal bone cysts involving the calcaneus [Figure
11A] and the first metatarsal [Figure 11B]. These lesions
appear as expansile, lytic lesions with thin sclerotic margins
and internal septations on radiography and CT; MRI
demonstrates characteristic fluid-fluid levels. Bone
scintigraphy shows hypervascularity with intense delayed-
phase tracer uptake. SPECT/CT improves lesion localization
and assists in differentiation from aggressive lesions.?
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Figure 11. Aneurysmal bone cysts involving the (A) calcaneus and
(B) first metatarsal

Chondroblastoma of the talus in a young patient. A rare
benign cartilaginous tumor, typically arising in the
epiphysis of long bones. Bone scintigraphy demonstrates
intense tracer uptake, reflecting high vascularity and
osteoblastic activity [Figure 12].°
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Figure 12. Chondroblastoma of the talus

Osteochondroma of the distal tibial metaphysis in a 12-
year-old patient with hereditary multiple osteochondromas
(HMO) [Figure 13]. MDP uptake is observed at the osseous
stalk, whereas the cartilaginous cap appears photopenic.
Bone scintigraphy helps screen for polyostotic involvement

and potential complications.*®
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Figure 13. Osteochondroma (exostosis) of the tibia in a patient with
a known history of hereditary multiple exostoses

Fibrous dysplasia involving the talus and femur in a 32-
year-old patient with polyostotic disease [Figure 14]. Bone
scintigraphy highlights metabolically active lesions, and
bisphosphonate therapy has been shown to reduce pain and
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fracture risk.**
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Figure 14. Fibrous dysplasia of the talus in a patient with known
multifocal disease

Paget’s disease of the calcaneus in a 67-year-old man,
demonstrating intense *99mTc-MDP uptake on both blood-
pool and delayed-phase images of bone scintigraphy.
Corresponding SPECT/CT reveals coarse trabeculation and
cortical thickening [Figure 15]. Bone scintigraphy is highly
sensitive for detecting metabolically active lesions,
assessing disease extent, and monitoring therapeutic

response, and it complements conventional
radiography.1213
“ o

Figure 15. Paget’s disease of the calcaneus

Giant cell tumor of the fifth metatarsal in a 39-year-old
man, presenting as an eccentric lytic lesion with cortical
thinning and expansion and demonstrating increased tracer
uptake in all phases of a three-phase bone scan [Figure 16].
However, in some cases, bone scintigraphy may show only
mild focal uptake and may underestimate the true extent of
the tumor and any extraosseous involvement.**
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Figure 16. Giant cell tumor of the fifth metatarsal

Non-ossifying fibroma of the tibia in a 13-year-old girl. A
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well-defined, eccentric metaphyseal lesion with a scalloped
sclerotic rim. Bone scintigraphy shows mild-to-moderate
tracer uptake in active lesions and faint uptake in healed
lesions [Figure 17].15
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Figure 17. Non-ossifying fibroma of the tibia

Osteoid osteoma in four patients presenting with pain,
demonstrating focal increased radiotracer uptake on blood-
pool and delayed-phase images, with identification of a
nidus on SPECT/CT. Lesions were located in the third
metatarsal [Figure 18A], talus [Figure 18B], medial
cuneiform [Figure 18C], and first phalanx [Figure 18D].
Osteoid osteoma is a benign, painful osteoblastic tumor that
predominantly affects young patients. Hybrid imaging
facilitates image-guided ablation or surgical excision.16-18

Figure 18. Osteoid osteoma involving the (A) third metatarsal, (B)
talus, (C) medial cuneiform, and (D) first phalanx

Familial multiple lipomatosis involving the ankle and foot
bones in a 17-year-old patient referred for evaluation of

suspected osteomyelitis due to foot pain and fever [Figure
19].
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Figure 19. Familial multiple lipomatosis involving the ankle and foot
bones

Melorheostosis in a 12-year-old patient with pelvic and
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foot pain. Characteristic “dripping candle wax” cortical
thickening is evident; tracer uptake varies according to
disease activity. ~18F-NaF PET can detect subtle lesions,
and management is primarily supportive [Figure 20].1°
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Figure 20. Melorheostosis in a patient presenting with pelvic and
foot pain

Chondrosarcoma of the third proximal phalanx in a 54-
year-old patient. A mixed lytic-sclerotic lesion with ring-
and-arc calcifications; bone scintigraphy demonstrates
increased metabolic activity, aiding lesion detection and
treatment planning [Figure 21].20

Figure 21. Chondrosarcoma of the third proximal phalanx

Ewing sarcoma of the third metatarsal in a 22-year-old
patient. Cortical destruction with associated soft-tissue
involvement is observed; bone scintigraphy assists in
staging and complements MRI and histopathologic
evaluation [Figure 22].21

Figure 22. Ewing sarcoma of the third metatarsal

Metastases to the calcaneus and fibula in a 47-year-old
patient with colon cancer. Bone scintigraphy demonstrates
distal lower extremity metastases, which are relatively
uncommon, aiding in detection and differentiation from
benign lesions [Figure 23].22-24
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Figure 23. Metastatic involvement of the calcaneus and fibula

Osteosarcoma of the fourth phalanx. A moth-eaten lytic
lesion with a sunburst periosteal reaction and intense focal
tracer uptake on bone scintigraphy; SPECT/CT or MRI
confirms the extent of disease and detects metastatic
involvement [Figure 24].1325

Figure 24. Osteosarcoma of the fourth phalanx

Avascular necrosis of the foot involving the navicular
(Kohler disease) [Figure 25A], post-traumatic talus [Figure
25B], and second metatarsal head (Freiberg disease)
[Figure 25C]. Photopenic “cold spots” with surrounding
hyperemia are observed on bone scintigraphy; imaging is
most useful 7-10 days after ischemia and serves as a
complement to MRIL.?¢

Figure 25. (A) Navicular AVN (Kohler disease); (B) post-traumatic
talar AVN; (C) second metatarsal head AVN (Freiberg disease)

Infectious and inflammatory conditions include tibiotalar
arthritis [Figure 26A], medial cuneiform osteomyelitis
[Figure 26B], chronic calcaneal osteomyelitis [Figure 26C],
and fifth metatarsal osteomyelitis [Figure 26D]. MRI
demonstrates periosteal reaction and bone marrow edema.
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In contrast, early-phase hyperemia and delayed-phase focal
tracer uptake on bone scintigraphy are valuable for
evaluating and excluding osteomyelitis, particularly in
patients with diabetic foot.?”
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Figure 26. (A) tibiotalar arthritis, (B) osteomyelitis of the medial
cuneiform, (C) chronic active osteomyelitis of the calcaneus, and (D)
osteomyelitis of the fifth metatarsal

Results

SPECT/CT  improved lesion localization and
characterization within the anatomically complex ankle-
foot region. Characteristic uptake patterns were observed in
fractures, osteochondral lesions, inflammatory conditions,
avascular necrosis, benign and malignant bone tumors, and
less common entities. Recognition of normal variants, such
as accessory ossicles and bipartite sesamoids, was essential
to avoid misinterpretation.

Discussion

The diverse pathologies of the ankle and foot illustrate
how nuclear medicine, particularly 99mTc-MDP
SPECT/CT, enhances diagnostic precision in anatomically
complex cases. Beyond detecting increased osteoblastic
activity, SPECT/CT enables correlation of functional
abnormalities with precise anatomical localization, which
is critical in regions composed of small, overlapping
bones. This approach not only improves differentiation
between symptomatic and incidental findings—such as
accessory ossicles or bipartite sesamoids—but also
facilitates assessment of lesion activity and extent,
including fractures, osteochondral defects, and benign or
malignant tumors.?-?° Moreover, bone scintigraphy
provides distinct value in early-stage or subtle conditions
that may not be readily apparent on radiography or MR,
such as avascular necrosis, stress fractures, or
inflammatory syndromes.30,31 Recognition of disease-
specific uptake patterns and normal variants is essential
to prevent misdiagnosis. In infectious processes, for
example, the combination of early-phase hyperemia and
delayed-phase tracer uptake supports diagnosis;
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however, correlation with MRI and clinical findings
remains necessary because of limited specificity.?’
Importantly, SPECT/CT contributes to preoperative
planning and follow-up of both benign and malignant
lesions by accurately delineating lesion extent and
activity.

Conclusion

99mTc-MDP planar scintigraphy and SPECT/CT are
valuable imaging modalities for evaluating ankle and foot
pathologies, aiding lesion localization, characterization, and
treatment planning. Recognition of normal variants,
growth-related tracer uptake, and characteristic disease-
specific patterns enhances diagnostic accuracy and
supports optimal patient management in musculoskeletal
nuclear medicine.
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