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Abstract: Accessory ossicles are developmental variants which are often asymptomatic. When incidentally picked 
up on imaging, they are often inconsequential and rarely a cause for concern. However, they may cause pain or 
discomfort due to trauma, altered stress, and over-activity. Nuclear scintigraphy may play a role in the diagnosis 
and localizing pain generators. 18F-Sodium Fluoride (NaF) is a PET imaging agent used in bone imaging. Although 
commonly used in imaging patients with cancer imaging malignancy, 18F-NaF may be useful in the evaluation of 
benign bone and joint conditions. In this article, we would like to present a spectrum of clinical cases and review 
the potential diagnostic utility of 18F-NaF in the assessment of symptomatic accessory ossicles in patients referred 
for staging cancers.

Keywords: 18F-NaF PET/CT, accessory ossicles, hybrid imaging

Introduction

Bone and joint pain is a common presentation 
in both primary and secondary practice. First 
line investigation is commonly plain radiograph 
which allows for detection of fractures, and soft 
tissue swelling to a lesser extent. Often, small 
fragments of ossification may be mistaken for 
fractures on plain radiograph, altering patient 
management erroneously [1]. 

Ossification refers to the process of bone for-
mation or remodeling. Bones in the human 
body start ossification in about the third mon- 
th of fetal life into late adolescence. The pro-
cess is started by osteoblasts in areas known 
as primary centers of ossification and is nor-
mally completed in our mid-20s. Long bones 
can have secondary ossification centers in the 
epiphysis, where it fuses with the metaphysis. 
Occasionally, extra bones can be formed from 
an unfused primary or secondary ossification 
centers. They often develop to be small, well-
corticated structures close to a joint. They are 
common developmental variants which are 
often asymptomatic, and their function is not 
fully understood [1, 2]. 

Accessory ossicles are developmental variants 
which are often asymptomatic. When inciden-
tally picked up on imaging, they are often incon-
sequential, and rarely a cause for concern. They 
can occur in many areas, with almost forty vari-
ations identified in the feet alone. Prevalence is 
variable depending on the area of involvement. 
They may be mistaken for fractures on plain 
radiographs, which could alter patient manage-
ment. While most of them are asymptomatic, 
they have potential to cause discomfort or pain 
if involved in trauma, infection or degeneration. 
However, they may cause pain or discomfort 
due to trauma and over activity. When picked 
up in the asymptomatic patient on the radio-
graph, the accessory ossicles are frequently 
misdiagnosed as fractures. Occasionally, the 
ossicles may also suffer fractures which cause 
pain [2]. MRI can provide excellent soft-tissue 
detail, and detect bone marrow edema and  
surrounding soft tissue involvement if there  
is pathology related to the accessory ossicle. 
While MRI is a common second-line investiga-
tion if plain radiographs are inconclusive in in- 
vestigating bone pain, while anatomic imaging 
techniques, in particular, MRI, offer exquisite 
soft-tissue detail, bone scintigraphy may play a 
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role also be useful in the diagnosis and local-
ization of pain generators. Indeed, increased 
bone turnover (high activity) may correlate bet-
ter with sites of active pathology [3]. 

Bone scintigraphy is used to help diagnose con-
ditions such as malignancy, inflammation and 
fracture. It provides functional imaging to visu-
alize bone metabolism which radiograph and 
CT cannot pick up. Its ability to pick up areas of 
increased bone turnover may correlate better 
with sites of active pathology [4]. However, the 
intrinsic anatomic resolution of the technique is 
limited. Even though the introduction of multi-
modality SPECT/CT has improved the sensitivi-
ty and specificity of bone scintigraphy. 18F-NaF 
PET/CT currently offers the highest image and 
is reported to be superior to conventional 99mTc-
MDP [5]. In this review article, we would like to 
present a spectrum of cases and the potential 
diagnostic utility of 18F-NaF in the assessment 
of symptomatic accessory ossicles, which was 
picked up as an incidental finding in patients 
referred for staging cancers. 

Limited anatomical resolution may be a disad-
vantage of using bone scintigraphy, but hybrid 

imaging involving CT provides the tool to give 
both functional and anatomical detail in a sin-
gle study and also increases the specificity of 
18F-NaF PET [4]. This modality is also may be 
useful in patients with contraindications for 
MRI and can be used as an adjunct to investi-
gate causes of musculoskeletal pain. In this 
review article, we would like to present a spec-
trum of cases and the potential diagnostic util-
ity of 18F-NaF in the assessment of symptom-
atic accessory ossicles, which was picked up 
as incidental findings on patients referred for 
staging cancers. 

Findings

Os naviculare accessorium or accessorium or 
os tibiale externum

The os naviculare accessorium is an accessory 
ossicle adjacent to the medial aspect of the 
navicular bone. One of the most common ac- 
cessory bones of the foot, it has a reported in- 
cidence of up to 28% [4]. It is present in about 
10% of the population, with a bilateral preva-
lence of approximately 70%. It can present with 
medial side foot pain that worsens, worsening 

Figure 1. 54-year old female diagnosed with breast cancer presented with left foot pain of 3 months. A. 18F-NaF PET/
CT was performed for staging. MIP images demonstrate increased radiotracer uptake in the anteromedial aspect of 
left mid foot region and right distal femur (bone infarct). B. 18F-NaF PET/CT images show increased radiotracer up-
take in the anteromedial aspect of left mid foot. C. Axial CT images demonstrate a bilateral osseous density medial 
to the navicular bone which was suggestive of a Type II accessory navicular bone. D-F. Fused 18F-NaF PET/CT shows 
increased tracer uptake in the articulation with sclerosis between the medial border of the left navicular and an os 
naviculare. Scan appearances are suggestive of left painful accessory os syndrome.
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Figure 2. 64-year old female with breast cancer and right posterolateral knee pain underwent 18F-NaF PET/CT for 
staging. A. MIP images show increased tracer activity in both acromioclavicular joints, the facet joints of L5/S1, the 
right knee as well as in the bones of both feet. B, C. Axial CT images demonstrate bilateral osseous density postero-
lateral to the femoral condyle. D-F. Fused 18F-NaF PET/CT show increased tracer uptake in the right patellofemoral 
joint and articulation of right gastrocnemius muscle with fabella. The tracer uptake within the left fabella is relatively 
normal. The scan findings are suggestive of right painful fabella syndrome and patellofemoral joint arthritis.

Figure 3. 66-year old female with left sided breast cancer complains of generalized bone pain. A. 18F-NaF PET/CT 
MIP images show increased tracer activity in the sternum, the left 1st and 2nd rib. Increased tracer uptake is also 
seen in both knees and the distal right leg. B. Transaxial NaF images show increased tracer uptake in the right 
ankle. C. CT shows a bifid appearance of the tip of the lateral malleolus of the right fibula, representing an acces-
sory ossicle. D, E. Fused 18F-NaF PET/CT images show increased tracer uptake at the articulation site. Findings are 
consistent with a symptomatic os subfibulare.

with weight-bearing exercises (Figure 1). If the 
os is large, it can protrude medially to cause 

friction against footwear. It can be classified 
using the Geist classification into three types 
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[5]. Type 1 accessory os navicular is a 2-3 mm 
sesamoid bone within the distal aspect of the 
posterior tibial tendon with no attachment to 
the navicular tuberosity; Type 2 usually mea-
sures 12 mm, and is connected to the navicular 
tuberosity by hyaline cartilage or fibrocartilage, 
this is the most common variant of os navicu-
lare (50%) [4]; Type 3 is a prominent tuberosity 
known as cornuate navicular-this is thought to 
be a fused Type 2 os navicular, resulting in bony 
protuberance. Type II is more likely to cause 
symptoms, and studies suggest simple excis- 
ion to be beneficial for symptomatic type 2 os 
naviculare [6]. Surgery may also involve the re- 
shaping of the area and repair posterior tibial 
tendon to restore function.

Os fabella

Fabella translates to “little bean” in Latin. This 
accessory ossicle is typically found in the later-
al head of gastrocnemius, as a sesamoid bone 
in the posterolateral capsule of the knee joint 

(Figure 2). Occasionally they are found in the 
medial head of gastrocnemius. Fibrocartilag- 
inous in nature, they can articulate with the 
respective femoral condyle. Previous studies 
have suggested it occurs in 20-87% of the pop-
ulation, with a higher incidence in the Asian 
population [7-10]. Patients can present with 
posterolateral knee pain, often known as the 
fabella syndrome [11]. Pain increases with the 
extension of the knee as the fabella are press- 
ed upon the femoral condyle [12]. It can also 
cause compression on the common fibular 
nerve, causing a peroneal nerve palsy [13, 14]. 
Usually, symptoms resolve with conservative 
management but can recur with high levels of 
activity. Surgical excision can be carried out 
with minimal risk [12].

Os subfibulare

Os subfibulare is located at the tip of the lateral 
malleolus between the tip of the lateral malleo-
lus and the talus (Figure 3). The secondary cen-

Figure 4. 44-year old female complained of right distal leg pain for 4 months. A. 18F-NaF MIP images shows in-
creased tracer activity in distal right tibia. B. Transaxial PET images show increased tracer uptake at tip of medial 
malleolus. C. CT shows an unfused medial malleolus ossification center of the right tibia representing an accessory 
ossicle. D. Fused 18F-NaF PET/CT images show increased tracer uptake at the articulation site. These findings are 
consistent with a painful os subtibiale.
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ter of ossification of the lateral malleolus starts 
in the first year of life and usually fuses by age 
of 15 [15]. Very rarely do they enlarge and be- 
come symptomatic. The ossicles can be frac-
tured, with the injury extending through a seg-
ment of the malleolus. It can also be avulsed, 
which if not adequately diagnosed and treated, 
can lead to delayed union, non-union, or chron-
ic pain of the ankle [16]. When symptomatic, it 
can be treated conservatively, but if presented 
with refractory symptoms, surgery is indicated. 
Symptoms can be relieved with excision of the 
ossicle and reconstitution of the collateral liga-
ment [17].

Os subtibiale

The os subtibiale is a rare accessory ossicle 
has an incidence of 0.2-1.2% [18], and it is 
results from the failure of the failure of fusion  
of separate ossification centers of the medial 
malleolus in childhood (Figure 4). It is a rare 

accessory bone, and a study found that it was 
present in about 1% of the population. In the 
reported cases, os subtibiale were reported to 
be bilateral [18]. Patients may present with 
swelling over the medial aspect of the ankle 
with tenderness over the deltoid ligament. 
Commonly misdiagnosed as a malleolar injury, 
it can lead to unnecessary surgery. It is differ-
entiated from a fractured malleolus on x-ray as 
it has a smooth edge, is often bilateral, and has 
maximum tenderness over the ligaments rath-
er than over the medial malleolus. Initial treat-
ment is conservative with compression ban-
dage and anti-inflammatories, but it has also 
been reported that excision with open surgery 
provides complete resolution of symptoms 
[19].

Os cyamella

An os cyamella is common in primates, but  
rare in humans. It is a sesamoid bone, usually 

Figure 5. 55-year old female has left breast cancer and liver metastases receiving 18F-NaF PET/CT because of right 
leg pain. A. MIP images show increased tracer activity in both acromioclavicular joints, the right sternoclavicular and 
knee joints. B. PET images show focally increased tracer uptake at the posterior aspect of the proximal tibia on the 
right. C. On CT there is a round bone density posterior of right proximal tibia, a finding compatible with an acces-
sory sesamoid ossicle of the popliteus known as cyamella. D. Fused 18F-NaF-PET/CT images show increased tracer 
uptake at this site, consistent with painful cyamella syndrome.
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located on the lateral aspect of the distal fe- 
mur, in the popliteal grove (Figure 5). It is a nor-
mal variant within the popliteus tendon [20] 
and usually presents as with posterolateral 
knee pain and intermittent swelling and lock-
ing. Other differentials include osteochondral 
flakes, osteophytes, a fabella, and periosseous 
calcifications [19].

Os acromiale

There are normally three acromial ossification 
centers which fuse by the age of 25. An os acro-
miale is the result of a failed fusion of the one 
of three acromial ossification centers, and is 
present in about 8% of people [21]. They can be 
classified into subtypes, based on the fusion 
pattern of the three ossification centrescen-
ters. Painful shoulder can be due to impinge-
ment of rotator cuff muscles with the unfus- 
ed fragments causes impingement symptoms 
(Figure 6). Motion movement at the unfused 
sites can lead to arthritic changes, and there 
can also be concomitant rotator cuff tear. Am- 
ongst elite swimmers, it commonly presents as 
a painful shoulder or shoulder discomfort, and 
is a cause of “swimmer’s shoulder” [22]. An os 

acromiale is commonly misdiagnosed as mus-
cle fatigue or rotator cuff overload.

Discussions

Accessory bones are common anatomical vari-
ants. A broad knowledge of the location of 
accessory bones will aid history taking, physi-
cal examination, and diagnosis. Unfortunately, 
there are limited publications on the various  
os, most of which are case reports. An increas- 
ed knowledge is important to raise awareness 
of accessory bones as a differential diagnosis 
when assessing imaging studies obtained for 
the musculoskeletal pain of unknown origin. 
When identified, these bones may not be clini-
cally significant but may lead to unnecessary 
investigations if mistaken for a fracture. Our 
cases have demonstrated the use of 18F-NaF in 
evaluating accessory ossicles as incidental 
findings.

99mTc is widely used in bone scintigraphy, but 
there has been resurging interest in the use of 
18F-NaF for use of PET/CT. It is a validated imag-
ing tool for bone imaging with favorable phar-
macokinetics compared to 99mTc. Araz et al. 

Figure 6. 42-year old female with right sided breast cancer and severe left shoulder pain. A. MIP images show 
increased tracer activity in the left acromioclavicular region, right knee and both mid foot regions. B. PET images 
show increased tracer activity at the left acromioclavicular joint. C. CT images shows unfused left anterior acromial 
ossification center (os acromiale) with sclerosis of on the articular surface. D. Fused 18F-NaF PET/CT axial, coronal 
and sagittal images show increased tracer uptake at the articulation site. These findings are consistent with painful 
os acromiale.
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demonstrated the superior ability of 18F-NaF 
PET/CT in visualizing small lesions due to better 
resolution and higher target/background ratio 
[23]; this would be particularly useful as os 
fragments may be small. With increasing popu-
larity of 18F-NaF, we would be able to use it to 
demonstrate diverse disease spectrum and is 
a promising tool for diagnostic use in patients 
with pain of multiple locations.

While MRI is deemed superior in its anatomical 
detail, PET imaging allows functional imaging, 
and our examples show that they can be diag-
nostic in identifying symptomatic ossicles. In 
our patients, there was no need for further 
imaging to confirm the diagnosis, and use of 
this modality can also be used for patients with 
contraindications to MRI. 

Conclusion

While not yet widely used, 18F-NaF will be 
increasingly used in diagnosing skeletal pain 
which is otherwise not identified on radio-
graphs. Its diagnostic ability would be useful, 
especially in patients who are already under- 
going bone scintigraphy, and in patients who 
report pain of multiple locations. Its promising 
use needs to be further explored from case 
reports and its further studies.
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