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Abstract: The metatarsal sesamoids have been well studied due to their consistent presence in hu-

mans and relatively common involvement in foot pathologies. The manifestations of sesamoid le-

sions on imaging depend on the nature of the pathology and generally overlap. During observation 

in sectional examinations, an anatomical pattern sign of the sesamoid bones of the first metatarsal 

was identified to be assessed by specialists in diagnostic imaging to note alterations that deviate 

from this anatomical pattern sign. Would the anatomical pattern sign in question help in the diag-

nosis of pathological alterations once it has been de-characterized? The presentation of the Borges-

Napoleon sign characterizes the normality of the bones involved in the image, making it safe to 

diagnose pathological alterations that compromise their structure. Therefore, presenting this ideal-

ization could help improve medical reports. The sign is described as the "Borges-Napoleon Sign" 

because of its resemblance to the silhouette of the Frenchman Napoleon Bonaparte and in reference 

to the creator of the imaging description, Yuri Borges Morais. Pathological alterations such as trau-

matic injuries, sesamoiditis, dislocations, fractures, and hallux valgus ("bunions"), among others, 

de-characterize the Borges-Napoleon sign; the absence of the sign is indicative of an abnormality in 

the metatarsal-sesamoid-phalangeal region. 

Keywords: Multidetector Computed Tomography; Sesamoid Bone; Stress Fractures; Radiology and 

Orthopedics. 

 

1. Introduction 

The metatarsal sesamoids have been well studied due to their consistent presence in 

humans and their relatively common involvement in foot pathologies, including fractures, 

dislocations, infections, arthritis, and osteonecrosis [1, 2]. Accessory ossicles, sesamoid 

bones and bifalangism of the toes are the most common developmental variations of the 

foot. These bones can be associated with pain syndromes; however, their clinical im-

portance is not well understood because the reported prevalence varies greatly [3]. Bipar-

tite sesamoid bones of the hallux were observed in 1.8% and interphalangeal sesamoid 

bones of the hallux in 0.7% of the radiographs (Figure 1). Metatarsophalangeal sesamoid 

bones were found in 0.6%, 0.06%, 0.6% and 5.8% of the second, third, fourth and fifth 

digits, respectively [3]. 

It is notable that the sesamoid bones are very common anatomical variations, which 

can affect one or more ossification centers in the same limb. The following article will look 

specifically at the metatarsal sesamoids and their great importance when analyzing 
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imaging exams. Galen was the first to describe these bones as sesamoids, due to their re-

semblance to sesame seeds or sesame seed-like shape [1]. 

 

Figure 1. A. Bipartite halucal sesamoid. B. Halucal interphalangeal sesamoid. C. Second 

metatarsal sesamoid. D. Fourth and fifth metatarsal sesamoid. The black arrows show the 

sesamoid bones. The white arrows show the halucal interphalangeal sesamoid (in b) and 

the fourth metatarsal sesamoid (in d) [3]. 

 

 

 

 

 

 

 

 

 

 

 

Sesamoid bones are small bones present in the tendons where they cross the joints at 

various locations in the limbs, including the hands, wrists, knees and feet. They are usu-

ally oval or round with sizes ranging from 5 to 10 mm. They are mainly formed by means 

of a single ossification center. If they are formed from multi-ossification centers, they re-

main unfused [4, 5]. Most of these variations are recognized incidentally during radiolog-

ical imaging in clinical practice (Figure 2). Evidence from reported studies shows that the 

prevalence and appearance of sesamoid bones in the foot vary considerably between dif-

ferent populations and ethnic groups [6, 7, 8]. 

 

Figure 2. Three-dimensional (3D) reconstruction of the forefoot using computed tomog-

raphy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Although the first metatarsophalangeal joint (MTF) is anatomically small, it plays an 

important role in supporting great propulsion during normal walking [9]. Around 80% of 

body weight is carried on the first MTF joint during barefoot walking, and this figure 

increases from 200% to 300% during physical activity; moreover, during running and 

jumping, this figure increases to 800% [10]. By facilitating sliding movements, these bony 

nodules reduce friction on the tendons and thus protect them from injury [1]. In addition, 
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morphological variation in the metatarsal sesamoids was identified in 12.09% of the feet, 

with variations classified into three distinct types according to the size of the bone and the 

number of ossification centers. Ossification begins in the MTF joints of the hallux at 

around 8 years of age, with the final ossification center showing in the sesamoid bone of 

the fourth MTF joint at 28 years of age [2]. 

Sesamoid bones are associated with various pathological conditions, including frac-

tures, degeneration of the subsesamoid joint and sesamoiditis [11, 12]. Injuries to the ha-

lucal sesamoids can cause disabling pain, which can be devastating for an athlete. Alt-

hough traumatic injuries can usually be easily diagnosed, other pathological conditions 

can go undetected. Careful physical and radiological examinations are necessary to deter-

mine the cause of the pain and allow a recommendation of the optimal treatment. Surgical 

treatment can include partial or complete resection of the sesamoid, shaving of a promi-

nent tibial sesamoid or autogenous bone grafting for pseudoarthrosis [13]. 

Sesamoid fractures comprise trauma associated with overloading the first MTF joint. 

Using a typical protocol, the hallux is slightly plantar flexed and fixed for 4 to 6 weeks; it 

then gradually returns to normal activity after walking with partial weight bearing [14]. 

Most sesamoid fractures heal with appropriate treatment; however, a potential complica-

tion of conservative treatment for sesamoid fractures is non-union [15]. Activities involv-

ing running, jumping and repeated passive dorsiflexion are associated with an increased 

risk of sesamoid injury. Golfers, as described above, are vulnerable to sesamoid injury 

because of the repetitive hyperdorsiflexion of the MTF joint of the hallux [16]. 

The blood supply to the hallux sesamoids is mainly extraosseous, originating in the 

proximal and plantar directions via the proper plantar arteries and the first plantar meta-

tarsal. For this reason, the sesamoids are particularly vulnerable to ischemia and osteone-

crosis after injury [17]. The hallux sesamoids are well evaluated in the transverse and sag-

ittal planes. The imaging manifestations of sesamoid injury depend on the nature of the 

pathology and usually overlap. Sesamoid stress reaction and sesamoiditis manifest as hy-

perintense signal on fluid-sensitive images, although sesamoiditis most commonly in-

volves both sesamoids and may have associated findings of tenosynovitis, tendinosis and 

bursitis. Sesamoid fractures usually involve the tibial sesamoid and can be visible as trans-

parent fracture lines oriented transversely on radiographs [18]. 

 

2. Medical Hypothesis 

During observation in sectional Computed Tomography (CT) (Figure 3) and Nuclear 

Magnetic Resonance (NMR) (Figure 4 and 5) scans, an anatomical pattern sign was iden-

tified for the sesamoid bones of the 1st metatarsal, which should be identified by special-

ists in diagnostic imaging, in order to notice any alterations that deviate from this ana-

tomical pattern sign. The sign is described as the "Borges-Napoleon Sign" because of its 

resemblance to the silhouette of the Frenchman Napoleon Bonaparte and in reference to 

the creator of the imagery, professor, and researcher Dr. Yuri Borges Morais. 

Napoleon Bonaparte was a French general who gained prominence during the 

French Revolution and rose to power through a coup; victories in the military and eco-

nomic fields led him to become emperor, he wore a specific hat and was marked in history 

[19] (Figure 6). Sesamoiditis is a generic term for numerous conditions involving the ses-

amoids, including osteonecrosis, chondromalacia, or mechanical overload. It can be char-

acterized by avascular changes or just inflammation of the sesamoids without radio-

graphic changes, fragmentation, fracture, or sclerosis. Patients may also present with pain-

ful, swollen plantar bursitis. The etiology is typically repetitive trauma most seen in young 

adults [17]. 

Fractures with displacement are usually evident on X-rays, while subtle fractures 

without displacement can be hidden radiographically. On MRI (Figure 7), a sign of focal 

edema of the spinal cord in a patient with a history of injury and negative X-rays should 

lead to the search for a fracture line [20]. 
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Figure 3. Computed tomography image of the foot in transverse plane. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Nuclear magnetic resonance image of the first metatarsosesamoid joint in coro-

nal plane. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hallux valgus, commonly known as bunion deformity, is the lateral deviation of the 

hallux in relation to the first metatarsal. It is often associated with medial deviation of the 

first metatarsal, known as metatarsus primus varus. The cause of hallux valgus is proba-

bly a combination of family predisposition and unsuitable footwear. A bunion deformity 
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can be quantified by measuring the hallux valgus angle and the first second intermetatar-

sal angle [21]. 

 

Figure 5. Computed tomography image of the foot in transverse plane with descriptive 

anatomy of the structures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Artistic illustration by Napoleon Bonapart [19]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The analogy of the Borges-Napoleon sign was created by the similarity between the 

image of Napoleon Bonapart and the cross-section showing the first metatarsal, medial 

and lateral sesamoid bones and the first proximal phalanx of the foot, as shown in figure 

8. 
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Figure 7. Nuclear magnetic resonance image of the foot in transverse plane of a 23-year-

old female dancer with chronic pain and tenderness under the great toe for several 

months. metatarsosesamoid joint. The medical report shows chronic osteonecrosis of the 

medial sesamoid with collapse [22]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Image of the right and left feet by cross-sectional computed tomography with 

superimposition of Napoleon Bonapart's image at different levels of transparency. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. How to test this hypothesis 

By presenting research based on relevant studies on the metatarsal sesamoids, the 

idealization of a new medical hypothesis was described with the aim of being used in 

reports by doctors specializing in diagnostic imaging. Pathological alterations such as 

traumatic injuries, sesamoiditis, dislocations, fractures, hallux valgus, among others, de-

characterize the Borges-Napoleon anatomical pattern sign, being described as the "nega-

tive Borges-Napoleon sign", the absence of which is indicative of an abnormality in the 

metatarsal-sesamoid-phalangeal region. The sign is clearly visible in cross-sectional CT 

and MRI scans. 

 

A B C 
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4. Future perspectives 

It is estimated that the Borges-Napoleon sign is well accepted in the medical commu-

nity, especially by doctors specializing in diagnostic imaging. Subsequently, we will seek 

feedback from radiologists and orthopedic surgeons on the clinical usefulness of the sig-

nal in their daily practices to consolidate its use. 
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