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Sesamoid bones are small sized bones present 
within tendons where they cross joints in 
various locations in the limbs, including 
the hands, wrists, knees, and feet. They 

are usually ovoid or round with sizes varying from 
5–10 mm. They are mostly formed from a single 
ossification center. If they are formed from multi-
ossification centers, then they remain unfused.1,2 
By facilitating the gliding movements, these bony 
nodules reduce the friction over tendons and thereby 
protect them from injuries. Galen was the first to 
describe them as ‘sesamoid’ due to their resemblance 
with sesame seeds.3 The presence of two sesamoid 
bones in the first metatarsophalangeal (MTP) joint 
is not considered to be an anatomical abnormality of 
the human skeleton.4,5 However, sesamoid bones are 
also found at the tendons over other MTP joints. The 
highest prevalence of sesamoid bones was reported 

to be at the first MTP joint followed by the fifth 
MTP joint, while the lowest were seen at the third 
and fourth MTP joints.4 Most of these variations are 
recognized incidentally during radiological imaging 
in clinical practice. Evidence from reported studies 
demonstrates that the prevalence and appearance of 
sesamoid bones in the foot varies considerably among 
different populations and ethnic groups.4,6–10 In 
Bahraini Arabs, the reported prevalence of sesamoid 
bones was 2.1% and 11.6% in the second and fifth 
MTP joints, respectively.10 A low prevalence was 
observed at the third and fourth MTP joints (0.6%).10 
Rare variations of sesamoid bones in the foot, 
including the occurrence of six bones or the presence 
of a single bone, were also reported.11 Recently 
scientific evidence of coincidental development 
of sesamoid bones at MTP joints has also  
been documented.7
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A B S T R AC T
Objectives: The prevalence and appearance of sesamoid bones in the foot vary 
considerably among different populations and ethnic groups. We sought to evaluate 
the prevalence and distribution patterns of foot sesamoid bones among Omani patients 
referred for radiological investigation. Methods: We conducted a retrospective study 
among patients who had been referred for foot X-ray from January to December 2018. 
We used the chi-square test to determine the gender and age influence on the prevalence 
of sesamoid bones, and the Spearman’s correlation coefficient to assess the coincidence 
of specific distributions of sesamoid bones at the metatarsophalangeal (MTP) joints.  
Results: A total of 774 foot radiographs composed of 442 right foot radiographs and 
332 left foot radiographs were reviewed for the presence of sesamoid bones at MTP and 
interphalangeal (IP) joints of the foot. We observed a high prevalence rate of sesamoid 
bones at the fifth MTP joint (13.7%), and first IP of the great toe (9.9%). There were nine 
distinctive patterns of sesamoid bones. The coincidence of sesamoid bones at two or more 
MTP joints was 14.6%, with a high prevalence rate at first and fifth MTP joints (10.3%). 
Moreover, the prevalence rate of sesamoid bones increased with increasing age at the fifth 
MTP joint. Conclusions: The prevalence of sesamoid bones in the foot is considerably 
high in Omani subjects and needs further prospective studies. Meanwhile, our findings 
could be helpful for clinicians to consider ailments of sesamoid bones during differential 
diagnosis in Omani patients who present with foot pain and discomfort.
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Sesamoid bones are associated with various 
pathological conditions including fractures, sub-
sesamoid joint degeneration, and sesamoiditis.12–14 
A fracture involving a unipartite sesamoid bone 
may cause diagnostic confusion with a congenital 
bipartite sesamoid bone.15 Due to poor blood 
supply, sesamoid bones are more susceptible to 
avascular necrosis.16 Sesamoiditis is one of the 
common causes of foot pain, which generally results 
from cartilage abnormalities or inflammation of 
peritendinous structures.17 Sesamoids may compress 
the plantar digital nerves due to their close relation.5 
Prior knowledge of prevalence rates and specific 
distribution patterns is of clinical significance 
as sesamoid bones are associated with various 
disabling problems of the forefoot and often are 
misdiagnosed with other pathologies resulting in a 
delay in appropriate treatment. Despite its clinical 
significance, the data of sesamoid bone prevalence in 
Middle Eastern populations is less explored. Hence, 
our study aimed to investigate the prevalence, 
distribution patterns, and coexistence of foot 
sesamoid bones among Omani patients referred to 
a tertiary care hospital.

M ET H O D S
We conducted a retrospective study among patients 
(aged ≥ 18 years) who had been referred for a 
foot X-ray to the Department of Radiology and 
Molecular Imaging, Sultan Qaboos university 
Hospital (SQuH), Muscat, Oman, in 2018. 
Patients’ data was obtained from the computerized 
database ‘TRACK CARE’. We reviewed the antero-
posterior and lateral radiograms of the foot using 
the picture archiving and communication system 
(PACS, Version 4.4.516.21; Philips, Foster City, 
uSA). The sesamoid bones were noted from each 
radiograph manually. Patients with a history of foot 
fractures and injuries, amputated toes, and non-
Omani patients were excluded from the study. We 
also collected patient demographics, such as age and 
gender. Institutional ethical approval was granted 
before the start of the study. The data was collected 
independently by two observers. The uncertain 
cases were noted from the two independent data 
files. later, a final decision on these uncertain cases 
was taken with consensus. Based on a study on a  
Bahraini population,10 we assumed on an average a 
sesamoid bone prevalence rate of 2.1%, 0.6%, 0.6%, 

12.1%, and 3.1% at second, third, fourth, fifth MTP 
joints, and first interphalangeal (IP) joint of hallux, 
respectively, in the Omani population to determine 
the required sample size for this study. We considered 
an absolute precision of 2.5% and confidence level of 
95%, and the minimum sample size required for our 
study was 120, 37, 37, 649, and 236, respectively, for 
the above-mentioned joints (nMaster 2.0. Sample 
Size Software, Biostatistics Resource and Training 
Centre, Biostatistics Department, Christian Medical 
College, Vellore-632 002, India (2012)). Although 
it was decided that a minimum sample size of 649 
was needed, we managed to include all the patients 
who had foot X-rays during the study year 2018. 
ultimately, 711 patients were included in the study.

The statistical analysis was performed using SPSS 
Statistics (IBM Corp. Released 2015. IBM SPSS 
Statistics for Windows, Version 23.0. Armonk, Ny: 
IBM Corp.). Descriptive statistics were used to present 
the data. The associations between the presence or 
absence of sesamoid bones at different locations and 
the age and gender were studied using the chi-square 
test. Spearman’s correlation coefficient was used to 
evaluate the coincidence of specific distributions of 
sesamoid bones at the MTP joints. A p-value < 0.050 
was considered statistically significant.

R E SU LTS
We reviewed a total of 774 foot X-ray radiographs 
from 711 patients for the presence of sesamoid 
bones. Among these patients, 419 were men 
(58.9%) and 292 were women (41.1%). All patients 
contributed to an overall 442 (57.1%) radiographs 
of right foot and 332 (42.9%) radiographs of left 
foot. The two observers agreed 90.0% of the time 
in their opinions regarding the identification of the 
presence of sesamoid bones in the plain radiographs. 
For the remaining 10.0% of cases, the discrepancy 
was resolved by mutual discussion and agreement. 
The presence of sesamoid bones was noted plantar 
to all the MTP joints and IP joint of the great toe. 
The prevalence of sesamoid bones at each of the five 
MTP joints and IP joint of great toe with respect to 
gender, on the right and left foot, is reported in Table 
1. The overall prevalence rate was 100% (n = 774) 
at the first MTP joint, 3.7% (n = 29) at the second 
MTP, 1.0% (n = 8) at the third MTP, 0.9% (n = 7) at 
the fourth MTP, 13.7% (n = 106) at the fifth MTP, 
and 9.9% (n = 77) at the IP of great toe. Sesamoid 
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bones were not found on the plantar surface of the 
proximal and distal IP joints of second, third, fourth, 
and fifth toes. Around 40 (5.2%) subjects  showed 
bipartite sesamoid bones at first MTP. Among 
them, there were 4.3% bipartite medial sesamoid, 
0.5% bipartite lateral sesamoid, and 0.2% bilaterally 
partitioned sesamoids. A rare variation for the 
presence of single sesamoid bones was noted at the 
first MTP joints in 0.4% of radiographs [Figure 1]. 
There was no association between the prevalence of 
sesamoid bones and gender at each joint in the foot.

The prevalence rate of sesamoid bones in the 
different age groups is given in Table 2. The mean 
age of study subjects was 39.8±17.2 years (range: 
18–101 years). No association between age and 
presence or absence of sesamoid bones was identified 
at the first, second, third, and fourth MTP joints. 
However, a positive association between age and 
presence or absence sesamoid bones was observed 
at the fifth MTP joint (right side p = 0.030; left side 
p < 0.010). As the timeline of ossification extends 
through the old age, our study observation reveals 
that with increasing age, the occurrence of sesamoid 
bones is likely to increase at the fifth MTP joint.

Table 1: Association of sesamoid bones presence at each joint in the foot with respect to gender.

Joint Male Female Total

Right, n (%) Left, n (%) Right, n (%) Left, n (%) Right, n (%) Left, n (%)

1st IP 26 (9.6) 15 (8.7) 19 (11.1) 17 (10.7) 45 (10.2) 32 (9.6)
1st MTP 271 (100) 173 (100) 171 (100) 159 (100) 442 (100) 332 (100)
2nd MTP 16 (5.9) 5 (2.9) 6 (3.5) 2 (1.3) 22 (5.0) 7 (2.1)
3rd MTP 4 (1.5) 2 (1.2) 2 (1.2) 0 (0.0) 6 (1.4) 2 (0.6)
4th MTP 3 (1.1) 1 (0.6) 2 (1.2) 1 (0.6) 5 (1.1) 2 (0.6)
5th MTP 37 (13.7) 26 (15.0) 22 (12.9) 21 (13.2) 59 (13.3) 47 (14.2)

IP: interphalangeal; MTP: metatarsophalangeal.

Table 2: Association of sesamoid bones presence at each joint in the foot with respect to age.

Joint Age group, years

18–40 41–60 61–80 > 80

Right  
n (%)

Left  
n (%)

Right  
n (%)

Left  
n (%)

Right  
n (%)

Left  
n (%)

Right  
n (%)

Left  
n (%)

1st IP* 27 (9.8) 19 (10.1) 8 (7.5) 10 (10.8) 10 (18.9) 3 (6.7) 0 (0.0) 0 (0.0)
1st MTP* 276 (100) 188 (100) 106 (100) 93 (100) 53 (100) 45 (100) 7 (100) 6 (100)
2nd MTP* 11 (4.0) 3 (1.6) 6 (5.7) 3 (3.2) 5 (9.4) 1 (2.2) 0 (0.0) 0 (0.0)
3rd MTP* 3 (1.1) 1 (0.5) 1 (0.9) 1 (1.1) 2 (3.8) 0 (0.0) 0 (0.0) 0 (0.0)
4th MTP* 1 (0.4) 0 (0.0) 3 (2.8) 1 (1.1) 1 (1.9) 0 (0.0) 0 (0.0) 1 (16.7)
5th MTP# 27 (9.8) 18 (9.6) 19 (17.9) 18 (19.4) 11 (20.8) 7 (15.6) 2 (28.6) 4 (66.7)

IP: interphalangeal; MTP: metatarsophalangeal. 
*No significant difference across age groups for right and left side joints; #p = 0.030 (right side joint across age groups);#p < 0.010 (left side joint across age groups).
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Figure 1: Radiographs (anterior-posterior views) 
showing rare distributions of sesamoid bones at the 
first metatarsophalangeal joint. (a) Single sesamoid 
bone (red arrow); (b) and (c) unilateral bipartite 
sesamoids (red arrows); and (d) bilateral bipartite 
sesamoids (red arrows).
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Various distribution patterns of sesamoid bones 
were identified and presented in Table 3.  The 
presence of sesamoid bones at two or more joints 
was noted in 14.6% of radiographs. There were nine 
coexisting sesamoid bone patterns observed [Figure 
2 and 3].

Spearman’s correlation test was performed to 
test for correlation between the prevalence and 

distribution patterns of sesamoid bones at all the MTP 
joints [Table 4]. We found no correlation between 
the hallux and any other MTP joints of the foot as 
the sesamoid bone is consistently present at the hallux 
and seems to exist independently. We observed a 
positive correlation between the presence of sesamoid 
bones at any two of the other four MTP joints  
(p < 0.001) [Table 4]. These results also confirm that 
in the absence of sesamoid bone at the first MTP 
joint, sesamoid bones are unlikely to occur at other 
MTP joints.

a b

c d

Figure 2: Radiographs (anterior-posterior views) 
showing various distribution patterns of sesamoid 
bones across metatarsophalangeal (MTP) joints: (a) 
sesamoids only at first MTP joint (red arrows); (b) 
first and second MTP joints (red arrows); (c) first 
and third MTP joints (red arrows); and (d) first and 
fifth MTP joints in (red arrows). 

Table 3: Sex-wise distribution patterns of sesamoid 
bones at the metatarsophalangeal (MTP) joints.

Joint Pattern Gender Total

Female Male n (%)

1st MTP only 286 375 661 (85.4)
1st and 2nd MTP 1 5 6 (0.8)
1st and 3rd MTP 0 1 1 (0.1)
1st and 5th MTP 36 44 80 (10.3)
1st, 2nd, 5th MTP 2 11 13 (1.7)
1st, 4th, and 5th MTP 0 2 2 (0.3)
1st, 2nd, 3rd, and 5th MTP 2 4 6 (0.8)
1st, 2nd, 4th, and 5th MTP 3 1 4 (0.5)
1st, 3rd, 4th and 5th MTP 0 1 1 (0.1)

Table 4: Coincidence of sesamoid bones at 
metatarsophalangeal (MTP) joints.

2 MTP 3 MTP 4 MTP 5 MTP

Hallux
r a a a a
p-value - - - -

Second toe
r - 0.383 0.269 0.377
p-value - < 0.050 < 0.050 < 0.050

Third toe
r - - 0.125 0.219
p-value - - < 0.050 < 0.050

Fourth toe
r - - - 0.240
p-value - - - < 0.050

r: Spearman’s correlation coefficient; a: no correlation.

a b c
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Figure 3: Radiographs (anterior–posterior views) 
showing various distribution patterns of sesamoid 
bones across metatarsophalangeal (MTP) joints: 
(a) first, second, and fifth MTP joints (red arrows); 
(b) first, fourth, and fifth MTP joints (red arrows); 
(c) first, second, third, and fifth MTP joints (red 
arrows); (d) first, second, fourth, and fifth MTP 
joints (red arrows); and (e) first, third, fourth, and 
fifth MTP joints (red arrows). 
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D I S C U S S I O N
To the best of our knowledge, our study is the first 
to report the prevalence, distribution patterns, and 
coexistence of foot sesamoid bones in Oman. The 
overall prevalence of sesamoid bones at first MTP 
joint was 100%, which is consistent with previous 
findings.6–10 All sesamoid bones were found on 
the plantar surface. Similar to other reports in the 
literature, in the majority of radiographs (99.6%) 
at least two sesamoid bones (medial sesamoid and 
lateral sesamoid) found at this joint.6–10 However, in 
three (0.4%) cases , there was only one bone found at 
the lateral side tendon of the hallux. Partitioning of 
the sesamoids at the first MTP has been frequently 
reported. Generally, a partition is seen on the medial 
sesamoid bone due to the high weight-bearing load 
on the medial side tendon of the flexor hallucis 
brevis. The reported prevalence of partitioning 
varies from 7.8–33%. Among the reported cases of 
partitioned sesamoid bones, bilateral involvement 
seems to occur between 13.5–90%.18 Furthermore, 
partitioned sesamoids at hallux tendons may 
undergo or simulate fractures.12 The prevalence of 
bipartite hallux sesamoid bones observed in Omani 
subjects is much lower than in Americans (16%) and 
Europeans (12.7%), but slightly higher than those 
in Middle Eastern populations (3%).3 Though the 
frequency of partition of sesamoids is low in Omani 
subjects (5.2%), it should be considered during the 
differential diagnosis of sesamoid bone fractures.

A recently reported systematic review found 
a pooled prevalence estimate of 22.4% at IP joints 
of the great toe.3 However, a higher prevalence of 
71.6% was noted in cadaveric studies. In radiological 
studies, it varied between 2.3%–68%. When different 
ethnic groups were considered, the prevalence 
varied considerably. In Far Eastern, European, and 
African populations, it was 83%, 4.4%, and 0.07%, 
respectively.3 In our study, the observed prevalence 
at this joint is relatively high (9.9%) when compared 
to that of other Middle Eastern populations such as 
Bahrain (3.9%)10 and Turkey (2%).8

At the fifth MTP joint, a prevalence rate of 
5.5–10% was reported in Caucasians,6 10.8% in 
Africans,6 and 11.6% in Bahrainis.10 The prevalence 
reported in our study is closer to that of Bahraini 
Arabs. Surprisingly, the presence of two sesamoid 
bones was also reported at this joint. Similar to 
Bahraini Arabs, 26 (3.4%) subjects in our study had 
two sesamoid bones in the little toe. The presence 

of sesamoid bones at the little toe may be one of 
the causes of lateral foot pain. Generally, weight-
bearing force on the little toe may cause discomfort 
leading to lateral forefoot pain or even fractures. 
The presence of two sesamoid bones at the little 
toe, as seen in some of our subjects, is less likely to 
result in lateral foot pain. This could be explained 
based on the fact that the two bones could probably 
distribute the weight evenly, which may reduce their  
risk of injury.

In previous studies, the reported prevalence of 
sesamoid bones at the second, third, and fourth 
MTP joints is much lower when compared to that 
of the first and fifth MTP joints.1,6,8,10,19–21 Sesamoid 
bones were rarely found in the second, third, and 
fourth MTP joints. The observed prevalence rate 
in Omani subjects at these joints is comparable 
with the other studied populations across the 
world [Table 5]. Similar to previous studies, no 
statistically significant gender association was found 
with regard to the presence or absence of sesamoid 
bones at all forefoot joints.6–10 Age could be one of 
the independent factors that influence the sesamoid 
bone prevalence as the ossification process extends 
through adulthood. The onset of sesamoid bones 
ossification usually occurs before age 20.7 Evidence 
suggests that ossification of first MTP joint sesamoid 
bones usually occurs at eight years old in females 
and 9–11 years old in males.10,13 However, the 
ossification timeline of sesamoids at the other MTP 
joints is yet to be studied. A recent study on Chinese 
subjects observed a weak but significant association 
between the age and presence of sesamoid bones.7 
Contrary to these results, we found a positive 
association only at the fifth MTP joint. A sample size 
difference between the two studies could be one of 
the possible reasons for these contradictory results. 
However, further research is required to explore 
the ossification timeline of sesamoid bones at other  
MTP joints.

We identified nine typical distribution patterns 
of sesamoid bones among the MTP joints. Very few 
studies have documented the various distribution 
patterns of sesamoid bones and their coexistence.7,8 
Our study is the first to report the coexistence 
of sesamoid bones across the MTP joints in Arab 
populations. Omani subjects showed a relatively 
high proportion of the coexistence of sesamoid 
bones (14.6%) compared to Chinese subjects 
(10.9%). In our study, we noted only six distinctive 
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patterns compared to 16 distinctive patterns seen 
in the Chinese study.7 These results indicate that 
Omani subjects are more likely to have sesamoid 
bones at two or more MTP joints, particularly at 
first and fifth MTP joints. However, we did not find 
the coexistence of sesamoid bones across all MTP 
joints though previous studies reported it.3,7 Our 
results confirm the previously reported evidence 
of coincidental development of sesamoid bones 
at the MTP joints.7 It has been postulated that 
genetic factors and local mechanical stress influence 
the development of specific patterns of sesamoid 
bones.22,23 In experimental mice, mutations in Hox 
genes, homeotic genes, growth factor 5, and bone 
morphogenetic protein 5 have resulted in altered 
development of sesamoid bones.24,25 In a recent 
study, it has been shown that sesamoid bones 
develop from sry-type HMG box 9+ (Sox9+)/
scleraxis (Scx+) progenitors independently of 
mechanical stimuli from muscles. Furthermore, 
these progenitors depend on transforming growth 
factor beta (TGF-b) and bone morphogenetic 
protein 2 (BMP2) signaling and interaction 
between BMP4 and BMP2 signaling for their 
specification, growth, and differentiation.26 Based on 
these evidences, we propose that a high frequency 
of coincidence of sesamoid bones at first and fifth 
MTP joints in Omani subjects could be attributed 
to genetic factors. Since the tendency of specific 
distribution patterns of sesamoid bones development 
increases the risk of pathological changes in the 
forefoot, more research exploring the genetic and 
epigenetic factor involvement on coincidental 
development of sesamoid bones at MTP joints  
is warranted.

C O N C LU S I O N
The results of our study provide baseline data that 
could be helpful for clinicians and musculoskeletal 
radiologists in particular, to consider ailments of 
sesamoid bones during differential diagnosis in Omani 
patients who present with foot pain or discomfort.
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