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Background: This study describes the morphology of sesamoid bones in the
human hand. Ultrasound imaging was used to record the presence and meas-
urements of sesamoids in 120 hands of 60 healthy, young adults of Caucasian
ethnicity.

Materials and methods: The mean number of sesamoid bones was 4.16 in the
left hand and 4.03 in the right hand. 21.6% of cases showed asymmetry between
the right hand and the left. There was a significant difference in the prevalence
of sesamoid bones between right and left hand in males in this study. Females
show a higher incidence of sesamoid bones overall, but do not demonstrate
a significant difference between the sides.

Results: Prevalence findings: Two in the 1t metacarpophalangeal joint (MCPJ)
in 99.2% of cases, with 1 case of a single bone. One in the 2 MCPJ in 43.3%
of cases. One in the 5" MICPJ in 84.2% of cases. One in the 1% interphalangeal
Joint (IPJ) in 83.4% of cases. Aside from that there was 1 case of sesamoid in the
3 MCPJ and separate case of sesamoid in the 3 proximal IPJ.

Conclusions: Moreover, this study discusses discrepancies of opinion regarding
sesamoid bones in morphological research. (Folia Morphol 2020; 79, 3: 570-575)
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INTRODUCTION

Ossa Sesamoidea, or the sesamoid bones, are
being described as small, oval shaped bony structures
that normally form within the joint capsules or within
or under tendons, usually above a joint. First descrip-
tion comes from second-century works of Galen,
translated into Latin by Sylvius in 1561 under the title
“De Ossibus Ad Tirones”. In his work Galen describes
small bones he discovered, most likely during the
autopsy of a macaque monkey, that he compares in
appearance to the seeds of Sesamum Indicum, which

was used by ancient Greeks as a purgative. Versalis,
on the other hand, in his “De Humani Corporis Fab-
rica Libri Septem” of 1542 compares the sesamoid
bones to grains of rice or halves of peas and mentions
a trend among his contemporary pseudo-scholars to
assign to some of them an occult meaning [2, 8, 10,
19, 21, 22].

Modern descriptions of the sesamoid bones come
from 1982 and at the very beginning of 20 century
the first pathologies of sesamoid bones were de-
scribed [2, 22].
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According to most authors describing prevalence of
sesamoid bones in the human hand, there are at least
two of them located in the 1% metacarpophalangeal
joint (MCPJ) that appear in 99-100% of population.
A sesamoid appears in the 2" and/or 5" MCPJ in around
50% of population just as the sesamoid in the 15t inter-
phalangeal joint (IPJ). That last one, however, seems to
be strongly linked to the ethnicity of the examined pop-
ulation. Documentation of occurrences of sesamoids in
the 3@ and 4" MCPJ isvery rare [2,8-11, 14,17, 19, 22].

The exact function of sesamoid bones remains
to be discovered. Some authors believe them to be
evolutionary relics in regression, others — hereditary
adjustments. The entire matter is complicated by
findings that there are many more proto-sesamoids in
the foetus than appear to calcify in the adult [15, 16,
22]. Samuels et al. [12] observed that across the entire
process of evolution of mammals, even as significant
sesamoid as the Patella seems to have appeared and
disappeared multiple times. Jones points out that in
some contemporary mammals, for example rabbits,
their equivalent of two contiguous sesamoid bones is
actually one, dumb-bell shaped bone, with the flexor
tendons coming over “the handle” part as if it was
a pulley [6]. It is commonly acknowledged that they
have a role in friction reduction, protection of the
tendons, reduction of compression on the joint and
modifying the direction of pull across the underlying
joint [1,4,7,8,10, 13, 22].

MATERIALS AND METHODS

The study recruited 120 hands of 60 healthy volun-
teers of Caucasian ethnicity (29 male and 31 female)
between the age of 18 and 38 (mean: 23.2 years),
51 right handed and 9 left handed (5 male and 4 female)
with no previous history of serious injury or surgical
procedures in the area of the hand.

All participants were questioned regarding their
history of injuries and surgical procedures, had op-
portunity to ask any questions they deemed relevant
and signed the form of informed consent.

The hands were examined by ultrasound (LOGIQ
F8 GE with L6-12, 6-13 MHz probe) for the pres-
ence of sesamoid bones on the palmar aspect in
the proximity of MCPJs and IPJs (both proximal and
distal). Structures recognised as sesamoid bones were
measured and mapped on a pre-prepared stencil of
the hand, with regard of their location in the hand
and their measurements: the anterior-posterior (AP)
measurement, the ulnar-radial measurement (the
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probe located perpendicularly to the longitudinal
axis of the examined finger) and the proximal-distal
measurement (the probe located parallelly to the
longitudinal axis of the examined finger).

Statistical analysis

All the findings were examined with use of ap-
propriate statistical tests in Microsoft Excel pack and
auxiliary internet tools — Fisher’s Exact test for the
unpaired variables, Student'’s t-test for paired varia-
bles and Grubbs’ test for an outlier for singular cases
— with constant assumption of o = 0.05.

Due to complete non-invasiveness of the examina-
tion, approval of Ethics Committee was not necessary.

RESULTS

The number of sesamoid bones present varied
from 2 to 6 per hand, with a mean prevalence being
of 4.1 per hand (4.16 for the left hand and 4.03
for the right hand). No significant difference be-
tween right-handed and left-handed individuals was
observed. Asymmetry in the pattern of sesamoid
distribution was observed in 13 out of 60 (21.6%)
participants examined (7 female, 6 male). 20 out
of 120 (16.6%) examined hands lacked a sesamoid
in the IPJ of the thumb (10 left hands and 10 right
hands. 14 female — two of which unilaterally — and
8 male). A sesamoid bone was observed in MCPJ of the
2" finger in 52 out of 120 (43.3%) examined hands
(25 right — 18 female and 7 male, and 27 left —
17 female and 10 male, with 4 cases of asymmetry —
1 female and 3 male). 101 cases out of 120 (84.2%)
presented with sesamoid bone in the MCPJ of the
5t finger, with only 11 absences (5 male, 6 female) on
the right side and 8 absences (3 male, 5 female) on the
left side, out of which 5 (2 male and 3 female) were
unilateral. On average females have more sesamoids
than males and left hands have more sesamoids than
right hands; however, only the left-right comparison
in men (Student’s t-test p-value = 0.005) reaches the
threshold of statistical significance in this analysis. In
1 case a sesamoid was observed in the MCPJ of the
3 finger (female, 24 years old, Grubbs' test Z-value
= 1.36, Critical Z-value = 3.88). In 1 case a sesamoid
was observed in the proximal IPJ of the 3 finger
(male, 22 years old, Grubbs’ test Z-value = 1.29,
Critical Z-value = 3.88). There was also 1 case of
unilateral singular sesamoid in the 1t MCPJ on the
right side (female, 26 years old, Grubbs’ test Z-value
= 0.82 for Critical Z-value = 3.57) (Fig. 1).
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Figure 1. A sesamoid bone in the 5™ metacarpophalangeal joint of the right hand of the 28-year-old male — a sagittal plane view. The sesa-
moid is located above the articular fissure (arrows) between the basis of the 5™ proximal digit (A) and the head of the 5™ metacarpal bone (B).
The measures noted are anterior-posterior (2) = 1.8 mm and proximal-distal (1) = 2.6 mm.

DISCUSSION

Although there is a significant amount of exist-
ing research examining the prevalence of sesamoid
bones, authors do not seem to agree regarding the
results. There is some evidence that the location and
number of sesamoids is hereditary [16], related to
ethnicity [8, 17, 19] and sex [11, 15, 16, 19], yet
there are many discrepancies documented even with-
in the same ethnic group. This may be explained by
the frequent use of X-ray imaging as a sole research
tool. Some authors question reliability of the X-ray
imaging, especially classical AP projection. In some
cases sesamoid bones, especially those in more un-
orthodox locations, are misdiagnosed as lose bone
fragments [13, 22]. Some other papers use X-ray to
locate sesamoids in younger patients [8], while due
to ossification beginning in the 15t MCPJs around the
age of 10-12 for females and 12-15 for males, the
results may be unreliable [4, 8, 18, 22].

The authors of this paper decided to use ultra-
sound imaging as it is potentially more reliable in the
specific case of identifying and diagnosing sesamoid
bones [1], as well as representing a more flexible and
less invasive examination tool.

Many researchers seem to suggest that the pres-
ence of two sesamoids in the 15t MCPJs is a universal
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finding [2, 8, 9, 14, 18, 19], or even straight up as-
sumes so from the very beginning [15, 16, 17]. Others
refer to the aforementioned bones as “almost always
present” or “present in over 99% cases” leaving a pos-
sibility of physiological agenesis open [1, 3, 10, 11, 22].
There are also reported cases of complete absence of
sesamoid bones, presence of just one or presence of
three sesamoid bones in the 1t MCPJ [8, 11]. In this
research there was only 1 case of single sesamoid
bone in 15t MCPJ, which dimensions, according to
Grubbs’ test for an outlier, fall within the norm for
sesamoid bones (Grubbs’ Z-value = 0.82 with Critical
Z-value = 3.57), which undermines the theory that
two sesamoid bones may have coalesced into one.
The lack of trauma or surgical procedures history
excludes the possibility of a previous extraction of
one sesamoid bone.

According to existing literature, Os Sesamoide-
um should be present in 2", 31, 4t and 5% MCPJ in
36.6-60.8%, 1.5-3.9%, below 0.6-2% and 45-67.7%
of cases, respectively, with supposed ethnical tenden-
cy for 2" and 5" MCPJ sesamoid bones being more
frequent in Arabic and Mediterranean population and
less frequent in African population [2, 8-11, 14-17,
19, 22]. There are also mentions of the records describ-
ing “double” sesamoid bones in 1*tand 5" MCPJ [2].
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Figure 2. A sesamoid bone in the 3 proximal interphalangeal joint of a left hand of a 22-year-old male — a sagittal plane view. The sesamoid
is located right above the articular fissure of the 3" proximal interphalangeal join (arrows) between the basis of the 3 medial digit (A) and the
head of 3 proximal digit (B), probably within the walls of the articular capsule. The measures noted are anterior-posterior (2) = 0.9 mm and

proximal-distal (1) = 1.0 mm.

In this research out of 120 examined hands there
were 52 sesamoid bones observed in the 2" MCPJ
(43.3% prevalence) — 25 in the right hand (18 female,
7 male) and 27 in the left hand (17 female, 10 male)
with 4 cases of asymmetry (1 female, 3 male). There
was only 1 case of sesamoid bone present in the
3 MCPJ (0.8%) and no cases in the 4t MCPJ. In the
5t MICPJ there were 101 sesamoids (84.1%) observed,
49 in the right hand (24 female, 24 male) and 52 in
the left hand (25 female, 26 male) with 5 cases of
asymmetry (3 female, 2 male).

The sesamoid bone in 15t IPJ is the only frequently
observed sesamoid in an interphalangeal joint. Accord-
ing to the literature, itis present in 21.3-75% of cases
[8-11, 14-17, 19, 21] while being heavily dependent
on ethnicity (more prevalent in the African population
and less prevalent in Arabic and Middle Eastern popu-
lations) [8, 17, 19] and sex (more frequent in females)
[16, 22, 23]. These results do not allow us to form any
clear expectations regarding situation in vivo. Chen
et al. [2] reported prevalence of Os Sesamoideum in
15t1PJ at 15.9% which the authors themselves describe
as surprisingly low, particularly in comparison to ex-
isting research setting the prevalence of sesamoids in
that joint at 100%. In this research the sesamoid bone
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in the 15t IPJ was observed in 100 out of 120 (83.3%)
cases, 50 in the right hand and 50 in the left hand with
only 2 cases of asymmetry (both female).

Sesamoid bones in the rest of the interphalan-
geal joints remain very rare. There are singular cases
recorded of presence in the 2" proximal IPJ (0.4% at
most), 3 proximal IPJ (0.4% at most), 4*" proximal IPJ
(0.5% at most) and 5% proximal IPJ (1% at most) [11,
13, 22]. Kose et al. [8] observed a sesamoid bone in
the 2" distal IPJ. In this research there was observed
only 1 case — of sesamoid in the 3™ proximal IPJ.

The measurements of sesamoid bones that were
identified in the 3 MCPJ and in the 3™ proximal IPJ
(two separate cases) were compared to the measure-
ments of the other observed sesamoids. Their results
were Grubbs’ Z-value = 1.36 and Grubbs’ Z-value
= 1.29, respectively with assumed standard o. = 0.05
and Critical Z-value of 3.88. This suggests that, con-
sidering their location above the finger joints, meas-
urements and echogenicity falling within the norm
for sesamoids for the examined group, they must be
considered legitimate sesamoid bones (Fig. 2).

The matters of symmetry and sexual dimorphism
remain divisive in the existing research. Most authors
agree that sesamoid bones are more frequently found
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in the hands of females, although some, who draw
connection between prevalence of sesamoids and
manual labour, seem puzzled by that finding. Many
studies have found this difference to be statistically
significant [8, 16] while others report it insignificant
[11, 19, 22]. Nevertheless, evidence suggests that even
very experienced radiologists are unable to determine
patients sex based on X-rays of their hands alone [23].
The matter of symmetry seems just as unclear. Some
authors report that the distribution of Ossa Sesamoidea
is always completely symmetrical [19]. Others recognise
the possibility of asymmetry, but deem it an omittable
rarity [8], or report that the asymmetry can appear only
in “rare” cases when there are more than 3 sesamoids
in the hand [11]. However, there are also papers claim-
ing that asymmetry in the sesamoid pattern is real and
significant — at the level of 17.1% [16].

This research found females to have on average
more sesamoid bones than males, with p-value of
Fisher's test close, but not within the values of statis-
tical significance: p-value = 0.094. It is possible that,
given a larger sample, sexual dimorphism may prove
to be statistically significant.

Regarding lateralisation, 13 out of 60 examined
people (21.7%) showed some form of asymmetry
in the distribution of their sesamoid bones, which
is not an omittable amount. On average sesamoid
bones were more common in the left hand than in
the right (mean of 4.16 to 4.03). T-Student’s test for
the entire examined group showed p-value = 0.204
which is not significant. However, when split by sex,
the results were p-value = 0.211 for the females and
p-value = 0.005 for the males — the latter being well
within the range of statistical significance.

The exact function of Ossa Sesamoidea remains to
be discovered and described. Most popular theories
suggest that Ossa Sesamoidea function of reduce
friction of the sliding tendons across the underlying
structures, therefore protecting them from use-re-
lated damage. Observing how these bones are being
shaped by compression of the tendons suggests that
they reduce the pressure on the adjoined bones.
Other possible functions include stabilisation and
strengthening of the joint, fixing tendons in their
place and modifying the direction of a muscle pull
vector, therefore making the specific movement fast-
er, stronger and less energy-consuming [2-5, 7, 8, 10,
13,14, 19, 22].

The clinical importance of sesamoid bones comes
both from their potential function as important land-
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marks, for example in corticosteroid injection proce-
dures [20], and their pathologies. Ossa Sesamoidea
can be the subject of trauma, degenerative diseases,
neoplasia and necrosis [10]. According to some stud-
ies up to 85% of adults can suffer from some level of
arthritis of the sub-sesamoid joints [22]. However, the
most common pathology seems to be sesamoid frac-
ture caused by forced hyperextension of the finger.
First documented in 1905 in Germany [22], this injury
can present a tenderness and swelling of the area of
the joint without affecting either active or passive
range of motion. In some cases a sesamoid fragment
can completely lock an underlying joint. Due to its
inscrutability, incompatibility with an X-ray imaging
and the variability of symptoms, many pathologies of
sesamoid bones remain misdiagnosed, and therefore
mistreated [1, 10, 13, 22].

CONCLUSIONS

This study reports the prevalence of Ossa Sesa-
moidea in the hands of young adults of Caucasian
ethnicity. It confirms possibility of singular sesamoid
bone in the 15t MCPJ. The presence of the sesamoid
bones in 1t IPJ was 82.2% and in 2" MCPJ was 43.3%
which both matches the African pattern the closest,
with former being higher than previously recorded
prevalence. The sesamoid bone in 5t MCPJ was pres-
ent in 84.1% of cases which is closest to Arabic pat-
tern and higher than previously recorded prevalence.
The sesamoid bones were observed once in 3¢ MCPJ
and once in 3" proximal IPJ and their measurements
were statistically proven to match other sesamoid
bones of the hand. 21.7% of examined cases showed
asymmetry in the presence of sesamoid bones be-
tween the right and the left hand, which is higher
than previously recorded occurrence.
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