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A morphological comparison between a death
mask of the American Prophet Joseph Smith
and a photograph likely to depict him
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AssTrRACT: Application of forensic identification methods to establish authenticity of a historical photograph
is made. Joseph Smith Junior was the Prophet and founder of The Church of Jesus Christ of Latter-day
Saints, often referred to as Mormons. In 1844 Joseph and his brother Hyrum were shot and killed by a mob
of angry men who opposed his church and its followers. Shortly after death, Joseph’s face was moulded, and
a death mask was made. Photography was invented during the life of Joseph Smith Jnr and there are reports
that he had a daguerreotype (photograph) taken, but no image has been verified to be of him.

A photographic image of an Illinois man from the 1840s is linked by circumstantial evidence, such as
similar clothing, to Joseph Smith Jnr and the photographer’s studio being close to where Joseph Smith IIT
was at the time the photograph has been produced. A morphological comparison is made between the death
mask and the photograph in order to establish the likelihood that the man in the photograph is the prophet.
Sixteen points of anatomical similarity were found between the death mask and the photograph, the most
compelling of which is asymmetry of the face and a possible scar in the area of the left eyebrow. Superim-
position confirmed morphological similarity. Finding of close morphological similarity is not an ultimate
proof of identification, but increases the probability that the photograph depicts Joseph Smith Junior. This
is the first case of an anatomical comparison between a death mask and a photograph.

Key worps: Joseph Smith, image analysis, morphology, death mask, anatomy.
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Introduction

The testimony of Joseph Smith Junior re-
counts that on the evening of September
215t 1823, he was visited by a messenger
of God who instructed him to find and
translate golden plates to what is known
as ‘'The book of Mormon’ (The testimony
of the prophet Joseph Smith, The Book
of Mormon). In March 1830, ‘The
Book of Mormon, Another Testament of
Jesus Christ’ was published, and Joseph
Smith Jr became known as a prophet. In
April of the same year, the prophet Jo-
seph Smith organised The Church of Je-
sus Christ of Latter-day Saints (LDS) and
became its first president (Quinn 1976).

In 1839 the Church of Jesus Christ of
Latter-Day Saints settled in Nauvoo, Il-
linois. Joseph Smith Jnr was elected the
mayor of Nauvoo in 1842; in February
1844, he was nominated to run for Presi-
dent of the United States. Joseph Smith’s
presidential bid chose not to be affiliated
with either major party and was seen as
a political and religious threat. In June
1844, the Nauvoo Expositor accused Jo-
seph Smith Jnr of immorality. This led to
a political row involving the State Gover-
nor and surrounding towns that resulted
in Joseph being fined $500, jailed and
charged with causing riot and with trea-
son (Taylor 2017).

On June 27% 1844, Joseph Smith
Jnr was shot and killed after a mob am-
bushed the jail where he and his brother
Hyrum were being held. After Joseph was
shot, he fell through a second story win-
dow (Gayler 1957). This event has since
been known as the ‘Martyrdom of Joseph
Smith’ (McCarl 1962; Weber 2009).

On June 29% 1844 moulds were made
of the brothers faces (Weber 2009) and
masks were made from the moulds. It
is reported that sometime after 1849

the masks came into possession of Philo
Dibble (Weber 2009). This is the oldest
known set of the death masks and they
are currently located in the Museum
of Church History and Art in Salt Lake
City, commonly referred to as the ‘Dibble
Death Masks’ (Weber 2009). These death
masks are the most reliable representa-
tion of the face of Joseph Smith Jnr and
his brother Hyrum to date.

There exists a lot of wonder surround-
ing the appearance of Joseph Smith Jnr as
no photograph has been proven to be of
the prophet and there is debate amongst
scholars as to which historical records
depicting his image are reliable. McCarl
(1962) compiled a historical record of
journal entries which reference the ap-
pearance of Joseph Smith Jnr by peo-
ple who have claimed to have met him.
These descriptions, while numerous, are
somewhat contradictory and embellished
to not describe his anatomical appearance
but somehow derive his character from
his features. Some describe him as hav-
ing brown hair, while others claim it was
a very light colour. His eyes received the
greatest attention, some reported a blue
colour, others hazel but the most intrigu-
ing descriptions were not anatomical but
embellishments of personality, one person
wrote of his eyes ‘...seemed to dive down
to the innermost thoughts with their sharp
penetrating gaze, a striking countenance,
and with manners at once majestic yet
gentile, dignified yet exceedingly pleas-
ant’ (McCarl 1962). Some descriptions
are consistent between those who met
him and describe in detail anatomical fea-
tures such as: thin lips, prominent nose,
oblong/oval face, large forehead without
a furrow, retreating forehead, eyes set
back in the head (McCarl 1962). It would
seem that people’s perception of him as
a prophet and religious man, somewhat
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biased their opinions and descriptions of
him to embellish his status as a prophet.
Thus, these descriptions are not consid-
ered entirely reliable.

During his life, Joseph Smith Jnr re-
ported posing for a reproduction of his like-
ness on two occasions. On June 25% 1842,
Joseph wrote that he ‘sat for a drawing of
my profile to be placed on a lithograph
of the map of the city of Nauvoo’ (Smith
1842a). This image was the work of Sut-
cliffe Maudsley, known as the ‘Maudsley
print’. Joseph Smith Jnr also reports having
his likeness painted by ‘Brother Rogers’ in
September of 1842, referring to David Rog-
ers (Smith 1842b). There are two paintings
which have been assigned as being paint-
ed by David Rogers, a profile picture and
an anterior facing picture. Unfortunately,
paintings are an artist’s interpretation of
the person and are often touched up to
eliminate any potential flaws. Therefore,
the only proven, reliable representation of
Joseph Smith is the death mask.

In 1910, Joseph Smith III wrote to the
Salt Lake Tribune stating that the family
was in possession of a daguerreotype of his
father Joseph Smith Jnr (McCarl 1962).
The daguerreotype he speaks of, was re-
portedly taken by Lucian Foster who had
just returned from a mission in New York,
for the Church of Jesus Christ (J. Smith,
2015). On April 29 1844, Joseph Smith
Jnr wrote in his journal ‘At home received
a visit from Lucian R Foster of New York
who gave me a gold pencil case...” (Smith
1844). Joseph Smith Jnr. died two months
later. The daguerreotype was the most
prominent form of photography between
1839 and 1860 (Svadlena 2014). Many
people have come forth with daguerreo-
types claiming to be the prophet, howev-
er, none have been conclusively proven to
be Joseph Smith Jnr (McCarl 1962). The
latest of these claims has been made in

2022 when Ronald Roming and Lachlan
Mackay presented a picture found in the
locket inherited from Joseph Smith III’s
son’s wife. The origins of this image are
still discussed, while the similarity of the
person depicted on this image to Joseph
Smith Jnr is not apparent (Roming and
Mckay 2022).

DH who had an old photographic im-
age of a man taken in Illinois in her pos-
session and wanted a facial comparison
between this image and images of the
Dibble death mask of Joseph Smith Jnr
contacted TL who undertook the analy-
sis reported here.

According to Houlton and Steyn
(2018) there are four methods of facial
comparison: holistic, photographic video
superimposition,  photoanthropometry
and morphological. The holistic method
involves a fast visual comparison between
a living person and a photograph, usually
performed by police and customs officers
to confirm or deny an individual’s iden-
tity. Facial superimposition involves the
overlay of two photos and assessment how
well they fit over each other, often with an-
imated image transitions which show var-
ious aspects of one photograph compared
with the other (Houlton and Steyn 2018).
Unfortunately, biases can be produced de-
pending on the method used and quality of
images. Photoanthropometry is the meas-
urement of the face using dimensions and
angles based on standardised anthropo-
metric landmarks. Photoanthropometry
and landmark precision has proved useful
in identification, however, it requires cali-
bration of images with surveying of the
site for scale, and often expensive tech-
nology (Scoleri et al. 2014). In the absence
of technology and site surveys (often not
possible if it is not known where the im-
age was taken or if there are no objects in
the image) ratios will allow proportional
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measurements to be taken. Lucas et al.
(2016) concluded that ratios are not pre-
cise enough to differentiate between adult
individuals and thus cannot be used in
facial or body comparisons of forensic sig-
nificance. It has also been suggested that
proportional measurements are subject
to image distortion (Moreton and Morley
2011). Given the potential for bias in facial
superimposition, and the unreliability of
photoanthropometry and the inappropri-
ate use of the holistic approach for image
to image comparisons where time to com-
plete the task is irrelevant, morphological
analysis is the preferred method for facial
identification. Facial identification meth-
ods are usually applied in cases of forensic
significance (Lucas and Henneberg 2015b;
Houlton and Steyn 2018), although, they
can be applied to any case where identifi-
cation is questioned.

The aim of the current paper is to es-
tablish the degree of anatomical similarity
between the death mask of Joseph Smith
Jnr and the image of a man from Illinois.
This facial comparison is the first case of
a systematic forensic comparison between
an image and a death mask.

4

Fig. 1. Carte-de-visite photograph of an unknown
man pictured from the anterior view (left), the
back of the CDV, showing details of the pho-
tographer (right)

Materials and Method

Authentication of the Carte-de-visite
photograph

Figure 1 is a Carte de visite (CDV) im-
age of an unknown man pictured in the
anterior view. The Carte-de-visite was
the most popular form of copying pho-
tographs from the 1860s to the 1880s
(Burstow 2016). On the back of the pho-
tograph is text which reads ‘J.S Bibbins,
Photographic Artist, Newark ILL. This
Carte-de-visite was examined by Gaiwan
Weaver Art Conservation who produced
a report stating that the image was an al-
bumen print on CDV mount typical of the
1860s. The report says the image is a copy
of an earlier photographic portrait, likely
to be a daguerreotype or ambrotype.

In 1866 Joseph Smith III moved to
Plano, Illinois, 10 miles away from Newark
until his departure in 1881 (Smith 1979).
J.S Bibbins (Joseph Slocum Bibbins) is re-
corded in the 1860s census as having the
profession of ‘Artist’ (Bibbins 1860). It is
entirely plausible that Joseph Smith III or
amember of his family, had the CDV made
from an earlier image of Joseph Smith. The
advantage of having a CDV copied from
a daguerreotype can be demonstrated by
viewing an authenticated 1845 daguerreo-
type of Emma Smith (Joseph Smith’s wife)
and her son David Hyrum Smith (Joseph
Smith’s son) and a CDV (Figure 2). The
daguerreotype has degraded to the point
where the image is almost unrecognisable,
this occurs due to the chemical nature of
the daguerreotype with time and environ-
mental conditions unfavourable to preser-
vation (Svadlena 2014).

To further authenticate the date of
the CDV and connections with Joseph
Smith Jnr, the clothing was analysed.
Only a few examples of clothing worn by
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Joseph Smith Jnr have survived the past
176 years since his death. The Pioneer
Memorial Museum in Utah is in posses-
sion of a collar and a vest belonging to
Joseph Smith Jnr (Figure 3).

Fig. 2. A paper CDV copy of Emma and David Smith
[left, courtesy of the Community of Christ] tak-
en from the original 1845 daguerrotype [right,
Collection of John Hajicek, Mormonism.com|

Fig. 3. Popped down collar (top) and vest with
horizontal stripes (bottom) both belonging to
Joseph Smith Jnr. Courtesy of the International
Society of Daughters of Utah Pioneers

The collar is a ‘popped down’ collar,
where the top of the collar is elongated
and is folded down over a neck/bow tie,
much like the one seen in the CDV of
the unknown man. The vest has blue,
black and white horizontal stripes on
the front. The CDV shows a man wear-
ing both a popped down collar and a vest
with horizontal stripes visible under the
lapels of his jacket. Colour cannot be de-
termined as the photo is monochrome
but it is obvious that there are different
shades of stripes on the jacket pictured
in the CDV. This is not evidence enough
to show that the unknown man in the
CDV and Joseph Smith Jnr are one and
the same but it does provide further
authentication of the man in the pho-
tograph as being from the 1840s due to
the similar clothing styles. It also does
not provide evidence against the possi-
bility that Joseph Smith Jnr is the man
in the CDV.

The Dibble death mask

As previously mentioned, the Dibble
death mask (Figure 4) is considered the
most reliable representation of the face
of Joseph Smith Jnr. Weber (2009) con-
firms this by demonstrating the facial
proportions of the death mask, match-
ing the death mask with outline draw-
ings of Joseph’s facial profile drawn by
Sutcliffe Maudsley in 1842 when they
drew Joseph from life. Multiple images
of the death mask were taken in per-
son by DH showing all angles for facial
comparison.

Facial comparisons
Images of the ‘Dibble’ death mask of Jo-
seph Smith Jnr (Figure 4) and the CDV
of a man (Figure 1) are compared using
morphology and superimposition to es-
tablish any similarities or differences.
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Morphological analysis is conducted
using a set of standardised categorical
scales to describe various anatomical fea-
tures of the face and head. Scales were
derived from Gabriel and Huckenbeck
(2013) and Iscan and Steyn (2013). For
each feature, a set of categories exists
which can describe the shape, size, pres-
ence/absence, colour or position of an-
atomical traits. For example a person’s
face shape can be classified according
to the following ten categories: ellipiti-
cal, round, oval, pentagonal, rhomboid,
square, trapezoid, wedge shaped, double
concave, asymmetrical. These scales
use stardardised verbal descriptions and
images of the categories to avoid mis-
categorisation/misinterpretation of an-
atomical traits. As well as categorising
anatomical traits using standardised cat-
egories which capture morphology (size,
shape etc.), unique identifiers and levels
of symmetry/asymmetry are considered.
The facial analysis was performed inde-
pendently by two trained experts (MH
and TL) in order to reduce potential bias.
Analysis of the death mask was con-
ducted by MH, while the analysis of the
photograph was conducted by TL. After
all descriptions/categorisations of traits
were performed, the findings of MH and
TL were compared. The features that
could not be reliably compared between
the CDV and the death mask were ex-
cluded, for example the death mask was
photographed from various angles which
allowed more features to be seen, how-
ever the CDV only presents the anterior
view where some features could not be
assessed. It is standard when conducting
a facial comparison that if any anatomi-
cal differences are found between the two
subjects then it must be concluded that
they are not the same person. These dif-
ferences do not include those that can be

explained by lighting, camera angle and
environmental differences which could
alter anatomy between images eg. the ef-
fects of aging over time.

Fig. 4. ‘Dibble’ death mask of Joseph Smith, on dis-
play at the Museum of Church History and Art
in Salt Lake City. © D.Hatfield

Morphology is the primary method
used in this case as it was the most ap-
propriate method for the types of imag-
es the authors had access to. However,
as a secondary form of analysis a facial
superimposition was conducted to show
the alignment of anatomical points of
the face between the man in the CDV
and the death mask. As superimposi-
tion can result in bias (Houlton and
Steyn 2018) it should only be considered
a secondary source to further illustrate
similarities or differences. The following
standardised anatomical points (Martin
and Saller 1957) were identified on both
images and then the images were over-
layed to show the alignments of these
points: nasion (the deepest point of the
root of the nose in the midline), subna-
sale (the point where the nasal septum
meets the philtrum), stomion (the mid-
point of the occlusal line between the
lips), gnathion (the most inferior point
on the body of the mandible in the mid-
sagittal plane).
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Results

The similarities between the death
mask and the CDV were compiled after
the independent analysis of each, conduct-
ed by MH and TL. Both experts agreed on
16 similarities and found 3 differences.
Morphological points of comparison are
presented in table 1 and figure 5.

Due to the long time it took for older
cameras to capture the image of a person,
people were often photographed with
little facial expression, this allowed for
better comparison as the neutral facial
expressions of the man in the CDV and

that of the death mask matched. Both the
unknown man in the CDV and Joseph
Smith Jnr. have a very high and broad
forehead, this is further emphasised by
the concave shape of the frontal hairline
on the superior aspect of the head. Lat-
erally, the hair moves more anteriorly to
the temporal region. The superior border
of the hairline can be seen in both the
CDV and the death mask, however, lat-
eral extent of the hair cannot be seen in
the death mask. This is not to say that
it was not present, but the mask was not
moulded to the point where the hair is
present on the image.

Table 1. Categories of facial traits showing similarities and differences between the man in the CDV and

the death mask of Joseph Smith

Similarities
1 Cheek bones: Prominent
2 Forehead height: High
3  Forehead width: Broad
4 Frontal hairline shape: Concave
5 Eyebrow shape: Straight, tapering on the left eye
6 Palpebral slit: Horizontal with the left eye drooping laterally
7 Nasion depression: Trace
8 Nose width: Medium
9  Nasal root: High
10  Septum tilt: Horizontal
11  Nostril position: Inferior
12 Lip thickness: Average
13  Relative lip size: Lower lip more prominent with thin upper lip
14 Upper lip shape: Flat
15  Lower lip shape :Flat
16  Chin shape: Round
Differences
17  Face shape: rhomboid to wedge shape: there is little difference between these two face shapes, both

are longer than they are wide. The thomboid shape, has a slight protrusion laterally at the level of
the cheek bones while the wedge shape does not.

18  Eyebrow thickness: the eyebrows on the death mask are thinner (possibly due to the casting process

of the mask)

19  Philtrum prominence: the philtrum of the death mask is less prominent (possible due to casting process)

20 Mouth corners: the man in the CDV has straight mouth corners while the death mask has the left
corner that is orientated downwards and a right that is orientated upwards (possibly due to gravity
and the position of the body when the mould was taken)
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Fig. 5. Visual references for the similarities between
the unknown man in the CDV and the death
mask of Joseph Smith. Numbers like in Table 1

Although the similarities presented
in Table 1 are in standardised categorical
scales for facial features, there are some
categories which cannot fully describe
anatomical traits, especially unique iden-
tifying features and asymmetry of the
face, therefore, these are discussed in
addition to standard morphology. The
eyebrow shape is straight, however, the
left eyebrow of the man in the CDV is
shorter than the right brow and it tapers
laterally. As well as this, the left eye lid
slopes laterally partially closing the eye,
while the upper lid of the right eye is con-
sistently widely open. Thus, the entire
left eye and its brow are asymmetrical
when compared to the right. The left eye
is located slightly inferior compared to
the right eye. The asymmetry of the eyes,
the tapering of the left brow and the slope
in the upper left eyelid are most like-
ly a result of trauma to the left temple.

The death mask shows both the taper-
ing of the left eyebrow and the asymme-
try in the position of the eyes, however,
the sloping of the left upper eyelid can-
not be compared as the eyes are closed.
Although there is a high brightness of
the photographic image on the left side
of the man in the CDV, the authors are
confident that the missing lateral aspect
of the eyebrow is not a consequence of
photo-exposure. The asymmetry of the
position of the eyes on the CDV cannot
be questioned.

Both faces have similarities in their
descriptions, namely, they are both
longer than they are wide, with the width
of the face reducing inferiorly. The differ-
ence between the rhomboid and wedge
shapes is that the widest part of the face
in the rhomboid is the zygomatic width
(cheek bones) whereas the wedge shape
has a wider gonial region (angle of the
mandible). Both authors agreed that the
cheek bones were prominent. The mask
does not reach back far enough to include
gonions, hence a possible difference in
observation. Thus the differences in face
shape are considered insignificant. The
eyebrows on the death mask are thinner
than those of the man in the CDV, this
could be due to the moulding process
whereby only the thickest parts of the
eyebrows were captured in the mould.
The hair on the outline of the eyebrows
may not have been captured in the mould
as these hairs are often thinner than in
the middle. The philtrum on the death
mask is less prominent ie. less concave,
this could be due to the post-mortem
change in the skin of the face (sagging
and flattening). The man in the CDV
has straight corners of the mouth while
the death mask has a left corner pointing
downwards and the right corner pointing
upwards. Joseph Smith Jnr would have



Comparison of death mask and photography of ]. Smith 9

been in the prone position when the
death mask mould was taken and the ef-
fects of gravity may have acted differently
upon the mouth corners depending on
the evenness of the surface that the table
was on or exact position of his head.

el
Fig. 6. Superimposition of CDV and the images of
the death mask belonging to Joseph Smith Jnr

«N W0
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Figure 6 shows the superimposition of
the CDV and the image of the death mask
with the anatomical points identified. The
anatomical points align with each other
and there are no significant differences be-
tween points. As there are no differences
in the alignment of points and the find-
ings of the morphological analysis, the
man in the CDV cannot be ruled out as
potentially being Joseph Smith Junior.

Discussion

Joseph Smith Jnr kept a personal jour-
nal throughout his life and wrote many
letters to his family and friends. In his
writings, he details multiple instances
where he was subject to trauma, any one
of these incidents could have resulted
in the trauma to the left side of the face
that was described from the photograph
and potentially captured in the death
mask. The most traumatic incident de-
scribed by Joseph Smith Jnr occurred
between the 25% and 26" March 1832.
Joseph was badly beaten and tarred, fear-

ing for his life he later wrote ‘I learned
that they had concluded not to kill me,
but pound and scratch me, well tear off
my shirt and drawer and leave me na-
ked’ (Smith 1805-1834). He goes on to
describe how the men who attacked him
had tarred up his face and body. Anoth-
er significant experience is dated circa
18% December 1835 when Joseph Smith
Jnr wrote a letter to his brother William
Smith, describing a physical altercation
between the two men, Joseph wrote ‘...
abuse, anger, malice, hatred, and rage, are
heaped upon me, by a brother; and with
marks of violence upon my body, with
a lame side, I left your habitation bruised
and wounded...” (Smith 1835). These are
just two examples of physical abuse that
Joseph had endured in his lifetime and
as mentioned previously, could have lead
to the trauma on the left side of the face
which is responsible for the asymmetry
of the eye region and missing lateral as-
pect of the left eyebrow. Ptosis is a condi-
tion that occurs when the muscles which
raise the eyelid, or their nerve supply, are
damaged, namely the levator palpebrae
superioris or the superior tarsal muscle
(Srinath et al. 2012). Both of these mus-
cles function to elevate the upper eyelid,
thus, any damage would cause the eye-
lid to fall. Ptosis can have different levels
of severity, in the extreme the eyelid can
cover the pupil, in the less severe cases,
only minor drooping of the eyelid is seen
(Finsterer 2003). The man in the CDV
has minor ptosis as the entire pupil is
visible. The missing lateral aspect of the
left eyebrow may also be a result of trau-
ma, namely, scarring which leads to the
loss of hair over the scar site. However,
this cannot be confirmed as the CDV has
a high brightness (overexposure) on the
left side, which does not allow fine details
such as scars to be seen. There is a sign
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of trauma (a scar) on the death mask at
the site of the tapering eyebrow, the sub-
stance used to create the mask is rough-
ened at the lateral part of the left eyebrow.
This can either be from scarring in real
life, or a consequence of the moulding
process or damage to the mask itself.

As previously discussed, many of the
historical descriptions of Joseph Smith’s
appearance are considered unreliable as
many are contradictory and do not focus
on anatomy. However, there were some
anatomical details that were consistent
in the historical record, these include:
thin lips, prominent nose, oblong/oval
face, large forehead without a furrow,
retreating hairline, eyes set back in the
head (McCarl 1962). This list of fea-
tures was investigated after the authors
conducted their analysis, both MH and
TL agree that the man in the CDV and
the death mask of Joseph Smith have
a large and retreating forehead without
a furrow. The ‘retreating’ forechead re-
fers to the hairline being set back more
superoposteriorly, which is further em-
phasised by the concave shape (not de-
scribed in the historical records). Unfor-
tunately, the nasal profile could not be
compared as the CDV is taken in ante-
rior view. According to our analysis, the
lip thickness of both men is medium.
The eye position in the head was not
analysed as part of the standard classifi-
cation system used but both MH and TL
agree that the eyes are ‘set back’ in the
head in both men.

Although the authors disagreed on
the face shape between the man in CDV
and the death mask, both the rhomboid
and wedge shape allocated by the authors
share similarities with the oval/oblong
face shape in that they are both longer
than they are wide, giving the appearance
of elongation. It needs to be considered

that the death mask did not encompass
the entire extent of the face, just its ante-
rior part, while the CDV, by the obvious
nature of the antero-posterior projection
of the entire head and face of an individ-
ual, depicted the full extent of the most
lateral parts of the face.

There were some limitations in
the current analysis. Unfortunately,
the CDV is singular and only shows
the man from the anterior view. This
limited some morphological analyses,
namely those that can be observed best
from the lateral view, ie. nose projec-
tion. The death mask was photographed
from multiple angles, including anteri-
or, lateral and superior views which al-
lowed analysis of more features, howev-
er, without comparison with the CDV,
these were of little use.

Porter and Doran (2000) discuss the
usefulness of facial comparisons in the
positive identification of individuals,
they suggest a holistic approach which
includes analysis of the following, unique
identifiers (scars, moles etc), morpholo-
gy (form, size and shape of facial char-
acteristics), facial symmetry (or asymme-
try) and anthropometric analysis. Porter
(2009) claims that without any evidence
of unique identifying features, a positive
identification would be most inappropri-
ate. All methods in the holistic approach
proposed by Porter and Doran (2000)
have been considered in this case except
for anthropometry for reasons already
discussed, namely, its unreliability in
the absence of a scale on the photograph
(Houlton and Steyn 2018). In this case,
there were morphological similarities,
a degree of unique facial asymmetry and
a unique identifier in the lateral aspect of
the eyebrow (a scar). However, the scar-
ring could not be confirmed due to image
quality and inconclusive appearance of



Comparison of death mask and photography of ]. Smith 11

trauma on the death mask. There were
no moles, other scars or other unique
identifiers on either the man in the CDV
or the death mask, the absence of which
neither confirms nor denies identifica-
tion. The differences that were present
were minor and could be explained by
casting/photographic methods. The su-
perimposition showed no significant dif-
ferences between the man in the CDV
and the death mask.

It is not known how many times
the actual Joseph Smith Jnr. was pho-
tographed. The CDV we have analysed
is undoubtedly a technical copy of a da-
guerreotype of a person whose imperfec-
tions, especially related to the left eye and
the left brow, were uncorrected by touch
up. These are present in the death mask.
There are some full face painted portraits
claiming to be Joseph Smith Jnr which
are free hand artistic reproductions of
some unknown image of the person (Mc-
Carl 1962) and as such are likely to be
biased towards perfect symmetry and
the lack of any disfigurement, especially
when and if the artists tried to depict an
idealised religious leader.

In conclusion, the authors suggest
that there is a high degree of anatomical
similarity between the man in the CDV
and the death mask of Joseph Smith Jnr,
however, without an unquestionable
unique identifier or authentication of the
original daguerreotype, the results of this
analysis remain inconclusive, without,
however, ruling out the possibility of this
being a photograph of Joseph Smith Jnr
the American prophet.
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Introduction

The so-called Global North and Glob-
al South represent contrasting contexts
in terms of economy, technological ad-
vancement, political stability and pop-
ulation growth, among others (Odeth
2010). When it comes to knowledge
production and exchange, Global South
perspectives are rarely given voice and
often pass unnoticed in international
academic debate. This creates an impor-
tant disequilibrium in relation to the dis-
semination of knowledge, sharing of ex-
periences and exchange of thoughts and,
consequently, undermines and hinders
the development of scientific disciplines,
as these are factors that strongly contrib-
ute to the advancement of science (Peters
2006; King 2011; Collyer 2018).

Forensic anthropology (FA) is an ap-
plied field of sciences which is often, yet
not exclusively, linked to death. Forensic
anthropologists focus their efforts on es-
tablishing the identity of unknown hu-
man remains found either skeletonized
or in an advanced stage of decay. For this
purpose, a set of internationally validated
and recognized methodologies is used in
order to estimate the biological profile of
an individual (sex, age at death, stature
and sometimes ancestry/biological affin-
ity) with the aim of narrowing down the
number of possible suspects. Additional-
ly, possible trauma, pathological lesions,
and other individualizing characteristics
that can facilitate the process of identifi-
cation are observed. Forensic anthropol-
ogists may also assist in establishing the
cause of death, should any death marks/
indicators be visible on skeletal material
(Cunha and Cattaneo 2006).

The fact that forensic anthropologists
often focus their professional activity on
dead individuals brings an important set

of issues related to human rights and
ethical aspects of their work. Both the
treatment of the dead and the rights and
feelings of the living constitute aspects
that must be taken into account when
considering the ethical dimension of the
service of forensic anthropologists. While
the sole act of death can be a result of
a violent action that critically affects the
right to life of the victim, death and the
subsequent treatment of the dead body
can constitute important factors relat-
ed to unnecessary physical and/or men-
tal suffering of the living relatives and
friends (Squires and Garcia-Mancuso
2021). Forensic anthropology, by defini-
tion, should mitigate this process by pro-
viding answers and information that can
be helpful in the course of obtaining jus-
tice, by delivering a set of data that can fa-
cilitate the identification of an individual
who might have been sought for, some-
times for an extensive period of time, by
his/her relatives. However, this process
may sometimes be challenged by fac-
tors that are independent of, yet strongly
influence and affect the performance of
forensic anthropologists. Adequate work-
ing conditions and access to necessary
means and tools are extremely important
for a specialist to be able to complete the
process of an anthropological analysis of
skeletal remains in a forensic context,
that is, to deliver a positive identification
of the victim. Similarly, administrative,
legislative and structural limitations,
often existing in forensic anthropology
contexts, highly impact the possibility of
conducting efficient expertise.
Theoretical research in forensic an-
thropology is rather scarce. This fact has
been recently brought up and the impor-
tance of theoretical approaches within
this discipline has been emphasized (Clif-
ford Boyd and Boyd 2011, 2018). Concep-
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tualization of ideas and interpretations
brings a wider perspective and better un-
derstanding of processes that form a part
of a given contextual dimension. Moreo-
ver, the possibility of impartial studying,
documenting and reporting on realities
that are somehow disregarded helps to
bring visibility, broadens our perspectives
and opens up a space for a dialogue. The
present theoretical-philosophical reflec-
tion focuses on a subject that has been
greatly overlooked in studies regarding
forensic anthropology. With a reference
to the situation of this discipline in Brazil
as a case study, the present article aims
at proposing a debate on how structural
factors and political decisions influence
the perpetuation of violence towards the
victims and their families in a setting
which, by definition, should be working
against violence and its consequences.
This paper is aimed at presenting reflec-
tions upon the existence of a relationship
between (infra)structural, legislative and
bureaucratic factors that may be affecting
the service of forensic anthropology and
a simultaneous context in which basic
human rights are being violated.

Human Rights in Forensic Context
The Universal Declaration of Human
Rights, proclaimed in 1948 by the Gen-
eral Assembly of the United Nations,
introduces the concept of a basic equali-
ty among people. It covers the rights in-
herent to each person, regardless of skin
colour, sex, nationality, ethnicity, reli-
gion or any other aspect of identity that
could, in any circumstance, be used as
a means for justification of differentia-
tion and discrimination between people
(UN 2020).

A violation of human rights is a situ-
ation that evidently affects its direct vic-
tim(s) — a person(s) who has suffered in-

justice, discrimination or even death due
to the violation of some of their basic and
universal rights. Nevertheless, our social
nature often implies that injustice or vi-
olence suffered by one individual trans-
fers to a broader circle of subjects — peo-
ple close to the victim, their immediate
family, friends and more distant family
members. The International Commis-
sion of Missing Persons indicates that
human rights, apart from the right to life
and liberty, the right to freedom of opin-
ion and expression, and the right to work
and education, also includes issues far
less frequently automatically considered
as such, for example, the right to recog-
nition of the victim as a person under the
law, the right to effective investigation,
the right to due process of law, or even the
rights of surviving relatives to know what
happened to their family member(s), or
the right to burial and dignified farewell
to a loved one (ICMP 2020). These as-
pects involve equally the direct victimy(s),
but also their families and friends. In case
of a disappearance of a person, especially
a forced one, or in case of dead victim(s)
whose identity is initially unknown, and
in situations in which the process of
identification is deficient, ineffective or
for any reason cannot be completed, vari-
ous of those rights are put at risk of being
abused or even violated.

Violation of human rights is a con-
stant and daily aspect present in the ser-
vice of Medico-Legal Institutes (IMLs),
where medical examinations on living
and dead victims are performed for legal
purposes. When a case involves skele-
tonized, severely mutilated or heavily de-
composed corpse, or in a case in which for
any other reason traditional methods of
forensic medicine cannot be applied, the
service of forensic anthropology is usually
requested. Anthropological analysis of the
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skeletal material permits the estimation
of a biological profile of the victim (proba-
ble: sex, age, height and biological affinity)
and this way narrowing down the number
of people that can be considered possible
victims. A subsequent comparative analy-
sis of the skeletal remains with available
antemortem data (e.g. medical records,
dental records, photographs) allows for
further positive identification of the vic-
tim and a certain closure of their circle of
life. Tt is pertinent to acknowledge here
that the concept of ancestry or biological/
population affinity raises important de-
bates and its use in the context of forensic
anthropology has been recently extensive-
ly contested (Smay and Armelagos 2000;
Albanese and Saunders 2006; Bethard
and DiGiangi 2020; Cunha and Ubelak-
er 2020; Dunn et al. 2020; DiGiangi and
Bethard 2021; Ross and Pilloud 2021;
Ross and Williams 2021). This issue is
even more relevant in the Brazilian con-
text, as the extremely high miscegena-
tion of the population creates a biological
space that strongly supports the concept
of the groundlessness and inutility of cate-
gorization of people into certain geograph-
ic groups based on a priori defined sets of
morphological variables (either metric or
macroscopic).

Under ideal circumstances, in which
working conditions are adequate and the
specialist has full access to all necessary
comparative data, the application of an-
thropological methods would permit the
solution of practically every case involv-
ing sufficiently preserved skeletal mate-
rial. Nevertheless, this is rarely the case.
Administrative, bureaucratic and legis-
lative limitations together with the lack
of access to necessary means and tools
required for an effective expertise repre-
sent a frequent reality of many forensic
anthropology services (Gorka and Plens

2021). It is relevant to mention that
these circumstances are not exclusive
to Brazilian context and similar limita-
tions affect the work of many forensic
anthropologists around the world. Such
situations leave the affected profession-
als in an institutionalized limbo which
significantly disturbs and hinders their
potential of identifying the deceased per-
son. As a result, the circle of life of these
people (the victims) does not close, and
they often remain marked as N/N in the
IMLs records, with their bones kept in an
ossuary and which, in the best scenario,
can still serve as teaching or research ma-
terial. In such circumstances, often inde-
pendent of practitioners’ will and efforts,
the role that forensic anthropology plays
in the context of violence prevention and
crime solving transforms into another
factor that maintains and perpetuates
the abuse and violation of human rights
of both the victims and their relatives.

Material and Methods

In the present article Brazil serves as
a case study in order to bring broader,
generalized reflection on the subject that
could be applied in other local contexts.
The text is based on extensive field re-
search conducted by the author in Brazil
in 2018. It consisted of in-person visits
to nine Medico-Legal Institutes across
Brazil, covering all five geographic re-
gions of the country (North, Northeast,
Centre-west, Southeast, South) and a to-
tal of 33% of Brazilian states. A series
of personal interviews were conducted
with 16 professionals acting in the field
of forensic anthropology in Brazil follow-
ing an a priori prepared semi-structured
questionnaire. This number accounts for
about 32% of specialists actively working
on anthropological cases in this country,
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however, no official statistics on their
number are publicly available. The ap-
proximate number of professionals was
obtained from the private records of Dr.
Trindade Filho through personal commu-
nication on 29th of May 2018.

The main aim of that research was to
“report the information gathered direct-
ly from professionals acting in the field,
their opinions, concerns, and difficulties
encountered in their daily practice, with
the aim of highlighting the challenges of
the discipline and this way contribute to
the advancement and development of
forensic anthropology in Brazil” (Gorka
and Plens 2021). Detailed results of the
above mentioned research have already
been published (Gorka and Plens 2021),
yet they do not focus on issues addressed
herein. In an attempt to avoid an unnec-
essary repetition of information, inter-
ested readers are directed to the source
publication. However, in order to con-
ceptualize the context of forensic anthro-
pology in Brazil for the purpose of the
present paper, where necessary, certain
aspects will be presented in a summa-
rized manner with an adequate reference
to the original work.

Results

Medico-Legal Institutes and forensic

anthropology in Brazil

With the area of over 8.5 million square
kilometres and the population size above
213 million (IBGE 2020), Brazil is the
world’s fifth-largest country and the
sixth most populous. The country is di-
vided into five geographic regions and its
federal administration is composed of 2.7
units (26 states and one Federal District).
The states are entities with semi-autono-
mous governments and relative financial
independence.

Medico-Legal Institutes (IMLs) are
public offices, in majority under the ad-
ministration of the State Secretary for
Public Security or the Civil Police. They
deliver specialized expertise for legal pur-
poses in various areas (necropsies, tox-
icology, body injuries, sexual violence,
mental health, age verification, etc.). In
Brazil, there are currently 381 such en-
tities (SENASP 2012). The service of
forensic anthropology falls under state
governance as it is performed within the
Medico-Legal Institutes’ realm. This type
of administrative organization results in
a series of important consequences for
the performance of work by professionals
in the area of forensic anthropology, as
well as in other specialties. The lack of
a joint and central administration makes
each state of the Union apply different
policies and distribution of resources to
the Medico-Legal Institutes under their
management. This type of administra-
tive organization of the country gives the
states the autonomy to decide on various
aspects of their policies, but at the same
time makes it difficult to develop homo-
geneous strategies across the country in
areas of national public interest, such as
forensic anthropology.

Furthermore, in the whole country,
there are only 15 locations distributed
within 13 of the 27 administrative units,
where a more or less formally structured
FA service exists (Trindade Filho 2018).
In most cases, there is a single forensic
anthropology sector (Department, Sec-
tion) in the IML of the state’s capital
(Bahia, Ceard, Distrito Federal, Goias,
Minas Gerais, Paraiba, Parana, Pernam-
buco, Rio de Janeiro, Rio Grande do Sul,
Roraima, Santa Catarina), with Sio Pau-
lo being the only exception (there are two
other forensic anthropology centres, one
in Ribeirdo Preto and one in Sao José do
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Rio Preto). Such a small number of en-
tities specialized in forensic anthropol-
ogy, in a country where the rate of vio-
lent deaths is one of the highest in the
world (UNODC 2019) and the brutality
of homicides together with unfavourable
climatic conditions accelerate the de-
composition of bodies is far from being
sufficient for the existing demand. This
varies greatly from state to state and os-
cillates within the range ~12 - 1000 cas-
es per year (Gorka and Plens 2021).

A very limited number of specialists is
another urgent issue affecting the service
of forensic anthropology in Brazil. There
are no official data available regarding
the number of professionals working in
the field of forensic anthropology in Bra-
zil. Their approximate number oscillates
around 50 for the whole country (Trin-
dade Filho 2018). Due to mainly histor-
ical circumstances (Gaspar Neto 2017),
biological anthropology, which is inter-
nationally considered as a basic disci-
pline for further specialization in forensic
anthropology (Christensen et al. 2019)
is practically not being taught in Brazil
(Gaspar Neto 2017). As a consequence, if
we consider as an anthropologist a person
with academic background in anthropol-
ogy, Brazil does not have any practicing
forensic anthropologists' and their tasks
are usually taken over by either odontol-
ogists or medical practitioners, as accord-
ing to the current legislation, only these
professionals can act as such (Goérka and
Plens 2021). By no means does this fact
diminish the competence of profession-
als working in this field, yet, as they
state themselves, it greatly hampers the
beginnings of their career as they gener-

1 As of December 2022 there are two profes-
sionals certified by the FASE (Forensic Anthroppol-
ogy Society of Europe).

ally enter the field without proper theo-
retical and practical training and often
spend a long time “learning by doing”.
Such circumstances also undermine the
search for potential future personnel, as
professionals with adequate initial qual-
ifications are rare.

All this leads to a situation where citi-
zens of the same country cannot expect to
receive the same quality of service from the
same public agencies in different states.
This fact represents a highly detrimental
context to the society and, in the case of
forensic anthropology, can be considered
a violation of human rights (Baraybar and
Blackwell 2014). It also constitutes an
important obstacle for the development of
a democratic society through institutions
that are trustworthy, effective, accounta-
ble and fair (ICMP 2020).

Forensic Anthropology

and Human Rights
The first measurements taken on human
skeletal material were recorded in the
eighteenth-century France, and the appli-
cation of forensic anthropology in a legal
context goes back to the mid-nineteenth
and early twentieth century, within the
area of physical anthropology in the
United States (Klepinger 2006). Howev-
er, the use of forensic anthropology in the
situations of human rights violations is
a much more recent event. The creation
of the Argentine Forensic Anthropology
Team (EAAF) in the 1984 to investigate
crimes committed by the State during
the period of the Military Dictatorship
(1976-1983) is usually considered as
a pioneer application of anthropological
methods in such context. The Balkan
War (1992-1995), especially the atroc-
ities committed against the Muslim
population in this region and the Rwan-
da genocide of the Tutsi population in
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1994 generated a large demand to iden-
tify the thousands of victims found in
mass graves, bringing more visibility to
the field of forensic anthropology (Ferlini
1999). Currently, all over the world, in
(post)conflict zones, several forensic an-
thropology groups work with the aim to
denounce human rights abuses using an-
thropological methods (Hughes 2001).

Such cases represent clear examples of
State-committed crimes during turbulent
times, in which forensic anthropology
could contribute significantly. However,
the application of forensic anthropology
in the context of human rights abuses
is not solely limited to scenarios of war
or mass atrocities. Every death result-
ing from a violent action constitutes an
act of violation of the most basic right
of every human being - the right to life.
What is more, multiple human rights
abuses happen in cases when the victim
had been kidnapped and/or tortured be-
fore his/her death, which often occurs,
for example, in the context of organized
crime. As a consequence, the experts at
Medico-Legal Institutes are immersed in
a context of human rights violations on
a daily basis and do not need to travel to
places of armed conflicts for their work to
be of equal importance.

Crimes involving a person’s disap-
pearance, especially a forced one, con-
stitute cases in which various human
rights, both of the victim and his/her
family, are being violated (e.g. the right
to safety, freedom, dignity, life and not to
be subjected to torture or ill-treatment,
the right of the victim’s families to know
what happened to their relative) (ICMP
2020). Moreover, an inadequate and defi-
cient response of the authorities respon-
sible for resolving the case may lead to
subsequent human rights abuses (for ex-
ample, the right to due process or recog-

nition of the victim as a person before the
law), especially in the absence of an offi-
cial, effective, transparent and independ-
ent investigation or some other form of
omission on the part of the State and its
agencies. The Universal Declaration of
Human Rights states that national and
local governments and law enforcement
bodies should cooperate in a joint effort
to locate and identify missing persons
in any case of disappearance and violent
death, so that the investigation is effec-
tive and brings the necessary answers to
families and society (UN 2020).

Forensic Anthropology

and the Violation of Human Rights

Participation in a crime solving frame-
work constitutes a part of forensic an-
thropologist’s service. At the same time,
the inability of delivering an effective
outcome of the work resulting from
e.g. (infra)structural limitations creates
a context in which unintentional viola-
tion of human rights may occur.

In order to complete the process of an-
thropological analysis in forensic context
a professional should dispose of adequate
working conditions and access to neces-
sary comparative material and relevant
information from the police investiga-
tion. This, by default, implies their exist-
ence (in the case of comparative materi-
al), and secondly, a cooperation between
different branches of law enforcement
agencies, as well as between different
IMLs and even between various depart-
ments of the same IML. Insufficient in-
frastructure and scarceness of equipment
have a significant impact on the work ef-
fectiveness. Working conditions deficient
in these matters provide a framework in
which effective performance of forensic
anthropology service is hampered. As
a result, the positive contribution of this
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discipline to criminal cases is seriously
weakened. This automatically transfers
to the failure of forensic anthropology to
fulfil its potential related to the respect
of human rights of both the victims and
their families, and consequently creates
a context in which these rights are not
respected, and hence abused/violated.
It is important to emphasize that these
circumstances are independent of the
abilities, knowledge and potential of
professionals working in this area. Nev-
ertheless, they are inseparably linked to
the outcomes of their work.

What is also quite relevant to this dis-
cussion is the fact that the field-work per-
formed by Gorka and Plens (2021) was
conducted in IMLs in nine state capital
cities. The 366 remaining Medico-Legal
Institutes across the whole country do
not have a formal forensic anthropology
unit in their structure, neither they have
trained specialist in this area. Consid-
ering the fact that capital cities usually
dispose of a relatively higher budget than
the cities in the interior parts of a state,
together with the fact the above men-
tioned research was mainly performed in
wealthier states and the authors encoun-
tered a set of challenges and difficulties
in those localities, it becomes relevant
to question how forensic anthropology
cases are handled in the remaining lo-
cations. Whether anthropological exam-
inations are performed at all? If so, are
they performed properly? What are the
working conditions in which the anthro-
pological examinations are performed?
Are they adequate for this type of exper-
tise? Do the professionals have access to
adequate tools and resources? Are they
properly trained to conduct this kind of
examination? Does the population have
access to forensic anthropology service?
Is its quality adequate?

Knowing the answers it would be pos-
sible to more precisely assess the level
of human rights violations in relation
to forensic anthropology in Brazil. What
we know is that important challenges
and limitations are present even in the
wealthiest and most developed locations
(Gorka and Plens 2021). As a result, it
is relevant to contemplate the possibility
that the situation of forensic anthropolo-
gy is probably even more challenging in
the remaining regions, especially those
with lower incomes and higher levels of
violence. In such context, the systemic
deficiency of forensic anthropology trans-
fers and directly affects the citizens and
families that require such service in order
to find and identify their disappeared or
dead relative(s). The inability of a state to
provide an adequate service for such spe-
cialized cases forms a context of systemic
and systematic violation of basic human
rights of the citizens, and these include
both, direct victims and their families
and relatives. Although this situation
does not have easy and quick solution,
it should not be ignored and viewed as
non-existent.

In order to improve the situation, co-
ordinated and institutionalized actions
should be implemented. The work of pro-
fessionals, however adequate and well-in-
tentioned, is insufficient to change the
reality of forensic anthropology in Brazil,
which is immersed in a historical lack of
attention and institutional interest on
the part of the State in different fields.

Discussion

The Role of the State and Violence
by Omission
Violence is a multidimensional phenom-
enon affecting every human being at
some point in one way or another. Hu-
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man rights violations constitute a par-
ticular form of violence that is directed
towards both individuals, but also whole
groups and societies. By default, we usu-
ally assume that human rights violations
happen in extreme situations, such as
wars, tortures, etc., and considering any
act of violence, we usually think of an
aggressor who, through a direct action,
causes some kind of harm to the victim.
Nevertheless, a single act of violence can
have more dimensions than a simple di-
rect action with harmful consequences.
The most common form of violence is
a direct violence — when someone does
something. But violence also happens
when someone does not do something
— violence by omission (Bufacci 2007).
This form of violence is way less obvi-
ous, perceptible and can occur in differ-
ent forms, e.g. abandonment, negligence
or simply lack of knowledge or disregard
for situations that can generate a context
of violence.

Situations, in which a State performs
direct acts of violence towards its own
citizens are known and often highly pub-
licized. Nevertheless, States, quite often
operate, intentionally or unintentionally,
causing violence directed at its citizens
through omission. This type of violence
is defined by Galtung (1969) as structur-
al violence - a deliberate disengagement
of basic human needs by power actors,
which involves failure to take action that
could improve the lives of citizens or pre-
vent the violation of their basic rights.
Because of the nature of such violence,
the detection of a direct correlation be-
tween the perpetrator and the victim
in such situation is often more difficult
compared to direct violence. This results
in a fact that violence by omission often
goes unnoticed, ignored and/or disre-
garded. However, unlike direct violence,

violence by omission often follows a con-
tinuous pattern perpetuating systemic
structures of oppression (Bufacci 2007).
It is much easier for governments to act
in favour of maintaining the status quo —
even if this may generate a context that
somehow violates the population’s basic
rights — than to take a proactive attitude
to change it.

Such circumstances create a dou-
ble role of a State in relation to human
rights. On the one hand, the State plays
a crucial part in combating the violation
of human rights. On the other hand,
it can and often does act, more or less
intentionally, in parallel, violating the
same rights.

By default, government authorities
and officials at each level of the admin-
istration should, and often do act in
favour of promotion and help in reduc-
ing human rights abuses. Nevertheless,
the systemic ignorance or disregard of
issues related to human rights abuses,
legislative omission and unwillingness
to solve problems that can be solved
solely through administrative decision,
together with insufficient distribution
of resources to areas directly related
to work against such situations create
a context in which human rights are
being systemically and systematically
violated. This can happen even without
any intentional involvement of anyone
in this regard.

When applying such an approach to
the analysis of the current situation of fo-
rensic anthropology in Brazil, the impact
of a State induced violence by omission
on the Brazilian population can be easily
perceptible. The most noticeable aspect
of human rights violation in relation to
forensic anthropology in Brazilian con-
text is the enormous inequality among
citizens when it comes to access to the
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service. Only 4% of the 381 Medico-Le-
gal Institutes across the country have
a structured, more or less formal, foren-
sic anthropology department, section or
unit (Gorka and Plens 2021). Locations
without designated forensic anthropology
sections in the IML structure and those
without experts properly trained in this
area often either leave anthropological
cases unanalysed or perform only a sim-
ple registration of the collected material
without actual anthropological examina-
tion (Goérka and Plens 2021). Consider-
ing that such circumstances characterize
the majority of the Brazilian IMLs, the
availability of service for the populations
remains extremely scarce and precarious.
This issue has been already raised by the
Brazilian Medical Federation who indi-
cated in its report in 2016 that: “A high
amount of IMLs does not mean that
services are available to the population”
(FMB 2020). The National Secretary for
Public Safety (SENASP) recognizes that
the service of the IMLs is: “... fundamen-
tal for the protection of human rights and
for the strengthening of the evidential
framework and the consequent reduc-
tion of impunity” (SENASP 2012). The
same quality and type of service should
be available to the entire population of
a country, if public institutions of such
importance in solving crimes, reducing
impunity and improving public safety
aim at fulfilling its mission.

In complex anthropological cases
that require specialized knowledge and
training, together with adequate physical
condition and equipment of a laboratory
this is particularly important. The lack of
comparable access to such service for the
entire population produces a context of
a significant inequality that greatly ham-
pers the fulfilment of basic human rights
(right to effective investigation, right to

recognition as a person before the law,
due process, rights of surviving relatives
at burial and dignified farewell of a loved
one, etc.).

The administrative structure of the
country, together with state differences
in the management of public funds and
the management of the IMLs appear as
the main contributing factors of this situ-
ation. Linked to the National Secretary of
Public Security or the Civil Police of each
state, Medico-Legal Institutes work with-
in the political context of each one. The
federal organization of the country gives
the states the autonomy of resource dis-
tribution and organization of legislative,
economic and social priorities accord-
ing to their particular political interest
and the decisions of their governors. In
such context, changes that would imply
benefits for the entire population of the
country would require centralized, coor-
dinated, institutionalized and universal
actions and creation of national strategies
in areas of high public interest, such as
forensic anthropology. Only this way, uni-
versal access to the same quality of ser-
vice for every citizen could be guaranteed.

When experts work in settings with-
out proper, or sometimes even minimal
physical and/or technical conditions
(FMB 2020; Gorka and Plens 2021), the
verification and validation of the evi-
dence is put at risk and, together with an
effective investigation, can be compro-
mised. Unsolved cases accumulate, and
new ones arriving daily already surpass
the processing possibilities of the ex-
perts. This situation creates yet another
problem. The accumulation of unsolved,
not analysed and/or not claimed material
demands adequate and dignified storage
space that many IMLs have difficulty to
designate due to their limited physical
capacity (Gorka and Plens 2021).
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The lack of a national database of
missing persons, despite the existence
of several local and unintegrated regis-
tries, creates another major problem in
Brazilian forensic anthropology (Calm-
on 2019). The importance of a forensic
anthropologist work lies in the possi-
bility and ability to conduct a compar-
ative analysis of unidentified skeletal
remains with antemortem data from
a suspect of identity in order to confirm
or reject a possible match. For a person
to be considered the subject of an anal-
ysis, it is necessary to have information
about his/her disappearance. Experts
working in the field of forensic anthro-
pology are able to perfectly reconstruct
the biological profile of the victim (sex,
height, age). They also have the ability
to recover some individualizing informa-
tion about that person from the skeletal
material (fractures or previous surgeries,
pathological lesions, dental treatment or
other individuality of denture or skele-
ton, etc.). These, compared with medi-
cal and/or dental records or even simple
smile photographs (Silva et al. 2008,
2016; Miranda et al. 2016; Mazur et al.
2021) may be sufficient to confirm the
individual’s identity.

A high level of internal migration
in Brazil (de Lima Amaral 2013) con-
stitutes a factor which often deter-
mines that a disappearance of a person
is notified to the relevant authorities in
the state of the victim’s origin and not
always in the state where the person
disappeared or was translated to after
a forced disappearance. The continental
dimension of the country and the con-
text of economic vulnerability of a great
part of internal migrants frequently con-
tribute to this fact. At the same time, the
relevant authorities of the administrative
unit where the victim’s body is found will

work on the case and possibly will not
have access to the information about the
victim’s disappearance if this record was
made in another state. This is because
the existing local databases of missing
persons are managed by the states and
are not integrated at a national level. Ad-
ditionally, the data introduced within the
state databases is not always consistent
with each other, which significantly hin-
ders and undermines effective investiga-
tions (Calmon 2019).

Until 2017, Brazil did not have any
integrated national policy or tool for the
management of missing persons’ records.
In 2017, the National System for Locat-
ing and Identifying Missing Persons (SI-
NALID) was created, with the purpose of
fostering the cooperation of various agen-
cies and public institutions working with
missing persons. As of the date of writing
(October 2022, over 85.000 cases from
20 states are registered in the database,
however the system is not yet fully oper-
ational in all federative units (SINALID
2022). In 2019, the law n°® 13.812/2019
was established, creating the National
Policy for the Search of Missing Persons
and launching the National Registry of
Missing Persons, yet the system is still
under construction (Ministério de Justiga
e Segurancga 2021a). In 2021, a week-long
national campaign for the collection of
biological material (DNA) from the rel-
atives of missing persons was launched
with the aim of creating the National
Bank of Genetic Profiles (Ministério de
Justiga e Seguranca 2021Db).

Nevertheless, these are only very re-
cent initiatives. The long-term omission
and lack of initiative by the federal au-
thorities, relevant agencies and the leg-
islative powers, regarding the creation
of a national and functional database of
missing persons falls under another form
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of human rights violation by the State
against the Brazilian population. Access
to such registries is a fundamental fac-
tor in the process of solving crimes and
combating impunity. The existence of
such a tool is also crucial within the field
of forensic anthropology and opens up
space for better and more effective work
by specialists in this area as the process
of positive identification is incomplete
without comparative material from pos-
sible suspects of identity. In fact, this fac-
tor was commented by professionals as
one of the main reasons why the major-
ity of forensic anthropology cases in Bra-
zil remain unsolved/unidentified (Gorka
and Plens 2021). Therefore, mentioned
initiatives are extremely important steps
in the direction of providing the Brazilian
population with tools that would facili-
tate the service of public and law enforce-
ment agencies that work within the con-
text of missing persons.

All from the above indicated problems
arise as an effect of administrative deci-
sions within the structure of a country,
state and of an IML itself. The omission
of those responsible for addressing these
issues in order to improve the situation
and create adequate spaces for carrying out
anthropological examinations is an impor-
tant factor in perpetuating the context of
violation of basic rights of the population.

The potential and future of forensic

anthropology in a global perspective
Forensic anthropology is gaining a lot
of attention and recognition within
both forensic sciences and popular con-
sciousness. Over the years, the field has
undergone an important developmen-
tal shift from a pure application of an-
thropological methods in a legal context
to a highly independent field of science
(Dirkmaat et al. 2008; Cunha 2010; Pas-

salacqua et al. 2021). Recent advances
created a certain theoretical void (Adova-
sio 2011) that began to be addressed over
the past years (Clifford Boyd and Boyd
2011, 2018; Winburn and Clemmons
2021). However, there are still certain
theoretical aspects related to the prac-
tice of forensic anthropology that have
not received much attention and which,
nevertheless, significantly affect the per-
formance of specialists in some regions.

For the field of forensic anthropology
to fully contribute in the defence of hu-
man rights, without creating context of
their violation, it must be ensured that
its entire potential is used in forensic cas-
es. This can be achieved only if a suffi-
cient number of properly trained experts
is available for the existing demand and
their distribution is coherent with the
needs of the entire population. Appropri-
ate working conditions and a national da-
tabase of missing people are essential fac-
tors for effective forensic investigations
that would guarantee due process of law
of a case. Such context would allow us
to consider that the system in which the
field of forensic anthropology operates
does not violate the rights of the popula-
tion. The characteristics of the structural
violence inflicted by the State in relation
to the practice of forensic anthropology
must be addressed in a coordinated, in-
stitutional and urgent manner.

The progress and development of fo-
rensic anthropology needs a coherent,
universal, well-structured and national
plan, which can be applied to all units
destined to perform anthropological ex-
pertise. When creating strategies, it is
important to remember not to start build-
ing the house from the roof. Solid profes-
sional and academic foundations of the
discipline are crucial for the rest of the
field to begin forming a stable structure.
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The outstanding performance and efforts
of the professional community in this
field need the support of authorities at
all levels of the country’s administration.
It is through this that proposals and ini-
tiatives that arise from those who know
the field and its challenges first-hand can
be materialized and, thus, promote the
advancement of this discipline that can
directly contribute for the basic rights of
the Brazilian population to be respected.

It is important to acknowledge that
the circumstances, as presented here,
may not be true for every forensic anthro-
pology unit around the world, yet, quite
likely they are also not exclusive to the
Brazilian context only. As scientists, even
though it may not affect us personally, we
cannot turn a blind eye on the fact that
professional realities differ, and they differ
greatly between geographic regions, often
due to important social, political and eco-
nomic disequilibrium existing among the
countries of the so-called Global North
and South. This imbalance directly af-
fects multiple aspects of various areas
of life, including the practice of forensic
anthropology. As Sabzalieva et al. (2020)
state: “...global asymmetries in the pro-
duction of science shape mechanisms of
recognition.” Despite being a leader in
scientific production in the region, Brazil
continues as a peripheral actor in global
science (Martinez and Sa 2020). Conse-
quently, as Brazilian perspective rarely
reaches the international academic van-
guard, the issues affecting various fields of
science that are being raised by national
researchers and practitioners remain at
a rather local level. Highlighting difficul-
ties and challenges faced by professionals
from academically marginalized regions
to a broader audience helps break the bub-
ble of “North-centric” perspectives by pre-
senting realities that are distant yet real.

It broadens the possibility for exchanging
knowledge and experience and opens up
space for international collaborations that
ultimately can lead to an improvement of
the situation by creating joint proposals,
applicable strategies and actuation plans
based on contrasting experiences.
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Anthropometric characteristic
and body composition of female students involved
in volleyball training

Tetiana Kutseryb, Myroslava Hrynkiv, Lyubomyr Vovkanych,
Fedir Muzyka, Valeryi Melnyk

Department of Anatomy and Physiology, Ivan Bobersky Lviv State University of Physical Culture

AssTrACT: There have been only few studies investigating the anthropometric characteristics of female vol-
leyball players. These studies have revealed a positive influence of volleyball training on the physical devel-
opment and fitness level among girls and women. The aim of the study was to assess the anthropometric
profile of young female volleyball players.

Our sample consisted of twelve female volleyball players aged between 18-21 years with at least 5 years
of training experience. The body height and mass, the thickness of skinfolds, longitudinal dimensions of
the body, girth and breadths were measured. The body composition was determined using anthropometric
and bioimpedance methods. Somatotype was determined according to the calculating method of J. E. L.
Carter.

The body height of the volleyball players was estimated as high, and the body mass - higher than aver-
age. Middle shoulders, narrow pelvis and prevailing of longitudinal dimensions were the most distinctive
features of the body proportions of the female volleyball players. Although their thorax was narrow, the res-
piratory muscles were well developed. The male type of proportions was typical for players exhibiting a thei-
noid scheme (middle shoulders, long legs) according to V.V. Bunak. Our data showed high development of
the muscular component of the body of volleyball players, comparable to females professionally involved
in sport . Index of muscle development, based on the excursion of the shoulder muscles, was typical for
female athletes — 9,92 + 2,98 cm. We also found that the relative mass of the fat component was within
the normal range for elite volleyball players. The central somatotype was found to be typical for the female
volleyball players: endomorphy - 3,98 + 0,58, mesomorphy - 3,38 + 1,01, and ectomorphy - 3,67 = 0,76.

The obtained results describe the morphological profile of female volleyball players and can be used for
the monitoring of their fitness level.

Key worps: anthropometry, female players, playing positions, bioelectrical impedance, body proportions,
Heath-Carter somatotype.
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Introduction

Volleyball is considered as one of the
most popular sports and plays both the
role of recreational activity and a pro-
fessional sport. Anthropometry studies
can provide important information re-
garding the influence of volleyball ac-
tivities on the physical development of
the younger population as well as asses
sport selection processes and adaptation
of professional volleyball players. Such
studies have also the potential to deter-
mine the anthropometric characteristics
of professional athletes, as well as esti-
mate an influence of volleyball training
on the physical development and fitness
level of girls and women. Importantly,
such studies can provide data that could
be compared to anthropometric charac-
teristics of other female athletes, such as
those described in our previous research
(Kutseryb et al. 2017; 2018; 2019; Hryn-
kiv et al. 2018).

Unfortunately, to our knowledge,
there have been only few studies com-
paring anthropometric characteristics,
such as somatotype and body composi-
tion, between female volleyball players
and untrained students or young wom-
en (Tsunawake et al. 2003; Pietrasze-
wska et al. 2015; Pastuszak et al. 2016;
Sarafyniuk et al. 2018). These studies
have revealed that, compared to students
not actively involved in sport activities,
volleyball players tended to be taller,
while their circumferences of the arm
and crus, most of the chest dimensions,
body density, and lean body mass exhib-
ited higher values. The above changes in
physical development and fitness levels
may be caused by volleyball training, re-
sulting in the overall increase in shoul-
der width, circumferences of the chest
and tensed shoulder, thigh and calf in

young female volleyball players during
one year training period (Sarafyniuk et
al. 2020). The influence of the volleyball
activities on anthropometric character-
istics appears to be greater compared to
other game sports. For example, young
female handball players tended to be
taller, had thinner skinfolds, lower body
mass index and percentage of body fat
compared to handball players (Konstan-
tinos et al. 2019).

In the previously mentioned studies,
the possible differences in the anthro-
pometric profiles of the players of differ-
ent positions were not considered. Such
differences, possibly caused by variance
in physical demands during a volleyball
game (Fomin et al. 2012), were found
for professional players by a number
of studies (Zaccagni 2001; Malousa-
ris et al. 2008; Carvajal et al. 2012;
Gualdi-Russo & Martin-Matillas et al.
2014; Pietraszewska et al. 2015; Mili¢
et al. 2017). In general, centers (mid-
dle blockers) and opposites (opposite
heaters) are the tallest players with the
largest ectomorphic component, while
the liberos had the smallest body height
and exhibited the highest mesomorphy.
Differences in some somatotype cate-
gories influence the efficiency of young
volleyball players (Grgantov Z. 2017).
Although professional players have
been found to exhibit significant differ-
ences in the anthropometric profiles,
corresponding differences have not been
investigated among college students.
Therefore, the need for the creating an
anthropometric model of college-lev-
el female athletes has been suggested,
which would reflect the specificity of
their sports activities. To address this
issue, the present study aimed to exam-
ine the anthropometric profile of young
female volleyball players.
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Materials and methods

Study participants

We have examined 12 female athletes
aged 18-21 years with sports experi-
ence of at least 5 years, players of Ivan
Bobersky Lviv State University of Phys-
ical Culture (LSUPhC) volleyball team.
A detailed description of the subjects is
provided in Table 1. Informed consent
was obtained before the study. All studies
were provided with the ethical standards
declared in the state documents and the
internal regulations of the organizations
responsible for the study with the partic-
ipation of a human, as well as the princi-
ples of the declaration of the World Med-
ical Association of Helsinki.

Data collection and statistical
analysis

The following anthropometric charac-
teristics were measured: body height
(by anthropometer) and body mass (by
Tanita BC 601), thickness of skinfolds
(by Skinfold Caliper Baseline), longitu-
dinal dimensions of the total body and
the segments (trunk, lower and upper
extremities), girths (circumferences) and
breadths (diameters) (Martirosov 1982;
Laskia-Mierzejewska 2008). Chest girth
(CG) was measured at rest, and at max-
imal inspiration and expiration (Marti-
rosov 1982; Carter 1990; Malinowski &
Bozitow 1997). Arm girth was measured
in relaxed and tensed position.

Table 1. Main anthropometric characteristics of female volleyball players (n = 12)

Sport Body

Body

pIc))lsaiZiicr)lfs experience, ;z"(i’s height,  mass, C(‘frcr;l/ Sl}i’ BMI IMD BI
years cm kg

MB 7 19 182.0 70.5 85.0 7.0 18.7 6.3 49.1
MB 5 20 182.5 74.5 92.5 7.5 22.4 10.0 50.7
MB 8 21 181.7 76.8 85.1 6.0 19.8 7.7 46.8
OpH 13 20 180.1 76.6 87.2 7.9 20.0 11.5 48.2
OpH 8 18 179.9 65.9 86.8 7.0 20.5 8.1 48.5
OpH 8 18 179.9 65.9 85.1 7.0 20.4 11.5 47.5
S 6 19 178.2 68.0 87.0 4.5 19.8 11.5 48.7
S 8 18 177.1 69.1 88.0 8.3 20.7 8.0 48.9
OH 7 20 176.1 68.5 89.0 12.0 22.3 7.5 50.6
OH 5 20 175.2 69.1 95.0 5.0 21.7 7.1 54.3
L 10 20 172.4 59.4 97.0 7.0 23.7 10.0 56.4
L 5 20 170.1 61.00 82.5 10 20.0 9.8 47.9

19.4 177.9 68.8 88.4 7.4 20.8 9.1 49.8
Mean + SEM  7.5+0.67

+0.29 +1.13 +*1.57 =126 =059 =041 =*0.54 =0.83

Notes: MB - middle blocker; OpH - opposite hitter; S — setter; OH — outside hitter; L — libero; CG - chest
girth (at rest); CE — chest excursion; BMI — body mass index; IMD - index of muscles development;

BI - Brugsch index.
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Body composition was determined by
both anthropometric and bioimpedance
(Tanita BC 601) methods (Martirosov
1982; Martirosov et al. 2006), while
physical development and body propor-
tions were estimated by the index meth-
od. The Heath-Carter somatotype of ath-
letes was determined by the calculation
method of J. E. L. Carter (Carter 1990;
2002). Data were analyzed in Microsoft
Excel 2010. All values are presented with
arithmetic mean with standard error
of the mean (SEM), in some cases the
standard error (SE) of the data is shown.

Results

Body height of the study participants
(see Table 1) was very high and exceed-
ed the 97% percentile of 2000 CDC
growth charts for healthy untrained sub-

jects, while their body mass was high-
er than average (75%-90" percentiles).
The tallest players were middle blockers
(182.0 = 3.30 cm) and the opposite hit-
ters (180.1 + 2.36 cm), while the small-
est were liberos (172.4 = 2.39 cm), which
also had the lowest body mass. The mean
value of body mass index (BMI) of vol-
leyball players was 20.83 = 1.41 kg/m?,
which is within 25%"-50%" percentile range
for healthy untrained girls aged 18-
20 years (2000 CDC growth charts 2002;
Kuczmarski 2002). The values of chest
girth (at rest, at maximal inspiration and
expiration), Brugsch index, and chest
excursion (see Table 1) indicated a good
chest development of study participants.
The dimensions of the trunk and ex-
tremities of the players, such as lengths,
breadths (diameters), and girths (circum-
ferences) are presented in Table 2.

Table 2. Partial dimensions of the body of female volleyball players (n=12)

Dimensions, cm Mean + SEM
Trunk length 51.89+1.96
Arm length 79.38+2.59
Leg length 97.62+2.95
Biacromial breadth (diameter) 39.58+1.65
Transverse chest breadth 26.19+0.96
Anterior-posterior chest breadth 17.95+1.29
Biiliocristal breadth 28.08+1.49
Hand breadth 6.33+0.69
Wrist breadth 5.07+0.43
Femur breadth 9.46+0.64
Ankle breadth 6.39+0.80
Arm girth (circumference) (flexed and tensed) 29.23+2.45
Arm girth (relaxed) 26.58+1.95
Arm excursion 2.67+0.23
Forearm girth 24.27+1.58
Thigh girth 54.91+2.40
Leg girth 35.35+1.62




Volleyball and anthropometric features of students 35

A comparison between athletes with
different playing positions showed that
middle blockers and the opposite hitters
had the largest length of the trunk, upper
extremities and lower extremities, with
slightly lower values exhibited by setters
and outside hitters, and the lowest values
of the liberos. Thus, players of the attack
line had larger values of the longitudal
dimensions of the body’s parts compared
to players of the defensive line. We did
not find any relationship between the
playing role and the chest girth and chest
excursion.

The index of lower extremities length
(Sergienko 2004) and Manouvrier’s
skelic index (MSI, Laskia-Mierzejewska
2008) showed that the examined play-
ers had long legs, combined with average
shoulders width (by the index of shoul-
ders width). The paratheinoid type of the
body type with middle shoulders and long
legs was found to be representative for
the players (Martirosov 1982). The ratio
of the biacromial to biiliocristal breadths
of the subjects was 71.05 + 1.29%,
which clearly indicates a “male” type of
body proportions.

The body composition of the athletes
was determined by the anthropometric
method and bioimpedance analysis (Ta-
ble 3).

It should be noted that the bioimped-
ance analysis aims to show the mass of

all human muscles (including smooth
muscle and myocardium) and the mass
of dry bone (Nikolaev et al. 2009). Due
to this, the mean value of muscle com-
ponent in our sample (47.00 = 1.06 kg)
was higher than the one obtained by
the anthropometric method (29.49 +
0.47 kg) and the dry bone mass - only
2.62 + 0.09 kg. The fat component, de-
termined by the bioimpedance method,
was slightly higher (19.85 + 2.34%),
than obtained by the anthropometric
one (16.39 = 1.01%).

The thickness of subcutaneous fat
layer on different body parts was analyz-
ed by the skinfolds measurements and
could be compared to the results of seg-
mental bioimpedance analysis (Table 4).
The average thickness of the subscapu-
lar skinfold was 12.58 + 2.54 mm, ab-
dominal - 18.25 + 4.65 mm, suprailiac
—19.25 + 4.63 mm. The triceps skinfold
reached 13.50 = 2.61 mm, biceps — 9.08
+ 2.91 mm, and the forearm one - 7.08
+ 2.50 mm. The thickness of the thigh
skinfold was 15.25 + 2.01 mm, and the
medial calf one - 13.75 = 2.86 mm. No
significant difference was found between
the players holding different volleyball
positions, although there was a ten-
dency towards slightly larger suprailiac,
forearm skinfolds along with smaller
subscapular skinfold for outside hitters
and liberos.

Table 3. Body composition of female volleyball players (n = 12), determined by anthropometric and bioim-

pedance methods (Mean + SEM)

Bioimpedance method

Method
Total muscles, kg~ Bone mass, kg Body fat, % Visceral fat, %
Bioimpedance 47.00 = 1.06 2.62 = 0.09* 19.85 = 2.34 1.67 £ 0.21
Anthropometric 29.49 + 0.47** 9.94 + 0.41 16.39 = 1.01 -

Notes: * — dry bone mass; ** — skeletal muscles only.
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Table 4. Results of segmental bioimpedance analysis (n=12, mean = SEM)

Total muscles, kg

Index
Trunk Right hand Right leg Left hand Left leg
Total muscles, kg 26.76 =0.74  2.71 £0.20 8.97 £0.26 2.73 =0.16 8.87 £0.25
Body fat, % 22.39 £1.38 19.66 £2.20 26.25 *£1.57 19.06 +1.45 2597 =1.57

Both the results of segmental bioim-
pedance analysis and anthropometric
data showed a high development of the
lower extremity muscles of the examined
players that was confirmed by high girths
of thigh and calf (see Table 2), small thick-
ness of relevant skinfolds (see above), and
a high mass of leg muscles (see Table 4).
As expected, there was no significant bi-
lateral asymmetry in the muscle and fat
components of the extremities.

The analysis of the Heath-Carter so-
matotype of players (Carter 1990) revealed

significant individual differences in the
values of some components (Fig. 1) which
might be related the specific demands of
different playing positions, though a larg-
er data set is needed for these results to
be conclusive. For example, the soma-
totype of both liberos was ectomorphic
endomorph, and outside hitters — meso-
morph-endomorph. Other players were
generally more ectomorphic, especially
the middle blockers and opposite hitters.
We found the following average val-
ues for somatotype components of the

BALANCED
MESOMORFPH

ENDOMORPHIC
MESOMORPH

ECTOMORPH

Fig. 1. Individual somatotypes of female volleyball players according to Heath-Carter
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players: endomorphy - 3,98 + 0,58, mes-
omorphy - 3,38 + 1,01, and ectomorphy
- 3,67 = 0,76. As all somatotype com-
ponents are close to average levels, and
the difference between them does not
exceed 1 point, it indicates the central
type of constitution. The obtained values
of ectomorphic and endomorphic com-
ponents are caused by a combination of
large height and long legs of players with
the average body mass and average thigh
girth.

Discussion

The body height and mass of study par-
ticipants of our study are similar to those
reported in other studies. For instance,
the body height of female volleyball play-
ers was reported to range from 169.2 to
187.1 cm (Carvajal et al. 2012; D’Ana-
stasio 2019) and body mass - from 79.0
to 60.7 kg (Carvajal et al. 2012; D’An-
astasio 2019). The elite players tend
to be higher — from 177.1 to 187.1 cm
(Malousaris et al. 2008; Carvajal et al.
2012) in comparison to non-profession-
al athletes (168.7-177.9 cm) (Tsuna-
wake et al. 2003; Busko 2012). Conse-
quently, the height of participant in our
study falls within the upper range for
college players, and the lower level for
top-level athletes. The body mass of the
elite players (63.7-79.0 kg) is also high-
er compared to players of college teams
(59.7-71.3 kg) (Tsunawake 2003; Busko
2012; Bozo and Lleshi 2012; Carvajal et
al. 2012). Therefore, body mass observed
among study participants corresponds to
average values of top-level athletes and
above average values of college players.
The BMI of study participants (20.83)
is comparable to those of other college
players (20.0-22.5) and lower than BMI
of elite players (22.0-23.2) (Bozo and

Lleshi 2012; Busko 2012; Carvajal et al.
2012, 2015). The larger values of BMI of
the top-level players could be the result of
higher development of skeletal muscles.

There have been plenty of studies
looking at the variance in the height
and body mass between the professional
players of different positions (Malousa-
ris et al. 2008; Carvajal et al. 2012;
Martin-Matillas et al. 2014; Pietrasze-
wska et al. 2015; D’Anastasio 2019). In
support of their findings, we have found
that middle blockers (181.7-182.0 cm)
are the tallest players, while the opposite
hitters, setters and outside hitters are
slightly smaller, and the smallest height
is exhibited by liberos (170.1-172.4 cm).
Liberos also have the lowest body mass
(59.4-61.0 kg, as compared to athletes
of the other playing positions (65.9-76.8
kg). The differences in the total sizes of
the athlete’s body can be explained by
the peculiarities of the activity of each
playing position. Our results suggest
that the pronounced morphological ad-
aptation of the players to the demands
of different playing positions might be
detected even at the level of college (uni-
versity) teams.

The chest girth of our subjects (88.35
+ 4.36 cm) highly exceeds the data pre-
sented by Tsunawake et al. (2003) - 82.8
cm, and appears to be comparable to
chest girth of elite players (89.1-90.5)
(Carvajal et al. 2015). A pronounced
chest development of study participants
is also indicated by Brugsch index, which
is high (49.80 = 2.86) and similar to
the normal level for men (50-55 units).
Chest excursion (7.43 + 2.04 cm) ap-
pears to be within the normal range for
female athletes. The anterior-posterior
chest breadth (26.2 cm) is comparable to
top-level athletes (26.3-26.5 cm; Carva-
jal et al. 2012).
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The average arm length of the ex-
amined volleyball players (79.4 cm) is
comparable to results reported by other
researchers (Sarafyniuk et al. 2020), and
larger compared to basketball players
(Hrynkiv 2018). The width of the shoul-
ders (39.6 cm) and pelvis (28.1 c¢m) of
study participants is rather average com-
pared to elite players reported by other
studies (39.2-40.9 ¢m and 27.6-33.1 re-
spectively; Papadopoulou 2003; Carvajal
et al. 2015). Examined players have par-
atheinoid type of body, the “male” type
of body proportions (larger biacromial
than the biiliocristal breadth), and highly
developed legs’ muscles. These features
indicate an optimal adaptation to vertical
jumps, which is incredibly important in
the volleyball.

The breadth of the hand (6.33 cm),
wrist (5.07 cm), femur (9.46 cm), and
ankle (6.39 cm) of examined players in
most cases are slightly lower compared
to the corresponding values of top-lev-
el players (6.2-7.1; 5.3-5.4; 9.6-9.9;
6.8-7.4 cm respectively) (Papadopoulou
2003; Carvajal et al. 2012; 2015; Piet-
raszewska et al. 2015), suggesting that
the adaptive changes in the skeletal sys-
tem are less pronounced at the level of
college players in comparison to the elite
athletes.

The circumferential dimensions of
some body parts (i.e., girth of the fore-
arm, thigh, and leg), the girth of flexed
and tensed arm, the strength index and
index of muscle development can be
used as an indicator of skeletal muscles
development. This is supported by the
findings of other studies (Papadopoulou
2002, 2003; Carvajal et al. 2012; 2015;
Martin-Matillas et al. 2014) showing
that the highest values of circumferences
of arm (relaxed - 28.5, flexed — 30.5 cm),
forearm (25.9 c¢m), thigh (60.1 c¢cm), and

leg (37.7) of the elite female volleyball
players exceed the corresponding values
of the college teams’ players (26.6-29.2;
24.3; 54.9; 36.5 cm respectively). It also
indicates the importance of high muscles
development necessary to enhance vol-
leyball performance. The circumferential
dimensions of the examined players ap-
pear to fall within the lower part of the
range for the elite athletes, while the dif-
ference in the girth of flexed and tensed
arm of our subjects (2.67 cm) exceeds
the maximal level of top players (2.1 cm,
Carvajal et al. 2015). We found that the
strength index of the examined volleyball
players (48.99 + 3.68%) lies within the
range for female athletes (50-60%). The
index of muscle development of study
participants is 9.92 + 2.98%, while for
the basketball players it is considerably
lower — 5.38 = 1.13%, exhibiting typi-
cal values for female athletes are 5-12%
(Malinowski and Bozitow 1997; Laska-
-Mierzejewska 2008; Hrynkiv et al
2018; Kutseryb et al. 2019). Our results
suggest that development of the skeletal
muscles of our subjects is comparable to
the top-level players.

The fat component of our study par-
ticipants (16.4%), determined by the
skinfold measurements, is close to the
lowest values, reported both for the high-
skilled (14.9-28.9%) and college-level
(13.99-25.6%) female players (Bozo and
Lleshi 2012; Carvajal et al. 2012; Busko
2012). The thickness of skinfolds might
indicate differences regarding the devel-
opment of subcutaneous fat layer for ex-
amined players compared to highly qual-
ified athletes. Similar values are found
for the number of skinfolds: subscapular
(12.1 mm compared to 9.5-12.3 mm),
triceps (13.5 and 9.6-19.3 mm), thigh
(15.25 and 10.0-19.0 mm), and medi-
al (13.75 and 7.6-17.4) (Papadopoulou
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2002; Malousaris et al. 2008; Carvajal
et al. 2012; 2015). However, some oth-
er skinfolds, such as abdominal (18.25
compared to 10.6-12.6 mm), suprailiac
(19.25 and 6-10.9 mm), and biceps (9.08
compared to 4.5-5.9 mm) are thicker in
the participants of this study.

A higher level of relative fat mass
(19.85 = 8.09%) is observed among
study participants using the bioimped-
ance method. It includes 1.67 + 0.73% of
visceral fat, a sufficient amount of which
could play an important role in terms of
the fitness and health of female athletes.
It is widely assumed that visceral adipose
tissue in omentums and adipose capsule
of the kidneys ensures proper fixation of
internal organs and cushioning of the
mechanical shocks during the run and
jump performance.

The relative mass of the bone compo-
nent (15.13%), showed in our study us-
ing the athropometric method, is higher
compared to high-skilled female players
(8.9-9.5%, Carvajal et al. 2012). The
bioimpedance analysis reveals a dry bone
mass of 2.62 kg. Given that the aver-
age body mass of the study participants
is 65.66 kg, these values of the bone
component are within a normal range
(Nikolaev et al. 2009).

The muscular component of exam-
ined volleyball players reaches 44.93%
of body mass, while in other studies
it was reported to vary from 37.8%
(Martin-Matillas et al. 2014) to 45.9%
(Carvajal et al. 2012) for the elite female
players, supporting the results of our
study regarding the high development of
the skeletal muscles.

The average somatotype of our study
participants is the central one (endomor-
phy — 3.98 = 0.58, mesomorphy - 3.38
+ 1.01, and ectomorphy — 3.67 + 0.76).
The endomorphy level of elite female

volleyball players ranges between 2.4 and
3.4 (Carvajal et al. 2015; Malousaris et
al. 2008), and in one case it reaches 4.25
(Papadopoulou 2002). The mesomorphy
of elite athletes was found to vary from
2.2 to 3.5 (Papadopoulou 2002; Carvajal
et al. 2015), and ectomorphy — from 2.9
to 3.2 (Malousaris et al. 2008; Carvajal
et al. 2012; 2015). The average somato-
type of top-level female players, calculat-
ed as the mean of the data of other au-
thors (Papadopoulou 2002; Malousaris
et al. 2008; Carvajal et al. 2012, 2015;
Martin-Matillas et al. 2014), is estimat-
ed to be 2.91-3.24-2.96 (endomorphy —
2.91 = 0.16, mesomorphy — 3.24 + 0.13,
and ectomorphy - 2.96 = 0.08). It shows
that top-level female players also have
central somatotype, although our study
participants have larger endomorphy and
smaller ectomorphy levels.

In summary, the results of our study
reveal a significant influence of the train-
ing activities on the female physique,
though not as large as professional sport
activities. Our study participants are
much taller and exhibit higher body mass
and BMI compared to untrained persons,
and these features to a great extent de-
pend on playing position. however, the
above differences in body physique are
less pronounced than in professional
athletes. Still, the examined players ex-
hibit well-developed chest and shoulders,
parathenoid type of body proportions and
the “male” body type. Development of
the skeletal muscles among study par-
ticipants is comparable to the top-lev-
el players. The muscular component of
their body composition is high (44.93 =
1.52%), while the fat component (16.4%)
is close to the lowest values of volleyball
players. The average somatotype of ex-
amined volleyball players is central type
(3.98-3.38-3.67), although significant
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individual differences in the values of
the three components of the constitution
have been found.

We suggest that the obtained data al-
low us to recommend volleyball training
for the improvement of the physical de-
velopment of women. The knowledge of
the morphological profile of the female
volleyball players, described in our study,
will facilitate the selection of the play-
ers for the volleyball teams and will im-
prove the individual approach to athletes’
training during regular, pre-competitive
and main competition periods.
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AssTrACT: Human voice is an extremely important biological signal which contains information about
sex, age, emotional state, health and physical features of a speaker. Estimating a physical appearance from
a vocal cue can be an important asset for sciences including forensics and dietetics. Although there have
been several studies focused on the relationships between vocal parameters and ratings of height, weight,
age and musculature of a speaker, to our knowledge, there has not been a study examining the assessment
of one’s BMI based on voice alone.

The purpose of the current study was to determine the ability of female “Judges” to evaluate speakers’
(men and women) obesity and body fat distribution from their vocal cues. It has also been checked which
voice parameters are key vocal cues in this assessment.

The study material consisted of 12 adult speakers’ (6 women) voice recordings assessed by 87 “Judges”
based on a 5-point graphic scale presenting body fat level and distribution (separately for men and women).
For each speaker body height, weight, BMI, Visceral Fat Level (VFL, InBody 270) and acoustic parameters
were measured. In addition, the accuracy of BMI category was verified. This study also aimed to determine
which vocal parameters were cues for the assessment for men and women. To achieve it, two independent
experiments were conducted: I: “Judges” had to choose one (obese) speaker from 3 voices (in 4 series);
II: they were asked to rate body fat level of the same 12 speakers based on 5-point graphic scale.

Obese speakers (i.e., BMI above 30) were selected correctly with the accuracy greater than predicted
by chance (experiment I). By using a graphic scale, our study found that speakers exhibiting higher BMI
were rated as fatter (experiment II). For male speakers the most important vocal predictors of the BMI were
harmonics-to-noise ratio (HNR) and formant dispersion (Df); for women: formant spacing (Pf) and intensity
(loudness).

Human voice contains information about one’s increased BMI level which are hidden in some vocal cues.

Key worps: body composition, formant dispersion, fundamental frequency, formant position, obesity, fat
distribution, body shape.
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Introduction

Voice is an extremely important biologi-
cal signal for almost all living organisms,
including humans. Human voice can
convey a relevant information, such as
sex (Wolfe et al. 1990), age (Tarafder et al.
2012), emotions (Raine et al. 2019; Son-
dhi et al. 2015), stimulants used (Byeon
and Cha 2020; Moreira et al. 2015}, body
size/shape (Evans et al. 2006; Pawelec et
al. 2022a; Pisanski et al. 2014; 2016; Ren-
dall et al. 2005; 2007) and body composi-
tion (Hamdan et al. 2012; 2013b). There
have been plenty of studies aiming to de-
termine the listeners’ ability to correctly
estimate biological traits of a speaker. One
of the most cited studies was conducted
by Collins (2000). She found that men
whose voices exhibited a low harmonic
component (lower formant frequencies
and smaller differences between them)
were judged as more attractive, taller,
heavier, older, more likely to have chest
hair and more muscular bodies. More-
over, the assessment of body weight was
accurate. Similar results were obtained
by Brueckert et al. (2006), who not only
found a significant correlation between
estimated and actual weight of the male
speakers but also that the age of the partic-
ipants was correctly judged based on their
voice. Although these two studies only
looked at male speakers, there have been
also studies that were focused on both
sexes. One of such studies has been con-
ducted by Hughes et al. (2002), aiming to
determine whether the audience was able
to assess speaker’s attractiveness assessed
based on the voice and the extent to which
voice cues correspond to the level of their
fluctuating asymmetry (FA). This study
revealed that there was a significant rela-
tionship between voice attractiveness and
overall, FA of the speakers. In addition,

Lass and Davis (1976) found that judges
were capable of identifying the height of
male and female speakers and body mass
of men from their voices with better than
chance accuracy. Another finding of the
same author revealed a similar trend of
assessment accuracy of male and female
speakers (Lass et al. 1980). These studies
suggest that cues regarding a body size /
shape of the speakers are included in the
speakers’ voice parameters. For example,
Pisanski and Rendall (2011) found that
speakers of both sexes with lower values
of fundamental frequency (FO) and mean
formant frequency (Fn) are rated by male
and female listeners as larger and more
masculine. Moreover, a manipulation of
these parameters (lower FO and Fn) result-
ed in speakers of both sexes were judged
as larger and more masculine (Pisanski
and Rendall 2011). The tendency to ac-
curately assess biological parameters of
a body from vocal cues has been suggest-
ed to have evolutionary roots. Indeed, one
study found that even congenitally blind
listeners are able to correctly estimate
the speaker’s height from the voice alone
(Pisanski et al. 2016).

All of the discussed above studies
have focused on the physical charac-
teristics of the speakers, such as height
and weight, age, muscularity, physical
strength and body hair. However, there
has not been, to our knowledge, a study
examining the assessment of relative
body weight (body fat / body mass index
[BMI]) based on vocal cues and the only
one work that vaguely oscillates around
the topic investigated the relationship
between voice parameters and BMI in
patients using the algorithms of artificial
intelligence (Lee et al. 2013). Neverthe-
less, there has been a study on the effect
of blood glucose levels on voice quality
showing that the effect of glucose levels
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on the elastic properties of the vocal fold
tissues (Sidorova et al. 2020). This study
found an association of hypoglycemia
with a sense of anxiety causing faster
speech or hyperglycemia affecting slower
and slurred speech (Sidorova et al. 2020).
Therefore, since the glucose level is relat-
ed to voice quality and obesity, it can be
expected that people with a higher body
fat content should have different voice
characteristics compared to people with
a normal BMI.

Human voice provides a lot of infor-
mation about the body structure (Pawelec
et al. 2022a; Pisanski et al. 2014), and it
is also a very important biological signal
that plays an important role in male-
male competition and sexual selection
(Collins 2000; Gregory 1994; Oguchi &
Kikuchi 1997; Puts et al. 2006), as well
as it contains information about the in-
dividual’s health (Arnocky et al. 2018;
Barties et al. 2013; Sidorova et al. 2020).
Therefore, as the excessive content of
adipose tissue in the body (obesity) de-
teriorates the biological quality of an in-
dividual and an evolutionary importance
of recognizing biological quality (fitness)
of healthy or sick person, the question
arises whether it is possible to correct-
ly subjectively assess obesity level of an
individual based only on the voice. The
first objective of the study was to deter-
mine whether “Judges” could correctly
identify the speaker as an obese person
based on his/her voice. The second aim
of the study was to determine whether
“Tudges” were able to rate obese speakers
higher on the 5-point scale of body sil-
houettes exhibiting varied BMI. Finally,
the third goal was to compare ratings ac-
cording to 5-point scale of adiposity men-
tioned above and actual parameters of
the speakers’ voices in order to see which
of them influenced this rating.

Material and methods
Speakers

a) Procedure for speaker’s selection

Material of the study consisted of 12
adult’s speakers (including 6 women) aged
24-48 years. Each participant was asked
to fill a short questionnaire containing
basic questions (about sex, age, domi-
cile) and questions about any factors that
could potentially affect voice quality (head
or neck trauma/surgery, speech impedi-
ment, malocclusion, hearing impairment,
the use of the stimulants i.e. cigarettes,
drinking an alcohol the day before exam-
ination, taking hormonal drugs, being
ill in the time of the study, transition of
COVID-19 disease in the last year or us-
ing the voice as the work tool or hobby
i.e. working as a teacher/lecturer, sales
representatives, film reader, radio opera-
tor, singer etc.). None of the participants
declared any factors that could have a neg-
ative impact on the quality of their voice.
No speaker abused his/her voice (neither
professionally nor as a hobby). All speak-
ers used Polish as their mother tongue (no
dialects). All participants agreed to partic-
ipate in the study free of charge.

Each of the speakers was subjected to
body height measurement (in ¢cm) using
an anthropometer and body composition
analysis using the InBody 270 analyser.
The total absolute body weight (in kg,
and Visceral Fat Level (VFL) was select-
ed from the InBody 270 analyser results.
The InBody composition analyser gives
a range of visceral fat between 1 and
59. A rating between 1 and 12 indicates
a healthy level of visceral fat. A rating be-
tween 13 and 59 indicates an excessive
level of visceral fat. Visceral fat is a fatty
tissue that accumulates around the in-
ternal organs in the abdominal region.
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It means that, the amount of visceral
fat (VFL) reflects the distribution of fat
in this area and thus affects body shape
(i.e., silhouette expressed by the waist-to-
hip ratio, WHR). Subsequently, based on
body height and body weight values, body
mass index (BMI; kg/m?) was calculated.

The 12 speakers of this study were
chosen from the larger group of 80 volun-
teers (40 women) based on specific inclu-
sion criteria. Four out of 12 subjects were
obese (2 men and 2 women): BMI value
above 30.0 kg/m? (according to the WHO
classification) and Visceral Fat Level

Table 1. Speakers’ descriptive data (N=12)

(VFL) above 18. level. The remaining 8
participants (including 4 women) were
selected as a control group on the basis of
similar age to obese speakers.

The 12 participants were divided into
4 equal groups (triads) — 1 subject obese
and 2 subjects of normal weight in each
triad. Two triads consisted of women;
2 groups consisted of male triads. The
median age in the first female triad was
24 y. (years: 24, 24, 26), second female
triad — 47 y. (years: 43, 47, 48), first male
triad — 35 y. (years: 29, 35, 35), second
male triad 27 y. (years: 25, 27, 31).

Speakers’ parameters Mean SD Median Min Max
Male speakers (N=6)
A1l. normal weight individuals (n=4)
Body height [cm] 180.88 5.57 182.25 173.00 186.00
Weight [ke] 77.68 7.46 78.00 68.70 86.00
BMI [kg/m " 2] 23.78 2.45 24.25 20.50 26.10
VFL (level) 3.75 3.10 3.00 1.00 8.00
Intensity [dB] 79.51 5.18 81.48 71.93 83.15
FO [Hz] 123.73 14.35 127.74 103.14 136.28
Jitter (%) 2.98 0.81 2.98 2.19 3.79
Shimmer [%] 8.70 1.68 8.65 7.09 10.41
HNR |dB] 8.50 1.63 8.60 6.74 10.05
Fn [Hz] 2445.72 71.68 2464.37 2504.17 71.68
Pf(Z] 0.56 1.45 0.94 1.74 1.45
Df [Hz] 1117.27 43.48 1126.69 1153.87 43.48
AF [Hz] 1279.10 51.06 1278.21 1337.47 51.06
A2. obese individuals (n=2)

Body height [cm] 183.50 7.07 183.50 178.50 188.50
Weight [ke] 141.10 33.38 141.10 117.50 164.70
BMI |kg/m?] 41.65 6.72 41.65 36.90 46.40
VFL (level) 19.50 0.71 19.50 19.00 20.00
Intensity [dB] 76.92 7.05 76.92 71.93 81.90
FO [Hz| 97.81 6.82 97.81 92.98 102.63
Jitter (%) 3.05 0.09 3.05 2.99 3.12




Assessment of the obesity on voice perception 47

Speakers’ parameters Mean SD Median Min Max

A2. obese individuals (n=2)

Shimmer [%) 10.31 1.19 10.31 9.48 11.15
HNR [dB] 7.95 0.06 7.95 7.91 8.00
Fn [Hz] 2442.39 31.01 2442.39 2420.46 2464.32
Pf [z 0.50 0.63 0.50 0.05 0.94
Df [Hz] 1138.77 52.40 1138.77 1101.72 1175.83
AF [Hz] 1270.22 32.59 1270.22 1247.18 1293.27

Female speakers (N=6)

B1. normal weight individuals (n=4)

Body height [cm] 162.80 4.20 162.60 158.70 167.30
Weight [kg] 56.18 9.96 53.60 47.50 70.00
BMI [kg/m "™ 2] 21.10 2.70 20.25 18.90 25.00
VFL (level) 5.75 1.26 6.00 4.00 7.00
Intensity [dB] 73.32 7.43 73.70 65.22 80.65
FO [Hz] 203.08 10.11 198.90 196.59 217.92
Jitter [%] 2.15 0.28 2.19 1.77 2.45
Shimmer (%] 10.08 2.04 9.99 8.01 12.34
HNR [dB] 11.54 1.68 11.29 10.02 13.54
Fn [Hz] 2393.01 24.11 2396.95 2361.55 2416.60
Pf(Z] -0.50 0.49 -0.42 -1.13 -0.02
Df [Hz] 1136.28 13.93 1133.45 1123.50 1154.72
AF [Hz] 1239.68 19.62 1248.59 1210.31 1251.21
B2. obese individuals (n=2)

Body height [cm] 168.85 4.45 168.85 165.70 172.00
Weight [kg] 97.50 26.16 97.50 79.00 116.00
BMI [kg/m "™ 2] 34.10 7.50 34.10 28.80 39.40
VFL (level) 19.50 0.71 19.50 19.00 20.00
Intensity [dB] 76.89 9.76 76.89 69.98 83.79
FO [Hz] 230.42 17.45 230.42 218.08 242.76
Jitter [%] 1.86 0.40 1.86 1.57 2.14
Shimmer (%] 7.93 1.10 7.93 7.15 8.71
HNR [dB] 13.33 1.70 13.33 12.13 14.53
Fn [Hz] 2386.74 13.11 2386.74 2377.47 2396.02
Pf(Z] -0.63 0.26 -0.63 -0.81 -0.44
Df [Hz] 1145.97 56.23 1145.97 1106.21 1185.72

AF [Hz] 1226.50 19.39 1226.50 1212.79 1240.21
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b) Voice recording procedure

All speakers’ voices were recorded us-
ing dynamic cardioid microphone Shure
SM 58 SE connected to an amplifier IMG
Stageline MPA-202 and, subsequently,
to the sound card of the computer Dell
Latitude E6400. The microphone was
situated on the tripod at the eye level of
each participant at 20 cm from the tip
of the mouth. All voices were recorded
under the same acoustic conditions: a si-
lent room with an acoustic cabin Mozos
Mshield on the top of the tripod (mi-
crophone inside), a time of the day (9-
12 am), an equal acoustic background for
all recordings (~39 dB). Each speaker was
asked to say aloud (in Polish language)
the following: “Glos jest falg akustyczng,
powstajgcqg w glosni (english translation:
Voice is a soundwave that arises in the
glottis)” with comfortable pitch and loud-
ness. All sound files were recorded with
equal sampling frequency (44.1 kHz, 16-
bit resolution) as uncompressed format
mono files (.wav). The similar procedure
was previously described in Pawelec et al.
(2022a; 2022D).

c) Acoustic analysis of speakers’ voices
Acoustic analysis of speakers’ voices
was performed in Praat software v 3.9.2.
(Boersma & Weenink 2019). The acous-
tic analysis was made based on the en-
tire recording (sentence: “Glos jest falg
akustyczng...”). Based on the recorded
sample, the following acoustic parame-
ters of the voice were determined:
- intensity (loudness; sound pressure
level, SPL) of the voice [dB];
- fundamental frequency (F0) perceived
as vocal pitch [Hz];
— voice instability (perturbation) pa-
rameters:
» shimmer - degree of the amplitude
of the acoustic wave variation from

period to period, perceived as voice
hoarseness (%],

e jitter — degree of variation in the
frequency of sound wave from pe-
riod to period, perceived as voice
roughness [%],

e harmonic-to-noise ratio (HNR)
— indicator of the relation of har-
monics to noises in the voice - the
lower HNR the higher voice insta-
bility [dB]| (Texeira et al. 2014);

- formant frequencies (formants) F1-
F4 [Hz] — harmonic frequencies pro-
duced during passage of a laryngeal
tone (FO, the source) through succes-
sive elements of the supralaryngeal
vocal tract (the filter; Armstrong et al.
2018; Fant 1960);

— derivatives formants-based param-
eters: mean formant frequency (Fn,
[Hz]) and standardized formant fre-
quency (formant position, Pf, [Z-scale
values]), formant dispersion (Df,
[Hz]), formant spacing (4F, [Hz]),
(Pisanski et al. 2014);

— maximum phonation time (MPT) [s].
For fundamental frequency pitch

floor was set to 75 Hz and pitch ceil-

ing to 300 Hz for male and 100-500 Hz
for female speakers. Formant ceiling was

5000 Hz for men and 5500 Hz for women.

ll]’udgesﬂ

a) Competent judges selection criteria

A group of competent “Judges” was
selected from female students of the Fac-
ulty of Biology and Animal Science at the
Wroclaw University of Environmental and
Life Sciences. Volunteers were asked to
complete a questionnaire regarding their
sex, age, sexual orientation, whether they
had a hearing impairment as well as infor-
mation regarding the current phase of the
menstrual cycle (the first day of the last
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menstruation and the average length of the
menstrual cycle and menstrual bleeding)
or taking hormonal agents (e.g. hormonal
contraception). Study participants with
hearing impairments and women with an
irregular length of the monthly cycle, were
excluded from the group of “Judges”. Final-
ly, 87 competent judges were selected for
the experiment procedure. The median age
of “Tudges” was 22 years old. All study par-
ticipants agreed to participate in the study
free of charge and on a voluntary basis.

b) Speaker’s fatness assessment procedure
The assessment procedure was car-
ried out among 6 student’s groups, each
of about 15-16 individuals in the same
room (classroom) with equal acoustic
condition. A JBL Go2 loudspeaker was
used to play back the voice recordings,
connected to a laptop Acer Aspire 5 via
an AUX cable. Voices were played at the
same (maximum) volume level. There
were two independent experiments:

Experiment I

In the first experiment “Judges” were
asked to listen to 4 series of 3 voices with-
in each one (4 triads). First and second tri-
ads consisted of only female voices, third
and fourth triads of male voices only. In
each triad one per three voices belonged
to the obese speaker (BMI>30; VFL>18);
the other two voices were from people of
normal weight (BMI<25, VFL<9). Each
triad comprised of people of comparable
age. “Judges” had to choose only one out of
3 voices within each triad, which in their
opinion belongs to an obese individual. An
estimation of how many judges indicated
a given voice as belonging to the obese in-
dividual was then conducted. The chosen
voice within each triad was considered to
be the modal value (dominant), i.e., the
voice that was selected the most times

during the 4 weeks of the experiment
(women assessed the voices 4 times — once
a week for a month, in each of the 4 phas-
es of the menstrual cycle). Accurate typing
was considered when the speaker within
each triad was selected by over 33.3% of
all “Tudges” (a greater percentage of typing
than the probability would suggest).

Experiment II

In the experiment II, “Judges” were
asked to listen to 12 subsequent voices
(the same that in experiment I: 4 triads
* 3 voices) and indicate the silhouette
(Fig. 1) that best suits, in their opinion,
the appearance of the speaker, based on
voice alone. Model silhouettes presented
on a 5-point scale were performed using
a website http:/modelmydiet.com (access:
2. July 2022) and have been classified ac-
cording to the following classification:
1 — underweight, 2 — normal weight, 3 —
overweight, 4 — 1st degree obesity, 5 — 3rd
degree obesity. Male models with a body
height of 170 cm were given the following
body weight values: 50 kg (BMI = 17.3),
67 kg (BMI = 23.2), 79 kg (BMI = 27.3),
95 kg (BMI = 32.9), 130 kg (BMI = 45.0).
Female models with a body height of 165
cm the following body weights were given:
45 kg (BMI = 16.5), 57 kg (BMI = 20.9),
75 kg (BMI = 27.5), 90 kg (BMI = 33.1)
and 120 kg (BMI = 44.1). Manipulation of
the body weight of the silhouettes caused
visual changes in the level of adipose tissue
(especially abdominal fat and fat around
the neck and face of male and female fig-
ures). Those 5 silhouettes reflected actual
speaker fatness — figures from 1 to 2 could
be compared with normal weight speakers
(BMI<25; VFL<9; demonstrated in Table
1., headings Al and B1); figures 3-5 may
be perceived as obese speakers (BMI>25;
VFL>9; demonstrated in Table 1., head-
ings A2 and B2). Furthermore, some previ-
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ous research showed that BMI and percent-
age body fat are highly positively correlated
(Janji¢ et al. 2016; Ramel et al. 2013).

The assessment was performed 4
times (for 4 consecutive weeks, once in
each phase of the menstrual cycle). Due to
the lack of differences in the assessment
of the silhouette (Fig. 1) depending on the
phase of the menstrual cycle, sexual ori-
entation, and the use/absence of hormo-
nal contraception (data not shown), the
ratings made by women “Judges” were
averaged using the modal value (or the
median in the case of multiple dominant).

The “Judges” were not informed
about the identity of the speakers and,
thus, none of the judges was able to iden-
tify the ID of any of the speakers.

Statistical methods

The basic parameters of the speakers and
judges were provided using descriptive
statistics, i.e., mean, standard deviation,
min-max range.

To analyse the results from the Ex-
periment I, univariate chi-square test
was used independently for each triad.
The test value was then compared with
the critical value of the chi-square test
for 2 degrees of freedom (df = 3 speakers
-1 = 2) to derive the significance level
(p-value) using the probability calculator
in Statistica software.

For Experiment II judicial compliance
was assessed both within each of the 6
groups as well as between these groups.
Within-group compliance was performed
using Kendall’s W coefficient of concord-
ance. The test results were categorized
using the intervals specified in the Gar-
baniuk (2016) study. Intergroup compati-
bility was performed using Kruskal-Wallis
H test due to ordinal scale of dependent
variable (silhouette assessment). Subse-

quently, an assessment of the accuracy of
judges rating was performed. To compare
ratings based on graphic scale (Fig. 1) be-
tween obese and normal weight speakers
U Mann-Whitney test was applied, be-
cause of ordinal scale of dependent var-
iable. Finally, the relationship between
acoustic parameters of speakers’ voices
and silhouette ratings (I-V) was calculat-
ed using Spearman rank correlation (R).
In addition, the multiple regression step-
wise backward model was performed.

All statistical analyses were performed
using the Statistica 13. software (1984-
2017 TIBCO Software Inc, Palo Alto, Cal-
ifornia, USA). P-values below 0.05 were
considered statistically significant.

Results

Descriptive statistics
Descriptive data of all 12 speakers includ-
ing body build and voice parameters were
shown in Table 1. The mean age of the
judges was 22 years (SD = 1.3 y,; range:
19-27 y.). Most of the respondents did not
take hormonal drugs, 22.7% of women
used hormonal contraception. The largest
percentage of judges were heterosexuals.

Experiment I

The accuracy of assignment was as-
sessed separately for each of the 4 tri-
ads and results are presented in Table 2.
Within each of the subgroups the obese
speakers are marked in gray. In 3 out of
4 subgroups, the judges correctly typed
speakers who were obese.

Regarding the correct identification
of obese speakers, the difference in ac-
curacy was performed. The differences
were insignificant only for the third triad
(> = 2.14, p = 0.3430); for the remain-
ing triads, the results were statistically
significant (p < 0.05).
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Table 2. Assignment accuracy of voice belonging to a person with obesity in each triad by female “Judges”.

Obese people are marked in gray. (Experiment I)

Female “judges ”

Triad (n = 87)
n % Chi-square test

Speaker 1 5 5.7
1 72 = 57.38

Speaker 4 3 3.4
2 72 = 43.31
e speakersﬁ -
3 72 =214
(male speakers’ voices Speaker 8 24 27.6 p = 0.3430

Speaker 9 28 32.2

Speaker 10 17 19.5
; Cseeker1l 38 a7 2O0H
(male speakers’ voices p=0.0177

Speaker 12

32 36.8

Experiment II
a) Judge compliance assessment

Within-group compliance. In 5
out of 6 examined groups of “Judges”
a moderate agreement range of judicial
compliance (0.4 < W < 0.59) was esti-
mated (Table 3).

Intergroup compliance. Kruskal-Wal-
lis test revealed no significant differenc-
es between ratings of 6 judges groups
for 10 out of 12 speakers’ voices (Ta-
ble 4).

Due to the fact that the level of ju-
dicial compliance within each group was
at a satisfactory level and differences in
assessment between all groups were not
significant, the responses of “Judges”
from all groups were combined for the
purposes of further analyses of the accu-
racy of the speaker’s fatness assessments
and the relationships between the speak-
er’s voice parameters and the fatness lev-
el rating.

Table 3. Within-group compliance of “judges” rat-
ings. Kendall’s coefficient of concordance. (Ex-
periment I1)

“Tudges” ”]udges” Assessmept of t;he
aroup compliance degree of‘]udlclal
values compliance
2 7431
Group 1 w 0.46 moderate
p <0.001
2 9111
Group 2 w 0.50 moderate
p  <0.001
2 80.23
Group 3 w 0.46 moderate
p  <0.001
2 7116
Group 4 w 0.43 moderate
p  <0.001
x2 66.53
Group 5 w 0.34 fair
p  <0.001
72 58.32
Group 6 w 0.44 moderate

p  <0.001
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Table 4. Inter-group compliance of “judges” ratings.
Kruskal-Wallis H test. (Experiment II)

Speakers’ Kruskal-Wallis

voices Sex test (H) p-value
Speaker 1 F 8.51 0.2025
Speaker 2 F 9.05 0.1600
Speaker 3 F 14.10 0.0265
Speaker 4 F 4.89 0.5820
Speaker 5 F 4.96 0.5444
Speaker 6 F 14.34 0.0267
Speaker 7 M 2.08 0.9145
Speaker 8 M 5.59 0.5089
Speaker 9 M 2.34 0.8991
Speaker 10 M 2.44 0.8750
Speaker 11 M 2.34 0.8732
Speaker 12 M 4.76 0.5601

¢) Accuracy of speakers’ BMI assessment

An assessment of whether obese
speakers received, on average, higher
grades of BMI from the judges using
the silhouette scale (Fig. 1) than sub-
jects with normal body weight was then
performed. For comparison, the scores
of all “Judges” from all 6 groups were
considered in the analysis- 696 scores
of speakers of normal body weight and
348 scores of obese speakers were ob-
tained. Obese speakers were rated as
higher (the higher the rate, the greater
BMI category; Fig.1) than individuals of
normal weight (Table 5). In the case of
normal weight speakers, the most com-
mon rate was 3 and for obese partici-
pants — 4.

-
=

III.

V.

Fig. 1. Male (top) and female (bottom) silhouettes of different types of fatness
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Table 5. Normal weight and obese speakers assessment. Mann-Whitney test. (Experiment II)
Speakers’ fatness type (n-number of ratings in total
from 6 groups) Mann-Whitney U test

Normal weight (n = 696) Obese (n = 348)

Mean Mean

rank Me Q Mo rank Me Q Mo U Z p
Sihouette 909, 3 1 3 57095 3 1 4 10424300 -3.67 <0.001
rating (I-V)

Me — median value, Mo — modal value, Q — quartile

c) BMI assessment and speakers’ acous-
tic parameters

Due to a high correlation between
some acoustic parameters values among
men and women, not all of them were
used in the regression model. For ex-
ample in male speakers jitter was high-
ly correlated with HNR (r = -0.98), Pf
(r = 0.91), 4F (r = 0.92); Pf was corre-
lated with Fn (r = 1.00); intensity and
shimmer (r = -0.82). Therefore, the fol-
lowing parameters were included in the
stepwise regression model analysis: FO,
shimmer, HNR, Df, Pf while the redun-
dant parameters (Fn, jitter, intensity)
were excluded.

deviation.

In female speakers HNR and shimmer
were highly correlated (r = -0.90); Pf and
Fn (r = 1.00); 4F (r = -0.99). Therefore,
the following acoustic parameters were
included in the model: FO, shimmer,
intensity, Df, Pf as predictors while the
redundant parameters (HNR, Fn) were
discarded.

Male speakers with lower HNR/the
higher formant dispersion (Df) received
higher ratings on the BMI silhouette scale
(i.e., these speakers were perceived as
more obese). Female speakers with lower
formant position (Pf) and higher intensi-
ty (loudness) received higher ratings on
the BMI silhouette scale (Table 6).

Table 6. Relationships between silhouette BMI rating (dependent variable) and voice acoustic parameters
(predictors). Zero order correlations and multiple stepwise backward regression models

Acoustic parameter r T, p t p R? and F statistic
Male speakers’ voices (n = 522 rates)
-First model-
FO -0.21*** -0.24*** 0.17 2.42 0.0158
R, =16.39
Shimmer -0.004 -0.02 0.05 1.12 0.2628 -
HNR -0.37***  -0.33*** -0.70 -5.85 <0.001 F=21.44;
p<0.001
Df 0.21*** 0.27*** 0.15 3.29 0.0011
Pf 0.28*** 0.24*** -0.29 -2.97 0.0031
-Final model- R, = 14.83
HNR -0.37 -0.33 -0.34 -8.06 <0.001 F=46.34;
Df 0.21*** 0.27*** 0.13 3.04 0.0027 p<0.001
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Table 6 (cont.)

Acoustic parameter r r

s

B

t P R? and F statistic

Female speakers’ voices (n = 522 rates)

-First model-

FO -0.05 0.15***

-0.11

-2.02 0.0441

R?,, = 43.56
Shimmer 0.06 -0.09* -0.05 -1.34 0.1823 )
Df -0.55** -0.58*** 0.03 0.38 0.7040 F=381.43;
Pf -0.32***  -0.36*** -0.13 -3.20 0.0015 p=0.001
Intensity 0.64** 0.63*** 0.65 8.17 <0.001
-Final model- R, =43.00
Pf -0.32***  -0.36*** -0.17 -5.04 <0.001

F=197.53;
Intensity 0.64** 0.63*** 0.59 17.41 <0.001 p<0.001

r — zero order Pearson’s correlation; r,— zero order Spearman’s correlation; § — beta regression coefficient; t,
p - t-statistic and significance level of §; R?  — adjusted R-squared of a model; *p < 0.05; **p < 0.01;

*+*p <0.001.

Discussion

The accuracy of the speaker’s BMI as-
sessment was found in both experiments;
female “Judges” accurately chose obese
speakers and gave higher ratings for sil-
houettes’ BMI category (Fig. 1) to speakers
who were obese. Furthermore, within- and
inter-group judges’ agreement regarding
speakers’ BMI evaluation was high.
There have not been, to our knowl-
edge, any studies looking at BMI assess-
ment based on vocal cues which makes
it rather difficult to discuss the results of
our findings within the context of similar
research. Still, several studies have inves-
tigated the accuracy of the speakers’ phys-
ical parameters assessment (i.e., body
height and weight) from the voice alone.
For example, some of these studies found
that estimated and actual body weight of
the speakers were significantly corelat-
ed (Brueckert et al. 2006; Collins 2000;
Krauss et al. 2002; Lass and Davis 1976;
Lass et al. 1978). However, these studies
did not assess BMI level (fatness/obesity)
but, instead, absolute body weight of the

speakers. The only work, to our knowl-
edge, on the assessment of the speaker’s
obesity (based on BMI) was conducted by
Lee et al. (2013) showing that, by using
artificial intelligence (machine learning
methods), the researchers were able to
assess the BMI category of patients (nor-
mal, overweight, obese) solely based on
the analysis of voice parameters.

There have been some studies show-
ing the relationship between a speaker’s
fatness and his/her voice characteristics.
For instance, some researchers found
a significant positive correlation between
trunk visceral fat/absolute fat mass and
vocal parameters, such as shimmer and
formant dispersion (Df; Hamdan et al.
2012; 2013b). Moreover, Da Cunha et al.
(2009) found that obese individuals had
greater values of both perturbation param-
eters (jitter, shimmer) and voice noises as
well as reduced maximum phonation time
(MPT) compared to those with normal
weight. Similarly, other studies revealed
that obese people exhibited lower value of
fundamental frequency (FO; Barties et al.
2013; Souza and Santos 2018) and short-
er MPT compared to participants with
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body mass index within a normal range
(Celebi et al. 2013; Santos 2014; Souza
and Santos 2018). Interestingly, one study
found differences in subjective voice qual-
ity between obese and normal weight in-
dividuals. Specifically, Celebi et al. (2013)
found that there was a significant differ-
ence in GRBAS scores (perceptual evalua-
tion of Grade-Roughness-Breathiness-As-
thenia-Strain using a scale of 0-3) — mean
value for obese subjects was 1 and for
control group: 0.2 (scale values meaning:
0 — normal, 1 — mild, 2 — moderate, 3 -
severe voice disorders). This study sug-
gests that obese individuals tend to have
significantly different voice characteristics
(objective and subjective) than those with
normal body weight. These differences
can be caused by abnormal fat deposits in
obese individuals localized on the uvula,
pharyngeal walls, tongue, and soft pal-
ate (Da Cunha et al. 2009). Alternative-
ly, glucose-related changes in voice may
contribute to this relationship (Hamdan
et al. 2013a; Pyniopodjanard et al. 2021;
Sidorova et al. 2020). Since obese people
often have metabolic disorders of glucose,
hyperglycemia may influence changes in
the elastic properties of the biological tis-
sues that build the larynx and the cords
(Wang et al. 2015). Other diabetic com-
plications affecting quality of voice, such
as neuropathy (laryngeal sensory neurop-
athy is more common in patients with
type 2 diabetes mellitus than in controls;
Hamdan et al. 2014; Ravi and Gunjawate
2019) and gastro-oesophageal reflux dis-
order (Lechein et al. 2017) also cannot be
discarded. Since there are such large dif-
ferences in voice quality of obese people,
“Tudges” should be able to identify people
with normal body weight and obese peo-
ple solely on the basis of their voices, and
our study shows that. Firstly, “Judges”
indentify obese speakers with a high ac-

curacy (probability greater than a chance,
> 33.3%). Secondly, we showed that obese
speakers got higher rank in 5-point scale
(Fig. 1; obese: Mo = 4, normal weight:
Mo = 3), which means that their silhou-
ettes were rated as having greater BMI
(possibly, but not necessarily, resulting
from more fat deposits). Lastly, “Judges”
were consistent in their judgments both
within and between each of the six groups
suggesting that the differences in ratings
are not artifacts, but, rather, reflect specif-
ic trends in assessing the BMI level based
on voice perception.

The results of our study show that
“Tudges” during their assessment were
guided by specific voice parameters. For
example, male speakers with lower har-
monics-to-noise ratio (HNR) and higher
formant dispersion (Df) were judged to
be fatter. It means that men with more
unstable voices (less harmonics, more
noises) and higher dispersion of formant
frequencies were perceived as being more
obese. HNR has been suggested to be
a measure of voice aging as its lower val-
ues were observed in elderly individuals
(Ferrand 2002). Furthermore, men with
higher Df were rated as having greater
BMI. In contrast, other studies show that
larger individuals (taller, heavier) have
lower spread of formant values (Evans
et al. 2006; Gonzélez 2004; Pawelec et al.
2022a; Pisanski et al. 2014). In addition,
Collins (2000) found that men with low-
er formants were assessed as taller, heav-
ier, and more muscular, while Sell et al.
(2006) found that men with lower Df are
perceived as physically stronger. In the
light of the above studies, the results of
our study are rather puzzling. Perhaps,
lower formant dispersion, which is strong-
ly negatively related to body size (Fitch
1997) and physical and social dominance
(Puts et al. 2007), could be perceived by
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women as a signal of health and mascu-
linity (male fitness). Therefore, judges
may assess men with higher value of Df
as having worse biological condition and
health (e.g., obese).

Our study shows that formant posi-
tion (Pf) of female speakers was associated
negatively and voice intensity (loudness)
was correlated positively with silhouette
ratings. Therefore, female speakers with
lower Pf and higher intensity were rated
as having greater BMI. Formant position
is a parameter proposed by Puts et al.
(2012) as a better alternative to formant
dispersion (Df). This vocal characteristic
was found to be negatively correlated in
men with salivary IgA — a marker of im-
munocompetence (Arnocky et al. 2018).
Pf was also found to be negatively asso-
ciated with body height but not with
adiposity among peripubertal Bolivian
Tsimane women (Hodges-Simeon et al.
2014). Interestingly, in our study “Judg-
es” rated women with lower Pf as more
obese, i.e., in worse biological condition.
The results of our study regarding loud-
ness and the silhouette assessment could
be more comparable with findings of other
studies. For example, Barties et al. (2013)
found that obese women had significantly
louder (higher voice intensity [dB]) voic-
es compared to women of underweight or
normal weight. The authors of the study
suggest that: “OB [obese] subjects have
greater diaphragmatic motion and weight,
and therefore have higher respiratory
muscle motion” (Barties et al. 2013: 316).
Similarly, Kantarci et al. (2004) showed
that individuals with BMI above 30 kg/m?
and waist circumference longer than 100
cm had greater diaphragmatic motion. To
sum up, we found that vocal parameters
describing formants, harmonics/noises
and voice intensity level were critical fac-
tors while assessing the speakers’ BMI.

Limitations and future
directions

The sample size was quite small — only
12 speakers (including 6 women) four of
whom (2 men and 2 women) were obese.
Therefore, our sample of obese individ-
uals (n = 4) may not be representative
of the entire obese population in terms
of voice parameters. A larger sample of
obese study participants would better re-
flect the actual trends in assessing the de-
gree of obesity based on voice perception.

A rather unclear relationships, e.g.,
assessing women with lower Pf and men
with higher Df as more obese, may, to
some extent, result from the adopted
methodology in our study. Judges were
asked to choose one among 5 silhouettes
which differed in BMI values. Togeth-
er with adiposity (BMI) changes (differ-
ent absolute body weight [kg| values for
equal body height), body proportions
also changed. For male and female sil-
houettes, the relation between waist and
hip circumferences (WHR) have changed.
Perhaps “Judges” considered this ratio
variation when listening to speakers’
voices, more than absolute BMI level.
The possible solution to this problem
could be the use of a slightly different
graphic scale of the speakers’ silhouettes,
similar to the one used in the research
of Singh (1993; 1995), where the author
presented the gradation of the WHR sep-
arately for different BMI values.

Conclusions

This study revealed that human voice
provides a meaningful information re-
garding BMI level (degree of obesity).
“Tudges” within- as well as inter-group
compliance of speaker’s BMI were quite
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consistent in terms of the accuracy of
fat silhouette assessment. Higher rates
of obesity level on average were given to
speakers who really were obese. In wom-
en, some acoustic parameters, such as
HNR and Df in men and Pf and Intensity,
were associated with speakers’ BMI as-
sessment. To the best of our knowledge,
this is the first study assessing BMI of
speakers (their obesity or lack of it) based
on their voices, which makes it difficult
to relate the results of our study to other
studies and draw consistent conclusions.
Our findings might also suggest that, in
near future, commercially available mo-
bile apps could be used to measure BMI.
Although our study demonstrates the po-
tential of assessing BMI based on voice
cues, a development of effective method
for estimating the degree of BMI based on
the voice is needed. Potentially, this tech-
nology could be used in sciences, such as
dietetics or criminology, to determine the
degree of obesity of a patient remotely (or
using a mobile application) or to identi-
fy a perpetrator of a crime in situations
when law enforcement authorities rely
solely on a voice recording of a suspect
(e.g., from a telephone conversation with
a blackmailer). However, in order to ful-
ly appreciate the potential of our study,
further research is needed on the role of
human voice in BMI assessment.
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AssTrACT: Low birth weight is one of the leading factors for infant morbidity and mortality. To a large
extent affect, various maternal risk factors are associated with pregnancy outcomes by increasing odds of
delivering an infant with low birth weight. Despite this association, understanding the maternal risk factors
affecting term low birth weight has been a challenging task. To date, limited studies have been conducted
in India that exert independent magnitude of these effects on term low birth weight. The aim of this review
is to examine the current knowledge of maternal risk factors that contribute to term low birth weight in
the Indian population. In order to identify the potentially relevant articles, an extensive literature search
was conducted using PubMed, Goggle Scholar and IndMed databases (1993 — Dec 2020). Our results indi-
cate that maternal age, educational status, socio-economic status, ethnicity, parity, pre-pregnancy weight,
maternal stature, maternal body mass index, obstetric history, maternal anaemia, gestational weight gain,
short pregnancy outcome, hypertension during pregnancy, infection, antepartum haemorrhage, tobacco
consumption, maternal occupation, maternal psychological stress, alcohol consumption, antenatal care
and mid-upper arm circumference have all independent effects on term low birth weight in the Indian pop-
ulation. Further, we argue that exploration for various other dimensions of maternal factors and underlying
pathways can be useful for a better understanding of how it exerts independent association on term low
birth weight in the Indian sub-continent.
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Introduction

The birth weight of the newborn is
a prime demographic indicator of the
health status of a given society. The
decrease and the increase in the mean
birth weight of the population are di-
rectly linked to the quality of maternity
care and living condition of the mothers
(Barker 2004). Birth weight also plays
a pivotal role in infant and childhood
mortality (McCormick 1985).

The birth weight of less than 2500
grams is defined as the Low Birth Weight
(LBW), regardless of gestational age
(WHO 2004). The LBW can be distin-
guished into three categories. 1) Pre-
mature or Pre-Term LBW (born before
37 completed weeks of gestation or
with fewer than 259 days of gestation);
2) Term LBW (born between 37 and 42
completed week of gestation, or between
259 and 293 days of gestation); 3) Post-
Term LBW (born after 42 week or 294
days of gestation) (WHO 2004).

LBW can be either caused by a short
gestation period or retarded intra-uterine
growth, as well as by a combination of
both these pathophysiologic conditions
(Kramer 1987). Importantly, term LBW
and intra-uterine growth restriction do
not necessarily reflect the same clinical
situation. For example, some new-borns,
normally formed and perfectly healthy,
are born weighing less than the 10" per-
centile for their gestational age (Resnik
2002), while others whose birth weight is
higher than the 10* percentile may show
signs of growth restriction if they come
from a uterine environment that thwart
the foetus from reaching its full potential
for growth (Wollmann 1998).

On average, an infant with LBW has
40 times greater mortality risk than nor-
mal weight new-borns (Alexander et al.

2007), while Very Low Birth Weight
(<1500 gram), might increase mortality
risk up to 100 times (Mayor 2016). LBW
infants are also more prone to develop-
ing iron deficiency anaemia potentially
leading to longer and impaired neurode-
velopmental disorders (Long et al. 2012).
In addition, several research studies have
shown that the impaired growth at birth
is linked to an increased risk of develop-
ing certain types of chronic disorders at
an older age (Sallout et al. 2003}, such
as diabetes, obesity (Kuhle et al. 2017),
endothelial dysfunction (Visentin et al.
2014), non-alcoholic fatty liver diseases
(Newton et al. 2017), cardiovascular dis-
cases (Kuhle et al. 2017), asthma (Wjst
et al. 1998), hypothermia (Erekia Ebra-
him 2015) and chronic kidney disease
(Hirano et al. 2016).

Globally, LBW was estimated to com-
prise 12.4-17.1% of all births (WHO
2019). The prevalence of LBW in Low-
and Middle-Income Countries (LMIC)
was 91% of the world’s LBW. There were
notable global and regional variations
in LBW rates. An estimated 14% of ne-
onates exhibited LBW in Sub-Sahara
Africa, 12.2% in North Africa, 5.3% in
East Asia, 5.4% in Southeast Asia, 9.9%
in Western Asia, 8.7% in Latin America
and 26.4% in South Asia. Up to one-
fourth of all born LBW infants were born
in South Asia (Blencowe et al. 2019).
In South Asia itself, India heads the list
with 18.2% of the infant with LBW as per
the National Family Health survey 4 sta-
tistics (IIPS and ICF 2017). Compared to
prematurity in developed countries, the
observed LBW in developing countries,
such as India, can be largely attributed
to Intra-uterine growth restriction (Saili
2008).

The major problem in the field of
public health is to determine factors
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influencing LBW and to institute ther-
apeutic measures (Velankar 2009). The
aetiology of LBW is complex and mainly
influences fetal growth, although these
factors can be categorised into several
different categories on the basis of the
locus of their impact: the placenta, the
pregnant woman herself, the fetus and
finally, factors produced from the in-
teraction of these factors (Institute of
Medicine 1985). Although the progress
in obstetrical and neonatal care has im-
proved the prognosis for LBW neonates,
the best strategy to reduce it is primary
prevention by identifying and avoiding
the risk factors that led to LBW. This re-
view aims to update the current knowl-
edge and understanding of the maternal
risk factors affecting Term LBW in the
Indian population.

Materials and Methods

Search strategy

This comprehensive literature review
was conducted using PubMed, Goggle
Scholar and IndMed databases from
1993 to December 2021 to identify the
relevant articles. The search strategy
was developed using combination of
medical subject heading (MeSH) terms
and words in Title/abstract- (“maternal
risk factor” [Title/Abstract] OR “mater-
nal risk factors” [All Fields] OR “risk
factor” [All Fields] OR “risk factors”
[MeSH Terms]) AND (“infant, low birth
weight” [MeSH Terms] OR “infant, low
birth weight” [MeSH Terms| OR “low
birth weight” [Title/Abstract]). Full text
articles that were written in English
and relevant to the topic were includ-
ed in the study. The references of those
selected articles were then utilised in
a cascade search to obtain more relevant
citations.

Selection strategy

Inclusion criteria are followed as:

1) Studies published in English
2) Studies related to human 3) Original
research articles 4) Natural conception
5) Singleton pregnancy 6) No history of
visceral diseases 7) Studies done on Indi-
an population

Exclusion criteria are followed as:

1) Review studies and 2) Systematic
review and meta-analysis

Initial search identified 10900 articles
for inclusion. After deleting articles not
related to humans, 10329 articles were
left for consideration. Assessment based
on titles and abstracts were carried out
to determine the objectives and relevance
of the studies, which resulted in exclu-
sion of 9835 studies. The full texts of
remaining 494 papers were included for
consideration in the study and those ar-
ticles that neither met the inclusion nor
the exclusion criteria were removed from
consideration. At this stage of the search
process 46 articles were retained while
9 more articles were identified from the
references of searched articles and added
for final consideration. In total, 55 stud-
ies that met all the inclusion and exclu-
sion criteria. The identifying information
(such as research objectives, study design,
sample size, risk factor, results, and effect
size) of those 55 studies are presented in
supplementary table 1.

Results and Discussion

Demographic risk factors

Maternal age

A large number of epidemiological stud-
ies in India have shown an increased risk
of LBW in extreme reproductive age, i.e.,
less than 20 years of age (Amin et al.
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1993; Fraser et al. 1995; Deshmukh
et al. 1998; Agarwal et al. 2005; Joshi
et al. 2005; Chen et al. 2007; Dhar-
malingam et al. 2010; Roy et. al. 2009;
Epstein et al. 2013; Raje et al. 2015; Pa-
tel et al. 2018; Kumar et al. 2020), and
above 30 years of age or both (Cnattingi-
us et al. 1992; Malik et al. 1997; Mondal
2000; Nair et al. 2000; TJha et al. 2009;
Ganesh Kumar et al. 2010; Deshpande
Jayant et al. 2011; Borah et al. 2016; Pa-
tel et al. 2018). The main cause of early
conception is a well-established custom
of child marriage in India (27% according
to NFHS-4 (IIPS and ICF 2017), which
is magnified due to the poverty and ig-
norance (Seth et al. 2018). The devastat-
ing effects of early conception also led to
an increased risk of stillbirth, abortion,
and premature delivery (Rao et al. 2010;
Igwegbe et al. 2001). It is generally ac-
cepted that women of advanced age (>30
years) exhibit some latent factors that
can cause complications in pregnancy,
including LBW (Shan et al. 2018; Goi-
sis et al. 2017; Tabcharoen et al. 2009).
These latent factors might include an
impaired function of the myometrium
(Nelson et al. 2013) or a large number
of chronic diseases at older ages (Sheen
et al. 2018).

Education level

Many research studies have demonstrat-
ed a direct association between mother’s
education level and fetal birth weight. For
example, the risk of LBW decreases with
an increase in mother’s education level.
It might suggest that women with high-
er levels of education were less prone to
neglect health care, have high socio-eco-
nomic status (SES) (Deshpande Jayant
etal. 2011; Mathew et al. 2014), and bet-
ter decision making regarding health care
as well as family planning (Mavalankar

etal. 1992; Hirve et al. 1994; Biswas et al.
2008; Subramanyam et al. 2010; Sreera-
mareddy et al. 2011; Chakraborty et al.
2011; Metgud et al. 2012; Epstein et al.
2013; Kader et al. 2014, Patel et al. 2018;
Kumar et al. 2020).

Socio-economic status

Studies have shown that low SES was
associated with high prevalence (11—
50%) of LBW (Deshmukh et al. 1998;
Nair et al. 2000; Radhakrishnan et al.
2000; Tha et al. 2009; Roy et al. 2009;
Chakraborty et al. 2011; Deshpande
Jayant et al. 2011; Khattar et al. 2013;
Bellad et al. 2012; Kader et al. 2014,
Mathew et al. 2014; Kumar et al. 2020).
However, the association between SES
and LBW should be interpreted in the
light of other factors related to SES, such
as maternal age, education level, tobac-
co consumption, gestational weight gain
and maternal height (Deshmukh et al.
1998; Roy et al. 2009). In addition, some
studies have also reported that low SES
can lead to low health consciousness,
lower nutritional status and low antena-
tal attendance, leading to the increased
risk of LBW (Nair et al. 2000; Jha et al.
2009; Deshpande Jayant et al. 2011;
Mumbare et al. 2012; Chakraborty et al.
2011; Kumar et al. 2020). Moreover,
many studies have also found a signifi-
cant association between SES and birth
weight of neonates (Hirve et al. 1994,
Deshmukh et al. 1998).

Ethnicity

India harbours more genetic diversity
compared to other comparable global re-
gions (Majumder 1998). Epidemiological
studies have reported large disparities in
the prevalence rates of LBW in different
racial and ethnic groups (James 1993;
Branum et al. 2002) as well as regions
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(Chakraborty et al. 2011; Epstein et al.
2013). For example, the prevalence of
LBW was reported to be the highest in
the north India compared to other re-
gions of India (Chakraborty et al. 2011;
Epstein et al. 2013). One study report-
ed a significant influence of religion on
the prevalence of LBW (i.e. Hindus have
more prevalence of LBW compared to
Muslims) (Mavalankar et al. 1992).
Similarly, the NFHS-4 (National Fertili-
ty Health Survey) data also showed that
Hindus (18.5%) have more prevalence of
LBW than Muslims (17.3%) (IIPS and
ICF 2017).

Medical risk before pregnancy

Parity

Maternal Parity is defined as the number
of pregnancies reaching viable gestational
age (>20 weeks), including live birth and
still births. The parity is a well-recog-
nised potential indicator for LBW (Shah
2010). LBW has been reported to be sig-
nificantly high in nulliparous, decrease
significantly in multiparous (parity 2—4)
and significantly increase in grand mul-
tiparous (parity 5-8) (Amin et al. 1993;
Mavalankar et al. 1992; Hirve et al.
1994; Malik et al. 1997; Deshmukh
et al. 1998; Anand et al. 2000; Nair
et al. 2000; Mondal 2000; Chhabra et al.
2004; Joshi et al. 2005; Negi et al. 2006;
Roy et al. 2009; Epstein et al. 2013; Patel
et al. 2018). The biological mechanisms
regarding how parity influences birth
weight has not not clearly understood
(Shah 2010). It has been hypothesised
that the first pregnancy primes the body
and led each subsequent pregnancy to be
more efficient (Khong et al. 2003). A low-
er birth weight in nulliparous may be
a direct consequence of multiple health
factors, such as the overall health, higher

rate of smoking before/during pregnancy,
low gestational weight gain, higher age,
low pre-pregnancy weight, chronic hy-
pertension, and placental vascular dis-
order (Ego et al. 2008). In contrast, the
increase in the incidence of LBW among
grand multiparous (Mesleh 1986; Ozum-
ba et al. 1992; Seidman et al. 1991),
could be due to chronic hypertension (Al-
sibai et al. 1987), loss of elasticity and
hyalinisation of blood vessels for uterine
rupture (Nelson et al. 2013), uterine at-
ony for post-partum hemorrhage (Israel
et al. 1965), atrophy of the endometrium
for placenta previa (Evaldson 1990), hy-
perlordosis, and placenta previa for fetal
malpositioning (Tanbo et al. 1987).

Pre-pregnancy weight

Pre-pregnancy weight and BMI are close-
ly linked to pregnancy outcomes. The
weight is influenced by both genetic and
environmental factors (Kramer 1987).
Theoretically, genetic factors determine
body weight by controlling adiposity or
influencing body mass among infants
(O’Rahilly et al. 2006). However, even in
the absence of such genetic influences,
maternal weight or BMI prior to concep-
tion replicates the nutritional reserves
that are available for intrauterine growth
of the fetus (Kramer 1987). The large
meta-analysis of 111,000 births world-
wide demonstrated that pre-pregnancy
weight has the highest odds ratio for de-
tecting LBW (OR:2.3, 95% CIL:2.1-2.5)
(Kelly et al. 1996). Young et al. (2015)
(Young et al. 2015) showed that one
standard deviation increase in pre-preg-
nancy weight independently associated
with 250 grams increase in infant birth
weight, which also led to approximately
10% reduction in the risk of delivering
LBW infant. Studies conducted in In-
dia have shown similar associations in
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which weight lower than 45 kgs and BMI
lower than 20kg/m? increases the risk for
LBW (Hirve et al. 1994; Ganesh Kumar
et al. 2010; Singh et al. 2009; Deshpande
Jayant et al. 2011).

Maternal stature

Maternal stature has been argued to
predispose the neonate to LBW and pre-
term birth (Chan et al. 2009). Studies
have also reported that short maternal
stature is associated with LBW (Britto
et al. 2013; Inoue et al. 2016). Studies
conducted in India have shown similar
associations (Deshmukh et al. 1998;
Malik et al. 1997; Jha et al. 2009; Sen
et al. 2009; Kumar et al. 2010; Mum-
bare et al. 2012; Deshpande Jayant et al.
2011; Kader et al. 2014; Mathew et al.
2014; Tellapragada et al. 2016; Shivaku-
mar et al. 2018). A WHO collaborative
study (1995) (Kelly et al. 1996) showed
that a maternal height cut off range of
146-157 cm (OR:1.7, 95% CI:1.6-1.8)
is associated with a higher risk for LBW.
Higher risk of LBW among shorter moth-
ers can be related to a narrow pelvis,
which results in limited space, conse-
quently led to intrauterine growth re-
striction (IUGR) (Zhang et al. 2007). On
the other hand, a study reported a signif-
icant association between taller women
with cut off >170 cm and LBW (Kheirouri
et al. 2017). There can be other factors,
such as paternal height or other paternal
characteristics, that could play an impor-
tant role in influencing the neonatal size
(Veena et al. 2004).

Maternal BMI

For many decades BMI of mothers has
been used as an epidemiological factor
predictive of fetal growth (Kramer 1987).
A low BMI indicates chronic energy de-
pletion and has been used as an impor-

tant parameter for assessing nutritional
risk in women during the reproductive
years (Wynn et al. 1991). It also indicates
a wasting of both fat and lean tissue (Al-
len et al. 1994). Some large epidemio-
logical studies showed that the maternal
BMI for gestational age is associated with
LBW (Kelly et al. 1996; Brewster et al.
2015). In the same vein, two meta-anal-
yses reported that low BMI among moth-
ers increases the risk of having an LBW
infant (Han et al. 2011; Vats et al. 2021)
while Indian studies have also shown
a similar trend of low maternal BMI
(<18.5kg/m2) (Amin et al. 1993; Dhar-
malingam et al. 2010; Sreeramareddy
etal. 2011; Chakraborty et al. 2011; Kad-
er et al. 2014; Raje et al. 2015; Patel et al.
2018). Interestingly, the above-described
trend is evenly distributed all over India
(i.e., 13 out of 17 states), showing that
mothers with low maternal pregnan-
cy BMI are at approximately 30% high-
er risk of giving birth to a LBW infant
with a substantial variation between the
states. This variation could be due to the
interaction between the proximate fac-
tors, such as human development index,
antenatal visits, and maternal anaemia
(Dharmalingam et al. 2010).

Obstetric history

Antecedences of abortion, both induced
abortion and miscarriages, have been as-
sociated with LBW (Kramer 1987). Some
studies have shown that among women
with a history of previous miscarriage
and induced abortion the risk of LBW
is increased more than fourfold (Anand
et al. 2000; Negi et al. 2006). However,
most of the Indian studies did not dif-
ferentiate between induced abortion and
miscarriages and the biological mecha-
nisms of these two factors regarding their
influence on LBW might be different. In
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induced abortions, for instance, cervical
insufficiency from dilation and curet-
tage and uterine adhesions result from
a post-abortion complication (Hooker
et al. 2016). On the other hand, the cer-
vical incompetence has been found to be
a major predictor of miscarriages, along
with genetic, immunological and uterine
abnormalities (Jeve et al. 2014).

A history of LBW in previous pregnan-
cy increases the risk of LBW in the cur-
rent pregnancy, and this risk continues
even after controlling for the socio-de-
mographic and obstetric factors (Anand
et al. 2000; Idris et al. 2000; Negi et al.
2006; Roy et al. 2009; Singh et al. 2009;
Deshpande Jayant et al. 2011; Metgud
et al. 2012; Khattar et al. 2013).

Medical risk during the current
pregnancy

Maternal anaemia

Anaemia during pregnancy is a major
public health concern that affects almost
two-third of pregnant women in develop-
ing countries and contributes to mater-
nal morbidity and LBW infant (Figueire-
do et al. 2018). A large cohort study from
China showed that the risk of anaemia
increases more than twofold from 13%
week to 32" week of pregnancy (Zhang
et al. 2009). According to NFHS-4 statis-
tics (IIPS and ICF 2017), the prevalence
of anaemia was estimated to be 50.3%
in India. Anaemia during pregnancy is
a well-known and established physio-
logical fact. The haemoglobin (Hb) and
haematocrit concentration typically de-
creases during the first 13 weeks and
reach the lowest level at the end of 28®
week of pregnancy, and increases again
during the third trimester (Laflamme
2010). The physiological drop in Hb and
haematocrit concentration is attributed

to an increase in plasma volume which,
in turn, results in a decrease in blood
viscosity (Carlin et al. 2008) leading to
a better circulation in the placenta (Tan
et al. 2013). When the Hb concentration
levels were reduced to <11g/dL, changes
in placental angiogenesis were observed,
limiting the availability of oxygen to the
fetus and consequently causing poten-
tial restriction of intrauterine growth
and LBW (Stangret et al. 2017). Studies
conducted in India have suggested a sim-
ilar pattern showing that maternal Hb
levels below 11g/dL were at increased
risk of having LBW compared to healthy
pregnant women (Mavalankar et al.
1992; Deshmukh et al. 1998; Idris et al.
2000; Anand et al. 2000; Dharmalingam
et al. 2010; Ganesh Kumar et al. 2010;
Deshpande Jayant et al. 2011; Khattar
et al. 2013; Borah et al. 2016; Ahanka-
ri et al. 2017; Patel et al. 2018; Shankar
et al. 2019).

Gestational weight gain

The weight of women increases during
the pregnancy which, in turn, affects the
inter-uterine growth (Hector et al. 2013).
Weight gain during pregnancy is divided
into four components 1) Increase plasma
volume 2) growth of breast and uterine
tissues 3) laying down the fat stores, and
4) growth of the placenta, amniotic fluid
and fetus (Kramer 1987). The first three
components serve as an energy source to
the growing fetus, and a decline in those
will result in a decrease in the overall birth
weight (Kramer 1987). Thus, weight gain
is a factor that affects the size of the fetus
(Hector et al. 2013). In 2009, the Insti-
tute of Medicine (IOM), USA, published
(Rasmussen and Yaktine 2009) the re-
vised Gestational weight gain (GWG)
guidelines that are based on pre-pregnan-
cy ranges for underweight, normal weight,
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overweight and obese women to gain
12.5-18 kg, 11.5-16 kg, 7-11.5 kg, and
5-9 kg respectively. Although these rec-
ommendations have been widely accepted
(Davies et al. n.d.), they were based on pa-
rameters of American women (Kelly et al.
1996), and Asian women parameters,
whose BMI classification differs for the
one used in the west (WHO 2000), were
not considered. Therefore, the applicabil-
ity of such guidelines to Asian countries
is debated [81]. In addition, there is also
no such GWG recommendation available
for Asian women. As there are not enough
publications based on use of IOM guide-
lines among the Indians and other Asian
women (Arora et al. 2019). However, in
the absence of India specific GWG guide-
lines, it was observed that the weight gain
of less than 5 kg increases more than six-
fold chance of being LBW (Roy et al. 2009;
Metgud et al. 2012; Hanumant Dandekar
et al. 2014).

Short pregnancy interval

Birth spacing contributes to adverse birth
outcomes (Kramer 1987). The short in-
terval between the pregnancies increased
the risk of LBW and other obstetric com-
plications (Gibbs et al. 2012; Kozuki
et al. 2013; Allis 1983). Indian studies
have found a similar significant associ-
ation between pregnancy interval of less
than 24 months and obstetrical compli-
cation (Deshpande Jayant et al. 2011;
Metgud et al. 2012). While other studies
have mentioned that the increased risk
of LBW when the pregnancy interval is
shorter than 12 months (Negi et al. 2006;
Roy et al. 2009) or 18 months (Borah
et al. 2016). The biological mechanism
behind this is not yet clearly understood,
but it is likely that pregnancies that oc-
cur before the restoration of energy bal-
ance, maternal hormones and repletion

of maternal resources can lead to health
complications in subsequent pregnancies
(Conde-Agudelo et al. 2012).

Hypertension during pregnancy
Hypertension during pregnancy is clas-
sified as gestational hypertension,
pre-eclampsia, severe pre-eclampsia, or
eclampsia (Mammaro et al. 2009). Ges-
tational hypertension is diagnosed when
the blood pressure equals to or is greater
than 140/90mmHg without proteinuria
after 20 weeks of gestation (Mammaro
et al. 2009). Hypertension associated
with the symptoms of proteinuria, sei-
zure or both can indicate the presence
of pre-eclampsia and eclampsia (Vis-
intin et al. 2010). As per the prevailing
hypothesis of the “ischemic model”, hy-
pertension decreases uteroplacental per-
fusion by reducing placental blood flow
(van Beek et al. 1997) which, in turn, re-
sults in the decreased fetal growth with
an increased risk of pre-term birth and
LBW (Misra 1996). Studies in India also
showed a significant association between
increased risks of LBW with pregnan-
cy induced hypertension (Metgud et al.
2012; Deshpande Jayant et al. 2011) or
Pre-eclampsia and Eclampsia (Idris et al.
2000; Singh et al. 2009).

Infection

Bacterial, viral and parasite infections
experienced during pregnancy can affect
placental development and function,
which can lead to IUGR (Adams Waldorf
et al. 2013). Infections, such as Trepone-
ma pallidum (syphilis) (De Santis et al.
2012), HIV (Xiao et al. 2015), Plasmo-
dium falciparum or Plasmodium vivax
(Rijken et al. 2012), Trypanosoma cru-
zi (Chagas’) (Cevallos et al. 2014) have
been shown to be associated with LBW,
In contrast, only two Indian studies
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that have covered a very broad spectrum
for infections have been reported (Tel-
lapragada et al. 2016; Idris et al. 2000)
and there has been a paucity of studies
related to infections during pregnancy in
India to support the above-mentioned as-
sociations with various pathogens.

Other widely reported infection in
pregnancy, also in India, has been a perio-
dontal infection that also has been regard-
ed as a potential risk factor for LBW (Of-
fenbacher et al. 1996) (Deshpande Jayant
et al. 2011; Mathew et al. 2014; Basha
et al. 2015; Tellapragada et al. 2016).

Antepartum haemorrhage

Antepartum haemorrhage (APH) is
a bleeding from or into the genital tract,
usually occurring from 24 week of preg-
nancy onwards and prior to the birth of
the fetus (WHO 2011). It is an impor-
tant predictor of pregnancy outcomes
(Bener et al. 2012). It has been estimat-
ed that 70% of women who bleed in the
last half of the pregnancy have an equal
chance of exhibiting either placenta pre-
via , or abruption placentae while in the
remaining 30% five out of six cases is
unexplained due to indeterminate site
of bleeding and one out of six cases is
caused by extra placental factors (Konar
2014). Several worldwide studies showed
an increased risk of LBW for bleeding in
the late pregnancy (Bener et al. 2012)
and studies in India support (OR:3.2,
P<0.01) the above-mentioned observa-
tion (Idris et al. 2000).

Behaviour and Environmental risks

Tobacco consumption

Tobacco smoking by women of childbear-
ing age has long been suggested to be one
of the most critical factors associated with
maternal-fetal health. Tobacco consump-

tion affects the intrauterine environment
through several mechanisms (Scholl
et al. 1986; Kramer 1987) of which the
most commonly reported involve media-
tors, such as carbon monoxide and nic-
otine. Carbon monoxide decreases the
oxygen-carrying capacity and increases
carboxy-hemoglobin, which leads to less
release of oxygen to the fetal tissues (Lon-
go 1977). Nicotine, on the other hand,
works as an appetite suppressant and
results in a rapid increase of catechola-
mines consequent to uterine vasocon-
striction (Quigley et al. 1979). Further,
the cyanide compound present in smoke
leads to mediated inferences with fetal
oxidative metabolism (Andrews 1973).
Large epidemiological studies have shown
a significant association between tobacco
consumption and LBW, even after con-
trolling for confounding factors (Coutin-
ho et al. 2009; Dietz et al. 2010). Similar
findings have also been also reported from
India (Deshmukh et al. 1998; Deshpande
Jayant et al. 2011).

Active smoking directly affects mater-
nal-child health, but studies show that pas-
sive smoking also affects maternal-child
health through inhaled air pathways (Ward
et al. 2007; Pogodina et al. 2009). Com-
pered to men, females are more exposed
to the ill effects of tobacco smoke due to
passive smoking in their homes or out-
side as environmental conditions, such as
overcrowding and poor ventilation at home
(Khattar et al. 2013). Studies conducted in
developed countries have shown an asso-
ciation between maternal environment
tobacco smoke (ETS) exposure and LBW
with increased odds from 1.0 to 2.2 (Ward
et al. 2007; Pogodina et al. 2009). Most of
the Indian studies also shown a strong-
er association between ETS exposure and
LBW neonate (Gupta et al. 2004; Khattar
et al. 2013; Metgud et al. 2012).
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Maternal occupation

Many studies confirm a significant
association between maternal occupa-
tion and LBW worldwide (Meyer et al.
2008; Casas et al. 2015). One study
showed that a moderate to vigorous
activity throughout pregnancy may en-
hance birth weight while severe activity
may lead to lighter offspring (Pivarnik
1998). Choudhary et al. (2013) showed
that in India daily calorie, mother oc-
cupation, and the daytime rest taken
were inter-related and significantly as-
sociated with LBW. This study also re-
ported that daily calorie was less than
2000 kcal, daytime rest of less than 1
hour and worked as labourer increas-
es the risk of LBW (Choudhary et al.
2013). Moreover, several studies have
also shown that mothers who were un-
employed, farm labourers during preg-
nancy have a higher risk of LBW com-
pared to employed (professional/clerical
services et al. 2011; Epstein et al. 2013;
Kumar et al. 2020).

Maternal psychological stress

Maternal psychological stress factors
include stressful life changing events,
anxiety, mental illness, abuse, and un-
wanted pregnancy. These factors have
been shown to be associated with LBW,
prematurity and IUGR (Rond6 et al.
2003; Chhabra 2007; Sarkar 2008).
The reason behind this may be relat-
ed to the release of catecholamines or
corticosteroids, which increases the
vulnerability to infectious diseases (like
chorioamnionitis) due to a higher de-
gree of neuromuscular reactivity and
the secretion of oxytocin. These factors
might induce the placental hypotension
and consequent restriction of oxygen
and nutrient to the fetus, leading to
growth impairment or precipitation of

pre-term delivery (Omer 1986; Copper
et al. 1996). Stressed women have been
reported to more often smoke cigarettes
or use a substance such as alcohol and
caffeine (McAnarney et al. 1990). Ron-
do et al. (2003), in their study, observed
that maternal distress was associated
with LBW and prematurity and also re-
ported an interaction between distress
and smoking (Rondd et al. 2003). In
India, only one study showed an asso-
ciation between local crime involving
a harassment of women and girls with
LBW (Baker et al. 2018), although no
other major study has investigated this
association.

Alcohol consumption

A systematic review and meta-analysis
revealed that, compared to abstainers
(i.e., those who consume less than 19-
gram pure alcohol per day) a heavy alco-
hol consumption during pregnancy in-
creases the risk of LBW, pre-term birth
and small for gestational age, whereas
light to moderate alcohol consumption
showed no effect (although no data
from Asia was included in this review
(Patra et al. 2011). Another study from
Asia revealed that maternal alcohol
consumption of more than 1 gram per
day during pregnancy was significantly
associated with a risk of pre-term birth,
but not with LBW and small for gesta-
tional age (Miyake et al. 2014). Howev-
er, the results of this study might not
be representative of all Asian countries
as the study did not cover the whole of
Asia. In India, no study reported the as-
sociation between alcohol consumption
and LBW. One reason can be its low
prevalence of 5.8% in India as report-
ed by the Gender, Alcohol, and Culture:
An International Study (GENACIS)
project (WHO 2005).
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Health care risks

Antenatal care

Studies in developing countries have
provided evidence that improvement in
Antenatal Care (ANC) can significantly
reduce the incidence of LBW (Mahumud
et al. 2017; Zhou et al. 2019). Quality
of ANC, as recommended by WHO, in-
cludes at least four standard qualities
ANC visits, comprising interventions,
such as tetanus toxoid vaccination,
screening as well as treatment for infec-
tions and identification of warning signs
during pregnancy (WHO 2016). These
recommendations vary worldwide; in In-
dia, for instance, an adequate ANC was
considered when the pregnant women
were registered at any time during preg-
nancy, had at least three ANC check-ups,
was adequately vaccinated against teta-
nus, had consumed at least 100 tablets
of iron and folic acid, was not involved in
hard work and had taken adequate rest
during pregnancy (minimum 2 hours
sleep during day and 8 hours sleep during
the night) (Mumbare et al. 2012). Sever-
al studies in India have established a sig-
nificant relationship between these fac-
tors and LBW (Deshpande Jayant et al.
2011; Metgud et al. 2012; Epstein et al.
2013; Choudhary et al. 2013; Negandhi
et al. 2014; Mumbare et al. 2012). Other
studies have reported a more significant
link when registration with ANC was
late (Negi et al. 2006; Singh et al. 2009)
or a number of ANC visits was low-
er (Malik et al. 1997; Idris et al. 2000;
Agarwal et al. 2005; Dharmalingam
et al. 2010; JTha et al. 2009; Khattar et al.
2013; Kader et al. 2014; Mathew et al.
2014). Another study showed a lower in-
cidence of LBW among mothers who re-
ceived average quality ANC (18.5%), and
good quality ANC (13.5%) (OR=1.45,

95% CI: 1.13-1.87, p <0.05) (Nair et al.
2000). To summarise the above studies,
adequate ANC care prevents LBW, re-
gardless of the presence of possible con-
founding factors.

Evolving concepts of risks

Mid-upper arm circumference
Mid-upper arm circumference (MUAC)
is a good indicator for identifying chron-
ic energy deficiency in the body (James
et al. 1994) and plays an important role
in the determinant of LBW. A WHO col-
laborative study (1995) (Kelly et al. 1996)
showed that MUAC cut-off values of
<21-23 c¢m (OR: 1.9, 95% CI: 1.7-2.1)
were at higher risk for LBW. In another
study, Mohanty et al. (2006) reported
MUAC of 395 pregnant women in the
first trimester and found that MUAC
<22.5 cmwas the best cut off value to pre-
dict LBW (Mohanty et al. 2006). Several
other studies conducted in different parts
of India showed a significant association
between the birth weight of neonates
and MUAC. According to those studies,
MUAC was the best surrogate measure
for LBW (Sen et al. 2009; Shrivastava
et al. 2016) as MUAC was insensitive to
the changes experienced during the preg-
nancy (Katz et al. 2010).

Conclusions

Low birth weight has been known to
cause numerous adverse effects among
neonates and infants. This literature
review suggests that maternal age, edu-
cational status, socio-economic status,
ethnicity, parity, pre-pregnancy weight,
maternal stature, maternal body mass
index, obstetric history, maternal anae-
mia, gestational weight gain, short preg-
nancy outcome, hypertension during
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Demographic risk factors
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« Maternal Education level
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Maternal
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LBW

Behaviour and
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+ Tobacco consumption
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« Maternal psychological
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pregnancy

* Maternal anacmia

« Gestational weight gain

« Short pregnancy interval

« Hypertension during
pregnancy

« Infection

« Antepartum haecmorrhage

Fig. 1. Summary of Maternal risk factors for LBW in Indian population

pregnancy, infection, antepartum haem-
orrhage, tobacco consumption, mater-
nal occupation, maternal psychological
stress, alcohol consumption, antenatal
care and mid-upper arm circumference
are independently associated with term
LBW in the Indian population. The
awareness about the various aspect of
maternal risk factors during pregnan-
cy and understanding general pathways
underlying Term LBW can be potentially
very beneficial for the healthcare provid-
ers to apply the preventive measures and
the necessary interventions. The pre-
natal screening should be started so the

high-risk pregnant women will be clearly
marked and given a plan for pregnancy
with regular advice. A suggested summa-
ry for maternal risk factors for low birth
weight is depicted in figure 1.
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AssTraCT: The aim of the present exploratory study was to assess the changes in urinary oxytocin (OT)
concentration during the period between five days before, and on the day of match, among rugby and handball
players. Nine male rugby players with a mean age of 27.62 years (SD = 4.21) and 18 male handball players
with a mean age of 17.03 years (SD = 0.57) participated. Urinary oxytocin level was measured by ELISA
immunoassay as a ratio to the concentration of creatinine [mg/ml] measured through colorimetric detection.
The relative level of OT to creatinine (OT/CRE) significantly differed between the type of player (rugby or
handball) but not between times of measurements. Significant differences were only between OT/CRE level in
a day of match in rugby players and in 5 days before match in handball players (p<0.05). There was no change
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this perhaps depends on a more subtle context of competition, but not on the assumption of competition.
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Introduction

Oxytocin (OT), the endogenous neu-
ropeptide performing peripheral role as
a hormone, is mostly known for facili-
tating uterine contractions during labour,
facilitating maternal behaviour (Rilling
et al. 2012), and also for initiating par-
enting behaviour (Gordon et al. 2010).
However, OT has a broader role exerting
modifying effects on human social cog-
nition and behaviour (Bartz et al. 2011)
that increase benefits of social interaction
and promote social approach and affilia-
tion (Heinrichs and Domes 2008; Gil-
bert and Basran 2019), empathy (Geng et
al. 2018), build trust (Kosfeld et al. 2005),
attachment (Donaldson and Young 2008)
and group cohesion (De dreu et al. 2010;
2011) in humans and non-human ani-
mals (Rilling et al. 2012; Bartz et al. 2011;
Chang et al. 2013; Neumann and Slattery
2016). The critical and intricate role of
oxytocin has been implicated in the for-
mation and maintenance of social groups
by modifying several behaviours and hu-
man cooperative traits that are impor-
tant in effectively functioning in a group
(De Dreu 2012; Choi and Bowles 2007;
Bowles 2009). However, there are recent
reports that administration of oxytocin
increased aggressive behaviour (Ne’eman
et al. 2016) and that OT receptor gene
polymorphism has association with ag-
gression (Butovskaya et al. 2020) that
might be important in combat with out-
group enemies. According to a theoretical
framework, OT modulates social behavior
by means of increasing the salience of so-
cial stimuli and perhaps promotes a wide
range of emotions and behaviors and not
merely the positive and affiliative ones
(Shamay-Tsoory and Abu-Akel 2016).
Therefore, if indeed OT increases the
salience of social agents, a plausible as-

sumption is that it will increase aggressive
reactions in competitive situations involv-
ing aggressive provocations (Ne’eman et
al. 2016). In a study of intergroup conflict
in wild chimpanzees Samuni et al. (2016)
reported that OT levels were elevated im-
mediately before and during intergroup
conflict compared with controls.

Human inter-group conflicts are part
of our evolutionary history and success
in such conflicts depends upon several
adaptive mechanisms. Sports and games
sometimes posit on humans a challenge
situation that mimics inter-group con-
flict, as well as intra-group coordination to
win over the opponent (Munoz-Reyes et
al. 2020). Sporting activities are very often
chosen as a proxy to human combative
situations. The sport competition model
may involve several adaptive mechanisms,
including aggression, and this model has
been used in studies related to endocrine
response or prenatal hormone exposure
(Bogin et al. 2016; Longman et al. 2011).
OT has been linked with human prosocial
behaviour (Romney et al. 2019). On the
other hand, there is evidence for prosocial
behavior in enhancing team performance
in sport (Moll et al. 2010). In a review, af-
ter considering several previous evidenc-
es, it was proposed that OT could be the
bridging link between certain kinds of em-
pathy as well as emotion transfer and en-
hanced group performance in team sports
(for detailed review see: Pepping and Tim-
mermans 2012).

Success in sports has been often linked
with motivation and positive emotions
(McCarthy 2011). Prosocial behaviours,
such as the high-five, the fist-pump, and
the group hug, during a game, remain
staple elements of success in sporting life
(Kraus et al. 2010). These behaviours may
enhance OT (Uvnis-Moberg et al. 2015).
But it is not known if such increase also oc-
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curs as a preparatory mechanism for a mo-
tivational adaptation among elite sports
persons before a match. Pre-match eleva-
tion of OT might be important for soothing
of stress and enhancing empathy and great-
er receptivity for collective emotions for
teammates or rivalry against opponents.

With such background information,
the present exploratory study was con-
ducted with the aim to observe if some
change occurred in urinary OT concen-
tration between two ocasions, 5 days be-
fore, and on the match-day, among the
selected groups of rugby and handball
players in Wroclaw, Poland. The primary
objective was to test if OT level would in-
crease before the match or not, as the in-
crease would be indicative of some change
in oxytocinergic system. For this prima-
ry exploration, the present study chose
rugby and handball matches as these are
known to regularly generate high level of
competitive excitement both among the
players and the spectators. Rugby involves
high level of contact, aggressive interac-
tions, and hence high prevalence of inju-
ries; handball on the other hand requires
specialized team coordination (Uvnis-
Moberg et al. 2015). In this study, these
two kinds of sports were chosen to proxy
high aggressive competition and sociabil-
ity, respectively. Although the study was
a preliminary exploration, the findings
were expected to set a direction towards
further research on the adaptive response
to a forthcoming challenge situation and
building a capacity for enhanced team co-
operation through a biological pathway of
OXytocinergic response.

Materials and Methods

This preliminary exploratory study fol-
lowed a repeated measures design of the
outcome variable (OT) at two subsequent

points of time. Nine male rugby league
players with a mean age of 27.62 years
(SD = 4.21), participating in games of re-
gional rugby league (Lower Silesia), and 18
male handball players with a mean age of
17.03 years (SD = 0.57), taking part in
games of academic league, were includ-
ed in the study. All participants provided
informed consent before participation.
The rugby players were included in the
study in a competition season during the
matches of Second Polish League of Rug-
by. At this time, the player-participants
were undertaking two trainings per week.
The handball player-participants were at-
tending the Junior Sport Championship
School in Wroclaw, undertaking five train-
ing sessions a week, and at least, 10 hours
per week of physical education lessons in
school. Their handball teams were ranked
314" among 10 teams in the Third Sen-
ior League in Poland. Thus it was assumed
that the participants were all potentially
dedicated and whole time players.

The urine samples for study were col-
lected by the participants on their own
at their respective homes. They collect-
ed the morning samples of urine in two
ocasions, 5 days before and on the day
of match. For this purpose, sterile plas-
tic containers (100 ml) were distributed
to each participant before the day of col-
lecting sample. They were asked to col-
lect the samples of the first urine in one
sterile container after waking up in the
morning. After collection of these con-
tainers from the participants on the same
day, each sample was stored in two sterile
plastic tubes (30 ml) at minus 20° Cel-
sius temperature till the laboratory anal-
yses were conducted. The rugby players
were followed for 3 matches (during April
and May 2017), whereas handball play-
ers for 2 matches (during October 2017).
Together, the 112 urine samples were
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collected, 51 from rugby and 61 from
handball players.

After thawing, the samples were cen-
trifuged at 1500 x g for 10 minutes at 4°
Celsius temperature and supernatants
were collected. OT concentration was
estimated by ELISA immunoassay (Cat-
alog #: ADI-901-153A; Enzo Life Sci-
ence, USA). Creatinine (Cr) concentra-
tion was measured with the Creatinine
Colorimetric Detection Kit (Catalog #:
ADI-907-030A; Enzo Life Science, USA).
Both analyses were conducted according
to the assay procedures described in pro-
vided manuals. All standards and sam-
ples in both assays were run in duplicate.
We calculated intra-class correlations
(ICCs) of methods of estimating oxy-
tocin (r=0.92 1?=0.84) and creatinine
(r=0.997, r*=0.995). Relatively high val-
ues of ICCs showed confirmed the high
precision of estimation. OT concentra-
tion in urine samples was expressed as
a ratio of OT to creatinine: OT pg/ cre-
atinine mg (OT/CRE) and used in further
calculations. Analyses were conducted in
a laboratory of Institute of Immunology
and Experimental Therapy, Polish Acad-
emy of Sciences by two trained members
of the institute (AS, DL).

Statistics of mean, standard devi-
ation (SDJ, median, maximum-, and
minimum values were used to describe
the measures of anthropometry as well
as OT/CRE level. There was not any
significant correlation between age and

OT level, neither in rugby players not in
handball players. Differences in ratios of
OT, between 5 days before and a day of
match, were assessed by ANOVA with
repeated measurements, where appropri-
ate team and repeated estimation of OT
were factors. Post hoc comparison was
done of the means of Tukey’s Test for un-
equal sample size. All calculations were
done using STATISTICA 13.1.

The study protocol has been approved
by the Senate Ethical Committee Scien-
tific Research of the University School of
Physical Education in Wroclaw. Although
the study used non-invasive measures,
the ethical guidelines as laid down by the
Helsinki Declaration were sincerely ad-
hered to (Goodyear et al. 2007).

Results

Table 1 shows the mean age, height,
weight and BMI in Rugby and Handball
players and the difference in these meas-
ures between these two groups of players
as assessed by student t test. There were
significant differences in age (p<0.001)
and BMI (p<0.05), but not in height and
weight. The rugby players were older and
had higher BMI than the handball players.

Table 2 presents the descriptive statis-
tics of the ratio of oxytocin-to-creatinine
levels [OT/CRE, pg/mg] for each subject.
For each rugby player six estimations
were done, whereas for handball players
only four.

Table 1. Descriptive statistics of age and body dimensions of the players

Age Height Weight BMI
N Mean SD Mean SD Mean SD Mean SD
Rugby 9 27.6 4.2 181.3 6.4 90.0 7.6 27.3 1.2
Handball 18 17.8 0.60 183.3 6.1 83.4 12.8 24.7 3.0
t-test t=10.11; p<0.001  t=0.83; p>0.05 t=1.49; p>0.05 t=2.63; p<0.05
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Table 2. Descriptive statistics of the ratio of oxytocin-to-creatinine [pg/mg] of urine samples of all individual
players collected at all occasions

Players’ ID N-urine samples Mean SD
Rugby (N = 52 samples)
2 6 437.6 188.9
3 6 608.6 162.6
5 6 684.9 176.0
7 6 648.0 262.5
8 6 665.7 108.0
9 6 663.6 58.7
10 6 864.0 143.6
11 6 724.8 172.7
12 4 514.0 78.1
All rugby players 52 650.7 189.4
Handball (N = 61 samples)

1 2 902.2 14.9
2 3 760.7 28.3
3 3 629.5 125.9
4 3 839.5 96.7
6 4 597.8 106.2
7 4 703.7 62.1
8 4 614.9 112.3
9 4 777.9 171.3
10 4 565.7 130.9
11 3 637.0 121.4
12 4 737.0 113.0

13 2 687.3 3.2
14 2 918.4 271.0
15 4 857.6 313.1
16 4 941.5 204.6
17 4 891.0 120.3
18 3 773.4 93.5
21 4 747.5 167.5
All handball players 61 748.8 172.5

Results of ANOVA revealed that Tukey’s post-hoc tests showed only dif-
only the type of player (rugby or hand- ferences between OT/CRE level in a day
ball) significantly differentiated OT/ of match in rugby players and OT/CRE
CRE levels, but no effect of repeated level in 5 days before match in handball
measurements were found (Table 3). players (p<0.05).
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Table 3. Results of ANOVA with repeated measurements of the oxytocin-to-creatinine ratio [pg OT/mg
CRE] in 5 days and in a day of match among rugby and handball players (Size effect was expressed by

partial eta square)

5 days before In a day of match
Mean SD Mean SD

Rugby 672.21 196.52 625.78 171.13
Handball 754.74 194.16 743.21 167.73

F P Partial n?
Players 6.63 <0.05 0.11
Repeated 1.17 =0.285 0.02
measurements
Interaction 0.26 =0.610 0.005

Figure 1 demonstrates the changes graph no definite pattern or regularity
in the OT/CRE levels in each player be- was observed indicating any difference
tween the two ocasions, five days before  in ratios 5 days before and on a day of
match and on the day of match. In this match.

1400

1200

1000

800 |

600

400 ¢

oxytocin-to-creatinine ratio [pg/mg]

200 ¢

5 days before in a day of match

Day of taking sample

Fig.1. Changes of individual level of oxytocin-to-creatinine ratio [pg/mg| in all players estimated 5 days
before and in a day of the match
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Discussion

The effects of OT on adaptive social be-
haviour have been the topic of increasing
scientific interest in recent years, both in
animal and human studies. In the pres-
ent study, we investigated whether uri-
nary OT level among the players would
rise up on the day, as compared to five
days, before highly competitive rugby and
handball matches. Results of the present
study showed that the OT level differed
between rugby and handball players.
However, it did not differ between two
time points, in either group or when par-
ticipants from both sports were clumped
together. There was no indication of any
difference in OT between five days before
and on a day of match.

Most previous research evidence was
obtained in laboratory settings using in-
tergroup social-dilemma games and fo-
cused on human male participants. Only
a handful of studies have studied inter-
group contexts in captive or wild non-hu-
man animals. In a study among wild
chimpanzees, during intergroup con-
flicts in natural habitat, a significantly
higher urinary OT level was recorded in
both sexes immediately before and dur-
ing the intergroup conflicts (compared
to controls). Both anticipatory response
to, and participation in the intergroup
conflicts involved high urinary OT levels
compared to control conditions (Samuni
et al. 2016, 2018). The present explora-
tory research, however, could not meas-
ure OT concentration just before or af-
ter a match. But it at least, does provide
a preliminary database up to a certain
stage before competitive situation.

During intergroup conflict, elevated
levels of both cortisol and OT are expect-
ed to have adaptive importance. Whereas
the former facilitates rapid production

of energy required for combat or flight
(McEwen 2007; Samuni et al. 2016),
the latter may promote the essential in-
group cohesion leading to cooperative re-
sponses (De Dreu et al. 2010, Samuni et
al. 2016). Studies on both humans and
chimpanzees indicate an oxytocinergic
system involvement during intergroup
conflict (De Dreu et al. 2010, Samuni et
al. 2016). It is widely believed that sports
and games could closely imitate a real-life
inter-group conflict and intra-group co-
hesion among humans (Munoz-Reyes et
al. 2020). It was therefore hypothesized
that similar effect could also be visible
shortly before participation in highly
competitive games. In Poland, rugby is
played by a very few teams and the hand-
ball players selected for this study were
relatively top ranking. Since the partici-
pants were dedicated players, it was pos-
sible that they had developed ability to
perform at high level of sports by several
years of practice and adjustment to the
specific requirements of the game. Based
on the theoretical framework, we tried
to explore whether they might show el-
evated OT a few days before a game, as
a physiological response, that might sup-
port them in performance. However, the
results of the present study did not pro-
vide supportive evidence. It showed no
definite pattern or regularity of changes
in OT level from five days before and on
a day of match. In both types of games
there were no significant differences be-
tween those two time points. The result
was identical even when data for all play-
ers in two games were analyzed together.

There are several probable scientif-
ic reasons for the megative’ result. With
growing number of investigations on the
effects of OT on behavior, cognition, and
neuropsychiatry, it is becoming clear that
its functions are far more complex than
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initially was presumed (Bartz et al. 2011;
Chang et al. 2013). OT release during in-
tergroup conflict as observed by Samuni et
al. (Samuni et al. 2016) was postulated to
be triggered by the social context that was
linked with the stressor rather than the
stressor itself (Samuni et al. 2019). Ac-
cumulated evidence from several studies
indicates that social contexts and individ-
ual factors, such as sex, early experience,
or health, influence oxytocinergic effects
(Bartz et al. 2011; Rilling et al. 2012).
Perhaps, the context before actual com-
mencement of the matches, or during the
mathes, such as, physical-aggressive con-
tact during the match, would raise OT lev-
els. Unfortunately, we could not measure
OT/CRE ratios during or after the game.
Several studies, e.g., Striepens et al.
(2011), suggested that OT mediates be-
haviors which are mainly prosocial.
Nonetheless, other studies from animal
research contradicted this by showing that
OT can also enhance anxiety (Guzman et
al. 2013). Similarly, among humans, re-
cent studies demonstrated its effects that
might promote conflict rather than cohe-
sion. For example, OT was found to in-
crease envy and gloating (Shamay-Tsoory
2009), decrease trust and the inclination
to cooperate in individuals with borderline
personality disorder (Bartz et al. 2011),
and facilitate out-group derogation (De
Dreu et al. 2011). Thus, although OT is
widely viewed as a prosocial compound,
it may also promote antisocial responses,
thus suggesting a context-dependent effect
(Goodson and Thompson 2010). Thus,
it seemed that OT level is not raised, at
least, at this stage (before a few hours of
match), but maybe just before game or
during game. Instead, prosocial behaviors,
such as mutual touching and hugging
among teammates during the game (con-
text) might increase the OT level (Kraus et

al. 2010; Uvnis-Moberg 2015). Although
sports and games could be suitable prox-
ies for real-life competitions (Longman
et al. 2011), there are certain differences
between sport, game, and real-life chal-
lenges. It would be ideal to measure OT
in soldiers at war, as was done for fighting
chimpanzees. The present study, however,
showed that although some oxytociner-
gic response during preparatory period of
a competitive sport was assumed, it might
not have been activated even a few hours
before the match. The social context im-
mediately before a conflict to protect ter-
ritory among the chimpanzee is expected
to be very different from that of a human
sports person before playing in a match.
The game was only a part of their life but
for chimpanzees the fights are to protect
their entire world. Studies on animal
models have also demonstrated that so-
cial context might modify the regulating
effect of OT on social play (Bredewold
et al. 2014).

Several limitations of the present
study should also be worth discussing.
First, this study was an exploratory at-
tempt with limited resources. The sample
sizes were small. Secondly, we compared
players from different sports disciplines
that might have different effects. The two
teams also had different popularity and
ranking scores, and perhaps, not exactly
comparable. Third, we could not collect
reliable data on the extent of training,
how often the players worked in group,
the immediate social conditions, the
exact activities during a certain period
before sample collection, etc. These fac-
tors including individual characteristics
could have confounding effects (Bartz et
al. 2011). Fourth, the players of handball
and rugby were followed in different sea-
sons of the year. Thus, potential seasonal
variation in OT also could be responsible
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for lack of relationship and differences
between sport groups. Fifth, the differ-
ences in OT between two groups also
could be age related since there was also
significant age difference. Despite these
inherent limitations, this study, with its
purely exploratory objectives, provided
the first preliminary information on the
topic. Future research might best be con-
ducted on several teams of a single disci-
pline, assess OT before, during and after
several games, precisely control for con-
founders, such as, age, nature of training,
seasonal effect, and also include more
aggressive games, such as, martial arts.

Conclusion

The present exploratory study showed
that the OT level in professional sport-
spersons did not increase with the near-
ing of a match. Perhaps the increase
might be noted in a more critical context,
such as, during the game. Further studies
are needed based on more homogenous
group with higher number of matches.
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AssTrACT: Wormian bones (WB) are the irregular bone structures developed from additional centers of
ossification. Although they are commonly found in healthy individuals, under certain conditions (number
>10, mosaic pattern, large size), they can indicate pathology. While their coexistence with numerous
diseases is well-documented, and various studies have reported their prevalence in populations of various
geographic regions, no qualitative critical review of such studies has been conducted. The aim of this
paper is to perform a critical review of research studies on the presence of Wormian bones in populations
worldwide, with a particular emphasis on the methodology used and the selection of the samples studied.

A sample of 44 original research articles was selected via PubMed and Google Scholar databases. Four
criteria were assessed: 1) number of individuals in each group, 2) known sex of individuals, 3) selection
criteria of individuals, and 4) implementation of the statistical analysis. The origin of the research sample
was determined as well as the method of the WB calculation, and data on the WB prevalence worldwide
was collected in tabular form.

The reported size of the research samples varies from 22 to 628 individuals, derived from both
contemporary and archaeological populations. Four major formulas were used in order to provide the
frequency of WB. The sex of individuals was known in 18 (40.9%) articles. Most of the articles focused on
Asian samples.

The difficulties in comparing data on the Wormian bones are caused by considerable inconsistency in
the methodology used to research this phenomenon. Therefore, the interpopulation comparisons currently
made may not be correctly estimated. Our study highlights the need for using more comprehensive and
consistent data collection as well as processing protocol suitable for populational research on sutural bones.
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Introduction

The human skull consists of two develop-
mentally and functionally distinct groups
of bones: viscerocranium and neurocra-
nium (Reicher and Lasinski 2010). The
number of skull bones is generally con-
stant, but in some cases, the number
might increase due to the presence of
so-called Wormian bones (WB) which
are also known as ‘intrasutural bones’,
‘sutural bones’, ‘skull accessory ossicles’,
‘supernumerary ossicles’, ‘intercalated
bones’, ‘accidental bones’, ‘intercalary
ossicles’, ‘Schaltknochen’, ‘ossa Wormi-
ana’, ‘ossa suturalia’ (Goyal et al. 2019;
Nowak et al. 2018; Rajni et al. 2018;
Murlimanju et al. 2011). In particular
cases — when the bones occur in the po-
sition fontanelles (Natsis et al. 2019;
Nikolova et al. 2016) - they have specif-
ic names such as ‘bregmatic bone’ and
‘Kerckring bone’ (in bregma, Nikolova et
al. 2016; Vishali et al. 2012), or ‘pterion
ossicles’ and ‘epipteric bone’ (in pterion,
Standring 2016). There is also a large
bone on the posterior part of the skull
(upper area of the occipital squama) re-
ferred to as the ‘Inca bone’ (Cirpan et
al. 2014) or ‘interparietal bone’.

Wormian bones are irregular, diversi-
form bone structures developed from the
additional centers of ossification (Nowak
et al. 2018; Bellary et al. 2013) and in-
terjected in the cranial sutures. They are
present not only in modern humans but
also in the archeological context (Nikolo-
va et al. 2014; Panzer et al. 2014), in
Neanderthals (Bruner 2004), and an-
imals (Zambrano et al. 2021; Smith et
al. 1977).

The size of a single accessory bone can
vary from less than 1 mm x Imm up to
more than 5 cm x 9 cm in width and length
(Sreekanth and Samala 2016). In addition,

these bones have multiple shapes: oval,
round, oblong, quadrilateral, and irregular
(Parker 1905, as cited in Murlimanju et
al. 2011). Wormian bones are generally
a feature of the neurocranium and occur
mostly in the lambdoid suture, especial-
ly on the right side (Nowak et al. 2018;
Bellary et al. 2013). Other frequent locali-
zations are coronal suture, bregma, lamb-
da, pterion, and asterion. However, WB
may, although rarely, occur in the sutures
connecting the craniofacial bones — for
example in the frontonasal suture (Ed-
wards et al. 2017) or in the orbital cavity
between the frontal, lacrimal and ethmoid
bone (Rizvi et al. 2018). The anatomical
denomination of Wormian bones is still
debated (Romero-Reverén 2020) while the
etiology of sutural bone formation still re-
mains unclear. It has been hypothetised
that WB might indicate genetic factors
(Finkel 1975; Bennett 1965), mechanical
pressure on the skull bones in early stages
of ontogenetic development, such as arti-
ficial cranial deformations (Sanchez-Lara
et al. 2007; O’Loughlin 2004; El-Najjar
and Dawson 1977), metabolic disorders
(Hess 1946, as cited in Jeanty et al. 2000),
as well as environmental factors (Barber-
ini et al. 2008; Sanchez-Lara et al. 2007).
Currently, more holistic interpretations
are adopted that recognize the influence
of all the aforementioned factors in WB
development (Di Ieva et al. 2013; Barber-
ini et al. 2008). Some studies suggest that
the presence of sutural bones might in-
dicate developmental instability (Di Ieva
et al. 2013; Vishali et al. 2012; Barberini
et al. 2008).

The Wormian bones have been re-
ported to commonly occur in healthy
populations, and their presence typically
is not associated with any pathological
conditions (Natsis et al. 2019; Andrade
et al. 2018; Johal et al. 2017; Walulkar et
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al. 2012); however, their significant num-
ber (above 10), size (more than 6 mm x
4 mm), or characteristic mosaic pattern
are clinically considered as indicators of
several congenital diseases, mostly oste-
ogenesis imperfecta (Cremin et al. 1982)
exhibited by abnormally numerous
Wormian bones (Semler et al. 2010).
Other diseases are also frequently asso-
ciated with WB, such as hypophosphata-
sia, craniosynostosis, hypothyroidism,
cleidocranial dysostosis, rickets, pyknod-
ysostosis (osteopetrosis acro-osteolytica),
pachydermoperiostosis, congenital hypo-
thyroidism, hydrocephalus, otopalatodig-
ital syndrome, Hajdu-Cheney syndrome,
Menkes syndrome (Ratnaningrum 2020;
Saylisoy 2020; Basnet et al. 2019; Rome-
ro-Reverén and Arrdez-Aybar 2019; Ku-
mar and Ratna Prabha 2016; Marti et
al. 2013). Many of them are congenital
disorders or CNS (central nervous sys-
tem) anomalies. Studies have shown that
Wormian bones can help in diagnosis
and treatment of those conditions (Go-
yal et al. 2019; Romero-Reverén and Ar-
rdez-Aybar 2019; Jeanty et al. 2000). As
Wormian bones are developed prenatally
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(Jeanty et al. 2000), they can be detect-
ed during the routine USG examina-
tion, and used as the prenatal diagnosis
of severe or lethal conditions (Tonni et
al. 2013).

Wormian bones can be also considered
as important from the medicolegal per-
spective as their characteristic pattern,
can be used for identification of an indi-
vidual (Kuhari¢ et al. 2011; Jayprakash
1997); moreover, due to their association
with abnormal bone brittleness, WB can
prove critical in the diagnosis of the chil-
dren’s bone trauma in order to exclude
the possibility of physical abuse (Johal
et al. 2017; Govsa et al. 2014; Marti et
al. 2013). During X-Ray examination of
the head, Wormian bones can also be mis-
taken for fractures (Narayan et al. 2019;
Romero-Reverén 2017). Radiologists and
surgeons have been advised to take WB
into account while planning surgical in-
terventions to the head to avoid possible
injury (Ratnaningrum 2020; Kumar and
Ratna Prabha 2016).

Interest in Wormian bones in the last
decade has been significantly growing
(see fig. 1).

| >10 per year

2012 2014 2016 2018 2020 2022

Year

Fig. 1. Number of articles published between 2000 and 2022, found in PubMed by the ‘Wormian bones’

keyword (full texts only)
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Some studies have discussed the as-
sociation of WB with various diseases
(case reports), while other have estab-
lished the relationship between WB and
biological phenomena, such as meto-
pism (Li et al. 2022; Cirpan et al. 2016),
individual genes or groups of genes that
influence WB formation (Zimmerman
et al. 2019; Kague et al. 2016), and var-
iants of the skull morphology (Basnet et
al. 2019). Since WB are considered as
an anthropological marker of the inter-
population distance (Natsis et al. 2018;
Gumisburun et al. 1997; Pal and Rout-
al 1986), some studies report the WB
prevalence in human populations world-
wide. In many cases, the data presented
and juxtaposed therein are further cited
by researchers; however, so far, no quali-
tative critical analysis of this group of ar-
ticles has been carried out. Such a com-
prehensive review of the above studies,
however, would be very useful for other
researchers by providing an established
basis for future research on Wormian
bones.

The aim of this study is to review arti-
cles on the presence of Wormian bones in
populations worldwide, with a particular
emphasis on the methodology used and
the selection of the study sample. In this
study, the term “Wormian bones’ is used
predominantly due to its common occur-
rence in the reviewed articles.

Material and Methods

This study is a semiqualitative review of
literature. By using ‘Wormian bones’ as
the keyword search term, 208 articles in
the PubMed database were found. After
adding the filter for ‘full text’, the total
number was 169 (August 2.2, 2022).

In addition, in order to supplement
the study material, the authors also used

the Google Scholar database. Overall, the
number of records found using the same
‘Wormian bones’ search term was 5870
(citations and patents were not taken
into account). To limit the scope of the
material, the following search criteria
were used:

1. Published in the last 10 years (2012—

2022)

2. ‘Highest relevance’ of the search filter
selected

The total sum of records found using
the above search criteria was 2600 (Au-
gust 22, 2022). Since the search with the
‘highest relevance’ option was used, the
further review was limited to the first five
pages of Google Scholar results (50 arti-
cles), considering them to be the most
relevant to the search criteria.

The total number of records obtained
at this stage of search (preliminary data-
base) was 219.

At the following stage, the articles
were reviewed in terms of meeting the
following selection criteria:

1. Research on Wormian bones (or their

specific categories such as pteric bones,

etc.) in any context (assessed by using

the “Wormian bone’ or ‘sutural bone’

term in the title, keywords or abstract)

conducted on human sample

Article available online

. Full text of article available free (Open
Access) or via institutional approach
of authors’ units

4. Article in English, Polish, German or

Spanish.

After excluding duplicates (publi-
cations recorded both in PubMed and
Google Scholar databases) the total num-
ber of articles was 176.

Such obtained material was then di-
vided into six groups/categories: 1) case
reports, 2) original articles on clinical
approaches, 3) medicolegal approaches,

@ 1



Wormian bones worldwide 99

4) original articles on Wormian bones
prevalence in populations worldwide,
5) reviews, 6) varia (i.e., articles directly
or indirectly related to Wormian bones,
which were not assigned to any of the
above category). Only the fourth group
(original articles on Wormian bones prev-
alence in populations worldwide) was
selected as the subject of this research.
An article was assigned to this group if
it indicated the studied population in the
title, introduction, or in the description
of the research material. Articles that in-
vestigated the relationship between WB
and skull deformities in various popula-
tions were excluded from the study. The
preliminary number of articles included
into the fourth group was 39.

1y S ng*
plomday sauoq uBmILION*

Number of
arficles = 169

In order to enrich the material, the
authors checked the reference lists of
these articles and selected additional
publications regarding the WB preva-
lence in particular populations that were
not included during the previous selec-
tion steps. Although such identified ar-
ticles were only few, they report relevant
results that are cited in further research
as reference data. Because this study is,
to our knowledge, the first attempt to
propose a semiqualitative review of the
WB issue, the chosen articles were not
selected for peer review, citation score,
impact factor, or other parameters. The
final number of articles in the fourth
group was 44 (see fig. 2), published be-
tween 1975 and 2022.

Google Scholar

TTOT-TIOT “s1wag

13y soueAd)al 1saySiy
Plomiay sauoq uemop

Number of
articles

Preliminary
database =

Asticles found by
references =3

219

T
pr—

Original research
articles (Wormian
hones prevalence) = 3%

Final mumber of
articles selected= 44

Fig. 2. Articles selection process
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A scoring system, inspired in part by
the Bradford-Hill criteria (Rothman and
Greenland 2005), was proposed for the
assessment of the evidential strength of
the analyzed articles. Four benchmarks
were selected, and one point was noted
for each criterion:

1. >30 individuals in each examined
group

2. Known sex of individuals

3. Statistical testing (regardless of the
type of test selected)

4. Discussed selection criteria of the ma-
terial

The data was tabulated according to
the point category: 0-4 points. Central
tendency measures were calculated us-
ing the STATISTICA 13.3 software (TI-
BCO; no. of license: JPZ007B482801A-
RACD-9).

Results

Due to the scoring system implement-
ed and discussed above, the division of
the articles from the group of articles se-
lected for review is as follows: 0 points
— 1 article; 1 point — 11 articles; 2 points
— 15 articles; 3 points — 12 articles;
4 points — 5 articles (table 1). The report-
ed size of research samples varies from
22 to 628 individuals (mean = 125, Me
=79, Mo = 50, Q1 = 50, Q3 = 155.5).
Research samples used in these studies
were collected from contemporary insti-
tutions (e.g., post-sectional dry skulls,
exhibits of medical museums with the
number of articles of 36), or historical
populations (e.g., from archaeological
excavations or museums with a number
of 5 articles), or mixed sources with only
one article. In a few cases the origin of
samples was unclear. Where possible,
the authors determined the origin of the
sample on the basis of the condition of

the skulls visible in the photographs. In
18 studies (40.9%), the sex of the sub-
jects was known. The age of individuals
was known in 33 (75%) of all examined
articles, although in most cases they
were described simply as ‘adults’. In two
articles, the division of individuals into
age categories was given as follows:

1. Natsis et al. 2019 - three age
groups: 20-39 (n = 41), 40-59 (n=30),
over 60 (n = 95).

2. Durge 2016 — four age groups:
20-30 (male n = 18, female n = 21,
total n = 39), 30-45 (male n = 32, fe-
male n = 26, total n = 58), 45-60 (male
n = 10, female n = 21, total n = 31),
over 60 (male n = 12, female n = 20,
total n = 32).

Some articles were thematically limit-
ed to selected points of the skull: asterion
— 3 articles; — pterion — 7 articles; asteri-
on and pterion — 1 article; preinterpari-
etal/interparietal/Inca bones — 4 articles.
In two cases, the preinterparietal/interpa-
rietal/Inca bones were excluded from the
study.

The described research was conduct-
ed mainly in the area of South Asia (see
fig. 3) with a high representation of data
from India.

In 24 out of 44 articles (54.5%), a val-
ue of general prevalence of Wormian
bones in a particular population was re-
ported. This value varied from 4.7% in
Rajasthan (Masih et al. 2013) to 88.8%
in South India (Nayak and Shetty 2019).
Moreover, the articles provide the WB
frequency in particular skull sutures (ta-
ble 2) revealing that the site of the most
frequent occurrence of these structures
was the lambdoid suture, which corre-
sponds to other studies (El-Najjar and
Dawson 1977; Romero Reverén 2017).
The next most common locations for
sutural bones were the asterion (79.7%
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Fig. 3. Geographical distribution of research on Wormian bones (blank map by Ian Maphy, the authors’

modification)

in South Indian population, Lekshmy
et al. 2017), coronal suture (66.6% in
South Indian population, Nayak and
Shetty 2019), and the squamous suture
(45.5%, also in South Indian population,
Lekshmy et al. 2017) — the highest per-
centages recorded are given in this study.
The prevalence of preinterparietal or in-
terparietal or Inca bones occurrence var-
ies from 1.3% in Central India (Marathe
et al. 2010) to 13.3% in South India (Na-
garajan and Ganesh 2017). All percent-
ages listed indicate the number of indi-
viduals with a Wormian bone in specific
cranial site (suture), relative to the entire
study group.

26 articles (59.1% of reviewed sam-
ple) relate to the Indian population. Arti-
cles investigating populations from other
areas of Asia taken into account included
Nepal = 2, Indonesia = 1, Turkey (in-
cluding Anatolia) = 6, China = 1, and
Israel (Lachish) = 1. Data on Asian pop-
ulations (including archaeological) ac-
count for over 84% of the sample. The
remaining articles concern Greek (1 ar-
ticle), Nigerian (4 articles), Brazilian (1
article), Peruvian (1 article).

Discussion

The assessment of the variability in the
occurrence of biological phenomena in
a population is the first and indispensa-
ble step towards analyzing the etiology
of any given phenomenon. The collect-
ed and available data on the variabili-
ty of the phenomenon in other popu-
lations allow for comparative analyzes.
Researchers investigating Wormian
bone in the analyzed populations of-
ten refer to tabulated data from other
studies (Li et al. 2022; Sah et al. 2017;
Kalthur et al. 2017; Ghosh et al. 2017;
Gumisburun et al. 1997). In the above
studies, the researchers refer to the
global ranges of variability determined
by the populations with the lowest and
highest percentage of sutural bones
— such as: “The reported incidence is
variable, ranging from around 10% (in
Caucasian skulls), through 40% (in In-
dian skulls), to 80% (in Chinese skulls)”
(Khan et al. 2011).

This study reviews the original ar-
ticles that reported the incidence of
Wormian bones in populations from
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different geographic regions in order to
create an organized database; however,
the difficulty in completing such a da-
tabase results from the inconsistency of
the methods used to assess the presence
of the Wormian worldwide. The most
considerable differences in the adopt-
ed methodology concern calculating the
frequency (percentage) of a feature in the
analyzed publications. Four dominant

strategies were shown (table 2):

1. WB frequency as the quotient of the
sum of all Wormian bones (in specif-
ic sites of the skull) counted in the
study sample and the entire study
group (WB-positive and WB-negative
individuals, divided according to sex,
if stated), multiplied by 100% This
strategy has been used in 3 (6.8%)
cases.

2. WB frequency as the quotient of the
sum of all Wormian bones (in specific
sites of the skull) counted in the sam-
ple and the number of WB-positive
individuals (divided into sex groups,
if distinguished), multiplied by 100%.
This strategy has been used in 2
(4.6%) cases.

3. WB frequency as the quotient of the
number of individuals with WB (in
specific sites of the skull) and the
entire study group (WB-positive and
WB-negative individuals, divided into
sex groups, if distinguished), multi-
plied by 100%. This strategy has been
used predominantly, in 31 (70.5%)
cases.

4. WB frequency as the quotient of the
number of individuals with WB (in
specific sites of the skull) and the
group of WB-positive individuals
(divided into sex groups, if distin-
guished), multiplied by 100%. This
strategy has been used n 5 (11.4%)
cases.

In 5 cases, either a different way of
calculating attendance was used or it
was not specified how the result was
obtained. The inconsistency of the cal-
culation methods in which the result is
reduced to one value category — the per-
centage (%) — creates a risk that the data
obtained and compiled with each other
may be under- or overestimated. Inaccu-
racies also apply to the classification of
the Wormian bones themselves; for ex-
ample, (pre-)interparietal/Inca bones are
treated as a separate category or included
into the group of lambda bones or sagit-
tal/lambdoid sutures.

Of the selected studies, 2 were con-
ducted on archaeological samples: Lach-
ish (Finkel 1975) and Anatolian (Gumiis-
burun et al. 1997). These two studies are
relatively often quoted in tabular sum-
maries, in which they are compared with
contemporary samples (Li et al. 2022).
However, this approach may raise con-
cerns because genetic distances between
historical populations may differ consid-
erably compared to those derived from
contemporary populations. Moreover,
a direct comparison of modern trials with
groups that are significantly distant in
time, such as the Lachish population an-
alyzed in the article by Finkel (1975) dat-
ed as the late bronze age, may omit some
aspects of morphological changes related
to the process of human microevolution.
For this reason, a greater precision in the
description of the tested sample is im-
portant. One of the included in this re-
view articles focused on the occurrence
of morphological variants of pterion in
mixed archaeological (13-century Byz-
antine) and contemporary (20-century
Turkish) sample (Illknur et al. 2009).
This study states that the pteric bone oc-
curs in 6.25% od Byzantine sample and
in 3.6% of the modern population. How-
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ever, the statistical significance of differ-
ences in these both frequencies was not
tested, and the samples were relatively
small (28 modern skulls and 16 Byzan-
tine skulls), so the obtained results may
be unreliable (Illknur et al. 2009).

In 16 studies included in this review,
the origin of the sample was not speci-
fied. It is also worth noting is that in
some studies osteological materials from
anatomical museums at medical facul-
ties were used. The origin of such materi-
als should also be carefully explained be-
cause museums can store both prepared
contemporary remains and historical
bone material (i.e., those from archae-
ological excavations including modern,
medieval, and even older remains) in
their collections.

Modern samples may not only differ
from archaeological samples in terms of
genetic distance, but also be expoused
to different environmental conditions,
exhibit different health status which
may, potentially, affect the incidence of
Wormian bones and the high number
of which is associated with numerous
diseases. Furthermore, historical mate-
rial from archaeological excavations or
crypts is subject to taphonomic changes.
For example, an excavated material may
be damaged or dehydrated in such a way
as to posthumously unseal the space of
the cranial sutures. This poses a risk of
accidentally losing Wormian bone post
mortem. Such a risk is much smaller in
comparison with contemporary post-sec-
tional samples. In historical populations,
the structure of sex and age is also differ-
ent, which may distort the interpretation
of data.

In 26 out of 44 (59.1%) analyzed ar-
ticles, the researchers did not specify the
sex of the examined remains. The omis-
sion of such information makes it diffi-

cult to undertake further works on the
study of sexual dimorphism, on which
there is no consensus in the literature
(Natsis et al. 2019; Cirpan et al. 2016;
Patil and Sheelavant 2012). Some au-
thors argue that there are no differenc-
es in the prevalence of WB between sex
groups. However, according to the 16 dis-
cussed articles in which the sex of indi-
vidual was determined (research on male
group only excluded), it may appear that
the Wormian bones are more common in
males (table 3). Note, however, that these
results may represent non-statistical ob-
servations, not based on a significant dif-
ference testing result.

In the four included in this review ar-
ticles (4 of the 44, 9.1%), the examined
sample consisted less than 30 individu-
als, which are considered minimum that
allows inference on quantitative data.
None of these studies attempted to esti-
mate the required sample size. The col-
lection of research material depends on
many substantive factors, such as the
total amount of osteological material
obtained through archaeological excava-
tions, non-substantive factors such as
funds, consent to share the material, and
the duration of the study. In population
studies, providing a sample size that al-
lows for statistical analyzes, although
critical, was implemented only in 23
out of the 44 (52.3%) evaluated articles.
Statistical inference with respect to com-
piling numerical data from population
studies is the only way to distinguish
significant biological relationships from
numerical randomness. Without which
it is rather difficult, if not impossible, to
properly estimate the differences in the
occurrence of Wormian bones between
Sex groups.

Of the 44 original articles included in
the analysis, more than a half (26 of the
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44, 59.1%) relate to the Indian popula-
tion. Nevertheless, there is no consensus
on the reported frequency of suture bones
in populations from the same areas; con-
sider the following examples: in the East
Indies reported from 29.7% (Yadav and
Salam 2020) to 72.3% (Purohit and Yadav
2019), in North India - from 35.3% (Go-
yal et al. 2019) to 51% (Rajni et al. 2018).
These discrepancies may result from the
large diversity of the populations inhab-
iting the area of India but also from the
methodology adopted in the assessment
of the Wormian bones.

Studies regarding populations from
Asia account for over 84% of the sam-
ple collected according to the proposed
method partly based on indications and
systematic reviews of publications in
established scientific databases. In con-
trast, there is an insufficient number of
studies on populations from Europe, Af-
rica, Australia, Oceania as well as North
and South America. The problem of older
research on WB, published in print (not
digitized) in languages other than those
used internationally, also should be men-
tioned.The lack of digital and linguistic
access for researchers who want to under-
take reviews or comparative analyzes can
create considerable gaps in the methodol-
ogy and results. An example of such ma-
terials could be the publication of Cesnys
and BalCituniené (1988) on Lithuanian
populations; therefore, it is important to
enrich available databases of scientific ar-
ticles with archival works on the subject.
Translated non-English-language stud-
ies and English-language meta-analyzes
published in native languages concerning
the prevalence of Wormian bones, as well
as other morphological and anatomical
studies in local populations, should be
made available to the worldwide scientif-
ic and scholarly community.

Due to the major inconsistency re-
garding research methods used to deter-
mine the frequency of Wormian bones,
comparing archival data may not be re-
liable and therefore existing knowledge
regarding this phenomenon may not
reflect the actual biological regularities.
Consequently, there is a need for clarity
regarding the description of the data col-
lection protocol which would allow con-
ducting a more robust meta-analysis and
further research on Wormian bones. In
addition, there is a significant gap in the
data on the presence of sutural bones in
non-Asian populations which should en-
courage research on materials from these
regions of the world.
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Table 3. Wormian Bones Prevalence in Male and Female Skulls (the articles using 3rd computational strat-

egy selected only)

Article WB examined in Males Females Statistical significance
Finkel 1975 whole skull 114 (32.2%) 81 (29.6%) not described
Marathe et al. 2010 Inca 3 (1.428%) 2 (1.176%) not described
Walulkar et al. 2012 whole skull 63 (9.13%) 14 (21.87%) not described
Singh 2012 asterion —(82.14%) —(85.19%) not described
Masih et al. 2013 whole skull —(4.1%) —(3.6%) not described
Natsis et al. 2019 whole skull 67 (72.8%) 57 (77%) no significant difference
Yadav and Salam 2020 whole skull 11 (30.56%) 8 (28.57%) not described
De Lucena et al. 2019 asterion - (18.34%) - (13.34%) not described
Goyal et al. 2019 whole skull 35 (36.08%) 17 (34%) no significant difference
Shiv et al. 2020 whole skull 19 (22.09%) 8 (18.18%) not described
Yadav and Salam 2020 whole skull 11 (30.56%) 8 (28.57%) not described
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AssTrACT: Students are a specific social group characterized by different lifestyle behaviours.

The aim of the study was to determine whether there are lifestyle differences between students of
medical and biological fields from three different universities in Poland.

The research material consisted of answers from 1163 students (781 women and 382 men), aged 17.5—
26.0 from the medical faculty of the Wroclaw Medical University, biological faculties of the Cardinal Stefan
Wyszynski University in Warsaw and the University of Lodz. The survey included questions regarding
gender, socio-demographic situation, lifestyle and eating habits. Students also provided height and weight
data, which was used for BMI calculation. Chi-square test and one-way ANOVA were used to indicate
differences in BMI between students and to estimate differences in lifestyle between students from three
different university centres.

Medical students exhibited significantly lower BMI values compared to students from other academic
centres. They also more often reported doing additional sports and assessed their overall level of physical
activity significantly higher compared to students from other academic centres. Biology students reported
to sleep longer and being more exhausted compared to medical students. Biology students tended to drink
sugar-sweetened beverages and eat fast-food significantly more often than medical students. Students from
the medical faculty in Wroclaw reported to smoke cigarettes less often compared to students from non-
medical study. There were no significant differences in other studied factors, such as the use of alcohol,
snacking between the meals and consumption of energy drinks.

Overall, students of medical fields reported a healthier lifestyle compared to their peers from biological
faculties, although this was not consistent for all examined factors.
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Introduction

Students are a specific group of young
adults. Depending on the country and
the chosen field of study, the age of stu-
dents typically ranges from 18 to 28 years
old. In Poland, most of students are aged
19-24. During the time of study, some
young people, especially those who live
in smaller towns or villages, leave their
native home place and move to a differ-
ent city (Little and Tang 2008).

Upon moving to a new city, students
often face changes in their lifestyles and
often exhibit a greater self-support, more
independence in terms of making im-
portant decisions, adaptation to a new
social environment often expressed by
a willingness to be accepted (Wamamili et
al. 2019). The changes in lifestyle include,
for instance, the consumption of cheap
and caloric food, lack of sleep, alcohol and
cigarette abuse, and mediocre physical ac-
tivity. Students are often exposed to a rel-
atively high level of stress, resulting from
changes of the environment and attempts
to adapt to new social circles, as well as
the need to take up a paid work in order
to stay at the university (Caso et al. 2020).
Many studies have shown that students
tend to spend less time sleeping compared
to the rest of the adult population, and
has a fairly larger consumption of energy
drinks (Sogari et al. 2018).

It has also been reported that stu-
dents, compared to the rest of popula-
tion, tend to consume a relatively large
amount of alcohol. For instance, some
studies show that 90% of young men
and 80% of young women attending col-
lege have been drunk, and approximate-
ly 90% of college students drink alcohol
intermittently. It has been argued that
a high consumption of alcohol by stu-
dents might indicate a desire to establish

social relations in the academic commu-
nity (Griffin et al. 2018). Around 30%
of students have been reported smoking
cigarettes, of which around 3% admitted
to smoke every day (Nasser and Zhang
2019; Wamamili et al. 2019).

Although people studying at the uni-
versity form a community with specific
socio-demographic characteristics, it
could be argued that pro-health behav-
iour should be more often represented by
medical students.

On one hand, future doctors are expect-
ed to present a health-promoting behav-
iour, such as an increased physical activity,
a healthy lifestyle and diet. On the other
hand, many researchers have shown that
medical students tend to deal with stress
by abusing alcohol, smoking frequently,
consuming energy drinks and eating un-
healthy, high-calorie or sugar-rich meals
(Cecil et al. 2014; Nasui et al. 2021). Due
to the specificity of medical studies, future
doctors are have been argued to be exposed
to a much greater stress related to an in-
tense, high-pressure study programme
which is characteristic to this field of study
(Almesned et al. 2018).

The current study aimed to determine
differences in lifestyle between students
studying at Wroclaw Medical University
and other universities (University of Lodz
and Cardinal Stefan Wyszynski Universi-
ty in Warsaw with biological faculties). We
hypothesize that that medical students
from Wroclaw should exhibit both a higher
level of nutritional awareness and health-
ier lifestyle compared to biology students
from the universities in Lodz and Warsaw.

Material and method
The study participants consisted of:

medical students from the Wroclaw
Medical University (WMU, Faculty of
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Medicine), biology students from the
Cardinal Stefan Wyszynski University in
Warsaw (CSWU, Faculty of Biology and
Environmental Science) and biology stu-
dents from the University of Lodz (UL,
Faculty of Biology and Environmental
Protection). In the following text we use
only the abbreviations of the universities’
names.

According to the latest rankings, the
medical faculty of WMU is rated at the
top five of medical schools in Poland,
the biology faculty of UL takes a simi-
lar place, while the faculty of biology at
CSWU was classified in the 15th place
(Ranking Perspektywy 2021a, b) with-
in their respective categories. All three
cities, whose students took part in the
study, are recognised as traditional aca-
demic centres in Poland and have gained
a significant recognition as such. Lodz,
Wroclaw and Warsaw are the cities with
population of over 500000, which places
them in the group of largest cities in Po-
land (GUS 2021).

Approval to conduct the study was
obtained from the Ethics and Bioethics
Committee of CSWU. The question-
naires were made available online in
2016-2020 and 1,163 students took part
in the study, including 781 (67%) wom-
en and 382 (33%) men. Healthy men and
women, without chronic diseases, aged
17.5-26.0 were included in the study.
The youngest participant in the study
was 17.9-year-old and the oldest was
25.64-year-old.

The survey included questions about
gender, demographic situation (living
with or without parents), mother and
father education level (elementary and
trade school/ college/ university), addi-
tional sports (yes / no), self-assessment
of physical activity (bad/ sufficient/ good/
very good), duration of sleep (less than

6 hours/ 7-8 hours/ 9 hours and more),
exhaustion (yes / no), smoking (yes / no),
drinking alcohol (yes / no), use of energy
drinks (yes / no), snacking between meals
(ves / no), eating fast-food (yes / no), and
drinking sugar-sweetened beverages (yes
/ no).

Students were also asked to report
their height and weight, on the basis of
which the BMI was calculated: weigh (kg)
/ height (m?).

In order to determine whether the
studied variables differed among the stu-
dents from three universities, the Chi-
squared test was used. The one-way Ano-
va test with Tukey post-hoc were used to
determine whether there were significant
differences in BMI between students
from different academic centres. P values
<0.05 were considered statistically sig-
nificant.

As men and women answers did not
differ, they were merged. Answers of bi-
ology students from CSWU and UL dif-
fered significantly, so these groups were
not combined for statistical analyses.

Results

There were statistically significant dif-
ferences in the lifestyle between medical
and biology students (Table 1). Differenc-
es were also noted regarding additional
sports activities: 56.40% of biology stu-
dents of UL, 60.32% of biology students
of CSWU and 75.72% of those study-
ing medicine attended additional sports
classes. Differences were also noted in
self-assessment of physical activity. Med-
ical students reported their physical fit-
ness, as average — 26.17%, good — 51.64%
and very good - 17.45%, while biology
students rated their activity lower.
Medical students slept significantly
shorter than their peers in biological fields
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of study (Table 1). Biology students from
UL reported that 77.55% of them felt tired
while the corresponding figures for the
CSWU biology and medical students was
66.67%, and 40.07% respectively.
Although relatively many students
eat fast-food, statistically significant dif-
ferences were noted (Table 1). On aver-
age, about 80% of biology students and
over 73% of medical students admitted
to eating fast-food. In addition, over 41%
of biology students from CSWU and over

29% of biology student from UL report-
ed drinking sugar-sweetened beverages.
Among medical students, about 29%
of respondents declared that they con-
sumed this type of product. Biology stu-
dents significantly more often smoke cig-
arettes than their peers from the medical
field (Table 1).

The consumption of energy drinks,
snacking and drinking alcohol did not
differ among the three groups of students
(Table 1).

Table 1. Differences in the lifestyle of medical and biology students

Fields of study N [%]

Factors Biology students  Biology student Medical p level
from CSWU from UL students
Additional sport  yes 380 [60.32] 141 [56.40] 209 [75.72] <0.001
activities no 250 (39.68] 109 [43.60] 67 [24.28]
Self-assessment  low 34 [5.40] 32 [12.80] 13 [4.73] <0.001
Efefgysml fit- average 228 [36.19] 110 [44.00] 72 [26.18]
good 266 [42.22] 96 [38.40] 142 [51.64]
very good 102 [16.19] 12 [4.80] 48 [17.45]
Sleep duration 6h or less 202 (32.17] 58 [23.11] 123 [47.48] <0.001
7-9h 395 [62.90] 179 [71.31] 142 [51.08]
9 h or more 31 [4.94] 14 [5.58] 4 [1.44]
Self-assessment  yes 414 [66.67] 190 [77.55] 111 [40.07] <0.001
exhaustion no 207 [33.33] 55 [22.45] 166 [59.93]
Consumption of  yes 521 [83.23] 199 [79.28] 205 [73.21] <0.01
fast- food no 105 [16.77] 52 [20.72] 75 [26.79)
Consumptions of yes 263 [41.95] 75[29.88] 81 [29.03] <0.001
E‘;ﬁ:ﬁ:g‘g:etened no 364 [58.05] 176 [70.12] 198 [70.97]
Consumption of  yes 229 [38.23] 118 [47.01] 110 [39.29] 0.053
energy drinks no 370 [61.77] 133 [52.99] 170 [60.71]
Snacking yes 513 [81.82] 188 [76.11] 224 (80.29] 0.162
no 114 [18.18] 59 [23.89] 55 [19.71]
Consumption of  yes 531 [84.55] 202 [80.80] 240 [86.33] 0.204
alcohol no 97 [15.45] 48 [19.20] 38[13.67]
Smoking yes 129 [20.48] 43[17.13] 35 [12.46] <0.05
no 501 [79.52] 208 [82.87] 246 [87.54]
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Table 2. Differences in socio-demographic factors of medical and biology students
Fields of study N[%]
Socio-demographic factors Biology students Biology student Medical p level
from CSWU from UL students
Mother’s level of  elementary /
education trade school 111 [17.70] 49 [19.60] 16 [5.67]
college 194 [30.94] 73 [29.20] 43 (1525 <0001
university 322 [51.36] 128 [51.20] 223 [79.08]
Father’s level of  elementary /
education trade school 210 (33.98] 96 [38.55] 47 [16.73]
college 187 [30.26] 78 [31.33] 421495 <0001
university 221 [35.76] 75 [30.12] 192 [68.33]
Living with par-  yes 326 [51.83] 164 [65.60] 74 126.33] 0.001
<0.
ents no 303 [48.17] 86 [34.40] 207 [73.67]

The BMI of the analysed students
ranged from 14.52 to 37.64. Over 12% of
them were underweight. The correct body
massiveness was noted in 72%, whereas
overweight and obesity in 15% and 3%
respectively. The one-way ANOVA test
showed that there were significant dif-
ferences in the body massiveness defined
as BMI between students from different
fields of study (p=0.003). A post-hoc
test showed that there were differences
between BMI of biology students from
CSWU (average BMI 22.27) and medical
student (average BMI 21.43).

Table 2 presents differences in so-
cio-demographic data, including parental
education level and living with parents.
These data significantly differ among
medical and non-medical students.
Mothers of medical students were report-
ed to have the highest level of education
(79.08% of mothers). In contrast, ~ 51%
of mothers of biology students were re-
ported to have higher education level.
Moreover, fathers of medical students
were reported to have higher education
compared to fathers of students from bi-
ological fields of study.

Approximately 26.33% students from
the medical faculty, and average over
58% of students from the biological fac-
ulty declared living with their parents.
These socio-economic differences were
statistically significant (Table 2).

Discussion

This study showed significant differenc-
es between students from medical and
biological fields regarding lifestyle, BMI
and socio-demographic data. Medical stu-
dents exhibited significantly lower BMI
values, practiced additional sports more
often and assessed their level of physical
activity higher compared to biology stu-
dents. Moreover, medical students slept
significantly shorter than their peers from
other fields of study. Compared to medical
students, students of biology faculties re-
ported to feel more tired, consumed more
fast-food and drink more sugar-sweetened
beverages and smoke more.

There were no significant differenc-
es in other studied factors, such as con-
sumption of energy drinks or alcohol and
snacking between meals.
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Medical students showed a signifi-
cantly lower BMI indices, although the
results were not consistent. Research
from Greece showed that students living
away from home developed more unfa-
vourable eating habits than their peers
staying in family homes, which was,
however, not reflected in this study (Pa-
padaki et al. 2007). One study showed
that among Indian medical students,
18% were overweight, and another 8%
were obese, which clearly differs from
the results obtained in our research
(Vibhute et al. 2018). Our findings may
result from parents’ higher level of edu-
cation, eating habits passed on at home,
or the choice of healthier food by young
adults from medical fields of study (Ga-
nasegeran et al. 2012). On the other
hand, there were no significant differ-
ences in snacking between main meals
(Mattson et al. 2014). Eating between
meals was characteristic of about 76-
81% of students from all three stud-
ied groups. Eating extra, often caloric
snacks can lead to excessive caloric in-
take, leading to metabolic syndrome and
cardiovascular risk factors (Vergetaki
et al. 2011). Both medical and biology
students reported to eat fast-food prod-
ucts often, although the latter were sig-
nificantly more likely to do so. Warsaw
citizens tend to be wealthier, so perhaps,
that is why students from the capital
city can afford this type of product (fast-
food products are relatively expensive in
Poland). It has been also shown that in
Poland children eat fast food more often
when their parents have a lower lev-
el of education but high incomes (Los-
Rycharska and Niectawska 2010). An
alternative to fast-food can be eateries,
which are very common on university
campuses. However, they do not always
play a fundamental role in the nutrition

of students, which may be caused by dis-
satisfaction with the proposed menu and
affordability (Murray et al. 2021).

A higher consumption of sugar-sweet-
ened beverages was observed among stu-
dents of biological sciences in compari-
son to their counterparts from medical
students. Carbonated drinks contain
significant amounts of sugar, high fruc-
tose corn syrup or sweeteners. These
substances are considered unhealthy.
Sweeteners are added to many drinks,
including fruit and vegetable drinks,
sports drinks, energy drinks, sweetened
water. It has been found that high con-
sumption of sugar-containing beverages
is correlated with less frequent sports
activities. In the present study, medi-
cal students who reported to consumed
significantly less sugary drinks also re-
ported better physical activity. Excessive
consumption of sweetened drinks signifi-
cantly contributes to the development of
overweight and obesity. It is worth noting
that students of biology from CSWU had
a significantly higher BMI than medical
students (Harrington 2008; Mandal et
al. 2021).

There has not been a great deal of re-
search studies focusing on consequences
of consuming large amounts of energy
drinks by the university students. In one
study conducted among Turkey medi-
cal students, almost 30% indicated that
these are drinks similar to sports drinks
(Hidiroglu et al. 2013). Students that have
been reported to consume a high number
of energy drinks in order to increase their
concentration during exams, although
it has been also reported that they tend
to mix them with alcohol (Woolsey et
al. 2015). Energy drinks contain ingredi-
ents that might have both positive and
negative health effects. A good example
is caffeine, which if consumed in mod-
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eration, may contribute to the treatment
of obesity diabetes, while applied in ex-
cess may lead to dehydration. It has been
noted that excessive use of energy drinks
may lead to palpitations, agitation and
gastrointestinal upset (Kaur et al. 2019).
In our study, consumption of energy
drinks was observed to be at a similar
level among students from different fac-
ulties. Currently, the consumption of en-
ergy drinks is very popular among chil-
dren and adolescents, and this habit may
extend to the later stages of life (Seifert et
al. 2011).

Interestingly, students from all stud-
ied groups reported similar behaviours
related to alcohol consumption. It ap-
pears that the awareness regarding the
harmful influence of alcohol on the hu-
man organism is common, moreover,
people from medical faculties, coming
from homes with higher SES, are expect-
ed to drink alcoholic beverages less fre-
quently. According to numerous studies,
students are a specific group so that en-
tering adulthood is often associated with
gaining independence from parental care
and the ability to make uninfluenced
decisions. In addition, studying time is
often regarded as an important period in
the life of young adults during which new
friendships are made with a strong need
for social acceptance coupled with the
avoidance of social rejection (Williams
and Clark 1998). Therefore, students’ so-
cial meetings are frequently accompanied
by drinking alcohol. There has even been
a report of relatively high alcohol con-
sumption among students from Baghdad,
where alcohol consumption is considered
to be illegal (Al-Ameri et al. 2016). It is
also worth mentioning that the percent-
age of abstainers among young adults in
Poland has been reported to steadily fall
(Wozniakowski et al. 2017).

There are two critical variables in
maintaining a healthy body weight: the
right amount of calories consumed and
the right dose of physical activity (Castro
et al. 2020). In our study, a higher physi-
cal activity as well as a higher self-esteem
of physical activity was reported among
medical students. This is also reflected
by lower BMI values of the medical stu-
dents compared to those exhibited by bi-
ology students. These differences can be
explained by different habits experienced
in family homes as well as differences in
family income. It is assumed that par-
ents of medical students, as well-edu-
cated people, could promote pro-healthy
lifestyle in their children while greater
affluence increases the possibility of par-
ticipating in additional sports activities
(Wiech et al. 2017; Danaei et al. 2018).
However, in terms of instilling proper
eating habits and physical activity, par-
ents’ awareness may be more important
than their wealth, possibly explaining
differences in behaviors between medical
and biology students from CSWU.

Apart from a higher alcohol consump-
tion, the age between 19-24 can by also
associated with other risky health behav-
iours, such as smoking. In our study, the
percentage of smokers from biology fac-
ulties was significantly higher compared
to medical students. Perhaps, future
doctors are more aware of the adverse ef-
fects of cigarette smoking, although not
all studies support this claim (Khan and
Mahmood 2012).

The results of our study show that
medical students, although do not avoid
stimulants, more often than biology stu-
dents reported good health in self-assess-
ment questionnaires. However, they also
reported to sleep significantly less com-
pared to their peers from biology facul-
ties. Biology students, on the other hand,
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indicated a greater fatigue than medical
students. Research indicates that worse
well-being, including mental and phys-
ical condition, may worsen with more
frequent consumption of fast-food (Za-
hedi et al. 2014). This may be due to the
lack of essential nutrients, such as iron,
vitamin B12 or poly unsaturated fatty ac-
ids in this type of diet, which can lead
to neurotransmitter disorders. It could be
argued that because biology students con-
sumed, on average, more fast-food and
had a lower level of physical activity, they
also exhibited lower indices of well-being
(Zahedi et al. 2014). Some researchers
have reported a worse sleep quality and
its shorter duration among medical col-
lege students (Lemma et al. 2014), due
to either stress (demanding study pro-
gramme), or a more frequent use of al-
cohol and cigarettes (De Castro Corréa
et al. 2017). Insufficient sleep reduces
resistance to stressful situations, which
may result in an increase of the amount
of food and alcohol consumed (Perrotte
et al. 2018). However, it has been also re-
ported that improving the sleep quality is
associated with a higher level of involve-
ment in sport and extracurricular activ-
ities. Indeed, medical students reported
to practice additional sports more often
than their peers, and smoked statisti-
cally less frequently, hence their better
well-being, despite the reported deficien-
cies in sleep duration.

It should be noted that the differenc-
es in socio-economic factors character-
izing the studied groups. Academic cen-
tres in Poland are most often located in
large cities. In the 2019/2020 academic
year, there were over 1,204 million stu-
dents, including the CSWU - 9332, the
WMU - 6324 and the UL - 24829 (GUS
2019). Students in Poland often choose
a university in their hometown, while

in other countries, such as the United
Kingdom, students most often leave the
parental home and move to a universi-
ty residence (Lewis et al. 2014). In this
study, the highest percentage of students
living with their parents was recorded in
UL. This may be related to the economic
characteristics of the city — Lodz is one
of the cities in Poland with the lowest
income per capita, and great number
of young people cannot afford to study
outside of their home city. On the other
hand, the field of biology at UL is high-
ly placed in the university rankings and
popular among young people (GUS 2019,
Ranking Perspektywy 2021a). In Warsaw,
on the other hand, the educational of-
fer is wider, which may convince young
people to stay in the hometown. With re-
gards to WMU, the relatively small num-
ber of people staying at home may be re-
lated to the lack of this type of university
in the Lower Silesian Voivodeship. It is
also worth noting that the medical facul-
ty in Wroclaw has one of the best ratings
in Poland (Ranking Perspektywy 2021b).
Our study shows that students from
medical university exhibit a healthier
lifestyle than their peers from biological
faculties, especially in terms of eating
habits or physical activity. A healthier
lifestyle reported by students of medi-
cal faculty might be related to the study
program, during which healthy lifestyle
habits are widely discussed. Moreover,
healthy habits taken from home accom-
panied by a high socio-economic status
(SES) may also contribute to making
pro-healthy choices. Such factors may
encourage medicals tudents to keep
themselves in a good physical shape and
mental condition (Brehm et al. 2016).
The results of our study show that
the consumption of alcohol and energy
drinks does not differ between the sur-
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veyed groups of students. Therefore,
there is an ongoing need for health pro-
motion, such as changes in behaviour,
specifically related to eating habits, phys-
ical activity, sleep hygiene, health effects
of alcohol and cigarettes among the pop-
ulation of higher education students.

One of the limitations of this study is
that it was conducted in three different
cities at universities with different qual-
ity rankings and a small number of stu-
dents. Moreover, a subjective assessment
of the family’s economic situation was
used instead of an objective data such as
income. It can be a particularly sensitive
question, causing a discontent, which
may result in failure to complete the sur-
vey (Czarnocinska et al. 2020).
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AssTrACT: Introduction: The Flexor Carpi Ulnaris (FCU) is a part of the palmar the forearm muscle group
and one of the most important muscles for upper limb functioning - is responsible for flexion and adduc-
tion of the hand at the radio-carpal joint. There are clinically significant but rare anatomical variations of
FCU. The variability of the FCU has not been described up to now, and no typology of the muscle based on
its more variable terminal attachment has been created.

Aim of the study: Determination of FCU muscle typology based on available fetal material.

Material and methods: A total of 114 human fetuses (53 female, 61 male) between 117 and 197 days
of fetal life were eligible for the study. Preparations were carried out using classical anatomical techniques
based on a previously published procedure. Thanks to that significant anthropometric landmarks were vis-
ible for the gathering of metric measurements. Metric measurements were taken and statistically analysed
using R-Project software.

Results: A new typology was created based on variable muscle insertions. Additionally, the presence
of an atypically located, additional, separated muscle belly was described. A comparison of measurements
of the left upper limb in relation to the right upper limb showed significant differences for forearm length
to the anthropometric point of the stylion radiale, limb length, total FCU length and FCU length which
means that the left limb is longer than the right limb. A comparison of FCU insertion types between left
and right upper limb showed there’s no significant difference between counts of each type.

Conclusion: The FCU is a muscle that is easy to palpate and may therefore act as a topographical marker for
healthcare professionals. Knowledge of its variability is not only of theoretical importance but also has clinical sig-
nificance. The current publication demonstrates presence of variability in FCU terminal attachment. Certainly, this
topic requires further research and continued work on a detailed understanding of forearm anatomy in the fetal period.

Key worps: fetal anatomy, forearm muscles, dissection, cadavers, flexor carpi ulnaris.
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Introduction

The Flexor Carpi Ulnaris (FCU) is one
of the important muscles of the forearm
(Kreulen et al. 2004). Anatomically, it
is a part of the palmar forearm muscle
group. It is located medially in the super-
ficial layer of the forearm muscles (Budoff
et al. 2005). The proximal attachment of
the muscle is based on two heads — the
humeral head, which begins on the me-
dial epicondyle of the humerus, and the
ulnar head, the origin of which is located
on the posterior wall of the olecranon.
It is worth noting that the initial part of
the muscle is also closely connected with
the surrounding fascia of the forearm.
(Ziajkiewicz et al. 2010). The muscle
passes downward, parallel to the flexor
digitorum superficialis. Then it turns
into a long tendon attached to the pisi-
form and proximal part of hamate bone
(Fridén et al. 2004).

Physiologically, that muscle is respon-
sible for flexion and adduction of the hand
at the radio-carpal joint. In addition, the
humeral head supports the flexion at the
elbow joint (Esplugas et al. 2016). The
evolution of hominids ultimately led to
the adoption by humans of an upright
position. This lead to changed charac-
teristics of the fore limb. It lost its loco-
motor function and became an upper
limb — a manipulative tool (Capdarest-Ar-
est et al. 2014; Marzke 1997; Skinner
et al. 2015). The change in the function
of this organ required some adjustment in
the musculature of the limb. This became
especially evident in the distal part of the
limb - data clearly indicate the different
dynamics of muscle development in the
proximal and distal parts of the upper
limb. The muscles of the forearm develop
later in the embryonic period. This may
contribute to greater variability in their

terminal attachments as well as increased
variation in the structure of the entire
muscle (Bobzin et al. 2021; Giuliani Pic-
cari Scarpa et al. 1977; Guéro 2018).

These assumptions are somewhat
confirmed by observations from a num-
ber of “case-studies” that indicate the
presence of a number of rare anatomical
variations of FCU. Some of these are clin-
ically significant. For example, a 1992
study showed a case of FCU terminal
tendon duplication leading to ulnar nerve
dissection (al-Qattan, Duerksen 1992).
In contrast, authors from the Czech Re-
public, for example, demonstrated the
significant importance of additional de-
tached FCU fragments as a cause of in-
creased risk of iatrogenic complications
(Kunc et al. 2019). Similar observations
are also shown by authors from Australia
(Ang et al. 2010).

On the other hand, on a large material
of matures/senilis specimens, the authors
showed a relatively high stability of the
FCU course (Loth 1931). The stability
of the course and of proximal and distal
attachments is emphasized by many au-
thors of papers from the late 19th and ear-
ly 20th centuries (Loth 1912; Wood 1867).

The historical scientific data are
somewhat at odds with the new liter-
ature reports indicating the presence of
quite a lot of variability in FCU.

This noticeable difference in the fre-
quency of FCU variation is perhaps the
result of the microevolution process de-
scribed in the available literature (Kralik,
et al. 2017; Pelletier and Coltman 2018).
The result of the accumulation of single
mutations as a cause of the observed var-
iability cannot be excluded either. Indeed,
the available scientific data indicate that
the neonatal genome currently contains,
on average, more than 70 new mutations
(Conrad et al. 2011).
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Therefore, in the opinion of the au-
thors of this paper, an analysis based on
a larger number of cases is necessary. Re-
cent literature reports are mainly on the
evaluation of single case — studies (Ata et
al. 2018; Bhardwaj et al. 2013; Pressney
et al. 2020; Yamamoto et al. 2021).

Based on the research data that
were presented, an attempt was made
to assess the anatomical variability of
FCU. Due to very limited access to ca-
davers of adult individuals, it was decid-
ed to carry out such an analysis based
on fetal material. In the past, a scientific
team from our Unit has already carried
out a metric assessment and evaluation
of the growth dynamics of FCU (Ziajkie-
wicz et al. 2010).

However, the variability of the FCU
has not been determined up to now, and
no typology of the muscle has been cre-
ated based on its more variable term