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Craniofacial pathologies in an early adolescent
from the Funnel Beaker site of Modrfice, Czechia

Frank L'Engle Williams' @, Zdenék Tvrdy® @, David Parma?®

' Department of Anthropology, College of Arts and Sciences, Georgia State University,
Atlanta, GA, United States
2 Anthropos Institute, Moravian Museum, Brno, Czech Republic
3 Institute for Archaeological Heritage, Brno, Czech Republic

AssTrRACT: Several craniofacial pathologies are present in an early adolescent from a cemetery (n = 22)
associated with a Neolithic Funnel Beaker culture in Modfice, Czechia.

The objective of the study was to document anomalies on the Modiice 3871 cranium, with an em-
phasis on investigating whether the mid-sagittal suture exhibited synostosis or bridging to account for the
visible scaphocephaly.

All available cranial and postcranial elements of the Modiice 3871 early adolescent were examined
macroscopically. The cranial vault was subjected to radiography and compared to macroscopic views.

Modiice 3871 is estimated to age to 12-14 years. Macroscopic examination and radiography support
a diagnosis of mid-sagittal bridging rather than synostosis for this slender and anteroposteriorly elongated
cranium. In comparison, the anterior sagittal, coronal and lambdoidal sutures are completely unfused.
Craniofacial asymmetry, cribra orbitalia, porotic hyperostosis of the temporal and the presence of multiple
wormian bones indicate additional maturational disruptions.

The scaphocephaly observed in ModFice 3871 is not severe compared to modern clinical manifestations
of craniosynostosis. Radiocarbon dated to 3,700-3,600 years BCE, ModFice 3871 presents one of the oldest
recorded cases of scaphocephaly. The elongated vault is probably not the result of head-binding given the
dearth of anthropogenic cranial reshaping in the Neolithic of Europe. This study adds to the growing recog-
nition of prehistoric and historic craniofacial anomalies which will likely continue as additional human re-
mains are excavated. In addition, the study increases the understanding of the lived experience of prehistor-
ic individuals experiencing visible craniofacial pathologies such as cranial asymmetry and scaphocephaly.

Key worps: scaphocephaly, cribra orbitalia, wormian bones, craniosynostosis.
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Introduction

Suture closure ages are notoriously var-
iable in humans (Meindl and Lovejoy
1985; Buikstra and Ubelaker 1994; Her-
shkovitz et al. 1997). When the prema-
ture ossification of suture mesenchyme
occurs in prenatal or early postnatal
development, the cranium continues to
grow, but largely within those neurocra-
nial regions unconstrained by prema-
ture suture closure, resulting in an ab-
normal vault morphology (Marsh et al.
1991; Cohen 2005; DeLeon and Richts-
meier 2009; Ursitti et al. 2011; Kajdic
et al. 2018; Eisova et al. 2021). Partial
or complete ossification of the sagittal
mesenchyme during early cranial devel-
opment results in a visibly narrow head
shape or scaphocephaly, often includ-
ing elevation of the fused suture (Weber
et al. 2008; Ursitti et al. 2011; Soficaru
et al. 2018).

Scaphocephaly is often the result of
sagittal synostosis although the converse
is not necessarily true (Cohen 2005; Pad-
malayam et al. 2013; Groza et al. 2014).
Sagittal synostosis is detectable by the
third trimester and is the most com-
mon form of craniosynostosis, affecting
approximately 1 in 5,000 births (Con-
stantine et al. 2000), and is 3.5 times as

Table 1. Scaphocephaly in prehistoric Europe

common in males compared to females
(Cohen 2005; Ursitti et al. 2011; Ka-
jdic et al. 2018). Partial synostosis of the
sagittal suture occurs in about a third
of cases among infants around one year
(Boyajian et al. 2020). As infants age, the
partial closure of the sagittal sutures of-
ten proceeds to full fusion.

Scaphocephaly has been found in
several Neolithic contexts across Eu-
rope. The earliest of these include the
Eneolithic of Spain and the Neolithic
cultures of central Europe (Table 1). The
paucity of individuals noted to exhibit
scaphocephaly point to the lack of evi-
dence of head binding in comparison to
other prehistoric contexts, such as the
Neolithic Near East and Pre-Columbi-
an Mesoamerican, Hopi and Andean
cultures (Antén 1989; Meiklejohn et al.
1992; Kohn et al. 1994; Gerszten et al.
1998). Here we report a case of scapho-
cephaly, possibly from sagittal synosto-
sis or partial fusion (bridging), found in
an early adolescent cranium from the
Neolithic cemetery of Modfice. Scapho-
cephaly in Modtice 3871 is coupled
with other craniofacial pathologies, in-
cluding facial asymmetry, the presence
of wormian bones, cribra orbitalia and
porotic hyperostosis of the temporal
bone.

Site Location Identifier Dating Sex Age in years
Kony* Hungary SNR 247/1 Linear Pottery Culture ! 6-7

Kony* Hungary SNR 247/2 Linear Pottery Culture ! 7

West Kennet Barrow® UK EU 1.5.148 Neolithic F 17-25
Zengovarkony* Hungary Grave Nr. 7 Lengyel F 20-25
Nameést na Hané! Czechia Feature Nr. 7 Funnel Beaker F 30-50

Cova del Palanques® Spain Skull Nr. 6 Eneolithic ? ?

“Toth et al. (2009); *Cuthbert (2018); ©Smrcka et al. (2018); Pankowska et al. (2010); “Campillo (1993)
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Materials and Methods

Modiice cemetery

Modfice is located in the southern
Moravia region of Czechia (Fig. 1). Ex-
tensive excavations recovered a rich pre-
historic settlement and burial ground
associated with the Funnel Beaker cul-
ture. The graves include skeletal re-
mains, mostly without artifacts, and
are radiocarbon dated to 3,800-3,600
years BCE (Smid et al. 2018, 2021a;
Drtikolova Kaupovi et al. 2023), cor-
responding to the late Neolithic or
Early Eneolithic in Czech archaeology
(JTaroSova et al. 2022). The Funnel Beak-
er culture is associated with a further
Neolithization of the incipient agricul-
tural economy that rapidly spread into
parts of northwest and northcentral
Europe. The Funnel Beaker culture of
Modftice was an agrarian community
that included domesticated animals,
wheat and vegetable cultivation as well
as wild foods in the diet.

At Modfice, there were 22 individ-
uals buried in two main groups of sin-
gle graves, each apparently comprising
members of the same household (Smid
et al. 2018, 2021a); two of the burials

were in a settlement pit and no com-
mingled graves were found. Individuals
of both sexes were distributed across the
two groups, about a half of whom were
immature, including an early adoles-
cent, Modfice 3871. In total there were
five children 3-6 years-old, four old-
er children 7-14 years, two adolescent
females, six adult males and five adult
females. Most of skeletons (including
3871) were deposited in an outstretched
position, which was a common buri-
al practice in this phase of the Funnel
Beaker culture, although only recent-
ly recognized in Moravian archaeology
(Smid et al. 2021b). The rectangular
grave pit of 3871 was oriented NW-
SE, and the burial was directly dated
to 4880+33 years uncalBP (Drtikolova
Kaupova et al. 2023). A subsequent
Bronze Age pit located in the lower part
of the legs disturbed the grave of Modfice
3871, and the bones were partially scat-
tered, probably by animals (rodents).
Some of the skeletal remains were part-
ly fractured and many smaller bones of
the hands and feet were missing (Fig. 2).

There are multiple paleopathologies
found at Modftice, including spina bifida,
spondylolysis and ankylosis of the lumbar

Fig. 1. Map of (a) Czechia showing the location of the Neolithic cemetery of Modfice indicated by the black
circle; and (b) the cemetery showing the two main groups of graves and the position of Modfice 3871

vis-a-vis the other graves
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vertebrae, entheses, clavicle and cervi-
cal asymmetry, healed and perimortem
fractures, osteophytosis, 0steoporosis,
periosteal reactions and other skeletal ab-
normalities (Smid et al. 2021a, Table V).
The dental health noted at the Modfice
cemetery was rather poor with a relatively
greater prevalence of caries compared to
other Neolithic population from Moravia
and East Bohemia (Jaro$ova et al. 2022).

Methods

Modfice 3871 was examined at the
Moravian Museum in Brno, Czechia
(Inv. nr. A25632) using macroscopic in-
vestigation to estimate the age and de-
scribe the preservation and morpholo-
gy. Dental wear scores following Smith
(1984) were used to characterize molar
attrition to corroborate the age estimate.
Radiographic images of Modtice 3871
were obtained at Fakultni nemocnice
U sv. Anny v Brné (St. Anne’s University

Hospital in Brno), and these were com-
pared to the macroscopic examination of
the cranial vault.

Results

Inventory
The grave of Modtice 3871 consists of
a single incomplete early adolescent skel-
eton. The cortical surface is slightly erod-
ed in places, and covered with calcareous
debris. The bones are brownish-yellow in
color (Fig. 2).

Cranial vault
The cranium of Modtice 3871 is relatively
well preserved and partially reconstructed
(Fig. 3). The cranial vault base is slightly
deformed by the position of the basi-oc-
cipital bone, which is conjoined with the
two lateral occipitals and slightly rotated
to the left. The foramen magnum is near-
ly intact excepting a posterior margin with
possible rodent gnaw marks.

Fig. 2. Modfice 3871 (a) photograph and (b) drawing showing the skeleton in situ; (c) scheme of preserva-
tion, R = right, L = left; and (d) skeletal elements in anatomical position
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The frontal and occipital bones are
complete, whereas the parietal bones
are reconstructed after recent fracturing
in the area of the parietal tubercles. The
damage is confined mostly along the pa-
rietal-occipital margin, and extends to
the right occipitomastoid region. The
right temporal bone is almost complete,
whereas the left is damaged. The sphe-
noid body and greater wings are partly
preserved.

The cranial vault is markedly expand-
ed anteroposteriorly from a maximum
cranial length (gonion to opistocranion
= 185 mm) much greater than the max-
imum cranial breadth (euryon to euryon
= 124 mm). The occipital extends poste-
riorly forming a relatively concave inferi-
or contour in which the inferior squama
abruptly tapers anteriorly forming a small

occiput, with a sigmoid curvature extend-
ing further inferiorly to opisthion (Fig. 3).

Face and dentition

The relatively vertical frontal squama
exhibits slight but palpable superciliary
arch development. Much of the splan-
chocranium is missing, although the
palate connects to the mid-face (Fig. 3).
The posterior mid-face is partly damaged
owing to the destruction of the inferior
left and right palatine bones and the ad-
joining maxillary palatal border, while
the mandible is complete.

The permanent dentition is mostly
preserved in situ. On the maxilla, only the
right canine and left I* are missing post-
mortem, while the unerupted M? is visible
on both sides. On the mandible, only I, on
both sides and left I, are lost postmortem.

Fig. 3. Modfice 3871, (a) inferior view showing the elongated cranial vault; as well as (b) anterior; (c) supe-
rior; (d) lateral right; (e) lateral left; and (f) posterior planes; scale bars = 1 cm
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Postcranial skeleton
The vertebrae ribs, scapulae and clavicle
are well preserved. The humeri are also
nearly complete and include separated
proximal epiphyses without any fusion
evident. From the right forearm, only
the distal epiphysis of the radius is pre-
served. The forearm bones of the left are
intact except for the proximal epiphyses.
Five carpal bones, 5 metacarpals and 9
phalanges are preserved (Fig. 2).

The ischium and pubis are fused but
are separated from the ilium. The right
femur is largely preserved but misses the
distal end of the shaft and epiphysis, al-
though the greater and lesser trochanter
and head epiphyses are present. There are
gnaw marks on the diaphysis of the right
femur. On the left femur, only the proxi-
mal third of the diaphysis is preserved, as
is the distal diaphysis of the left tibia and
the right fifth metatarsal (Fig. 2).

Age and sex estimation of Modfice 3871
Based on visual examination of the size
of the cranium, the small and orthogonal
face, and lack of coronal and lambdoial
ossification (Fig. 3), the individual is aged
as an early adolescent (Scheuer and Black
2000; Scheuer 2002). All of the perma-
nent teeth have erupted with the excep-
tion of the third molars, which are deeply
embedded within the crypts, although the
crowns are fully formed and the growth
of roots has commenced. The permanent
teeth, and in particular M, and M? show
minimal attrition or Stage 2, whereas M!
is consistent with Stage 3 (Smith 1984).
The lack of fusion of epiphyses of the
preserved appendicular skeleton provide
additional corroboration of an immature
age (Scheuer and Black 2000). These in-
clude the femoral head, the greater and
lesser trochanters and distal tibial epi-
physis, the fused ischiopubis and ilium

articulation, the humeral head and distal
trochlear end of the humerus, the proxi-
mal head and distal styloid processes of
the radius and the proximal olecranon
and distal styloid processes of the ulna
(Fig. 2). Many of these epiphyses fuse
during the late teens. However, the supe-
rior ischial and inferior pubic rami fuse
at 6-9 years (Steele and Bramblett 1988),
while the lesser trochanter of the femur
and proximal radius commence fusion at
15-16 and 16 years respectively (Steele
and Bramblett 1988), suggesting Modfice
3871 can be confidently aged between
these extremes. The fact that the ischio-
pubic fusion site is still visible could sug-
gests an individual not much older than
9 years. The triradiate cartilage joining
the three innominate bones of Modfice
3871 is unfused (Fig. 2). The triratiate
commences from multiple epiphyses, in-
cluding a posterior one forming around
10-11 years, which eventually joins an
anterior epiphysis around 12-14 years
and these fuse with the epiphysis of the
anterior inferior iliac spine, which forms
at 14 years (Scheuer and Black 2004).
The os coxa is completely ossified by 19
years (Scheuer and Black 2004). Modfice
3871 does not present any notable fusion
of these triradiate epiphyses and lacks an
anterior inferior iliac spine suggesting an
age younger than 14 years. The unfused
distal humerus which commences ossifi-
cation at 14 years (Steele and Bramblett
1988) further corroborates an early ad-
olescent attribution. There are no in-
stances of the skeletal remains showing
epiphyseal fusion that would be unusual
for an early adolescent. The length of the
long bones and state of fusion of all the
epiphyses taken together indicate an age
10-13 years (Scheuer and Black 2000)
while tooth eruption, including the slight
wear on the fully erupted second molar,
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indicates an age closer to 14 years (Al
Qhatani et al. 2010). The lack of sexually
diagnostic features on the pelvis, crani-
um and mandible and the immature age
of the individual prevented an estimation
of sex membership.

Diagnosis

Although taphonomic processes have
fractured and slightly distorted the crani-
um, the unusual elongated shape of the
vault is unambiguous (Fig. 3). Weber et al.
(2008) calculate a mean cranial length/
breadth index for untreated scaphoce-
phalic adult crania from historical and
archaeological collections to be 63.4 (n =
18). The mean length/breadth index for
adult crania without stenostosis is 78.9
(n = 40) (Weber et al. 2008). The length/
breadth index for Modfice 3871 is 67.0,
which is lower than then mean of 74.3
for the six complete adolescent and adult
crania from Modfice (Smid et al. 2021a).
The cranial index of the other adolescent
from Modiice excavated from grave 3858
(female, 15-19 years) is 80.3.

The superior surface of the orbital
wall exhibits cribra orbitalia (Fig. 4) in-
dicative of nutritional stress. The supe-
rior ceiling of both orbits presents cribra
orbitalia Grade 1-2 (Rivera and Lahr
2017) or Type 2-3 in the antero-interme-
diate sector following Stuart-Macadam

(1991) (Fig. 4). Porosity is also evident in
the area of porus accusticus externus.

In addition, the upper facial skeleton
also appears slightly deformed. The right
supraorbital rim is higher and more bul-
bous than the left in inferior view (Fig. 3
and Fig. 4). This difference is likely not
the result of taphonomic processes since
the bony table is mostly uninterrupted
across the supraorbital margin. The right
orbit is also shaped differently than the
left. Whereas the left is relatively circular,
the right orbit is wider, shorter, and more
trapezoidal in shape (Fig. 4). There is also
asymmetry in the partly preserved supe-
rior portions of the nasal bones in which
the right is broader than the left.

Additional asymmetry exists in the
superior shape of the cranial vault, such
that the right lateral parietal arch bulges
slightly laterally compared to the left (Fig.
3). In addition, the sagittal suture veers
slightly to the left approaching the cor-
onal suture about 10 to 15 degrees from
the sagittal plane (Fig. 3). Although some
of this distortion could possibly be from
taphonomic factors, the slight but visi-
ble asymmetry at multiple locations on
the upper face and vault, combined with
mid-sagittal partial fusion could signal
the presence of a syndromic synostosis
involving multiple deformities (Ursitti
et al. 2011; Kajdic et al. 2018). Howev-

Fig. 4. Cribra orbital (a) viewed inferior on the orbital ceiling of the frontal bones; (b) the right orbital ceiling
at a higher objective shows the lesions appear to be healing; both scale bars = 1 cm
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er, the coronal and lambdoidal sutures
lack any evidence of closure, suggesting
nonsyndromic synostosis (Giuffra et al.
2013) (Fig. 3).

The suture morphology is rugged and
continuous, with the exception of an in-
tervening wormian ossicle in the posteri-
or sagittal suture (Fig. 3). Two additional
wormian bones are located in the occip-
itomastoid sutures of the right and left
sides (Fig. 3). Another double ancillary
ossicle is found in the right lambdoidal
suture (ossiculum suturae lambdoideae).

Radiography of Modfice 3871 corrob-
orates the mid-sagittal partial closure
endocranially (Fig. 5). Like the ectocra-
nial surface, the endocranium features
an unfused coronal, anterior sagittal and
lambdoidal suture. The mid- and poste-
rior sagittal suture areas are represented
by a faint line that demarcates the fusion
site and the lack of two independent pa-

rietal bones in Modtice 3871 (Fig. 5).
The radiological and macroscopic anal-
yses confirm that the mid-sagittal su-
ture exhibits partial fusion endocranially
and ectocranially, while the coronal and
lambdoidal are open. Rather than the
classic definition of sagittal synostosis
(White 1996), it appear that the forma-
tion of bone spicules that cross the su-
ture, or bridging, could be present (Fig. 5).
The ectocranial surface presents a suture
partly filled with matrix, suggesting an
opening sufficient to collect debris (Fig.
5). Therefore, a diagnosis of bone bridg-
ing rather than synostosis is advanced to
characterize the partial fusion of the sag-
ittal suture.

It is possible that Modtice 3871 suf-
fered from Klippel-Feil syndrome given
the asymmetry of the face and bridg-
ing of the mid-sagittal suture (Herrerin
et al. 2022). Basilar impression is also

>
Anterior sagittal
open suture

Mid-sagitial,
partly fiis

Fig. 5. Modfice 3871 cranial vault (a) superior view, showing the mid-sagittal suture ectocranially and a sag-
ittal wormian bone; (b) radiograph of the cranium; and (c) enlarged area on the radiograph showing the

mid-sagittal suture; scale bars = 1 cm
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associated with Klippel-Feil syndrome.
The basilar region of Modfice 3871 is
slightly displaced inferiorly. Yet Modtice
3871 lacks the concavity of the posterior
occipital squama, sphenoid and petrous
portion of the temporal surrounding the
foramen magnum that characterizes
basilar impression (Chamberlain 1939;
Herrerin et al. 2022; Fig. 3). In addition,
the cervical vertebrae do not show anky-
losis, severe osteophytosis or any notable
ossification (Fig. 2); the sagittal suture is
not ossified along its entire length; and
no large parietal foramina are present
(Herrerin et al. 2022). Although craniofa-
cial asymmetry and sagittal suture bridg-
ing exist, Klippel-Feil syndrome, which
is not associated with the formation of
wormian ossicles, is an unlikely diagno-
sis for Modtice 3871.

Discussion
Scaphocephaly is often the result of un-
treated sagittal synostosis, which is most
common in the posterior and middle por-
tion of the suture (Marsh et al. 1991; Co-
hen 2005; Ursitti et al. 2011). Constric-
tion of the fetal neurocranium, including
the base, during the third trimester does
seem to correlate with sagittal synosto-
sis, which may explain a greater preva-
lence in males who have larger skulls,
even during gestation (White 1996).
Constriction or mechanical stress results
in a close alignment of cranial ossifica-
tion centers during the sensitive periods
of prenatal dura development that could
influence the expression of sagittal syn-
ostosis (DeLeon and Richtsmeier 2009;
Padmalayum et al. 2013).

Sagittal synostosis is one of the most
common human craniofacial anomalies,
and is usually apparent to external ob-
servers by the end of the first year (Gra-
cia et al. 2009). By the second year of life,

most cases of sagittal synostosis exhibit
complete fusion of the sagittal suture
(Kohn et al. 1994), although early closure
of a sagittal suture does not necessarily re-
sult in scaphocephaly (Cohen 2005; Pad-
malayam et al. 2013; Groza et al. 2014).
The degree of cranial elongation would
depend on the timing of the closure.

Prehistory of scaphocephaly
Scaphocephaly has been noted since
antiquity (Padmalayum et al. 2013),
and was present at least as early as the
Middle Pleistocene (Garcia et al. 2009).
Modtice 3871 presents one of the most
ancient examples of scaphocephaly al-
though there are others. Three from
Hungary are earlier. Two of these are
from the latter half of the 6" millenni-
um BCE (Toth et al. 2009), and another
is dated to 4,500-4,300 BCE (Smrcka
et al. 2018). At Namést na Hané, a cra-
nium dated to a slightly earlier time
period but also from a Funnel Beaker
culture settlement in Moravia, exhib-
its sagittal synostosis and is associated
with a cranial index of 55 (Pankowska
et al. 2010). Relative to the female from
Nameést na Hané, Modfice 3871 may
have presented mild scaphocephaly that
probably arose from postnatal bridging
of the sagittal suture.

Although head binding causes signifi-
cant closure to the sagittal suture (White
1996), only one individual, Modfice 3871,
out of both cemetery plots (Fig. 1) exhibits
this elongated cranial form. Head binding
was widely practiced in the Americas to
denote status and identity (Antén et al.
1992; Meiklejohn et al. 1992; White
1996). Eurasian head binding has also
been documented although more rarely
and is often associated with cultures char-
acterized by stricter hierarchies and great-
er contact among diverse peoples than
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would be typical for a small-scale Neolith-
ic society like Modfice (Meiklejohn et al.
1992; Fernandes et al. 2019).

Wormian bones

Both tensile and compressive forces act
to prematurely fuse the suture in af-
fected individuals (White 1996). These
forces also tend to be implicated in the
formation of wormian bones (White
1996; Sanchez-Lara et al. 2007). Their
presence is consistent with other stud-
ies noting wormian bones in individu-
als exhibiting premature sagittal fusion
(White 1996). Sagittal and other synos-
toses as well as wormian bones, have
been considered by some to be adaptive
responses to prenatal constraints on the
developing cranium (Moss 1959; White
1996; Pedersen and Antén 1998; Co-
hen 2005). Whether these ancillary os-
sicles are related to the presentation of
partial fusion of the mid-sagittal suture
is unknown. However, the presence of
wormian bones do suggest some irreg-
ularities of sutural development during
early embryogenesis.

However, one of the wormian bones
of Modiice 3871 is found in the sagittal
suture which is rare (Fig. 5). Most wormi-
an bones occur in the lambdoidal suture
or at lambda and less often in the occip-
itomastoid (Safak et al. 2020) and coro-
nal sutures (Bellary et al. 2013). Some
studies report an absence of sagittal su-
tural bones (Safak et al. 2020) whereas
others demonstrate its presence albeit in
small numbers (Vijay et al. 2017). Pryles
and Khan (1979) suggest wormian bones
to be a marker of central nervous sys-
tem abnormality, craniosynostosis and
other anomalies although its presence in
61% of individuals in one study (Vijay
et al. 2017) and 59% in another (Cirpan
et al. 2015) may indicate a lack of con-

cordance between sutural ossicles and
other disorders. However, the presence
of several wormian bones may signal the
existence of other anomalies (Cremin
et al. 1982). This is the case for Modfice
3871 in which 5+ are found at multi-
ple locations. Given the bridging of the
mid-sagittal suture (Fig. 5), the presence
of a sagittal wormian bone offers great-
er support for linking these anomalies
to dural mechanical stress during mat-
uration, either pre- or postnatally, that
adversely affected cranial development.
The placement of the sagittal wormian
bone observed in Modfice 3871, approx-
imately 2 cm superior to lambda, also
approximates the position of the third
fontanelle, which is associated with oth-
er birth defects (Chemke and Robinson
1969). It is possible that the sagittal
wormian bone formed to compensate for
a third fontanelle, although it remains
unknown.

Cribra orbitalia and nutrition
The nutritional stress indicated by the
presence of cribra orbitalia is also note-
worthy. In addition to its manifestation
on Modtice 3871, cribra orbitalia affected
another 4 individuals from the cemetery,
and nearly all are children (4 of 5). Al-
together, cribra orbitalia was present in
38.5% of available individuals (5 of 13)
indicating nutritional and/or disease
stress broadly affected this Neolith-
ic farming community, particularly its
youngest members (Smid et al. 2021a).
Other indices of nutritional stress include
porosity of the temporal and asymmetry
of the face. Furthermore, wormian bones
were present in 8 out of 15 individuals
(53.3 %) (Smid et al. 2021a), suggesting
a possible genetic or behavioral influence
on cranial suture formation in the com-
munity. Although the presentation of
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skeletal abnormalities at this cemetery is
widespread (Smid et al. 2021a), the com-
bination of paleopathologies in Modiice
3871 is unique.

The analysis of stable isotopes of in-
dividuals from Modtice shows that this
community did not differ from other
Funnel Beaker populations in the region,
whose diet was of a terrestrial origin with
a dominant C3-plant component supple-
mented with animal products (Drtikolova
Kaupovi et al. 2023). The isotope values
for Modfice 3871 (815N = 9.5, §13C
= -19.8) fall close to the average of the
Modfice population (515N = 9.5; §13C
= -19.6). Cribra orbitalia could have been
the result of any number of processes,
acting alone or in combination, includ-
ing nutritional stress, anemia, infections
and parasites, all of which are connected
to a Neolithic agrarian lifestyle. The lack
of agreement between older dental and
younger epiphyseal age estimates may
also point to nutritional stress.

Asymmetry of the basicranium
In Modfice 3871, the basicranium is
titled to the left (Fig. 2). Although the
possibility remains that taphonomic pro-
cesses distorted the basicranium, it is
unlikely given the corroborating evidence
of asymmetry in the facial skeleton and
superior cranial vault. Furthermore, the
observed basicranial deformation may be
associated with mid-sagittal bridging giv-
en the intertwined ontogenetic process-
es governing the formation of the vault
and the base (Moss 1959; Ant6n 1989;
DeLeon and Richtsmeier 2009; Ursitti
et al. 2011). Asymmetry of the face and
vault favoring the right side is consist-
ent with the directionality of the fora-
men magnum and basion pointing to the
smaller left side of the basicranium (Fig.
2). The combination of cranial asymme-

try, scaphocephaly, multiple wormian
bones, cribra orbitalia and porosity of
the temporal are suggestive of multiple
stressors during development, potential-
ly including epigenetic and nutritional
constraints.

Conclusion

The long narrow cranial shape, caused
by endo- and ectocranial mid-sagittal
bone bridging, indicates Modtice 3871
represents one of the oldest recorded
instances of scaphocephaly in human
history (Weber et al. 2008; Toth et al.
2009; Pankowskd et al. 2010; Smrcka
et al. 2018). With respect to the lived
experience, Modiice 3871 may have had
an unusual head shape and slight facial
asymmetry. The cribra orbitalia and po-
rosity in the temporal bone indicates nu-
tritional deficiencies or disease-related
complications (Armelagos et al. 2014),
which could have compromised the life
expectancy of Modfice 3871. Neverthe-
less, Modfice 3871 was buried similarly
to the others in the cemetery as has been
reported for other prehistoric adolescents
with visible congenital cranial anomalies
(Pedersen and Antén 1998; Garcia and
Santos 2020).
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The first identification of a link between
a structural abnormality in bones and
subsequent fractures is to be ascribed to
the British surgeon and anatomist Sir
Astley Paston Cooper (1768-1841) (Lor-
entzon and Cummings 2015), while the
technical term naming this condition,
‘osteoporosis’ (Fr.: ostéoporose), dates
back to 1833, when the German-born
French pathologist and surgeon Jean
G.C.EM. Lobstein (1777-1835) was
able to describe an expansion of the
marrow spaces at the expense of the tra-
becular bone in osteological specimens
(Brand 2011).

Nowadays it is known that trabec-
ular bone has a characteristic network
of lamellar bony plates and rods which
shows less density, homogeneity and low-
er degree of parallel orientation. It shows
a wide variability in strength and stiff-
ness to be related with this type of bone’s
apparent density (Osterhoff et al. 2016).
Osteoporotic loss occurs as a result of
an imbalance of the remodelling process
governing bone homeostasis, noting that
this remodelling activity is higher in the
central skeleton, which explains bone
loss-related vertebral fractures (Osterhoff
etal. 2016). Although trabecular bone ac-
counts only for approximately 20% of the
total skeletal bone mass, it is responsible
for most of a skeleton’s turnover, which
is particularly apparent in individuals
younger than 65 years of age (Osterhoff
et al. 2016).

Lobstein wrote that osteoporosis im-
plies a reduction of internal cohesion
between the molecules of the bones (elle
suppose une diminution de cohésion en-
tre les molecules de I'os), a diminution
which he thought was caused by a cer-
tain ‘expansive force’ (force expansive).
Concurring with previous similar obser-
vation by the Italian anatomist Antonio

Scarpa (1751-1831), he defined this
force as responsible for the softening,
swelling and rarefaction (le rammolliss-
ment, le goflement et la rarefaction) of
the bone the result of the activity of ex-
cited nerves (l’activité exaltée de nerfs),
possibly activated by special patholog-
ical principles connected with some of
the major diseases such as the venere-
al, the arthritic, the variolar, morbillar,
etc. (Lobstein 1833; Schapira & Schap-
ira 1993), since at the time he was not
aware of the currently known aetiology
of osteoporosis.

While it is now believed that, in fact,
what Lobstein commented on may have
been osteogenesis imperfecta type I, yet
this appears to be the earliest known
mention of trabecular bone pathology
(Lorentzon and Cummings 2015). Con-
sequently, the word osteoporosis became
rapidly popular in medical circles by the
late 19* century (Brand 2011).

While still unable to name a pre-
cise cause for this disease, in the 1850
edition of German pathologist August
Forster’s (1822-1865) anatomical pa-
thology textbook, a description closer
to the current one is to be found: “This
condition of macerated bone [des maceri-
erten Knochens], called Lobstein’s osteo-
porosis [diese von Lobstein Osteoporose],
is caused by various processes, some of
which are still unknown to us [ist durch
verschiedene, und zum Theil noch un-
bekannte Vorginge bedingt]. Most fre-
quently, inflamed or rachitic bones, when
macerated at certain periods, i.e. after
healing but before complete ossification,
take on the shape described; older and
newer authors also assume hypertrophy
of the medulla as a condition for expan-
sion of the medullary spaces and infla-
tion of the bone [eine Hypertrophie des
Markes als Bedingung der Ausdehnung
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der Markrdume und Aufblihung des Kn-
ochens]’ (Forster 1850).

By the late 19" century, the general
pattern of age (advanced) and sex (female)
distribution for this disease had become
known, particularly with reference to
fractures (at the time the principal factor
leading to a diagnosis), while the mani-
festation of osteoporosis in males and its
lower frequency were not yet completely
understood (Brand 2011).

Growing knowledge on bone phys-
iology owing to the work of Albert von
Kolliker (1817-1905), who named oste-
oclasts in 1873, and of Carl Gegenbauer
(1826-1903), who described osteoblasts,
together with more information being
gradually available on the impact of par-
athyroid hormone and estrogen on bone
(resorption vs new production) would
make a better understanding of osteopo-
rosis possible (Grob 2014).

During WW2, in 1941, Albright and
colleagues examined clinical data of 42
cases of what they called ‘generalized os-
teoporosis’, a priori excluding patients
aged over 65 years because senescence
could then become a primary factor in
the pathophysiological process: 40/42
patients were female individuals who
had passed the menopause and they
had not developed osteoporosis before
it, while 2/40 were males for whom no
apparent causal explanation was identi-
fied (Albright et al. 1941). This analysis
stressed the fact that osteoporosis was
caused by deficient osteoblastic activity,
hence it was a deficit of formation rather
than mineralization (Albright et al. 1941;
Forbes 1991).

It was precisely this study, which saw
the implementation of X-ray imaging,
that determined the predilection for the
spine and pelvis by osteoporosis and that
showed how long bones became affected

merely in instances of more severe in-
volvement. It also highlighted how osteo-
porosis typically does not affect the skull,
unlike hyperparathyroidism (Albright
et al. 1941). Albright and colleagues’
study also presented the main radio-
logical characteristics of spinal involve-
ment in osteoporosis: fractured/crushed
vertebrae, ‘fish vertebrae’ (i.e. biconcave
vertebral bodies due to the expansion of
intervertebral disks), Schmorl’s nodes
(herniation of the nucleus pulposus) (Al-
bright et al. 1941).

This research additionally indicated
how, while an osteoporotic vertebral le-
sion can be revealed by X-ray imaging af-
ter a patient’s report of back pain, it can
also be an incidental finding because the
vertebral changes can develop completely
asymptomatically (Albright et al. 1941).
With reference to vertebral damage, one
of the key merits of the Albright et al.
study was also to show that the adminis-
tration of long-term therapy was capable
of arresting it, including statural loss, in
postmenopausal women affected by oste-
oporosis or prevented them altogether if
started in the early stages of the disease
(Forbes 1991).

In 1973 Gallagher and colleagues ex-
amined the nature and presentation of
osteoporosis-induced vertebral fractures
in 58 postmenopausal women, a condi-
tion which they named ‘The Crush Frac-
ture Syndrome’, combining radiological,
histological and metabolic data (Gallagh-
er et al. 1973). This study proved that
osteoporotic fractures included patients
with various clinical pictures, irrespec-
tive of their mineralization rates, and
that fractures had to be related to a severe
reduction in the amount of trabecular
bone. This reduction of bone in vertebral
bodies was reflected by a similar loss of
trabecular bone in biopsies from patients’
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iliac crests which were subjected to his-
tological analysis (Gallagher et al. 1973).
This study also pointed out that, while
loss of trabecular bone is of the primary
relevance in the pathogenesis of osteo-
porotic fractures, also cortical bone is af-
fected by the pathological process, in that
it is lost ‘at a faster rate than normally
occurs in postmenopausal women’, and
this becomes ever more apparent if the
patient manages to survive long enough
and the disease chronicizes (Gallagher
et al. 1973). The authors concluded that
osteoporosis-related crush fracture syn-
drome could be seen to be a self-limiting
disease only at the spinal level, whereas
such an attribute could not be given to
its metacarpal manifestation (Gallagher
etal. 1973).

Following in the footsteps of the Al-
bright et al. study and the Gallagher
et al. one, the continued implementa-
tion of lateral thoracic radiographs in
subsequent research indicated that ‘in
some cases, vertebral fractures may be
the result of a gradual loss of vertebral
height rather than sudden vertebral
collapse’ (Hedlund et al. 1989), which
could explain the asymptomatic nature
of some of the vertebral changes first
described by Albright et al. Hedlund
et al’s study demonstrated how the
first stage of non-traumatic spinal frac-
tures involved an initial wedging of 1-2
mid-thoracic or thoracic-lumbar verte-
brae, which would then likely involve
> 4 vertebrae, hence ultimately making
a final posterior vertebral collapse much
more frequent (Hedlund et al. 1989).
The final stage of the process presents
with an even distribution between T6
and L2 manifesting with anterior and
posterior collapse (Hedlund et al. 1989).
In this study it was also shown that ver-
tebral fractures did not only reduce ver-

tebral height but also explained wider
vertebrae (Hedlund et al. 1989).

This research also highlighted that
anterior vertebral fractures were found
to be more frequent in the mid-thoracic
spine, while a more lumbar distribution
was to be described for posterior frac-
tures, a difference that could be explained
with the direction of compressive forces
according to the natural kyphotic (tho-
racic) and lordotic (lumbar) curvatures of
the spine (Hedlund et al. 1989). Hedlund
et al.’s paper finally concluded that an in-
dividual’s body mass seemed to be more
related to spinal vertebral fractures than
vertebral size but did not exclude the
possibility that density of nonfractured
vertebrae could be less in osteoporotic
patients (Hedlund et al. 1989).

As research on osteoporosis continued
to progress a new radiological methodol-
ogy was implemented, that is dual-ener-
gy X-ray absorptiometry which allowed
for the assessment of bone mineral den-
sity (BMD), the current diagnostic gold
standard as it is considered a surrogate
marker of bone strength, although it only
accounts for 60% of bony fragility varia-
tion (McDonnell et al. 2007).

However, BMD does not fully ex-
plain changes in trabecular architecture,
tissue properties and accumulation of
microdamage, as it has been shown in
subsequent studies that a patient’s risk
of fracture is influenced by bone quality
as defined by the aforementioned aspects
(Osterhoff et al. 2016), especially when
one considers that a parameter like loss
of strength is more affected by perfora-
tion of the trabeculae than by their gener-
al thinning (McDonnell et al. 2007).

Further advances were made possible
by the application of microCT analysis,
which is nonetheless not allowed on liv-
ing patients’ due to the high radiation
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exposure, but proved excellent for in
vitro studies, cadaver or anthropological
studies (McDonnell et al. 2007). In par-
ticular it permits scientists to produce
detailed and accurate 3D reconstruc-
tions of trabecular volumes (McDonnell

et al. 2007).

With a special focus on vertebral
changes the following characteristics are
to be considered:

a. microstructure and density are not
uniform in the vertebral centrum;

b. the regions of the centrum closest to
the endplates and in the posterio-lat-
eral regions show the highest volume
fraction and BMD;

c. the middle and anterior regions of the
centrum show the highest trabecular
separation and degree of anisotropy;

d. the high percentage of anterior wedge
vertebral fractures can be explained by
the the anterior region’s relatively low
density and high degree of anisotropy
in the anterior region (Osterhoff et al.
2016).

Additional studies have shown that
vertebral trabecular architecture increas-
ingly becomes anisotropic with the pro-
gress of bone loss, which can be a signifi-
cant factor in fracture risk due to the fact
that trabecular architecture tries to adapt
to compensate for the loss of bone (Os-
terhoff et al. 2016).

A study on population sample of 541
women and 490 men aged 17 to 88 years,
trabecular vBMD in both sexes decreased
from the T1 to L3 in all age categories,
L3 showing the lowest vBMD of all oth-
er thoracic and lumbar vertebrae (Chen
et al. 2013).

A cadaveric study on 56 L4 vertebrae
from Asian donors aged between 57 and
98 years showed, at microCT scan and
scanning electron microscopic analysis,
that trabecular bone volume fraction

(BV/TV) and trabecular number (Tb.N)
significantly decreased with advancing
age, with a similar pattern in males and
females. Additionally, trabecular sepa-
ration augmented with increasing age,
while decrease in trabecular thickness
(Tb.Th) was not found to be statistically
significant (Chen et al. 2013).

Moreover, some studies suggest that
the loss of horizontal trabeculae is the
only one occurring while other studies
indicate that both horizontal and vertical
trabeculae are lost with age (Chen et al.
2013).

Future studies investigating trabecular
health will likely show a pattern of dete-
rioration of such structures fundamental
for bone strength and their assessment in
past populations, thanks to the analysis
of large skeletal populations, could pro-
vide an evolutionary perspective on this
condition.
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femurs and both pelvic bones. The head of the femur is enlarged and deformed, described as “mushroom-
shaped”, with areas of smooth cortex and cavities, or possible cystic residues. The neck of femur is
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Radiographic images show bilateral necrosis of the femoral head. There is a significant sclerotization of
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Introduction

Assessing health condition, level of hy-
giene and dietary habits is a fairly com-
mon practice in bioarchaeological studies
(e.g., Ortner 2008; Yanko et al. 2021).
This may allow researchers to draw con-
clusions about the lifestyle and socio-eco-
nomic status of individuals or popula-
tions in certain historical periods. In this
context, palaeopathological studies are
interesting, because they show history
of medical conditions and help us to bet-
ter understand the aetiology of a disease.
However, the diagnosis of pathology from
bioarchaeological material is burdened
with many limitations. This is because
skeletal material is often destroyed and
incomplete, knowledge about the life and
health of a given individual/population is
usually poor, and because many diseases
have similar symptoms. As a result, it is
rather difficult to recognise a specific dis-
ease, and thus indicating only potential
causes of the destruction of bone mate-
rial (Smith 2002; Ortner 2008). In this
respect, case reports are informative by
providing information regarding a pres-
ence of specific diseases in the past.

The aim of this study is to present the
pathological lesions observed in a skele-
ton from Radom (Poland), dated to the
18%-19% century.

Materials and methods

The described skeleton comes from the
Radom site, a medium-sized city located
in central Poland, about 80 km from War-
saw (Fig. 1). The early medieval settle-
ment complex in Radom consists of the
‘Piotréwka’ stronghold, the burial ground,
and five open settlements. This complex
was explored and partially examined in
the second half of the 20th century by the

Institute of the History of Material Cul-
ture of the Polish Academy of Sciences
(now: Institute of Archaeology and Eth-
nology of the Polish Academy of Scienc-
es) (Skubicha 2010). The results of these
excavations have never been fully pro-
cessed (Gassowski 1951; Kierzkowska-
-Kalinowska 1970; 1979; Kurasifiski and
Skora 2016; Baranowski et al. 2020).

Human remains were obtained during
an excavation conducted in 2010-2013.
The skeleton was found in the first urban
municipal cemetery, which was founded
at the stronghold in 1791. Due to the
lack of space for new burials, the ceme-
tery was closed and abandoned in 1811
(Zaptata 2011).

Fig. 1. The map of Poland with the location of Ra-
dom (black arrow)

The described human remains (No.
317/13) contained a fragment of splanch-
nocranium, with a fragment of right
maxillary bone and the mandible. From
the postcranial skeleton, the following
parts were preserved: left and right fore-
arms, both femurs, cervical and lumbar
vertebrae and sacrum, both iliac and sci-
atic bones, and elements of ribs (Fig. 2).
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Fig. 2. Representation of the bones of individual
No. 317/13 (present bones shown in grey)

The age-at-death of the individual was
estimated on the basis of changes in the
topography of the auricular surface (Buik-
stra and Ubelaker 1994; White and Folkens
2000). Moreover, it was possible to estimate
the dental age-at-death using radiographic
images of selected teeth (Drusini 2008).
Age categories considered in the study were
applied according to the following stand-
ards set by Buikstra and Ubelaker (1994):

Young Adult (20-34 years), Middle Adult
(35-49 years), and Old Adult (50+ years).

The referential sex of the individuals
was estimated using the Phenice (1969)
method. In addition, some mandibular
features (expression of the mental emi-
nence and gonion regions) were used in
sex estimation (Buikstra and Ubelaker
1994; Konigsberg and Hens 1998; Walk-
er 2008). Bone measurements were con-
ducted according to the standards intro-
duced by Buikstra and Ubelaker (1994),
using a slide caliper and an anthropomet-
ric board.

Radiographical examinations were per-
formed at the Forensic Medicine Depart-
ment of the Medical University of Warsaw
(Poland) using the Toshiba 16-slice com-
puted tomography (CT) scanner and the
X-ray Canon Radrex (Philips Medical Sys-
tem IEC 60601 X-ray, image — distance of
1 meter, in two perpendicular projections,
180-degree viewing angle used, horizontal
frequency 47 kHz). The atypical juxtapo-
sition of the femur with the hip joint on
radiographs was used intentionally to bet-
ter visualize the characteristic appearance
of the femoral head with remodeling in
necrotic lesions.

Results

The estimations of age-at-death and sex
suggested that the individual being as-
sessed was a male of about 35-38 years old.

Bone changes were observed in both
femurs and both pelvic bones. The head
of the femur is enlarged in a characteris-
tic way (coxa magna); this deformation
can be described as “mushroom-shaped”,
with areas of smooth cortex, cavities,
cystic residues. Subchondral cysts and
porosity are present. Bony formations
(osteophytes) on the femoral head mar-
gin are observed (Fig. 5-7).
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Fig. 3. An anterior (photo above) and posterior view (phote below) of the femoral and coxa bones of individ-
ual No. 317/13 from Radom
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Fig. 4. An anterior (left photo) and posterior view (right photo) of the femoral bones of individual No. 317/13
from Radom

Fig. 5. An anterior (left photo) and posterior view (right photo) of the proximal end of femoral bones of individual
No. 317/13 from Radom. Photographs show a markedly flattened, “mushroom-shaped” femoral head, with
areas of smooth cortex, cavities, cystic residues, porosity (white arrows), and osteophytes (black arrows)
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Fig. 6. A posterior view of the proximals end of femoral bones of individual No. 317/13. Photographs show
“mushroom-shaped” femoral heads, marginal osteophytes of femoral heads (black arrows)

Fig. 7. The deformities of femoral heads. Osteophytes (black arrows), the areas of smooth cortex, cavities,
cystic residues, and porosities (areas in white circles) (No. 317/13)

Fig. 8. Femoral heads deformities; cavities, cystic residues, and porosities (No. 317/13). Left (left photo)
and right (right photo) femoral bones; a porous surface is observed and the fovea capitis is disappeared
(No. 317/13)
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Both femoral heads are deformed,
strongly flattened, and both are at a lower
position than the greater trochanter (Fig.
3-6, 10). Length measurements of left fem-
oral bone: measurement from the high-
est point of the greater trochanter to the
lowest point of the medial condyle — 435
mm, measurement from the highest point
of the femoral head to the lowest point of
the medial condyle — 427 mm. The medial
condyle damage made the adequate length
measurements of the right femur was not
possible. On both femoral heads the fovea
capitis for the insertion of ligament teres
were not observed (Fig. 7, 8). The neck of
the femur is short and thick (upper-lower
neck dimension: right bone — 35 mm, left
bone — 40 mm; anterior-posterior neck di-
mension: right bone — 28 mm, left bone
- 31 mm) (Fig. 3-6, 10). The femoral neck

v
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is almost nonexistent on the superior
aspect (6 mm length on the left bone, 7
mm length on the right one) and greatly
shortened inferiorly (18 mm length on
the left bone, 17 mm length on the right
one). Head center dislocated toward neck
axis was not observed here. The rest of the
bone (shaft and distal epiphysis) does not
show any changes (Fig. 4).

The changes were also observed
in both acetabularies of the hip joint.
Right and left acetabulum is shallow,
with marginal osteophytes and porosity
on articular surfaces (Fig. 9). They also
show subchondral bone remodelling (Fig.
10). Radiographic images show bilateral
necrosis of the femoral head (Fig. 10).
There is a significant sclerotization of
the femoral head, with a discrete visible
crescent sign.

Fig. 9. Left (left photo) and right (right photo) acetabulum with osteophytes (black arrows), cystic residues,
and porosities (areas in white circles); the fovea capitis is disappeared (No. 317/13)
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Fig. 10. Radiographs the femurs (proximal end) and pelvic bones with observable necrosis (white arrows

and osteophytes (black arrows) (No. 317/13)

Discussion and conclusions

The observed bilateral femoral head ne-
crosis is idiopathic, and results from is-
chemic changes and bone remodelling.
In patients, a symptom confirming the
diagnosis of the vacuum phenomenon,
caused by the release of nitrogen into the
fissures in the head of the femur, which
in turn accelerates the process of cyst for-
mation in the area of the epiphyses. The
macroscopic and radiological changes de-
scribed match the symptoms associated
with Legg-Calvé-Perthes disease (LCPD).

In the vast majority of reported cases,
the disorder was found to be unilateral.
For example, in less than 10% of cases,
both hips are affected, and the joints are

involved not simultaneously, but succes-
sively (Ortner and Putchar 1981; Leroux
et al. 2018). In our case, necrotic chang-
es are present in both femoral heads and
both hips.

Generally, boys are affected about four
times as often as girls. The condition is
bilateral in between 10 and 20% of cases,
although bilaterality is more frequent-
ly observed in girls (Guille et al. 1998;
Pavone et al. 2019). This information is
important for this case, as we are dealing
with an adult male individual.

There is no consensus regarding the
treatment of the disease, which is usually
more focused on the prevention of fem-
oral head collapse, progressive femoral
head deformity and secondary degener-
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ative arthritis, with restoring the range
of motion and improving the functional
recovery (Larson et al. 2012; Shah 2014).

Generally, the paleopathological ev-
idence of LCPD are scarce. The disease
has been previously described in: Peru
(Ortner and Putchar 1981; Ortner 2003),
Majorca (Marques and Cunha 2001),
Serbia (Puri¢ et al. 2004), Czech Repub-
lic (Smrcka et al. 2009), Portugal (Ferrei-
ra et al. 2013}, Argentina (Ponce and No-
vellino 2014), Egypt (Fritsch et al. 2015),
China (Berger et al. 2017) and Spain
(Manzon et al. 2017). Our study provides
the first case of LCPD described in bioar-
chaeological materials from Poland.

A possible example of LCPD was di-
agnosed in the right femur of an adult fe-
male, which came from a miscellaneous
group of femora accessioned as NMNH
265331 from the Valley of Chicama in
Peru (National Museum of Natural His-
tory, Washington, D.C). The pathological
changes observed on the femoral head
were as follows: an obliterated depression
for the ligamentum teres, a large circum-
scribed porous lesion covering more than
half of the joint surface of the femoral
head, bony overgrowth at the margins
of the joint surface (a mushroom-like
appearance), a depressed groove at the
boundary with normal bone, a reduction
in the mediolateral diameter of the head,
bony outgrowths on the superior portion
of the neck (Ortner and Putchar 1981;
Ortner 2003). The pathological chang-
es observed in the skeleton from Poland
seem to be similar to the skeletal changes
obtained from NMNH 265331 from Peru.

LCPD was found by Puri¢ et al.
(2004) in a 30-40-year-old male skeleton
from the medieval church of St. Ilija in
the village of Ba, near Valjevo in western
Serbia. In spite of some doubts, authors
claimed that characteristics such as en-

larged, malformed femoral head, thicken-
ing and shortening of the femoral neck,
cyst-like destruction in the subarticular
part of femoral head, irregular femoral
head and acetabular surfaces, acetabu-
lar flattening, osteophyte formation on
the upper margin of acetabulum suggest
Perthes disease as the most likely diagno-
sis in this case (Puri¢ et al. 2004). The
observed in our sample skeletal changes
are similar to the described above. Al-
though Puri¢ et al. (2004) found LCPD
symptoms on one femur only (right bone
was not affected), it is known that in
10% of cases LCPD can affect both sides
(Manzon et al. 2017).

Smrcka et al. (2009), discussing the
differential diagnosis of LCPD versus
unilateral and bilateral osteochondroses
of the femoral head in archaeological ma-
terial and clinical situations, described
two cases of archaeological LCPD from
the Czech Republic. The first was a skel-
eton of a man older than 50 years, with
the left hip affected (Langobard cemetery
at LuZice in Moravia, dated to the late 5®
century or early 6% century). The second
case consists of a skeleton of an adult
man from an archaeological investiga-
tion in Brandysek (Bohemia; the 9®-10®
century AD). Although authors empha-
sized that they were unable to exclude
other causes of unilateral and/or bilateral
osteochondrosis of femoral heads, they
suggested these cases reflect Legg-Calvé-
Perthes disease according to the criteria
provided by Ortner and Putchar (1980).
In both examined skeletal cases the fol-
lowing features were observed: mush-
room shape of the femoral head, margin-
al osteophytes of the femoral head and
acetabulum, greater trochanter evident-
ly at a higher position than the center
of the head, shallow, steep acetabulum,
short and thick femoral neck. There was
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no substantial dislocation of the center of
the femoral head from the axis of femoral
neck, which also confirms that the au-
thors were dealing with Perthes’ disease
in the examined case. The head of the
right femur was not preserved; therefore,
it was not possible to determine whether
it is unilateral or bilateral disorder (Smrc-
ka et al. 2009). The pathological chang-
es observed in the male skeleton from
Radom are similar to those reported by
Smrcka et al. (2004), which further sup-
ports our supposition that the male from
Radom suffered from the LCPD disease.
LCPD symptoms were also diag-
nosed and described on the right femur
and right hip bone in an adult male
(50-60 years old, individual number
12) from Duratén Visigith necropolis
in Segovia (Spain) (Herrerin and Garral-
da 2010). The skeletal characteristics,
such as the length of the femoral neck,
the radiologically observable trabecular
disposition, the flattened and deformed,
mushroom-shaped femoral head, and the
absence of fovea capitis are described by
authors as LCPD symptoms. In addition,
the observed changes were supplemented
to the attachment sites development on
the whole skeleton to describe the indi-
vidual’s mobility. Authors considered the
obtained results, such as little muscular
developmen on right femur, pronounced
bilateral asymmetry observed in this in-
dividual’s tibiae, strong and deep marks
of muscular attachments on the right hu-
merus could indicate a frequent use of the
right arm during movement, may suggest
the LCPD disorder. Our case reports sim-
ilar skeletal lesions to those described
by Herrerin, Garralda (2010) which sug-
gests the same disorder. In contrast to the
Spain sample, however, in male skeleton
from Radom muscle attachment sites are
not strongly developed and do no differ

between left and right bones. Neverthe-
less, this is not surprising given that in
our sample both skeletal sides are affect-
ed, muscles are developed, or movement
is limited symmetrically.

Lesions observed by Ferreira et al.
(2013) in the right femur of an individual
(no. 2) from the 15%-17% century ceme-
tery in the Valle da Gafaria (Lagos, Portu-
gal) are also compatible with the LCPD
disorder. Initially, the authors diagnosed
the observed symptoms as either LCPD
or slipped femoral capital but ultimate-
ly classified them as Perthes’ disease.
Slipped femoral capital epiphysis is a con-
dition characterized by an inferior-poste-
rior displacement of the femoral capital
epiphysis, fusing with the neck in that po-
sition. The Legg-Calvé-Perthes disease do
not exhibit such symptoms (Ferreira et al.
2013). The skeletal features observed in
our sample are similar to the bone chang-
es seen in an individual from Portugal
(Ferreira et al. 2013) which further sup-
ports our diagnosis. The lack of inferi-
or-posterior displacement of the femoral
capital epiphysis in the Radom sample
may also suggest the LCPD condition.

The observed in the Radom skeleton
bony lesions, diagnosed as Legg-Calvé-
Perthes disease symptoms, are similar
to those observed in an individual from
the Necropolis of Santa Maria, Sintra
(Portugal), dated to the 14%-17% centu-
ries (Wasterlain and Umbelino 2014). In
this study, authors reported various mac-
roscopic and radiological aspects as the
most probable diagnosis of Legg-Calvé-
Perthes disease in one of examined indi-
vidual.

LCPD symptoms were also diagnosed
by Ponce and Novellino (2014) in the
well-preserved juvenile skeleton (indi-
vidual (C 12), aged 14-16 at the time of
death) from Argentina (late 16™ to 17®
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century). Slipped capital femoral epiph-
ysis and developmental dysplasia of the
hip were excluded as potential causes of
the skeletal condition, and the combined
radiological, macroscopic, and osteomet-
ric examinations indicated that LCPD
was the most likely diagnosis. “Mush-
room-shaped”, deformed femoral head,
its lower position according to the greater
trochanter, the absence of the fovea capi-
tis, short and wide femoral neck, wider,
flattered, and irregular acetabulum these
are the traits which authors to diagnose
them as Perthes’ disease. The above
characteristics were also observed in the
skeleton from Radom.

Similar to our sample pathologies has
also been identified in ancient Egyptian
mummies from the Museum of Antiqui-
ties in Cairo by Fritsch et al. (2015), who
examined orthopaedic diseases in An-
cient Egypt, and by Manzon et al. (2017)
who reported on morphometric and radi-
ological analyses of a skeleton from the
Etruscan necropolis of Spina (Ferrara, Ita-
ly, 6*-3" century BCE). Similarly, Berger
et al. (2017) examined skeletal remains
of an individual from the Warring States
period in Shaanxi Province (China), and
observed a “mushroom head” deformity
of the proximal right femur, an enlarged
acetabulum, along with a contralateral
tibia, talus as well as enlarged navicu-
lar with periosteal new bone formation.
These conditions were also connected
with LCPD.

As highlighted above, LCPD has been
rarely reported in ancient populations,
and its differentiation from other patho-
logical changes in dry bones (aseptic ne-
crosis in Gaucher’s disease, slipped femo-
ral epiphysis) may be difficult (Wasterlain
and Umbelino 2014) as all these condi-
tions can produce similar lesions on the
femoral head, making diagnosis difficult.

Waldron (2009) suggested that the mor-
phological changes associated with LCPD
in human skeletal remains can include:
a flattened mushroom-shaped femoral
head with overhanging margins, thick-
ening and shortening of the femoral neck
along with a wide and shallow acetabu-
lum, a normal position of the femoral
head in relation to the axis. These femo-
ral changes can be considered distinctive
features of LCPD in palaeopathology.

As Waldron (2009) described, the
LCPD condition passes through four
stages: i/ the onset of avascular necro-
sis; ii/ femoral head fragmentation; iii/
revascularisation and regeneration; and
iv/ healing. Late changes occurred in
LCPD include: a shallow acetabulum
and a smooth flattening of the femoral
head, enlargement of the femoral neck
and head, widening and shortening of
the femoral neck with a varus deform-
ity, mushroom deformity of the femo-
ral head, shortening of the limb on the
affected side, secondary osteoarthritis
(Waldron 2009). We also observed such
advanced changes in the examined indi-
vidual from Radom.

LCPD is a complex disease affecting
the epiphysis of the femoral head in the
paediatric population. The disease oc-
curs as avascular necrosis of the proximal
femoral head that is a result of the tenu-
ous blood supply to this area. The disor-
der is usually observed in boys at the age
from 4 to 10 years (Loder and Skopelja
2011; Perry and Hall 2011; Pavone et al.
2019). Despite the aetiology of the dis-
ease having been widely discussed, it is
still not fully understood (Hosalkar and
Mulpuri 2012; Berger et al. 2017). The
best supported theory involves an influ-
ence of repetitive mechanical stress on
blood supply to the epiphysis (Guerado
and Caso 2016; Leo et al. 2018).
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At this stage of the analysis, it is not
possible to determine the cause of LCPD
in the Radom sample. Firstly, despite
the aetiology of the disease having been
widely discussed, it is still not fully un-
derstood (Hosalkar and Mulpuri 2012).
The major hypothesis relies on a mul-
tifactorial genesis, involving genetic,
mechanical, traumatic, metabolic, nu-
tritional, environmental, hormonal, and
hematologic conditions (Thompson and
Salter 1986). Secondly, the archaeological
and historical data concerning the exam-
ined individual are poor. Therefore, it is
not possible to form a hypothesis about
the aetiology of the disease. Archaeologi-
cal and historical data about Radom and
its population are available (e.g., Bogucka
and Samsonowicz 1986; Kusinski 1991;
Kozak 1997; Pigtkowski 2000), but they
cannot be directly related to a single in-
dividual. Although the sample provides
some information about the health and
biological condition of skeleton No.
317/13, it does not provide any data
about this person’s individual lifestyle,
which limits the possibility of formulat-
ing any hypotheses.

In conclusion, all the macroscopic
and radiological changes observed and
described in the examined male skele-
ton (No. 317/13) from Radom match the
symptoms associated with Legg-Calvé-
Perthes disease.
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Sex estimation using measurements of the proximal
femur in a historical population from Poland
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ABSTRACT: Sex estimation is one of the most important components in assessing the biological profile of
an individual. In an archaeological context, the pelvis, which is the most dimorphic part of the skeleton,
is often poorly preserved, which can cause an inability to use morphological sex estimation methods.
Therefore, alternative methods are required in such cases. Because the utility of the metric methods based
on the femur measurement has been confirmed, and the bone is usually available for examination due
to its good preservation, developing methods using the landmarks of the femur could have important
implications in sex estimation.

This study aimed to derive a discriminant function equation for a Polish archaeological population
based on measurements of the proximal end of the femur.

The study sample included individuals from a medieval cemetery in Milicz (n = 62) and an early modern
necropolis at Czysty Square in Wroctaw, Poland (n = 162). The analysis included seven measurements
collected from the right and left proximal femora. To estimate the reproducibility of the measurements,
intra-and interobserver errors and reliability coefficients were calculated. Subsequently, univariate and
stepwise discriminant analyses were performed, and the sex sectioning points and equations were proposed.

No differences were observed between measurements of the right and left femora. The results indicated
a high utility and reproducibility of the FHD measurement (regardless whether left or right femur was
measured). The discriminant equations for sex estimation reached an accuracy of 83.0-92.3%, which
implies the utility of the function on Polish historical populations when the other methods for sex
estimation cannot be used.

Key worps: sex assessment, morphometrics, sexual dimorphism, discriminant function, the Polish
population.
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Introduction

Estimating biological sex of an individual
is one of the most important elements in
the forensic anthropological examination
of skeletal remains of unknown identity
as well as historical material. Moreover,
the assessment of other biological pa-
rameters, such as age at death and stat-
ure, often depends on the sex of the indi-
vidual (Bréizek 2002; Byers 2016).

There are two main approaches to es-
timating sex based on skeletal features:
morphological and metric. The first set
of methods is based on the macroscopic
evaluation of morphological features of
the skull and pelvis, while the latter uses
selected bone measurements and statisti-
cal analysis (e.g., regression equations, dis-
criminant functions) (Byers 2016; Bidmos
et al. 2021). Both approaches are not er-
ror-free. For example, in qualitative meth-
ods, incorrect sex estimation may be re-
lated to subjectivity and insufficient level
of relevant research experience. However,
such methods are relatively easy to apply
and do not require the use of anthropolog-
ical equipment. Although metric methods
are more time-consuming and require
specialized instrumentation, they sub-
stantially reduce the risk of subjectivity
and allow for determining measurement
differences that cannot be detected using
the macroscopic methods (Christensen
et al. 2015; Krishan et al. 2016).

Most dimorphic bones (such as pelvi
girlde bones) are often not available for
examination due to bad preservation, in-
complete or highly fragmented skeletal
material. For instance, according to Walk-
er (2005), incomplete preservation occurs
in 80-90% of the individuals excavated
from historical cemeteries. Thus, in such
cases metric methods can be used for bi-
ological sex assessment as an alternative.

Results obtained by using metric methods
can be further processed by applying dis-
criminant functions, regression analysis,
and sectioning points methods (Krishan
etal. 2016; Ubelaker and DeGaglia 2017).
Apart from bones exhibiting the highest
degree of sexual dimorphism, such as pel-
vic and skull bones (Iscan 2005; Walker
2005; Byers 2016), attempts have been
also made to evaluate sex based on metric
characteristics of other elements of the
postcranial skeleton. For example, dis-
criminative equations have been designed
by using measurements of the shoulder
girdle bones, e.g. scapula (Tormitsu et al.
2016), clavicle (Albanese 2013), upper
limbs (Bidmos and Mazengenya 2021),
lower limbs, e.g. femur (Kim et al. 2013),
as well as chest bones, e.g. sternum (Ma-
caluso 2010), ribs (Macaluso et al. 2012;
Kubicka and Piontek 2016), or smaller
limb bones such as calcaneus (Dimichele
and Spradley 2012), metacarpals, meta-
tarsals and phalanges (Case and Ross
2007; Bidmos et al. 2021).

The femur is one of the skeletal el-
ements used to construct discriminant
equations. Not only it is the most massive
and least sensitive to mechanical damage
and taphonomic changes, but it is often
the best-preserved bone in skeletal material
excavated from historical cemeteries. Due
to the direct contact in the hip joint with
the most dimorphic part of the skeleton —
the pelvis and the location of the muscle
attachments that are crucial in locomo-
tion, sex estimation based on the femur is
characterized by high accuracy (86.4-95%.)
(Mall et al. 2000; Purkait 2005; Albanese
et al. 2008; Kim et al. 2013; Djorojevic
et al. 2015; Colman et al. 2018).

Metric methods for estimating sex
are common, widely applied, and created
for different populations. However, there
have been only two attempts to obtain
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population-specific formulae for the Pol-
ish population, based on modern sam-
ples with a known biological profile and
utilizing CT imaging (Tomaszewska et al.
2014; Kubicka and Piontek 2016). Some
studies have proposed sectioning points
data for archaeological material derived
from Poland (e.g. Tomczyk et al. 2017).
However, there are no discriminant func-
tions designed for historical Polish pop-
ulation that utilize the measurements of
the proximal femur. Some studies have
highlighted an important limitation of
the metric methods (e.g. Albanese et al.
2008; Anastopoulou et al. 2014; Colman
et al. 2018), such as a low accuracy of the
discriminant function or regression equa-
tions when applied to other than the orig-
inal population (i.e., the one for which the
function was originally designed), mainly
due to the high inter-population variabil-
ity. This limitation is especially import-
ant when assessing the biological sex of
individuals of unknown identity whose
skeletons were excavated from various
historical necropolises. Thus, the specif-
ic-population equation is needed for the
historical Polish populations. However,
there are also limitations in deriving sex
estimation equations for Polish popu-
lations mainly due to the lack of a large
skeletal series that provide information
regarding sex, age, health, stature, and
other physical characteristics that are crit-
ical in comparative analysis.

The main purpose of this study is to
derive discriminant function equations for
the historical Polish population represent-
ed by individuals excavated from two his-
torical Polish cemeteries located in Milicz
(12%-14% centuries) and Czysty Square
(Plac Czysty) in Wroctaw (16%-19 centu-
ries), using the measurements of the prox-
imal end of the femur, in order to propose
an alternative method for sex estimation.

Materials and methods

The right and left femora of 223 adult in-
dividuals from two Polish archaeological
sites were examined. The skeletal mate-
rial is a part of the osteological collection
stored at the Department of Anthropo-
logy, Hirszfeld Institute of Immunology
and Experimental Therapy, Polish Acad-
emy of Sciences, in Wroclaw. The data
were collected from a) 144 right and 154
left femora from Czysty Square (in Wro-
claw), b) 53 right and 53 left femora from
Milicz. The sex of the individuals from
both sites was unknown.

The Orthodox cemetery near Czy-
sty Square was adjacent to the Salva-
tor Church, situated on the perimeter
of Wroclaw (Lower Silesia voivodeship,
Poland), which was built in 1568. The
cemetery was in use from the year 1541
until the first half of the 19 century. Ac-
cording to Wojtucki (2015) and Sawicki
(2015), the majority of people buried at
the cemetery came from the nearby poor
communities.

The cemetery in Milicz, which was in
use between the 12-14% century, con-
tains remains of an early medieval town
community. The cemetery was located
on the southwestern part of a farmed hill
near the Barycz Valley, 500 m from the
buildings of the modern town of Milicz
(Wachowski 1969; Kiarszysz and Kolen-
da 2017).

Femora with visible pathological le-
sions or in a poor state of preservation
were excluded from the study because
any form of alteration (e.g., degenerative)
might influence the measurements. An-
other criterion of sample selection was
based on the possibility of establishing
at least three landmarks. If possible, the
measurements were taken both from
the right and left femur of an individual.
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Ability to estimate the sex of an individ-
ual based on pelvic morphology was also
a critical criterion in sample selection.
An individual was excluded from the
study if there was not at least one pel-
vic bone in a state of good preservation
available to examine or if the dimorphic
features were ambiguous.

The sex of an individual was esti-
mated by JW based on the morphologi-
cal features of the pelvis, using standard
anthropological criteria (Phenice 1969;
Buikstra and Ubelaker 1994; Brickley
2004). During the sex evaluation, the
following traits were taken into con-
sideration: ventral arc, ischiopubic ra-
mus ridge, subpubic concavity (Phenice
1969), sciatic notch (Buikstra and Ube-
laker 1994; Walker 2005), and subpubic
angle (Brickley 2004). During the next
step, the outcome of the estimation of
sex, based on morphological criteria, was
also verified with the results of the sex as-
sessment established previously by other
authors (Wachowski 1969; Wachowski
1970; Lubocka and Gronkiewicz 2015).

Every bone was measured twice using
an electronic caliper by JW. All anthro-
pometric landmarks included in this re-
search were located on the proximal part
of the femur (Table 1, Figure 1).

Fig. 1. The landmarks of the proximal femur used
in equations (according to Purkait 2005; Alba-
nese et al. 2008)

Table 1. Definitigns of the measurements of the proximal femur according to Purkait (2005)2, Albanese

et al. (2008) and Bass (1987 cited in Djorojevi¢ et al. 2015:247)

Measurement Definition

AB' The straight distance between the point on the articular margin of head dipping most
laterally and the point projecting most medially on the greater trochanter.

BC' The straight distance between the point projecting most medially on the greater tro-
chanter and the highest point on the lesser trochanter.

AC” The straight distance between the point on the articular margin of head dipping most
laterally and the point projecting most medially on the highest point on the lesser tro-
chanter.

b

GT-LT The straight distance between the most lateral apex on the greater trochanter and the

most proximal point on the lesser trochanter.
b

GT-FC The straight distance between the most lateral apex on the greater trochanter and the

superior margin on the fovea capitis.
b
LT-FC The straight distance between the most proximal point on the lesser trochanter and the

superior margin on the fovea capitis.

FHD

The maximum diameter of the head of the femur
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Statistical analyses were conducted
using SPSS v.25, STATISTICA 13.1, and
Microsoft Office Excel 2007. The sexual
dimorphism index (SDI) was calculated
according to the formula used by Tobias
(after Ricklan and Tobias 1986), where
Xm is the mean value for males and Xf is
for the females:
=T  100%

X .

m

SDI

Inspection of the normal probabili-
ty (i.e., Q-Q) plots for each of the femur
measurements, for males and females,
was conducted. The Mann-Whitney
U-test was used for the comparison of the
measurements of the femora between the
Czysty square and Milicz collection. For
symmetry examination between the right
and left femora, paired-sample t-tests were
performed. For the inter-observer error
evaluation, the measurements of the two
authors were compared. The author, AC,
measured 41 femora twice from the orig-
inal sample. The technical error of meas-
urements (TEM), the relative technical
error of measurements (%TEM), and the
reliability coefficient (R) were calculated
(Ulijaszek and Kerr 1999). For the compar-
ison with the inter-observer error calculat-
ed by Albanese et al. (2008), the equation
mentioned below was used as well:

lml —m2| x 100

ml

Error =

Two sample t-tests, as well as simple
univariate discriminant analysis and mul-
tivariate backward stepwise discriminant
function analyses, were conducted to ana-
lyze possible sex differences in the proxi-
mal femur measurements. Inspection of
the normal probability revealed that the
data were distributed normally. Results for
homogeneity of variances Levene’s test are
presented in table 2. For multiple testing

(t-tests for determination of sexual dimor-
phism in n=7 measurements) the signif-
icance level was Bonferroni corrected to
a = 0.05/7 = 0.007. The sex demarcation
points for univariate discriminants analy-
ses were calculated as the grand average of
the means for both sexes for each measure-
ment. The sex sectioning point (SP) for the
backward stepwise multivariate function
analysis was calculated as the average be-
tween mean canonical scores for males and
females. The Box’s M test showed that the
assumption of homogeneity of variance-
covariance matrices for the predictor var-
iables in multivariate discriminant anal-
ysis were only marginally violated (Box’s
M = 44.81; x2(df:28) = 42.28; p = 0.04).
The Czysty square (Wroctaw) collection
was used as an original sample and the
Milicz series as a cross-validation sample.
Statistical significance was set at a = 0.05.

Results

In total, there were 81 male and 71 female
skeletons from the Czysty Square, and 56
male and 44 female skeletons from the
Milicz collection. No significant differ-
ences between the average measurement
values of femora from the early modern
(Czysty square, Wroctaw] and medieval
(Milicz) anthropological series were found
(see Supporting Information Table S1).

The variability of measurements was
moderately high (Table 2). The highest
reliability coefficient was observed in the
case of GT-FC and FHD measurements
(R = 0.99). All of the lengths of Purkait’s
Triangle (AB, BC, AC) obtained lower re-
liability (below 0.90). Out of the 14 used
measurements (seven on the right and
seven on the left femur), six obtained
moderately high values of inter- and in-
tra-observer error (four dimensions of the
right and two of the left femur).
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A series of t-tests showed that except  significantly larger in males. The high-
for AC (right and left), all measurements est SDI value was calculated for FHD,
were sexually dimorphic at Bonferroni  whereas the lowest was for AC measure-
corrected level o = 0.007. All traits were  ment. (Table S3).

Table 2. Evaluation of inter- and intra- observer error and the coefficient of reliability of taken measurements

Observer 1 Observer 2
Measurements - prean  sD ilEtIr\g %Error Mean SD ilEtlr\;[ %Error 1TnE£/r[ %TEM R
ABR 30 2926 494 3147 416 2950 414 3284 417 214 712 0.78
ABL 34 3029 4.82 23.61 285 3297 4.62 3435 389 173 548 0.87
ACR 30 5039 576 3291 245 4404 463 3047 268 211 448 0.83
ACL 34 5141 565 4139 214 4315 579 32.65 243 219 464 0.85
BC R 31 57.67 4.66 26.39 208 5222 3.85 4473 272 237 431 0.69
BCL 35 5889 5.52 3129 1.88 51.68 4.56 28.15 181 170 3.08 0.89
IT-GTR 40 5450 542 3548 184 5422 476 49.87 267 216 398 0.82
IT-GTL 41 53.88 8.88 3888 1.78 5545 506 3601 191 183 3.34 0.93

GT-FCR 41 90.28 7.25 20.67 0.67 91.69 7.58 1470 041 0.87 096 0.99
GT-FCL 41 89.43 9.54 18.72 0.56 9226 7.78 17.61 0.44 0.89 098 0.99

FC-ITR 40 66.15 6.77 2443 1.11 6990 6.54 32.68 1.22 144 212 0.95
FC-IT L 41 66.27 7.40 62.89 195 67.62 720 4038 1.63 2.58 3.82 0.88
FHD R 40 44.77 3.86 10.02 0.43 4558 4.62 7.77 049 045 098 0.99
FHD L 41 4489 390 9.39 0.72 4524 451 6.67 044 040 0.87 0.99

R- right femur; L-left femur

Table 3. Descriptive statistics and assessment of sexual dimorphism for all measurements for the Czysty
square collection — the original sample

Female Male t-test Levene’s test

Mean  SD n Mean SD n t-value(df) p* F(1.df) ) df SDI
AB R 29.56 4.603 51 32.30 4.811 50 -2.93 0.004 0.08 0.775 99 8.48
ABL 30.94 4.484 52 3426 5.779 57 -3.32 0.001 2.11 0.150 107 9.69
ACR 43.28 4.961 57 4538 6.595 60 -1.93 0.056 8,55 0.004 115 4.63
ACL 42.20 4.825 57 44.53 6.500 70 -2.24 0.027 6.73 0.011 125 5.23
BCR 4990 4.652 52 5430 4.790 50 -4.71 <0.007 0.01 0.906 100 8.10
BCL 49.39 4.414 52 5418 5.560 56 -4.93 <0.007 2.36 0.127 106 8.84
IT-GT R 51.85 3.870 62 56.86 4.023 70 -7.27 <0.007 0.03 0.867 130 8.81
IT-GTL 52.70 4.240 63 58.36 4.371 77 -7.72 <0.007 0.04 0.841 138 9.70
GT-FCR 87.96 5.796 62 9824 6.348 70 -9.67 <0.007 0.75 0.388 130 10.46
GT-FCL 88.23 5.609 63 98.33 6.336 77 -9.88 <0.007 0.59 0.444 138 10.27
FC-LTR 67.18 5.204 62 73.44 6.854 70 -5.85 <0.007 6.86 0.010 130 8.52
FC-LTL 64.95 4964 63 71.16 6.649 77 -6.15 <0.007 7.66 0.006 138 8.73
FHD R 42.86 2.774 63 4899 3.378 81 -11.67  <0.007 1.02 0.313 142 12.51
FHD L 42.63 2.480 66 48.82 3.321 88 -12.72  <0.007 3.24 0.074 152 12.68

p* —refers to Bonferroni-corrected significance level; Levene’s test for homogeneity of variances in the com-
pared groups; note that in two cases the assumption is violated.
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The means of the measurements were
significantly different in four out of sev-
en cases (measurements: GT-FC, IT-FC,
AB, and AC) between the right and left
bones (Table 4). For this reason, the sam-
ples were not combined, and the meas-
urements of each side were analyzed sepa-
rately. GT-L'T and AB measurements took
on average higher values on the left side,
while LT-FC and AC on the right side.

In order to determine whether males
and females differed with respect to the
proximal femur measurements, the dis-
criminant function analysis was con-
ducted. Results for the univariate discri-
minant analyses are presented in Table 5.
For the original data, the accuracy for the
sex discrimination (combined for males

and females) was the highest for FHD R
- 83.33%, and FHD L - 85.71%. For the
cross-validation data (Milicz collection)
the highest accuracy for the sex discrim-
ination (combined for both sexes) was
observed also for FHD R - 88.68, FHD
L - 86.79%. The multivariate backward
stepwise method showed that only FHD
(right and left) was a statistically signifi-
cant measurement that can be included
in the discriminant function. The re-
sults of the stepwise discriminant func-
tion analysis showed a high accuracy in
estimating sex when using FHD meas-
urement of both sides and in the case of
both: original and cross-validation sam-
ple (FHD R: 83.0; 92.3%; FHD L: 88.0;
89.3% respectively) (Table 6).

Table 4. A comparison of right and left femoral measurements. The results of paired-samples t-test

Right Left 95% CI
n X SD X SD t p LL UL  d Cohena
AB 86  30.77 437 3269 503 -473 <0.001 -2.73 -l1.11 0.51
AC 119 4473 576 4375 604 288 0004 031 1.66 0.26
BC 80  51.74 567 5194 570 -0.76 0449 -0.74 0.33 0.08
LT-GT 149 5473 486 5585 520 -531 <0.001 -154 -0.70 0.43
GT-FC 149 9355 746 9359 7.40 -027 0784 -0.38 0.29 0.02
FC-LT 150 70.73 6.68 68.65 6.68 814 <0.001 1.58  2.59 0.66
FHD 183 4636 4.60 4630 4.65 092 0356 -0.07 0.19 0.07

Table 5. Results of the univariate discriminant analyses

Original accuracy (%)

Cross-validation accuracy (%)

male  female  total male female total Demarcation points (mm)
ABR 64.00 60,78  62.38 55.00 57.14 55.56 1<30,92<0
ACR 58.33 54.39 5641 61.54 57.14 60.61 1<44.36<0
BCR 62.00 67.31 64.71 57.14 85.71 64.29 1<52.05<0
IT-GT R 77.14  69.35 73.48 82.35 69.23 78.72 1<54.50<0
GT-FCR 80.00 75.81 78.03 97.06 84.62 93.62 1<93.41<0
FC-IT R 68.57  69.35 68.94 71.43 61.54 68.75 1<70.50<0
FHD R 86.42  79.37 83.33 87.18 92.86 88.68 1<46.31<0
ABL 61.40 59.62  60.55 65.22 37.50 58.06 1<32.68<0
ACL 7429  31.58 55.12 74.07 12.50 60.0 1<43.48<0
BCL 64.29 63.46  63.89 57.14 88.89 66.67 1<51.87<0
IT-GTL 80.52 71.43 76.43 80.00 76.92 79.07 1<55.81<0
GT-FCL 83.12  74.60 79.29 90.00 76.92 86.05 1<93.79<0
FC-IT L 72.73  68.25 70.71 76.67 46.15 67.44 1<68.36<0
FHD L 85.23 86.36 85.71 89.19 81.25 86.79 1<46.16<0

0 — male; 1 - female; R -right; L — left
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Table 6. Stepwise discriminant function analysis of the proximal femur measurements (accuracies both for

original and cross-validation sample)

Original accuracy ~ Cross-validation

(%) accuracy (%)
Variable S Raw
Exact F  df p Wilks’ A 2 . male female total male female total
entered coefficient
FHD 74 1 .001 . . .32
R 987 /98 <0.00 0.50  67.95 0.3276 82.0 84.0 83.0 90.0 100.0 92.3
Constant -14.9832
FHDL 125.041,1 .001 4 2.2 .34
5:041,106 <0.00 0-46  82.20 0.3467 83.9 923 88.0 90.5 85.7 89.3
Constant -15.8345

The sectioning point equals zero. Standard coefficient equals on

The final forms of the discriminant
functions were:
For the right measurement:

y = -14.9832 + (FHD R X 0.3276)

Since the sectioning point equals
SP = 0 (canonical means: males = 0,994;
females = -0,994) positive y-values indi-
cate a male and negative values indicate
a female.
and for the left measurement:

y = -15.8345 + (FHD L x 0.3467)

Since the sectioning point equals
SP= -0.04 (canonical means: 0 = 1.037;
1 =-1,117) y-values greater than SP indi-
cate a male femur and values lower than
SP indicate a female femur.

Discussion

The mean values of the selected proxi-
mal femoral measurements did not differ
between the medieval and early modern
collections. This denotes a similarity be-
tween individuals from the two histori-
cal periods (medieval and early modern)
living in the same geographical area (the
distance between cemeteries was approx-
imately 60 km).

Although metric methods of sex as-
sessment developed in other studies (e.g.
Purkait 2005; Anastopoulou et al. 2014,

Djorojevi¢ et al. 2015; Djorojevi¢ et al.
2019) had common assumptions and
goals, they differed significantly in terms
of methodology. For example, because
Purkait (2005) and Djorojevié et al. (2015)
assumed that there were no differences in
right-left measurements of the femora,
they measured only one femur from each
individual without recording which bone
was measured. Similarly, in another study
Djorojevi¢ et al. (2019) originally meas-
ured femora from both sides using CT
scans, but, having established the sym-
metry of the femora, the authors decided
to use measurements from only one side
without reporting which one was meas-
ured. In contrast, Anastopoulou et al.
(2014) used the metric features of both
femora of measured individuals, despite
the lack of differences between the average
bone measurements, and yielded compa-
rable effectiveness of sex estimation for
the right and left bones (77.8%, 75.9%).
In the present study, four out of seven
measurements of the right and left femo-
ra differed significantly from one another.
However, it is not possible to unambigu-
ously determine whether the right or left
bone dimensions were on average larger
because two of the measurements (LT-FC,
AC) point to the right femoral proximal
end being larger and two (GT-FC, AB) to
the left femoral proximal end being larg-
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er. It is also worth noting that I'T-FC and
AC, aswell as GT-FC and AB, are equiva-
lent in Purkait (2005) and Albanese et al.
(2008) methods. I'T-FC and AC are the
distance from the fovea capitis (LT-FC)
or posterior margin of the head (AC) to
the point located on the lesser trochanter,
whereas GT-FC and AB are the distance
between the head (fovea capitis - GT-FC,
posterior margin of a head — AB) and the
most lateral point situated on the great-
er trochanter. This may suggest that the
development of the greater trochanter on
the left side was more prominent and the
lesser trochanter was strongly marked on
the right side. The FHD measurement
did not differ between the sides, which
contradicts the observations of Plochocki
(2004) and Auerbach and Ruff (2006),
who recorded higher values of the fem-
oral head measurements of the left limb.

The discriminant function results
indicate that using the femoral head di-
ameter measurement (FHD) in a discri-
minant equation alone has a high accu-
racy and no additional measurements
of the proximal part of the femur are
needed. A high SDI value of 12.7-12.9
and a large size effect obtained by the
sex comparison test (Table 2) suggest
that the FHD measurement is a highly
dimorphic feature. In addition, the FHD
measurement is easy to perform, thus its
precision is higher (the lowest inter- and
intra-observer error values) compared to
other measurements. As Albanese et al.
(2008) suggested that a miscalculation
may occur when the % error margin ex-
ceeds 2-2.5%, and in this study, the ma-
jority of Purkait’s Triangle (AB, BC, AC)
dimensions (all measurements of the
right femora and two out of three from
the left femora) exceed the 2% error mar-
gin (Table 3). The lengths proposed by Al-
banese et al. (2008), only LT-GT was as-

sociated with a high risk of measurement
inaccuracies (%error = 2.67). Similarly,
Albanese et al. (2008) observed the low-
est precision of LT-GT (%error = 1.99).
Relatively high inter- and intra-observer
error values of the measurements report-
ed in the above studies (besides GT-FC
and FHD) may indicate difficulties in
a precise assessment of some landmarks
on the femur and in their reproducibility.
The results of the discriminant function
and inter- and intra- observer error sug-
gest that a more efficient approach in es-
timating sex could be one measurement
as oppose to applying multiple measure-
ments with more complicated formulae.
The results of the stepwise discri-
minant function did not support the
results of Purkait (2004) and Albanese
et al. (2008), whose measurements did
not meet the criteria in the stepwise dis-
criminant function when applied to the
Polish population. Though, the six meas-
urements (AB, AC, BC, GT-LI, LT-FC,
GT-FC) were not included in the deriv-
ing functions for the sex estimation. The
single measurement FHD used in the
discriminant function reached high accu-
racy of the sex estimation (83.0-92.3%).
In Poland, there is no reference col-
lection that would allow for deriving
methods based on known sex. Regarding
the historical osteological materials, in-
formation on the biological profile of the
individuals is usually unknown and the
only source of substantial data is a skel-
eton. Therefore, the sex needs to be esti-
mated using morphological and morpho-
metrical methods. There are no studies
on the accuracy of the sex estimation
methods based on the morphology of the
pelvis regarding historical Polish popu-
lations. However, the accuracy of those
methods was estimated at 94.5-95.7%
(Klales et al. 2012; Inskip et al. 2019).
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Deriving the discriminant function
based on the measurements of individ-
uals whose sex was estimated using an-
thropological methods is prone to error.
However, this approach is not new and
skeletons with unknown sex were used
e.g., for the creation of the first sex dis-
crimination function for the Iron Age
population from Iran, using dental meas-
urements (Kazzazi and Kranioti 2018) or
for calculating formula for late antique
East Adriatic coast population (Jerkovic¢
et al. 2016). The need for metric meth-
ods for sex estimation is strong. Howev-
er, the above-mentioned limitations re-
garding archaeological material, are often
inherent.

When the standard morphologic
methods for sex estimation are not avail-
able due to the poor preservation of the
material (absent or damaged pelvis and
skull) and the head of the femur is well
preserved, the use of presented equations
is recommended for both medieval and
early-modern Polish populations.

The methodological approach applied
in this study requires further discussion.
Some authors recommend using logis-
tic regression over a discriminant func-
tion when formulating sex estimating
equations, pointing out to the continu-
ity of sex dimorphic features and fewer
required assumptions of logistic regres-
sion (Bartholdy et al. 2020). Although
the overlapping variability of female and
male features when investigating data
from historical populations, a dichoto-
mic approach for sex assessment, with
clearly defined cut-off points, could still
be preferred. Considering the popularity
of this procedure, the discriminant func-
tion was utilized in this study. We pro-
vide raw data as supplementary materials
for further examinations with different
statistical analyses (Tab. S2).

Conclusion

To conclude, our results imply the utility
of the calculated discriminant function
in estimating sex in medieval and ear-
ly-modern Polish populations. Neverthe-
less, in order to prove the applicability of
the derived discriminant function across
the population, a replication of this
study, using samples of individuals from
other Polish sites and different historical
periods, is needed. In addition, moder-
ately high inter- and intra-observer errors
pose difficulties regarding the repeatabil-
ity of some of the applied measurements
(AB, AC, BC, LT-GT, FC-IT). It is worth
noting that the FHD measurement (not
regarding the side) have been found to be
the easiest to reproduce and the most ac-
curate in estimating sex.
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AssTrRACT: Introduction: Sarcopenia is a major public health concern. It is defined as a progressive and gen-
eralized skeletal muscle disorder that is associated with an increased likelihood of falls, fractures, physical
disability, and ultimately, premature death.

Objective: The aim of the study was to assess the prevalence and determine the role of physical activity,
nutrient intake, and selected risk factors for the development of sarcopenia in older women.

Methods: The study involved 302 women aged >65 years (mean age: 72.1+ 5.9 years). Bioelectrical
impedance analysis of body composition, static muscle strength measurements, Timed Up and Go test,
and the assessment of current physical activity using accelerometers were performed. Diets were assessed
using the 24-h recall method from two non-consecutive days. The energy and nutrient content of diets was
calculated using the computer program DIETA 6.

Results: Sarcopenia was present in 28.8% of the women studied. The most important factor in the
decrease in the risk of sarcopenia was protein intake > 0.9 g/kg b.m. (OR=0.08;p<0.001), and physical
activity > 4000 steps/day. However, these results were not statistically significant (OR=0.58; p=0.08).
Furthermore, the risk of developing sarcopenia increased as BMI (OR=1.36; p<0.001) or percent of body
fat (OR=1.29; p<0.001) increased.

Discussion: Implementing sarcopenia risk prevention programs should be a priority in preventing this
condition.
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Introduction

Sarcopenia is a major public health con-
cern. In 1988, Irwin Rosenberg proposed
that the term sarcopenia be used to de-
scribe the major changes in body com-
position and function associated with
aging. It is defined as a progressive and
generalized skeletal muscle disorder that
is associated with an increased likelihood
of falls, fractures, physical disability, and
ultimately, death (Cruz-Jentoft et al.
2019; Chen et al. 2020). It is character-
ized by progressive muscle failure (Zank-
er et al. 2019), increased risk of falls and
fractures (Schaap et al. 2018; Yeung et al.
2019), and worse functional capacity in
older adults (Malmstrom et al. 2016).
Ultimately, it leads to reduced quality
and length of life (Anker, Morley and
von Haehing 2016; Beaudart et al. 2017;
Tanaka et al. 2021).

The term sarcopenia is primarily de-
fined as a low level of muscle mass. How-
ever, its definition is often broadened to
include the underlying cellular processes
involved in skeletal muscle loss as well
as their clinical manifestations. In terms
of the clinical aspect, sarcopenia is often
used to describe both a set of cellular
processes (denervation, mitochondrial
dysfunction, inflammatory and hormo-
nal changes) and a set of outcomes, such
as decreased muscle strength, decreased
mobility and function, increased fatigue,
increased risk of metabolic disorders, and
increased risk of falls and skeletal frac-
tures (Lang et al. 2010).

Numerous studies have shown that
sarcopenia is a strong determinant in
the development of many other diseases,
such as metabolic syndrome, cardiovas-
cular disease, and osteoporosis (Karake-
lides and Nair 2005; Miyakoshin et al.
2013; Pacifico et al. 2020). For several

years, sarcopenia has been recognized as
a muscle disease and is numbered in the
ICD-10-MC international classification
of diseases (Anker, Morley and von Hae-
hing 2016; Cruz-Jentoft et al. 2019).

Sarcopenia is known to be more prev-
alent in older populations. However,
the decline in muscle mass starts from
40 years old. In addition to older-aged
adults, underweight people, women, and
people with other chronic conditions are
more likely to develop sarcopenia and
adverse health outcomes associated with
this disease. Research has shown that the
prevalence of sarcopenia is significantly
higher in females than in males (Peter-
mann-Rocha et al. 2022).

Comparability of data on the preva-
lence of sarcopenia worldwide is ensured
by a widely accepted definition, designat-
ed cut-off points, and consensus guide-
lines for the population (Cruz-Jentoft
et al. 2019; Chen et al. 2020). It is es-
timated that the problem of sarcopenia
may affect several to tens of percent of
the world’s older adult population (Cruz-
-Jentoft et al. 2019).

A meta-analysis of two internation-
al studies, Collaborative Research on
Aging in Europe and the SAGE study of
the World Health Organization, showed
that among 18,363 people over 65 years
of age, on average, sarcopenia was diag-
nosed in 15.2% of participants (Tyrovo-
las et al. 2016). The highest prevalence
of sarcopenia in that study was in India
(17.7%) and the lowest was in Poland
(12.6%) (Tyrovolas et al. 2016).

A study of 542 randomly selected Sin-
gaporeans over 60 years of age showed
that sarcopenia was present in 32.2%
of participants, with 33.7% of men and
30.9% of women (Pang et al. 2021). In
China, the prevalence of sarcopenia in
people over 50 years of age is 19.31%
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(Liu et al. 2020). Furthermore, in South
Korea, the prevalence of this problem in
a group of 82,221 individuals over 50
years of age was estimated to be 21.5%
(Cho et al. 2020).

A recent systematic review and me-
ta-analysis performed according to the
Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRIS-
MA 2020) analyzed studies published
between 2019 and 2020. The review in-
cluded 207 cross-sectional studies and
53 cohort studies, with 3 using both de-
signs. The overall prevalence of sarcope-
nia ranged from 0.2% to 86.5% according
to the classification used (0.3-91.2% in
women and 0.4-87.7% in men). Severe
sarcopenia was estimated only in 34
studies, with prevalence ranging from
0.2% to 45.0% in women and from 0.2%
to 17.1% in men (overall prevalence
range: 0.2-34.4%) (Petermann-Rocha
et al. 2022).

A meta-analysis conducted by Pacifico
et al. (2020) showed an increased prev-
alence of sarcopenia among men and
women diagnosed with various chron-
ic diseases. Among 17,206 participants
aged 65=+1.6 years, the prevalence of sar-
copenia was 31.4% in those with cardio-
vascular diseases, 26.4% with dementia,
31.1% with diabetes, and 26.8% with
respiratory diseases. The meta-analysis
showed highly prevalent sarcopenia in
individuals with multiple system dis-
eases (Pacifico et al. 2020). Basing on
the prospective cohort study of medical
inpatients, not only diseases related to
malnutrition but especially sarcopenia
was associated with poor quality of life,
more readmissions, and higher mortality
(Ballesteros-Pomar et al. 2021).

The different prevalence of sarcopenia
in the world may be due to the different
severity of the main risk factors involved

in the development of this condition,
such as general physical fitness, the level
of habitual daily physical activity, differ-
ent diets, and different population-spe-
cific factors. The factors that contribute
to the development of sarcopenia in
older populations are chronic inflamma-
tion, motoneuron atrophy, reduced pro-
tein intake, and immobility (Malafarina
et al. 2012). Adequate protein intake is
important for maintaining muscle mass
during aging, although the amount and
source of protein necessary for optimal
prevention of sarcopenia remains to be
determined. One study showed that in-
creasing the proportion of plant-derived
at the expense of animal-derived proteins
in diet is beneficially linked to lower sar-
copenia risk in a cross-cultural sample
of older European adults (Montiel-Rojas
et al. 2020).

Previous studies suggested that pro-
tein synthesis and degradation, auto-
phagy, impaired satellite cell activation,
mitochondrial dysfunction, and other
factors associated with muscle weakness
and muscle degeneration may be poten-
tial molecular pathophysiology of sar-
copenia. Dietary strategies and exercise
represent the interventions that can also
alleviate the progression of sarcopenia
(Rong et al. 2020).

An adequate level of knowledge about
sarcopenia among adults living in so-
ciety is very important for the effective
prevention and treatment of sarcopenia.
Unfortunately, as research indicates (Van
Ancum et al. 2020), knowledge about
sarcopenia is limited and strategies are
needed to increase health education
among adults about this problem.

The aim of the present study was to
evaluate the prevalence of sarcopenia in
women and to analyze the role of selected
lifestyle risk factors for its development.
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The level of physical activity, intake of
selected nutrients, body nutritional sta-
tus, and total body fat were analyzed.

Material and methods

Material

This cross-sectional study involved 302
randomly selected women aged >65
years (average age 72.1+ 5.9 years) from
the Electronic System for Registration
of the Population of City Councils liv-
ing in towns with about 10.000 inhabi-
tants in the eastern part of Poland. The
sample size was calculated using the
formula proposed by Lwanga (Lwanga
et al. 1991). The study was conducted
in the summer and early fall of 2018.
The response rate was 40.6%. The ex-
clusion criteria were hormone replace-
ment therapy, contraindications to bio-
electrical impedance body composition
measurement, severe physical or intel-
lectual disabilities, and diseases affect-
ing muscle tissue metabolism such as
cancer, anorexia, rheumatoid arthritis,
and osteoporosis (Jochum et al. 2019;
Tsutsumimoto et al. 2020).

Methods
The face-to-face interview was used to
collect data on metric age, age at men-
opause, level of education, type of past
work, and others. Basic body measure-
ments (body height and mass, waist cir-
cumference, hip circumference) were per-
formed using standard anthropometric
methods (Lohman, Roche and Martorell
1988; Hall et al. 2007). Body height was
measured using the GPM anthropometer
(Siber Hegner, Zurich, Switzerland) in
anthropometric landmarks with a meas-
urement accuracy of 0.1 cm. Waist cir-
cumference and hip circumference were
measured using the Holtain anthropo-

metric tape (Crymych, UK) with a meas-
urement accuracy of 0.1 cm. All meas-
urements were performed by one person
with appropriate qualifications and ex-
tensive experience in anthropometric
measurements in optimal climatic con-
ditions. The mean of two measurements
was used in the analyses. Protein-energy
nutritional status disorders were assessed
based on body mass index (BMI) whereas
the type of body fat was identified based
on the waist-to-hip ratio (WHR) using
the classification recommended by WHO
(WHO 2008). Bioelectrical impedance
analysis (BIA) using the Tanita BC-418
four-leg body composition analyzer was
used to measure percentage body fat
(PBF), lean body mass (LBM), and total
body water (TBW).

Methods to assess sarcopenia
Sarcopenia was diagnosed according to
the accepted methodology recommend-
ed by the European Working Group on
Sarcopenia in Older People (EWGSOP)
(Cruz-Jentoft et al. 2010) and EWG-
SOP2 in 2018 (Cruz-Jentoft et al. 2019).
However, in a recent publication, more
attention has been paid to the assess-
ment of muscle strength as a measure
enabling a quick diagnosis (Cruz-Jentoft
et al. 2019). Muscle mass was assessed
using Dbioelectrical impedance analy-
sis (BIA) on the Tanita BC-418 four-leg
body composition analyzer. Total skele-
tal muscle mass (SMM) was calculated
according to the methodology proposed
by Kim et al. (2002). Muscle mass for
the diagnosis of sarcopenia was assessed
based on the skeletal muscle index (SMI)
recommended for the European popula-
tion (Cruz-Jentoft et al. 2010). An SMI
value <28.94% calculated for the Polish
population was used as the cut-off point
(Krzyminska-Siemaszko 2014).
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Assessment of static muscle
strength

Static muscle force was measured using
the Jamar® Hydraulic Hand dynamom-
eter (Warrenville, IL, USA). The hand
grip force of both hands was measured
alternately and twice. The mean of the
two measurements was used in the as-
sessment of muscle strength. The cri-
teria for assessment of muscle strength
were adopted according to the EWSGOP
recommendations for women relative to
BMI (Cruz-Jentoft et al. 2010).

Assessment of physical fitness

and the level of physical activity
Physical fitness was assessed using the
standardized Timed Up and Go test.
The time of >14 s recommended by
EWGSOP was used as a cut-off point
(Shumway-Cook, Brauer and Woollacot-
ta 2000) for low fitness and risk of sarco-
penia. Criteria for the diagnosis of sar-
copenia were adopted as recommended
by EWGSOP (Cruz-Jentoft et al. 2010).
The current level of physical activity
was measured over 48 h (2x24h) using
the Tanita AM-180 three-axis acceler-
ometer. European Union guidelines for
older adults (2008) were used to assess
the level of physical activity (high phys-
ical activity: >4,000 steps a day, moder-
ate physical activity: 3,500-3,999 steps
a day, low physical activity: 2,500-3,499
steps a day, very low physical activity:
<2,500 steps a day.

Dietary Assessment
Face-to-face 24-hour dietary recalls for
two non-consecutive days preceding
the interview were administered in the
study. The album of Photographs of
Food Products and Dishes (2018/2019)
was used to estimate the portion siz-
es of products and foods consumed.

The energy and nutrient content of the
women’s diets was calculated using the
computer program DIETA 6.0. Protein
intake, expressed in g/day and g/kg body
mass/day, and vitamin D intake in pg/
day were included in the analyses. Con-
sumption of proteins was categorized
as low <0.73 g/kg/body mass, medium
0.73-0.89 g/kg/body mass, and high
>0.9 g/kg body mass. Energy consumed
from protein was categorized as <15%
E, 15%-20% E, and >20% E. In the
case of vitamin D, the categorization
was: <1.5 ug/day, 1.5-2.2 ug/day, and
>2.2 ug/day.

Statistical Methods
Statistical analysis was performed using
the STATISTICA 13.0 software. The
normality of distribution was assessed
using the Shapiro-Wilk test. Multivariate
logistic regression models were used to
identify the determinants of sarcopenia
in women. Wald’s chi2 was calculated.
Odds ratio (OR) with 95% confidence in-
terval (CI) was calculated for independent
variables (Hosmer and Lemeshow 1989).
The level of statistical significance was
set at *p < 0.05, **p < 0.01, and ***p <
0.001.

Ethical Considerations

The study was carried out in accordance
with the Code of Ethics of the World Med-
ical Association (Declaration of Helsinki)
for experiments involving humans. The
project received a positive opinion from
the Senate Ethics Committee for Scien-
tific Research of the Jozef Pitsudski Uni-
versity of Physical Education in Warsaw
(protocol No. SKE 01-14/2017). All study
participants gave their informed consent
to participate in a research project and
were informed about the protocol and
test methods.
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Results

Selected characteristics of the women
studied are shown in Table 1. The mean
age of the women was 72.1+ 5.9 years,
with ages ranging from 65 to 87 years. In
general, women had a high mean BMI,
indicating excessive body mass (83.4%
were overweight or obese). One in two
women was obese (49.7%). Based on the
WHR index, central body fatness was
found in 96.7%. The average intake was
0.75 g/kg/body mass/day for protein and
1.8 ug/day for vitamin D, which can be
considered as low (Table 1).

Table 2 shows that the incidence of
sarcopenia of all types (I, II, and III) was
present in 28.8% of all women studied.
The state of pre-sarcopenia, character-
ized by a low muscle mass based on SMI,
was found in more than 13% of women,
while the severe state, manifested by
fulfilling three criteria, i.e., low muscle
mass, low muscle strength, and impaired
physical fitness, was reported in 4.3% of
women (Table 2).

Table 2. The incidence rate of sarcopenia in agree-
ment with diagnostic criteria recommended by
EWGSOP (Cruz-Jentoft et al. 2010, 2018) *

Females
Table 1. Baseline selected characteristics of the Diagnostic criteria Gradesof (=302
studied women sarcopenia N %
. Females Pre-
Variables (n=302) Lclwzrgllgsﬁ/e) mass [SMI sarcopenia 41 13.6
Mean * SD I°
Age [years] 72.1+5.9 Low muscle mass (SMI
. < 28.94%)
Body height [cm] 157.1+5.9 + low muscle strength Sarcopenia 33 109
Body mass [kg] 73.9+x13.4 (17kg to 21 kg) I° ’
BMI [kg/m?| 30.0+5.3 or low physical fitness
> 14
Waist Circumference [cm] 102.7+13.0 ( s
Hip Circumference [cm)] 109.0£10.0 L0<w2rgn;s:3/e) mass (SMI
WHR 0.94=0.07 + low muscle strength safcegeéiia 13 43
PBF [%] 39.3+8.1 (117l<g t(})l21‘ k;lg}ﬁ IIII)U :
+ low physical fitness
LBM [kg] 44.2+5.6 (> 145
TBW [kg/nr.12]. 33.2£3.9 Sarcopenia I°II° I1I° 87 28.8
Total 'pr(')tem intake [g/day} S41x14.2 *with using the cut-off point for the SMI for
Protein intake [g/kg bm/day] 0.75%0.2 the Polish female population (Krzyminska-
Vitamin D [ug/day] 1.8+1.9 -Siemaszko 2014)
Number of steps/day 4416.1%£2618
Percent L . )
BMI <24.99 [kg/m?’] 65 Logistic regression analysis (see Table
BMI 25.0-29.9 [ke/m?] 33.8 3) revealed the most important factors
BMI > 30 [kg/m?] 497 affecting sarcopenia in the group stud-
WHR 0.8 96.7 ied. Of the variables analyzed, the most

BMI - body mass index; WHR - waist-to-hip ra-
tio; PBF — percentage body fat; LBM — lean body
mass; TBW - total body water.

importan factor affecting sarcopenia was
high protein intake per kilogram of body
mass per day, which significantly reduced
the risk of developing sarcopenia by 60%
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and 92 %. For intake levels ranging from
0.73 g/kg body mass/day to 0.89 g/kg body
mass/day, the odds ratio was OR=0.40
(p=0.003). However, at an intake of >0.9
g/body mass/day, the ratio was OR=0.08
(p<0.001). In the case of physical activ-
ity (PA), this effect was not significant,

but a trend for the decreasing risk of de-
veloping sarcopenia with an increase in
the level of physical activity was found:
OR=0.71 for low-level PA, OR=0.45 for
moderate PA, and OR=0,58; p = 0.08 for
high levels of PA (> 4000 steps/day in our
study) (Table 3).

Table 3. Odds ratios (ORs) and 95% confidence interval (95%CI) of sarcopenia by the physical activity,
protein, vitamin D intake and the other selected variables

. OR Wald
Variable (95%CTI) chi-square p
Very low PA
(<2500 steps per day) . g2
Low PA 0.71
. . (2500-3499 steps per day) (0.34-1.52) 0.7¢ 0.38
Physical activity (PA)
Moderate PA 0.45 1.69 019
(3500-3999 steps per day) (0.13-1.51) ’ ’
High PA 0.58
(>4000 steps per day) (0.31 -1.07) 3.00 0.08
< 50g/day 1 20.70
Intake of total 0.97
protein 50-64 g/day (055-1.71) 9001 0.92
(g/day) 0.97
>64g/day 049190 001 0.93
<0.73 bm 1 3.71
g
Intake of protein (0.73-0.89 g/kg bm) (064201 —0.74) 8.65 0.003
(g/kg body mass/day) ’ ’
(0.9 g/kg bm) ?69083_ 004 2058 <0.001
< 15% 1 113,78
) 0.74
Percentage of energy  15-20% (0.43 - 1.26) 1.23 0.26
from protein ’ ’
o 0.79
>20% (0.35 - 1.75) 0.34 0.56
<1.5 ug/day 1 28.45
1.5-2.2 pg/day 1.20 0.33 0.56
Vitamin D Blieiate (0.64-2.23) : :
2.2 pg/day ?6.9408 ey Ol 0.74
65-70 years 1 30.00
1.65
Age 71-75 years (0.90- 3.02) 2.67 0.10
>76 years 0.99 0.00 0.99

(0.54 — 1.85)
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Table 3 (cont.)

Variable OR Wald
(95%CTI) chi-square P
Higher/secondary 1 36.31
. 1.14
Education level primary (0.63 - 2.06) 0.20 0.65
vocational (166895 ~3.37) 2.24 0.13
50% sedentary work, 50% standing or 1 18.64
moving work ’
Type of work per- o 0.96
formed in the past >80% sedentary work (0.49-1.91) 0.008 0.92
>80% of standing or moving work (164891 —2.75) 1.64 0.20
0 1 4.19
1.03
1-2 0.005 0.94
0.37 - 2.87
Number of births (1 03 )
3-4 (0.37 — 2.86) 0.003 0.95
1.52
>4 046 - 4.96) 049 0.48
< 50 years 1 15.0
0.98
Age of menopause 50-55 years (0.57 - 1.70) 0.001 0.96
>55 years ?6.7203 _a1g) 040 0.52
Complementary factors significant- Discussion

ly increasing the risk of sarcopenia were
BMI and body fat, expressed as % of body
weight. A one-unit increase in BMI was as-
sociated with the risk of sarcopenia by 36%
(OR=1.36; p<0.001). A similar tendency
was found for the increase in body fat by
1%. An increase in this variable led to an
increase in the prevalence of sarcopenia by
29% (OR=1.29; p<0.001) (Table 4).

Table 4. Odds ratios (ORs) and 95% confidence in-
terval (95%CI) of sarcopenia by the BMI and
total fat expressed as % of body mass

. OR Wald
Variable (95%CI) chi-square P
1.36
BMI (1.25-1.48) 51.37 <0.001
o1 129
FATI%] (51140 5238 <0.001

A female group was chosen for the analy-
sis of the sarcopenia because the latter is
more commonly diagnosed among wom-
en compared to men (Wang et al. 2015;
Bianchi et al. 2016; Dodds et al. 2016;
Fozouni, Shafiee et al. 2017; Wang and
Lai 2019; Kitamura et al. 2020). Differ-
ences in the prevalence of sarcopenia
between men and women are influenced
by hormonal changes that promote the
loss of muscle mass with age (Juul and
Skakkebeal 2002), serum homocysteine
and C-reactive protein (hsCRP) levels
(Lee et al. 2020), as well as the fact that
women in all countries live longer than
men. Differences in life expectancy be-
tween females and males in 2019 were
7.9 years in Poland, 6.2 years in Japan,
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and 3.8 years in Switzerland (Human
Development Rep. 2019).

It is also well established that ade-
quate protein intake and high levels of
physical activity are required to maintain
muscle mass and strength in older adults
(Chen et al. 2004; Nilsson et al. 2018;
Perna et al. 2020; Montiel-Rojas et al.
2020). This conclusion has been con-
firmed by several studies (Houston et al.
2017; Nilsson et al. 2018; Montiel-Rojas
et al. 2020), including a study of 302 Pol-
ish women presented in this paper, where
the protective and significant role of di-
etary protein content was also demon-
strated. Protein intake of > 0.9g protein/
kg body mass /day significantly reduced
the risk of developing sarcopenia by 92%
(OR=0.08; p<0.001). The intake of at
least 0.73-0.89g protein/kg BM/day also
reduced the risk of developing sarcope-
nia by 60% (OR=0.40; p<0.001). The
threshold value of protein intake in the
present study that protected against the
risk of developing sarcopenia was 0.73
g/kg BM/day or more, i.e. above the Es-
timated Average Requirement of Polish
Dietary Reference Intakes (DRI). Dor-
hout et al. (2020) also showed that high-
er protein intake among older adults in
Southern Suriname was associated with
a lower risk of sarcopenia (OR=0.96,
p<0.001). Similarly, the results of Pap-
adopoulou (2020) showed an important
role of protein in the prevention of sarco-
penia as protein intake significantly cor-
related with reduced muscle strength and
thus was associated with an increased in-
cidence of sarcopenia.

The Health ABC study (Houston
et al. 2017) conducted among 2,101 in-
dividuals with a mean age of 74.5 years
found that the risk of sarcopenia in indi-
viduals with low protein intake (<0.7g/
kg BM/day or 0.7 to <1.0g/kg BM/day)

was higher by 3.25 times and 1.78 times,
respectively, compared with those con-
suming >1.0 g protein/kg BM/day.

Research by Montiel-Rojsa, et al
2020, conducted among 986 older Eu-
ropeans (Italy, Poland, the Netherlands,
and the United Kingdom) found that sim-
ilar to what was observed in our study,
protein intake was critical to the preven-
tion of sarcopenia. The participants who
consumed >1.2 g protein/kg BM/day had
the lowest incidence of sarcopenia (Mon-
tiel-Rojas et al. 2020).

Polish Dietary Reference Intakes rec-
ommend that older adults should con-
sume 0.90 g/lkg BM/day protein at the
Recommended Dietary Allowances level
and that in people aged > 65 years, pro-
tein should provide at least 15% to 20%
of energy, which, at an average of 18% of
energy from protein, corresponds to an
intake of about 1.2 g/kg BM/day (Jarosz
et al. 2020). In contrast, in individuals
with already diagnosed sarcopenia, an
increased protein intake of 1 to 1.5 g of
protein per kilogram of body mass per
day combined with appropriately chosen
physical exercise is recommended (Bau-
er et al. 2019). The results obtained in
the present study confirm that the most
important factors in the prevention and
treatment of sarcopenia in older adults
are optimal protein intake (Cruz-Jentoft
et al. 2019; Hengeveld et al. 2020; Ron-
danelli et al. 2020; Rong et al. 2020).

Adequate levels of physical activity are
also considered one of the key factors in
counteracting the risk of developing sar-
copenia (English and Paddon-Jones 2010;
Dodds et al. 2016; Bauer et al. 2019; Cui
et al. 2020; Kitamura et al. 2020; Mar-
cos-Pardo et al. 2021).

The results of the research discussed
in this paper show that a high level of
physical activity of >4,000 steps/day
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reduced (although insignificantly) the
risk of developing sarcopenia (OR=0.58;
p=0.08). The lack of significance was
probably due to the generally low average
number of steps per day among the wom-
en tested (4416/day). Nevertheless, it is
worth noting the clear but insignificant
trend of reducing the risk of developing
sarcopenia with the increase in the num-
ber of steps per day in women, which en-
courages continued research on the role
of physical activity in the development of
this disease.

Aggio et al. (2016) examined 1,286
men aged 70-92 years and demonstrat-
ed that each additional 30 min of daily
moderate physical activity significant-
ly reduced the risk of severe sarcopenia
(OR=0.53; p<0.001) and sarcopenic obe-
sity (OR=0.47; p<0.001). Furthermore,
Marcos-Pardo et al. (2021) found that re-
duced physical activity due to sedentary
lifestyles (>300 min/week) significantly
reduced physical fitness and increased
the risk of sarcopenia and pre-sarcope-
nia. Participants older than 65 years were
more likely to develop sarcopenia as they
showed lower levels of vigorous physical
activity (VPA) (OR=0.48; p<0.02) com-
pared to those from the younger age group
(Marcos-Pardo et al. 2021). Maintaining
adequate levels of appropriately selected
physical activity promotes the develop-
ment of age-appropriate muscle strength
and mass (Aggio et al. 2016; Tyrovolas
et al. 2016; Houston et al. 2017; Bauer
et al. 2019; Cruz-Jentoft et al. 2019; Chen
et al. 2020). The results of the analyses
in this paper showed a trend that taking
more than 4,000 steps per day reduced
the risk of developing sarcopenia in older
women by 42 % (OR=0.58; p=0.08).

In the study by Omelan et al. (2022)
of 774 older residents (above 60 years
of age) of rural and urban areas in

north-eastern Poland, the level of phys-
ical activity of the study participants was
at a sufficient level, but in the case of
women, it depended on socio-econom-
ic characteristics. The authors pointed
to the need of finding effective ways to
support older adults in maintaining or
increasing physical activity, with a par-
ticular emphasis on women (Omelan
et al. 2022). A study of Polish women
also showed that BMI was a strong deter-
minant of developing sarcopenia. A one-
unit increase in this index significantly
increased the risk of developing sarcope-
nia by 36% (OR=1.36; p<0.001). Other
researchers support these findings, e.g.,
in a study by Cui et al. (2020), the au-
thors found that BMI in the frame of rec-
ommended reference (OR=0.365, 95%
CI:0.236-0.661) significantly reduced
the risk of developing sarcopenia among
patients over 65 years of age diagnosed
with type 2 diabetes. A study by Mar-
cos-Pardo et al. (2021) also showed that
a BMI less than 30kg/m? was a preven-
tive factor for pre-sarcopenia but a nutri-
tional status classified as obesity signif-
icantly increased the risk of developing
sarcopenia by 65% (OR=1.65; p<0.01)
or being overweight compared to refer-
ence body mass.

Conclusions

In conclusion, we found that sarcopenia
of various degrees is frequent and occurrs
in almost every third woman examined.
Among the analyzed factors, four showed
bi-directional associations with sarcope-
nia in older women, with optimal protein
intake and physical activity measured by
the number of steps per day decreased (not
significantly), while high BMI indicating
excessive body mass and a high percent-
age of body fat in the body tissue composi-
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tion increased (significantly) the develop-
ment of sarcopenia. All these risk factors
add some knowledge to the assessment of
the promoting role that they could play
in the development of sarcopenia. All of
these risks factors are fully modifiable and
their modification should be a priority in
prevention and education or therapeutic
programs. Our study may have strong im-
plications for dietary and physical activity
recommendations for older women.

The strengths of this cross-section-
al study include wusing standardized
methods only, face-to-face interviews
using validated questionnaires by high-
ly-trained personnel (first author of the
paper), and random selection of women
from the studied region.

It should be emphasized that there
are also some limitations of the study,
such as the absence of participants who
did not consent to participate due to the
lack of mobility or dementia or other
reasons, which represents an important
limitation in the final assessment of the
severity of sarcopenia in the population.
It influenced the response rate, which
was 40.6%.
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AssTRACT: Palm prints are one of the most important forensic tools for human identification in medico-legal
investigation. Palm prints are often used for forensic sex estimation to narrow down the pool of suspects
through a process of elimination. The aim of this study was to test whether a novel approach of sex estima-
tion from palmar inter-triradial distances previously posited by Badiye and colleagues [Journal of Forensic
and Legal Medicine, 2019; 65(March):22-26] can be used as a primary tool for forensic sexing. For this
study the bilateral palm prints from 200 Bengali Hindu adults (100 male, 100 female) were collected using
traditional ink printing method and were analysed. Descriptive statistics were presented in tables and lin-
ear discriminant analysis was conducted to estimate the extent of sexual dimorphism in the inter-triradial
distances and to find out variables with the strongest sex discriminating potential. Binary logistic regression
analysis (BLR) was performed to derive sex estimation equations. Sexual dimorphism has been found to be
statistically significant (p< 0.001) using linear discriminant analysis with a sexing accuracy of 79.0 percent
for the left and 79.5 percent for the right palm. Distance between a and t triradius has been found to be the
most influential on this model followed by the combined abcd-t distance. For the BLR analysis, the correct
classification percentage was found to be the highest on the a-t distance of the right palm with a success rate
of 80.5 percent which is closely followed by the combined abcd-t distance which has a classification success
rate of 80.0 percent for the right palm. The present study has concluded that, inter-triradial distance of
the palm is fairly dimorphic sexually but can only be used as a supplementary tool in inference of sex for
medico-legal investigation. Due to a higher accuracy, the distance between a and t triradius has been pro-
posed to be used instead of combined abcd-t distance which was suggested in the original study conducted
by Badiye and colleagues (2019).

Key worps: Forensic Anthropology, Palm Print, Triradii, Sex Estimation, Discriminant Function Analysis,
Dermatoglyphics.
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Introduction

Palm is the ventral surface of hand that
is anatomically located in between the
base of fingers and the wrist. Latent palm
print is the impression left by the palmar
epidermal ridges on a surface and is one
of the most important means for the de-
termination of individuality in forensic
investigation (Christofidis et al. 2018).
In almost thirty percent of cases where
dermatoglyphic prints are recovered from
different surfaces, they are from the palm
according to a previous study (Jain and
Feng 2009). Such surfaces can include
gun grips, knife or sword haft, steering
wheels of vehicles, door handles, com-
puter mouse and smartphones (Christ-
ofidis et al. 2018).

The palm is divided into thenar, hy-
pothenar and interdigital areas by prin-
cipal lines on the volar pad (Badiye et
al. 2019). Epidermal ridges on palm are
formed between 6" and 16% week of ges-
tation period (Gutiérrez-Redomero and
Alonso-Rodriguez  2013). Anatomical
landmarks of palm are determined by the
presence of triradii Palmar triradius is
a Y shaped landmark formed by a group
of three epidermal papillary ridges of the
palm. There are four interdigital triradii-
located at the base of each finger and one
axial triradius located proximal to the
wrist (Krishan et al. 2014).

Interindividual, population and sex-
ual variation of epidermal ridges on the
palmar surface along with its disease
associations has long been studied and
reported by various scholars in the past
(Meier 1980; Schaumann and Meier
1989; Bhat et al. 2014; Dorjee et al.
2014; Singh et al. 2016). Sexual vari-
ation in the palmar ridge patterns has
also been widely studied in the context
of forensic dermatoglyphics. Sexual di-

morphism previously observed in the
Mean Ridge Breadth (David 1981), epi-
dermal palmar ridge breadth (Cummins
et al. 1941; Ohler and Cummins 1942)
and palm print ridge density (Krishan
et al. 2014) can be used as a potential
tool for forensic sexing. Recently Badi-
ye et al. (2019 has presented a novel
approach of sex determination using
the distance between interdigital and
axial triradii of palm among a heter-
ogenous population of central India
(Badiye et al. 2019). The present study
has attempted to validate the measure-
ments described by Badiye et al. (2019)
on a sample of Bengali Hindu adults
with the intention to test if the novel
approach taken by Badiye et al. (2019)
can reliably be used for sex estimation
in medico legal context and also have
provided a discussion in light of the pre-
vious literature.

Materials and methods

Study area and people

A group of 200 adult individuals (100
males and 100 females) of Bengali Hin-
du origin were randomly chosen from
the city of Kolkata, India for this study
with informed consent. Sample size was
kept in line with the previous study con-
ducted by Badiye et al. (2019). Subjects
chosen were all healthy, without any
congenital deformity, burn and inju-
ry, amputations, surgical marks in the
palm. Subjects with a missing c triradi-
us at the base of the fourth digit were
excluded from the study since the c-t
distance is required for analysis. The
purpose of the study along with their
rights according to the ethical standards
of human experiments as laid down in
the Helsinki Declaration were clearly
explained to all participants.



Sexual variation in the inter-triradial distance of the palm... 69

Method

Palm prints of all the study participants
were collected using traditional ink print-
ing method as described by Cumins and
Midlo (Cummins and Midlo 1926). First
the participants were asked to clean their
hands with soap and water and dried their
hands with a clean towel. Then a clean
plain glass plate of 15 x 15 cm size was
smeared with Kores black ink with the
help of a roller to get a uniformly coat-
ed thin film of ink on the surface of the
sheet. The ink was then applied to the
palm of each participant by placing the
palmar surface on the inked glass plate
and gently pressing the dorsal surface of
the hand against the plate. Care was tak-
en so that the hollow of the palm and the
flexor creases of the wrist get uniformly
coated with ink without any appearance
of a smudge. Following this procedure,
the inked hands were pressed against
a plain piece of white paper sheet (placed
on a flat table) from proximal to distal di-
rection. Finally, the hand was lifted from
the paper from distal to proximal end
leaving a clear impression of the whole
palm. Same procedure was repeated for
both right and left hands. Participant’s
age and sex were also recorded while tak-
ing the palm prints.

After the palm prints were taken, they
were used for dermatoglyphic analysis
using a handheld magnifying glass. All
four triradii located at the base of second,
third, fourth and fifth digits were identi-
fied and were labeled as ‘a’, ‘b’, ‘c/, and
‘d’ triradius respectively. The axial trira-
dius proximal to the wrist was labeled as
‘t’ triradius. Distances between a-t, b-t,
c-t, and d-t were measured using a scale.
Combined abcd-t distance was calculat-
ed by summing up a-t, b-t, c-t, and d-t
distances. All readings were recorded for
further statistical analysis.

Statistical analysis

The data obtained were analysed using
IBM SPSS statistics software version
27.0, Chicago, Illinois, USA. The de-
scriptive statistics of a-t, b-t, c-t, d-t,
and combined abcd-t distance of both
hands for male and female has been pre-
sented in tabular form. Discriminant
function analysis was used to visualize
the degree of overlap between males
and females and to identify the varia-
bles with strongest sex discriminating
potential. The extent of sexual dimor-
phism has also been described using
Wilks’ lambda values with a scale rang-
ing between 0 and 1, where 0 indicates
total discrimination and 1 indicates no
discrimination. Finally, Binary Logistic
Regression analysis with a classification
cutoff set as 0.5 was performed to de-
rive sex estimation equations from inter
triradial distances mentioned above for
both hands.

Inter and Intra observer error
Inter and intra observer error in the
measurement of a-t distance on the left
palm was quantified by RB and MD
before commencement of the study by
taking both impression of the palm as
well as the measurement in 30 random-
ly selected participants (pooled sex).
Systematic error of measurement was
measured using the paired t-test while
the random error was measured using
Technical Error in Measurement (TEM).
Absolute TEM was calculated using the
standard formula TEM=  (XD¥2N),
where D is the deviations between meas-
urements, and N is the number of indi-
viduals measured (Perini et al. 2005).
Relative TEM was then calculated using
the formula %TEM= (TEM/VAV) x100,
where % TEM is the TEM expressed
as percentage, and VAV is the Variable
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Average Value (Perini et al. 2005). RB
and MD have tested for inter observer
error in measurements while MD has
tested for intra observer error in meas-
urements within a gap of a few days. No
significant inter (t= -0.812, df= 29, p=
0.423) as well as intra (t= -0.571, df=
29, p= 0.573) observer error was found
for the a-t distance on left palm using
the paired t-test. The relative TEMs for
inter and intra examiners for the same
repeated a-t distance measurement on
the left palm were 0.04 percent and
0.06 percent respectively, and are well
below the accepted 5 percent mark (Ra-
jaah et al. 2010). The results indicate
that the measurements are reproducible
without any significant error.

Legends: a - Triradius ‘a’; b - Triradius ‘b’; ¢ - Trira-
dius ‘¢’; d - Triradius ‘d’; t - Triradius ‘t’

Fig. 1. Left palmprint showing five palmar triradii
namely a, b, ¢, d, t and inter-triradial distances
in between (fig: Field source)

Results

Descriptive statistics for all variables
have been presented in the Table 1 and
the result of linear discriminant analysis
along with its correct classification accu-
racy has been presented in the Table 2, for
both left and right palm. Overall 79.0 per-
cent accuracy has been achieved for the
left palm and 79.5 percent accuracy has
been achieved for the right palm. 78 per-
cent males and 80 percent females were
correctly classified from left palm prints,
while 77 percent males and 82 percent fe-
males were correctly classified from right
palm prints. Table 3 has presented Wilks’
lambda values which are 0.598 and
0.568 for the left and right palms respec-
tively. Wilks’ lambda values indicate that
the difference between males and females
in terms of the inter triradial distance is
statistically significant (p<0.001) for
all the variables analyzed in the present
study. Table 4 has presented the structure
matrix for left and right palm and it has
been observed that a-t distance has the
greatest sex discriminating potential fol-
lowed by the combined abed-t distance.
Finally, the result of Binary Logistic Re-
gression analysis along with its correct
classification percentage for each var-
iable has been presented in the Table 5
for both left and right palm. For the right
palm, the highest classification success
rate of 80.5 percent was found for the
a-t distance, which is closely followed by
the combined abed-t distance for which
the correct classification percentage was
80.0 percent. The classification success
rate for logistic equations was found to
be slightly lower for the left palm, where
the correct classification percentages
achieved were 78 percent and 77 percent
for the a-t and combined abcd-t distance
respectively.
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Table 1. Descriptive Statistics for left and right palms

Descriptive statistics for left palms

Sex n Mean (cm) Std. Deviation Std. Error

a-t Male 100 8.29 0.60 0.06
Female 100 7.30 0.64 0.06

b-t Male 100 8.47 0.63 0.06
Female 100 7.49 0.73 0.07

c-t Male 100 8.04 0.62 0.06
Female 100 7.08 0.70 0.07

d-t Male 100 7.24 0.61 0.06
Female 100 6.35 0.68 0.06

abced-t Male 100 32.05 2.37 0.23
Female 100 28.23 2.69 0.26

Descriptive statistics for right palms
Sex n Mean (cm) Std. Deviation Std. Error

a-t Male 100 8.28 0.56 0.05
Female 100 7.35 0.54 0.05

b-t Male 100 8.43 0.57 0.05
Female 100 7.53 0.63 0.06

c-t Male 100 8.03 0.53 0.05
Female 100 7.16 0.65 0.06

d-t Male 100 7.22 0.57 0.05
Female 100 6.44 0.63 0.06

abced-t Male 100 31.98 2.12 0.21
Female 100 28.49 2.39 0.23

Table 2. Classification results for left and right palm. 79.0% of original grouped cases correctly classified for
left palm and 79.5% of original grouped cases correctly classified for right palm

Result of linear discriminant analysis for left palms

Sex Predicted group membership Total
Female Male
Original Count Female 80 20 100
Male 22 78 100
Result of linear discriminant analysis for right palms
Sex Predicted group membership Total
Female Male
Original Count Female 82 18 100

Male 23 77 100
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Table 3. Wilks’ lambda value for left and right palms, indicating a significant difference between males and

females
Wilks’ lambda for left palms
Test of function(s) Wilks’ lambda Chi-squared df Sig.
1 0.59 100.80 4 p<0.001
Wilks’ lambda for right palms
Test of function(s) Wilks’ lambda Chi-squared df Sig.
1 0.56 110.85 4 p<0.001

Table 4. Structure matrix listing variable influence on the model for left and right palms

Structure matrix for left palms

Function 1
a-t 0.97
abed-t 0.92
c-t 0.88
b-t 0.87
d-t 0.83
Structure matrix for right palms
Function 1
a-t 0.97
abed-t 0.89
b-t 0.86
c-t 0.84
d-t 0.74

Table 5. Result of binary logistic regression analysis for left and right palms

Result of binary logistic regression analysis for left palms

Variables Regression model Correct classification percentage Wald
a-t -21.187+42.707(a-t) 78.0 47.76
b-t -18.741+2.337(b-t) 74.5 44.58
c-t -18.218+2.399(c-t) 73.0 45.56
d-t -15.738+2.306(d-t) 72.5 44.21

abced-t -20.263+0.669(abcd-t) 77.0 45.57
Result of binary logistic regression analysis for right palms

Variables Regression model Correct classification percentage Wald
a-t -28.230+3.610(a-t) 80.5 47.86
b-t 21.797+42.721(b-t) 74.5 46.61
c-t -21.059+2.756(c-t) 78.0 46.35
d-t -15.834+2.307(d-t) 75.5 43.40

abcd-t -23.516+0.775(abct-t) 80.0 47.67
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Discussion

The observed difference between males
and females with respect to the inter tri-
radial distance is largely attributable to
the fact that male hands are larger than
female hands on an average (Kanchan
and Krishan 2011) leaving a larger pal-
mar area for males. The novel approach
taken by Badiye et al. (2019) was applied
to 65 males and 63 females and sexual
dimorphism was reported to be statisti-
cally significant at p< 0.01 level (Badiye
et al. 2019). They have suggested that
a combined abcd-t distance of less than
or equal to 30 cm will more likely to be
of a female, and greater than or equal to
32.5 cm will more likely be of a male. It
has been observed in the present study
that the a-t distance has a higher sexing
accuracy than combined abcd-t distance.
Therefore, it is proposed that instead
of taking the combined abcd-t distance
(as has been suggested by Badiye et al.
2019), the a-t distance may be of better
use since it has the most influence on
this model.

In a similar study conducted by Jerk-
ovi¢ et al. (2023) on 119 left palmprints
(66 males and 53 females) and 134 right
palmprints (73 males and 61 females)
reported sexing accuracy lied between
64 and 85 percent for univariate mod-
el and between 81 and 87 percent for
multivariate model with the sexual di-
morphism being statistically significant
at p< 0.001 level (Jerkovi¢ et al. 2023).
Although Badiye et al. (2019) did not re-
port the sexing accuracy of their novel
technique, we report a sexing accuracy
of 79.0 percent on the left palm and 79.5
percent on the right palm for LDA, and
80.5 percent for the logistic equation
of the a-t distance on the right palm by
using their technique. It has also been

observed that the percentage success for
correct classification using this tech-
nique is marginally greater for the logis-
tic regression analysis of a-t and com-
bined abcd-t measurements of the right
palm than the linear discriminant anal-
ysis. Traditionally, the reference guide
for classifying the accuracy of a test is
considered in the following way: fail test
(0.50-0.60), poor test (0.60-0.75), fair
test (0.75-0.90), good test (0.90-0.97),
and excellent test (0.97-1.00) (Krishan
et al. 2014). Based on this traditional
reference guide we conclude that the
novel approach taken by Badiye et al.
(2019) is only a fair test and it can only
be used as a supplementary tool in infer-
ence of sex from palm prints recovered
from a crime scene.

Conclusion

In conclusion, forensic sex estimation
from palm prints remains a challenge,
but this study has validated the inter-tri-
radial distances between ‘a’, ‘b’, ‘c/, ‘d’,
and ‘t’ triradii as a potential supple-
mentary tool for forensic sexing of palm
prints. The a-t distance has been identi-
fied as producing the most accurate re-
sults in sex estimation. Binary Logistic
Regression models have been presented
for a-t, b-t, c-t, d-t, and combined abcd-t
distances, which can be used to predict
sex. However, future studies are need-
ed to further investigate the influence
of the combined abcd-t distance on this
model for different populations. More-
over, future research should focus on
investigating sexual variation in sub-
adult individuals and the exact age of
full expression of these inter-triradial
distances. Further exploration should
also be carried out to estimate stature
and other body dimensions from palmar
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inter-triradial distances, opening new
avenues for human identification in
medico-legal contexts. Overall, the
findings of this study provide valuable
insights for forensic experts and legal
authorities in identifying individuals
through palm prints.
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AssTrACT: Body height is associated with various socioeconomic and health-related outcomes. Despite
numerous studies, the relationship between stature and longevity remains uncertain. This study explores
the association between self-reported height and lifespan. Data from 848,860 adults who died between
2004 and 2008 in Poland were collected. After excluding a small proportion of records due to missing data
or errors, we examined records for 848,387 individuals (483,281 men, age range: 20-110 years; 365,106
women, age range: 20-112 years). Height was expressed as standardized residual variance derived from
linear regression in order to eliminate the variance of year of birth on height. After the elimination of the
cohort effect, five height classes were designated using centiles: very short, short, medium, tall and very
tall. The differences between sexes and among classes were evaluated with two-way ANOVA and post hoc
Tukey’s test. The effect size was assessed using partial eta squared (n?). Pearson'’s r coefficients of correlation
were calculated. The effect of sex on lifespan was nearly 17 times stronger than the effect of height. No
correlation between height and lifespan was found. In conclusion, these findings do not support the hypoth-
esis that taller people have a longevity advantage. We offer tentative explanations for the obtained results.
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Introduction

Stature is an important anthropometric
measurement for several reasons. Body
height is a relatively easy anthropological
measure to collect. It has been suggest-
ed that adult height is a useful marker of
variation in cumulative net nutrition, bi-
ological deprivation and standard of liv-
ing between and within human popula-
tions (Perkins et al. 2016). Stature is one
of the most conspicuous morphological
characteristics that has important social,
ecological and biological consequenc-
es (Little 2020; Raghavan et al. 2022).
Height is also a polygenic trait with high
heritability (Silventoinen et al. 2003;
Jelenkovic et al. 2016; You et al. 2021).
Therefore, anthropologists, actuar-
ies, historians and economists often
use height as an indicator of the health
status and disease exposure of human
populations and it has been shown that
greater height is associated with longer
lifespan (Finch and Crimmins 2004;
Austad 2010). Numerous studies have
also demonstrated that stature correlates
positively with educational attainment,
income, socioeconomic status (SES) and
physical health (Peck and Vagero 1989;
Cernerud 1995; Meyer and Selmer 1999;
Silventoinen et al. 1999; 2000; Gunnell
et al. 2001; Turrell 2002; Heineck 2005;
Magnusson et al. 2006; Case and Pax-
on 2008; Ozaltin 2012; Rietveld et al.
2015), although the socioeconomic gra-
dient in adult height has declined in af-
fluent countries (Ayuda and Puche-Gil
2014; Oberg 2014; Perkins et al. 2016).
It has been established that adult
height and cardiovascular disease (CVD)
mortality are inversely correlated (Paaja-
nen et al. 2010). Shorter individuals are
also more vulnerable to type 2 diabetes
(Lawlor et al. 2002; 2004). Nonethe-

less, it should be noted that not all au-
thors agree that shorter people are more
prone to CVD as individuals of similar
body proportions and body mass index
(BMI) should be compared with each
other (Samaras 2013). Interestingly,
the extent to which tallness is associat-
ed with health indices and survival re-
mains unclear since recent studies have
challenged this assumption (Miller et al.
2002; Rollo 2002; Samaras et al. 2003;
Bartke 2012; 2017; Salaris et al. 2012).
However, many studies have reported
that taller people are healthier and live
longer compared to their shorter counter-
parts (Davey Smith et al. 2000; Gunnell
et al. 2001; Finch and Crimmins 2004,
Kemkes-Grottenthaler 2005; Ozaltin
2012; Perkins et al. 2016; Marco-Gracia
and Puche 2021). This view is popular
among anthropologists and physicians.
Nevertheless, studies on the relationship
between adult stature and longevity have
yielded conflicting findings.

The present study aims to determine
the association between self-reported
height and lifespan in the Polish popu-
lation. Our research has the potential to
contribute to the anthropological litera-
ture by using a large and representative
dataset and by employing better statisti-
cal methods.

Materials and methods

Data on 848,860 individuals, including
483,512 men (57%) and 365,348 wom-
en (43%) were collected. The data were
obtained from two electronic databases
at the Ministry of Internal Affairs and
Administration in Warsaw: (1) the Uni-
versal Electronic System for Registration
of the Population (sex, date of birth and
death) and (2) signalments in the cen-
sus obtained from identity card offices
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throughout Poland (adult height in cm
declared on the identity card of a de-
ceased person).

Extreme values of height (<140 c¢cm
for men; <130 cm for women) were ex-
cluded from the analysis. After excluding
a small proportion (<0.06%) of records
due to missing data or obvious errors, we
examined records for 848,387 individuals
(483,281 men, age range: 20-110 years,
born between 1897 and 1984; 365,106
women; age range: 20-112 years, born
between 1896 and 1984). All of these re-
cords include data on adult deaths in the
years 2004-2008 in Poland.

Lifespan (in years) was calculated as
the difference between the date of death
and the date of birth. After the elimina-
tion of the cohort effect, the sample was
divided into five height classes using cen-
tiles: very short (0-20), short (21-40),
medium (41-60), tall (61-80) and very
tall (81-100). Height was standardized
on year of birth to sex-specific Z-scores
in order to eliminate the effects of sec-
ular trends in stature. Subsequently,
standardized residual variance was used.
Pearson’s r coefficients of correlation
were calculated. The differences between
sexes and among five height classes in
lifespan were evaluated with two-way
ANOVA and post hoc Tukey’s test. The
effect size was estimated using partial eta
squared (n?).

The collected data have several impor-
tant advantages. First, the study sample is
very large and representative for the entire
population. Second, the research materi-
al includes typical causes of death as all
records were analyzed, regardless of the
cause of death. It should be emphasized
that the use of declared stature instead of
measured height is acceptable. Although
it is true that males often overestimate
their height (Cizmecioglu et al. 2005),

these effects are especially pronounced in
dating services or in studies on physical
attractiveness. In general, women only
marginally over- or underestimate their
height (Brunner Huber 2007). Moreover,
it has been shown that data on self-re-
ported height tend to be more reliable
when stated for legal and official purpos-
es, and especially in such large samples
(Krzyzanowska and Umlawska 2002;
Bowring et al. 2012; Olfert et al. 2018).
Third, in this study data on the exact
dates of birth and death were certified by
relevant documents. Therefore, the col-
lected data are reliable and the informa-
tion concerning lifespan is credible.

Results

Body height and lifespan were normally
distributed. Men were taller than wom-
en (171.6 = 6.6 cm versus 159.6 + 6.2
cm; F = 1.14; p < 0.001) and had shorter
lives (67.9 *= 13.8 years versus 75.0 +
12.7 years; F = 1.19; p < 0.001).

Before the elimination of the effects
of secular trends in body height, an in-
verse correlation was found between the
declared height and lifespan (Pearson’s
r = -0.304, p < 0.001 for men; r =
-0.258, p < 0.001 for women). The val-
ues of lifespan and declared height before
the elimination of the cohort effect are
shown in Table 1.

Sex was the most important factor af-
fecting lifespan, whereas body height and
the interaction between height and sex
had relatively small effects on lifespan.
The effects of height on lifespan were
16.5 times weaker than the effects of sex
(Table 2). After allowing for the cohort
effect, medium men exhibited the long-
est lives among men, whereas very short
women had the longest lives among
women (Fig. 1).
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Table 1. Twelve lifespan classes (in years) and stature (in cm) in men and women who died between 2004
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and 2008 in Poland. These values were calculated before the elimination of the cohort effect

Men Women

Lifespan

N Mean SD N Mean SD
<50 55603 175.7 (6.8) 16405 163.3  (6.1)
50-54 37551 173.7 (6.3) 14485 161.8 (5.7)
55-59 47715 172.9 (6.2) 21737 161.6 (5.6)
60-64 44072 172.1 (6.1) 21799 161.3 (5.6)
65-69 55889 171.2 (6.0) 30165 160.6  (5.6)
70-74 71313 170.8 (6.0) 46338 160.1  (5.7)
75-79 75537 170.3 (6.1) 66739 159.5 (5.9)
80-84 56442 169.7 (6.4) 72112 158.8 (6.0)
85-89 26644 169.3 (6.7) 45436 158.1 (6.2
90-94 9649 168.2 (6.9) 21448 156.8 (6.3)
95-99 2510 167.3 (7.0) 7269 156.2  (6.3)
>100 373 166.7 (6.8) 1177 155.3  (6.5)

Table 2. Lifespan (in years) in five categories of body height in both sexes after the elimination of the cohort
effect. Differences between sexes and among height classes were assessed with two-way ANOVA and
post hoc Tukey’s test (p < 0.001 for all compared pairs of means). The effect size was estimated using

partial eta squared (n?)

Height class Men Women
N Mean (SD) N Mean (SD)
Very short 96655 68.05 (13.96) 73021 75.91 (13.42)
Short 96657 66.58 (13.98) 73021 73.89 (13.09)
Medium 96656 68.87 (14.29) 73021 75.00 (12.10)
Tall 96654 66.39 (13.45) 73022 74.05 (13.22)
Very tall 96659 68.24 (15.15) 73021 75.83 (12.31)
Two-way ANOVA
F D partial n?

Sex 59620.0 <0.0001 0.066

Height 812.0 <0.0001 0.004

Interaction 106.0 <0.0001 0.001

All of the vertical (e.g. very short men
versus short men and so on) and hori-
zontal (e.g. very short men versus very
short women and so on) differences be-
tween pairs of means were statistically
significant (the post hoc Tukey’s test,
p < 0.001 for all compared pairs of means).

After the elimination of the cohort
effect, no correlation between height
and lifespan (Pearson’s r = -0.0012,
p > 0.05 for men; r = -0.0004, p > 0.05
for women; Fig. 2A and 2B, respectively)
was found.
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Fig. 1. Differences between sexes and among five height groups in lifespan after the elimination of the
cohort effect. Means + 95% CI are shown. Differences between all pairs of means were significant
(post-hoc Tukey’s test, p < 0.001)
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Fig. 2. No correlation between standardized height (Z-scores) and lifespan in men (A) and women (B)
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Discussion

A multitude of studies have investigat-
ed the relationship between stature and
later outcomes in life, including survival.
Interestingly, this research has revealed
that taller individuals do not have a lon-
gevity advantage over their shorter coun-
terparts, which is in line with several
studies (Wilhelmsen et al. 2011; Salaris
et al. 2012; He et al. 2014).

In our previous articles (Chmielewski
2016; Chmielewski and Borystawski
2016; Chmielewski 2022; 202.3), we did
not address the problem of the variance
of year of birth on stature and we did not
express the values of height as standard-
ized residual variance derived from linear
regression. Therefore, the current study
contributes to previous research by elim-
inating the cohort effect and, thus, evalu-
ates the association between adult height
and lifespan more appropriately.

No correlation between self-report-
ed height and lifespan was found in this
study. One possible explanation is that
the costs of taller stature cancelled out
the well-known benefits, while the ben-
efits of shorter height were too modest
to matter (Table 3). Considering that the
level of cancer diagnosis and treatment
is highly unsatisfactory in Poland, taller
individuals are at a disadvantage. Thus,
greater height is not associated with
longer lifespan in the studied population.

It has been established that many fac-
tors and processes contribute to human
height, including genetic, epigenetic,
nutritional, ecological and social factors
such as pathogens, parasites, stress level,
amount of sleep, diseases or disorders. It
should be noted that not only environ-
mental and lifestyle-related factors, such
as an unhealthy diet and malnutrition,
but also genetic disorders (e.g. Down syn-

drome, Russel-Silver syndrome, Noonan
syndrome, Turner syndrome, Prader-Wil-
li syndrome and dwarfism) and physio-
logical dysfunctions, such as growth hor-
mone (GH) deficiencies, usually result in
short stature.

Beard and Blaser (2002) contended
that infectious diseases in childhood can
negatively affect adult stature. For in-
stance, a number of studies have shown
that adults who suffered from diarrhea
and dehydration during childhood were
significantly shorter than those who did
not have these problems. Also a study by
Martorell and associates (1975) demon-
strated that in Guatemala children rela-
tively free from diarrhea during the first
seven years of life were roughly 4 cm
taller compared to those children who of-
ten suffered from diarrhea. Interestingly,
it has been estimated that each episode
of diarrhea in childhood is associated
with a decrease in adult height by ap-
proximately 0.6 cm (Black et al. 1984).
Moreover, several other studies have re-
ported that infectious diseases in the first
years of life are important factors affect-
ing stature. Clinical observations suggest
that certain medical problems and con-
ditions, such as chronic granulomatous
disease (CGD), can also result in dimin-
ished final height.

Epidemiological and clinical studies
have provided evidence that taller stature
is linked to an increased risk of cancer
as well as decreased survival (Kabat et al.
2013; Wirén et al. 2014; Sohn 2016)
even though it is unclear why taller peo-
ple are more likely to develop cancer and
die. However, a number of tentative ex-
planations can be offered. For example,
taller and larger individuals have con-
sistently more somatic cells compared to
their shorter and slimmer counterparts.
Indeed, it has been established that the
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total number of cells in the body can pre-
dict the relation between body size and
cancer (Nunney 2018). This is because
a higher number of cells in the body in-
creases the risk factor for DNA damage
and somatic mutations.

Furthermore, an organism that accu-
mulates extra senescent cells, e.g. a tall
and overweight person who is getting
older, is more likely to reach higher levels
of chronic systemic inflammation (CSI),
which can be detrimental to health. CSI
and senescence-associated secretory phe-
notype (SASP) play an important role in
aging, promote cancer and increase the
risk of other age-related pathologies such
as CVD and neurodegenerative disorders
(Chmielewski 2018; Chmielewski and
Strzelec 2018). Normal growth and de-
velopment depend on GH/insulin/IGF-1
signaling and mammalian/mechanistic
target of rapamycin (mTOR). However,
these signaling pathways, when up-regu-
lated, can stimulate cancer development
and progression (van Heemst et al. 2005;
Bartke 2012; 2017; Tian et al. 2019; Zou
et al. 2020).

Growth is physiologically costly and
among mammals smaller individuals
(within the same species) tend to have
lower mortality rates (Rollo 2002). For
example, dogs and mice have been stud-
ied for years and smaller ones live longer
(Miller et al. 2002; Bartke 2012). Interest-
ingly, several studies have reported that
primates on CR exhibit reduced body fat
and increased insulin sensitivity. CR also
reduces bone mass, muscle mass, muscle
size and strength (Villareal et al. 2006;
Weiss et al. 2007; Kemnitz 2011; Aus-
tad 2012). Simultaneously, CR extends
lifespan (Anderson et al. 2009; Colman
et al. 2009; Mattison et al. 2017), even
though not all authors agree.

A number of studies have also sug-
gested that taller people are less likely to
reach advanced ages (Samaras et al. 2003;
Wilhelmsen et al. 2011; Salaris et al.
2012; He et al. 2014). It is possible that
the correlation between taller height and
lower mortality is incidental to increased
life expectancy. Nowadays people tend to
live longer due to better sanitation, edu-
cation, hygiene, nutrition and advances

Table 3. Selected biological advantages associated with taller and shorter height

Benefits of taller height

Benefits of shorter height

Taller stature reflects biological quality and is asso-
ciated with better childhood nutrition and higher
SES, including income, remuneration and educa-
tional attainment

Fewer cells in the body; the total number of so-
matic cells predicts the relationship between adult
height and cancer risk

(Nunney 2018)

Lower maximum oxygen uptake,
lower heart rate and lower basal
metabolic rate

Reduced GH/insulin/IGF-1 signaling
and less active mTOR (van Heemst et al. 2005;
Bartke 2012)

Taller individuals are less vulnerable to atheroscle-
rosis and cardiovascular disease
(Paajanen et al. 2010)

Shorter nonagenarians have longer telomeres (Mai-
er et al. 2005), and shorter telomeres
are a risk factor of cancer

Taller individuals are stronger, run faster,

have better jumping ability, are better swimmers
and fighters. In our evolutionary past, they pro-
vided better security and more resources (e.g. food,
water, goods) for their sexual partners and offspring

Shorter people have faster reaction times,

greater stability, lower risk of falls, greater endur-
ance and reduced back problems. They are better
endurance runners. Furthermore, hip fractures are
more common in taller individuals
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in preventive and therapeutic medicine
(Kirkwood 2017). Taller individuals may
benefit more from these advances as they
score better in terms of SES.

According to Samaras, who studied
various human populations and ethnic
groups, short individuals tend to live
longer (Samaras et al. 2003; Samaras
2013), especially if they are slim and
maintain a healthy lifestyle. Similar-
ly, Salaris and colleagues (2012) report-
ed that shorter men lived about 2 years
longer than their taller counterparts.
Similarly, Holzenberger and associates
(1991) found that shorter Spanish men
lived longer than taller ones. These au-
thors tracked the mortality of 1.3 million
men over a 70-year period. However, Aus-
tad (2010) argues that Samaras reached
his conclusion by comparing heights of
different groups of people (e.g. different
sexes or ethnic groups) within a given
country. Due to variation in hormonal
milieu, diet, lifestyle and multiple other
factors, it is difficult to evaluate the claim
that smaller people live longer in the face
of a mountain of opposing epidemiolog-
ical evidence. However, one can argue
that this mountain of opposing data is
based on mortality studies that did not
track the entire cohorts to advanced ages
or until death.

He and associates (2014) investigat-
ed a population of over 8,000 Japanese
Hawaiian elderly males. Based on a 40
year follow up study, they found that
shorter men had lower mortality rates
and lived longer. Likewise, Wilhelmsen
and collaborators (2011) tracked a group
of 67-year old Swedish men to 90 years
of age. They concluded that individuals
who were shorter at baseline were more
likely to reach age 90 compared to tall-
er men. Gavrilova and Gavrilov (2008)
probably summarized the situation ac-

curately when they pointed out that:
“Historical demographers are confident
that small body size is associated with
increased mortality, while biologists are
firmly convinced that a small body size is
preferable for longevity”. These research-
ers found that the highest percentage
of centenarians were average in height,
which is in agreement with the current
study in the case of men. These results
also suggest that tall people are less likely
to reach advanced ages.

The present study has several lim-
itations that should be noted. First,
only self-reported height was used, even
though adults often overestimate their
stature. Second, older people can also
overestimate their stature. Adults lose
about 1 cm every 10 years after age 40,
and height loss is even more rapid in lat-
er stages of ontogeny (Chmielewski et al.
2015a; 2015b; 2016). Since a lot of peo-
ple do not measure themselves regularly,
it is possible that many of them provided
outdated information. If so, the actual
height was shorter than the self-report-
ed height and the hypothesis that taller
people live longer was favored. Third, the
collected data vary with respect to the
age at which height was declared as this
information was unavailable in the cur-
rent study. We assume that adult height
declared on the identity card corresponds
with the actual values. Finally, this anal-
ysis did not consider potentially signifi-
cant confounding factors, such as BMI,
lifestyle, the cause of death and SES, be-
cause these data were not available. Giv-
en that shorter individuals score worse in
terms of SES, it is rather intriguing that
in our study we did not find that taller
individuals live longer than their shorter
counterparts. Future studies may expand
on this research by addressing the limita-
tions of this study.



Do the short die young? 85

Conclusions

No correlation between body height and
lifespan was found. The effects of sex on
lifespan were nearly 17 times stronger
than the effects of height, indicating that
greater height was not associated with
longer lifespan in the studied population.
Thus, these results do not support the hy-
pothesis that taller individuals have a lon-
gevity advantage.
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AssTRACT: Malnutrition and the overnutrition of children and adolescents is a severe problem in most coun-
tries. Aim of the study: Determination of fifteen-year changes in body height, and BMI in girls and boys
living in towns and villages in eastern Polish voivodeships.

In 2006, 2016, and 2021 a study was conducted on children and adolescents living in the Podlaskie,
Lubelskie, and Podkarpackie voivodeships (7048 girls and 7686 boys aged 7-9 years). Body mass index
(BMI) was calculated based on height and weight measurements. In the calendar age groups, arithmetic
means and dissemination measures for body height and BMI were calculated on particular time periods of
the study. The statistical significance of the differences between the groups was conducted using the ANOVA
analysis of variance and the Newmann-Keuls test. From the research material, study participants exhibit-
ing underweight, overweight and those falling within a normal range of weight-to-height proportions were
selected taking into account places of residence (town, village). The statistical significance of the differences
between the number of people classified into the above-described groups was determined using the »?2 test.

In the analysed period in groups of girls, a systematic increase in body height was observed. However,
in boys, such tendency was found only in rural residents. In the period of 2006-2016, greater changes in
BMI were found in girls from rural areas and boys from cities. The opposite observation was recorded in the
2016-2021 period. In the years between 2006 and 2021, the incidence of both underweight and normal
BMI decreased, while the incidence of overweight and obesity increased.

Our results indicate the need for conducting systematic research assessing the nutritional status of
young people living in the Lubelskie and Podlaskie voivodships, as well as an in-depth analysis of the causes
of malnutrition and undertaking educational activities.

Key worps: secular trend, town, village, girls, boys, BMI.
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Introduction

The issue of the nutritional status of
children and adolescents in various re-
gions of the world is widely discussed.
Data shows that the average BMI val-
ue and the prevalence of obesity have
increased worldwide (NCD Risk Fac-
tor Collaboration 2017). Although
the trend of increasing excessive body
weight in children and adolescents has
stopped in highly developed countries
(Wabitsch et al. 2017), it continues
in developing countries (Rivera et al.
2014). As a result, a double threat to
the health of children and adolescents
can be observed. On the one hand, the
number of people with excessive body
weight is increasing, and, on the other
hand, the problem of malnutrition in
adolescents is becoming more visible.
Analyses conducted by Garrido-Miguel
et al. (2021) show that in Europe the
prevalence of underweight is significant
and amounts to approximately 8-9%
of population, with an upward trend.
The coexistence of malnutrition and
overnutrition is a serious problem in
most countries and is also noticeable
in the eastern regions of Poland. The
research by Saczuk (2018) conducted
in the years 1986-2016 shows that the
highest incidence of both deficiency
and excess body weight is observed in
youngest children.

The last fifteen years in Poland have
been a period of rapid changes and so-
cial transformations due to the acces-
sion to the European Union. At that
time, a deepening disproportion in the
economic status of Polish society has
been observed, and differences in the
nutritional status of children and ad-
olescents has become more apparent.
This problem is observed both in are-

as of the country with higher econom-
ic indicators (Nowak-Szczepanska et.al
2021), as well as in regions exhibiting
a slower pace of development (Wasi-
luk and Saczuk 2015). During the last
five years the Family 500+ program
in the field of social policy has been
implemented, which was designed to
help families raise children by provid-
ing monthly childcare benefits in the
amount of PLN 500 for each child in
the family. Moreover, changes in life-
style related to the covid-19 pandemic
has also been observed. It is, therefore,
of great importance to determine the
rate at which changes in the nutritional
status occur in children living in differ-
ent environments, including those liv-
ing in economically underdeveloped ar-
eas of the country. The aim of this study
is to determine changes observed dur-
ing the last fifteen years in body height,
BMI, and the incidence of underweight,
normal weight-to-height proportions,
and overweight among girls and boys
living in towns and villages in eastern
Polish voivodships.

Material and methods

In the years 2005-2006, as part of the
statutory research of the Academy of
Physical Education in Warsaw (D.S 45),
research was carried out on children and
adolescents aged 7-19. This included
a continuation of the observations con-
ducted in 1985-1986 and 1995-1996
(Saczuk 2011). During the first part of
the study (1985-1986), 70 schools were
randomly selected from the list of edu-
cational institutions obtained from the
Education Superintendents, in accord-
ance with the settlement structure of
these areas, aimed to maintain an equal
number in all voivodships. All students
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in each school were measured. In 2006,
other educational institutions were ran-
domized to the schools evaluated twenty
years earlier, aiming to maintain compa-
rable numbers of rural and urban resi-
dents. The study covered 3691 students,
including 1703 girls and 1988 boys aged
7-9, living in eastern voivodeships of
the country (Podlaskie, Lubelskie, and
Podkarpackie).

Observations covering the same
schools were repeated in 2015-2016 as
a part of the statutory research of the
Academy of Physical Education in War-
saw (D.S 203). Data of 2,149 students
was collected, including 1,024 girls and
1,125 boys aged 7-9. Research staff of
the AWF Branch in Biata Podlaska, as
well as school teachers and students of
the Department of Health Promotion,
were assisting in conducting the study.

This study, with the consent of the
Rector of the University of Physical Ed-
ucation in Warsaw, also includes data
obtained from a research conducted in
2021 as a part of the nationwide pro-
gram “Active return to school — PE with
AWF”, of which the authors of this
study were co-executors. The results
of 4321 schoolgirls and 4573 school-
children were used in the study, which
constituted 8894 respondents from
the following voivodships: Podlaskie,
Lubelskie, and Podkarpackie. In the
“Active return to school - physical edu-
cation from the University of Physical
Education” program, the data were col-
lected by properly trained physical edu-
cation teachers.

Detailed information regarding the
number of examined girls and boys in
subsequent observation dates, includ-
ing age and the population size of the

place of residence, is presented in Ta-
ble 1.

Table 1. The number of girls and boys surveyed,
taking into account the date of observation and
place of residence

year of town village

study 2006 2016 2021 2006 2016 2021
age (years) boys

7 214 132 637 213 222 651

8 358 153 801 483 304 728

9 286 129 879 434 185 877

total 858 414 2317 1130 711 2256
age (years) girls

7 251 116 586 265 203 682

8 313 143 752 274 205 690

9 272 136 816 328 221 795

total 836 395 2154 867 629 2167

Source: own study.

The research was conducted in ac-
cordance with the principles contained
in the Declaration of Helsinki and was
approved by the Senate Ethics Commit-
tee operating at the University of Phys-
ical Education in Warsaw. Question-
naire-derived information regarding the
date of birth and the environmental con-
ditions in which the respondents were
brought up was collected. Anthropomet-
ric measurements were carried out in
accordance with approved anthropomet-
ric techniques (IBP 1969). Body mass
index (BMI), i.e., weight in kilograms
divided by height squared of the study
participants was also measured. Gender,
arithmetic means, and dissemination
measures for body height and BMI were
also calculated within the calendar age
groups. Such statistics were made us-
ing studies from 2006, 2016, and 2021.
Subsequently, differences in the size
of the mentioned development indica-
tors were calculated between the dates
of the research. Significant differences
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between the groups were verified by the
ANOVA analysis of variance and the
Newmann-Keuls test.

From the research material, study
participants exhibiting underweight,
overweight, and normal BMI values
were selected, basing on the selection
method developed by Cola et al. (2007,
2010). The obtained results allowed to
calculate the percentages of girls and
boys with I°, II°, and III° underweight,
normal BMI, overweight and obese.
Such calculations were made at sub-
sequent observation dates, taking into
account places of residence (town, vil-
lage). Subsequently, differences in BMI
percentage between 2016 and 2006 and
2021 and 2016 were calculated. This
allowed to determine the size and di-
rection of changes in BMI. Statistical
differences between the number of peo-
ple classified into each of the above-de-
scribed groups was determined using
the y2 test.

Results

From 2006 to 2016, body height of girls
from towns in eastern Poland increased
by an average of 1.76 cm (Figure 1, Ta-
ble 2). The greatest changes were ob-
served in nine-year-olds (2.88 c¢cm), and
the smallest in eight-year-olds (2.88
cm). In the analysed decade, greater dif-
ferences in body height were observed
in rural girls. The average difference,
when all age groups were considered,
was 2.33 cm. The greatest changes in
body height were observed in eight-
year-olds (3.96 cm), and the smallest
in nine-year-olds (0.64 cm) although
not all changes were statistically signif-
icant.

In the years 2016-2021, the body
height of young women living in

towns of eastern Poland increased by
0.88 cm. The greatest differences were
found in eight-year-olds (1.78 cm),
followed by nine-year-olds (1.20 cm).
However, among the youngest girls,
the difference was -0.33 cm. Among
girls from the village in the analysed
period, greater differences in height
were found. The average difference in
body height between 2021 and 2016
was 1.71 cm. The largest changes were
noted in nine-year-olds (3.39 c¢m) and
seven-year-olds (1.78 cm). In 2016 and
2021, the results of eight-year-olds
were at a similar level, the difference
was -0.05 cm.

In boys, a large, statistically signifi-
cant increase in body height was also ob-
served between 2006 and 2016. In urban
dwellers, height increased by 3.73 cm,
and in rural areas by 2.01 cm. In urban
residents, the greatest differences were
noted in seven-year-olds (5.27 cm), fol-
lowed by nine-year-olds (3.54 c¢m) and
eight-year-olds (2.37 c¢cm). Among the
villagers, the greatest changes were ob-
served at the age of 7 years (3.21 cm),
followed by 8 years (2.10 cm) and nine
years (0.73 cm).

Lower values of the secular trends
of the body height of boys were record-
ed in the years 2016-2021. In 2021,
urban residents had a slightly lower
height (-0.42 c¢cm) compared to the re-
sults from 2016. A significant deceler-
ation was observed in seven-year-olds
(-2.15 cm) while a slight deceleration
in nine-year-olds (-0.13 cm). In eight-
year-olds, the difference was 1.03 cm.
In the same period of time, body height
among boys from rural areas increased
on average by 1.65 cm, and statistical-
ly significant differences were found
in nine-year-olds (3.04 cm) and eight-
year-olds (1.34 cm).
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Table 2. Body height of girls and boys, taking into account the dates of observation and place of residence

year of study Newmann-Keuls test
(yﬁfs) 2006 2016 2021 Anova  006- 2006  2016-
X SD X SD X SD 2016 2021 2021
girls town
7 124.81 6.10 127.14 7.10 126.81 6.95 8.67 4.34* 5.55% 0.68
8 130.26 6.84 130.34 6.16 132.12 6.45 11.23 0.17 6.00* 4.23*
9 134.36  7.27 137.24 2.25 138.44 6.80 39.44 5.90* 12.55* 2.79*
girls village
7 122.81 5.35 125.21 6.55 12699 6.70 40.73 5.65* 12.63* 4.92*
8 127.87 6.77 131.83 6.73 131.78 6.40 29.94 8.67* 10.62* 0.14
9 134.04 7.35 134.68 8.03 138.07 6.56 40.9 1.37 10.82* 9.02*
boys town
7 125.31 6.01 130.58 6.87 128.43 6.23 34.47 10.74* 9.76* 4.36*
8 130.25 597 132.62 6.6 133.65 6.35 36.31 5.53* 12.05* 2.63
9 135.66 7.74 139.2 796 139.07 6.54 24.81 6.67* 9.77* 0.28
boys village
7 12423 6.39 127.44 6.32 128.00 6.29 30.76 7.65* 11.02* 1.61
8 130.28 596 132.38 5.76 133.72 6.54 44.59 6.53* 13.35* 4.47*
9 135.27 7.7 136.00 8.58 139.04 6.63 44.62 1.63 12.59* 7.36*
*statistically significant differences at p<0.05
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Fig. 1. Differences in the body height of girls and boys in particular stages of the study, taking into account
the size of the place of residence
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During the period of 2006-2016, the
BMI of urban girls aged 7-9 increased,
on average, by 0.17 kg/m?. During the
same period, BMI of seven-year-olds
decreased by -0.19 kg/m?, while an in-
crease of 0.49 kg/m2 and 0.22 kg/m?2
was observed among nine-year-olds and
eight-year-olds respectively (Table 3, Fig-
ure 2). Between the years 2006 and 2016,
rural girls showed greater differences in
BMI, on average by 0.23 kg/m2. The
highest values of the secular trend were
found at the age of 8 (0.75 kg/m?), fol-
lowed by a seven-year-old (0.17 kg/m2).
Nine-year-olds recorded a decrease in
the value of this height-weight index by
0.24 kg/m2.

It should be emphasized that in
2016-2021, much more significant
changes in BMI were observed than in
the previous decade. In girls living in
towns, BMI increased by an average
of 1.14 kg/m2, and 0.68 kg/m? in their
peers from the countryside. In the first
group, the most significant differences
were observed among seven-year-olds
(1.65 kg/mz2), followed by eight-year-
olds {0.99 kg/m?), and the smallest in
nine-year-olds (0.79 kg/m2). In the re-
spondents from the countryside, the
greatest changes were noted in nine-
year-olds (0.74 kg/m?) and eight-year-
olds (0.72 kg/m2). The lowest changes in
BMI values were observed among seven-
year-olds (0.58 kg/m2).

From 2006 to 2016, a greater increase
in BMI was observed among boys from
towns compared to their peers living in
countryside, with the average differenc-
es of 0.76 kg/m2 and 0.47 kg/m? respec-
tively. In boys from towns, the greatest
differences in BMI values were found in
nine-year-olds (0.84 kg/m?2), while the
greatest BMI differences in boys living in
rural areas were found among eight-year-

olds (0.62 kg/m?2). On the other hand,
the smallest differences in rural residents
were recorded at the age of 9 (0.36 kg/m2)
and at the age of 8 in urban respondents
(0.65 kg/m2).

Between the years 2016 and 2021,
greater changes in BMI values were re-
corded in students of rural schools com-
pared to their peers from towns. The av-
erage differences, when considering all
age groups, were as follows: 1.02 kg/m?2
and 0.56 kg/m?. Among urban resi-
dents, the greatest changes were found
in seven-year-olds (0.99 kg/m2), and the
smallest in nine-year-olds (0.19 kg/m?2).
On the other hand, in the respondents
from the countryside, the difference in
nine-year-olds was 1.14 kg/m?, and in
eight-year-olds it was 0.89 kg/m2.
All  described above changes were
statistically significant at the level
of p< 0.05.

The picture of secular trends in
body mass index described above is
somewhat flattened and represents the
results of all study participants. It is
interesting, however, what changes oc-
curred in girls regarding weight-height
proportions and individual degrees of
underweight, overweight, and obesi-
ty. Figure 3 and Table 4 show that the
percentage of girls with I° underweight
decreased between 2006 and 2016 and
this decrease was statistically signif-
icantly (p<0.05) (5.07%). In the re-
maining groups, the differences were
small and statistically insignificant. In
contrast, between the years 2016 and
2021, a significant (p< 0.05) reduction
in the incidence of III° underweight (by
3.67%) and overweight (by 4.41%) was
observed among young women living
in towns. On the other hand, there was
a significant increase (by 11.00%) in
the incidence of obesity.
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Table 3. BMI of girls, taking into account the dates of observation and place of residence

year of study Newmann-Keuls test
(yiiis) 2006 2016 2021 Anova o
X SD X SD X SD
girls town
7 1533 220 15.14 2.59 1679 3.01 18.46  4.38* 4.46* 8.15*
8 1596 2.21 16.18 2.53 17.17 3.16 16.81 0.10 7.28* 5.26*
9 16.75 250 17.24 225 18.03 3.44 7.72 0.21 4.70* 3.80*
girls village
7 16.12 242 1629 250 16.87 296 30.05 5.30* 1091* 3.76*
8 16.16 243 1691 2.51 17.63 3.54 23.01 4.31* 9.31* 4.06*
9 17.29 272 17.05 2.80 17.79 3.41 11.90 1.42 6.18* 4.36*
boys town
7 1501 2.10 1580 2.36 16.79 2.74 41.15 3.94* 12.42* 571"
8 16.25 190 1690 296 1740 3.19 20.07 3.32* 8.92* 2.80*
9 16.92 240 17.76 3.15 1795 3.11 1299 3.77* 7.20* 0.96
boys village
7 15.74 2.15 16.16 235 17.18 3.23 24.65 2.14 8.95* 6.39*
8 16.37 1.78 1699 342 1788 3.35 3898 4.05* 12.30* 6.23*
9 17.19 232 17.55 3.29 18.69 3.69 33.07 1.75 10.96* 6,01*

*statistically significant differences at p<0.05
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Fig. 2. Differences in the BMI of girls and boys at particular stages of the study, taking into account the size
of the place of residence
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Between the years 2006 and 2016,
a significant (p<0.05) decrease in the
prevalence of overweight (-3.98%) as
well as an increase in obesity (by 6.12%)
and II degree underweight (1.64%)
were found among rural girls. Between
the years 2016 and 2021, a significant
(p<0.05) increase in the incidence of
overweight (by 4.63%) and obesity (by
7.50%) was observed, as well as a de-

crease of II° underweight (2.14%) and
normal BMI (7.97%).

Using the y2 test, environmental differ-
ences between all groups in particular study
dates showed significant (p< 0.05) differ-
ences in the occurrence of III degree un-
derweight (1.69% and 2.18%) in 2006 and
2016, in overweight (3, 81%) in 2006 and
in obesity (3.50%) in 2016. Other differenc-
es were statistically insignificant (Table 4).

Table 4. Percentage of examined girls in 2006, 2016, and 2021 from towns and villages in groups with III°,

I1°, I° degree of underweight, normal BMI, overweight and obesity, and 2 test values for environmental

differences

year of study

¥2 test values

2006 2006 2016
2006 2016 2021 - - -
2016 2021 2021
percentage of urban girls surveyed
III° underweight 3.34 4.60 0.93 1.317 26.963* 21.948*
II° underweight 3.15 2.91 2.18 0.065 3.233 0.722
I° underweight 10.88 5.81 7.94 8.952* 7.882* 2.068
normal weight 61.16 63.20 58.87 0.136 0.507 0.668
overweight 18.06 18.89 14.48 0.104 6.286* 3.584*
obesity 3.40 4.60 15.60 1.178 139.327* 35.321*
percentage of village girls surveyed
III° underweight 1.65 1.42 0.78 2.062 3.184 2.062
II° underweight 2.48 4.12 1.98 8.411* 0.520 8.411*
I° underweight 10.91 9.66 8.26 1.082 3.264 1.082
normal weight 68.76 66.48 58.51 3.372 4.879* 3.372
overweight 14.21 10.23 14.86 7.857* 0.117 7.857*
obesity 1.98 8.10 15.60 21.721% 90.472* 21.721*
¥2 test values for environmental differences
III° underweight 4.748* 7.900* 0.260
II° underweight 0.681 0.063 0.199
I° underweight 0.000 0.864 0.128
normal weight 2.404 0.219 0.014
overweight 3.410* 0.289 0.090
obesity 3.114 10.958* 0.009

*statistically significant differences at p<0.05
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Fig. 3. Differences in the percentage of BMI in girls at particular stages of the study, taking into account the

size of the place of residence

From 2006 to 2016, significant chang-
es in weight-to-height proportions were
also observed in boys (Figure 4, Table 5).
Among urban residents, a significant
(p<0.05) increase in the frequency of IIlo
underweight by 2.60% and overweight by
6.33% was observed. In the remaining
BMI groups, the differences were small
and statistically insignificant. A similar
direction of changes in young residents
of towns in eastern Poland was observed
between the years 2016 and 2021. A de-
crease of 3.95% and 1.52% was found
among the respondents exhibiting III°
and II° underweight respectively, and an
increase in the prevalence of obesity by
6.41%. Such differences were also ob-
served among boys from rural areas. Be-
tween the years 2006 and 2016, a signifi-
cant (p< 0.05) decrease in the percentage
of underweight III° (by 1.81%) and an in-
crease in the percentage of underweight I°
(by 2.74%) among boys was found with
obesity by 5.45%. Between the years 2016

and 2021, significant differences (p<0.05)
were observed among boys from rural
areas in all age groups. There was a de-
crease in the incidence of underweight III°
(by 0.84%), 1I° (by 2.88%), I° (by 3.76%),
and normal BMI (by 9.17%). The oppo-
site changes were observed in overweight
(9.67% and obesity (6.97%).

When evaluating environmental dif-
ferences between urban and rural boys
in 2006, a significant (p<0.05) higher
frequency of underweight Ilo (by 1.23%)
and lower underweight II° (by 1.34%)
was observed in rural boys. In 2016,
compared to their peers from towns, boys
from rural areas had a higher percentage
of underweight I° subjects (by 3.85%) and
obesity (by 3.50%). Inverse relationships
were observed in the incidence of under-
weight III° (by 3.18%) and overweight (by
8.66%). In 2021, a higher percentage of
overweight (by 3.00%) and obesity (by
4.06%) was found, while the frequency of
normal BMI was lower (by 6.16%).
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Table 5. Percentage of examined boys in 2006, 2016, and 2021 from towns and villages in groups with III°, II°, I°
degree of underweight, normal BMI, overweight and obesity, and y2 test values for environmental differences

year of study ¥2 test values
2006 2016 2021 2006-2016 2006-2021 2016-2021
percentage of urban boys surveyed

III° underweight 2.00 4.60 0.65 7.527* 14.749* 29.383*

II° underweight 2.72 291 1.39 0.039 8.907* 4.140*

I° underweight 8.00 5.81 6.59 2.124 2.615 0.315

normal weight 70.93 63.20 63.47 1.764 5.019* 0.003

overweight 12.56 18.89 16.90 7.821* 11.213* 0.667

obesity 3.78 4.60 11.01 0.530 68.128* 16.026*

percentage of village boys surveyed

III° underweight 3.23 1.42 0.58 5.416* 28.565* 4.255*

II° underweight 1.38 4.12 1.24 10.967* 0.097 19.072*

I° underweight 9.46 9.66 5.90 0.015 10.092* 9.613*

normal weight 71.97 66.48 57.31 1.000 12.992* 4.585*

overweight 11.30 10.23 19.90 0.377 24914~ 27.821*

obesity 2.65 8.10 15.07 21.773* 99.863* 19.427*
%2 test values for environmental differences

III° underweight 3.42* 9.422* 0.100

II° underweight 4.91* 1.044 0.181

I° underweight 1.32 4.572* 0.820

normal weight 0.05 0.261 4.472*

overweight 0.69 12.273*  4.736*

obesity 2.20 4.660* 12.863*

*statistically significant differences at p<0.05
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Discussion

The observed phenomenon of high
growth of societies, resulting in an in-
crease in body weight relative to its
height, as well as the pace of intergenera-
tional changes in BMI depends, to a large
extent, on the socio-economic status and
living conditions. Lower values of secular
trends were observed among rural girls
and boys who exhibited a lower standard
of living. With the improvement of the
latter, these differences tend to increase,
which has been reported in studies con-
ducted in countries with a rapid econom-
ic growth. In addition, in countries with
a high degree of industrialization, a weak-
ening trend in body height is observed
coupled with an accelerated increase in
body weight (Fudvoye and Parent 2017).
Nevertheless, there are still significant
differences in body height among young
people living in economically developed
countries in Europe and the USA (Gomu-
la et.al 2021). Body weight, on the other
hand, is less genetically determined and
more influenced by the environment.
The socio-economic changes that
have taken place after Poland’s acces-
sion to the European Union has had an
impact on the magnitude of the secular
trend in somatic development. Among
girls and boys studied in selected regions
of the country observed from 1966 to
2012, a positive secular trend was ob-
served in both body height and BMI,
with the exception of the relative body
weight of girls aged 14-18 (Koziet et al.
2014, Gomula et al. 2015). The authors
observed greater changes in body height
in the years 1966-1988 compared to
the years 1988-2012. However, regard-
ing BMI, the differences were greater in
the years 1988-2012, i.e., in the period
of political transformation and post-ac-

cession to the European Union. Dobosz
(2012), in a study on a large nationwide
sample, found a slowdown in the growth
rate of the body height of children and ad-
olescents in the years between 1999 and
2009 compared to the period of 1989-
1999, as evidenced by the results of the
oldest adolescents. On the other hand, in
younger age groups, he noted the further
acceleration of developmental processes
exhibited by an acceleration of growth
and maturation. In addition, a high rate
of change in body weight observed in pre-
vious decades was maintained, especially
among the youngest, among whom the
greatest increase in the BMI values was
observed (Dobosz 2012).

The secular trend in somatic features
varied depending on region. For instance,
in children and adolescents from Krakow
in the years between 2000 and 2010, the
average body height increased slightly (by
approx. 1.00 cm), with a greater increase
in body weight and BMI (Kowal 2011).
Greater differences in growth were ob-
served in primary and lower secondary
school students from Lower Silesia during
the 2001-2002 and 2010-2011 periods.
The girls’ average body height increased
from 1.75 cm to 2.45 cm. A significant
increase in average body weight and BMI
was also found (Ignasiak et al. 2016).
In addition, in the years between 1986
and 2006, schoolgirls from eastern Po-
land exhibited an increase in body height
and weight, resulting in higher BMI val-
ues. The greatest changes were observed
in the period of 1996-2006 especially
among girls in the prepubertal and puber-
tal periods, which indicates the accelera-
tion of puberty (Saczuk 2018). Significant
secular changes in the height and weight
of rural schoolgirls from central-western
Poland in the 1986-2016 period were
reported by the Bartkowiak et al. (2021)
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study, which showed an average increase
in the girls’ body height by 4.65 cm and
body weight by 5.20 kg. In the line with
the above study, we show that the trend
of growing taller was still observed, with
greater differences observed urban boys
and girls from the countryside. Howev-
er, in the next five years, higher values
of secular trends of this somatic feature
were found in girls from towns and boys
from rural areas. Interestingly, in the
years between 2016 and 2021, height
changes among boys from towns were at
a similar level. The magnitude of these
changes might have been influenced by
the environment of the place of resi-
dence. The lifestyle of young inhabitants
of towns and villages differs significantly
(Kaczmarek and Wolanski 2018). Such
changes may also be caused by the ac-
celeration of puberty, as well as “catch-
ing up with developmental delays” in
rural residents, which has been reported
in previous years (Saczuk 2018). It has
been previously shown that when the liv-
ing conditions improve (when the stress
stops), the slowdown in the growth rate
occurring in childhood is quickly com-
pensated (the catch-up growth phenom-
enon).

In the first of the analysed decades,
greater changes in body mass index were
observed in girls from rural areas and
boys from towns. However, in the years
between 2016 and 2021, higher BMI
values were recorded in boys from rural
areas as well as girls from towns. Moreo-
ver, in the years between 2016 and 2021,
the differences in BMI were greater com-
pared to the previous decade.

The described changes in the level of
BMI are worrying and may suggest that
future generations of young people will
exhibit excess body mass in the further
stages of ontogenesis. This assumption is
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supported by the incidence of deficiency
and excess body mass. In the entire ana-
lysed decade as well as during the last five
years, a decrease in the frequency of un-
derweight and normal height-to-weight
ratios was observed. However, a signifi-
cant increase in the prevalence of obesity
was found. Importantly, greater changes
were observed in the rural environment.
Nowadays there is a tendency towards re-
ducing the number of children and ado-
lescents with body weight deficiency and
increase with its excess. This is support-
ed by research by Ng et al. (2014) con-
ducted in the years 1980-2013 in many
countries around the world. This trend
can be observed in developing countries
and in economically highly developed
countries. This trend, however, occurs
with a greater intensity among urban
than rural residents. The above finding
is based on a study conducted on girls
and boys in Brazil, China, Russia, USA
(Wang et al. 2002), and Australia (Hardy
et al. 2017). Eating and exercise habits
may affect changes in increasing excess
body weight (Wang et al. 2002; Hardy et
al. 2017). Hardy et al. (2017) point out
that the trend of increasing excess body
weight in developed countries is slowing
down. Therefore, the decrease in the in-
cidence of underweight in all groups can
be considered positive. It is an important
clinical and public health problem among
children and adolescents associated with
adverse health outcomes at all stages of
human life and may reflect food poverty
(Ieiri et al. 2021), unhealthy eating habits
(Rawal et al. 2021), or an increased risk
of many diseases. Underweight children
and adolescents are more likely to suffer
from infectious diseases (Goutines et al.
2021), have reduced cognitive functions
(Suryawan et al. 2021), mental disorders
(Donkor et al. 2021; Zeiler et al. 2021)
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and have low scores your health (Linar-
don et al. 2021).

According to the Eurostat report
(2018), the voivodeships of eastern Po-
land are among the poorest macro-re-
gions of the European Union, where the
income per capita does not exceed 50%
of the average income in the EU. Despite
the introduction of the 500+ government
program in 2016, under which PLN 500
per child is donated monthly and sup-
pose to help economically disadvantaged
families, significant environmental dif-
ferences in the level of nutrition are still
observed among adolescents. Moreover,
the changes observed in the last five years
are particularly disturbing. The reduc-
tion in physical activity observed among
children and adolescents since 2020 has
been affected by restrictions related to
the COVID-19 pandemic, during which
distance learning was introduced and
sports facilities were closed, all of which
reduced their physical activity. The lat-
ter, in turn, might be responsible for the
recent increase in the incidence of excess
body weight among children who partici-
pated in this study.

Conclusions

1. In the analyzed period, significant
changes in body height and body
mass index were found among school-
children.

2. Among girls, a systematic increase
in body height was observed between
2006 and 2021. However, in boys,
such a tendency was found only in ru-
ral residents.

3. In the 2006-2016 period, greater
changes in BMI were found in girls
from rural areas and boys from towns,
while the opposite pattern was record-
ed in the 2016-2021 period.

4. In the years between 2006 and 2021,
the incidence of underweight and
normal BMI decreased, while the in-
cidence of overweight and obesity in-
creased.

5. The results of this study indicate
the need for conducting systematic
research in order to assess the nutri-
tional status of young people living in
the Lubelskie, Podlaskie, and Podkar-
packie voivodeships, and to conduct
an in-depth analysis regarding the
causes of malnutrition and undertake
educational activities.
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