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The aim of this study was to document the traumatic injuries in the late medieval and early modern
population from Łekno, Poland (13th–16th centuries AD). The authors studied 247 skeletons (147 males;
81 females; 19 unsexed individuals).
In a first step, tauma prevalence rate was calculated with reference to the number of individual skeletons
affected. These data were compared with the data from other Polish skeletal series (Cedynia, Czersk,
Złota Pińczowska, Toruń, Słaboszewo, Doktorce).
Traumatic injury frequencies in Łekno poulation were also calculated with reference to the long
bones (clavicula, humerus, radius, femur, tibia, fibula). The obtained results were compared with the
simillar data from the selected populations from Central Europe – Slavonic population from the Czech
Republic (Pohansko u Břeclavi; 8th–10th centuries AD) (Kanášová et al. 2009), late medieval – early
modern (11th–19th centuries AD) populations from Serbia (Velemirovi Drovi, Stara Torina, Dići, Čačak,
Valjevska Gračanica, Žiča) (Djurić et al. 2006) and a medieval (13th–14th centuries AD) population
from Croatia (Kaprivno) (Novak 2011).
The frequency of injuries in the Łekno population was 12.1%. The bones with most frequent evidence
of trauma were clavicula and ulna. According to injuries the Łekno population does not differ from
the population from Doktorce, Słaboszewo, Toruń, but it does differ from populations from Czersk,
Cedynia, Złota Pińczowska. The Łekno population does not differ from the populations from the Czech
Republic and Croatia.
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1. Introduction
Trauma may be defined as an injury to living tissue that
is caused by force or a mechanism extrinsic to the body
(Lovell 1997). Evidence for skeletal trauma is common in
the remains of past people (Paine et al. 2007). Traumatic
lesions are markers used to reconstruct past life-styles from
the skeleton (Brasili et al. 2004; Grauer, Roberts 1996;
Neves et al. 1999). The location, structure, conformation
and degree of healing of injuries can inform us about their
etiology, events that might have caused them and possible
treatments (Jurmain 2001). They provide useful information
about occupational, behavioral, socio-cultural and even
environmental aspects of the individuals’ and populations’ lives
(Judd 2002; Judd, Roberts 1999; Larsen 1987, 1997; Lovejoy,
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Haiple 1981; Ortner, Putschar 1981; Scott, Buckley 2010). A
number of studies demonstrate that factors like interpersonal
violence (Šlaus, Novak 2006), age, reduced bone mass
due to inactivity, poor health predisposition, geographic
location, climate, technological level, occupation or domestic
activity play an important role in fracture etiology (Judd,
Roberts 1998; Ortner, Putschar 1981). Traumatic injuries, as
cross-cultural phenomena, provide an opportunity to make
inter- and intra-populational comparisons, and thereby can add
to the knowledge about the activity, demographic distribution,
occupation, living conditions, health of investigated individuals
and/or populations (Brasili et al. 2004; Judd, Roberts 1998).
The purpose of this paper is to document the prevalence
of traumas identified in the late medieval and early modern
population from Łekno, Poland. The results obtained for the
Łekno population were compared with results obtained for
other populations from the area of Poland and for selected
populations from Central Europe.
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Figure 1. Location of investigated Polish cemetery sites.

2. Materials and Methods
The human remains examined in this study come from the
Łekno cemetery site. The skeletons come from a skeletal
site with layered graves, which was in use from the end
of the 13th century till the beginning of the 16th century
(Wyrwa 2003).
Łekno was a part of the so-called Łekno settlement complex,
with the central part in the area surrounding Lake Łekno, where
in historical times settlements and architectural structures of
considerable political, administrative, socio-economic and
religious significance were located (Wyrwa 1989).
Skeletons of 247 individuals were examined (including
147 males, 81 females, and 19 unsexed individuals). The
group under study included 16 juveniles and 231 adults. Since
traumatic injuries were noted only in adult individuals, all
analyses were conducted for the whole population, including
both juveniles and adults.
Recommended methods were applied to estimate the
age and sex of the individuals (Ferembach et al. 1979;
Buikstra and Ubelaker 1994). Characteristics of the cranium
and pelvis were assessed for sex estimation. The age was
determined through the analysis of the degree of cranial suture
obliteration, changes on the surface of pubic symphysis and
the degree of dental crown attrition.
In the first step trauma prevalence rate was calculated with
reference to the number of individual skeletons affected1
([number of skeletons affected/number of examined
Due to a small sample size and because of inconsistencies in the description
and interpretation of trauma in anthropological literature (Djurić et al.
2006; Lovell 1997), no categorization of traumatic injuries into specific
types (e.g., fracture, dislocation, post-traumatic deformity, miscalcaneous
traumatic conditions (Ortner, Putschar 1981); intentional and accidental
(Larsen 1997); direct, indirect trauma; fracture, dislocation (Guikstra,
Ubelaker 1994; Lovell 1997); etc.) was used in this study.
1
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individuals]×100). The significance of the differences
between males and females according to traumatic inuries
frequencies was tested by the test for two components of the
structure. Data from the Łekno population was compared
with the data from other Polish skeletal series (Cedynia,
Czersk, Złota Pińczowska, Toruń, Słaboszewo, Doktorce).
The significance of the differences between populations
according to traumatic inuries frequencies was tested by the
test for two components of the structure. The locations of the
investigated Polish sites are shown in Figure 1.
Cedynia: a cemetery site dated back to the period from
the second half of the 10th century till the first half of the
14th century AD (Malinowska-Łazarczyk 1982). Data
on the frequency of traumas for the site come from an
unpublished study by Abramczuk (1993). A rural population
(Porzeziński 2006).
Złota Pińczowska: a cemetery site dated back to the 11th–
th
12 century AD (Wiercińska 1980). Data on bone injuries
were compiled by Komitowski (1975). A rural population
(Miśkiewicz 1967, 1968; Wiercińska 1980).
Czersk: a cemetery site dated back to the period from the
11th to 13th century AD (Rauhut 1976). Data on the frequency
of injuries were presented by Gładykowska-Rzeczycka
(1976, 1978). An early urban population (Rauhut 1976).
Toruń: a cemetery site used in the 12th–16th centuries AD.
Data on the traumatic injuries were compiled by Jakubowska
and Kozłowski (2011). Urban population (Kozłowski et al.
2011).
Słaboszewo: a cemetery site dated back to the period
from the second half of the 14th century to the first half of the
17th century AD (Piekarz, Piontek 1999). Data on the injuries
in this population are available in the study by Tukałło et al.
(1974). A rural population (Piontek, Henneberg 1981).
Doktorce: a rural medieval population. Data on bone injuries
were compiled by Gładykowska-Rzeczycka (1976, 1978).
Traumatic injuries frequencies were calculated also with
reference to the number of long bones (clavicula, humerus,
radius, femur, tibia, fibula) – (number of examined bones/
number of affected bones)×100. The significance of the
differences in frequency of traumatic injuries of long bones
in the Łekno population was tested by the test for two
components of the structure.
The prevalence of traumatic injuries of long bones
observed in the population from Łekno was compared with
the simillar data from the selected populations from Central
Europe – Slavonic population from the Czech Republic
(Pohansko u Břeclavi; 8th–10th centuries AD) (Kanášová et
al. 2009), late medieval – early modern (11th–19th centuries
AD) populations from Serbia (Velemirovi Drovi, Stara
Torina, Dići, Čačak, Valjevska Gračanica, Žiča) (Djurić et
al. 2006) and a medieval (13th–14th centuries AD) population
from Croatia (Kaprivno) (Novak 2011). The significance of
the differences between popultions was tested by the test for
two components of the structure.
The significance of differences was determined at the
0.05 probability level. All computations and charts were
made using Statistica 9.0 PL software.
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3. Results

The frequency of injuries for the Łekno population differs
significantly from frequencies for the populations from
Czersk, Cedynia and Złota Pińczowska (these being the
populations with the lowest frequencies of traumatic injuries
noted) while it does not differ from the frequencies for the
Toruń, Słaboszewo and Doktorce populations (Table 3).
Doktorce, Słaboszewo and Toruń sites do not differ
significantly between one another in terms of prevalence of
injuries. Likewise, Czersk, Cedynia and Złota Pińczowska
are populations with similar frequencies of injuries found
– differences between them are not statistically significant
(Table 3).
Next, the frequencies of traumatic injuries in the Łekno
population were compared with frequencies of injuries
in populations from the Czech Republic (Kanášová et al.
2009), Serbia (Djurić et al. 2006) and Croatia (Novak 2011).
Table 4 shows the frequencies of traumatic injuries by long
bones (clavicula, humerus, radius, ulna, femur, tibia and
fibula) in the Łekno population.
In the examined population clavicula, ulna and fibula(exept
females) are the most affected bones (Table 4). Table 5 shows
the results regarding differences between various bones in terms
of frequency of traumatic injuries in the Łekno population.
In the studied population differences in the frequency
of traumatic injuries were found only for upper extremity
bones. In terms of the number of traumatic injuries present
the clavicula differs significantly from humerus and from
radius. The frequency of injuries on the humerus is different
than the frequency for the ulna. Also the radius and ulna
differ from each other in this respect (Table 5).

Evidence of traumatic injuries in Łekno population was
found in 30 individuals (23 males and 7 females). All of the
individuals with bone injuries were adults. The prevalence
of fractures in the population from the Łekno site is shown
in Table 1.
Table 1. Frequencies of traumatic injuries in the Łekno population.

N
147

Males
%
N1
23
15.6

N
81

Females
N1
%
7
8.6

N
247

Total*
N1
%
30
12.1

N – number of examined individuals; N1 – individuals affected; % –frequency of
affected individuals; * total number of examined individuals (males, females, unsexed).

The test of differences between two components of the
structure showed no significant differences between females
and males with regard to the frequency of traumatic injuries
(p=0.134).
Overall injury frequencies in the populations from Łekno,
Cedynia, Czersk, Złota Pińczowska, Toruń, Słaboszewo and
Doktorce are compiled in Table 2. The overall frequency of
traumatic injuries in the Łekno population is 12.1%. The
highest frequency of injuries was noted for the populations
from Doktorce (14.0%) and Słaboszewo (13.2%), while
the lowest frequencies of traumas were observed in the
populations from Czersk (4.3%), Cedynia (4.2%) and Złota
Pińczowska (3.45%) (Table 2).
Table 2.  Frequency of traumatic injuries by cemetery site*.

Cemetery
Cedynia (10th–14th centuries AD)
Złota Pińczowska (11th–12th centuries AD)
Czersk (11th–3th centuries AD)
Łekno (13th–16th centuries AD)
Toruń (12th–6th centuries AD)
Słaboszewo (14th–17th centuries AD)
Doktorce (Middle Ages)

N
286
147
531
247
216
105
42

N1
12
  5
23
30
18
14
  6

%
  4,2
3.4
4.3
12.1
  8.3
13.2
14.0

Source
Abramczyk (1993)
Komitowski (1975)
Gładykowska-Rzeczycka (1976, 1978)
This study
Jakubowska, Kozłowski (2011)
Tukałło et al. (1974)
Gładykowska-Rzeczycka (1976, 1978)

	N – number of examined individuals; N1 – individuals affected; % – frequency of individuals affected; * analysis for all of examined group (males, females and
unsexed).

Table 3.  Differences in traumatic injuries by cemetery site**.

Cemetery

Łekno

Cedynia

Czersk

Złota P.

Toruń

Słaboszewo

Łekno
Cedynia

0.0008*

Czersk

0.0001*

0.9462

Złota P.

0.0034*

0.6849

0.6265

Toruń

0.1801

0.0413*

0.0291*

0.0596

Słaboszewo

0.7642

0.0015*

0.0004*

0.0036*

0.1995

Doktorce

0.7222

0.0090*

0.0055*

0.0093*

0.2429

0.8977

	p – values calculated using the test of differences for two components of the structure; * difference statistically significant at the 0.05 level;
** analysis for all of examined group (males, females and unsexed).
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Table 4. Frequencies of traumatic injuries by long bones in the Łekno population.

Both sexes + unsexed
n
n1
%
195
7
3.6
242
1
0.41
211
1
0.5
170
6
3.53
223
2
0.9
241
3
1.24
133
3
2.26
1415
23
1.64

Bone
Clavicle
Humerus
Radius
Ulna
Femur
Tibia
Fibula
Total

Males
n1
5
1
1
4
1
2
3
17

n
131
165
152
112
139
151
81
931

%
3.8
0.61
0.66
3.57
0.72
1.32
3.7
1.86

n
55
74
56
51
76
77
40
471

Females
n1
2
0
0
2
1
1
0
6

%
3.6
0.0
0.0
3.92
1.3
1.3
0.0
1.27

n – number of examined bones; n1 – number of bones fractured.

	Table 5. Differences in frequency of traumatic injuries of long bones in the Łekno population (males, females
and unsexed individuals together).

Bone

p
Clavicula

Humerus

Radius

Ulna

Femur

Tibia

Clavicula
Humerus

0.0135*

Radius

0.0254*

0.8867

Ulna

0.9713

0.0458*

0.0292*

Femur

0.0544

0.5096

0.6188

0.0675

Tibia

0.1018

0.3468

0.4045

0.1180

0.7229

Fibula

0.4888

0.0952

0.1411

0.5183

0.2921

0.4521

	p – values calculated using the test for two components of the structure; * difference statistically significant at the 0.05 level; **
analysis for all of examined group (males, females and unsexed).

	Table 6. Frequencies of traumatic injuries of long bones (clavicula, humerus, radius, ulna, femur, tibia and fibula) by
cemetery site*.

Cemetery
Łekno (13th–16th centuries AD)
Czech Republic (8th–10th centuries AD)
Serbia (11th–19th centuries AD)
Croatia (13th–14th centuries AD)

n
1415
1866
2801
211

n1
23
26
20
4

%
1.64
1.39
0.70
1.90

Source
This paper
Kanášová et al. (2009)
Djurić et al. (2006)
Novak (2011)

n – number of bones; n1 – number of affected bones; * analysis for all of examined group (males, females and unsexed).

Table 7. Differences between total traumatic injuries of long bones (clavicula,
humerus, radius, ulna, femur, tibia and fibula) in various populations**.

Cemetery
Łekno
Czech Republic
Serbia
Croatia

Łekno
0.5593
0.004*
0.7836

p
Czech Republic

0.0174*
0.5558

Serbia

0.0567

p – values calculated using the test for two components of the structure; * difference
statistically significant at the 0.05 level; ** analysis for all of examined group (males,
females and unsexed).

Frequencies of injuries for the populations from Łekno,
Czech Republic, Serbia and Croatia are shown in Table 6.
The lowest frequency of traumatic injuries was observed
in the populations from Serbia (0.7%), while the highest
frequency was recorded for the population from Croatia
(1.9%) (Table 6).
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In terms of the frequency of traumatic injuries, the Łekno
population differs significantly from the populations from
Serbia but it does not differ from the populations from the
Czech Republic and Croatia. Populations from Serbia and
the Czech Republic differ with regard to the frequency of
traumatic injuries (p=0.0174) (Table 7).
4. Discussion
In terms of the frequency of injuries the population from
Łekno is not significantly different from other medieval
groups from the area of Poland.
Low percentage of traumatic injuries both in the Łekno
population and in the medieval groups from the area of
Poland used for comparison allows us to presume that these
populations led a quiet life, and the injuries suffered by
individuals were mostly of an accidental nature.
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The traumatic injuries observed in the analyzed groups
from the area of Poland do not correspond with the data
on selected health status indicators. Among the studied
groups the highest frequency of cribra orbitalia (27%) was
observed in the population from Cedynia (Piontek et al.
2001) (a population with low frequency of traumatic injuries
– 4.2%). Piontek et al. (2001) found 23% frequency of cribra
orbitalia in the Słaboszewo population (with 13% frequency
of traumatic injuries). In Doktorce, the population with the
highest frequency of traumatic injuries (14%), GładykowskaRzeczycka (1976) found cribra orbitalia in only 8% of the
individuals examined. Miłosz (2000) reported the frequency
of cribra orbitalia in the Łekno population at 13%, while in
the Czersk population cribra orbitalia was found in 4% of
individuals (Gładykowska-Rzeczycka 1976).
Also the prevalence of dental carries in the populations
under study is inversely proportional to the frequency
of traumatic injuries, at 84% for the Łekno population
(Miłosz 2000), 82% for the Słaboszewo population
(Borysewicz, Otocki 1975) and 64% for the population from
Cedynia.
The Łekno population is not significantly different with
regard to the frequency of traumatic injuries from other
Slavonic populations from the area of Europe. In the Łekno
population (Table 1), in the population from the Czech
Republic (Kanášová et al. 2009) and in the contemplated
Serbian population (Djurić et al. 2006) males show a higher
frequency of traumatic injuries than females, and differences
between females and males are not statistically significant in
any of the groups. As reported by Djurić et al. (2006) males
could have been more exposed to injuries from various
aspects of life (interpersonal violence, hunting, activities
related with agriculture etc.).
In the population from Łekno traumatic injuries were
identified most often on the clavicle (3.6%) and ulna (3.5%)
(Table 4). The fibula (2.26%) and tibia (1.24%) were the next
most affected bones (Table 4). Again, this result is similar
to the results from the Czech Republic. The ulna was the
most often fractured bone in the Slavonic population from
Pohansko u Břeclavi (Kanášová et al. 2009). A higher
prevalence involving bones of the forearm (ulna and radius)
compared to other bones was observed in other archaeological
populations (e.g. Grauer, Roberts 1996). In the populations
from Serbia, the fibula was the most affected bone, with ulna
in the second place (Djurić et al. 2006). Fibula was also the
most affected bone in the population from Croatia, with ulna
and humerus next in order (Novak 2011).
In terms of the frequency of traumatic injuries the rural
population from Łekno is similar to the urban population
from the Czech Republic and rural population from Croatia
(Tables 6, 7). On the other hand, the group under study
differs significantly from the rural population from Serbia
(p=0.004) (Tables 6, 7). Also the populations from Serbia
and the Czech Republic differ significantly with regard to
the prevalence of traumatic injuries (Tables 7). As indicated
by Kanášová et al. (2009), the differences could be a result
of differences in selected samples, because Djurić et al.

(2006) included non-adult individuals in their analysis. This
explanation, however, cannot be applied to the population
from Łekno, as in this group also juveniles were included
into the analyses. At this point it is necessary to point out to
inconsistencies in the description and interpretation of trauma
in the anthropological literature, which led to difficulties in
comparing results of different studies (Djurić et al. (2006).
The populations from Serbia were rural groups and were
mostly involved in agricultural activity (Djurić et al. 2006).
As reported by Djurić et al. (2006) Serbian populations
were not involved in any conflict, they were exposed to a
risk of trauma only due to accidents related mainly with
rural activities and, rarely, with interpersonal violence. The
population from Pohansko is comparable to urban populations
(Kanášová et al. 2009). As suggested by Kanášová et al.
(2009) traumas in this Slavonic population were related to
accidents occurring in the course of everyday life rather than
to interpersonal violence.
As demonstrated by the results of this study and the results
of studies by other researchers (e.g. Kanášová et al. 2009),
analyses of traumatic injuries in skeletal populations are
an important but insufficient source of information on the
habitual behavior, occupation of the investigated groups, and
on the health status or biological condition of individuals and
populations.
Etiology of the traumas is usually complex (Lovell 1997;
Ortner, Putschar 1981). For years, traumatic injuries have been
attributed only to violence (e.g. Walker 1989; Murphy et al.
2010; Standen, Arriaza 2000; Torres-Rouff, Janqiuera 2006).
Nowadays, researchers try to link the interpretation of
trauma also with factors such as environmental context, and
physical and cultural aspects (Judd, Roberts 1998, 1999;
Larsen 1997). As reported by Judd and Roberts (1998), next
to factors such as technological level, occupation, domestic
violence, age (e.g. contribution of osteoporosis in increased
frequency of fractures in postmenopausal females (Mensforth,
Latimer 1989), reduced bone mass due to inactivity, poor
health predisposition, geographic location (Kilgore et
al. 1997; Lovell 1997; Scott, Buckley 2010), or even the
climate also play an important role in trauma etiology. The
biocultural (Scott, Buckley 2010) and sociocultural context
and historical records also need to be taken into consideration
in the interpretation of traumatic events (Lovell 1997).
The analysis of traumatic injuries is an important research
problem of contemporary anthropology. Research results
add to the existing knowledge on studied prehistoric and
historic human populations. However, for their proper, more
accurate interpretation it is necessary to take into account
also a number of biological, cultural, social historical or
environmental and other factors (Lovell 1997).
5. Conclusions
The frequency of traumatic injuries in the population from
Łekno was 12.1%. Males had more evidence of injuries than
females (the difference was not statistically significant).
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Injuries were more common on the upper extremities than in
other skeletal parts. The bones most exposed to injury were
the clavicula and ulna.
In the population from Łekno the frequency of traumatic
injuries is similar to the frequency in the rural population
from Doktorce, Słaboszewo and to the urban population
from Toruń, but it differs from the rural populations from
Czersk, Cedynia and Złota Pińczowska.
In terms of traumatic injuries to long bones the Łekno
population does not differ from urban populations from the
Czech Republic and the rural population from Croatia, but it
differs from the agricultural populations from Serbia.
Analyses of traumatic injuries in skeletal populations are
not a sufficient source of information on occupation, health
or biological condition of individuals or populations.
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