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Abstract: The aim of this analized is to evaluate the frequency of osteoarthritis in the early modern 
population of Dąbrówki (Poland). Evaluation of degenerative joint changes was based on standard methods 
commonly used in physical anthropology. Three types of changes were studied: osteophytes, porosities, 
and eburnations. They were analyzed in the shoulder, elbow, wrist, hip, knee, and proximal ankle joints. 
Osteoarthritic changes were assessed in 24 female, 20 male, and 8 undetermined sex individuals in the 
Dąbrówki population. 

In the population from Dąbrówki the highest frequency of degenerative changes was noted in the hip 
joint, and the lowest in the knee joint. Osteophytes were the predominant type of lesions. The less frequent 
type was porosity, while polishing of the articular surfaces did not occur. In males, degenerative changes 
were noted more frequently than in females. Due to the existence of many interpretative limitations 
(there is no a complete picture of the population from Dąbrówki - skeletal material under exploration; not 
entirely clear and multifactorial etiology of degenerative joint changes), further analysis of the markers of 
environmental stress in the population from Dąbrówki is necessary. 
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Introduction

Osteoarthritis (OA) is the most ubiq-
uitous pathological condition in skele-
tal populations (Ortner, Putschar 1985; 
Weiss, Jurmain 2007). It is also the most 
common joint condition observed today 
(Arden, Nevitt 2006; Rothschild, Woods 
2012). 

The aetiology of osteoarthritis is mul-
tifactorial (Felson 2003; Gabay et al. 
2008; Roach and Tilley 2007; Teichtahl 
et al. 2005). In the clinical literature, 
an influence of several main factors has 
been considered. Age, sex, genes, meta-
bolic and endocrine factors, obesity, bone 
density, articular cartilage nutrition, 
joint injuries and infection, joint insta-
bility, congenital and/or developmental 
joint deformities, physical activity and 
occupation, muscle weakness (Anderson, 
Loeser 2010; Arden, Nevitt 2006; Felson 
2003; Gabay et al. 2008; Teichtahl et al. 
2005; Guan et al. 2019), or even nutri-
tional factors (Guan et al. 2019; Tetlow 
and Woolley 2001) are considered.

Given a  high prevalence and avail-
ability of osteoarthritis in skeletal mate-
rial (Weiss, Jurmain 2007; Plomp et  al. 
2015), the analyses of these skeletal 
markers of environmental stress have an 
important place in anthropology (Weiss, 
Jurmain 2007; Jurmain 1991; Klaus 
et al. 2009; Molnar et al. 2011; Schrader 
2012; Woo, Pak 2013; Rojas-Sepúlveda, 
Dutour 2014; Palmer et al. 2016). 

In spite of the fact that osteoarthritic 
changes are very common in historical 
populations, these pathological traits still 
raise many methodological and interpre-
tative problems (Weiss, Jurmain 2007). 
The present study aimed to examine the 
osteoarthritic changes in the early mod-
ern skeletal material from Dąbrówki (Po-
land), the OA changes presence and the 

way they are expressed. It enriches the 
knowledge about these conditions in past 
skeletal populations, what is important 
in a  reliable interpretation of the biolo-
gy, ecology, and behaviour of past human 
populations. 

Material and methods

All analysed specimens were excavated 
from a  cemetery located in Dąbrówki 
(Poland). „Dąbrówki” as the name first 
appeared in 1559 (due to the presence 
of oaks in the local part of Podlasie). In 
1568, the village of Dąbrówki was men-
tioned when the parish near Wasilków 
was established (Wawrzeniuk 2021a).

Fot. 1. The location of the Dąbrówki (red drop).

The cemetery with skeleton burials 
was discovered by accident in 2018, dur-
ing earthworks. The cemetery on the hill 
is locally called „Brama Cygańska”. How-
ever, it is not known where this name 
comes from. There is also no informa-
tion about the cemetery itself (Wawrze-
niuk 2021a). With the help of the found 
burial equipment, the chronology of the 
cemetery can be estimated. The coins 
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from the times of Sigismund Augustus 
and Sigismund III Vasa, a  metal cross, 
a copper ring and a rosary bead, may in-
dicate that this part of the cemetery un-
der study dates back to the beginning of 
the 17th century. It cannot be ruled out 
that in the remaining areas of the ceme-
tery there are burials from younger and 
older periods (Wawrzeniuk 2021b).

Numerous human remains were 
found on the hillside (Wawrzeniuk 
2021a). Research work has revealed 
62 graves (41 have been explored, 21 
in total). Most of the individuals were 
adults. There were few children’s bur-
ials and they were usually buried with 
adults (Wawrzeniuk 2021a; Wawrzeniuk 
2021b).

The samples evaluated for this analy-
sis is a part of the osteological collection 
of the Institute of Biological Sciences 
Cardinal Stefan Wyszynski University 
(Poland). The exact number of male and 
female individuals in each historical 
group examined in this study is present-
ed in Table 1.

Standard anthropological methods 
were applied to determine the age and 
sex of the individuals. The sex of the in-
dividuals was estimated using the Phen-
ice (1969) and Buikstra, Ubelaker (1994). 
This includes visual assessments of pel-
vic and cranial features. The age‐at‐death 
of the individual was estimated based on 
changes in the morphology of the pubic 
symphysis, using the Brooks and Suchey 
(1990) system and standards for changes 
in the topography of the auricular surface 
(Buikstra, Ubelaker 1994). Only adult 
remains were included in this study. In-
dividuals without any observable (except 
from osteoarthritic) skeletal changes (like 
observable bone illnesses, traumas, frac-
tures, or bone deformities) were included 
into the analyses. 

Osteoarthritic changes were exam-
ined in accordance with the methods 
by Buikstra and Ubelaker (1994). Three 
types of OA changes were examined: 
(a)  osteophytes (OP) – a  marginal pro-
liferation of new bone in either the 
horizontal or vertical direction that 
produces a  change in the shape of the 
joint contour; (b) porosity (POR) – pit-
ting and/or erosion of the joint surface; 
(c) eburnation (EB) – polished subchon-
dral bone with or without ridges) (Buiks-
tra & Ubelaker 1994). OA changes were 
scored in: (a) shoulder (articular surface 
of the scapula and humeral head); (b) el-
bow (articular surfaces of the distal end 
of the humerus and articular surfaces of 
the proximal end of the ulna and radius); 
(c) wrist (articular surfaces of the distal 
end of the ulna and articular surfaces of 
the distal end of the radius); (d) hip (ace-
tabulum [pelvic bone] and articular sur-
face of femoral head); (e) knee (articular 
surface of the distal end of the femur 
and articular surfaces of the proximal 
end of the tibia); and (f) ankle (distal end 
of the tibia). Due to the small size of the 
sample, statistical analyzes did not in-
clude the gradation of changes, but only 
their presence (1) or their absence (0). 
The data on degenerative changes were 
analyzed separately for female, male and 
indeterminate sex, by joint analysis.

The statistical significance of the 
differences in the frequency of the de-
generative changes between males and 
females in the analyzed skeletal materi-
al was investigated using the unilateral 
test for two components of the structure. 
The test analyses the significance of the 
differences between the frequencies of 
the two compared traits. Statistical sig-
nificance was determined at the level of 
p≤0.05. All analyses were done using Sta-
tistica 13.3. 
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Results

In the population from Dąbrówki, degen-
erative changes in joints were reported in 
81% of individuals. The highest rates of 
degenerative changes were recorded in the 
hip joint (55%). Lower rates were record-
ed in the following joints: wrist (40%), 
shoulder (40%), elbow (40%), ankle (33%) 
and knee (27%). In the material studied, 
osteophytes were the predominant type 
of lesions (59%). The less frequent type of 
lesions was porosity (5.5%). There was no 
sanding of the articular surfaces (Tab. 1).

In the examined skeletal material, os-
teophytes were the most frequently ob-
served degenerative changes in the knee 
(67%) and elbow (63%). Fewer osteophytes 
were observed in the shoulder (60%), hip 
(57%), wrist (57%) and ankle (55%) joints, 
respectively. The highest porosity was re-
corded in the hip joint (21%). Less in the 
shoulder (5%), elbow (2%) and knee (1%) 
joints. There was no porosity in the wrist 
and ankle joints (Tab. 1). 

In females, degenerative changes in 
joints were reported in 79% of individuals. 
The highest number of changes of the oste-
ophyte type was recorded in the ankle joint 
(75%). Less occurred in the knee (70%), 
wrist (63%), elbow (57%), hip (53%) and hip 
(45%) joints. Porosity occurred only in the 

hip joint with a frequency of 9% (Tab. 2). In 
males, degenerative changes were reported 
with a  frequency of 100%. The greatest 
number of osteophytes was found in the 
shoulder joint (71%). Slightly less in the 
following joints: elbow (67%), knee (65%) 
and hip (59%). The lowest rates were re-
corded in the wrist (52%) and ankle (37%). 
Porosities occurred only in the joints: hip 
(36%), shoulder (12%) and elbow (3%) 
(Tab. 2). In the group of skeletons of un-
defined sex, the frequency of degenerative 
changes was 38%. Osteophytes, report-
ed with a frequency of 100%, occurred in 
four joints (shoulder, elbow, hip and ankle). 
They occurred in the knee joint with a fre-
quency of 67%. However, no osteophytes 
were found in the wrist joint. Porosity oc-
curred only in the knee joint (14%) (Tab. 2).

When examining the significance of 
differences between males and females in 
the rates of degenerative changes in joints 
(all types of changes jointly), it was found 
that in men degenerative changes were re-
corded more often than in females (33% 
– females, 48% – males, p = 0.001). They 
were observed more often in men in each 
of the examined joints, with significantly 
higher rates reported for the shoulder joint 
(27% – females, 59% – males, p = 0.005) 
and elbow (32% – females, 53% – males, 
p = 0.005). = 0.04) (Tab. 3).

Table 1. Frequencies (%) of osteoarthritic changes in Dąbrówki sample

Joint
N/n (% n)

Osteophytes Porosity Eburnation All changes

Shoulder 45/27 (60,0%) 62/3 (4,84%) 63/0 (0,00%) 67/27 (40,3%)

Elbow 46/29 (63,04%) 61/1 (1,64%) 61/0 (0,00%) 72/29 (40,28%)

Wrist 37/21 (56,76%) 52/0 (0,00%) 52/0 (0,00%) 52/21 (40,38%)

Hip 72/41 (56,94%) 81/17 (20,99%) 83/0 (0,00%) 83/46 (55,42%)

Knee 30/20 (66,67%) 68/1 (1,47%) 72/0 (0,00%) 75/20 (26,67%)

Ankle 44/24 (54,55%) 73/0 (0,00%) 73/0 (0,00%) 73/24 (32,88%)

All joints 274/162 (59,12%) 397/22 (5,54%) 404/0 (0,00%) 422/167 (39,57%)
N – numer of the examined joints, n – number of joints with registered osteoarthritic changes
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Table 2. Frequencies (%) of osteoarthritic changes in Dąbrówki sample according to sex 

Joint

N/n

Males Females Undefined sex

OP Porosity EB All 
changes OP Porosity EB All 

changes OP Porosity EB All 
changes

Shoulder 20/9 
(45%)

33/0 
(0,00%)

32/0 
(0,00%)

34/9 
(26,47%)

24/17 
(70,83%)

25/3 
(12%)

27/0 
(0,00%)

29/17 
(58,62%)

1/1 
(100%)

4/0 
(0,00%)

4/0 
(0,00%)

4/1 
(25%)

Elbow 21/12 
(57,14%)

27/0 
(0,00%)

27/0 
(0,00%)

38/12 
(31,58%)

24/16 
(66,67%)

30/1 
(3,33%)

30/0 
(0,00%)

30/16 
(53,33%)

1/1 
(100%)

4/0 
(0,00%)

4/0 
(0,00%)

4/1 
(25%)

Wrist 16/10 
(62,5%)

25/0 
(0,00%)

25/0 
(0,00%)

25/10 
(40%)

21/11 
(52,38%)

25/0 
(0,00%)

25/0 
(0,00%)

25/11 
(44%)

0/0 
(0,00%)

2/0 
(0,00%)

2/0 
(0,00%)

2/0 
(0,00%)

Hip 38/20 
(52,63%)

43/4 
(9,3%)

44/0 
(0,00%)

44/21 
(47,73%)

32/19 
(59,38%)

36/13 
(36,11%)

36/0 
(0,00%)

36/23 
(63,89%)

2/2 
(100%)

2/0 
(0,00%)

3/0 
(0,00%)

3/2 
(66,67%)

Knee 10/7 
(70%)

28/0 
(0,00%)

29/0 
(0,00%)

31/7 
(22,58%)

17/11 
(64,71%)

33/0 
(0,00%)

34/0 
(0,00%)

35/11 
(31,43%)

3/2 
(66,67%)

7/1 
(14,29%)

9/0 
(0,00%)

9/2 
(22,22%)

Ankle 12/9 
(75%)

32/0 
(0,00%)

32/0 
(0,00%)

32/9 
(28,13%)

27/10 
(37,04%)

30/0 
(0,00%)

30/0 
(0,00%)

30/10 
(33,33%)

5/5 
(100%)

11/0 
(0,00%)

11/0 
(0,00%)

11/5 
(45,45%)

All  
joints

117/67 
(57,26%)

188/4 
(2,13%)

189/0 
(0,00%)

204/68 
(33,33%)

145/84 
(57,93%)

179/17 
(9,5%)

182/0 
(0,00%)

185/88 
(47,57%)

12/11 
(91,67%)

30/1 
(3,33%)

33/0 
(0,00%)

33/11 
(33,33%)

N – numer of the examined joints, n – number of joints with registered osteoarthritic changes, OP – oste-
ophytes, EB – eburnation

Table 3. Differences in the frequencies (%) of degenerative changes in joints in males and females in the 
population from Dąbrówki

Joint
Osteophytes Porosity Eburnation All changes

M/F p M/F p M/F p M/F p

Shoulder 45/71% 0,04* 0/12% 0,021* 0/0% – 27/59% 0,005*

Elbow 57/67% 0,251 0/3% 0,182 0/0% – 32/53% 0,040*

Wrist 63/52% 0,252 0/0% 1,0 0/0% – 40/44% 0,387

Hip 53/59% 0,307 9/36% 0,002* 0/0% – 48/64% 0,076

Knee 70/65% 0,395 0/0% 1,0 0/0% – 23/31% 0,233

Ankle 75/37% 0,026* 0/0% 1,0 0/0% – 28/33% 0,335

All joints 57/58% 0,436 2/10% 0,001* 0/0% – 33/48% 0,001*

p – statistically significant differences at the level of p≤0.05; F – frequency of degenerative changes in fe-
males, M – frequency of degenerative changes in males

The frequencies of osteophytes were 
similar in both sexes (57% – females, 
58% – men). When examining the differ-
ence in the frequency of osteophytes in 
individual joints, significantly higher fre-

quencies of these changes were noted in 
men in the shoulder joint (45% - females, 
71% – males, p = 0.04), and in females 
in the ankle joint (75% – females, 37% – 
males, p = 0.04). In the wrist and knee 
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joints, osteophytes were more common 
in females, in the elbow and hip joints – 
in males, however, these differences are 
not statistically significant (Table 3).

Porosity of the articular surface was 
noted more often in men in the shoul-
der joint (0% – females, 12% – males, 
p  =  0.021), hip (9% – females, 36% – 
males, p = 0.002) and when all joints 
were analyzed jointly (2% – females, 10% 
– males, p = 0.001) (Tab. 3).

Discussion 

In the population from Dąbrówki, degen-
erative changes in joints were reported 
in 81% of individuals. The highest rates 
of degenerative changes were recorded 
in the hip joint (55%). Lower rates were 
recorded in the following joints: wrist 
(40%), shoulder (40%), elbow (40%), an-
kle (33%) and knee (27%). In the material 
studied, osteophytes were the predomi-
nant type of lesions (59%). The less com-
mon type of lesions was porosity (6%). 
There was no sanding of the articular 
surfaces (Tab. 1, Fot. 1). 

In this population, degenerative joint 
changes were reported more often in men 
(48%) than in females (33%) (Table 3). 
They were observed more often in males 
in each of the examined joints, with sig-
nificantly higher rates reported for the 
shoulder (27% – females, 59% – males) 
and elbow (32% – females, 53% – males) 
(Tab. 3). The frequencies of osteophytes 
were similar in both sexes (57% – fe-
males, 58% – males). When examining 
the difference in the frequency of osteo-
phytes in individual joints, significantly 
higher frequencies of the changes were 
noted for males in the shoulder joint 
(45% – females, 71% – males), and for 
females in the ankle joint (75% – fe-
males, 37% – males). The porosity of the 

articular surface was noted more often 
in males in the shoulder (0% – females, 
12% – males), in the hip (9% – females, 
36% – males) and when all joints were 
analyzed together (2% for females, 10% 
for males) (Table 3).

The present study results are similar 
to other anthropological data (Weiss, Jur-
main 2007). In majority of studies males 
were usually more affected than females 
(Šlaus 2002; Klaus et al. 2009; Eng 2016). 
In some skeletal materials, females (or 
some joints in females) have higher fre-
quencies of OA than males (Molnar et al. 
2011; Eng 2016). Some researchers did 
not find any significant (or very small) 
sex differences in OA (Eshed et al. 2010; 
Schrader 2012; Woo, Pak 2013; Palmer 
et al. 2016). Taking that osteoarthritic 
changes are treated by some researchers 
as physical activity markers (Capasso 
et al. 1999; Kennedy 1989), the obtain 
differences (or its lack) were connected 
with differences/similarities in lifestyle 
between sexes. Taking the above, it could 
be hypothesised that the sex differences 
in osteoarthritis in Dąbrówki population 
are a result of differences in daily activ-
ity patterns. Certain limitations dictate 
caution in drawing final conclusions. 
Firstly, archaeological, historical, and 
anthropological data about population 
from Dąbrówki is poor now, therefore at 
this stage of the studies it is not possible 
to say something about health, lifestyle 
of each individual. Finding out the rela-
tionships between osteoarthritic chang-
es and physical activity is possible now 
and further studies are needed. Secondly, 
some researchers dictate caution in using 
OA changes as physical activity markers 
(e.g. Schrader 2012; Woo, Pak 2013), em-
phasizing mutifactorial etiology of these 
skeletal features. Finally, specifics of the 
skeleton material (usually small sample 
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size, not well preserved bones, problems 
with sex determination) could not be 
omitted. It inflences the obtained results 
and its interpretation. 

The skeleton material from Dąbrówki 
slightly differs in terms of the frequen-
cy of degenerative changes from other 
historical populations in Poland. In the 
population from Cedynia (14th–17th 
century) (Malinowska-Łazarczyk 1982; 
Porzeziński 2006), degenerative changes 
occurred with a frequency of 36% in men 
and 29% in females. The most common 
type of changes in both females and men 
were osteophytes. The joint with the 
most degenerative changes was the elbow 
joint (Myszka 2016).

In the modern population of Radom 
(17th-19th century), degenerative chang-
es were reported with a frequency of 26% 
in the group of men and in 27% of fe-
males. The greatest number of lesions 
was observed in the hip (46%) and elbow 
(42%). Osteophytes were present in 24% 
of cases and it was the most frequently 
reported type of lesions (Myszka 2022).

In the population from Słaboszewo 
(14th–19th century) (Piontek 1977), de-
generative changes occurred with a similar 
frequency in both sexes (24% in men and 
25% in females). The most common type 
of changes in both sexes were osteophytes, 
and the joint where degenerative changes 
occurred most often - also regardless of sex 
– was the hip joint (Myszka 2016).

In the population from Łekno (14th–
16th century) (Wyrwa 2003), degenera-
tive changes occurred with a frequency of 
38% in males and 32% in females. The 
most common type of lesions, as well 
as in the above-mentioned populations, 
were osteophytes. In males, degenerative 
changes were most often found in the el-
bow joint, while in females – in the hip 
joint (Myszka 2016).

Compared to the above-mentioned 
populations, degenerative changes in the 
population from Dąbrówki were more 
common in males (Dąbrówki 48%, other 
populations 24%–38%). In females, how-
ever, this difference was not significantly 
higher. Another point that distinguish-
es the population from Dąbrówek is the 
lack of polishing of the pond surfaces. 
Although in other populations they were 
rare, they were nevertheless recorded. Of 
particular interest is the fact that in the 
population from Dąbrówki, porosity in 
the hip joint was much more common in 
males (36%) than in females (9%), which 
significantly differs from the results of 
other populations (Myszka 2016).

Given the inadequate etiology of the 
degenerative changes, it is difficult to 
explain the cause of these discrepancies. 
Taking into account the fact that degen-
erative changes in joints are considered 
by some researchers as markers of physi-
cal activity (Capasso et al. 1999; Kennedy 
1989), it can be assumed that one of the 
possibilities of explaining this phenome-
non may be, different from other popu-
lations, the motor activity of individuals 
from Dąbrówek. However, nothing can 
be said about the physical activity of this 
population, because there is insufficient 
historical and archaeological data.

The obtained inter-population differ-
ences can be also a result of the differenc-
es between the type of settlement com-
plexes. Cedynia (Zachodniopomorskie) 
was functioning as an early town set-
tlement (Malinowska-Łazarczyk 1982).  
Łekno (Wielkopolska) was a  part of 
the Łekno settlement complex where in 
historical times settlements and archi-
tectural structures of considerable po-
litical, administrative, socio-economic 
and religious significance were located 
(Wyrwa 1989). Population from Radom 
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was characterised as a  town population 
(Tomczyk et al. 2017). The population of 
Słaboszewo (Kujawsko-Pomorskie) repre-
sented a typical local rural society (Pion-
tek 1981). Differences in technological 
development, architectural structures of 
the complexes, their political, adminis-
trative, socio-economic and religious sig-
nificance influenced the socio-economic 
position of each populations and thus 
its health status, and biology. Different 
localization and not entirely convergent 
chronology of the compared archaeologi-
cal series could also play a role in the ob-
tained results. Another factor influencing 
the observed discrepancies may be the 
size of the sample, which is not large in 
the population from Dąbrówki.

Further studies of degenerative chang-
es in the population from Dąbrówek are 
necessary, inter alia, to complete the 
knowledge about the population itself 
and to enrich knowledge about degen-
erative changes in joints in old skeletal 
populations, which due to the not fully 
understood etiology of changes and dif-
ficulties interpretative is of great impor-
tance.

Summary and Conclusions

In the population from Dąbrówki, degen-
erative changes in joints were reported in 
81% of individuals. The most frequently 
reported type of lesions were osteophytes 
(59%). Porosity was noted with a  fre-
quency of 6%. Eburnation was not ob-
served here. The highest rates of degen-
erative changes were recorded in the hip 
joint (55%). Lower rates were recorded in 
the following joints: wrist (40%), shoul-
der (40%), elbow (40%), ankle (33%) and 
knee (27%). In this population, degenera-
tive changes in joints were reported more 
often in males (48%) than in females 

(33%). They were observed more often 
in males in each of the examined joints, 
with significantly higher rates reported 
for elbow and shoulder. The frequencies 
of osteophytes were similar in both sex-
es. Taking individual joint osteophytes 
were more frequently observed for males 
in the shoulder, for females in the ankle. 
The porosity of the articular surface was 
noted more often in males with higher 
frequencies in shoulder, and hip.

Due to the existence of many limi-
tations resulting from the fact that the 
skeletal material is being explored and 
the etiology of degenerative changes in 
joints is not entirely clear and multifac-
torial, it is necessary to further analyze 
these determinants of environmental 
stress in the population from Dąbrówki.
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