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Abstract: Archaeological and historical sources attest that tribes of semi-nomadic populations
conquered the Carpathian Basin with powerful armies of mounted archers at the turn of the 9th and
10th centuries, which led to the foundation of the Kingdom of Hungary a hundred years later.
Cemeteries from that period often provide cases of deposits of archery and horse riding equipment,
as well as horse bones associated with the individuals in the graves. The close association between
these items and the skeletons, together with the well-known historical context, allows postulating that
the concerned individuals practiced horse riding during their life.

The doctoral research had two main objectives. The first one was to contribute to the research on
activity reconstructions in past populations with the identification of skeletal changes that could more
reliably be associated with the practice of horse riding, in particular. The second objective was to
bring an ethnoarchaeological contribution by possibly improving our understanding of the societies
from the Hungarian Conquest period and their funerary practices.

We selected a sample of 67 individuals from the 10th-century Hungarian cemetery of Sarrétudvari-
Hiz6fold, which was divided into two groups of individuals, according to the presence or absence of
riding deposit in their graves. We also selected a modern (19-20th century) comparison group of 47
presumed non-rider individuals from the documented collection of Lisbon. We analysed different types
of skeletal changes commonly used as indicators of activity and behaviour in past populations. Various
direct measurements of the lower limb bones were also used to calculate indices of shape and robusticity.
Statistical analyses mostly revealed significant differences between the Hungarian groups and the
comparison group from Lisbon. They concerned some skeletal changes that can be linked to the
riding practice and seem to be promising indicators for this activity. Comparisons between groups
also revealed that the Hungarian individuals without riding deposit in their grave were likely riders
as well. Both objectives of this research have thus been achieved.

We took into consideration most of the pitfalls inherent to research on activity-related skeletal
changes, leading to several limitations, such as relatively restricted sample sizes in the
archaeological groups, which should be improved in the future. In addition, the multifactorial
aetiology of the skeletal changes represented one of the main difficulties for their interpretation in
terms of activity. In that regard, we performed an exploratory analysis of the microarchitecture of a
muscle insertion site, of which promising results will need to be confirmed with further research with
the aim of improving the reconstruction of activities in past populations.

Keywords: Paleopathology; Horse riding; Activity-related skeletal changes; Hungarian Conquest
period.
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Introduction and objectives

In some cases, material archaeological remains, such as artefacts or built structures, are
not indicative of the activities performed by individuals during their life, in past
populations. The analysis of the individuals’ skeletal remains represents then the most
direct or sometimes the only way to address the question. Some pathological or non-
pathological changes observed on human bones can indeed be related to activities practiced
during life (Dutour 1986, 1992, Capasso et al. 1999, Jurmain et al. 2012, Schrader 2019).
This results from bones’ ability to adapt their shape and structure in response to mechanical
loading related to physical activity. Scholars have considered the reconstruction of
activities from skeletal changes in past populations as “Bioarchaeology’s Holy Grail”,
representing, in fact, a sort of ultimate goal, which is hardly accessible due to many
methodological pitfalls that must be acknowledged (Jurmain et al. 2012).

Among all activities, horse riding, in particular, has interested bioarchaeologists and
paleopathologists for several decades as it brought profound and lasting changes in the
history of human cultural evolution concerning major aspects such as trade, settlement,
warfare, subsistence, social organization and political ideology (Anthony 2007). The use
of horses for transportation also considerably contributed to the circulation of languages,
Indo-European in particular, as well as cultures and diseases, among other things.

Although some bone changes observed on horse skeletal remains can be considered as
evidence of riding, the existence of a direct link between specific changes and the practice
of horse riding has not yet been unarguably demonstrated with regard to human skeletal
remains. Yet various types of skeletal changes have been described as part of a “horse
riding syndrome”, i.e., as possible indicators for the regular or intense practice of horse
riding (Miller and Reinhard 1991, Palfi 1992, Molleson and Hodgson 1993, Blondiaux
1994, Courtaud and Rajev 1998, Erickson et al. 2000, Belcastro and Facchini 2001,
Ustundag and Deveci 2011, Baillif-Ducros et al. 2012, Tichnell 2012, Andelinovic et al.
2015, Khudaverdyan et al. 2016, Baillif-Ducros 2018, Djukic et al. 2018, Fuka 2018). The
lack of specificity of the changes and their multifactorial etiology are, however, among the
various confounding factors that characterize this field of research and that are not
systematically acknowledged (Dutour 1992, Jurmain et al. 2012). This, together with the
absence, in most of the studies, of contextual evidence connecting the individuals with an
activity and the lack of comparison groups, often result in limited or unreliable
interpretations of skeletal changes in terms of specific activities, such as riding. In the end,
we cannot evaluate which skeletal changes mentioned in the literature can be considered
as reliable indicators for the practice of horse riding.

Archaeological and historical sources attest that tribes of semi-nomadic populations
conquered the Carpathian Basin with powerful armies of mounted archers at the turn of the
9th and 10th centuries, which led to the foundation of the Kingdom of Hungary a hundred
years later. Cemeteries from that period often provide cases of deposits of archery and
horse riding equipment as well as horse bones associated with the individuals in the graves
(Révész 2003). The close association between these items and the skeletons, together with
the well-known historical context, allows postulating that the concerned individuals
practiced horse riding during their life. Those populations are, thus, among the most
pertinent to be used to perform methodological investigations on activity-related skeletal
changes and, on horse riding, in particular.

The doctoral research had two main objectives. The first one was to contribute to the
research on activity reconstructions in past populations with the identification of skeletal
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changes that could more reliably be associated with the practice of horse riding, in
particular. The second objective was to bring an ethnoarchaeological contribution by
possibly improving our understanding of the funerary practices of the societies from the
Hungarian Conquest period.

Materials and methods

We limited the effect of sex and age on the development of skeletal changes by
including only adult males in our materials. This way, we selected a sample of 67
individuals from the 10th-century Hungarian cemetery of Sarrétudvari-Hiz6féld, which
was divided into two groups of individuals, according to the presence or absence of riding
deposit in their grave (17 and 50 individuals, respectively; Palfi 1992, 1997, Nepper 2002).
We also selected a comparison sample of 47 individuals of known occupation from the
documented collection of Lisbon (Cardoso 2006, Alves Cardoso and Henderson 2013).
They mostly lived during the first half of the 20th century, in an important urban area, with
electricity and modern means of transport. We can, therefore, confidently assume that they
were a non-riding population.
Young and mature adult individuals were distinguished for certain analyses to limit the
influence of ageing, and some pathological cases were also excluded according to the type
of analyses.
We analysed different types of skeletal changes commonly used as indicators of activity
and behaviour in past populations and investigated, in particular:
— changes observed at 13 entheses (muscles attachment sites) on the coxal bone,
femur, patella, tibia and the calcaneus (Hawkey and Merbs 1995, Mariotti et al.
2004, Villotte 2006, Mariotti et al. 2007, Henderson et al. 2016);

— changes at the hip, knee (patellofemoral and tibiofemoral) and ankle joints
(Buikstra and Ubelaker 1994, Rogers and Waldron 1995, Weiss and Jurmain
2007);

— six morphological variants of the femur, including the variations of the anterior
aspect of the femoral head-neck junction (Finnegan 1978, Villotte and Knusel
2009, Radi et al. 2013);

— the presence of vertical herniations of intervertebral disc tissue in the vertebrae
(Schmorl’s nodes; Kniisel et al. 1997, Ustundag 2009);

— the presence of spondylolysis, a defect in the posterior part of the vertebrae
(Bridges 1989, Merbs 1989, Molnar 2006);

— acute traumatic fractures of the upper and lower skeleton (Palfi 1992, Larsen 1997,
Jurmain 1999, Buzon and Richman 2007).

In addition, various direct measurements of the main lower limb bones were also used
to calculate indices of shape and robusticity, including an index of ovalisation of the
acetabulum (Baillif-Ducros et al. 2012, Sarry et al. 2016). We selected these skeletal
changes considering anatomical and functional aspects and taking into account the
bioanthropological and sports medicine literature on horse riding.

Results and discussion

Statistical analyses mostly revealed significant differences between the Hungarian
groups with or without riding deposit and the comparison group from Lisbon. These
differences concerned especially various skeletal changes for which frequencies and values
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were higher in the Hungarian groups, and that can be explained by the practice of horse
riding. They include:

— The entheseal changes at the ischial tuberosity and anterior inferior iliac spine of
the coxal bone, the adductor tubercle, trochanteric fossa and linea aspera of the
femur, the soleal line of the tibia and the calcaneal tuberosity, with the entheseal
changes at the adductor tubercle and the calcaneal tuberosity being the most reliable
ones.

— Poirier’s facet on the femoral neck, which should be distinguished from other
modifications of the femoral head-neck junction.

— Schmorl’s nodes, especially at the thoracolumbar transition and including large
nodes.

— A vertical ovalisation of the acetabulum.

Based on their nature, and considering the strict methodological criteria applied in this
study and the pertinent selected samples, our results suggest that these skeletal changes can
be used with confidence to evaluate, statistically, the possibility that a population of interest
was practicing horse riding. For this purpose, one should compare the frequencies and
values of these features with pertinent populations of known riders and non-riders. In this
respect, future comparative analyses could use the data that we have recorded. Along with
these skeletal changes, we also propose to consider the higher frequency of acute traumatic
fractures of the upper limb — notably the clavicle, relatively to other bones’ fractures as a
complementary indicator.

Furthermore, comparisons between groups revealed no significant differences between
both Hungarian groups, with and without riding deposit, for a majority of analyses. If only
the individuals with riding deposits in their graves were practicing horse riding, we would
have expected to observe more differences for all skeletal changes between them and the
group of individuals without riding deposit. This led us to suggest that the individuals from
the Hungarian cemetery without riding-related deposits in their graves were likely riding
horses as well. This would explain why historical sources mention great numbers of riders
in the populations from the Conquest period, while only a minority of the graves in the
Carpathian basin contain riding deposits (Rona-Tas 1999, Engel 2001, V6ros 2013). This
funerary practice could, as a consequence, carry a more social or symbolic significance
(e.g., recognition of a certain status, rank or military skills).

Research significance and perspectives

We consider that we have achieved most of the two objectives of this research. It
represents, indeed, a methodological contribution to the research on activity
reconstructions in past populations, with the identification of skeletal changes that can
probably be related to the practice of horse riding. For this purpose, we acknowledged the
limitations of previous studies focusing on this topic and attempted to go further. In the
end, we can claim that this study represents the first methodological contribution to the
research on horse riding-related skeletal changes to meet all the following criteria:

— It relies on an anthropological collection of confirmed horse riders, with a direct
association between particular individuals and the activity provided by
archaeological evidence.

— It includes a comparison group from a population in which the practice of horse
riding was very unlikely.
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— Itis based on a systematic analysis of different types of skeletal changes commonly
used as indicators of activity and behaviour in past populations.

— It relies on samples large enough to allow statistical analyses (unlike several studies
based on single cases).

— It takes into account multiple methodological bias factors such as sex, age and
pathological conditions, and attempts to limit their influence using strict analytical
criteria.

— It discusses the observed skeletal changes and their possible relationship with the
practice of horse riding in light of anatomical and functional aspects, with the
support of sports medicine literature.

Specifically, we must highlight the pertinence of the archaeological collection that was
used, and which represents an essential strength of this study. The series from the 10th-
century cemetery of Sarrétudvari-Hizafold included, indeed, 32 graves with either a deposit
of equipment related to horse riding, either horse bones, or both, in association with the
individuals. The strict methodological criteria used in this investigation led us to include
17 of these individuals, which represents, to the best of our knowledge, the largest
homogeneous anthropological sample investigated for horse riding-related skeletal
changes for which archaeological evidence provides a direct link between each individual
and this activity.

Furthermore, we also have achieved our second main objective, which was to bring an
ethnoarchaeological contribution: the results of this study improved, indeed, our
understanding of the societies from the Hungarian Conquest period and their funerary
practices, in particular.

We took into consideration most of the pitfalls inherent to research on activity-related
skeletal changes, leading to several limitations, such as relatively restricted sample sizes in
the archaeological groups. This represents one of the main aspects that we should improve
in the future by including additional collections from the Hungarian Conquest period, but
also other nomadic and semi-nomadic populations (e.g., Early and Middle Avars, Mongols,
Post-Contact Native Americans).

Besides, the multifactorial aetiology of the skeletal changes represented one of the main
difficulties for their interpretation in terms of activity. This limitation notably concerned
the entheseal changes, which can be related to mechanical factors, but also be influenced
by age, sex, genetics or pathological conditions (Dutour 1992, Jurmain et al. 2012, Milella
et al. 2012, Schrader 2019). In that regard, we performed the exploratory analysis of the
microarchitecture of a well-defined and documented enthesis, the bicipital tuberosity of the
radius. Using micro-CT acquisitions and 3D reconstructions of the canals of the cortical
bone (Coqueugniot et al. 2010, Coqueugniot et al. 2011, Djukic et al. 2015), we observed
that some microstructural variations could allow, with further research, distinguishing
entheseal changes related to activity from those related to other factors, thus contributing
to improving the reconstruction of activities of past populations.

In the end, a notable conclusion that can be drawn is how essential it is to apply strict
methodological criteria to avoid the major pitfalls associated with this type of research.
Besides, we emphasize the fundamental importance of selecting pertinent anthropological
collections, where specific activities can be assumed from direct evidence, as well as
comparison groups of non-performers. These are determinant factors for the reliable
identification of activity-related skeletal changes among past populations.
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