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Abstract. This article presents a review of trauma analysis in bioarchaeology. It starts with an introduction on what trauma is
and what permanent markers it can leave on bones, even after recovery. Studies of trauma allow bioarchaeologists to evaluate the
mechanism of injury and possibly reveal the cause of trauma, which may inform on individuals’ interactions with their environ-
ments and sociocultural contexts. Trauma also can be incidental or intentional in origin, often reflecting cultural practices. Fur-
thermore, this article focuses on the classification and interpretation of injuries in past populations, such as fracture, dislocation,
ossification of soft tissues, and abnormal shape or contour of the bone. It describes different types of force trauma and defines
dislocation and hematomas that may occasionally lead to ossification of adjacent soft tissues and can manifest as bony projections.
This is followed by a case study utilizing trauma data to elucidate past human experiences. Human remains from twelve individuals
excavated from Lake Khuvsgul, Mongolia, and three individuals from the adjacent Tunka Valley, Russian Federation, were exam-
ined. All skeletons were dated between the mid-11th and 14th centuries CE. Fatigue injuries on the spine were the most frequent,
suggestive of strenuous activities, such as habitual horseback riding. There was some evidence of upper limb trauma, but limited
lower body and violent trauma. A potential explanation of this pattern is that people in this area were frequently engaged in pasto-
ral activities, but conflict rarely impacted their daily lives.
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Apxeonorus

HayyHaq cTaTtba

AHanus Tpasmbl B 6Moapxeonoruu: 063op n npumepbl UCCNes0BaAHUN
u3 Mpuxybcyrynba n TYHKUHCKOW AONUHDI

YeHxe AHr 1, T.l0. HomoKoHoBa 1, P.Ox. Nozei L 2, A.B. XapuHcKuit 3 5, A. IppsHabaartap 4,
M.A. MoptHaru 3, C. Oprun6asp *, Anxkena P. usepc *

! YHuepcuteT CackatyeBaHa, CackatyeBaH, KaHaga

2 YHuBepcutet AnbbepTbl, 34MOHTOH, KaHaga

} MPKYTCKMIA HaLMOHaAbHbIN UCCNeL0BATENbCKUIM TEXHUYECKUIA YHUBEPCUTET, UPKYTCK, Poccua
4 YnaH-baToOpCKuii rocyaapcTBEHHbIN YHUBEPCUTET, YNaH-baTop, MoHronums

> MpKyTCKUI rocypapcTBeHHbIN yHuBepcuteT, UpKyTck, Poccua

AHHomayus. [laHHas cTaTba npeacTasnseT 0b3op aHann3a Tpasm B 6uoapxeonornn. OHa ONMCBIBAET, YTO TaKOe TPaBMbl U
KaKue NOCTOAHHbIE Cefbl OT HUX OCTAKOTCA Ha KOCTAX YeNOBEKA AaXKe NoC/e WX 3aXKuBAeHuA. MccnefoBaHne TpaBm TaK e no3Bo-
nseT 6Moapxeonoram OLEHWUTb MEXaHU3Mbl NMOBPEXAEHUIA U, BOSMOMKHO, Y3HaTb MX MPUYMHbI, YTO MOXKET AaTb MHOPMaLMIO O
B3aMMOLENCTBUM JItOLAEN C OKPYXKAKOLLEN CPesoV U COLMOKYNBTYPHBIM KOHTEKCTOM. Takue TPaBMbl MOTYT ObiTb Cy4aiHbIMK MK
npeAgHamepeHHbIMU MO CBOEMY MPOMUCXONKAEHMIO, YaCTO OTPaXKanA KyNbTypHble Tpaguumu. Kpome Toro, B 3Toi cTaTbe 0coboe BHU-
MaHUWe YAeNnseTca KnaccuduKauum v UHTepnpeTaumMmn TpaBM, TaKMX KaK MepenomMbl, BbIBUXM, OTBEPAEHUA MATKMX TKAHEN W aHo-
MasibHble pOpMa M KOHTYP KOCTM, Y APEBHUX HaceneHnin. ONUCbIBAIOTCA Pa3NyHbIe BUAbI CMI0BbIX TPaBM U NPUBOAATCA onpege-
NeHUA BbIBUXOB M TeMaTOM, KOTOPbIE MHOTA MOTYT NPUBOAMUTL K OTBEPLAEHWIO NPUETrAIOLLMX MATKUX TKAHeW U NPOABNATLCA B BUAE
KOCTAHbIX BbICTYNOB. [IpUBOAATCA NPUMEPbI UCCNEA0BAHMA TPABM Ha OCTaHKaX /Il0eN C MOTUIbHUKOB, PacnofoXKeHHbIX Ha 03epe
Xybcyryn B MoHronuu (12 yenosek) u B TYHKMHCKOW A0AMHe Ha Tepputopun Poccuu (3 yenoseka). OCTaHKM ntoden AaTMpytoTca
mexay cepesutoit XI u XIV Bekos H. 3. Haubonee yactble BUAbI TPABM Ha KOCTAX — 3TO MOBPEXAEHUA NO3BOHOYHMKOB, YKa3blBato-
LWMe Ha TPeOYIOLLYIO0 YCUANA aKTUBHOCTb, TaKMe KaK NOCTOAHHAA €343 Ha fowaasnx. TakxKe 3adUKCMPOBaHbI Cy4an TPaBM Ha pyKax
M B MEHbLUEN CTEMNEHU Ha HOrax. MoBpeXAeHNs B BUAE HACUIbCTBEHHbIX TPAaBM — OYEHb PeAKNU. Bo3moxKHOEe 06bACHEHME TaKuX
C/ly4yaes CBA3AHO C NOCTOAHHLIM Y4YacCTUEM B CKOTOBOAYECKOW AeATenbHOCTU. KOHOAMKT peako bbin NpuyMHON NoBcegHEBHOM
KU3HU.

Kntoueeble cnosa: naneonatonorus, TpaBma, KOCTb, nospexaerne, Knganbcko-MoHronbekuin nepuog, CesepHast MoHrosus,
CKOTOBOACTBO, €343 Ha nowaau, 03epo Xybcyryn, TYHKMHCKana 40MHa

bnazodapHocmu. ViccneaoBaHue OCYLLECTBAEHO NpY NoaaepKe rpaHTa Social Sciences and Humanities Research Council of
Canada (Ne IDG 430-2021-00013). ABTopbl TaK}Ke BblpaxKatoT 671aro4apHOCTb Y4aCTHUKAM 3KCNeAnLMiA 33 Ux paboTy Npu packonkax
MOTUAbHUKOB Ha bepery o3epa Xybcyryn u 8 MoHgax.

Ana yumupoeaHua: Yenxe fHr, HomokoHoBa T., /lozeit P.[K., XapuHckuii A.B., dpasHabaatap ., MoptHaruH M.A., Op-
runbasp C., imsepc A.P. AHanu3 Tpasmbl B bMoapxeonornun: 063op 1 Npumepbl UCCNefoBaHMit U3 Mpuxybcyryaba U TYHKUHCKON
nonvHbl [/ W3sectus Nlabopatopumn gpesHux TexHonormid. 2024, T.20. Ne 3. C. 64-89. DOI: 10.21285/2415-8739-2024-3-64-89.
EDN: LQHQTC.

1. Introduction

Trauma is injury to living body tissues caused by
external forces (Lovell, 1997; Lovell and Grauer, 2019).
Some injuries, such as fractures, can leave permanent
markers on bones even after recovery, allowing bioar-
chaeologists to evaluate their mechanisms. In turn,
understanding the mechanism of injury can reveal the
cause of trauma, which may inform on individuals’
interactions with their environments and sociocultural
contexts (Lovell and Grauer, 2019). This article will
review trauma analysis in bioarchaeology (paleotrau-
ma), including types of trauma and their interpreta-

tions. It will then present a case study to demonstrate
how trauma analysis can contribute to understanding
the past. The case study will focus on human remains
excavated from four Lake Khuvsgul cemeteries (n=12)
and two cemeteries from the adjacent Tunka Valley
(n=3). All date to the Khitan-Mongol period (mid-11-
14th centuries CE).

2. Trauma Analysis in Bioarchaeology
2.1 Types of Trauma

Because archaeological human remains are usu-
ally limited to skeletal tissues, paleotrauma typically
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reflects injuries present on bones (Judd and Rederfen,
2012). Ortner (Ortner, 2003. P.120) proposed four
types of bone injuries for archaeological remains: a
partial or incomplete break, abnormal displacement of
joints, disruption in nerve and/or blood supply, and
artificially induced abnormal shape or contour of the
bone. Lovell and Grauer (Lovell and Grauer, 2019) in-
tegrated this work with that of other scholars (Lovell,
1997; Ortner, 2003. P. 119-120; Roberts, 2006; Rob-
erts and Manchester, 2007. P.214-217) and intro-
duced one of the most popular categorizations of
paleotrauma: fracture, dislocation, ossification of soft
tissues, and extrinsically induced abnormal shape or
contour of the bone.
Fracture

Technically, the term “fracture” is broad, refer-
ring to any antemortem discontinuity of bone and
encompassing breaks, blunt and sharp force trauma,
and high-velocity projectile injuries (Christensen et al.,
2019. P. 352-363; Galloway et al., 2014b). All fractures
reflect both extrinsic factors, such as the direction,
magnitude, and rate of force applied, and intrinsic
factors, reflecting the bone’s ability to resist failure
(e.g., tissue composition, bone geometry, individual
age, and underlying pathological conditions; Brickley
and Mays, 2019; Christensen et al., 2019. P. 343-345;
Redfern and Roberts, 2019). Among these factors, the
direction of the force can suggest the mechanism of
injury. For instance, a direct collision between a rigid
object and bone typically produces depressed, trans-
verse, and comminuted (more than two fragments)
fractures, with trauma location reflecting the impact
site (Redfern and Roberts, 2019). In contrast, indirect
forces, often resulting from twisting, tension, or com-
pression, transform and propagate to affect other
bone regions, commonly giving rise to oblique and
spiral fractures, avulsion injuries (at tendon or liga-
ment attachments), and fracture-dislocations (Lovell
and Grauer, 2019; Redfern and Roberts, 2019).

Depending on the size, shape, and velocity of ob-
jects generating the force, fractures can be classified
into blunt force trauma (BFT), sharp force trauma
(SFT), high-velocity projectile trauma, or combinations
thereof (Christensen et al., 2019. P. 352). High-velocity
projectile trauma pertains to injuries caused by bul-
lets, a phenomenon that only emerged following the
widespread use of firearms. BFT is typically caused by
low-velocity forces delivered by broad and blunt sur-

faces and tends to propagate along paths of least re-
sistance until the energy generated by the force has
been dissipated (Spatola, 2015). BFT usually produces
depression in the cranium and transverse fractures in
the post-cranial skeleton (Christensen et al., 2019.
P. 345-346; Galloway et al., 2014c). SFT resembles BFT
but stems from intense compressive or shearing forc-
es concentrated in a narrow area (Christensen et al.,
2019. P. 360-361). Typical examples include cutmarks,
penetrating wounds from projectile weapons (e.g.,
arrows and javelins), and stab wounds, all of which
yield discernible modifications such as linear incisions,
punctures, gouges, and clefts (Christensen et al., 2019.
P.360-361; Tur et al.,, 2018; Vanezis, 2021. P.1). In
addition, some objects, such as axes, can produce a
combination of BFT and SFT reflecting a sharp cutting
edge and substantial weight (Vanezis, 2021. P. 1-2).
Dislocation

Dislocation is the disruption of the normal con-
nections between bones at their joints. Specifically, a
dislocation, or luxation, refers to an entire displace-
ment, while subluxation suggests that the joint is par-
tially displaced but retains some contact (Lovell and
Grauer, 2019). In bioarchaeology, dislocations can
only be directly identified if they persist long enough
for bone modifications to occur, such as the develop-
ment of secondary joints. Such dislocations are most
often documented on the hip because its socket is
relatively deep and difficult to fully restore (McKenzie
et al., 2022; Mitchell and Redfern, 2008; Plischuk et
al., 2018; Traversari et al., 2016). Severe joint dis-
placements may also be accompanied by fractures
and damage to soft tissues that may be visible on
bone. In addition, subluxation and chronic dislocation
(e.g., of the shoulder joint) can cause secondary
changes to joints and adjacent tissues, resulting in
osteoarthritis, soft tissue ossification, and even anky-
losis (joint fusion). In these cases, dislocations may be
indirectly identified (Mitchell and Redfern, 2008; Niki-
tovic et al., 2012; Osterholtz et al., 2019; Toritsuka et
al., 2007; Thompson, 2001; Zhang et al., 2022).
Ossification of Soft Tissues

Hematomas, or blood clots, usually form after
traumatic injuries and facilitate bone healing. Howev-
er, hematomas may occasionally lead to ossification
(mineralization) of adjacent soft tissues, manifesting
as irregularly shaped yet smooth bony formations or
large bony projections (Redfern and Roberts, 2019;
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Waldron, 2020. P. 80). In medical contexts, “myositis
ossificans” (MO) is a general term used to denote the
formation of bone within skeletal muscles (Walczak et
al., 2015). When the condition is triggered by trauma,
as is most common, it is referred to as “myositis ossifi-
cans traumatica” (MOT) or “traumatic myositis ossifi-
cation” (Lovell and Grauer, 2019; Walczak et al.,
2015). Unfortunately, since many ossifications do not
adhere to adjacent bones, they can be easily over-
looked during archaeological excavations (Redfern and
Roberts, 2019).
Extrinsically Induced Abnormal Shape or Contour of
the Bone

Chronic, low-grade compression can modify the
normal shape or contour of bone (Redfern and Rob-
erts, 2019). Such trauma can be either incidental or
intentional in origin, often reflecting cultural practices.
Intentionally induced alterations that produce discern-
ible anatomical changes to bone morphology include
cranial modification, foot-binding, and waist training.
Such practices are usually initiated early in an individ-
ual's life, and these practices involve the sustained
application of mild yet persistent compressive forces
that ultimately lead to enduring morphological chang-
es (Alfonso-Durrruty et al., 2015; Gibson, 2015; Mayall
et al., 2017; Seguchi et al., 2023; Stone, 2012; Stone,
2020; Tiesler, 2012; Zhao et al., 2020).
Antemortem vs. Perimortem vs. Postmortem

Trauma can be categorized as antemortem or
perimortem based on its association with the time of
death. Antemortem trauma encompasses injuries that
occurred before the death, while perimortem trauma
transpired in proximity to the time of death and may
bear direct relevance to the cause of death (Galloway
et al., 2014a; Passalacqua and Rainwater, 2015; Red-
fern and Roberts, 2019). The primary indicator of
antemortem trauma is evidence of bone reaction,
such as the formation or removal of bone tissue in the
days or weeks following the injury (Christensen et al.,
2019. P. 347). In the absence of this, trauma is peri-
mortem or postmortem. However, it is imperative to
emphasize that postmortem ‘trauma’ is not genuine
trauma because it reflects events that did not disrupt
living tissues (Christensen et al., 2019. P. 341). Post-
mortem disturbances to dry brittle bone (typically
years after death) can be identified by jagged,
stepped, or irregular margins, flaked cortex, no plastic
(smooth) deformation, and/or lighter hues of fracture

margins (Christensen et al., 2019. P. 350-351; Klaus
and Lynnerup, 2019; Redfern and Roberts, 2019).

2.2 Trauma Interpretation

The interpretation of paleotrauma primarily re-
lies on contemporary medical and forensic research,
and thereby bioarchaeologists must presume that the
mechanisms and scenarios of injury in the past are
similar to those today (Cheverko et al., 2020). Bioar-
chaeologists do not simply define an injury as “inci-
dental” or “intentional.” Instead, potential causes are
suggested with consideration for anatomical regions,
activity patterns, demographic factors, and archaeo-
logical or historical contexts.
Cranium

Cranial injuries commonly present as linear frac-
tures, depressions, and penetrations (Galloway and
Wedel, 2014a). Injuries to the vault and face are pri-
marily caused by direct, high-velocity impacts, often
resulting from assaults or accidental collisions (Barss
et al., 1984; Scott and Buckley, 2010). The facial region
is @ common target in interpersonal conflicts, particu-
larly in instances of domestic violence (Lovell and
Grauer, 2019). Among facial bones, nasal fractures are
the most prevalent due to the nose's prominent loca-
tion and relatively fragile structure (Galloway and
Wedel, 2014a). Conversely, trauma to the cranial base
typically arises from forces indirectly transmitted from
impacts to the face or nape (Galloway and Wedel,
2014a; Lovell and Grauer, 2019). In addition to frac-
tures, acute dislocations of the mandible can occur
from excessive stress during mastication, physical as-
saults, or falls where the chin absorbs the impact
(Flensborg et al., 2019; Rando and Waldron, 2012;
Shorey and Campbell, 2000; Toufeeq et al., 2019).
Vertebrae

Cervical vertebral dislocations and fractures are
typically caused by high-energy impacts, such as
strangulation and decapitation (Galloway and Wedel,
2014c). Thoracic and lumbar vertebrae, the axis of the
human body, are frequently engaged in various activi-
ties and therefore vulnerable to stress fractures, espe-
cially the more caudally they are positioned (Galloway
and Wedel, 2014c; Jurmain, 2013. P. 170-172; Plomp,
2023; Toman et al., 2016; Waldron, 2020. P. 45 and
151). For example, spondylolysis, a cleft in the neural
arch, often results from the repetitive impact of the
inferior articular process of one vertebra on the arch
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of the vertebra below it (Hu et al., 2008; Plomp, 2023;
Waldron, 2020. P. 151). Schmorl's nodes are charac-
terized by the compression of the intervertebral disc
by the vertebral endplate, leading to the prolapse of
the disc's nucleus pulposus into the adjacent vertebral
body (Faccia and Williams, 2008; Waldron, 2020.
P.45). Vertebral compression fractures refer to de-
formations of the vertebral body, distortion ranging
from subtle deformation to substantial collapse, de-
pending on the impact position (Genant et al., 1993).
Although clinical research indicates that internal fac-
tors may predispose some individuals to these inju-
ries, it also suggests that strenuous activities straining
the lower back are the primary external factor of ver-
tebral trauma (Bono, 2004; Sward, 1992; Waldron,
2020. P. 45).
Thorax and Pectoral Girdle

The thorax and pectoral girdle include the shoul-
der (scapulae and clavicles), thoracic vertebrae, ster-
num, and ribs. Vertebral trauma was discussed above,
so is not included here. The predominant cause of
trauma to the thorax and pectoral region is blunt
force. Rib fractures are most frequently linked to high-
velocity collisions, falls, and interpersonal violence,
with forces from the front or back generating oblique
or transverse fractures on the midshaft or posterior
ribs (Beshay et al., 2020; Galloway and Wedel, 2014c).
In contrast, clavicles have reduced muscular support
and are susceptible to injuries at the midshaft (Gallo-
way, 2014a). Clavicular fractures typically result from
compression forces during a fall, often accompanied
by fracture-dislocations of the upper limbs and/or ribs
(Faldini et al., 2010; Judd and Roberts, 1999; Kihlstrom
et al., 2017). Trauma to the scapula primarily occurs in
the shoulder joint (glenoid fossa and acromion pro-
cess), often including dislocations, as the result of indi-
rect forces such as falling onto an outstretched arm
(Cole, 2017; Lovell and Grauer, 2019). Fractures of the
scapular body and sternum are relatively uncommon
among thorax injuries unless subjected to direct, high-
energy impacts, usually produced by severe collisions
and violent assaults (Cole et al., 2012; Galloway,
20143; Galloway and Wedel, 2014b; Lovell and Grau-
er, 2019).
Upper Limb

Arms and hands make up our upper limbs, allow-
ing us to participate in many daily activities. Direct
blows can cause transverse or comminuted fractures,

often on the humeral or ulnar shafts (Galloway,
2014a; Judd, 2008). The indirect forces generated by
the forearm and hand can produce rotational or avul-
sive fractures and dislocations on the distal and prox-
imal ends of bones, typically resulting from falls onto
an outstretched hand or when using the arm to twist
vigorously (Galloway, 2014a). As the distal ends of our
upper extremities, hands are vulnerable to trauma
because of their lower muscle mass and their use in
manipulating objects and thwarting impacts on the
body (Galloway, 2014a). Metacarpal shaft fractures
are commonly incurred in modern populations
through punching (Brickley and Smith, 2006), while
phalangeal dislocations are usually associated with
hyperextension of the palm after a fall, direct blows,
or twisting (Chen and Kalainov, 2016). Wrist disloca-
tions are often produced by tensile forces from high-
energy impacts, causing hyperextension and dorsal
(posterior) compression of the wrist (Apergis, 2013.
P.1).
Lower Limb

Given the density of the large lower limb long
bones and the muscle mass of the thigh, leg injuries
typically result from high-energy impacts. Severe colli-
sion accidents can transmit high-energy rotational
forces from the knee to the hip, leading to femoral
and pelvic fractures and dislocations (Galloway,
2014b; Lovell and Grauer, 2019; Roca et al., 2012).
Lower leg trauma often manifests in the middle and
distal sections of the tibia and fibula. Direct impacts,
such as from high-velocity collisions, can cause trans-
verse or oblique fractures to the tibial shaft and may
extend to involve the fibula (Galloway, 2014b). Distal
tibial fractures encompass a range of breaks above
and within the ankle complex, frequently associated
with rotational and compressional forces experienced
in collisions and falls on steep slopes (Lovell and Grau-
er, 2019). Falls can also cause malleolar fractures,
commonly occurring when the foot is anchored to the
ground and the body lunges forward, resulting in
oblique, transverse, or avulsion fractures and often
accompanied by dislocations and ligament injuries
(Bowyer, 2017). The feet support and propel our bod-
ies, bearing and transmitting up to ten times our body
weight when running and jumping (Bowyer, 2017).
Fatigue fractures are the most common traumatic
injuries documented on pedal bones, particularly af-
fecting the metatarsals and their joints with the pha-
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langes of the toes (Bowyer, 2017; Welck et al., 2017).
Additionally, fractures of the toes and metatarsals are
frequently caused by heavy objects falling on the foot,
resulting in blunt force trauma (Bowyer, 2017).
Understanding Trauma Analysis and its Limitations

While the ultimate mechanisms behind pale-
otrauma cannot be definitively known (Judd and Red-
fern, 2012), the fundamental goal for bioarchaeolo-
gists is to consider all potential causes and provide the
most plausible explanations. Violent trauma, for ex-
ample, can be diagnosed through cranial and facial
fractures, defence wounds on forearms, and weapon-
induced injuries (Alvrus, 1999; Galloway and Wedel,
2014b; Judd, 2006; Lambert and Welker, 2019; Smith
and Kniisel, 2014; Sottysiak, 2017). However, it is of-
ten impossible to discern whether individuals with
such injuries were simply victims of interpersonal con-
flict or warfare (i.e., non-combatants), or participants
in such events (Judd, 2008). Conversely, accidental
injuries are usually identified by avulsion, spiral, and
oblique fractures on long bones (Alvrus, 1999; Judd
and Roberts, 1999; Cole, 2017; Mant et al., 2021).
Such injuries may result from accidents, such as a
clumsy misstep, but they can also indicate that indi-
viduals were exposed to higher levels of hazardous
circumstances, potentially influenced by occupations,
social inequality, and structural violence (Alvrus, 1999;
Bernbeck, 2008; Bright, 2020; Judd and Roberts, 1999;
Lambert and Welker, 2019; Mant, 2019; Scott and
Buckley, 2010).

Moreover, occupational trauma is typically diag-
nosed by injuries caused by repetitive and/or strenu-
ous activities, such as vertebral injuries, fatigue frac-
tures on pedal bones, and specific types of trauma
related to the social background, such as animal-
related trauma in rural or pastoral populations
(Berthon et al., 2023; Galloway and Wedel, 2014c;
Glosten, 2015. P.177-182; Karapetian, 2021; Mans-
field and Wroten, 2021; Waldron, 2020. P. 45). It can
be challenging to distinguish between trauma arising
from exploitation associated with social stratification
and that resulting from the burdensome demands of
seeking out a livelihood to overcome environmental
conditions (Klaus, 2012; Knisel, 2000). Additionally,
these injuries are usually nonfatal, making it difficult
to accurately estimate the timing or sequence of these
antemortem traumatic lesions if all are fully healed
(Judd, 2008). Many other factors, such as aging (e.g.,

osteoporosis), genetic susceptibility, and malnutrition,
can also contribute to injury, necessitating a more
prudent interpretation of paleotrauma (Alghamdi et
al., 2014; Cunningham et al., 2016. P. 32; Waldron,
2020. P. 118).

3. Case Study - Lake Khuvsgul and Tunka Valley
Cemeteries
3.1 Materials and Methods

Can the analysis of paleotrauma help us under-
stand Khitan-Mongol populations from northern
Mongolia and the Tunka Valley? Here, we examine
trauma on human remains excavated from the ceme-
teries of Nogoon Gozgor 1, Urd-Khiar 1 and 2, Zun
Khiaryn Denzh 1, and Mondy 1 and 5. The first four
sites, situated on the northeastern shore of Lake Khu-
vsgul, Mongolia (Figure 1), were excavated between
the late 1990s and 2019 by researchers from Irkutsk
National Research Technical University (INRTU) and
Ulaanbaatar University (Kharinskii and Erdenebaatar,
2011; Kharinskii et al., 2020; Orgilbayar et al., 2018;
Orgilbayar et al., 2019). Common grave goods include
sheep bones and iron weapons and tools, and some
individuals were found covered with birch bark or
placed in wooden coffins (Kharinskii and Erdenebaa-
tar, 2011; Kharinskii et al., 2020; Kharinskii et al.,
2023; Kharinskii 2023; Orgilbayar et al., 2019). The
Mondy 1 are 5 cemeteries are located on the west-

Russia

“Mongolia

Fig. 1. Geographical locations of Lake Khuvsgul cemeteries
(K) and Mondy 1 and 5 (M) in the Tunka Valley. Graphed by
Google Earth and ArcGIS
Puc.1. Feozpaghuyeckoe mecmoHaxoxcdeHue Mo2unbHUKO8
Ha o3epa Xybcyayn (K) u MoHObl 1 u 5 (M) 8 TyHKUHCKOI
donuHe. Kapma cdenaHa c ucnonsiosaHuem Google Earth
u ArcGIS
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ernmost point of the Tunka Valley, Russia (Figure 1),
~20 km northeast of the Khuvsgul cemeteries. The
cemetery was excavated in 2020-21 by scholars from
INRTU (Kharinskii and Portniagin, 2021). The Tunka
Valley served as an important corridor for migrations
and trade between the Baikal Region and northern
Mongolia since the late Pleistocene (Kozyrev et al.,
2014; Losey et al., 2016; Shchetnikov et al., 2019).
Indeed, artifacts from Mondy 1 are highly comparable
with those from the Khuvsgul cemeteries, implying
their close connection in the past (Kharinskii and
Erdenebaatar, 2011; Kharinskii et al., 2020; Kharinskii
et al., 2022; Kharinskii et al., 2023).

Twelve individuals were excavated from the Khu-
vsgul cemeteries, while three came from the Tunka
Valley. All deceased were interred in burial pits dating
to the Khitan-Mongol period, from the mid-11th
through 14th centuries CE (Kharinskii and Erdenebaa-
tar, 2011; Kharinskii et al., 2022; Kharinskii et al.,
2023). Age at death estimations focused on cranial
and palatal suture closure (Meindl and Lovejoy, 1985),
traits of the pubic symphysis (Brooks and Suchey,
1990), and iliac auricular surface (Buckberry and
Chamberlain, 2002; Meindl and Lovejoy, 1985) and,
for non-adults, on skeletal development (Buikstra and
Ubelaker, 1994; Schaefer et al., 2009). Sex estimation
was mainly based on morphological features of the
cranium, mandible and pelvis (Buikstra and Ubelaker,
1994; Phenice, 1969). Of the 15 individuals, 13 were
adults (20+ years), and two were post-pubescent non-
adults (15-20 years). Four were estimated to be fe-
males, eight to be males, and three were undeter-
mined (Figure 2, Table 1). For each individual, bone
representation indices were calculated after Dodson
and Wexlar (Dodson and Wexlar, 1979). Trauma doc-
umentation was macroscopic and non-invasive. Fol-
lowing the guidance of Redfern and Roberts (Redfern
and Roberts, 2019), lesion type, location, healing pro-
cess, and other noteworthy observations were rec-
orded (Table 1).

3.2 Results and Discussion

A total of 39 injured bones (Figure 3A) were iden-
tified from 10 individuals, including seven males, two
females, and one of unknown sex. One individual was
non-adult, one young adult (25-35 years), and eight
were middle or older adults (35+ years). Vertebral
lesions were the most prevalent, present on all 10

affected individuals. These vertebral injuries included
two cases of spondylolysis, four vertebral compression
fractures (VCF), and 24 cases of Schmorl's nodes (Fig-
ure 3B). No cranial trauma or perimortem injury was
identified. Three individuals exhibited trauma in the
thorax and pectoral girdle, two having healed clavicle
fractures and the third healed fractures to five right
ribs. Finally, two individuals had injuries to the limbs,
one on the left radius and the second on a right meta-
tarsal.

Given the limited sample size (n=15), discussion
will focus on the interpretation of paleotrauma at the
individual level. Clear evidence of violence, such as
weapon-induced perimortem trauma and defence
wounds, was not observed in this study. Historical
records suggest that tensions among the tribes of the
Mongolian steppe began to escalate in the early 12th
century and persisted until 1206 CE, culminating in
Chinggis Khan's victory and the establishment of the
Mongol Empire (May, 2022; Togan, 2022a; Togan,
2022b). Therefore, the absence of violent trauma in
the sample may imply that northern Mongolia and the
Tunka Valley experienced less conflict compared to
contemporaneous populations further south, and that
this relative peace was maintained after the estab-
lishment of the Mongol Empire.

The only potentially violent event is suggested by
the five fractured ribs of an individual from Urd-
Khiar 1 (Figure 4). However, the mechanisms of rib
trauma are complex and can result from collisions,
falls, interpersonal conflict, and even pathological
conditions (Beshay et al., 2020; Brickley and Smith,
2006; Lovell, 1997). Notably, high elevation falls and
violent encounters typically result in multiple injuries
to the cranium and extremities simultaneously (Judd,
2002; Petaros et al., 2013), a pattern not observed in

Number of Individuals

" YonofAgeatDatn
Fig 2. Demographic profile of the Khuvsgul and Tunka Valley
cemeteries (n=15)

Puc. 2. lemoepaghuyeckue OaHHbIE M0 MO2UAbHUKAM C
nobepexba ozepa Xybcyayn u TYHKUHCKOU 00AUHbI
(15 uenosek)
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Table 1. Bioarchaeological information for the Khuvsgul and Tunka Valley cemeteries
Tabauya 1. Buoapxeonoruyeckas MHpopmauma ¢ Xybcyrynbckux u TYHKUHCKUX MOTU/IbHUKOB

Site and Individual/ |Age at Death [Sex |Bone Representation Trauma Documented

Burial (B) (in years) Index t

Mondy 1 B.1 (Tunka |17-20 M |0.51 Six L vertebrae; L6 vertebra: bilateral

Valley) spondylolysis

Mondy 1 B.2 (Tunka |20+ * 0.03

Valley)

Mondy 5B.1 (Tunka |25-35 M 0.32 L clavicle: healed fracture of acromial

Valley) shaft; one L vertebra: Schmorl's node and
compression fracture

Nogoon Gozgor 1 B.3 |20+ * 0.06

(Khuvsgul)

Nogoon Gozgor 1 B.4 |25-35 M 0.55

(Khuvsgul)

Nogoon Gozgor 1 B.5 |45-60 F 0.37 Distal L radius shaft: healed fracture;

(Khuvsgul) T12-L1, and L5 vertebrae: Schmorl's
nodes

Nogoon Gozgor 1 B.6 |16-18 F 0.26

(Khuvsgul)

Urd-Khiar 1 B.9 35-50 M 0.79 Five R rib shafts (second rib and four mid-

(Khuvsgul) level ribs): healed fractures (bony spurs
on three); T8-T11 and L1 vertebrae:
Schmorl's nodes

Urd-Khiar 2 B.21 40-50 M 0.61 L5 vertebra: bilateral spondylolysis; three

(Khuvsgul) T vertebrae: Schmorl's nodes

Urd-Khiar 2 B.23 25-35 F 0.65

(Khuvsgul)

Urd-Khiar 2 B.24 35-50 F 0.74 R clavicle: healed fracture of acromial

(Khuvsgul) shaft; one T and one L vertebrae:
Schmorl's nodes

Urd-Khiar 2 B.26 35-50 M 0.42 C6 vertebra: compression fracture with

(Khuvsgul) fusion of C5-7; T7-8 vertebrae: Schmorl's
nodes

Zun Khiaryn Denzh 1 |35-50 M 0.72 T11-12 vertebrae: compression fracture;

B,1 (Khuvsgul) T12 vertebra: Schmorl's node

Zun Khiaryn Denzh 1  |40-50 M 0.45 T9 vertebra: Schmorl's node

B,2 (Khuvsgul)

Zun Khiaryn Denzh 1 |35-45 * 0.35 R metatarsal 2: healed fracture of proxi-

B.9 (Khuvsgul) mal shaft; four T and L4-5 vertebrae:
Schmorl's nodes

Sex: M, male; F, Female; * undetermined. t Bone Representation Index: the absolute presence or absence of individual skele-
tal elements compared to the number of elements if fully preserved (Dodson and Wexlar, 1979). For example, an index of 1.0
would represent a skeleton with all elements present (though not necessarily complete). Trauma Documented: L, left side; R,
right side; C, T, and L vertebrae: cervical, thoracic, and lumbar, respectively.
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Fig. 3. Locations of observed traumatic lesions within the
sample, with number of affected skeletal elements indicated
and types of vertebral trauma and their distributions. VCF:
vertebral compression fractures. Images were produced by
Visible Body Suite (Version 4.31; 2023). Retrieved July 18,
2024, from www.visiblebody.com
Puc. 3. PacnonoxceHue mpasmamuyeckux nopaxceHuli y
aHanusupyemoix uHOUBUAYYMO8 C yKazaHUem Konuvyecmea
nopaxceHuii u sudoe mpasm u ux pacnpedeneHue. VCF:
vertebral compression fractures (no36oHo4HbIli
KomnpeccuoHHbIl nepenom). PucyHok coenaH 18 urona 2024
2. c nomowbto Visible Body Suite (sepcus 4.31; 2023),
www.visiblebody.com

2 d

this skeleton. Therefore, it is more likely that a sudden
high-energy collision caused the rib fractures. Given
that mounted pastoralism was the fundamental sub-
sistence strategy for the Khitan-Mongol populations,
interactions with domestic animals, such as being
crushed or kicked by large livestock or falling from a
galloping horse, could be responsible for such an inju-
ry. Contemporary medical records reveal that strikes
and kicks from large livestock are common causes of
animal-related injuries, with chest trauma being a fre-
quent consequence (Bury et al., 2012; Busch et al.,
1986).

The Urd’-Khiar 1 individual’s rib fractures are ful-
ly healed, indicating that they occurred at least several
months before death. While it’s not possible to say
whether they reflect one or more traumatic events,
three of the four mid-level ribs have two fractures
each on the same region of their anterior midshafts,
suggesting a single severe occurrence. Rib trauma is
often accompanied by damage to the respiratory and
circulatory systems, which can lead to difficulty
breathing and vascular disruption, resulting in hemo-
thorax and pneumothorax (Brickley and Smith, 2006;

Fig. 4: Multiple healed right rib fractures, Urd’-Khiar 1, Burial 9, anterolateral views. Red arrows indicate fracture calluses. Note
that three mid-level ribs each have two fracture calluses on their anterior midshafts (close-up images on the right)
Puc. 4. MHox}cecmeeHHble cpocuiuecs nepesanomel npassix pebep ¢ Ypo-Xap 1, noepebeHue 9 (anmepuo-namepansvHele
npoekyuu). KpacHele cmpenku yKa3sviearom 3ameepdeHus nepesnomos. 06pamume 8HUMaHue, Ymo cepedUuHd Kax 0020
u3 mpex pebep umeem no 0ea 3ameepdeHus om nepesomMos Ha aHmepuanbHoii cmopoHe (U306paxceHUa KPYMHbIM
naaHom cnpasa)
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Morgan et al., 2022; Oyetun;ji et al., 2013; Tumler et
al., 2019). Medical records indicate that breaking
more than three ribs in a single event is usually associ-
ated with severe visceral trauma and even death
(Shkrum and Ramsay, 2007. P.428). Therefore, the
presence of healed fractures on five ribs—at least
three of which may have occurred simultaneously—
suggests that this person received considerable
treatment and care from others over an extended
period.

Lower limb trauma, a healed metatarsal fracture,
was observed on only one individual. Injuries in the
lower limbs are typically caused by spiral and bending
forces resulting from strenuous activities such as
jumping, slipping, kicking, and running (Bowyer, 2017;
Galloway, 2014b; Lovell and Grauer, 2019; Roca et al.,
2012). Archaeological and historical records indicate
that horseback riding was a significant aspect of daily
life on the eastern Eurasian steppe since the Bronze
Age (Eng, 2016; Honeychurch, 2013; Honeychurch et
al., 2021; Kradin, 2011; Taylor et al., 2015), with most
equestrian injuries today and in the past occurring on
the upper body (Andelinovi¢ et al., 2015; Ball et al.,
2007; Berthon et al., 2021; Paix, 1999; Wentz and de
Grummond, 2009). Therefore, the low prevalence of
lower limb trauma in the skeletal assemblage is con-
sistent with mounted pastoralism and may suggest
that horseback riding reduced the risk of injury to the
lower body. The single metatarsal fracture could be a
fatigue injury, resulting from overexercise, or a blunt
force injury, such as from a heavy falling object or a
large animal hoof (Bowyer, 2017). Both bioarchaeo-
logical and modern clinical studies report cases of an-
imal-induced trauma to pedal bones (Lee and Steen-
berg, 2008; Pedersen et al., 2019; Watts and Meisel,
2011).

Falls are among the most common causes of frac-
tures and dislocations in bioarchaeology and modern
medicine (Alvrus, 1999; Lovell, 1997; Lovell and Grau-
er, 2019; Unguryanu et al., 2020). In this research, two
clavicle fractures and one radius fracture were likely
caused by falls. The radius fracture, occurring on the
distal shaft (Figure 5), is probably a Colles’ or Smith’s
fracture, because of the dorsal angulation of the
bone’s distal end. Although it is difficult to determine
which because bone remodelling has obscured the
fracture line, both types are caused by a strong shear-
ing force against the wrist, typically associated with a

fall onto an outstretched or flexed hand (Judd, 2008).
Clavicle fractures typically reflect compression forces
resulting from falls where forces impact the shoulder
(Judd and Roberts, 1999; Kihlstrom et al., 2017). It is
possible that these three injuries reflect horseback
riding accidents. Falling from a galloping horse will
throw the rider forward, making the upper body the
first to make contact with the ground. While clavicle
and facial fractures are the most common, they are
followed by trauma to the forearm (Altgarde et al.,
2014; Ball et al., 2007; Berthon et al., 2021; Lee and
Steenberg, 2008; Wentz and de Grummond, 2009).

All ten injured individuals exhibited vertebral
trauma, with seven of them having more than one
affected vertebra. Schmorl’s nodes (Figure 6.1) were
the most frequent type of injury, affecting 17 thoracic
and seven lumbar vertebrae in nine individuals. The
etiology of Schmorl’s nodes is complex. While genet-
ics, age, vertebral shape, and body weight can predis-
pose certain individuals, the primary cause is repeti-
tive and strenuous movement (Jurmain, 2013. P. 165-
167; Plomp et al., 2015; Plomp, 2023). Schmorl’s
nodes typically occur in the lower thoracic and lumbar
vertebrae, with activities involving extensive use of
the waist and back muscles, such as lifting, loading,
and military training, being direct triggers (Burke,
2012; Waldron, 2020. P. 45; Zhang et al., 2017). Addi-
tionally, habitual horseback riding may contribute to
the high prevalence of Schmorl’s nodes in skeletal
samples. Experienced riders lower their center of grav-
ity to maintain balance on a galloping horse, causing
repetitive hyperextension and rotation of the lower
back and hips. This posture can result in the lower
spine bearing around 65 % of the rider’s weight, mak-
ing it susceptible to fatigue injuries, such as Schmorl’s
nodes (Andelinovi¢ et al.,, 2015; Berthon, 2019;
Berthon et al., 2019; Glosten, 2015. P. 177-182).

Four cases of vertebral compression fractures
(VCF; Figure 6.2-6.3)—one cervical, two thoracic, and
one lumbar—were observed in three individuals. Simi-
lar to Schmorl’s nodes, VCF often occur in thoracol-
umbar vertebrae and have multiple etiologies, includ-
ing age, sex, and pathological conditions such as oste-
oporosis. However, high-energy trauma that exerts
excessive strain on the spine is the primary external
cause (Curate, 2014; Genant et al., 1993; McCarthy
and Davis, 2016). Contemporary medical records indi-
cate that osteoporosis is the most common cause of
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Fig. 5: Anterior (left) and posterior (right) views of the left and right radii of Nogoon Gozgor 1, Burial 5. The left radius exhibits a
healed fracture of the distal shaft (indicated by the red circles); the right radius is unaffected
Puc. 5. AumepuanbHelli (cneea) u nocmepuansHeilii (cnpasa) sudsi nesoii u npasoii ayyeswix Kocmeli c HozooH lo320p 1,
nozpebeHue 5. Ha neeoli ny4yesoii Kocmu 3agukcuposaH 3axcuswuli nepeaom Ha ducmansHoli yacmu duadgpusa (0603HaveH
KpacHbIMU KpyXKamu); npaeds ayveeas Kocme 6e3 nospexcdeHuii

VCF, particularly in females. Among patients younger
than 80 years, most VCF result from falls and collisions
(Donnally et al., 2023; Hoyt et al., 2020). In bioarchae-
ology, VCF in non-elderly individuals, especially males,
are typically attributed to strenuous activities and pro-
longed mechanical stress unless relevant pathological
conditions are also observed (Jiménez-Brobeil et al.,
2010; Kubo et al., 2024; Thomsen, 2022). The three
individuals diagnosed with VCF in this research are
males aged between 25 and 50 years. Therefore, ex-
ternal forces such as hyperextension, falls, and lifting
are more likely to account for the VCF in these cases.
Notably, one case of VCF was observed on the
sixth cervical vertebra on an individual with fused C5-
7 (Figure 6.3). Cervical compression fractures are rare
due to their anatomical shape, low weight bearing,
and increased range of motion (Zmurko et al., 2003).
Modern clinical reports indicate that most cervical VCF

are caused by hyperflexion or hyperextension during
falls and collisions (Galloway and Wedel, 2014b; Leng
et al., 2010; Okereke et al., 2021; Zmurko et al., 2003).
A plausible explanation for this case is a horseback
riding accident. An investigation into equestrian inju-
ries revealed that approximately 25 % of riders who
sustained head injuries also had neck injuries (Sandi-
ford et al., 2013). The fusion of the vertebrae is likely a
complication following the compression fracture,
where blood enters the joint and increases the risk of
ankylosis (Waldron, 2020. P. 146), or through ligamen-
tous ossification or abnormal new bone formation
during the healing process (Klaus and Lynnerup, 2019).
It's also possible that certain joint diseases caused the
vertebral fusion, whether related to the injury or not
(Sieper et al., 2002; Waldron, 2020. P. 57-59).

Finally, two individuals exhibited spondylolysis
(Figure 6.4) on the L5 and L6 vertebrae, respectively.
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Fig. 6. Examples of vertebral trauma: 1) large Schmorl’s node on the superior centrum of T7 vertebra, Urd’-Khiar 2 Burial 26 (right
superior view); 2) T9-12 vertebrae, Zun Khiaryn Denzh Burial 1, with compression fracture of T12 (right lateral view); 3) C5-7
vertebrae, Urd’-Khiar 2, Burial 26, with compression fracture of C6 and fusion of C5-7 (anterior left view on left, posterior view on
right; 4) L5 vertebra of Urd’-Khiar 2, Burial 21, with complete bilateral spondylolysis and posterior arch missing postmortem
(posterior view with superior centrum up in top image and inferior centrum up in bottom image)

Puc. 6. lMpumepbi mpasm No380HOYHUKA: 1) KpynHbili y3en LLmMopas Ha 8epxHem yeHmpe no3goHKa T7 ¢ Ypo-Xap 2, nozpebeHue
26 (sud ceepxy u cnpasa); 2) T9-12 no3eoHKU ¢ 3yH XapbiH [eHx, noepebeHue 1, ¢ KomnpeccuoHHbIM nepeasomom T12 (8ud cnpasa
u cboky); 3) C5-7 nozeoHKu ¢ Ypd-Xap 2, noepebeHue 26, ¢ KOMIpPeccuoHHbIM nepeanomom C6 u cpaujeHuem C5-7 (sud cnesa
u cnepedu, cnpaea u c3adu); 4) no3eoHoK L5 ¢ Ypd-Xap 2, noepebeHue 21, ¢ noaHbIM 08YCMOPOHHUM CTOHOUO0AU30M
u omcymcmeuem nocmepuasnsHoli Oyau (8ud c3adu: 8epxHull ueHmMp 88epXy Ha BEPXHEM U300PAXEHUU U HUXCHUL yeHmp egepxy
HO HUMtHem u306paxceHuu)

Spondylolysis is a condition associated with human
bipedalism, triggered by repetitive habitual or strenu-
ous movements involving lateral flexion and hyperex-
tension of the lower back (Hu et al.,, 2008; Plomp,
2023; Waldron, 2020. P. 151). This type of trauma is
prevalent across various societies, including agrarian,
foraging, and industrialized communities, and can be
caused by a wide range of activities (Fibiger and
Knisel, 2005; Lessa, 2011; Karapetian, 2021; Tipper et
al., 2023). Although modern clinical research has not
demonstrated a positive correlation between habitual
horseback riding and spondylolysis (Kraft et al., 2009),
falling from a horse can trigger such an injury (Karatas

et al., 2016), providing additional explanations for its
occurrence.

Additionally, the traumatic injuries discussed
above may have been caused by various other labour-
intensive activities, including seasonal cultivation and
metallurgy, which can be traced back to the first mil-
lennium BCE (Honeychurch et al., 2021; Hsu et al.,
2020; Svyatko et al., 2017; Wilkin et al., 2020). Con-
struction activities may also contribute to the ob-
served trauma, given that some earlier habitation sites
in the central Mongolian steppe began to urbanize
into sedentary centers following the establishment of
the Mongol Empire in the 13th century CE (Kradin et
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al., 2016; Erdenebat et al., 2022). These factors should
be considered alongside pastoral activities as potential
causes of occupation and accidental trauma. Finally, it
is worth pointing out that, despite our small sample
sizes, males were more likely to exhibit traumatic le-
sions (7 out of 8, or 88 %) than were females (2 out of
4, or 50 %). This is consistent with both bioarchaeolog-
ical and clinical research indicating that trauma is
more common among males, especially young males,
reflecting their more frequent engagement in high-risk
activities and occupations (Bono, 2004; Karapetian
2021; Mansfield and Wroten, 2021; Sward, 1992;
Waldron, 2020. P. 45).

4, Conclusion
In summary, this paper reviewed the classifica-
tion and interpretation of paleotrauma on human re-
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