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Abstract

Joint disease is one of the most common bone changes identified in skeletal populations. This paper presents a
methodological discussion of the medical and bioarchaeological grading systems for describing intervertebral disc
disease (IDD). A comparison of the bioarchaeological and medical grading systems helps to estimate the impact of
IDD in the spine on the functioning of an individual and potential disability. The case study is focused on a male
from the 14th to 16th centuries CE (late medieval and early modern period) who was buried in Lekno, Poland. The
cemetery in the L.ekno settlement complex consists of approximately 400 burials of Cistercian monks and local
people. The individual was buried in the same body position and orientation as contemporaries. Analysis of the
lesions in specimen indicate mild, moderate and severe IDD, classified as grades 1 to 3 on the Bioarchaeological
Intervertebral Disc Disease Grading System. Moreover, the analysis indicated osteoarthritis, possibly early stage
of DISH and healed and stable fracture of the left clavicle. Archaeological context and texts were used to evaluate
the possibility that this individual was disabled. The spinal disease might have caused limitations of flexibility
and temporal and chronic pain. This would become more evident as the age of the individual progressed. The
individual could be regarded as sick and temporarily unable to work, thus needing help and healing. Due to his
challenging conditions, it seems that he was cared for and supported by family, other people from the village and/
or the Cistercian Order.
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Zusammenfassung

Gelenkerkrankungen sind eine der haufigsten Knochenveranderungen, die in Skelettpopulationen festgestellt wer-
den. In diesem Beitrag wird eine methodische Diskussion der medizinischen und bioarchédologischen Klassifizie-
rungssysteme zur Beschreibung von Bandscheibenerkrankungen (Intervertebral Disc Disease — IDD) vorgestellt.
Ein Vergleich der bioarchdologischen und medizinischen Einstufungssysteme hilft, die Auswirkungen von IDD in
der Wirbelsaule auf die Funktionsfahigkeit einer Person und eine mogliche Behinderung abzuschatzen. Die Fallstu-
die konzentriert sich auf einen Mann aus dem 14. bis 16. Jahrhundert u. Z. (Spatmittelalter und frithe Neuzeit), der
in Lekno, Polen, bestattet wurde. Der Friedhof im Siedlungskomplex von t.ekno besteht aus etwa 400 Grabern von
Zisterziensermonchen und Einheimischen. Das Individuum wurde in der gleichen Korperposition und -ausrichtung
wie seine Zeitgenossen bestattet. Die Analyse der Lasionen in der Probe deutet auf eine leichte, mittelschwere und
schwere Bandscheibenerkrankung hin, die nach dem bioarchédologischen Klassifizierungssystem fiir Bandschei-
benerkrankungen als Grad 1 bis 3 eingestuft werden. Dariiber hinaus deutet die Analyse auf Arthrose, moglicher-
weise ein frithes Stadium von diffuser idiopathischer Skeletthyperostose (DISH) und eine verheilte und stabile
Fraktur des linken Schliisselbeins hin. Zur Beurteilung der Moglichkeit einer Behinderung wurden archédologische
und schriftliche Quellen herangezogen. Die Wirbelsdulenerkrankung konnte zu Einschrankungen der Beweglich-
keit und zu voriibergehenden und chronischen Schmerzen gefiihrt haben. Dies wiirde mit zunehmendem Alter des
Individuums deutlicher werden. Die Person konnte als krank und voriibergehend arbeitsunféhig betrachtet werden,
so dass sie Hilfe und Heilung benétigte. Aufgrund ihres schwierigen Zustands wurde sie anscheinend von der
Familie, anderen Personen aus dem Dorf und/oder dem Zisterzienserorden gepflegt und unterstiitzt.

Schlagwérter

Wirbelsdulenerkrankung, Behinderung, Paldopathologie, Geschichte, Zisterzienserorden

Introduction

Many definitions and three main models of disability were developed over the past decades. The medical model
recognizes that it is physical or mental limitations that cause disability (Barnes and Mercer 2010). On the other
hand, the social model recognizes that there are social expectations of the “able-bodied” in society that affect the
lifestyle of an individual. The “able-bodied” members of a society create social, cultural, legal, or political barriers
that prevent people with impairments from fully participating in society. It is these barriers that cause disability.
In turn, the multifactorial or mixed model reconciles medical and social dimensions of disability (Beaudry 2020).
It indicates that disability is the result of many factors (individual and environmental) and covers different dimen-
sions of disability under one definition. A well-known example of a multifactorial model is the WHO biopsycho-
social model, in which “disability and functioning are viewed as outcomes of interactions between health condi-
tions (diseases, disorders and injuries) and contextual factors (environment and personal factors)” (WHO 2002: 10).

Bioarchaeological studies reflect these models. In the early years, the medical model anchored bioarchaeological
studies that assessed disability based only on pathological changes visible on bone (e.g., Trinkaus 1983; Spoor
et al. 1998; Murphy 2000). Some recent research continues to adopt this approach (e.g., Conlogue et al. 2017). In
the last years, however, researchers have been moving towards a socio-cultural definition of disability and conside-
rations of identity (e.g., Boutin 2016; Lovell 2016; Cormier and Buikstra 2017). It is emphasized that disability is a
socio-biological condition resulting from the attitude of society towards a person with impairment (e.g., Dettwyler
1991; Finlay 1999; Zakrzewski 2014; Tilley 2015; Boutin 2016). Bioarchaeologists agree that the recognition
of disability depends on cultural contexts and social norms. The Bioarchaeology of Care paradigm fits into the
multifactorial model of disability and defines disabled as individuals having significant physical impairments that
prevented them from meeting social demands fully and therefore needed care to survive (Tilley 2015; Tilley and
Schrenk 2017). We agree that, especially in bioarchaeology, which examines the physical dimension of impair-
ment, the biological factor of disability is essential. The archaeological context and the attitudes of contemporary
people must be considered as well in the (re)construction of the disability experience. Therefore, the multifactorial
model seems to be the most appropriate for bioarchaeological research because it considers physical impairment
relative to social expectations in the past.
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There are currently between one billion people (~ 15%) with disabilities worldwide (The World Bank 2021a),
which is a significant part of the society. Lower back pain (LBP) due to spinal diseases is one of the most com-
mon forms of disability in Western society with a high economic burden (e.g., loss of income, medical costs) and
a major impact on wellbeing (i.e. decreased quality of life) (Raastad et al. 2015; see also Candotti et al. 2015;
Plomp 2017). Only after World War Two was LBP recognized as a disability, and today it is a global scale problem
(Allan and Waddell 1989). However, its history is much longer, going back to ancient times. LBP was recognized
in ancient Egypt, as evidenced by the Edwin Smith papyrus (ca. 1500 BC, Allan and Waddell 1989). Galen of
Pergamon (ca. 150 AD) and his disciples defined back pain as symptomatic of many illnesses and also as one of the
pains that affected joints and muscles. In later times, however, infectious diseases, plagues, malnutrition, and high
mortality were bigger health problems for short-lived societies than LBP (Allan and Waddell 1989). It was only
during the construction of the railroad and during the industrial revolution in the 19th century that heavy physical
work caused the LBP to grow on a massive scale. The first compensation and lawsuits for work injuries appeared
at that time (Allan and Waddell 1989). The main cause of LBP from the 19th century is unknown, but it might be
assumed that one of the reasons was spinal joint disease.

Spinal joint diseases such as osteoarthritis and spondylosis are frequently observed in archaeological populations
(Rogers and Waldron 1995; Waldron 2012; Yustos et al. 2021). Spondylosis, degenerative or intervertebral disc
disease, also known as intervertebral osteochondrosis and vertebral osteophytosis, is a degenerative condition of
the disc and vertebral bodies (Plomp 2017; Kinkopf et al. 2021). The intervertebral disc is a component of a spinal
“motion segment” that includes the facet joints. Intervertebral disc disease (IDD) is a distinct but functionally
related condition to facet joints osteoarthritis (Gellhorn, Katz and Suri 2013). IDD is characterized by marginal
osteophytes of the vertebral bodies, coarse pitting, and new bone growth on the superior and inferior surfaces of
the vertebral bodies (Waldron 2009; Burt et al. 2013). IDD is most frequently found in lower cervical, upper thora-
cic and lower lumbar sections of the spine. Schmorl’s nodes are frequently associated with IDD and are recognized
as depressions on the upper or lower surfaces of the vertebral bodies (Rogers 2000). They are most common in the
lower thoracic and lumbar regions (Waldron 2009).

Archaeological studies focus on the description of joint disease prevalence in the past populations, e.g., spon-
dylosis in the cervical spine in individuals from medieval Germany (Weber et al. 2003). Some studies present
methodological approaches to degenerative joint disease (DJD); for example, Yustos et al. (2021) analysed DJD
in spines including IDD from comingled remains. There are also studies that focus on biocultural approaches to
DJD. For instance, Sofaer Derevenski (2000) discussed whether gendered division of labour had an impact on sex
differences in the distribution of osteophytosis of the vertebral bodies and vertebral DJD in medieval Wharram
Percy (England) and modern Ensay (Scotland). Kinkopf et al. (2021) investigated whether economic access influ-
enced vertebral osteophytosis and vertebral osteoarthritis at rural late medieval Villamagna in Italy. Plomp (2017)
adopted a theoretical approach in discussing how pathological changes causing back pain may have led to disabi-
lity without, however, presenting case studies. There is a need to take the next step forward and move beyond the
description of DJD and IDD of the spine to investigating the problem of its impact on disability and quality of life.
Domett et al. (2017) presented the impact of osteoarthritis in peripheral joints on quality of life and disability using
materials from prehistoric Thailand. However, there is a need to conduct such studies for spinal DJD including
IDD. This article aims to (re)construct the impact of spinal disease with special emphasis on IDD on the quality of
life and possible impairment or disability of an individual from medieval and early modern Poland.

There are bioarchaeological grading systems for osteophytosis of vertebral bodies (Sofaer Derevenski 2000;
Weber et al. 2003; Kinkopf et al. 2021; Yustos et al. 2021), but none have been compared to medical grading
systems in assessing the impact of lesions on quality of life and disability. Medical studies link grades of spinal
disc disease to chronic pain and disability. If we compare the bioarchaeological grading system for disc disease
of the spine with the medical grading system, we gain insights into which disc disease grades visible on the bones
may have led to pain and contributed towards disability in the past.

This article has several goals: 1) a methodological discussion of the medical and bioarchaeological grading
systems for describing IDD in the spine; 2) a comparison of the bioarchaeological and medical grading systems
to estimate the impact of IDD in the spine on the functioning of an individual and potential disability; 3) presen-
tation of how IDD in the spine could have an impact on the life of an individual from the late medieval and early
modern periods in Poland; 4) addressing through contemporary medieval and early modern Polish literature whether
back pain was recognized as an impairment or disability in Poland at that time. This article is deeply grounded in
palaeopathological, medical, archaeological and historical research, and thus has both an interdisciplinary and
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biohumanistic dimension. This study has value for archaeological research because it moves beyond palaeopatho-
logical description and facilitates an understanding of its potential impact on past human lives from the perspective
of those societies in which individuals lived rather than imposing modern perceptions of what constituted disabil-
ity in the past.

Methods

Age and Sex Estimation, Stature

Biological sex was estimated by examining the morphological characteristics of the pelvis and cranial morpho-
logy (Phenice 1969; Buikstra and Ubelaker 1994; Klales et al. 2012). Age-at-death was estimated by assessing
morphology of the pubic symphysis, auricular surface and cranial sutures using Transition Analysis 2 (Boldsen
et al. 2002). Palaeopathological analysis followed Buikstra and Ubelaker (1994). Stature was estimated using the
Breitinger method (1937).

The Bioarchaeological Intervertebral Disc Disease Grading System

In the case of the spine, degenerative changes include both the diarthrodial and the amphiarthrodial joints. The
last-mentioned involves intervertebral disc degeneration, which is characterized radiologically by the presence
of osteophytes, endplate sclerosis, and disc space narrowing. In clinical studies disc space narrowing is the most
frequently investigated radiographic feature, while osteophytes and end plate sclerosis are least often studied
(Raastad et al. 2015). In archaeological investigations osteophytes and pitting on the inferior or superior surface of
the vertebral bodies are most commonly examined to assess IDD (Waldron 2009). Disc space narrowing cannot be
observed in osteological material, and thus it cannot be investigated in archaeology. This presents a disadvantage
in a palaeopathological study.

Osteophytes are formation of bony spurs of initial horizontal orientation extending from vertebral bodies.
Horizontally oriented osteophytes develop on the anterior margin of the vertebral body to stabilize the compro-
mised disc joint. The development of vertebral osteophytes is related to age, sex and physical activity. Interver-
tebral disc degeneration involves changes in “disc composition and biochemistry, as well as accumulated tissue
damage due to multiple age progressive stressors, including avascularity resulting in oxidative injure, high magni-
tude mechanical compression at high frequencies or for prolonged duration, and depleted cellular waste disposal
due to acidic, hypertonic, and/or oxidative joint microenvironment” (Kinkopf et al. 2021: 501). Research suggests
“there is a complex series of cellular mechanisms central to a cycle of phenotypic change in the disc and centra,
affecting and affected by the amplification of inflammatory pathways and sensitization via neutrophils and other
inflammatory mediators [...]. The initiation of degenerative changes in the spine likely occurs due to a combi-
nation of these stressors and progresses in a positive feedback system” (Kinkopf et al. 2021: 501). Severe cases
are marked by vertically oriented osteophytes, which may articulate or fuse to form a bony bridge with adjacent
disc. Osteophytosis “tends to produce ‘shelf-like’ protrusions and irregular or undulating fusion” (Buikstra and
Ubelaker 1994: 121).

Clinically, many classifications and grading systems have been developed that define the advancement
of degenerative changes, depending on the deformation of the anatomical structures of the affected joint.
Among all available grading systems based on macroscopic anatomy, plain radiography, histology, mag-
netic resonance, discography imaging, those concerning plain radiography and magnetic resonance imaging
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(MRI) are the most useful for bioarchaeologists because they estimate the size of osteophytes, as in bio-
archaeological grading systems. Because clinicians investigate living people and do not have direct
access to bones, the grading systems used in medicine have been designed to assess X-ray images, while the
grading systems used in palaeopathology are oriented to a greater extent for direct examination. Currently, a
frequently used grading system in medicine is the one proposed by Pfirrmann et al. (see Kettler and Wilke 2006);
however, it is based on MRI signal intensity, disc structure, distinction between the nucleus and anulus, and disc
height. Since soft tissues do not preserve, it is impossible to observe them in osteological materials and therefore
it cannot be used accurately in bioarchaeological research.

Kettler and Wilke (2006) described 42 medical grading systems for the description of degenerative chan-
ges in the cervical and lumbar spine. They argue that the grading system proposed by Kellgren et al. (1963),
which is based on radiography, is regarded as the best for assessing cervical disc degeneration because it
has interobserver reliability as indicated by the Kappa Coefficient 0.71 (Kettler and Wilke 2006). It includes
four grades of osteophytes, disc space narrowing and sclerosis expression (Table 1). We developed the Bio-
archaeological Intervertebral Disc Disease Grading System (Table 1) and compared it with the medical grad-
ing system to estimate the degree of expression of IDD and its impact on the functioning of an individual.
The Bioarchaeological Intervertebral Disc Disease Grading System (BIDDGS) elaborates on the grading
system for osteophyte expression from the Standards by Buikstra and Ubelaker (1994). The osteophytes in
the Standards (1994) have four degrees of expression: barely discernible, elevated ring, curved spicules and
fusion present. The BIDDGS, which is used to describe the cervical vertebrae section of the spine, has five
grades (grade 0 to 4) of osteophyte expression (Table 1; Fig. 1). In each case, we record the location of each
lesion. The medical grading system by Kellgren et al. (1963) and the BIDDGS correspond as follows (Table 1).
Kellgren et al. (1963) do not grade lack of lesions (grade 0 in BIDDGS). Grade 1 in both grading systems is com-
parable. Grades 2 and 3 for osteophytes according to Kellgren et al. (1963) may correspond to BIDDGS grade 2.
Grade 4 according to Kellgren et al. (1963) corresponds to BIDDGS grade 3. Kellgren et al. (1963) do not distin-
guish ankylosis (BIDDGS grade 4). For a better comparability of the evaluation of the degree of osteophytosis, we
defined grade 1 as a mild form, grade 2 as a moderate form and grades 3 and 4 as severe forms.

Kellgren et al. (1963) grading system Bioarchaeological Intervertebral Disc Disease Grading System
(BIDDGS)
Grades Lesions Grades Osteophyte degree
0 None None
1 Minimal anterior osteophytosis 1 Barely discernible Mild
2 Definite anterior osteophytosis with 1 Sharp ridge, slight Moderate
possible narrowing of the disc space and spicules extending
some sclerosis of vertebral plates horizontally
3 Moderate narrowing of the disc space

with definite sclerosis of vertebral plates
and osteophytosis

4 Severe narrowing of the disc space with 3 Extensive spicular Severe
sclerosis of vertebral plates and multiple formation
large osteophytes
4 Ankylosis Severe

Table 1. Comparison of Kellgren et al. (1963) grading system with the Bioarchaeological Intervertebral Disc Disease
Grading System (BIDDGS) for the cervical vertebrae.

Osteophytes are the most frequently observed radiological lumbar disc degenerative feature (de Schepper et al.
2010; Raastad et al. 2015). The medical grading system for describing thoracic and lumbar vertebral disc degen-
eration follows Lane et al. (1993; see Kettler and Wilke 2006). It is the most recommended among clinical grading
systems because the only material needed are radiographs and it has a clear structure that can be very easily applied
(Kettler and Wilke 2006). This grading provides a method for assessing the presence and severity of radiographic
features (Table 2). Joint space narrowing, anterior and posterior osteophyte formation, and subchondral sclerosis
should be assessed individually. Then, an overall grading is given from 0 to 2 (see Kettler and Wilke 2006):
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Grade 0 = Normal joint (0 for osteophytes and narrowing)
Grade 1 = Mild (1) narrowing or mild (1) osteophytes
Grade 2 = Moderate-severe (2—3) narrowing and/or moderate-severe (2—3) osteophytes

The BIDDGS has the same grades for the thoracic and lumbar regions of the spine as for the cervical region. For
the thoracic and lumbar regions, the medical grading system by Lane et al. (1993) and the BIDDGS compare as
follows (Table 2). Grades 0 to 3 for osteophytes by Lane et al. (1993) correspond with BIDDGS grades 0 to 3 for
osteophytes. The BIDDGS grade 4 describes ankylosis, which is identified in osteological material. The grading
system by Lane et al. (1993) does not include ankylosis. For a better comparability of the evaluation of the degree
of osteophytosis, we defined grade 1 as a mild form, grade 2 as a moderate form and grades 3 and 4 as severe forms
(Fig. 1). It is impossible to investigate disc space narrowing in osteological material. For this reason, here, as in the
cervical spine, the BIDDGS does not record joint space narrowing. This is contrary to medical grading system by
Lane et al. (1993) that assesses disc space narrowing based on radiography.

Lane et al. (1993) grading system Bioarchaeological Intervertebral Disc Disease Grading
System (BIDDGS)

Grades Joint space Osteophytes Sclerosis Grades Osteophyte degree
narrowing anterior and
posterior
0 None None None 0 None None
1 Definite (mild) Small Present 1 Barely discernible Mild
narrowing
2 Moderate Moderate - 2 Sharp ridge, slight Moderate
spicules extending
horizontally
3 Severe (complete Large - 3 Extensive spicular Severe
loss of joint space) formation
4 Ankylosis Severe

Table 2. The comparison of the Lane et al. (1993) grading system with the Bioarchaeological Intervertebral Disc Disease
Grading System (BIDDGS) for the thoracic and lumbar vertebrae.

The BIDDGS has a compatible grading system with the medical grading system for thoracic and lumbar sections
of the spine (Lane et al. 1993). The Kellgren et al. (1963) grading system for the cervical section of the spine is
less in line with the BIDDGS in terms of described degrees of degenerative changes.

There is a less detailed, three-grade scale (Weber et al. 2003) for IDD than the BIDDGS. Sofaer Derevenski
(2000) uses five-graded scale for IDD. Yustos et al. (2021) distinguish five degrees of osteophytes: 0 — not present,
1 — slight, 2 — moderate, 3 — bony spurs, 4 — ankylosis, that are similar to those from the BIDDGS, because they
also refer to the Standards (Buikstra and Ubelaker 1994). Kinkopf et al. (2021) have presented an elaborated scale
with seven scores. However, for the purpose of statistical analyses, the seven scores were combined into “low
severity” and “high severity”. The BIDDGS presents a moderate number of degrees of lesion expression which
is feasible for qualitative and quantitative (statistical) analyses. Moreover, the advantage of the BIDDGS is that it
corresponds with the clinical medical grading system (Lane et al. 1993) for the assessment of thoracic and lumbar
IDD, which allows easy comparison and assessment of the impact of lesions on the experience of pain and quality
of life of an individual. We discuss this issue below.
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Fig. 1. Intervertebral disc disease grades based on the Bioarchaeological Intervertebral Disc Disease Grading System
(BIDDGS). A — barely discernible osteophytes observed in a lumbar vertebra (grade 1). B — sharp ridge, slight spicules of
osteophytes extending horizontally on the anterior and left superior aspect of the body of a lumbar vertebra (grade 2). C
— extensive spicular osteophyte formation observed on the right superior and the inferior aspects of the body of a lumbar

vertebra (grade 3) (photo by M. D. Matczak).

Functional Impact of Intervertebral Disc Disease

Clinical studies show that disc space narrowing in the lumbar section of the spine according to the Lane et al. (1993)
grading system causes LBP and leads to disability (de Schepper et al. 2010). Moderate and severe grades (grade 2
and 3) of osteophytes in the lumbar section of the spine have been shown according to Lane et al. (1993) to lead to
temporary and chronic LBP (de Schepper et al. 2010). Other studies indicate that osteophytes, end plate sclerosis,
and facet joint osteoarthritis have a weak or non-significant association with LBP (Raastad et al. 2015). Thus,
studies show contrary results regarding an impact of osteophytes: association between them and LBP or no associ-
ation (de Schepper et al. 2010). For this reason, osteophytes are problematic features to assess IDD impact on the
functioning of an individual. Disc space narrowing, which is a reliable feature to assess pain, cannot be identified
in osteological material. However, the fact that clinical studies show that the presence of large osteophytes is
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associated with disc depression, which results in pain (Fujiwara et al. 1999; Pye et al. 2007) might suggest that
osteophytes might be still used for assessment of pain. In addition, if a person had osteophytes on at least one
vertebra, other vertebrae also had osteophytes (Weiler et al. 2012). This helps bioarchaeologists to assess the
impact of IDD on the function of an individual by observing osteophytes especially in cases when only a few
vertebrae are preserved. Increasing severity of each radiographic feature of lumbar IDD (osteophytes, end-plate
sclerosis, disc space narrowing) is associated with increasing severity of those mentioned features. In sum, grades
2 and 3 by Lane et al. (1993) are the same as grades 2 and 3 of the BIDDGS (Table 2). Thus, grades 2 and 3 of the
BIDDGS may be characterized by temporary and chronic back pain in the lumbar section. Grade 3 — extensive
osteophyte formation on vertebral body — can cause chronic pain. However, medical clinical research does not
show that grades 2 and 3 of osteophytes lead to disability (de Schepper et al. 2010). Grade 4 (joint fusion) can
result in an inability to move or bend the affected spine section. Ankylosis can have a significant impact on the
development of disability. Thus, grade 4 on the BIDDGS may indicate a disability in the modern sense. Medical
grading systems also assess facet joint degeneration (Kettler and Wilke 2006). IDD and facet joints osteoarthritis
are interdependent; lesions that affect the disc tend to have an effect on the facet joints, “and trauma or instability
of the posterior structures may in turn affect the disc” (Gellhorn, Katz and Suri 2013: 4). Ankylosis between the
facet joints also leads to immobilization of the joints and together with ankylosis of the vertebral bodies may lead
to disability.

Smaller gaps between vertebrae, osteophytes and abnormal spine curvature might cause pinching of nerve
structures (e.g., spinal roots that give rise to peripheral nerves), which is manifested by pain in the areas innervated
by the compressed structures. Regardless of the location of the degenerative process, pain is the leading symp-
tom, and its intensity increases with the development of the disease, which gradually reduces the joint function
and leads to progressive disability. Many publications from orthopaedics and rheumatology (e.g., studies by the
Australian Institute of Health and Welfare) indicate that degenerative changes in the spine are often associated with
severe pain and reduced fitness of the patient. They lead to localised pain that intensifies initially after exercise and
then reappears with any movement and during rest. The pain is caused by the compression of the roots of the sensory
spinal nerves. The development of the degenerative process within the spine leads in most cases to the reduction
of the space available for the nervous structures and the increasing pressure on these structures. This causes both
local pain, the starting point of which is the affected anatomical structures of the spine, and also the pain coming
from the compressed nerve roots. The other type of ailment is pain radiating along the area innervated by the
compressed root, for example to the limbs or the neck. DJD in the cervical spine might cause headaches (Persson
et al. 2007). IDD in the lumbar spine can also cause pain in the hip joint (de Schepper et al. 2013). In more
advanced cases, there are so-called “deficient symptoms” (sensory disturbances, tingling, muscle weakness)
resulting from the limitation of the functions of the roots as a result of their compression by the surrounding
connective tissue structures. Degenerative changes in vertebral discs and back pain are the most common causes
of chronic pain, i.e., pain that lasts more than a year (de Schepper et al. 2010). Episodic spinal pain associated with
disc degeneration can also be observed (Pye et al. 2007).

The above-mentioned studies show that DJD is a major problem that impacts quality of life, causes chronic pain
and leads to disability, with degenerative changes in vertebral joints and back pain being the most common causes
of chronic pain. The medical grading system by Lane et al. (1993) was used in a clinical study that assessed how
osteophytes in the lumbar section of the spine impact lower back pain (de Schepper et al. 2010). The study by
de Schepper et al. (2010) showed a correlation between grade 2 and 3 of osteophytes by Lane et al. (1993) and
pain. Since grades 2 and 3 of the BIDDGS are the same as grades 2 and 3 by Lane et al. (1993), they may be
characterized by temporary and chronic back pain in the lumbar section, and grade 4 of the BIDDGS may indicate
a disability. Other researchers (e.g. Weber et al. 2003; Kinkopf et al. 2021; Yustos et al. 2021) present the bio-
archaeological grading systems without presenting how they correspond with medical grading systems. Thus, the
advantage of BIDDGS is that it corresponds with the medical grading system by Lane et al. (1993) for a thoracic
and lumbar section of the spine, which makes it reliable in the studies about pain, quality of life and disability in
the past. For this reason, we named it the Bioarchaeological Intervertebral Disc Disease Grading System.

We now explore whether IDD could have led to impairment and disability in late medieval and early modern
Poland through the use of contemporary texts and osteological analysis using the BIDDGS on an individual as
case study.
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Exploring Disability and Impairment in Late Medieval and Early Modern Poland

Disability and Impairment in Texts

A hagiography of Saint Hedwigis from Wroclaw (Vita Beatae Hedwigis 1993) from the 14th century states that
many people suffered from so-called “cramps” and “stiffness” that made them unable to move or made life
extremely difficult. Vita Beatae Hedwigis (1993: 101) indicates that a woman from the northern part of Poland:

“[...] was so unusually distorted by contraction that whenever she had to move, her breasts touched her knees. [...] God
added another miracle to this miracle: because the aforementioned woman, having recovered, returned to the places
where she was known, and it turned out that she was much more beautiful than before, when she was seen as an invalid”
(translated by M. D. Matczak).

It is not known, however, whether this was due to degenerative changes or diseases of the nervous system or
another condition. It is worth noting that some of the people were treated well by their families and some of them
were rejected. Many people affected by “cramps” were engaged in begging in the streets outside churches (Vita
Beatae Hedwigis 1993). The loss of body parts as a result of fighting or punishment was regarded as an impairment
in the Middle Ages in Poland (Matczak 2020).

Taking care of the sick and the poor was also the duty of the rulers and the powerful. For example, Jan Dlugosz
(2004: 414) reports that Queen Zofia (1405-1461) was generous towards “unhappy people”. Being sick was the
reason for seeking healing, as seen above in the example of a woman with contraction, at the tombs of saints or
during the lifetime of people later declared saints. For example, Saint John of Capistrano, a famous Catholic priest
and preacher, healed many sick, blind, lame, and paralyzed and others suffering from weaknesses upon his visit in
1453 in Krakéw (Dlugosz 2004).

Care for the sick continued into later times. For example, Oskar Kolberg (1890: 35), the eminent
Polish ethnographer, states that in the 19th century, almost every village and manor house had “its poor, their
louts and cripples unable to work, whom it feeds when mercy commands to support them” (translated by
M. D. Matczak). On the other hand, at the turn of the 19th and 20th centuries, rural witch doctors were elderly,
often physically impaired people, “thus arousing fear and disgust with their appearance alone” (Jagu$ 2002: 55).
The abovementioned texts show that the concept of physical difference and impairment associated with back
problems was present among people inhabiting Poland in the late medieval and modern periods.

tekno in Medieval and Early Modern Period

The individual we present as a case study was discovered at a cemetery associated with the Cistercian Order in
Lekno. The Cistercians developed from the Benedictines in the 11th century in France and created a new form of
monastic life, emphasizing the original monastic principles presented by Saint Benedict of Norcia (Eberl 2007;
McGuire 2012; Wyrwa 2017a). They provided spiritual advice, developed gothic architecture and painting,
established libraries, and contributed to the development of theology. Cistercians did pioneering work on inhabi-
ting deserted places, cutting down forests, and expanding cultivation. They introduced “more effective agricultural
methods and new varieties of plants and animals to improve the yields” (Jamroziak 2012: 66). Despite assigning
them the role of “pioneers of the wastelands” or “bearers of Gothicism”, they were an Order that skilfully matched
the settlement, economic and cultural structures of the countries where they settled (Dobosz and Wyrwa 1999).

The oldest Cistercian abbey in Poland was located in £.ekno within the former stronghold by t.ekno Lake (Fig. 2).
The foundation document of the Cistercian monastery in t.ekno, according to which Zbylut from the Patuk family
established the monastery in 1153, is the oldest such surviving record in Poland. Therefore, it was entered on the
Polish National List of the UNESCO Memory of the World Program (Wyrwa 2016). Initial stages in founding
the abbey lasted from about 1143 to 1153. The first monks came from Altenberg near Cologne in Germany to
Eekno around 1150, taking part in the construction of the monastery built for them by the founder (Wyrwa 2002,
2018). The first Cistercian sacred building — the oratory — was erected by 1153 by Zbylut. Initially, the church, in
accordance with the rules of the Cistercian Order, was named after the Blessed Virgin Mary, keeping the call of
Saint Peter, which belonged to an earlier church that functioned in the stronghold (Wyrwa 2000, 2007). In the
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mid-13th century, the church was rebuilt, expanded and named after the Blessed Virgin Mary and Saints Peter and
Paul. A church surrounded by a cemetery was thus in use from the 13th century. Cistercian monks from t.ekno
played a central role in spreading Christianity, e.g., they started a Christianization mission in Prussia in 1205
(Wyrwa 2006). An individual from a grave discovered in the presbytery was unequivocally identified as an abbot
Herman who was a chaplain, confessor, trustee and collaborator of the 14th century king of Poland, Casimir the
Great (Wyrwa 2010; Wyrwa and Mitosz 2006). The abbey in £.ekno was one of the richest and fastest developing
Cistercian abbeys in Poland in the second half of the 14th century. However, the church experienced engineering
and technical problems. The structure was seriously damaged due to a long period of subsidence (Wyrwa 2017b).
For this reason, an abbot known as Tylman decided to move the abbey from £.ekno to nearby Wagrowiec at the end
of the 14th century (around 1396). The process of moving the abbey ended in 1493.

The Cistercians from t.ekno and Wagrowiec looked after sick people, as shown in their Chronicle of Wggrowiec
(Kronika wagrowiecka 2004) covering the years 1153-1592. Under the heading for the year 1488, there was a
note about the income for the sick, established by the abbot: “Income for the sick is granted, namely the tithe from
Morakéw and Czerlin, every year three stones from the city’s tallow and hemp from the village of Tarnowo.
Whoever breaks these arrangements is excommunicated. [Signed]: Jan, abbot of Wagrowiec, and abbots: Jan from
Paradyz and commissioner Andrzej, from Bledzewo.” (translated by M. D. Matczak). This was according to the
Order’s rules that focused on charity.

The place of the former monastery in L.ekno was still under the patronage of the L.ekno-Wagrowiec Cistercians
(Wyrwa 2011), and a chapel of unknown name with a cemetery was established on the remains of the old abbey
church around 1450 (Wyrwa 2018). The cemetery was used as burial place of the local community from the
Tarnowo Patuckie parish which was located about 800 m away from the church. The cemetery was in use until the
end of the 16th century. In 1620 the chapel and cemetery were abandoned, and in the 19th and 20th centuries, it
became an agricultural field (Wyrwa 2018).

The excavations of the abbey, church, chapel and cemetery took place between 1982 and 2007 in the framework
of the L.ekno Archaeological Expedition lead by Andrzej Marek Wyrwa. A cemetery at site 3 (see Fig. 1), which
is where individual £.3/55/82a was found, contained around 400 burials of monks and local people from villages
belonging to the Cistercians. The preliminary osteological analyses concerning sex and age estimation, palaeo-
pathology and stature have been carried out (Milosz 2000). The analyses on 169 adult individuals, including 91
males, 54 females and 24 individuals of unknown sex, indicated that the average stature of males was 173.2 cm
and of females 162.7 cm. Pathological lesions included fractures, new bone formation and developmental
changes. The preliminary results indicated degenerative disease in 56 (69%) out of 196 individuals, which
included osteophytes and Schmorl’s nodes on lumbar vertebrae and hypertrophic changes in shoulder joints
(Mitosz 2000). £.3/66/90 individual was distinctive because he had skeletal dysplasias such as achondroplasia and
Léri-Weill dyschondrosteosis and ulnar hemimelia (Matczak et al. 2022). Advances in clinical and osteological
research over more than 20 years since the preliminary analysis as well as new findings of skeletons at the site
since the publication of the preliminary research have stimulated ongoing re-evaluation (e.g. Matczak et al. 2022).
Moreover, the comprehensive analysis of the cemetery including archaeological findings have not been conducted
so far. Here we present a skeleton analysed as part of a new comprehensive analysis of osteological and archaeolo-
gical materials and a cemetery.
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Fig. 2. (a) Location of Lekno in Poland (www.d-maps.com). (b) Location of the Lekno 3 site (£3 — Cistercian abbey and
cemetery) and Tarnowo Patuckie (Archive of the L.ekno Archaeological Expedition).

£3/55/82a from Lekno: An Adult Male with Intervertebral Disc Disease

Individual £.3/55/82a was found in grave 10 at a cemetery in site 3 in Lekno. This individual had moderate and
severe IDD in the thoracic and lumbar section of the spine, which might be associated with chronic pain. In the
following sections we consider if his ailments were perceived as disability in the past.

Os coxae morphology such as ventral arc, subpubic concavity and ischiopubic ramus ridge as well as cranial
morphology such as supra-orbital ridge and mental eminence suggest £.3/55/82 was a male. Nuchal crest and
mastoid process are ambiguous. Supra-orbital margins are more characteristic for female. Os coxae morphology
is the most reliable for sex in the human skeleton (Buikstra and Ubelaker 1994), and therefore we conclude that
£.3/55/82a was a male. Due to the fact that aging processes do not progress in the same manner for all individuals,
it is difficult to exactly estimate age-at-death for middle and old adults. Transition Analysis 2 (Boldsen et al. 2002)
gives interval range and a maximum likely age, and therefore it is one of the best available methods. A maximum
age likelihood estimate was 38.6 years at the time of death for £.3/55/82a (29.3-55.5 years old, 95% interval
range). Appendix Table 3 presents stages of morphological changes of £.3/55/82a estimated within the Transition
Analysis 2. Initial bony changes used in the Transition Analysis 2 are of developmental nature: e.g., the ventral
rampart at the pubic symphysis. Later changes, such as breakdown of the pubic symphysis, are degenerative. Exos-
toses on auricular surface of £.3/55/82a are degenerative in nature and are traits used for age estimation. The stature
of £.3/55/82a was 174 cm (Breitinger 1937), which was an average height for males in L.ekno (Milosz 2000).

Based on the analysis of stratigraphy, the skeleton is dated from the 14th to the end of the 16th century AD.
£.3/55/82a was buried close to the northwest corner of the Cistercian church and a chapel of unknown name. He
was interred on the SW-NE axis as were the majority of individuals on the site. The individual was buried in a
supine position with the left upper limb positioned along the body (Fig. 3). The hand bones of the left upper limb
were located under the pelvis. The hand bones of the right upper limb were not found. There were no grave goods.
Traces of wood decay under the skeleton along almost the entire length, an iron nail and a coffin fitting (element
connecting the coffin boards) with an iron nail fragment indicate that he was buried in a coffin (Mucha, Piontek
and Widelska 1986). At the cemetery, only a minority of individuals were buried in coffins or other grave construc-
tions. Overall, however, grave of individual £.3/55/82a appears to be a typical according to the ritual of that time.
Only four individuals at L.ekno 3 site were buried in atypical or so-called anti-vampiric graves (Wyrwa 2008). This
suggests £.3/55/82a was properly commemorated after death according to the burial customs at that time.
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Fig. 3. Grave 10 with £3/55/82a individual at site 3 in E.ekno, Poland (by L. Fijat, Archive of the £.ekno Archaeological
Expedition). Note that the drawing does not present all unearthed bones of £.3/55/82a.

The skeleton displays two abscesses on the right maxilla and a small amount of calculus on the right upper pre-
molars and third molar. Healed porotic hyperostosis is present on the parietal and the frontal bones. Ossification of
the costal cartilages of both first ribs is visible. The left clavicle displays an antemortem complete fracture at mid-
shaft, which was healed and stable at the time of death. The bone was misaligned, and the acromial end was rotated
for around 90 degrees inferiorly. The rotation together with malunion and new bone formation caused deformity
of the clavicle. The left clavicle was 13 mm shorter than the right one. Myositis ossificans of the tibialis posterior
muscle is visible on the right tibia on the lateral aspect of the diaphysis, lateral to the nutrient foramen and in the
1/3 of medial diaphysis of the right fibula.

Osteoarthritic changes were observed on proximal and distal ends of both humeri, the heads of both radii, the
proximal ends of both ulnae, certain carpals (both scaphoids, lunates, capitates and hamates), the acetabulum of
both os coxae, the distal end of the right femur, the distal end of both tibiae, and on the left calcaneus.

Appendix Table 4 and Fig. 4-6 present mild, moderate and severe osteophytic lesions and pitting on vertebral
bodies, which indicate IDD, and pathological lesions in the facets and costovertebral joints, which indicate osteo-
arthritis (Waldron 2009). Schmorl’s nodes might be associated with IDD (Rogers 2000). Ethesophytes (T6-T9)
on the right anterior aspect of vertebral bodies might indicate other diseases (Fig. 4).! Florid ossification into the
anterior longitudinal ligament on the right side in the thoracic region or any other region of the spine is charac-
teristic of diffuse idiopathic skeletal hyperostosis (DISH), which has been associated with metabolic disease and
diet (Foster et al. 2018; Waldron 2019). Modern clinical diagnosis “requires the presence of four contiguous fused
vertebrae with extraspinal enthesophytes” (Waldron 2019: 730). However, palaeopathological cases might not
have four continuous fused vertebrae because the condition was not fully developed or due to post-mortem
damage. £.3/52/82a does not have fused vertebrae. However, T9 and T10 show signs of post-mortem damage in
locations of extensive spicular formation. Fragile bones might have broken during the excavation, cleaning, and
further processing. Therefore, we cannot exclude that they were fused. Foster et al. (2018) indicate that evidence
for the anterior longitudinal ligament ossification, vertebral ankylosis or bilateral enthesophytes at the olecranon,
patella, tibial tuberosity or posterior calcaneus of at least grade 2 development are markers of possible DISH.
DISH is age-related, appears in individuals over 40 years old and is more common in men than women (Foster
et al. 2018). Since £.3/55/82a was male aged probably under 40 at the time of death, had ossification of the anterior

1 Enthesophytes are oriented vertically, form within the anterior and posterior longitudinal ligaments and show a “flowing’
pattern” (Buikstra and Ubelaker 1994).
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longitudinal ligament on T6-T9 and bilateral enthesophytes, he could possibly have had DISH. However, the preser-
vation of the material and the similarity in the pattern of skeletal changes make it difficult to conclude with
certainty. Ankylosing spondylitis, fluorosis, reactive arthropathy and psoriatic arthropathy should be excluded
from differential diagnosis because %1.3/55/82a does not display pathognomonic lesions of these conditions
(Appendix Table 5). Therefore, we conclude that £.3/55/82a had IDD, osteoarchritis in the facet and costovertebral
joints and possibly early stages of DISH. IDD, DISH and osteoarthritis might coexist (di Girolamo et al. 2001;
Rogers and Waldron 2001; Mader et al. 2009). The sacrum of £3/55/82a has a sharp ridge of slight spicules of
osteophytes extending horizontally on the promontory.

Fig. 4. Pathological lesions observed in the cervical vertebrae of £.3/55/82a. C1-C3, C5-C7: none osteophytes (grade 0
based on Table 1). C4: mild grade of osteophytes (grade 1 based on Table 1). Fragmented spinous processes and trans-
verse processes were not photographed (photo by M. D. Matczak).

Individual Daily Life, Identity and Social Perception

We do not know whether £.3/55/82a dates to the 14th—15th century (Late Middle Ages) and therefore was a monk
or to the mid-15th—16th century (early modern period), when he would have been a local lay person. However, the
analysis of the stratigraphy of the site indicates that he lived in the early modern period. In this case he most likely
was a peasant and belonged to a village from Tarnowo Patuckie parish that was part of the Cistercian property. The
life of Cistercian monks, their lay brothers and peasants involved physically hard work.

Peasants were the largest social group — constituting 69.5% of society — and were of the lowest social standing
in Poland (Wyczanski 1986). Polish villages were diverse and had many types of inhabitants. Polish “kmie¢” — a
peasant who had a farm — was the most frequent type of villager. The others did not own land and farms. There
were also owners of inns, mills, craftsmen, and fishermen, but we do not know which type of peasant £.3/55/82a
was. Children in villages were meant to work from early years, so £.3/55/82a was probably helping his parents
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in childhood. The rights of peasants started to be reduced in the 15th and 16th centuries. One of the examples of
restricted rights was a ban from leaving a village. Only one peasant could leave a village per year. It is probable
that £.3/55/82a was local or came from a nearby village.

Healed porotic hyperostosis on the parietal and the frontal bones of £.3/55/82a could be associated with megalo-
blastic anaemia (Walker et al. 2009). Healed lesions indicate that the condition was not active at the time of death,
however, its duration is unknown. Two abscesses on the right maxilla of £.3/55/82a could have led to severe pain,
difficulty in swallowing, facial swelling and even fever (Gorski 1983; Roberts and Manchester 2010).

Fig. 5. Pathological lesions observed in the thoracic vertebrae of £.3/55/82a. T6: none of osteophytes (grade 0 based on
Table 2). T1-T2, T4, T7-T10, T12: mild grade of osteophytes (grade 1 based on Table 2). T3-T5, T10, T11: moderate
grade of osteophytes (grade 2 based on Table 2). T10: severe grade of osteophytes (grade 3 based on Table 2). T6-T9:
enthesophytes. Fragmented spinous processes and transverse processes were not photographed (photo by M. D.
Matczak).
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Fig. 6. Pathological lesions observed in the lumbar vertebrae of £.3/55/82a. L1-L2: mild grade of osteophytes (grade 1
based on Table 2). L3-L4: moderate grade of osteophytes (grade 2 based on Table 2). L5: severe grade of osteophytes

(grade 3 based on Table 2) (photo by M. D. Matczak).

1.3/55/82a could have broken his clavicle as a result of falling onto the shoulder or a horse-riding accident (see
Burnham et al. 2016). The fracture was stable and healed. The fractured bone was misaligned, which caused
deformity, and it was 13 mm shorter than the right one. According to clinical medical studies malunion may lead
to pain, loss of strength, rapid fatigue, paraesthesia of the arm and hand, problems with sleeping on the back, and
cosmetic complaints (Hillen et al. 2010). While £.3/55/82a would have had discomfort initially, it is unknown if
he had the aforementioned symptoms. The fracture would probably cause pain and limit his various activities until
healing occurred after a couple of months. During his short-term convalescence after breaking his clavicle, if he
was a monk, he may have been cared for by monks, as the Order was obliged to be charitable and to care for others
(McGuire 2012). If he was a peasant, he could have been cared for by his family. Myositis ossificans of the tibialis
posterior muscle in £.3/55/82a could be a result of trauma to the muscle. According to medical research, it might
cause pain and stiffness of the knee joint and some functional limitations (Nieuwenhuizen et al. 2020), however,
we do not know if this was the case in this individual.

Degenerative changes could be age-related and develop as a result of physical work. IDD in the thoracic and the
lumbar part of the spine could have caused sporadic pain during early stages of the disease. This could have made
working difficult although still possible. Osteophytes of grade 2 in the lumbar section may be characterized by
temporary and chronic back pain. As time passed, DJD could significantly limit his functioning and performance
of duties that required the use of force: e.g., cutting down trees, ploughing fields, growing crops, raising live-
stock or performing craftsmen’s work (for peasants’ daily activities, see Markiewicz 2004). He would have had
problems engaging in tasks that required a lot of strength. When DJD advanced, extensive spicular formation of
osteophyte on T10 and L5 body might have caused chronic, severe pain, however, it is unknown if this would have
prevented the individual from performing heavy duties for a significant period of time. Schmorl’s nodes cause
pain in some individuals, whereas in others they do not (Williams et al. 2007; de Schepper et al. 2010). However,
clinical research shows that >1 Schmorl’s nodes on lumbar vertebrae and >2 Schmorl’s nodes on thoracic vertebrae
can cause pain and stiffness in a particular joint (Williams et al. 2007; Faccia and Williams 2008). Plomp (2017)
discusses studies that have shown evidence that Schmorl’s nodes cause pain. Thus, we consider the presence of >1
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Schmorl’s nodes on lumbar vertebrae and >2 Schmorl’s nodes on thoracic vertebrae as indicators of pain, which
has an impact on the quality of life of an individual. £.3/55/82a had Schmorl’s nodes on T3-T12 vertebrae which
could have contributed to back pain. Cervical and lumbar facet joint osteoarthritis can cause spinal pain that can
radiate to neck and limbs (Gellhorn, Katz and Suri 2013). It is possible that facet joint osteoarthritis contributed to
back pain in £.3/55/82a. DISH might be an asymptomatic condition as well as lead to pain, back stiffness, limited
range of spinal motion, paraplegia and increased susceptibility to unstable spinal fractures after trivial trauma
(Rogers and Waldron 2001; Mader et al. 2009). Since possible DISH was early in £.3/55/82a, he could have felt
some kind of stiffness related to the anterior lateral ligament ossification in T9 and T10, but it is unknown if he
had other ailments. All those lesions had an impact on back problems and functioning and performing tasks by
£.3/55/82a. Enthesopathies may probably be responsible for a reduced range of motion in joints and possibly also
for the subsequent development of osteoarthritic changes (Mader et al. 2009).

1.3/55/82a could have benefited from the income for the sick granted by the monks, especially because it was
granted from the proceeds of hemp production in the village of Tarnowo (Kronika wggrowiecka 2004) to which
parish he belonged. The Cistercians from tekno established income for the sick, as mentioned earlier in this
text (Kronika wqgrowiecka 2004), after they found a new monastery in nearby Wagrowiec. People who were
obliged to donate to the sick but did not do this, could have been excommunicated (Kronika wqgrowiecka 2004).
Excommunication is the highest ecclesiastical punishment consisting in exclusion from the life of the Church. This
indicates that the Cistercians did not hesitate to use the highest church punishment for those who did not want to
support the sick.

Discussion

Back Pain and Disability in the Past

Of eight analysed chronicles and hagiographies from medieval Poland, none explicitly describe back pain as
impairment or disability (Matczak 2020). Certainly, back cramps were recognized as conditions that affected a
person’s ability to work and deformed the body in medieval Poland (Vita Beatae Hedwigis 1993). A hagiographer
described a woman distorted by contraction by using word “languida” in Vita Sanctae Hedwigis (1961: 607-608).
The word languidus, -a, -um means: weak, feeble, ill, sick, diseased, invalid, inactive, sluggish, torpid, and slow-
moving (Dictionary of Medieval Latin from British Sources). This might indicate that back problems that deformed
the body as in her case were seen as sickness and possibly as impariment. This might confirm findings of other
researchers (Allan and Waddell 1989) that back pain was noticed and considered as a condition, but it was not
considered as “chronic disability”. Acute illness such as infectious diseases, plagues, malnutrition and high mortal-
ity rate were regarded as bigger health problems by medieval society rather than LBP and DJD. People who were
suffering from “cramps” and “stiffness” of limbs and begged in front of the churches and were marginalised, in
our modern sense could be considered as disabled. However, we do not find descriptions of begging and marginal-
isation in texts associated with back pain. Of course, not all the medieval texts have survived, and secondly, not all
diseases and impairments were recorded in the texts. Third, not all texts have been analysed in this regard.

From a biological and medical point of view, £.3/55/82a from £.ekno could have been physically challenged but he
was not impaired. When we consider his cultural context — living conditions and the texts from the era — it seems
that £.3/55/82a with his IDD causing pain could have been regarded as ill and unable to work at a later stage of his
life, thus needing help and healing. He was not likely considered disabled in medieval and early modern Poland.
However, he was clearly not completely physically fit. Due to his challenging conditions (fracture, IDD, DISH),
he could have been cared for and supported by his family, other peasants and the monastic Order.

Kinkopf et al. (2021) found that less economic access was associated with increased risk for degenerative spine
disease in medieval Italy. However, the monastic community with better economic access in medieval L.ekno was
obliged by Cistercian rules to undertake hard physical work (Wyrwa 2020), which might have influenced develop-
ment of DJD. Peasants from Cistercian villages also had to perform physical work, which in turn had an impact on
the development of DJD including IDD. Despite the status differences between monastic and peasant community
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in Lekno, DJD and IDD might have similar degrees of expression in these populations, something that should,
however, be investigated.

The BIDDGS helped to move beyond the biological description of IDD towards biocultural and social interpretation
of the life of £.3/55/82a. The detailed comparison of the BIDDGS with medical grading systems enabled us to
establish which grades of expression of IDD in £.3/55/82a could have led to temporal and chronic pain and how
this affected the ability of this individual to perform various tasks. This allowed us to (re)construct the function-
ing of this individual with IDD from the late medieval and early modern periods in Poland. This osteobiography
brought us closer to the past people and helped us to better understand how they experienced IDD and perceived
LBP. More texts from medieval Poland should be analysed to establish whether LBP was considered a disability.
Moreover, £.3/55/82a is an example of a case that demonstrates how to distinguish IDD from possible DISH.

Influence of Degenerative Changes on Functioning

Degenerative disease is characterized by various stages of development, which translates into different occur-
rences and perceptions of pain. However, even at an advanced stage of the disease, there may be no symptoms
(Roberts and Manchester 2010). Studies indicate that a person may complain of severe pain in, e.g., the knee
joints, although they do not show degenerative changes, and another person, despite the advanced degenerative
process, may not feel pain (Rogers and Waldron 1995; Bedson and Croft 2008; Waldron 2012). Thus, studies show
contradictory results: the same bone lesion can be asymptomatic, cause pain or even lead to disability (Plomp
2017). The above fact indicates a highly subjective perception of the symptoms of a degenerative disease, which
is also confirmed in clinical practice, where the diagnosis of the cause of pain often requires numerous tests and
imaging examinations, and, thus, different types of grading systems used by a medical practitioner (e.g., Kellgren
et al. 1963; Lane et al. 1993; Kettler and Wilke 2006; de Schepper et al. 2010). This subjective nature of pain has
important implications for bioarchaeology and palaeopathology, as the palaeopathologist does not know if pain
was felt with particular bone lesions.

As discussed, using a scale to measure pain in modern clinical settings is problematic because pain associated with
degenerative changes is subjective and depends on the patient (de Schepper et al. 2010; Swift 2012). Pain may not
happen every day, but it may be present most days and can take many forms and many different ways. When pain
occurs, it may be accompanied by stiffness of the joint and other ailments related to the inability to use it. This
makes it difficult for people who suffer from degenerative changes to plan their daily activities, which results in
low mental well-being and stress (Australian Institute of Health and Welfare 2020).

It should be remembered that age-related wear and tear of the joints play a key role in the development of degen-
erative changes and in developing of disability. Osteophytes increase in “severity with age, individuals who died
prior to becoming an ‘old’ adult (65 + years) may not have developed large, diffused osteophytes and therefore,
the associated pain and disability reported by older adults in modern clinical studies” (Plomp 2017: 150). This has
an important implication for bioarchaeology as archaeological populations are on average younger than modern
ones. In Poland, the average life expectancy at birth was 22 years in the medieval population in Kaldus, 23.1 years
in the 16th to 18th centuries in Kamionki Duze and 29.2 years in the 14th to19th century in Ptonkowo (Koztowski
2012). According to the World Bank (2021b), the global average life expectancy was more than 72.74 years and
77.85 years in Poland in 2019. In modern populations another age-related issue is that disability due to lesions in
the spine is more common among middle-aged individuals, followed by the elderly and young adults (Candotti
et al. 2015). Back pain, and especially chronic LBP, has a high prevalence in middle adulthood and old age.
Disability in chronic LBP patients increases with advancing age, but indicators of quality of life are equal or even
higher in older individuals (Wettstein et al. 2019). This refers to the “well-being paradox” (Wettstein et al. 2019)
that states that although older individuals have to face cognitive and physical declines, other loss experiences and a
higher risk of disability, their well-being is not lower compared with younger individuals. Despite higher disability
scores with advancing age, older patients do not have lower quality of life, or they may have even higher quality of
life than younger individuals. Bioarchaeologists should consider age when interpreting and discussing the relation-
ship between spinal lesions, pain and disability. Moreover, the types of work and level of activity differ between
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modern and past populations (Plomp 2017). It can be assumed that people in the past performed many activities
related to physical work, e.g., in the field, cultivating grain or vegetables, as artisans and warriors, etc. The pain
associated with degenerative changes could be very difficult alongside heavy physical work. On the other hand,
these people could also be more used to pain and thus learn to live with it and accept it more than people of the
21st century. The archaeological populations were much more active than the contemporary ones and “the activity
requirements of a younger archaeological population may off-set the age-related increase in symptoms of an older
clinical population” (Young and Lemaire 2014: 717).

There are also other factors that should be considered in research on DJD in past populations: gender, ethnic origin,
genetic predisposition, past diseases and injuries (Aufderheide and Rodriguez-Martin 2006; Waldron 2012). For
example, according to Rosemann et al. (2007), women have a lower quality of life than men, which is associated
with greater pain, reduced life satisfaction and disability in Germany today. We also should keep in mind that
modern populations use certain interventions (e.g., drugs) that mitigate symptoms, which have an impact on
clinical studies of joint disease and pain, and which were unavailable to past populations. Thus, some areas of
comparison of joint changes between modern and past populations might remain challenging.

Conclusions

As this study shows, the understanding of the impact of IDD and DJD in the spine on human functioning has
significant value because this disease was, and still is, one of the most frequent in populations. We proposed the
Bioarchaeological Intervertebral Disc Disease Grading System (BIDDGS) and its comparison to the medical
grading systems to assess the impact of IDD on impairment and disability in past populations, which is a novel
approach in biocultural studies in archaeology. The BIDDGS for thoracic and lumbar spine is compatible with the
medical grading system proposed by Lane et al. (1993) and thus might be used for quality-of-life assessment in
past populations. We hope that the methodological discussion of medical and bioarchaeological grading systems
for IDD assessment will contribute to further analyses.

The analysis of the life of the adult male £.3/55/82a shows that he was affected by IDD and other spinal diseases.
The historical texts, archaeological context and palaeopathological assessment indicate that he could have been
physically challenged and his physical fitness could have been limited. There were probably a significant number
of individuals with similar pathological lesions, and they were probably not regarded as disabled in the medieval
and early modern period since a number of contemporary texts do not allude to this. This study shows that these
people were included within society despite their functional limitations. The future quantitative studies on the
impact of DJD on impairment or disability on a population level might shed more light on daily life and function-
ing of such individuals. Further analyses that are in progress will reveal more information about diet, date and
origin that will allow for more precise description of lives of individuals.
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Appendix
Skeletal elements Stages
Pubic Symphysis Left Right
Symphyseal Relief Flat Residual billowing — Flat
Dorsal Symphyseal Texture Coarse grained Coarse grained
Superior Protuberance Integrated Late protuberance — Inte-
grated
Ventral Symphyseal Margin [Rampart completion wit- Rampart completion without
hout sulcus — Rim] sulcus
Dorsal Symphyseal Margin Rim Flattening complete — Rim
Iliac Auricular Surface Left Right
Superior Demiface Topography Flat to irregular Flat to irregular
Inferior Demiface Topography Median elevation — Flat to Median elevation — Flat to
irregular irregular
Superior Surface Characteristics Flat (no billows) 1/3-2/3 covered by billows
Middle Surface Characteristics Flat (no billows) <1/3 covered by billows
Inferior Surface Characteristics Flat (no billows) Flat (no billows)
Inferior Surface Texture [Microporosity] [Microporosity]
Superior Posterior Iliac Exos- Rounded exostoses Rounded exostoses
toses
Inferior Posterior Iliac Exostoses PMD [Touching exostoses]
Posterior Iliac Exostoses [Smooth (no exostoses [Smooth (no exostoses
or spicules) — Rounded or spicules) — Rounded
exostoses] exostoses]
Cranial Sutures Left Center Right
Coronal Pterica Obliterated Obliterated
Sagittal Obelica Partially obliterated
Lambdoidal Asterica PMD Partially obliterated —
Punctuated
Interpalatine PMD
Zygomaticomaxillary PMD Juxtaposed
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Table 3. Stages of morphological changes of £.3/55/82a used for age estimation in the Transition Analysis 2. PMD: post-
mortem damage. Parentheses indicate post-mortem damage.

\' Vertebral body BIDDGS The facet joints and costoverte-

bral joints

C1 Lipping: barely discernible on 1/3 surface of the articular surface None Lipping: barely discernible on the
for the dens.? inferior articular surfaces.

C2 Porosity: pinpoint porosity on <1/3 of the inferior aspect of the None Eburnation: barely discernible on
body. Lipping on the anterior aspect of the dens.? >2/3 surface of both superior and

right interior articular facets.

C3 Porosity: pinpoint porosity on <1/3 of the superior and inferior None Lipping: barely discernible on
aspects of the body. <1/3 surface of the superior and

inferior articular facets.
Eburnation: barely discernible and
polish on <1/3 of the right inferior
articular facet.

C4 Osteophytes: barely discernible multiple osteophytes on the antero- Mild Lipping: barely discernible on 1/3
superior and singular osteophyte on the left inferior aspects of the surface of both superior and right
body. inferior articular surfaces. Sharp
Porosity: pinpoint porosity on <1/3 of the superior and inferior ridge, slight spicules on >2/3 of
aspects of the body. the left inferior articular surface.

Eburnation: polish with grooves
on <1/3 of the lower left articular
surface.

C5 Porosity: pinpoint porosity on <1/3 of the superior and inferior None Lipping: sharp ridge, slight
aspects of the body. spicules on 1/3 of the left superior

articular surface.

Eburnation: polish with grooves
on <1/3 of the left superior articu-
lar surface.

C6 Porosity: pinpoint porosity on <1/3 of the superior and inferior None Lipping: barely discernible on
aspects of the body. 1/3-2/3 of the left inferior articu-

lar surface.

Cc7 Porosity: pinpoint porosity on <1/3 of the superior and inferior None Lipping: barely discernible on 1/3
aspects of the body. of the inferior articular surfaces.

T1 Osteophytes: barely discernible osteophytes on the inferior aspect Mild Lipping: barely discernible on
of the body. 1/3-2/3 surface of the right supe-
Porosity: pinpoint porosity on 1/3-2/3 of the superior and inferior rior articular surface. Sharp ridge,
aspects of the body. slight spicules on >2/3 of the left

superior articular surface.

T2 Osteophytes: barely discernible multiple osteophytes extending Mild Lipping: barely discernible on
horizontally on the anterior and left inferior aspect of the body. 1/3-2/3 of the inferior articular
Porosity: pinpoint porosity on 1/3-2/3 of the superior and inferior surfaces.
aspects of the body.

2 Clis an atypical vertebra and does not have a vertebral body, instead the dens of C2 sits where a body of a typical vertebra
would be and articulates with the posterior facet for the dens on the anterior arch of C1. Therefore, we inserted the infor-
mation about lipping in this column.

3 (C2is an atypical cervical vertebra that lacks a typical vertebral body but has the dens.
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T3 Osteophytes: sharp ridge, slight spicules of singular osteophytes Moderate Lipping: barely discernible on
extending horizontally on the left superior and right inferior aspects <1/3 of the superior articular sur-
of the body. faces and on >2/3 of the articular
Schmorl’s node: on the inferior aspect of the body. surfaces for the rib tubercle.
Porosity: pinpoint porosity on <1/3 of the superior and inferior
aspects of the body.

T4 Osteophytes: barely discernible singular osteophytes extending on Mild and Lipping: barely discernible on
the right superior aspect of the body. Sharp ridge, slight spicule moderate <1/3 of the superior articular
of singular osteophyte extending horizontally on the right inferior surfaces and the articular surfaces
aspect of the body. for the rib tubercle.

Schmorl’s node: on the superior and inferior aspects of the body.
Porosity: pinpoint porosity on <1/3 of the superior and inferior
aspects of the body.

T5 Osteophytes: sharp ridge, slight spicule of singular osteophyte Moderate Lipping: barely discernible on
extending horizontally on the right superior aspect of the body. <1/3 of the superior articular
Schmorl’s node: on the superior and inferior aspects of the body. surfaces.

Porosity: pinpoint porosity on >2/3 of the superior and inferior Eburnation: barely discernible
aspects of the body. on >2/3 of the superior articular
surfaces.

T6 Enthesophytes: barely discernible multiple enthesophytes extending None Lipping: barely discernible on
on the right superior and sharp ridge, slight spicules of multiple <1/3 of the left superior and infe-
enthesophytes on the right inferior aspects of the body. rior articular surfaces.

Schmorl’s node: on the inferior aspect of the body.
Porosity: pinpoint porosity on 1/3-2/3 of the superior and inferior
aspects of the body.

T7 Osteophytes: barely discernible singular osteophyte extending on Mild Lipping: barely discernible
the right superior aspect of the body. on 1/3-2/3 of the left articular
Enthesophytes: sharp ridge of singular enthesophyte on the right surfaces.
and anteroinferior aspect of the body.

Schmorl’s node: on the superior and inferior aspects of the body.
Porosity: pinpoint porosity on 1/3-2/3 of the superior and inferior
aspects of the body.

T8 Osteophytes: barely discernible singular osteophytes on the right Mild Lipping: barely discernible on
superior aspect of the body. 1/3-2/3 surface of all articular
Enthesophytes: sharp ridge, slight spicules of enthesophytes exten- surfaces and the articular surfaces
ding on the right inferior aspect of the body. for the rib tubercle.

Schmorl’s node: on the superior and inferior aspects of the body. Eburnation: barely discernible
Porosity: pinpoint porosity on 1/3-2/3 of the superior and inferior and grooves on >2/3 of the left
aspects of the body. superior articular surface.

T9 Osteophytes: barely discernible singular osteophytes on the right Mild Lipping: sharp ridge, slight spicu-

and left superior aspect of the body.

Enthesophytes: extensive spicular formation of enthesophyte on
the right superior aspect of the body. Sharp ridge, slight spicules of
enthesophyte extending on the right inferior aspect of the body.
Schmorl’s node: on the superior and inferior aspects of the body.
Porosity: pinpoint porosity on 1/3-2/3 of the superior and inferior
aspects of the body.

les on >2/3 of superior articular
surfaces.

Barely discernible on 1/3-2/3 of
inferior articular surfaces.
Eburnation: polish with grooves
on 1/3-2/3 of the left superior sur-
face. Barely discernible on <1/3
of the right superior surface.
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T10 Osteophytes: barely discernible singular osteophytes on the left Mild, Lipping: barely discernible on
superior aspect of the body. Sharp ridge, slight spicules of osteo- moderate <1/3 of all articular surfaces of the
phytes extending horizontally on the right and left inferior aspect and facet joints and the right articular
of the body. Extensive spicular formation of singular osteophyte on severe surface for the rib tubercle.
the left inferior aspect of the body. Eburnation: barely discernible on
Schmorl’s node: on the superior and inferior aspects of the body. > 2/3 of the left superior articular
Porosity: pinpoint porosity on 1/3-2/3 of the superior and inferior surface.
aspects of the body.

T11 Osteophytes: sharp ridge, slight spicules of multiple osteophytes on Moderate Lipping: barely discernible
the left, anterior and right superior aspect of the body and the right on 1/3-2/3 of the left articular
inferior aspect of the body. surface.

Schmorl’s node: on the inferior aspect of the body. Eburnation: barely discernible on
Porosity: pinpoint porosity on 1/3-2/3 of the superior and inferior 1/3-2/3 of the right superior and
aspects of the body. inferior articular surfaces.

T12 Osteophytes: barely discernible multiple osteophytes on the superi- Mild Eburnation: barely discernible on
or and the right inferior aspects of the body. >2/3 of all articular surfaces of the
Schmorl’s node: on the superior aspect of the body. facet joints.

Porosity: pinpoint porosity on 1/3-2/3 of the superior and inferior
aspects of the body.

L1 Osteophytes: barely discernible singular osteophytes on the right Mild Lipping: barely discernible on
superior and right and left inferior aspects of the body. <1/3 of all articular surfaces.
Porosity: pinpoint porosity on 1/3-2/3 of the superior and inferior Eburnation: barely discernible
aspects of the body. on >2/3 of the right superior and

inferior articular surfaces.

L2 Osteophytes: barely discernible osteophytes on the whole superior Mild Lipping: barely discernible on
and inferior aspects of the body. 1/3-2/3 surface of all articular
Porosity: pinpoint porosity on 1/3-2/3 of the superior and inferior surfaces.
aspects of the body.

L3 Osteophytes: sharp ridge, slight spicules of multiple osteophytes on Moderate Lipping: barely discernible on
the whole superior and inferior aspects of the body. 1/3-2/3 surface of all articular
Porosity: pinpoint porosity on 1/3-2/3 of the superior and inferior surfaces.
aspects of the body.

L4 Osteophytes: sharp ridge, slight spicules of multiple osteophytes Moderate Lipping: barely discernible on
extending horizontally on the anterior and left superior aspect of the 1/3-2/3 surface of the inferior
body and the right inferior aspect of the body. articular surfaces. Sharp ridge,
Porosity: pinpoint porosity on 1/3-2/3 of the superior and inferior slight spicules of the superior
aspects of the body. articular surfaces.

L5 Osteophytes: extensive spicular formation of multiple osteophytes Severe Lipping: barely discernible on

on the anterior and right superior and the right inferior aspects of
the body.

Porosity: pinpoint porosity on 1/3-2/3 of the superior and inferior
aspects of the body.

1/3-2/3 surface of all articular
surfaces.

Eburnation: barely discernible on
1/-2/3 of the left superior articular
facet.

Table 4. Pathological lesions identified on vertebrae of £.3/55/82a from t.ekno. V: vertebrae. BIDDGS: the Bioarchaeolo-
gical Intervertebral Disc Disease Grading System.

Differential diagnosis £.3/55/82a
Intervertebral disc disease

Osteophytes Yes
Pitting on the inferior or superior surface of the vertebral bodies. Yes

DISH
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Fusion of at least four vertebrae by bony bridges arising from the anterolateral aspects of verteb- No

ral bodies, involving the anterior and right aspects.

Flowing (“dripping candle wax”) appearance of bony bridges. Yes in T8 and T9?
Lack of involvement of apophyseal joints. No?

The process usually begins in the midthoracic spine. T6-T10

Intervertebral disc space is spared.

Yes between T8-T9 and T10—
T11, unknown between other
vertebrae

Anterior longitudinal spinal ligament is ossified.

Yes between T6-T10

Extraspinal ligamentous and muscular attachments are prominently calcified (enthesopathies): in
the insertion of triceps brachii at the olecranon of the right ulna, ischial tuberosities, iliac crests,
pubic symphysis, patella, the patellar ligament at the tibial tuberosity, trochanters, femoral linea

aspera, the Achilles’ tendon at the posterior calcaneus.

Present in the insertion of
triceps brachii at the olecranon
of the right ulna, ischial tube-
rosities, iliac crests, the patellar
ligament at the tibial tuberosity,
trochanters, femoral linea
aspera, the Achilles’ tendon at
the posterior calcaneus

Sacroiliac joint might be fixed by several bony bridges but not by intra-articular bony ankylosis. No
Ankylosing spondylitis

Syndesmophytes (ossifications of the annulus fibrosus of the intervertebral disc) are thin and No
vertically oriented.

Apophyseal joints are fused. No
Bilateral involvement of the sacroiliac joints which commonly fuse. No
Spinal fusion always begins in the lowest part of the spine and may progress inexorably upwards No
without any normal vertebra intervening (no “skip lesions”).

If the thoracic vertebrae are fused, then it is often found that the costovertebral and costotrans- No
verse joints are also fused.

No extraspinal bone formation is seen. It is seen
Fluorosis

Vertebral ankylosis: lumbar first, later total, central. No
Thick osteophytes. No

Narrowing of joint space.

No between T8-T9 and T10-

T11, unknown between other

vertebrae
Osteosclerotic bone. ?
Dentition: mottling, low rate of caries. No
Ossification at any enthesis. Yes
Reactive arthropathy
Vertebral ankylosis: lower thoracic and upper lumbar. Lateral first. No
Paravertebral ossification progressing to fusion with vertebral body. Ankylosis of vertebral No
bodies with “skip lesions”.
Asymmetrical sacroiliitis. ?
Erosions in MTP (particularly first) and IP joints of feet. ?
Dentition normal. Yes
Entheseal ossification predominantly in pelvis, lower limb and feet. No
Psoriatic arthropathy
Vertebral ankylosis: lower thoracic and upper lumbar first. May involve cervical. No
Paravertebral ossification progressing to fusion with vertebral body. Ankylosis of vertebral No
bodies with “skip lesions”.

2

Symmetric or asymmetric sacroiliitis. Erosions may be present within joint. Sclerosis.
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