
Research Article

Blair Nolan*, Sandra Tornberg Fritz, Paola Derudas, Domenica Dininno, Anna Tornberg

Disability and Care in Late Medieval Lund,
Sweden: An Analysis of Trauma and
Intersecting Identities, Aided by
Photogrammetric Digitization
and Visualization

https://doi.org/10.1515/opar-2025-0043
received November 19, 2024; accepted March 17, 2025

Abstract: This article is a Bioarchaeology of Care and Disability focused analysis of an individual who suffered
a severe fracture of the left knee in Late Medieval Lund, Scania (1300–1536 CE). We question the degree to
which written sources from the period represent the reality of the disability experience, and to that end how
identities intersect in the Medieval urban landscape. Following an index of care model methodology, we
provide an interpretation of the pathological evidence within the archaeological and historical context of
Medieval Lund. In this case, the individual received both short and long-term care, which included treatment
of pain and inflammation, assistance with hygiene and nutrition, and the management of disability as a result
of physical impairment for the remainder of the individual’s life. Their treatment in death with a prominent
burial position close to the church, a symbol of upper social status during the Medieval period, demonstrates
that the identity of disability in the past is a much more complex process than can be gleaned from the written
sources. Our analysis also employed 3D online visualization and annotation solutions to aid in the analysis and
dissemination of our results, making data more accessible to readers and researchers alike.
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1 Introduction

1.1 Bioarchaeology of Care and Disability

The study of impairment, disability, and care in past populations can substantially contribute to the understanding
of ancient lifeways. Both the Bioarchaeology of Impairment and disability (BoD) and the Bioarchaeology of Care
(BoC) are relatively newly developed branches of social bioarchaeology. Analyses of care, impairment, and dis-
ability in past populations were conducted during the latter part of the last millennium (Finlay, 1999a), but these
perspectives were still underrepresented in the wider discussions on social theory in bioarchaeology (Finlay,
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1999b). However, in the ensuing decades, breakthroughs were made by Tilley and Oxenham (2011), followed by
Tilley and Cameron (2014). These authors introduced a systematic analytical approach for studying ancient care, as
well as an open-accessed web-based protocol, i.e., the Index of Care. The protocol includes four steps under which
rigorous documentation of contextual and pathological traits are registered and interpreted. Theoretical and
methodological advancements within the BoC were later published by Tilley (2015) and Tilley and Schrenk
(2017), which cemented the BoC approach within social bioarchaeology.

The BoD and BoC have then been explored in a number of publications offering insights into disability and
care provision related to e.g., infectious disease (Battles & Gilmour, 2022; Roberts, 2017; Solari et al., 2020),
congenital pathologies (Domett et al., 2022; Málaga &Makowski, 2019; van Duijvenbode et al., 2015), and trauma
(Bethard et al., 2021; Li et al., 2021; Tornberg & Jacobsson, 2018; Vlok et al., 2017). Most case studies are based on
contextual analyses of hard tissue, but BoC approaches to mummified remains have been explored as well
(Beckett & Conlogue, 2019; Brown & Wilson, 2019; Nystrom & Tilley, 2019; Tilley & Nystrom, 2019; Verostick
et al., 2019; Zink et al., 2019). Although the BoC was originally oriented toward case-based analyses through
osteobiographic approaches (Saul, 1972), there is a clear development in population studies regarding dis-
ability (Bohling et al., 2022) and care (Schrenk & Tremblay, 2022a; Tremblay Critcher, 2017; Wesp, 2017).
Population-level analyses of care could significantly enhance the understanding of the complexity of care
provision in past societies since it covers a wide range of pathological conditions with both short- and long-
term needs of attendance from others (Schrenk & Tremblay, 2022b, p. 3).

Although skeletal assemblages in the Nordic countries are generally of good preservation status and well-
documented, past care provision is vastly unexplored. Archaeologically, medical treatment and the professio-
nalization of health care in the medieval period and renaissance has been explored through textual and
archaeological sources by Bergqvist (2013), but the substantial scientific contribution remains relatively inac-
cessible to a broader community due to the language of the publication. Except for a study of care provision of
a Neolithic individual suffering from severe skull trauma (Tornberg & Jacobsson, 2018) and an unpublished
master’s thesis following a population approach to the BoD of Medieval Helsingborg (Wendt, 2023), no previous
case or population level BoD or BoC analysis has been performed within the Nordic context.

In this article, we approach disability and care of an individual from the Trinitatis cemetery of Late
Medieval Lund, southernmost Sweden (Figure 1), suffering from a severe dislocated fracture of the left knee.
We contextualize our analysis of the individual’s trauma within Medieval Lund, combining written sources
from the period and the archaeological record of Lund. The goal of this article is to go beyond our under-
standing of social norms from the texts alone and uncover the ways in which identities intersected in the past,
particularly identities associated with disability. We have also employed 3D modelling as a documentation and
online visualization and annotation tool, a powerful method of viewing and querying the traumatic injury and
related skeletal changes that increases the readers ability to investigate the physical remains as described in
our study. Also, the digitization of excavation records coupled with 3D visualization and annotation has the
potential to provide new perspectives on the spatial analysis of cemeteries in relation to trauma in the fields of
BoD and BoC research.

1.2 Medieval Lund and the Trinitatis Cemetery

Established ca. 990 CE, throughout much of the Middle Ages Lund functioned as the seat of ecclesiastical and
royal power in the Danish Kingdom. The character of the early settlement has been somewhat elusive, but
most agree that during this time Lund consisted of a series of farm plots, perhaps connected to a royal estate,
organized around two identified Christian churches and cemeteries. One of these is the Trinitatis stave church
and cemetery that were the predecessor to the Romanesque stone church and cemetery in focus in this study.
Andrén (1985) describes this as the “congested countryside” and in his book emphasizes the importance of the
church in the process of urbanization during the Early Middle Ages in Denmark (990–1100 CE). Lund was no
exception, as many as 27 religious institutions (e.g. churches, monasteries, and the cathedral) had been
established in the town during the Middle Ages. The major urban restructuring took place during the eleventh
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and twelfth centuries; archaeological evidence from several quarters in the town shows how the earlier more
loosely organized farm plots were redeveloped into smaller rectangular urban plots. At the centre of this was
the market area of Stortorget, plots organized along the street with accompanying stalls facing into the square
which was paved with wooden planks (Carelli, 2012, pp. 108–116, 234–236). Another signifier of Lund’s early
economic importance was the royal mint located in town, with suggestions that coins were struck here as early
as the late 10th century (Cinthio, 2018, pp. 30–32; Malmer, 1997). In the High Middle Ages (1100–1300 CE) many
of the churches that had previously been built in wood were now being converted to Romanesque stone
churches, perhaps in connection with the early establishment of the parishes (Arcini, 1999, p. 40). During this
period Trinitatis also underwent rebuilding in connection with the establishment of the Premonstratensian
monastery which was active from the mid-twelfth century until the early thirteenth century on the site
(Cinthio, 1996).

Trinitatis church was a part of Drottens parish (Figure 2), first mentioned at the beginning of the four-
teenth century (Carelli, 2012, p. 173). We can get an idea of the parishioners’ social status during the Late Middle
Ages (1300–1536 CE) through the written record, referring to wealthy merchants and members of the town

Figure 1: Map of Scania in Southern Sweden, Lund located in the Southwest of the Province. Created by Sandra Tornberg Fritz using
ArcGIS.
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council, e.g. several mayors, councillors, and aldermen (Blomqvist, 1951, pp. 207–208, 276–277). These were
influential figures in the politics and economy of a town that was searching for more autonomy during a very
tumultuous period in the Danish Kingdom. It is also possible to say something about the status of the
congregation by examining the organization and character of the graves at Trinitatis that date to the Late
Middle Ages. Burials from this period were very plain, few grave goods (e.g. rosary beads, walking canes), and
most were interred in earthen graves or a simple wooden coffin, however, in the same period there was a stark
increase in the number of burials in the floor of the church. A total of 190 graves were located beneath the floor
of Trinitatis, a small portion of these graves are pre-fourteenth century having been placed during the time of
the Premonstratensian monastery, while most were placed during the Late Middle Ages (Arcini, 1999, p. 48).
Securing such a position in the church would have come at quite a significant cost and is perhaps a sign that

Figure 2:Map of Lund in the Late Medieval ca.1536 CE, Trinitatis church with Drottens parish marked. Reproduced with permission from
Caroline Ahlström-Arcini (Arcini et al., 2016, p. 110), original Blomqvist (1963, p. 11) with later additions by Maria Cinthio (1999, p. 43), and
Blair Nolan in this publication (map legend and arrow).
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there were those in the society who were able to maintain their wealth even during a time of economic
hardships related to the Late Medieval Crises (Cinthio, 2002, p. 198).

During the Late Middle Ages, the urban structure of the town was changing. The plots that had previously
been divided in the eleventh century were now being amalgamated into larger urban farm plots, and there
was an increased transfer of lands into the hands of the church and establishment of ecclesiastical residences
in the town (Carelli, 2012, pp. 319, 336–338). Lund’s influence in regional trade was dwindling as several port
towns and smaller markets were being established along the coasts of Scania, which had benefited from
connections with the Hanseatic League across the Baltic and North Sea. Rapidly developing cities like Malmö
and Copenhagen had pulled economic influence away from Lund, the royal mint moving from Lund to Malmö
in the 1440s being another sign of this economic decline. Lund would however persist throughout the
remainder of the Middle Ages as a centre for religion (Blomqvist, 1951). As for the fate of Trinitatis post-
reformation, demolition of the church had already begun in 1537 and by 1544 little remained standing (Cinthio,
2002, p. 235). The stone material was taken for use in other buildings in Lund, leaving behind the foundations
of the church which were preserved post-excavation for public visitation alongside a museum exhibit.

1.3 Medieval Scandinavian Perspective on Disability

Disability in Medieval Scandinavia was closely defined in relation to religious and cultural norms, which do
not necessarily directly correspond to the severity of the impairment. The boundary between illness and
trauma/wounds in medieval Scandinavia was not always clear, and one could be considered as being “ill in
wounds,” the wounds being the cause of illness/disease (Bergqvist, 2013, p. 134). The religious view of bodily
malfunction is complex and could include both views of bodily malfunction as a punishment from God, and as
a divine test which required penance. The overarching idea was that bodily malfunction was the work of God,
and the affected could be socially excluded because of their sinful souls (Bergqvist, 2013, p. 112). Conversely, the
Church promoted and took part in alms for the sick and injured (Davis, 2014), and the monasteries were the
main distributors of institutionalized medical care (Bergqvist, 2013, p. 238). This more blanket approach to
disability and impairment is further nuanced by digging into the legal texts of the period.

The legal codes of Medieval Scania provide some perspective on the way that disability and physical
impairment were viewed by wider society. The twelfth- to thirteenth-century Danish Scanian Law, including
Archbishop Anders Sunesen’s Latin translation Liber Legis Scaniae, defined disability not only through the
severity of impairment but gave significant weight to the visibility of injury. Injuries that could be concealed
by hair, headwear, or other clothes were considered less disabling than unconcealable ones (Tamm & Vogt,
2016, p. 34; Tamm, 2018, p. 83). Injuries that were so severe that the (free-born) individual could no longer
pursue labour were lawfully compensated with the same amount as if the individual was dead (mansbot)
(Lawing, 2021, p. 54). The same compensation was granted for losing a nose, two hands or feet, tongue, both
eyes, or male genitalia (Tamm, 2018, p. 83). Loss of the nose was particularly shameful since removal of the
nose was a common punishment for theft (Tamm & Vogt, 2016, p. 34). The laws written in the following
centuries would borrow some of the principles from these earlier texts.

The Lund town law, Lundarätten (Lund rights), of 1326 follows the previous Scanian legal texts in that
visible injury was subject to higher fines and that loss of the hands, nose, or male genitalia required fines equal
to those of the “mansbot.” The Lund rights mention specific cases in which a wound exposes bone, a fine for
each piece of bone that “sticks in a bowl”would be exacted (Carelli, 2012, p. 229). The privileges granted to Lund
in 1361 by King Valdemar Atterdag, while not as prescriptive in their treatment of injury do call for a heavy
fine for serious woundings, and that beheading or amputation of the hand are possible forms of punishment
for grievous crimes (Carelli, 2012, pp. 375–377). As such, injuries that were both physically impairing and
clearly visible, were considered most severe. Deducing social norms regarding physical impairment and
disability from primary and secondary sources on the religious and legal texts of the period is difficult because
it presents an idealized perspective. We can enrich our understanding of disability and identity through
detailed osteological analysis, and archaeological and historical contextualization.
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2 Material and Methods

2.1 Material

The individual analysed in this study (grave number 2399) was exhumed from the Trinitatis cemetery during
rescue excavations that took place from 1982 to 1984, one of the thousands that were recovered (Nilsson, 1985).
The skeleton was in an overall good state of preservation, the elements which were not preserved or excavated
being the rib bones and a few isolated foot and hand bones, which is likely due to recovery biases based on the
experience of the excavators and current excavation practice. Dating of the Trinitatis church and cemetery and
dating of the graves has been determined via several methods: dendrochronological dating of well-preserved wood
from coffins and structural elements (Bartholin, 1976), stratigraphic position related to the building activities of the
churches, and by the arm positions of the individuals in the graves (Cinthio, 2002; Kieffer-Olsen, 1993; Redin, 1976).
Arm position and cemetery stratigraphy suggest that individual 2399 was buried in the Late Middle Ages (1300–1536
CE). The individual was buried on top of the foundation stones at the base of the western church tower. Cemetery
organization during the Danish Middle Ages was associated with socio-economic status, and the most prominent
burials were placed in the choir. The aim was to have a final resting place as close to the holy relics as possible
(Iregren & Redin, 1995, pp. 21; Jonsson, 2009, p. 124). Burials beneath the roof gap of the church were also highly
valued because of a cultural and religious belief that the rainwater dripping from the roof was holy (Jonsson, 2009,
pp. 62). Individual 2399’s burial plot was in a place of prominence within the cemetery.

2.2 Methods

2.2.1 Sex, Age, and Stature Estimation

Morphological traits of the pelvis (Buikstra & Ubelaker, 1994; Phenice, 1969) and the skull (Buikstra & Ubelaker,
1994) were assessed for estimation of sex. Age-at-death was estimated with the Transition Analysis 3 (TA3)
software (Richardson & Ousley, 2021). Traditional methods typically rely on a single feature or a small number
of features for age estimation. Transition analysis on the other hand employs numerous traits from multiple
locations on the skeleton to avoid preservation biases of different traits. The current build is the 0.8.5 version,
accessible at https://www.statsmachine.net/software/TA3/. The team is still working with the method and
removing features that are found not be strong indicators of age-at-death, but in its current state the software
has the capacity to provide good estimates of age throughout adulthood and well into advanced age (Boldsen et
al., 2021, pp. 126–128; Milner et al., 2021, pp. 148–151). Per the guidelines of the trait manual for TA3 (Milner et
al., 2019), skeletal changes deemed to be anomalous due to pathological change or trauma were excluded from
observation to avoid errors in age estimation, this relies on the experience of the observer to identify these
anomalies.

Stature was estimated using the Sjøvold (1990) model, which uses the maximum length of the femur. The
Sjøvold model is based on organic correlation from a wide range of populations, which neutralizes possible
differences in bone lengths with ethnicity, a plausible bias with models based on linear regression.

2.2.2 Digitization and Visualization

Radiographic imaging was conducted at the Skåne University Hospital in Lund. All in-text figures of pathological
lesions, 3Dmodels, and additional photographs and radiographic images are available as supplementary data in the
archaeological interactive report (AIR) database. Direct links to the models are available in the Appendix.

3D High-resolution data were gathered using range-based modelling and image-based modelling (Remondino
& Campana, 2014; Remondino et al., 2018; Scopigno et al., 2011). The 3D scanning portion of the data acquisition was
done using an Artec Space Spider scanner and Artec Eva Scanner for the large bones.
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Once the bones were 3D modelled, they were integrated into AIR, which proved the most suitable system
due to its capabilities in 3D model integration and exploration flexibility. AIR is a 3D-based online information
system developed within DARKLab (Derudas et al., 2023) and is currently used as a documentation and data
management system in several excavation projects at the Department of Archaeology and Ancient History at
Lund University. AIR facilitates the documentation and management of archaeological excavations, allowing
for the integration of 2D and 3D datasets. AIR allowed for the combination of 2D legacy data (maps and
drawings) from the 1982 to 1984 excavation with the 3D models of the skeletal material produced 40 years
later (https://omeka.ht.lu.se/s/care/page/home).

The studied skeletal elements were recorded into AIR as individual finds, with detailed information on
their physical characteristics, retrieval status, and conservation using the find-recording sheets. Eight 3D
models of individual skeletal elements were produced and registered into AIR, connected to the corresponding
finds (see find-recording sheet of the right humerus and the linked 3D representation https://omeka.ht.lu.se/s/
care/item/7422). Visualising the digital find recording sheet allows for the exploration and measurement of the
digital copies. Thanks to the capabilities of AIR, we could leverage the available heterogeneous dataset more
effectively. By merging legacy and 3D data, we created a comprehensive hybrid representation of the excava-
tion. The excavation context was meticulously recorded in AIR using the available written documentation and
hand-drawn 2D site plans. The information from the individual under study (context 2399) was meticulously
recorded in the digital context sheet, specifically designed for the documentation of human skeletal remains
(Figure 3). The hand-drawing burial map from the cemetery area investigated between 1982 and 1984 was
scanned, converted into a textured plane, geo-referenced, and imported as a media element in the context
sheet (https://omeka.ht.lu.se/s/care/item/7349).

Figure 3: Integration of the 3D modelled remains into the legacy data from the context drawings of individual 2399’s grave in the
excavation trench. Annotations represented by green orbs.
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From an osteological point of view, it is crucial for osteologists to 3D annotate skeletal elements to visually
highlight pathologies, the site of trauma, or other areas relevant to the osteological analysis and link informa-
tion gathered to said annotations. We rendered 3D annotations as clickable polygons or points located at the
area of interest and linked the related information as metadata (Figure 4). This way, the annotations become
part of the online archive and can be queried and explored independently. The 3D visualisation of all available
skeletal elements in context and the ability to explore related information in an efficient manner significantly
supports osteological analysis. This provides a detailed spatial understanding of the individual’s remains and
their position relative to other burials in the cemetery, the stratigraphy of the cemetery, and their position in
relation to other archaeological features, thereby enhancing the accuracy and reliability of our findings.

3 Results: Osteological Observations and Differential Diagnosis

Individual 2399 was determined to be male with a calculated stature of 171.6 cm (Sjøvold, 1990). Age-at-death was
estimated using Transition analysis 3 (TA3) and provided a most probable age of 30.5 years with a 95% confidence
interval of 22.4–39.3 years. The standard error was measured at 8.2, and the correlation between the real age and
predicted age was 0.902, with good overall preservation of traits for analysis.

Individual 2399 suffered an oblique ante-mortem fracture of the left distal femur (Figure 5), visible in
radiographic images in AIR (S). A small pond fracture (c. 3 × 10 mm) was noted on the left frontal bone, but due
to its small size and lack of related fracture or bony changes would likely have been of little impact to the
individual and is not possible to link to the fractured knee. The knee fracture resulted in complete dislocation

Figure 4: 3D Modelled left femur, looking at the distal section. Annotations are visible as purple orbs, and clicking annotations reveal the
attached metadata as shown.
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of the condyles which healed at a 45-degree angulation in a dorso-medial position. The position and dislocation
suggest that the distal epiphysis was fused at the time of trauma and thus provides an earliest date of injury at
approximately 20 years of age (Buikstra & Ubelaker, 1994; Scheuer & Black, 2000). The fracture pattern and
angulation suggest high-force impact from the lateral side. High-energy trauma to the knee commonly results
in open fractures and bacterial infection of soft and hard tissue (osteomyelitis or osteitis) (Polykandriotis et al.,
2005). This type of injury is often seen in motor vehicle and horse-riding accidents today (Buechel, 2002) but in
the context of Medieval Lund might be associated with a kick from a horse or a heavy object falling on the
knee, such as stone or other materials during construction (Arcini, 1999, p. 149).

The area of the trauma exhibited post-deposition and post-excavation damage, taphonomic changes
exposing the trabecular bone in certain area, which is important to note as this might limit observation of
certain features and was certainly considered when looking at the condition of the remodelled bone. Upon
initial observation, it was clear that the distal portion of the femoral diaphysis exhibited significant swelling
and new bone growth around the site of the trauma. A cloaca is visible in the intercondylar space, surrounded
by remodelled bone (S:2). The new bone growth is well organized, presenting as smooth and lamellated with
larger porosity. The articular surfaces of the femoral and tibial condyles both exhibit periosteal new bone
growth that is porous but looks to be limited in its expansion beyond the articulation space.

The observation of severely remodelled bone around the site of the trauma, the presence of the cloaca, the
limited expanse of the inflammatory response beyond the site of trauma, and no evidence of sequestrum, are
in our estimation indicative of a localized post-traumatic exogenic osteomyelitic infection and in line with the
criteria outlined by Roberts (2019, p. 297). Post traumatic osteomyelitic infection in the case of exposed
fractures is very often poly-microbial (Waldron, 2021, p. 151), but in almost 90% of cases, Staphylococcus
aureus is the causative agent (Roberts, 2019, p. 299). Misidentification of osteomyelitic infection as neoplasms
of bone has been noted in both the clinical and palaeopathological literature (Gould et al., 2007; Huang et al.,
2013; Salik et al., 2021; Suzuki, 1987; Tamarit et al., 2003); therefore, we took precaution to consider the
possibility of trauma that was secondary to weakening of the bone in relation to tumorous growth. Macro-
scopically, new bone growth related to the trauma was not consistent with that of cancers such as osteosar-
coma, the remodelled bone lacks the identifiable disorganized “sunburst” pattern. The radiographic images
also showed no clear delineation of tumorous growth from that of the cortical bone of the femur. Analysis of
radiographic images was done in consultation with orthopaedic surgeons at the University Hospital in Lund,
who were also of the mind that there was no evidence of cancerous growth in the individual.

The individual exhibits ankylosis of the patellofemoral joint (Figure 6; S:1), which is a possible case of
heterotopic ossification traumatica (stimulated soft tissue ossification post trauma) involving the quadriceps
tendon insertion superiorly on the patella (Waldron, 2021, pp. 301–302). Severe trauma to the knee would have
resulted in arthrofibrosis, the build-up of scar tissue around the joint during the inflammatory phase that

Figure 5: The femoral fracture in grave 2399 with the tibia repositioned to show the 45-degrees angulation. Photo: Nelly Hercberg,
Cultural Museum in Lund.

Disability and Care in Late Medieval Lund, Sweden  9



causes prolonged stiffening and pain (Thompson et al., 2019; Usher et al., 2019). Arthrofibrosis with fusion of
the patella is commonly seen in poorly treated severe distal femur fractures (Buechel, 2002). Periarticular
trauma of this nature would also have very likely led to the spread of blood into the joint space that could
influence new bone growth, perhaps part of the cause for ankylosis and some of the periosteal new bone on
the surfaces of the femoral and tibial condyles (Waldron, 2021, p. 235).

All lumbar vertebrae were affected by osteophyte formation, and there was a slight degree of wedging in
L2 (S:3.2) and L3 (S:3.3). The degree of osteophyte formation is quite extensive for an individual that died
around the age of 30 years, this could be indicative of manual labour earlier in life, but we believe there is a
high likelihood that it is related to strain caused post-trauma. Bilateral entheseal changes (minor entheso-
phytes) at the insertion of the superior glenohumeral ligament on the greater tubercle of the humeral head, a
substantially larger linea musculi solei on the right posterior tibia relative to the left side. Periosteal new bone
formation was noted on the right tibial diaphysis (Figure 7), as well as dorsally on the right pubic bone at the
insertion site for the adductor longus muscle (S:4).

4 Discussion: Disability, Care, and Identity

4.1 Experienced Disability

The World Health Organization’s (WHO) International Classification of Functioning, Disability, and Health
(ICF) (WHO, 2002), andWorld Disability Report (WHO, 2011), identify disability as encompassing impairment of

Figure 6: Close-up of the left knee with the fused patella visible to the left (red box). Photo: Nelly H Hercberg, Cultural Museum in Lund.

Figure 7: Active and healed periosteal new bone growth on the right tibial diaphysis. Photo: Nelly H Hercberg, Cultural Museum in Lund.
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bodily function, limitations on activity, and restrictions of one’s participation or involvement in various
aspects of life. It is through understanding Disability as a “biopsychosocial” concept (WHO, 2002, p. 20) that
we combine the medical and social understandings of disability in the present and past. In the case of
individual 2399, we can try to understand how an impairing injury such as trauma to the knee joint impacted
bodily function post-trauma and would have necessitated care or assistance.

Acutely, post-trauma, individual 2399 would have experienced a great deal of pain that would require
management. Bed rest would have been required, in the short term, and during this time, mobility would have
been limited. Individual 2399 would have needed the assistance of caregivers for daily functions during this
acute phase and then other forms of physical assistance long-term. Based on the osteological analysis and
differential diagnosis we believe there are clear signs that individual 2399 would have maintained a degree of
mobility post-trauma with assistance. The degree of remodelling around the fracture site and the permanent
angulation of the joint would have been prohibitive to mobility, possibly limiting the individual’s ability to
participate in specific occupations post-trauma and requiring some degree of assistance through a mobility aid
in navigating the urban context.

Osteological observations in the post-cranial skeleton support our assertion that individual 2399 was used
some form of mobility aid long-term after the impairing injury. Enthesophyte formation on the proximal
aspects of the humeri suggests there was an increased load placed on the shoulder joints, perhaps due to the
use of crutches in supporting weight. The degree of osteophyte formation and wedging in the vertebral
elements is not to be expected of an individual that would be in early adulthood at the time of death, and
while manual labour may have been a factor we believe that it is more likely that unequal loading and strain
post-trauma resulted in the observed changes. Periosteal new bone formation results from the inflammation
of the periosteum, and one of the causes for this inflammation can be increased mechanical loading and strain
placed on the skeletal element (Waldron, 2021, pp. 182–184). Perisoteal new bone growth on the right tibial
diaphysis and enthesophyte formation ventrally on the surface of the right pubic bone would indicate that the
right lower limb was under increased mechanical stress. The location of the bone formation on the pubic bone
is at the insertion site of the adductor longus muscle, which functions in creating stability of the lower limb.
These observations suggest that individual 2399 would have likely been living with limitations to daily physical
activities from the time of their injury until the time of their death, but that this would have been managed
through some form of mobility aid.

4.2 Constructing a Model of Care

Written sources and the archaeological record support that specialized health care was available in Medieval
Lund (Bergqvist, 2013, pp. 134–139; 194–206). Numerous archaeological finds such as scalpels, surgical pliers,
tweezers, and ointment jars all point toward a professionalized standard of care (Bergqvist, 2013, pp. 361–388).
Professional health care was likely exclusive to higher social classes, but Bergqvist (2013, pp. 194) argues that
some basic medical knowledge was present in most households. A deep knowledge of both surgical and
medicinal treatments was available from the start of the Medieval period, invasive procedures were per-
formed, and medicinal plants were used to treat and relieve symptoms and illnesses (Wallis, 2010, p. 134).
Individual 2399, having experienced such a severe injury, would no doubt have required professional medical
assistance.

During the acute phase of the injury, individual 2399 would have experienced a great deal of pain. The
post-traumatic pain and inflammation would have been dealt with using a combination of bed rest and
available pain relief, such as ointments made of lavender oil, opium, and alcohol (Bergqvist, 2013, pp.
277–287). Individual 2399 would have required assistance to maintain hygiene, nutrition, pain relief, along
with cleaning and dressing of the wound. It is not likely that there were attempts to repose the fracture
through traction treatment, a conclusion similarly reached by Arcini (1999, p. 150) when she noted the high
frequency of misaligned femoral and tibial fractures in skeletal collections from Medieval Lund, even though
this was a method already practiced in other parts of Europe during this time. Considering the risk of

Disability and Care in Late Medieval Lund, Sweden  11



comorbidity associated with prolonged bed rest, such as respiratory and cardio-vascular complications, active
care to reduce immobility must have been crucial (Jakobsen et al., 2021). Mobility aids would be required
during both the acute and chronic phases, in the form of crutches or a leg stand. Impaired or injured limbs
were sometimes bound for better coordination (Arcini, 2012, p. 431; Hernigou, 2013). The Arabic Andalusian
physician Albucasis (d.1106) called for the leg to be bent at the knee and have the lower segment firmly fixed to
the upper segment in a splint (Metzler, 2006, p. 113). It is plausible that binding of the leg would allow the
patient to mobilize early, but it must be considered that pain in the joint would have been a limiting factor in
recovery (Cunningham et al., 2022) and the degree of inflammation would have been prohibitive of such
extreme binding, requiring a more tailored solution. The osteological evidence for the use of mobility aids has
been covered previously, but this would have been an integral part of the treatment regimen in both the
immediate and long-term.

Post-traumatic osteomyelitis would also have required its own course of treatment. Bergqvist (2013, pp.
134–138) comments that physicians in the Medieval period were not expected, nor advised, to treat such severe
injuries as those afflicting the bone marrow (marvsår). Modern treatment for post-traumatic osteomyelitis
requires a course of antibiotics, but prior to the antibiotic revolution care options would have been limited to
drainage of infected site, incision, and abrasion to remove infected soft tissue or bone, or amputation of the
affected limb (Forsgren & Kronvall, 1996, p. 226; Ryan et al., 2017). There was no observable osteological
evidence of surgical intervention, neither treatment through abrasion and opening of the medullary cavity
for drainage nor amputation of the limb. In the skeletal material from Trinitatis, there are two separate cases
of amputation (Arcini, 1999, pp. 145–146), but this was a rare occurrence, and we do not know whether these
cases were medical or legal in nature. Based on the artefactual evidence present that indicated the presence of
knowledgeable physicians we can infer that individual 2399 would have undergone regular treatment for post-
traumatic osteomyelitic infection and that the wound was likely opened to allow for the drainage of pus.

4.3 Intersecting Identities

Approximately 1.3 billion people worldwide experience significant disability, roughly 16% of the human
population. Inequities in the experience of disability arise because of multiple factors including social struc-
tures (e.g. class dynamics), barriers within the health system, and varied living conditions that expose popula-
tions to increased risk of morbidity and mortality (WHO, 2022). These complex relationships existed in
Medieval Scania as well, and analyses of patterns regarding morbidity, mortality, and identity in relation to
societal norms can provide important insights into how living with impairment and restrictions to daily life
would have affected individual 2399. We consider the case of individual 2399 within the specific context of
Medieval Lund, relying on sources such as the Medieval legal texts from Scandinavia, the archaeological
record, and the osteological data on trauma gathered from Lund.

Through our understanding of the Medieval Scanian Law, particularly in reference to modes of compen-
sation and punishment for crimes, we can infer how society may have viewed individual 2399. Injuries that
were both severely physically impairing and fully visible were compensated much more generously than
impairments considered less impactful and/or possible to conceal (Carelli, 2012, pp. 227–230, 375–377; Tamm &
Vogt, 2016; Tamm, 2018). Further, in cases of severe or recurrent offences, mutilation was commonly practiced.
The texts depict an organized penal system in which a first offense was punished by a fine, a second by loss of
hands and/or feet, and a third by loss of eyes, nose, ears, lips, and/or scalp. The fact that corporal punishment
included intended impairment in the form of loss of limbs, sight, or hearing, gives glimpses into the societal
and structural view of disability, making a distinction between physical and sensory impairment. It also
provides an important understanding as to why compensation for intentional or workplace injuries was
provided differently depending on the affected body part. The loss of, or severe injury to, body parts that
could be mistaken as corporal punishment was considered more disabling than other impairments (Metzler,
2013, p. 38).
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The frequency of impairing injuries present in the osteological record from Medieval Lund provides an
important frame of reference for understanding the identity of disability and the availability of care in past
populations. In societies where impairing injuries are common, disability is less likely to be considered
deviant, and care is more likely to be provisioned. In these types of societies, pre-injury identities might be
less altered, at least in some socio-economic classes where subsistence can be acquired without manual labour.
No detailed analysis of trauma within a specific regional context in the Nordics existed until Arcini’s (1999)
thesis on health in Lund during the Middle Ages provided such an examination. Arcini’s analysis of the
Trinitatis cemetery, the same cemetery in which individual 2399 was interred, showed that 214 (9.4%) of the 2266
adults examined exhibited evidence of skeletal trauma and that the frequency of trauma in the population increased
over time. The frequency of individuals affected by cranial and post-cranial trauma was significantly higher in the
High (1100–1300 CE) and Late Middle Ages (1,300–1,536) than in the Early Middle Ages (990–1100 CE). Sex appeared to
influence traumatic injury risk; 12.5% of males versus 9.3% of females exhibited evidence of trauma. Femoral
fractures, specifically, were recorded in 21 individuals (11 males, 9 females, and 1 unsexed), and in terms of spread
across theMiddle Ages, they were foundwith the highest frequency in the periods c.990–1100 and c.1300–1536 (Arcini,
1999, p. 187). A similar supracondylar fracture impacting the knee joint was identified in a second individual, also a
male in his early 30s at the time of death and in a grave dated to the period c.1300–1536 (Arcini, 1999, p. 141). Arcini
attributed the upward trend in trauma, in part, to accidental injuries related to urban growth and the construction of
churches and other building projects. Social status does appear to have influenced trauma patterns to some extent;
individuals suffering from skull trauma were more likely to have prominent burial plots, while there was no
discernible pattern in burial location associated with post-cranial trauma (Arcini, 1999, p. 146). Individual 2399’s
proximity to the church, and his burial atop the foundation stones of the church’s western tower, indicates a position
of upper socioeconomic status. Status likely influenced his experience of disability, in opposition to what might have
been expected based on our understanding of societal norms as projected through legal and religious perspectives.

In an analysis of trauma in Medieval Sweden, Wendt (2023) found clear patterns between severe and
visually unconcealable impairments and burial placement in Early Medieval Helsingborg. He interprets it as
discriminatory attitudes and reduced status related to disability. He found that individuals with concealable
impairments were placed in the choir or in the longhouse of the church, while individuals with visual
impairments were grouped together and separated from other contemporaneous burials on the outskirts of
the cemetery. Despite what would clearly have been a visual impairment, individual 2399 was buried very
close to the church. Similarly, Bohling et al. (2022) performed a population-level analysis on burial patterns in
relation to trauma in Late Anglo-Saxon England, in which they stressed the timing of physical impairment as a
key factor in understanding disability and the identity of disability in the past. They make the distinction
between physical impairments as being congenital (present from birth) or acquired during life – ante-mortem
physical impairment could be classified as occurring at the end of life or short, medium, to long term, or
definitively long-term before death. It was their finding amongst multiple churchyards that the treatment of
burials in regard to physical impairment or disability, whether short term and related to end-of-life or long-
term and having notable effects on bodily function, was variable. Often individuals are found interred in
proximity to the church, in relatively high-status burials regardless of physical impairment. Late Anglo-Saxon
England is of course not an identical context to Late Medieval Denmark, but this is another example of how the
reality of lived experience cannot be interpreted in a vacuum.

Attitudes towards disability likely fluctuated throughout the Medieval period in Scania and would likely
be context-specific as in the case of Lund, but what is clear is that individual 2399’s status within society was
not wholly defined by disability. During the Late Medieval period, we know that several members of Drottens
parish were wealthy merchants and members of the town council in Lund. In the Trinitatis cemetery, there
were burials of exceptionally high status inside the church, members of the clergy or the wealthy that could
afford such placement (Cinthio, 2002, p. 187), but members of the burgher class or others of socioeconomic
significance would aim for a burial plot in the cemetery (Arcini, 1999, p. 46) as close to the church as possible.
Individual 2399’s prominent burial place within the churchyard may indicate that they were a part of the
burgher class, someone of socioeconomic importance, and this distinction may have superseded the identity of
living with disability. Considering the biopsychosocial implications of disability, we might infer that individual
2399 occupied a position within society, either through familial connection or attained status during life, that
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provided both economic and social support post-trauma. A position which afforded him the opportunity to
participate in society despite the physical impairment to bodily function and limitations to mobility. The
church and legal stances on physical impairment and disability during this time then seem not to have had
a considerable effect on this individual’s status within society, at least from what we can tell by our inter-
pretation of the osteological, archaeological, and written sources. These identities, burgher and disabled, were
in some way not at odds with one another but a part of the whole individual and coloured their lived
experience within society.

5 Conclusions

This article is unique in its application of BoD and BoC principles, particularly the index of care method, within
the Medieval Nordic context. The understanding of physical impairment, disability, and care in Medieval
Scandinavia is heavily influenced by our readings and interpretations of the written sources, legal, and
religious texts which become scarcer the further we go back into the Medieval period. Literary sources present
us with an idealized framework for societal norms surrounding disability but expanding datasets into the
archaeological and osteological realms brings to light a more complex discussion on identity in the past. An
expectation of stigmatization and ostracization of those living with disability due to severe physical impair-
ment hasn’t been validated in our study. The evidence presented for Individual 2399, the Trinitatis cemetery,
and contemporary cemeteries in Medieval Northern Europe corroborate our interpretation that disability, as
much as today, is only one facet of identity at the individual and population level. In the case of individual
2399, it is apparent that the experience of disability post-trauma was affected by their social status, evident
through the acute treatment process, long-term care availability post-trauma, and their treatment in death
with a prominent burial plot within the cemetery. Future research goals would be to expand this study to
larger collections of material from both urban and rural cemeteries, examine various types of physical
impairment, and look at its relation to the organization of cemeteries throughout the Medieval period.

In this study, we have also been explicit in our use of 3D visualization and documentation techniques, not
only for the purposes of increased dissemination and visibility within the study but also in demonstrating the
usefulness of these tools analytically. Detailed high-resolution photogrammetric models of the trauma are here
demonstrated as a valuable tool in the fields of BoD and BoC research as readers are given the opportunity to
manipulate and inspect the skeletal elements and site of traumatic injury for themselves, going beyond the
more limited two-dimensional photographic component. Combining models with records from the excavation,
both site drawings and excavation reports when available, allows us to bring forth legacy data that has in
many cases been forgotten in the archives or seen as providing little value. The future applications of these
methods as shown in the AIR system, developed in collaboration between the DarkLab at Lund University and
the French National Institute of Art History, are on the cutting edge of digital archaeology methods and will be
extremely valuable in the preservation and renewed exploration of past excavation records.
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Appendix

Below you will find direct links to the 3D models in the database AIR. The specific points associated with the
care evaluation in this study are visible in the referenced models. The links are numbered according to their
position in the article. S:1 and S:2 both link to the same model but reference separate features on the skeletal
element.

S:1 Fusion of the right patella in the position of the patellar fossa related to the femur fracture: https://
omeka.ht.lu.se/s/care/item/7424.

S:2 Cloaca visible intercondylarly on the distal left femur: https://omeka.ht.lu.se/s/care/item/7424.
S:3 Lumbar vertebra with osteophyte formation and lateral wedging. All lumbar vertebrae were affected

by osteophyte formation.
3-1: 1st Lumbar https://omeka.ht.lu.se/s/care/item/7418.
3-2: 2nd Lumbar https://omeka.ht.lu.se/s/care/item/7419.
3-3: 3rd Lumbar https://omeka.ht.lu.se/s/care/item/7420.
3-5: 5th Lumbar https://omeka.ht.lu.se/s/care/item/7421.
S:4 Right pubic bone, with the location of periosteal new bone formation noted: https://omeka.ht.lu.se/s/

care/item/7425.
Homepage with links to all modelled remains: https://omeka.ht.lu.se/s/care/page/home.
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