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ABSTRACT

Arthropathy — or joint disease — is the most common post-cranial pathological change found in
skeletal remains, both today and in the past. Responsible for a great amount of pain and discomfort
in modern populations, arthropathy continues to be highly researched in current clinical and pale-
opathological studies. Despite its frequency in an archaeological context, differentiation between
various types of arthropathy can prove challenging. Rheumatoid arthritis (RA), for example, is
historically underrepresented in the archaeological record. This may be due to a combination of
the poor preservation of hand and foot bones (the locale where the bony alterations of RA begin),
the non-specific appearance of RA lesions on bones, as well as other biases inherent in the bioar-
cheological record. This article analyzes the origins and antiquity of RA, as well as some of the
issues with differential diagnosis using clinical and paleopathological literature, including proba-
ble and potential cases.
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INTRODUCTION

Joint disease, also known as arthropathy, is the
most common post-cranial pathological skele-
tal change found in past and current popula-
tions (Aufderheide and Rodriguez-Martin
1998; Black et al. 2012; Basi¢ et al. 2017).
Regardless of the prevalence of joint disease in
skeletal remains however, rheumatoid arthritis
(RA) is historically underrepresented in the
archaeological record. Today, the worldwide
prevalence has been estimated at 0.24 percent
(Cross et al. 2014), with estimates of RA prev-
alence in the United States and Europe being
typically higher at 0.5 to one percent
(Myasoedova et al. 2010; Hunter et al. 2017).
RA visibility in skeletal remains is hampered
by the poor preservation of small hand and foot
bones, where the bony alterations of the

disease begin. Additionally, the non-specific
appearance of the lesions RA leaves, which are
commonly confused for other arthropathies,
has led to a lack of differential diagnoses indi-
cating RA in the archaeological record (Black
et al., 2012; Roberts and Manchester, 2005).
Lastly, RA is three times more common in
females than in males (Cross et al., 2014;
Waldron, 2008; Roberts and Manchester,
2005). Due to differential preservation, female
remains preserve less readily than those of
their male counterparts due to gracility and
sexually dimorphic bone density (Roberts and
Manchester, 2005; Aufderheide and Rodri-
guez-Martin, 1998). This differential preserva-
tion means that if the disease was present in
ancient populations, it is less likely to be found
due to lack of preservation (Roberts and
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Manchester, 2005; Waldron 2008). As a result,
this paper examines the origins and antiquity
of RA, as well as some of the issues with
differential diagnosis using clinical and paleo-
pathological literature, including probable and
potential cases.

MEDICAL HISTORY OF OSTEOAR-
THRITIS (OA)

Joint disease is responsible for a great
amount of pain and disability in modern popu-
lations (Waldron, 2008). Clinical studies
reveal that degenerative joint disease or osteo-
arthritis (OA) was one of the earliest disorders
to be identified and characterized clinically
(Lieverse et al. 2007; Lieverse et al. 2016;
Scott, 2019; Gay et al. 2019; Horak et al. 2011).
Numerous Neanderthal remains dating from
around 250,000 to 35,000 years ago show
signs of osteoarthritis, suggesting that joint
disease was present in prehistoric populations
(Boule and Vallois, 1957). Some of the earliest
written records of arthritic diseases lie in the
Ebers and Edwin Smith papyri (Nuki and
Simkin, 2006; Schwartz, 2006). Both of these
examples date from around 1550 BC and
reference writings of Imhotep from 1000 years
earlier wherein the symptoms of osteoarthritis
are described. This finding suggests that the
concept of arthritis existed even in the early
centuries of Egyptian civilization more than
4,500 years ago (Nuki and Simkin, 2006).

Today, in modern clinical samples, OA is
most commonly seen in the knee, hip, and
hands (Waldron, 2008). OA affects as much as
forty percent of people aged seventy years or
older, making it more prevalent than any other
form of arthritis in modern populations
(Valdes and Spector, 2011). This prevalence in
modern samples helps to explain why OA is
also found so frequently in ancient skeletal
materials (Rogers et al. 1987).to be found due
to lack of preservation (Roberts and Manches-
ter, 2005; Waldron 2008). As a result, this
paper examines the origins and antiquity of RA,
as well as some of the issues with differential

diagnosis using clinical and paleopathological
literature, including probable and potential
cases.

MEDICAL HSITORY OF RHEUMATOID
ARTHRITIS (RA)

Rheumatoid Arthritis (RA) was first
recognized in French clinical literature in 1800,
in Augustin Jacob Landré-Beauvais’ (1772-
1840) MD thesis. In this thesis, Landré-Beau-
vais described signs and symptoms of an
unknown disease that he referred to as goutte
asthénique primitive or primary asthenic gout
(Landré-Beauvais, 1800; Landré-Beauvais,
2001; Tsoucalas and Sgantzos, 2017; Waldron,
2008). He described an affliction that was
more common in women, involved many
joints from the onset (notably in the hands and
feet), and followed a chronic progression.
Landré-Beauvais was confident that he had
identified a new form of joint disease, and it is
believed today that he was describing the signs
and symptoms commonly associated with RA
(Waldron, 2008).

The lack of RA recognition before the
work by Landré-Beauvais signaled to some
researchers and clinicians that RA was a rela-
tively new disease, although, there have been
suggestions that some historical figures such
as Mary Queen of Scots (1542—-1587), suffered
from the disecase (Wallace, 1964; Waldron,
2008). There 1is also paleopathological
evidence for the antiquity of RA. Cases have
been identified from the medieval and post-
medieval periods of England, for instance,
(Waldron, Rogers and Watt, 1994; Hacking,
Allen and Rogers, 1994) and seventh to ninth-
century France (Blondiaux et al. 1997). In
addition to these numerous ‘suspected’ cases
of RA in antiquity, see Table 1.

DIFFERENTIAL DIAGNOSIS OF
ARTHROPATHIES

Joint diseases can be divided into those
that proliferate — forming bone — and those that
are erosive — taking bone away (Waldron,
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2008). This section outlines the various joint
diseases that can present similarly to RA in
skeletal remains but reflect diverse underlying
etiologies. The causational and diagnostic
differences will be highlighted and discussed
in the subsequent sections to better understand
the difficulties in differentially diagnosing
some of these diseases in antiquity, especially
RA.

Degenerative Joint Disease: Osteoarthritis

Osteoarthritis (OA) is the most common
joint disease found in modern and ancient
populations. As a result of this disease preva-
lence, OA has been researched extensively,
both in clinical and archaeological literature
(Crubézy et al. 2002; Diirr et al. 2004; Gay et
al. 2019; Horak et al. 2011; Lieverse et al. 2007;
Lieverse et al. 2016). For the purposes of this
article, I summarize the pathophysiology and
etiology of this disease, while placing empha-
sis on skeletal diagnostic criteria and OA’s
classification as an erosive joint disease as
these aspects pertain to OA’s differentiation
from RA and other arthropathies.

OA is a progressive joint disease that
results from several complex co-occurring
factors leading to subchondral bone changes
and the loss of articular cartilage (for a thor-
ough review of OA see Scott 2019). These
factors include, but are not limited to, age,
genetic predisposition, biological sex, obesity,
trauma, and repetitive movement (Waldron,
2008). One or more of these factors will initi-
ate a pattern of inflammatory events leading to
the appearance of OA in the joint and ending
in joint failure. The earliest visible manifesta-
tion of the disease is the loss of articular carti-
lage (Jurmain and Kilgore, 1995; Rogers and
Waldron, 1995). As the disease progresses,
bony changes develop as a result of this loss of
protective  articular  cartilage including
marginal osteophytes, the formation of new
bone along the joint surface, pitting along the
joint surface as a result of subchondral cysts,

changes in joint contour, and eburnation
(Waldron, 2008).

Earlier research states that OA is a non-
inflammatory joint disease of the elderly that
overuse or mechanical stress places on partic-
ular synovial joints (Rogers and Waldron,
1995; Roberts and Manchester, 2005; Jurmain
and Kilgore, 1995; Felson, 1988; Freedman et
al. 2012). However, recent research recatego-
rizes OA as an inflammatory joint disease that
is known to affect individuals of varying age
categories (Resch, 2003; Wood et al. 2013;
Horak et al. 2011; Lieverse et al. 2016; Scott,
2019). Although OA is now categorized as an
inflammatory joint disease, and inflammation
does play a role in the early stages of the
disease, OA does not cause inflammation to
the same degree as other inflammatory
arthropathies, such as RA, which will be
discussed in the following sections (Resch,
2003; Wood et al. 2013). OA inflammation
may be the result of trauma or other micro-
injury (Black et al. 2012), with trauma severity
being directly linked to OA risk factors (Wood
et al. 2013; Resch, 2003; Jurmain and Kilgore,
1995).

It is also important to acknowledge that
OA can be further differentiated into primary
or secondary OA, depending on disease initia-
tion. Primary OA affects joints with no known
cause and is also referred to as idiopathic
(Caroll, 2016). Secondary OA affects joints as
a result of external trauma (injury) or disease
(Capuano et al. 2015; Waldron, 2008). For
example, secondary OA is often found in the
joints of patients diagnosed with RA. Although
OA is no longer considered a "wear and tear"
degenerative disease of the elderly, due to the
relatively low degree of inflammation in
comparison to the other arthropathies, OA has
been placed in its own distinct category.
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Immune and Inflammatory Joint Disease:
Rheumatoid Arthritis (RA)

Compared to OA, RA is rarely seen in the
archaeological record (Roberts and Manches-
ter, 2005). RA is a chronic inflammatory auto-
immune disease in which the body’s immune
system mistakenly attacks the synovial joints
of the body (Caroll, 2016). RA affects synovial
joints symmetrically, beginning in the smaller
joints of the hands and feet, before progressing
to the larger joints of the body, specifically the
hip, knee, shoulder, and elbow joints (Waldron,
2008). The symmetrical appearance of the
disease is used to distinguish RA from other
forms of arthritis, such as OA (Capuano et al.
2015; Caroll, 2016).

Clinically, it is understood that an immune
complex is formed when the Rheumatoid
Factor (RF) in the blood binds with immuno-
globin G, triggering an inflammatory response
(Capuano et al. 2015). In cases where this RF
is present in the blood, this is known as sero-
positive rheumatoid arthritis (Capuano et al.
2015). Today, RF in the blood is used as a
diagnostic hallmark of the disease; however,
cases of RA have been diagnosed with no
traces of RF in the blood, both through physi-
cal examinations, or anti-CCP counts in the
individual's blood. These circumstances are
known as seronegative RA (Rogers, 2000).

RA affects approximately 0.24 percent of
the world’s population, with approximately
fifty percent of adults being unable to work
within 10 years of disease onset, making it an
incredibly debilitating disease (Meng et al.
2017; Cross et al. 2014). Today, the cause of
the formation of the immune complex and
development of RA is unclear, although a
genetic component appears to be likely. Addi-
tional risk factors for the development of RA
include sex, age, and environmental and
behavioral factors. RA is found in every sex,
age, and ethnic group; however, an estimated
seventy percent of those diagnosed are women
(Oelzner et al. 2008). This means that women
are three times more likely to be afflicted with

the disease. Women diagnosed with the
disease are typically diagnosed between the
ages of thirty and sixty. This has been
attributed to female hormonal levels, which
may contribute to developing RA (Oelzner et
al. 2008). Men with RA are commonly diag-
nosed later in life, typically between forty-five
and seventy years of age, with their overall risk
increasing with age (Zias and Mitchell, 1996).

The etiology and pathogenesis of RA are
not completely understood, but RA is known
to involve the synovial joints and leads to
progressive  joint destruction. As RA
progresses, chronic inflammation leads to a
loss of bone density around the joints and
throughout the body, causing thin, brittle
bones (Bromley and Woolley, 1984; Hochberg,
2009; Mcgonagle et al. 1999; Schett and
Firestein, 2010; Vis et al. 2013). Visible
macroscopic lesions that accompany RA can
differ depending on the affected joint size. In
smaller joints, such as those of the hands and
feet, subluxation is often present in life. This is
seen in skeletal remains by the extension of the
articular surfaces of joints and marginal
lipping (Roberts and Manchester, 2005). In
larger joints, osteoporosis is commonly seen in
the articular ends of bones with resorption of
the subchondral bone. Lytic foci are also found,
representing the remnants of subchondral cysts
(Roberts and Manchester, 2005).

Immune & Inflammatory Joint Disease: Psori-
atic Arthritis (PsA)

Psoriasis is a common skin condition in
modern populations, affecting approximately
one to three percent of the general population,
and about five percent of sufferers develop
joint changes (Waldron, 2008; Roberts and
Manchester, 2005; Rogers, 2000). Clinically,
males and females are affected equally, and the
average age of onset is between twenty and
forty years. Although its cause is unknown,
genetic, nutritional and infectious factors
likely play a role in disease development
(Szentpetery et al. 2016; Gladman et al. 2005).
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Few definitive examples of PsA have appeared
in the archaeological literature (Rogers, 2000;
Pasero and Marson, 2006; Zias and Mitchell,
1996). Given the prevalence of PSA in modern
populations, it is safe to assume that its obscu-
rity in antiquity likely reflects misdiagnosis of
this disease for different erosive joint diseases.
Such misdiagnosis may be the result of miss-
ing hand or foot bones (where the distinctive
lesions of the disease present), or non-specific
lesions on other bones that cannot be distin-
guished from those of other conditions.
Another difficulty in the diagnosis of PsA in
skeletal remains has to do with the highly
variable nature of the disease (Rogers, 2000).

PsA can affect any synovial joint in the
body, and a variety of clinical subsets of PsA
have been identified and described, depending
on the number of affected joints and the distri-
bution of bony joint changes (Waldron, 2008;
Szentpetery et al. 2016). In the majority of
clinical cases, PSA presents as an asymmetrical
erosive arthropathy, or a symmetrical poly-
arthritis, similar to RA (Waldron, 2008;
Roberts and Manchester, 2005; Szentpetery et
al. 2016). Tendon and ligament attachments to
bone are also commonly involved, causing
new bone formation or the development of
enthesophytes (Pasero and Marson, 2006;
Waldron, 2008; Gladman et al. 2005). The
phalanges of the hands and feet become eroded
at the joint surface and margins. PsA is often
identified by distinctive ‘pencil and cup’
deformities in the distal interphalangeal joints
and new bone formation on the phalanges,
metacarpals, metatarsals, carpals and tarsals of
the hands and feet and around the joints
(Roberts and Manchester, 2005). Additionally,
there can be involvement of spine and sacroil-
iac joints with ossification of vertebral liga-
ments (Roberts and Manchester, 2005).

Immune & Inflammatory Joint Disease: Anky-
losing Spondylitis (AS)

Ankylosing spondylitis (AS) is a progres-
sive inflammatory disease affecting the axial

skeleton (Roberts and Manchester, 2005). It is
the most common spondyloarthropathy recog-
nized in skeletal remains (Waldron, 2008).
Spondyloarthropathies are distinguished from
other arthropathies as they involve inflamma-
tion of the joints of the spine. Although the
prevalence estimates of AS vary from 0.25
percent to 4.5 percent in living populations, the
frequency of the disease in the past has not yet
been determined (Duyar, 2019). This disease
of unknown etiology affects males two to three
times more than females (Rogers, 2000), with
an age of onset between fifteen and thirty five
years (Roberts and Manchester, 2005). There
are known genetic predispositions for the
development of AS, including the HLA-B27
antigen (Wendling et al. 2018; Keat, 2012).
Individuals with AS are at a fifty percent risk
of passing the disease onto their children and
are more commonly found among European
and North American Indigenous populations
(Vosse et al. 2013; Waldron, 2008).

AS is characterized by the involvement of
the synovial and cartilaginous joints, entheses,
and the erosion and fusion of multiple joints
(Roberts and Manchester, 2005). Involvement
and symmetrical fusion of both sacroiliac
joints are considered to be the hallmark of the
disease (Roberts and Manchester, 2005). The
synovial joints of the spine begin to fuse,
followed by the vertebral bodies, beginning in
the lumbar spine and moving superiorly with
no “skip lesions”, or normal vertebrae inter-
spersed between those that are fused (Waldron,
2008). As the spine fuses, vertebral bodies
remodel and lose their normal shape. In addi-
tion to the vertebral changes, there is marked
ossification of the inter- and supraspinous
ligaments, as well as the formation of vertebral
syndesmophytes (Rogers and Waldron, 1995).
As AS progresses, it causes the spine to fuse
and is characterized by a ‘bamboo spine’
appearance, wherein the vertebral bodies
become square and smooth, connected by the
thin, vertically oriented syndesmophytes,
giving the vertebral column a bamboo stalk
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appearance (Rogers and Dieppe, 1990).
Peripheral joints are additionally affected, with
the hip, shoulder, knee, ankle, wrists, hands
and feet being most common. The costoverte-
bral joints may also be involved, where the ribs
become fused to the vertebraec (Rogers and
Waldron, 1995).

Immune Joint Disease: Diffuse Idiopathic
Skeletal Hyperostosis (DISH)

Like AS, diffuse idiopathic skeletal hyper-
ostosis (DISH) also affects the spine. However,
it has specific bony changes elsewhere in the
body that accompany the disease and distin-
guish it from AS (Rogers and Waldron, 1995).
Statistically, men are affected slightly more
than woman, and the average age of onset is
typically fifty years or older. There is no
known cause; however, clinically, DISH is
often found in association with Type 2 diabetes
and obesity (Roberts and Manchester, 2005;
Waldron, 2008, Saffo et al. 2017; Khan et al.
2010; Cammisa and De Serio and Guglielmi,
1998). Physiologically, there is complete
fusion of the spine, particularly in the thoracic
region. The integrity of the vertebral body
surfaces is maintained, as well as the joint
spaces and apophyseal joints (Roberts and
Manchester, 2005). Osteophytes are formed
and produce a “dripping candlewax” appear-
ance that is a hallmark of the disease (Resch,
2003). Cartilage also commonly ossifies,
particularly around the cervical spine, and the
ribs (Waldron, 2008). It is important to note
that the fusion of four contiguous vertebrae is
necessary for accurate diagnosis in an archae-
ological context (Roberts and Manchester,
2005).

Inflammatory Joint Disease: Septic Arthritis

Septic arthritis is often discussed in
conjunction with tuberculosis, as it can be
triggered by Mycobacterium tuberculosis;
however, septic arthritis can be triggered by
other pathogenic microorganisms such as
Streptococcus or Staphylococcus, as well

(Garcia-Arias, Balsa and Mola, 2011). The
bacteria causing non-specific joint infections
can spread one of two ways, through the blood
to the joint cavity or from adjacent skin or bone
to the joint (e.g., secondary to osteomyelitis)
(Roberts and Manchester, 2005). Septic arthri-
tis typically affects one joint — commonly the
knee or hip — but other joints can be involved
(Roberts and Manchester, 2005; Aceves-Avila
et al. 1998). In a “healthy” joint, the synovial
fluid nourishes the joint. In the case of septic
arthritis, due to intra-articular pressure the
cartilage is restricted of blood and nutrients,
ultimately resulting in cartilage degeneration
(Garcia-Arias, Balsa and Mola, 2011).

Septic arthritis that is not identified in
conjunction with tuberculosis (non-specific) is
characterized by erosion of the bone marginal
to the articular surface and often less destruc-
tive to the surfaces of affected joints (Rogers
and Waldron, 1995; Roberts and Manchester,
2005). On the other hand, septic arthritis found
in conjunction with tuberculosis commonly
erodes the joint surfaces and primarily affects
children more than adults (Rogers and
Waldron, 1995). In general, septic arthritis is
infrequently identified in the archaeological
record, and differentiation between non-
specific septic arthritis and septic arthritis
found in conjunction with tuberculosis is
incredibly difficult in skeletal remains
(Waldron, 2008).

Metabolic Joint Disease: Gouty Arthritis
Gouty arthritis is considered much less
common than some of the joint diseases that
have been briefly summarized above. Archae-
ologically, there are no more than a few defin-
itive cases of the disease in antiquity (Elliot-
Smith and Dawson, 1924; Rogers, 2000; Roth-
schild and Heathcote, 1995). In modern clini-
cal populations, gouty arthritis has a preva-
lence between one and three percent (Rogers,
2000; Roberts and Manchester, 2005; Yoo et
al. 2011). Gouty arthritis is characterized by a
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high level of blood uric acid, or “hyperurice-
mia", which in turn is caused by reduced
kidney function. This obstructed function
results in an excess of uric acid production in
the kidneys, which normally act to excrete uric
acid (Heathcote, 1995; Waldron, 2008). Gouty
arthritis appears to be a disease of lifestyle and
is typically associated with excessive and
chronic alcohol intake, a high protein and fatty
diet, diabetes, and heart disease (Neogi, 2011).
It is found twenty times more frequently in
males than in females, and disease onset is
typically initiated in individuals fifty years of
age or older (Roberts and Manchester, 2005).

As the disease progresses, urate crystals
form in the synovial fluid of joints, which ulti-
mately leads to the inflammation and destruc-
tion of cartilage and subchondral bone
(Messerli et al. 2011). The joints most
commonly affected are those of the feet, hands,
wrists, elbows, and knees with the first meta-
tarsophalangeal joint being involved in ninety
percent of all clinical cases (Neogi, 2011).
Joints are affected asymmetrically, in contrast
to RA, which is affected symmetrically. In
addition to the morphological changes to the
skeleton, urate crystals also form in tendons
and ligaments (tissues associated with the
joints) (Waldron, 2008). Accumulations of
crystals, known as tophi, are also found in the
fingertips and soles of the feet that appear as
swollen, bulbous growths under the skin.
(Roberts and Manchester, 2005; Messerli et al.
2011; Yoo et al. 2011).

DIAGNOSTIC CRITERIA FOR RA

The diagnostic criteria for RA in the
paleopathological literature have evolved over
time. Today the diagnosis of RA relies heavily
on the presence of osteoporotic bone, subchon-
dral bone thinning or porosity, resorptive (lytic)
lesions caused by the presence of subchondral
cysts, and the presence of osteophytes (Roberts
and Manchester, 2005). RA is known to affect
multiple joints simultaneously, beginning in
the small joints of the hands and feet, before

moving into the larger joints of the body (e.g.,
shoulder, knee, elbow, and hip joints) (Roberts
and Manchester, 2005; Waldron, 2008). RA is
also known to present symmetrically in skele-
tal remains, meaning that the left and right
sides of the body should be affected equally
(Aufderheide and Rodriguez-Martin, 1998).
This section presents all diagnostic criteria
employed in the past and present day to diag-
nose RA in a paleopathological context.

Clinically, RA passes through a succes-
sion of three stages, the first being simple
synovitis and proliferation of the synovial
membrane, followed by inflammatory lesions
which result in necrosis of the synovium and a
more intense inflammatory response, lastly,
tendon rupture, and joint deformity (Aufer-
heide and Rodriguez-Martin, 1998; Arnett et al.
1988; Bromley et al. 1984; Goldring et al.
2002). Despite its destructive potential, the
progression of RA can be variable with some
patients experiencing only mild oligoarticular
illness of brief duration and minimal joint
damage, and others having progressive poly-
arthritis with severe functional impairment and
systemic manifestations (Caroll, 2016).

The diagnosis of RA in the clinical context
of today relies heavily on patient history, phys-
ical examinations, and selected laboratory test-
ing to identify characteristic features. An indi-
vidual's medical history will focus heavily on
joint pain, reported swelling, and the presence,
location, and duration of morning stiffness
(Schumacher, 1998). The longer symptoms
persist, the more likely the diagnosis of RA
becomes (Hochberg, 2009). A complete phys-
ical examination is utilized to assess for syno-
vitis, including the presence and distribution of
swollen or tender joints and limited joint
motion (St. Clair et al. 2004). Additionally,
repeated serologic analysis for anti-cyclic
citrullinated peptide (anti-CCP) antibodies and
rheumatoid factor (RF) are conducted (St.
Clair et al. 2004). In a majority of patients, the
presence of these blood markers is required
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before a diagnosis of RA is established (Schu-
macher, 1998; Hochberg, 2009). Even in the
modern clinical environment of today, diagno-
ses of RA are incredibly difficult. Since a clin-
ical diagnosis of RA relies so heavily on sero-
logical analysis, it is understandable that diag-
nosing RA in skeletal remains, where these
types of analyses are impossible, is complex
and problematic.

Issues with Differential Diagnosis

One of the major issues surrounding pale-
opathological work lies in the fact that
researchers are attempting to reconstruct the
health conditions and life-pathways of individ-
uals in past populations using inherently
biased samples of skeletal remains (DeWitte
and Stojanowski, 2015; Wood et al. 1992).
This section will focus on the inherent difficul-
ties that lie in attempting to differentially diag-
nose RA in an archaeological context, includ-
ing the osteological paradox, the presence of
non-specific lesions, issues with preservation,
as well as gender, age, and social biases.

Osteological Paradox

In 1992, Wood et al. published “The Oste-
ological Paradox: Problems of Inferring
Prehistoric Health from Skeletal Samples”.
This revolutionary work challenged bioarchae-
ologists to consider the impact of heterogene-
ous frailty, selective mortality, and demo-
graphic nonstationarity in their work when
making “health” inferences of past populations
(DeWitte and Stojanowski, 2015; Wood et al.
1992). For the purposes of this article, I place
emphasis on two of the three determinations of
the Osteological Paradox. First, heterogeneity
in frailty, which is the suggestion that individ-
uals are unequal concerning their susceptibility
to different disease and stressors and their risks
of death (Wood et al. 1992). This becomes an
important consideration when discussing the
differences in disease development in males
and females, with females being diagnosed
with RA three times more than males. By this

principle, the hidden heterogeneity of frailty
would suggest that the higher chance of
disease development in females will directly
affect the rate of disease prevalence in the
archaeological record. The heterogeneity of
frailty must also be considered when discuss-
ing the age of disease onset. In females, the
common disease onset lies between thirty and
forty years of age, while males are typically
diagnosed between forty five and fifty years of
age. By this principle, the hidden heterogene-
ity of frailty would indicate that all individuals
who develop RA in life would have lived long
enough to first develop the disease, and
secondly, lived long enough with the disease
to exhibit the more significant lesions that
would readily survive in a burial context.

The second determination of the Osteolog-
ical Paradox can be applied when discussing
the lack of RA diagnoses in the archaeological
record is selective mortality. This is the
suggestion that our data comes from samples
of those who are already dead and are therefore
biased representatives of the once-living
populations (Wood et al. 1992). For example,
the individuals bioarchaeologists observe in
the archaeological record with RA are those
who died at a stage of the disease that is visible
on skeletal remains, therefore neglecting those
who died in the early stages of the disease, and
inherently erasing them from any research
sample. By this standard, the examples of RA
found in the archaeological record are inher-
ently biased, and subsequently flawed. These
two determinations put forth in the Osteologi-
cal Paradox highlight some of the many
reasons that data on the paleoepidemiology of
RA in antiquity is incompletely understood.

Preservation

Taphonomic processes can mimic RA
lesions or joint deformation, which contributes
to the lack of differential diagnoses in the
archaeological record (Waldron, 2008). Vary-
ing bone densities among men and women, the
old and the young, and those with various
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diseases directly influences the rates and
severity in which taphonomic processes affect
the individual's skeletal preservation. The
burial conditions, including temperature,
humidity, and soil context must be taken into
account when observing skeletal degeneration
in an archaeological context (Roberts and
Manchester, 2005). Due to the chronic inflam-
matory processes that accompany RA, bones
become more brittle and osteoporotic over a
life course. This creates an environment
wherein bones become more susceptible to
different taphonomic process after death and
burial. Even in cases where the bones are
recovered correctly, their fragility before
burial will only hasten the process of tapho-
nomic destruction and negatively affect the
preservation of the bones in a particular skele-
tal sample (Roberts and Manchester, 2005).

Biological Sex and Social Biases

Biological sex is critical in the discussion
of RA prevalence in antiquity. As previously
discussed, RA is three times more prevalent
among females than males. Biologically,
female bones are more gracile than their male
counterparts (Waldron, 2008). This gracility is
important to consider as this may account for
the fact that before the 1800s, RA was rare in
the clinical literature and non-existent in the
archaeological record (Basi¢ et al. 2017). It can
be argued that RA was just as prevalent in
antiquity as it is today (i.e. approximately one
percent of the general population), but the
relative obscurity of the condition in the
archaeological record is likely a result of the
remains of those afflicted with the disease
preserving less readily. This is due to gracility,
bias in mortuary practice, and females being
more likely to have metabolic issues that affect
the density of bones.

Mortuary treatment as it relates to gender
and social standing must also be considered
when the preservation of skeletal remains is
considered. Differences in mortuary treat-
ments for males and females, children or adults,

the rich or the poor, and across cultures are
likely to impact the likelihood of preservation
for skeletal remains (Agarwal et al. 2011). It is
also important to consider the fact that those
who suffered from RA in antiquity would have
been without the modern medical treatments
populations have today, which help to slow
degeneration and make life more bearable for
those burdened with the disease. This lack of
medical intervention makes the likelihood of a
high mortality rate convincing (Rogers, 2000).
Those who would have survived long enough
to show more severe forms of degeneration
would have likely been more affluent or pres-
tigious members of society, wherein compas-
sionate care seems more likely (Basi¢ et al.
2017). The notion of social stratification
makes well-preserved skeletons part of a select
number of individuals who can be accurately
diagnosed with RA in antiquity (Agarwal et al.
2011), effectively rendering the “others” in
society less visible.

PALEOPATHOLOGICAL
EVIDENCE/LITERATURE

To properly consider RA in antiquity, one
must delve into the paleopathological literature.
The origin of RA in antiquity is heavily
debated, with some researchers suggesting that
RA originated in the New World (Rothschild,
2001), and others arguing that RA was present
in the Old World, long before Columbus
ventured to the New World in 1492 (Ciranni et
al. 2002). Although there are difficulties that
come with trying to accurately diagnose RA in
archaeological populations, there have been
probable or likely diagnoses made using lesion
characteristics to distinguish RA from the
more typically diagnosed OA and AS (Basi¢ et
al. 2017; Ciranni et al. 2002; Rothschild 2001;
Kilgore, 1989). This section is a brief literature
review of known and presumptive cases of RA
in antiquity based on the aforementioned diag-
nostic criteria. This will include four specific
occurrences of highly probable RA in antiquity



Taylor Eagle | Rheumatoid Arthritis: An Examination of Arthropathy in Antiquity

as well as the inclusion of date ranges and which has historically been underrepresented
locations for several other presumptive in the paleopathological literature.

cases of RA in antiquity (Table 1). These

specific examples allow for a discussion of

prevalence of RA in the archaeological record,

Name of Modern Date Age of Sex Diagnostic Criteria
Reported Case  Location Individual
The “Braids Tuscany, 1550— 50-55 Female Symmetric lesions
Lady” Italy 1650 Marginal joint erosions
AD Joint lesions of the hands
Prox. Interphalangeal joint
lesions

Ulnar deviation
Lesions of the feet
Shoulder joint lesions

Osteoporosis
Marginal erosion

Kodiak Isle Alaska, 1200 30-35 Female Symmetrical Lesions

Woman USA AD Marginal Joint Erosion
Possible case of JIA
Wood and Ohio, USA  800- Various 2 Symmetric lesions
Rothschild 1100 females, Proximal interphalangeal
Late Wood- AD 7 males joint lesions
lands Popula- Distal interphalangeal joint
tion lesions

Joint lesions of the carpus
Joint metatarso-phalangeal
lesions

Detection of osteoporosis at
X-ray examination
Marginal erosion at x-ray

examination
Kulubnarti’s Sudan 700— 50+ Female Distal interphalangeal joint
Woman 1450 lesions
AD Joint lesions of the carpus
Marginal erosion at x-ray
examination
Bennike’s Denmark  400-800 40-50 Male  Marginal joint erosions
“Danish Man” AD Distal interphalangeal joint
lesions
Roman Period Croatia  400-500 30-50 Male  Complete ankylosis
Man AD Highly osteoporotic
Erosion of the joint
surfaces

Ankylosed hands and feet
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No new bone formation

Leden and Sweden 2500- 50+ Male  Symmetric lesions
Pearson — 1900 BC Joint lesions of the carpus
“Swedish Man Lesions of the elbows
A” Lesions of the knees
Shoulder joint lesions
Detection of osteoporosis at
X-ray examination
Ankylosis
Leden and Sweden 2500- 30-50 Male  Lesions of the elbows
Pearson — 1900 BC Lesions of the feet
“Swedish Man Ankylosis
B”
Rothschilds Alabama, 3000— Various 6 Symmetric lesions
Tennessee USA 1000 BC females, Joint lesions of the hand
population 2 males Proximal interphalangeal

joint lesions

Distal interphalangeal joint
lesions

Joint lesions of the carpus
Lesions of the feet

Joint metatarso-phalangeal
lesions

Joint atlanto-occiput
lesions

Detections of osteoporosis
at x-ray examination
Marginal erosion at x-ray
examination

Table 1—Examples of known and presumptive cases of RA in the paleopathological literature:
(Modified from Ciranni et al. 2002)

The “Braids Lady”

The first, and potentially the oldest, defin-
itive case of RA is colloquially known as “The
Braids Lady”. This case involves the mummi-
fied remains of a sixteenth century female
found in the church of San Francesco in
Arezzo (Tuscany). The completeness of these
mummified remains allowed for the preserva-
tion of hand and foot bones, which showcased
many diagnostic criteria for RA

(Ciranni and Fornaciari, 2000). The left hand
revealed large erosions of the metacarpoph-
alangeal joints of both the third and fourth
fingers, metacarpophalangeal subluxation of
both the third and fourth fingers and lateral
deviation of all the fingers. The carpal bones
showed marginal erosions, and the bases of the
proximal phalanges were slightly flared
(Ciranni and Fornaciari, 2000). The toes
showed partially overlapped fibular deflection.
Additionally, the body showed no involvement
of the sacroiliac articulation (Ciranni and
Fornaciari, 2000).
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This particular work by Rosalba Ciranni
and Gino Fornaciari (2000) utilized imaging
techniques such as normal x-ray, x-ray by
mammography, total body CT, and high-reso-
lution CT. Microscopic examination and stere-
omicroscopy were also used to conclude that
the “Braids Lady” was affected by RA. Many
of the aforementioned diagnostic criteria
supported a differential diagnosis of RA. The
death of this individual occurred at the end of
the sixteenth century, 200 years before the first
clinical diagnosis by Landré Beauvais in the
early 1800s (Ciranni and Fornaciari, 2000).

In addition to this research, Fontecchio
and colleagues reconsidered the “Braids Lady”
in 2012. Although, the macro and microscopic
evaluation of the “Braids Lady” showcased
numerous diagnostic criteria for RA, some
researchers have since proposed AS as a more
likely diagnosis. RA and AS are human leuko-
cyte antigen (HLA)-linked autoimmune rheu-
matic diseases (ARDs). Their manifestations
are associated with different susceptibility
genes: specifically, HLA-DRB1 alleles for
RA and HLA-B27 for AS. Genotype testing
was done on DNA extracted and amplified
from the mummified remains of the “Braids
Lady”, and this genomic testing was able to
completely exclude the HLA-B27 allele, and
consequently the risk of this individual devel-
oping AS (Fontecchio et al. 2012). This inves-
tigation further confirms that RA existed, at
least in Europe, 200 years before its first clini-
cal description.

Kodiak Isle Woman

This example of a thirty to thirty five-year-
old female from Kodiak Island, Alaska and
dated to 1200 A.D. exhibits skeletal lesions
that are strongly suggestive of RA. The skele-
tal lesions associated with the joints included
porosity and destruction of joint surfaces, peri-
articular cystic erosion, and hypertrophic bone
formation (Ortner and Uthermole, 1981). The
most severe manifestations occur in the knee,
ankle, elbow, hand and foot bones. However,

there is minimal involvement of the spine.
Interestingly, this case is postulated to be that
of “juvenile rheumatoid arthritis” (JRA), often
referred to clinically today as juvenile idio-
pathic arthritis (JIA) (Ortner and Uthermole,
1981). It is important to note that there is
evidence of secondary OA found in some
joints, notably the right shoulder and left knee
of this individual.

This example from Kodiak Island provides
additional support to the likelihood that rheu-
matoid arthritis has considerable antiquity. JIA
is argued to be the most probable diagnosis of
the skeletal lesions found in the skeletal
remains (Ortner and Uthermole, 1981). A
childhood age of onset would provide
adequate time for the well-developed skeletal
pathology seen in this case. However, the over-
lapping skeletal manifestations of secondary
OA make a diagnosis of RA probable rather
than certain (Ortner and Uthermole, 1981).
Nonetheless, the Kodiak Isle Woman provides
an important piece in the understanding of RA
in the paleopathological literature.

Kulubnarti’s Woman

The second case is that of a possible case
of RA in Sudanese Nubia. This research by
Kilgore (1989) revolves around a case of
erosive arthritis reported in a skeleton from
Kulubnarti, Republic of Sudan (c. 100-1450
A.D.). This particular burial was exhumed in
1979 and included the skeleton of a female
with an age of death estimated at fifty years or
older (Kilgore, 1989). It is important to
mention that in addition to suspected RA, this
individual also exhibits moderate to severe
osteoarthritis, specifically at the shoulders,
elbows, hips, and knees. Erosion is present
primarily in the metacarpophalangeal joints of
the wrists (Kilgore, 1989). All the metacar-
pophalangeal joints of both hands show arthri-
tis involvement and lesions were present on
both the distal metacarpal and proximal
phalangeal articular surfaces. Additional radi-
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ographs revealed the presence of marked oste-
oporosis and erosions of the underlying trabec-
ular bone of the second and third metacarpals,
marginal to the joint surfaces on both the right
and left hands (Kilgore, 1989). The involve-
ment of the carpals also manifested as pitting
and lytic lesions with some evidence of prolif-
erative change. Erosive lesions were also noted
bilaterally at the temporomandibular joint and
on the trochlear surface of the right distal
humerus (Kilgore, 1989). Both mandibular
condyles exhibited complete destruction of the
posterior half of the articular surface.

This case of suspected RA was suggested
based on the involvement of the skeletal
elements most frequently associated with RA,
particularly the symmetrical involvement of
the hands and feet, the lytic lesions on the
articular surfaces of the affected joints, the
presence of a thin fragile cortex and loss of
subchondral bone, radiographic evidence of
bone porosity, and ankylosis of two or more
elements (Kilgore, 1989). The mixed pattern
of proliferative and erosive joints change in
this Nubian skeleton is interesting. While this
analysis in no-way provides a conclusive diag-
nosis of RA, the pattern of involvement indi-
cates RA as a possible diagnosis, especially
given the involvement of the hands and wrists.

Roman Period Man

The final presumptive case of RA is that of
an adult male skeleton in a Roman period
burial, located in modern Croatia and dated to
400-500 AD. This individual was found to
have one of the most severe presumptive cases
of RA known in the medical or paleopatholog-
ical literature (Basi¢ et al. 2017). Moreover,
the remains were found in an upper-class
burial chamber, allowing for the excellent
preservation. The age at death was estimated at
30-50 years. Most of the bones had ankylosed,
but those which had not fused showed
complete erosion of the joint surfaces. RA was
definitively diagnosed based on the erosion of
the odontoid process, mandibular condyles,

distal humerus, proximal and distal ulna, as
well as the highly ankylosed hand and foot
bones (Basi¢ et al. 2017). There were notable
ankyloses of the vertebrae and sacroiliac joint,
which could point towards AS, but the lack of
“typical” vertebral ankylosis, lack of typical
“bamboo spine” appearance and new bone
formation ultimately led to its exclusion (Basi¢
et al. 2017). This specific case is an example
of a complete skeleton, excellently preserved
and sheds light on the possible antiquity of RA.
The severity of disease in this case further
highlights the extensive care that would have
been necessary for this individual to survive
and offers evidence of differential care
depending on social status, as mentioned
previously.

CONCLUSION

Joint disease (arthropathy) is the most
common post-cranial pathological skeletal
change found in past and current populations.
However, regardless of the prevalence of joint
disease in skeletal remains, rheumatoid arthri-
tis (RA) is historically underrepresented in the
archaeological record. RA has many different
skeletal manifestations, which can overlap
with other conditions making diagnosis diffi-
cult. In addition, the recognition of RA in skel-
etal samples is hampered by issues of poor
preservation of human remains in archaeolog-
ical contexts, contributing to the underrepre-
sentation in archaeological samples. Ulti-
mately, the understanding of RA in antiquity is
incomplete and continues to require more
research to identify diagnostic criteria that can
be used consistently in bioarchaeological
research to better differentiate RA from other
arthropathies. Future research should focus on
identifying RA in modern surgical populations
of known disease, to highlight the similarities
between lesion types in modern and archaeo-
logical populations, building off previous
work done by Rothschild et al. (1992), Scott
(2019), and Rogers et al. (1990).
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