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ABSTRACT This study was performed to assess degenerative osteoarthritis (OA) in human skeletons from 15th to
19th century Joseon tombs of South Korea. The researchers performed anthropological examinations of OA in
selected limb joints of Joseon skeletons and considered possible reasons for the revealed aspects of OA by focusing
on lifestyle or occupational activity during that time. A total of 140 skeletons unearthed from Joseon tombs were
evaluated and any pathological lesions in the articular surfaces of limb joints were carefully examined by gross
inspection. Most of joints correlated linear degenerative changes over time, however, OA prevalence of knee
joints was much higher in middle-aged group. The prevalence of OA at limb joints revealed in this study provides
insights into the mobility patterns of pre-modern Korean people. Knowledge of OA in pre-modern samples will
enrich our understanding of the developmental interactions that provide the basis of the disciplines of epidemiology
and demography.
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INTRODUCTION

Osteoarthritis (OA) is by far the most com-
monly identified pathological condition, which
resulted from breakdown of protective cartilage
and underlying bone, in ancient skeletal remains
(Cunha 1996; Waldron 1991; Yu et al. 2015). Pa-
leopathology enhances our understanding of
historical epidemiological data concerning
chronic diseases such as OA (Van Saase et al.
1989; Debono et al. 2004; Martin et al. 2013). The
skeletal modifications caused by OA involve
degenerative changes in diarthrodial joints,
which are further characterized by a loss of car-
tilage and accompanying bony lesions due to
direct interosseous contact (Lieverse et al. 2007).
The arthritic involvements of OA include mar-

ginal lipping (osteophytes), erosive change (po-
rosity), and eburnation (polishing) on the joint
surfaces (Jurmain and Kilgore 1995; Lieverse et
al. 2007).

A previous epidemiological study proposed
multiple risk factors of OA: age, inheritance, obe-
sity, trauma, abnormal biomechanics, and alter-
ations in joint shape (Cushnaghan and Dieppe
1991; Finzel et al. 2014). In fact, differences and
similarities in the prevalence of OA reflect the
specific activities of the subjects investigated
(Larsen et al. 1995; Yu et al. 2015). For instance,
the prevalence of OA is known to be different
among different historical ethnic groups. In the
study of Inoue et al. (2001), the prevalence of hip
OA was higher in Caucasians than in Asians of
ancient times. This suggests that different life-
styles such as knee bending (Asians) or chair
sitting (Caucasians) might be responsible for the
discrepancy in OA prevalence between the two
ethnic groups. Anthropologically speaking, OA
may provide evidence of specific activity and
mechanical stress levels of the individuals, and
is therefore very relevant to human adaptation
and culture (Bridges 1992).
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The relationship between OA and mechani-
cal stress experienced by individuals through-
out their lives has also been reported from the
perspective of cumulative wear-and-tear effects
on the diarthrodial limb joints (Lieverse et al.
2007). Paleopathological research has also con-
sidered the location of joints, bilateral asymme-
tries, and sex-based variations when studying
OA (Cushnaghan and Dieppe 1991; Jurmain and
Kilgore 1995). In the present study, the research-
ers assessed OA findings in human skeletons
from 15th to 19th century Joseon tombs of South
Korea. The researchers undertook anthropolog-
ical examinations on OA, especially in selected
limb joints of Joseon skeletons, and then pur-
sued possible reasons for our findings by fo-
cusing on lifestyle or occupational activity dur-
ing that time. Knowledge of OA in pre-modern
Korean samples will enrich our understanding
of the subsequent developmental interactions
that provide the basis of the disciplines of epi-
demiology and demography.

METHODOLOGY

Human skeletal remains (n=140) unearthed
from Joseon tombs were examined in this study.
This type of tomb was first introduced to Korean
society as early as the late 15th century and was
then rapidly adopted by the upper class nobles in
the 16th century. The majority of the Joseon skel-
etons in this study were collected from the arche-
ological ûelds around Seoul Metropolitan City and
the adjacent Gyeonggi province.

Sex estimation was performed by morpholog-
ical differences manifested in the pelvic bones.
To determine pelvic dimorphism, the researchers
examined the greater sciatic notch, pre-auricular
sulcus, ischiopubic ramus, subpubic angle, sub-
pubic concavity, and ventral arc (Krogman and
Iscan 1986). As ancillary indicators, skull struc-
tures, specifically the nuchal crest, mastoid pro-
cess, supraorbital margin, glabella, and mental
eminence were checked by standard criteria
(Buikstra and Ubelaker 1994).

Age estimation could be done in these cas-
es, only by auricular surfaces of the ilia due to
the lack of symphyseal surface in pubic bone
and the defects in cranial sutures for evaluating
the closure from the minimum of 7 to the maxi-
mum of 12 areas, and impossibility of seriation
with rib set for evaluating sternal end of fourth
rib. The age at death was estimated by auricular-
surface degeneration of the pelvis, and various
indicators such as the degree of transverse or-

ganization, granularity, apical activity, retroau-
ricular activity, and porosity of the articular sur-
face were examined (Lovejoy et al. 1985). The
samples were finally categorized into three dif-
ferent groups: young (20 - 34 yrs), middle-aged
(35 - 49 yrs), and old (>50 yrs) adult groups.

Any pathological lesions in the articular sur-
faces of limb joints were carefully examined by
gross inspection. To describe the articular sur-
faces, all joint sites were classified as shoulder,
elbow, wrist, hip, knee, patella-femoral, and an-
kle. As each joint has specific articular surfaces
as variables, the contents and abbreviation of
each variable are summarized in Table 1. Grading
of the OA changes of articular surfaces was pre-
sented using a modified version of the ordinal
scale (Jurmain 1991). Evidence of osteophyte,
pitting, eburnation, and ankylosis on the evalu-
ated surfaces was also examined (Table 2, Fig. 1).

Table 1: Abbreviations for all variables on the joint
s i tes

Joint site Variables Abbreviation

Shoulder Glenoid fossa GF
Proximal humerus P H

Elbow Distal humerus DH
Proximal ulnar P U
Proximal radius PR

Wrist Distal radius DR

Hip Acetabular socket AS
Proximal femur PF

Knee Medial femur MF
Lateral condyle of femur LF
Medial condyle of femur M T
Lateral condyle of tibia LT

Patello- Patella surface PS
femoral Articular surface of patella A P
Ankle Distal tibia D T

Table 2: Grade of osteoarthritis applied in this
study (Jurmain 1991)

Grade Definitions

0 None or slight
1 Moderate degenerative changes; small

osteophyte or pitting less than 10% of
articular surface

2 Severe degenerative changes; large
osteophyte, altered contour of original
surface, pitting more than 10% of articular
surface, or any eburnation

3 Ankylosis; abnormal adhesion of joint or joint
stiffness
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The chi-square test was used for statistical
analysis of differences between both-side joints,
sexes, and age groups. McNemar’s test was per-
formed for comparison of right and left variables
on the same individual, and Fischer’s exact test
was applied for cells of expected counts less than
five for comparison of males and females. Chi-
square tests for age-related changes were exam-
ined with the linear by linear association option.
All statistical significances were set at the level
of 0.05 and statistical analysis of data was per-
formed using a statistical software package
(SPSS, version 13.0; SPSS Inc., Chicago, IL, USA).

RESULTS

Anthropological evaluation was performed
according to the sex and age estimations of Jo-
seon skeletons (77 males and 63 females). Age
was estimated by degenerative changes in the

auricular surface of hipbone (Lovejoy 1985). The
demographic profiles clustered by sex and age
estimations are shown in Figure 2. The ratio be-
tween male and female almost reached 1:1. The
relative ratio of young, middle, and old age groups
was 1:6:2.4, respectively.

The estimated ratio of osteoarthritis is sum-
marized in Table 3. Comparing OA prevalence in
males and females, OA was seen much more fre-
quently among males at most of the joints, with
the exception of the medial condyle of tibia (MT)
and distal tibia of ankle joint (DT). In each age
group there was a strong tendency of increased
OA prevalence in the order of the elbow, wrist,
patella-femoral, and ankle joint.

The prevalence of joint OA between both-
side joints, sex, and age groups was tested by
chi-square test (Table 4). The prevalence in males
was significantly higher than that in females, by

Fig. 1. Examples of degenerative changes from limb-joint bony surfaces. (a) Proximal ulna was diagnosed
as Grade 1 OA by considering small osteophytes around the rim of the both-side articular surfaces. (b)
Lunate surface of acetabular socket was diagnosed as Grade 1 OA, by structure of pitting less than
10% of entire articular surface. (c) Glenoid fossa was significant for confirming this as Grade 2 OA
because of its large osteophytes with lipping around the rim of articular surfaces. (d) Posterior surface
of left distal humerus was confirmed as Grade 2 OA, by presenting supero-lateral eburnation at right
side without any pathological changes.
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Fig. 2. Demographic profile of current study by
sex and age groups. Age estimation is based upon
Lovejoy (1985) method

Table 4: Chi-square tests for differences between both-side joints, sex, and age groups

   Between both sides*    Between the sexes†        Between the ages‡

Sites Chi-square p-value Chi-square p-value Chi-square p-value

Glenoid fossa 0.500 0.481 9.235 0.003 7.987 0.005
Proximal humerus 0.167 0.687 13.167 0.000 15.493 0.000
Distal humerus 9.143 0.016 0.025 1.000 18.886 0.000
Proximal ulna 9.143 0.016 8.704 0.004 14.827 0.000
Proximal radius 0.000 1.000 3.192 0.091 6.187 0.023
Distal radius 0.250 1.000 7.986 0.006 17.291 0.000
Acetabular socket 0.056 0.815 2.064 0.163 19.577 0.000
Proximal femur 0.000 1.000 3.840 0.066 11.757 0.001
Medial condyle of femur 0.571 0.453 0.347 0.696 6.457 0.013
Lateral condyle of femur 0.000 1.000 4.702 0.033 10.999 0.001
Patellar surface 0.000 1.000 3.342 0.081 13.936 0.000
Articular surface of patella 0.000 1.000 15.212 0.000 23.426 0.000
Medial condyle of tibia 0.500 1.000 0.546 0.568 0.000 1.000
Lateral condyle of tibia 0.500 0.500 0.764 0.415 3.848 0.063
Distal tibia 0.000 1.000 0.973 0.382 4.597 0.041

*McNemar’s test to approximate the binomial exact p-value for related samples was performed.
†Fischer’s exact test.
‡Chi-square test for trend with Linear by linear association.
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comparing the absolute rates of overall preva-
lence of degenerative arthrosis in males and fe-
males. Significant differences between the sexes
were also shown at most of the articular surfac-
es, including the shoulder joint, proximal ulna of
elbow joint, wrist joint, lateral condyle of femur
of knee joint, and patellar surface of patellofem-
oral joint (p < 0.05), whereas there were no sig-
nificant differences between joints on each side.
For age group comparisons, the results of chi-
square tests showed a significant linear associa-
tion between degenerative arthrosis and aging
(p < 0.05).

The joints affected by OA are graphically
summarized in Figure 3. Shoulder and hip joints
showed the highest OA prevalence of over 20
percent. Among all joints, the elbow joint showed
the most remarkable difference in prevalence
between right- and left-side limbs. The most rare-
ly affected joints were the ankles on both sides.

The mean intensity grade of affected joints
in each age group is represented in Figure 4.
Overall, the trend shows that degenerative ar-
thritis in most of the joints increased significantly
with advancing age. Among them, the pattern of
OA in the lateral condyle in the tibia (LT) exhib-
ited a sharp increase that was not easily observed
in any other joints. It is also noteworthy that the
patella surface (PS) showed little change regard-
less of aging.

DISCUSSION

OA is known to occur when the cartilage that
cushions the ends of joints gradually deterio-
rates (Arriaza 2000). When the cartilage wears
down completely, the bony end starts to rub with
the cartilage of the other side, causing OA in the
joints. In general, the degenerative change in
joints and bones is influenced by multiple fac-
tors including mechanical, biological, and ge-
netic causes (Lieverse et al. 2007). Whereas ver-
tebral OA results from the universal stresses
caused over time by bipedalism (Lieverse et al.
2007; Wilczak and Kennedy 1998), OA at limb
joints is  caused  by  constant  exposure  to  the
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activities related to daily living (McAlindon et
al. 1999; Martin et al. 2013). The investigation of
OA at limb joints of ancient skeletal series there-
fore provides researchers with a rare opportuni-
ty to understand daily life circumstances of pre-
modern peoples.

For living patients, clinicians have developed
an effective diagnosis technique, largely based
on signs and symptoms of OA such as pain and
swelling in the affected joints. However, only the
marginal osteophytes and eburnations could be
evaluated in archaeologically obtained OA cas-
es of dry bones (Arriaza 2000). In this regard, we
used an ordinal scaling system of degenerative
changes to diagnose OA cases in the Joseon

skeletons following Jurmain’s method (1990). To
qualify and quantify the severity of OA, we mea-
sured the percentage of the total joint surface
area affected by degenerative changes.

In this study, the sex groups showed clear
differences in OA frequency at each limb joint.
As shown in Table 3, OA prevalence in the up-
per limbs was much higher in males than in fe-
males. This tendency became less pronounced
moving farther down to the lower limbs. In fact,
the upper limbs are known to be free from the
innate mechanical stresses (for example, gravi-
ty-induced weight bearing), but more related to
physical activities of daily life (McAlindon et al.
1999; Debono et al. 2004; Nguyen et al. 1998;

Fig. 3. Joints affected by OA with prevalence rates. Abbreviations available in Table 1
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Martin et al. 2013). The researchers therefore
speculated that the male dominance for OA in
the upper limbs in this study might be associat-
ed with the men’s lifestyle (that is, performing
more strenuous work) in pre-modern Korean so-
ciety (Kim et al. 2013).

The OA prevalence in Joseon people also
showed another noticeable pattern in this study.
The chi-square tests for aging trends showed
that in most joints significant degenerative chang-
es showed a linear correlation over time. Howev-
er, the OA prevalence in knee joints of Joseon

people was much higher in the middle-aged group
than in the old-aged group. Considering that knee
joint OA was strongly correlated with advanc-
ing age in a previous study (Salaffi et al. 2005;
Stefanik et al. 2016), further studies should fo-
cus on why knee OA was much more prevalent
among middle-aged Joseon people than any other
age group.

In previous studies on modern populations,
the highest OA frequency was reported for knee
joints (Cushnaghan and Dieppe 1991; Heine
1926; Park et al. 2003; Waldron 1991; Yu et al.

Fig. 4. Grade Mean intensity of the affected joints in each age group. Severity of degenerative arthrosis
tends to increase with age in most of joints sites. Abbreviations available in Table 1

Table 5: Prevalence comparison between different population groups

Prevalence This study Pre-modern Pre-modern Modern Modern
Ranking  (Joseon) Japan* French* Germeny† British‡

1 Shoulder Elbow Hip Knee Knee
2 Patellafemoral Patellafemoral Patellafemoral Great toe Hands
3 Hip Knee Elbow Hip Hip
4 knee Shoulder Ankle Shoulder Ankle
5 Elbow Ankle Wrist Elbow Shoulder
6 Wrist Hip Shoulder Acromio-clavicular Elbow
7 Ankle wrist Knee Sterno-clavicular Wrist

* Inoue et al. (2001); † Waldron (1991); ‡ Cushnaghan et al. (1991).
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2015). When the researchers compared the OA
prevalence at each joint in Joseon people with
those of different historical and modern popula-
tions (Table 5), they found that the OA frequen-
cy at knee joints has changed over time and that
the tendencies for OA at the knee joints of mod-
ern German and British peoples do not match
well with those of historical populations (pre-
modern Joseon, Japanese, and French). To ex-
plain this discrepancy, the researchers note that
OA at knee joints is known to correlate very
strongly with obesity (Ortner 2003; Martin et al.
2013); the risk of knee joint OA increases by ap-
proximately 15 percent for each kg/m2 of body
mass index above 27 (Sowers 2001). There is also
strong evidence that weight loss dramatically
reduces the risk of knee joint disease (Felson et
al. 1988). Therefore, the increased number of
overweight modern peoples might be responsi-
ble for the high prevalence of knee joint OA,
which could not be observed clearly in historical
peoples including the Joseon skeletal series.

Development of OA in a dominant limb is
another issue of interest. In short, different
stresses on dominant and non-dominant limbs
affect the development of OA in a different way.
In general, the joint exposed to the dominant use
is expected to show a much higher prevalence of
OA (Ortner 2003; Lutsky et al. 2016). In this study,
however, there were no significant differences
between left and right side at all joints. This is
consistent with one modern study in which no
specific differences of OA prevalence were ob-
served between right- and left-sided joints
(Neame et al. 2004).

Socio-economic status of the individuals
must inevitably be considered for scientific in-
terpretation of archaeologically obtained skele-
tons (Schmeling et al. 2000). Most skeletons ex-
amined in this study were collected from tombs
encapsulated by a lime-soil mixture barrier (Hoe-
gwakmyo), a unique burial system of the Joseon
Dynasty. In general, human samples excavated
from such tombs are archaeologically classified
as the ruling class people of the pre-modern
Korean society (Kim et al. 2012). This is consis-
tent with the fact that grade 3 OA was not found
at any of the joints in the current study.

Taken together, the prevalence of OA at limb
joints revealed in this study provides insights
into the mobility patterns of pre-modern Korean
people. The prevalence and distribution pattern

of OA presented here will contribute to a com-
prehensive understanding of the activity pattern
of Joseon people and adaptive strategies. More-
over, comparison of the prevalence of OA over
historical periods provides insight into the etiol-
ogy of osteoarthritis throughout history.
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