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DEGENERATIVE DISC DISEASE IN THE LOWER ILLINOIS RIVER
VALLEY: MIDDLE WOODLAND, LATE WOODLAND, &
MISSISSIPPIAN COMPARISONS
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ABSTRACT. Assessing degenerative disc disease during changes in prehistoric subsistence-settlement
patterns can help to elucidate changes in levels of physical activity patterns during this transition. The present
study compares rates and severity of degenerative disc disease in adults during the Middle Woodland, Late
Woodland, and Mississippian periods in the Lower Illinois River Valley. The disease was assessed by sex and
two age-at-death categories (young < 45 years, old = 45+ years) in 317 individuals. Results indicate that
degenerative disc scores for both young and old females decreased between the Middle Woodland (A.D. 150—
400) and Late Woodland periods (A.D. 400-1050), then increased in the Mississippian period (A.D. 1050—
1500). These trends were statistically significant in the older female category. Male individuals, both young
and old, demonstrated significant decreases in degenerative disc scores between the Late Woodland and
Mississippian periods. Within a single period, both young and older males were found to have higher
degenerative disc scores than females during the Late Woodland period, while older females were found to
have higher degenerative disc scores than older males during the Mississippian period. It is interesting to note
the opposing directionality in male and female trends between the Late Woodland and Mississippian periods
at these sites. The trends of increasing female degenerative disc scores at the same time as decreasing male
scores with the intensification of maize agriculture may indicate cultural or technological changes.
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INTRODUCTION DDD (vertebral osteophytosis) occurs at the
intervertebral joint, consisting of two adjacent
vertebral bodies and the intervertebral disc. It is
most commonly attributed to continual pressure
on the vertebral column inducing breakdown of
the intervertebral disc (Kim et al. 2012; Van der
Merwe et al. 2006). The vertebrae then attempt to
stabilize the joint through reactive bone changes
including progressive osteophytes, lipping, and
porosity of the superior and (mostly commonly)
inferior surfaces of the vertebral body (Fardon &
Milette 2001; Rojas-Sepulveda et al. 2008).
Schmorl’s nodes have also sometimes been
attributed to DDD, but while these marks may
relate to herniation of the nucleus pulposus, why
and to what degree DDD contributes to these
phenomena is unknown (Plomp et al. 2012). For
this reason, Schmorl’s nodes were not included in
the present analysis.

Recent studies also have found that the
vertebrae farthest from the direct line of gravity
between the top of the head and the floor (e.g., C5,
T9, T10, L4) are most likely to show signs of
DDD. This is believed to be due to higher levels of

Degenerative joint disease is an overarching
term that refers to the breakdown of joints from
continuous “wear and tear” due to physical
activity or repetitive motion(s), as well as aging
(Jurmain 1990; Wentz 2010; Myszka et al. 2014).
This process may occur as osteoarthrosis at the
synovial (apophyseal) facet joints and degenera-
tive disc disease (DDD), or vertebral osteophy-
tosis, at the (symphyseal) intervertebral joint.
Important as a differential diagnostic, other non-
infectious reactive processes also involve the
vertebral column (e.g., diffuse idiopathic skeletal
hypertrophy [DISH] and ankylosing spondylitis),
and mechanical injury may have contributing
factors that likely influence incidence and severity.
These factors can include age, body mass, sex,
genetics, trauma, and physical activity to name
just a few (e.g., Brown et al. 2008; Rojas-
Sepulveda et al. 2008; Bernard et al. 2010; Chang
2010; Duncan et al. 2012; Listi & Manhein 2012;
Goode et al. 2013; Suri et al. 2013, Myszka et al.
2014).

' Corresponding author: Polly R. Husmann, Ph.D.,
812-856-23276 (phone), phusmann@indiana.edu.

pressure on those vertebrae (Knusel et al. 1997;
Van der Merwe et al. 2006; Kim et al. 2012) and
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relates to the argument that Maat et al. (1995)
make that DDD is more strongly affected by
weight-bearing, while vertebral osteoarthrosis
may be more affected by specific body move-
ments. The association between DDD and
entheseal changes, particularly in the lower limb,
provides further evidence that DDD is associated
with weight-bearing physical activity (Myszka et
al. 2014).

Assessing DDD during prehistoric subsistence-
settlement transitions provides insights into the
changes in physical activity that accompanied
changes in food procurement strategies (Stout
1978; Ruff et al. 1984; Bridges 1991, 1992; Bridges
et al. 2000; Robling & Stout 2003). Such a
subsistence-settlement transition occurred in the
Lower Illinois River Valley from the Middle
Woodland period (A.D. 150-400), through the
Late Woodland period (A.D. 400-1050), to the
Mississippian period (A.D. 1050-1500) (Picker-
ing 1984; Rose 2008; Husmann 2011; Spencer
2014). Degenerative disc disease in the Lower
Illinois River Valley has not been well studied.
The present preliminary assessment of DDD is
one piece in a larger study that assesses changes in
health status associated with the transition from
early horticulture to agriculture in the Lower
Illinois River Valley (Husmann 2011). The human
remains investigated are from two sites that
straddle three adaptational periods: the Pete
Klunk mound group and the Schild mound group
(Fig. 1). These remains are currently housed in the
Osteology and Paleopathology Laboratory at
Indiana University, Bloomington.

ARCHAEOLOGICAL CONTEXT

The Middle Woodland period in this area dates
to A.D. 150-400. The subsistence strategy in the
Lower Illinois Valley during the Middle Wood-
land complex was both foraging (nuts, wild
plants, animals) and horticulture of the local
cultigens known as the Eastern Agricultural
Complex (EAC), which included goosefoot (Che-
nopodium berlandieri Moq.), knotweed (Polygo-
num erectum L.), and marsh elder (/va annua L.)
(Gregg 1974; Yerkes 2005). With this combina-
tion of foraging and horticulture, there is still
some debate about the level of sedentism during
the Middle Woodland period. Yerkes (2006)
suggests that high mobility was still necessary to
obtain sufficient food and dietary fiber in Ohio,
while Mangold & Schurr (2006) advocate a
similar situation for northern Indiana Middle
Woodland groups.

The Late Woodland period in the Lower
Illinois River Valley dates from A.D. 400-1050
(Reynolds et al. 2015). During the Late Wood-
land, people continued to cultivate the EAC.
However, we also begin to see some of the first
forays into maize consumption in this area (Asch
et al. 1979; Studenmund 2000; Rose 2008). Rose
(2008) completed isotopic analyses on skeletal
remains from the Late Woodland components of
the Knight, Joe Gay, and Yokem sites. She found
little evidence of maize consumption in the early
Late Woodland remains, but by the latter part of
the Late Woodland, many more remains (over
half of the remains sampled from Yokem) were
found to have "*C levels indicative of maize
consumption. However, her analysis of skeletal
remains from the Schild site produced more
negative '*C levels throughout the Late Wood-
land period, an indication that these individuals
were not yet uniformly participating in significant
maize consumption. Simon (2014) has posited
that these Late Woodland forays into maize
represent early “experiments” with maize that
ultimately failed, necessitating a later re-introduc-
tion of maize to the area. Her research, however,
focuses only on the botanical evidence for maize
and does not consider the skeletal isotopic data.
The isotopic data support a more continual
progression throughout the region, though addi-
tional research is necessary to elucidate how the
botanical and isotopic data fit together.

According to other studies of skeletal remains,
Late Woodland females (including those from
Pete Klunk, Koster, Schild, Yokem, Ledders,
Hacker, and Kuhlmann) had an increase in upper
limb strength compared to females of the Middle
Woodland period (including remains from Pete
Klunk, Gibson, and L’Orient) (Bridges et al.
2000). This additional robustness may be the
result of increased food processing demands and
is most likely due to increased consumption of the
EAC starchy seed plants. Buikstra et al. (1987,
1994) also have noted both the minimal maize
consumption and the beginning of sexual distinc-
tions in diet during the Late Woodland period.
Their studies were completed on numerous sites
from the Lower Illinois River Valley, including
Ledders, Helton, Schild, and Gibson, and found
that males were consuming more protein while
females were consuming more carbohydrates.
Settlement patterns in the Illinois River Valley
varied during the Late Woodland: some sites
likely had year round occupation while others
appear to be seasonal (VanDerwarker et al. 2015).
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Figure 1.—Map of the Eastern United States with locations of the Pete Klunk & Schild mound groups with

other relevant sites (1” = ~ 200 km)

Maize agriculture ultimately took off in the
Lower Illinois River Valley by the Mississippian
period (A.D. 1050-1500) resulting in much more
sedentary, aggregated village settlements than
either of the previous periods (Reynolds et al.
2015). With this increase in maize consumption,
Bridges et al. (2000) found a decrease in female
upper limb strength indicators compared to the
Late Woodland. Possible food processing-related
interpretations of these data include lower pro-
cessing requirements for maize or potentially
increased efficiency in processing, possibly related
to new soaking or boiling technologies (Bridges et
al. 2000). With these new soaking or boiling
technologies came the advent of gruel. Gruel
allowed weaning to occur at an earlier age and,
thus, may have facilitated (along with immigra-
tion into these sites from surrounding areas) the
population growth (Buikstra et al. 1986). Thus,
the period from the Middle Woodland through
the Mississippian demonstrated an overall change
from foraging and horticulture of local cultigens
to a dependence on maize agriculture in order to
sustain the population. This span also demon-
strated new innovations in food processing as the
subsistence patterns changed.

The Pete Klunk and Schild mound groups.—
The Pete Klunk mound group (11C4) in
Calhoun County, Illinois was excavated during
the 1960 and 1961 seasons by Gregory Perino
and consists of 14 mounds running north —
south on a bluff overlooking the Illinois River
(Perino 1968). The mounds were associated
with the Kampsville village site and are
believed to be part of the mortuary population
for that site. Excavations of these mounds
uncovered 300 Middle Woodland burials and
about 80 Late Woodland burials. Early uncal-
ibrated radiocarbon dates placed the Middle
Woodland component in Mound 1 at A.D. 175
+ 75 (Perino 1968). The Late Woodland
component was dated to A.D. 613 £ 110 in
Crematory B of Mound 8, and to A.D. 780 *+
120 in Crematory A of Mound 10 (Perino
1973a).

Perino excavated the Schild mounds in 1962
and 1963. This site included nine Late Woodland
mounds and two non-mounded knolls (A & B)
containing interments of Mississippian origin
(Perino 1973b). Within the mounds were over
200 Late Woodland burials and approximately
250 Late Woodland — Emergent Mississippian
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Table 1.—Classifications and descriptions of degenerative disc disease (DDD) scoring.

Original Specific Numeric

classification classification score Description

A A 1 No sign of additional bone growth, porosity, or
A- 2 pitting

B B+ 3 Minimal additional bone growth, no restriction of
B 4 movement
B- 5

C C+ 6 Bone growth present, but no fusion and/or only
C 7 minor restriction of movement
C- 8

D D+ 9 Prolific additional bone growth resulting in limited
D 10 movement or fusions of vertebrae

burials. Recent calibrated radiocarbon dates
average around A.D. 830 for the Late Woodland
component at Schild (see Spencer 2014 for more
detailed dates).

The two knolls at Schild contained nearly 300
Mississippian individuals (Perino 1971) with
recent calibrated radiocarbon dates that average
around A.D. 1030 (Spencer 2014). Unfortunately,
the habitation site with which Schild was affiliated
remains something of an enigma (Perino 1971;
Goldstein 1980). Delaney-Rivera (2004, 2007)
completed a ceramic analysis that proposed that
the Audrey village site and the Schild mounds
were part of the same sociopolitical climate, yet
she posits that these two sites have their origins in
two different groups. The Audrey site is thought
to be the result of Mississippian colonization from
the area around Cahokia, known as the American
Bottom, while the Schild mounds were associated
with descendants of the local Late Woodland
population who had acculturated to a Mississip-
pian lifestyle due to interactions and movements
of people. The Schild site is located roughly 15 km
south of the Audrey site.

METHODS

The superior and inferior surfaces of all present
vertebral bodies were examined for signs of DDD.
All vertebrae present were aligned in anatomical
position prior to observation. Of the 317 individ-
uals assessed, only 26 individuals did not include
representation from all three vertebral regions
assessed (cervical, thoracic, and lumbar). Of these
26 individuals, 11 did not include any lumbar
vertebrae (four from the Middle Woodland, six
from the Late Woodland, and one Mississippian),
while 15 did not include any cervical vertebrae
(four from the Middle Woodland, six from Late
Woodland, and five Mississippians). In addition,

the average number of vertebrae present from
each region was as follows: cervical — 5.8
vertebrae, thoracic — 10.7 vertebrae, and lumbar
— 4.4 vertebrae. Thus, these individuals were all
quite well preserved.

Evidence of DDD, including osteophytic
lipping, porosity, and pitting of the vertebral
surfaces was categorized as A, B, C, or D. See
Table 1 for descriptions of these categories. For
photographs comparable to the four stage system
initially utilized here, see Jurmain & Kilgore
(1995).

A system of pluses and minuses (A, A-, B+, B,
B-, etc.) was later implemented for additional
detail resulting in scores assigned between one and
ten (A=1, D=10) and all vertebrae were re-
analyzed according to the new system. The
vertebrae with the worst degeneration were scored
first and then the number of vertebrae that
demonstrated that level of degeneration was
evaluated to determine if the score for the
vertebral column as a whole should be at a less
severe level. For example, if the worst degenera-
tion present on an individual set of vertebrae was a
7 (C), but it only occurred on two or three
vertebrae, the vertebral column from this individ-
ual would be more likely to receive a 5 (B-) ora 6
(C+) while an individual where half or more of the
available vertebrae demonstrated that 7 (C) level
of degeneration would receive a 7 for the entire
vertebral column. This provides a broad assess-
ment to evaluate differences through time among
male and female adults. All individuals were
scored by the author within a six month time-
frame and several individuals were rechecked to
ensure consistency across time. For additional
detail, see Husmann (2011).

All available remains also were evaluated
morphologically for signs of systemic infection
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Table 2.—Age data for each period. MW =
Middle Woodland, LW = Late Woodland, Miss =
Mississippian.

Standard
Period N Mean deviation Median
MW 110 36.6 9.7 35.7
LW 77 37.0 9.8 37.0
Miss 130 41.7 10.9 42.0

(e.g., periostosis, osteomyelitis, lytic lesions) or
other pathological conditions that may present
confounding variables (e.g., DISH, ankylosing
spondylitis, trauma). Any remains with con-
founding or predisposing conditions were exclud-
ed from the analysis.

All statistical analyses were completed using
SPSS 23 (IBM Corp. 2013). Non-parametric tests
(Kruskal-Wallis tests, Mann-Whitney U tests,
and associated Dunn-Bonferroni post-hoc tests)
were utilized because normality tests were not
supported. However, equal variances were calcu-
lated using the Brown-Forsythe method (p =
0.405).

The skeletal sample.—Sample selection was
limited to adults, as determined by the eruption
of the third molar, and the presence of the
eighth or ninth thoracic vertebrae (these were
necessary for additional analyses not presented
here). The adult age criteria were used because
DDD is generally not present until around age
twenty (Jurmain 1990; Maat et al. 1995; Van
der Merwe et al. 2006).

The total sample for this study consisted of the
following adults: 117 individuals found in Middle
Woodland contexts, 81 individuals found in Late
Woodland contexts, and 132 individuals found in
Mississippian contexts. The Middle Woodland
sample, by necessity, came completely from the
Pete Klunk mounds, while the Mississippian
sample was equally limited to Schild. The Late
Woodland sample was drawn from both sites
depending on the presence of vertebrae and the

ability to determine other necessary parameters
(age, sex, etc.). The present study evaluates two
sites in close proximity (Pete Klunk & Schild) in
order to reduce the confounding influence of
genetics and attempts to control for age and sex by
completing separate analyses based on these
factors. Age was determined using multifactorial
methods developed by Lovejoy et al. (1985) with
ecto-cranial suture closure (Buikstra & Ubelaker
1994), pubic symphyses (Brooks & Suchey 1990),
auricular surfaces (Buckberry & Chamberlain
2002), and first ribs (DiGangi et al. 2009) as the
components. See Table 2 for descriptive statistics
for age in each period examined. Sex was
determined by assessing the pelvis and/or skull,
as preservation allowed, and following the
standards put forth by Buikstra & Ubelaker
(1994). Additional explanation and examples of
age calculations may be found in Husmann
(2011).

Analyses of these data were undertaken by
period (Middle Woodland, Late Woodland, or
Mississippian) and segregated by sex and age
(Table 3). Individuals aged above and below 45
years were analyzed separately to help identify the
effects related to aging in each cultural period.
The age of 45 years was chosen due to the
potential impact that hormone-related changes
accompanying the onset of menopause may have
to the individual’s ability to maintain bone
density. In modern populations, this perimeno-
pausal period generally occurs in the mid-forties
(Moore et al. 2014; McKinley et al. 2015).

RESULTS

The results will be presented in two subdivi-
sions: young to middle adults (aged below 45
years) and older adults (aged above 45 years).
These must be presented separately due to the
confounding factor that age (especially post-
menopausal ages) can have on DDD scores and
the fact that previous studies (Bridges 1991;
Pickering 1994) have focused solely on the young

Table 3.—Sample sizes divided by age, sex, and period association.

Sample Middle Late
demographics woodland woodland Mississippian
< 45 Females: 52 34 40
Males: 33 25 38
45+ Females: 13 9 30
Males: 12 9 22
Total 110 77 130
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Degenerative Disc Disease in Young Adults
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Figure 2.—Graph of the mean degenerative disc
disease scores for male and female remains aged less
than forty-five during the Middle Woodland, Late
Woodland, and Mississippian periods. (* indicates
periods in which male and female scores were
significantly different.)

to middle adults. Within each section, I will
present the results comparing males across
periods and females across periods (Middle
Woodland, Late Woodland, and Mississippian),
followed by the results of pairwise comparisons
between males and females within each period.

Young to middle adults.—The average DDD
scores for young male and female remains are
listed in Table 4 and trends are shown in Fig. 2.
For males, lower DDD scores were noted in
individuals from the Late Woodland contexts
than those from the Middle Woodland con-
texts. This trend continued into the Mississip-
pian period, which showed the lowest mean
scores of all three groups. For young males,
Kruskal-Wallis tests demonstrated that the
differences in DDD levels among the three
periods were significant (p < 0.000). Pairwise
comparisons found a significant difference
between males from Middle Woodland and
Mississippian complexes (p < 0.000) and also
between males from the Late Woodland and
Mississippian complexes (p = 0.009).

For females, a decrease in DDD scores was
found between the Middle Woodland and the
Late Woodland periods, with a slight increase
during the Mississippian (see Fig. 2). Kruskal-

Degenerative Disc Disease in Older Adults
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Figure 3.—Graph of the mean degenerative disc
disease scores for male and female remains aged
more than forty-five years during the Middle
Woodland, Late Woodland, and Mississippian
periods. (* indicates periods in which male and
female scores were significantly different.)

Wallis tests demonstrate no significant differences
between young females in the different periods (p
=0.061).

Mann-Whitney U tests between males and
females within each period revealed no significant
differences during the Middle Woodland and
Mississippian periods. However, during the Late
Woodland period males were found to have
significantly higher DDD scores than females (p
=0.025).

Older adults.—The average DDD scores for
older male and female remains are listed in
Table 4 and trends are shown in Fig. 3. For
males, a drop in DDD scores is seen between
the Late Woodland and Mississippian periods.
However a Kruskal-Wallis test returned no
significant differences in DDD scores among
any of the periods in question for males in this
age bracket.

For females, a sizeable drop in mean DDD
scores was seen during the Late Woodland, but
the scores rebounded during the Mississippian
period (see Fig. 3). Thus, significant differences
were found between the Middle and Late
Woodland (p = 0.009) and between the Late
Woodland and Mississippian (p =0.004).

Table 4—Mean degenerative disc disease (DDD) scores for male and female remains from the Middle
Woodland (MW), Late Woodland (LW), and Mississippian (Miss) periods. SD = standard deviation.

Mean DDD

scores Males < 45 Females < 45 Males > 45 Females > 45
MW 3.52 (SD: 2.15) 2.88 (SD: 2.22) 5.75 (SD: 2.60) 5.69 (SD: 2.98)
LW 2.96 (SD: 2.44) 1.81 (SD: 1.26) 5.78 (SD: 2.59) 2.22 (SD: 1.09)
Miss 1.76 (SD: 1.87) 2.10 (SD: 1.81) 3.95 (SD: 3.05) 5.40 (SD: 2.67)
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Mann-Whitney U tests also were run between
males and females within each period. Significant
differences were seen in both the Late Woodland
and the Mississippian periods. During the Late
Woodland, males were found to have higher
DDD scores (p < 0.000) while during the
Mississippian, females were found to have higher
DDD scores (p=0.037).

DISCUSSION

Young to middle adults.—This analysis found
no significant differences between DDD scores
of young male and young female remains aged
less than 45 years when the remains were found
in Middle Woodland or Mississippian contexts.
This is consistent with Bridges (1992) review of
arthritis in the prehistoric Americas, who
reported no significant differences in appendic-
ular or vertebral osteoarthrosis (OA) between
males and females of hunter-gatherer societies
in the prehistoric Americas (most similar to
Middle Woodland, though admittedly Middle
Woodland individuals were practicing some
horticulture). However, these results are not
consistent with studies of agricultural popula-
tions outside of the American Midwest, which
found significant differences in DDD scores
between males (higher) and females (lower)
(Van der Merwe et al. 2006; Wentz 2010; Kim
et al. 2012). This difference may relate to
unidentified biological differences between the
populations studied, the terrain being worked,
or cultural divisions of labor in those societies
that were unlike those at Klunk and Schild. In
addition, it must also be remembered that
DDD may be more strongly affected by weight-
bearing, while vertebral OA may be more
affected by specific body movements (Maat et
al. 1995), so these differences may also relate to
different specific body movements between the
sexes while weight-bearing activities remained
comparable.

Pickering (1984) also found no significant
differences in OA scores between the sexes based
upon his analysis of young to middle adult
appendicular and vertebral remains from Middle
Woodland, Late Woodland, and Mississippian
components of the Lower Illinois River Valley,
including the Pete Klunk and Schild mound
groups. However, in the present analysis, Late
Woodland young male remains from these sites
were found to have significantly higher degener-
ative disc scores than young female remains.
Pickering (1984) may not have found these results

because he split the Late Woodland period into
early and late components, which he grouped with
the Middle Woodland and Mississippian periods,
respectively. Unfortunately, in doing so, he lost
some of the resolution for the Late Woodland
period itself. However, weight-bearing versus
non-weight-bearing activities also may be affect-
ing these results.

Cross-period analyses for young males dem-
onstrated a general trend of decreasing degener-
ative disc scores from the Middle Woodland to the
Mississippian period with the Late Woodland to
Mississippian transition showing a significant
decrease. This is consistent with the general trend
toward decreasing degenerative scores with the
advent of intensive agriculture, as noted by
Bridges (1992), who reviewed OA literature, and
Jurmain (1990), who examined vertebral OA and
DDD. On the other hand, Bridges (1992) also
found the Lower Illinois River Valley (including
Klunk and Schild) to be an exception to this rule
and suggested regional variation with the new
subsistence economy as one explanation. None-
theless, she does note that the Lower Illinois
Valley trend she reports (increasing degenerative
scores) was generally less prevalent in males,
which she attributes to less involvement of males
in agricultural related chores.

For young to middle aged females, the cross-
period analysis demonstrated no significant re-
sults. This does not fit with the pattern of
increasing OA with agriculture in the Lower
Illinois River Valley, as reported by Bridges
(1992). Pickering (1984) overall also found more
severe degenerative disease scores for females with
the intensification of maize agriculture, though
differences in the categorizations of age and
period make direct comparisons difficult. One
interpretation of these results would be that the
weight-bearing activities for young to middle aged
females were fairly consistent, or at least compa-
rable, throughout this transition while the need
for other movements (e.g., twisting) were increas-
ing.

Older adults.—While many other studies
have not examined older adults due to the
relationship between age and degenerative
diseases (Bridges 1991, Pickering 1984), this
study specifically includes older adults in the
analysis since these are the individuals that
have been engaged in repetitive tasks (whatever
they may be) the longest and thus are more
likely to have their effects on the bones. By
keeping the analyses separate from the younger

/[titan/Production/p/pias/live_jobs/pias-126/pias-126-01/pias-126-01-05/layouts/pias-126-01-05.3d m 27 October 2017 m 7:28 pm m Allen Press, Inc.

Page 7



8 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE

adults, the differences due purely to aging
should be somewhat consistent across periods.
This analysis found no significant differences
between degenerative disc scores of male and
female remains aged more than 45 years
recovered from Middle Woodland contexts,
which is consistent with the analysis of the
young to middle adults. However, male re-
mains from the Late Woodland period had
significantly higher degenerative disc scores
than female remains from this period. This is
consistent with the analysis completed on
young to middle adult remains for these
periods and may suggest similar workloads
throughout the life span. Of course, it must be
acknowledged that the sample sizes are limited
for this analysis (i.e., eight Late Woodland
males and nine Late Woodland females aged
over 45). In addition, female remains were
found to have higher degenerative disc scores
than male remains from the Mississippian
period, which was not seen in the younger
adults or reported with other populations (Van
der Merwe et al. 2006; Wentz 2010; Kim et al.
2012). One factor in this aberration may be the
potential for decreasing vertebral bone density
caused by increased acidity in the diet (from
increased maize consumption), though this
would then be expected in other populations
with high acidity diets as well.

Cross-period analyses for male remains aged
over 45 years found no significant differences,
though a marginally lower average degenerative
disc score was noted for male remains from the
Mississippian period than from Middle Wood-
land or Late Woodland contexts. Again, this lack
of statistical significance may relate to the limited
sample size in these categories. By contrast, in the
cross-period analyses of females aged over 45
years, remains associated with the Late Wood-
land period had significantly lower degenerative
disc scores than either of the other two periods
assessed. This is consistent with the general
directionality of the results from younger females,
though the older females showed significant
differences while the young female analyses did
not reach significance (possibly because they had
not been participating in the activities as long as
the older females).

Comparisons.—Within this series of trends, a
few of particular interest come to light. First, in
both younger and older males there is a drop in
degenerative disc scores between the Late
Woodland and the Mississippian. This is

indicative of some variation in the weight-
bearing activities between these sites and the
wide variety of those reviewed by Bridges
(1992). Meanwhile, in both younger and older
females, there is a drop in degenerative disc
scores between the Middle Woodland and the
Late Woodland. These may be related to
changes in harvesting methods between these
periods since this work is most commonly
attributed to women (Bridges 1992; Pickering
1984). During the Late Woodland, innovations
in harvesting of the EAC plants may have
made these activities easier (Bridges 1989a,
1989b; Buikstra et al. 1986). With the reliance
on maize in the Mississippian period, some of
these innovations may have been discarded as
less efficient or effective, resulting in an increase
of female degenerative disc scores back toward
their previous levels. Pickering (1984) also
noted that increased carrying loads (upper
spine) and increased bending with short han-
dled hoes (lower spine) may be required for
agricultural intensification. These may be
reflected in the DDD scores since they are
weight-bearing activities, and thus are more
likely to appear as DDD than OA (Maat et al.
1995).

Itisinteresting to note that the directionality of
these DDD changes (decreasing from Middle to
Late Woodland, and increasing from Late
Woodland to Mississippian) is in direct contrast
to upper limb strength indicators (higher in Late
Woodland compared to Middle Woodland or
Mississippian) (Bridges et al. 2000). This combi-
nation of upper limb and DDD trends suggests
that women in the Late Woodland were spending
more time at upper limb repetitive activities and
less time in weight-bearing activities than the
preceding or following periods. Thus, it is possible
that the females could have spent more time using
processing techniques that utilized the upper limb
and took stress off of the vertebral column during
the Late Woodland (e.g., nut pounding), but
spent more time during the other periods on
activities that were easier on the upper limb, but
more stressful for the weight-bearing vertebral
column (e.g., harvesting or carrying loads).

Another interesting trend is that the direction-
ality of the changes in degenerative disc scores
between the Late Woodland and the Mississippi-
an periods is positive (increasing) for females, but
negative (decreasing) for males, regardless of age
category. This is consistent with a change in the
sexual division of labor between the Late Wood-
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land and Mississippian periods at these sites more
than simply just the decreased utilization of
innovations from previous agricultural endeav-
ors. If the men were continuing to do fewer
weight-bearing activities, why weren’t the wom-
en? One possible explanation may be a cultural
reason that female scores increased while male
degenerative disc scores continued to decline,
especially since this trend began shortly after the
sex-related dietary distinctions noted by Buikstra
et al. (1987, 1994). Age alone cannot be used to
explain these opposing trends since there is a
larger sample of older remains during the
Mississippian period than either the Middle or
Late Woodland periods for both males and
females (Table 3), yet this opposing directionality
in degenerative disc trends. If age were the major
contributing factor, one would expect to see
increased DDD scores in both sexes given that
the average age was higher for both males and
females. An alternative interpretation of these
data could be that the innovations the males had
found during the Late Woodland continued to
work with the intensification of maize agriculture
while the innovations that the females were using
were no longer viable. However, this has not been
supported by any other analyses.

Future directions.—Future analyses of the
vertebral regions (lumbar, thoracic, cervical)
separately and an assessment of the asymmetry
of the vertebrae would be beneficial. Analyzing
vertebral regions separately would elucidate
their differential responses to load bearing,
stability, and biomechanical processes (Bridges
1994; Jurmain & Kilgore 1995). Evaluating the
asymmetries of the vertebrae and their associ-
ated osteophytes may help to parse out which
changes result from differences in activities and
which are simply part of the aging process
(Bridges 1994). In addition, future analyses of
physical activity markers on the appendicular
skeleton would be beneficial in determining
what types of activities might help account for
the differences seen here.

ACKNOWLEDGMENTS

I would like to thank the following individ-
uals for their advice and recommendations
throughout this research: Della C. Cook,
Frederika Kaestle, K. Anne Pyburn, and
Valerie D. O’Loughlin. Financial support for
this research includes a David C. Skomp award
and a Grant-in-Aid of Doctoral Research
award. For this support, I would like to thank

the Anthropology Department and the Univer-
sity Graduate School at Indiana University. |
would also like to thank the numerous review-
ers of the manuscript as they have made it
significantly stronger. I have no conflicts of
interest to disclose with this project.

LITERATURE CITED

Asch, D.L., K.B. Farnsworth & N.B. Asch. 1979.
Woodland subsistence and settlement in west-
central Illinois. Pp. 80-85. In Hopewell Archeol-
ogy: The Chillicothe Conference. (D.S. Brose &
N.O. Greber, Eds.). Kent State University Press,
Kent, Ohio.

Bernard, T.E., F.V. Wilder, M. Aluoch & P.E.
Leaverton. 2010. Job-related osteoarthritis of the
knee, foot, hand, and cervical spine. Journal of
Occupational and Environmental Medicine
52:33-38.

Bridges, P.S. 1989a. Bone cortical area in the
evaluation of nutrition and activity levels. Amer-
ican Journal of Human Biology 1:785-792.

Bridges, P.S. 1989b. Changes in activities with the
shift to agriculture in the southeastern United
States. Current Anthropology 30:385-394.

Bridges, P.S. 1991. Degenerative joint disease in
hunter-gatherers and agriculturalists from the
southeastern United States. American Journal of
Physical Anthropology 85:379-391.

Bridges, P.S. 1992. Prehistoric arthritis in the
Americas. Annual Review of Anthropology
212:67-91.

Bridges, P.S. 1994. Vertebral arthritis and physical
activities in the prehistoric southeastern United
States. American Journal of Physical Anthropol-
ogy 93:83-93.

Bridges, P.S., J.H. Blitz & M.C. Solano. 2000.
Changes in long bone diaphyseal strength with
horticultural intensification in west-central Illi-
nois. American Journal of Physical Anthropology
112:217-238.

Brooks, S. & J.M. Suchey. 1990. Skeletal age
determination based on the os pubis: a compar-
ison of the Acsadi-Nemeskeri and Suchey-Brooks
methods. Human Evolution 5:227-238.

Brown, K.R., P. Pollintine & M.A. Adams. 2008.
Biomechanical implications of degenerative joint
disease in the apophyseal joints of human thoracic
and lumbar vertebrae. American Journal of
Physical Anthropology 136:318-326.

Buckberry, J.L. & A.T. Chamberlain. 2002. Age
estimation from the auricular surface of the ilium:
a revised method. American Journal of Physical
Anthropology 119:231-239.

Buikstra, J.E., L.W. Konigsberg & J. Bullington.
1986. Fertility and the development of agriculture
in the prehistoric Midwest. American Antiquity
51:528-546.

/[titan/Production/p/pias/live_jobs/pias-126/pias-126-01/pias-126-01-05/layouts/pias-126-01-05.3d m 27 October 2017 m 7:28 pm m Allen Press, Inc.

Page 9



10 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE

Buikstra, J.E., J. Bullington, D.K. Charles, D.C.
Cook, F.R. Frankenberg, L.W. Konigsberg, J.B.
Lambert & L. Xue. 1987. Diet, demography, and
the development of horticulture. Pp. 67-85. In
Emergent Horticultural Economies of the Eastern
Woodlands. (W.F. Keegan, Ed.). Center for
Archaeological Investigations, Southern Illinois
University, Carbondale, Illinois.

Buikstra, J.E., J.C. Rose & G.R. Milner. 1994. A
carbon isotopic perspective on dietary variation in
late prehistoric western Illinois. Pp. 155-170. In
Agricultural Origins and Development in the
Midcontinent. (W. Green, Ed.). Office of the
State Archaeologist, The University of lowa, lowa
City, lowa.

Buikstra, J.E. & D.H. Ubelaker. 1994. Standards for
Data Collection from Human Skeletal Remains.
Archeological Survey Research Series No. 44,
Fayetteville, Arkansas. 272 pp.

Chang, H.J. 2010. Osteoarthritis of the lumbar spine.
The Journal of the American Medical Association
304:114.

Delaney-Rivera, C. 2004. From edge to frontier:
early Mississippian occupation of the Lower
Illinois River Valley. Southeastern Archaeology
23:41-56.

Delaney-Rivera, C. 2007. Examining interaction and
identity in prehistory: mortuary vessels from the
Schild Cemetery. North American Archaeologist
28:295-331.

DiGangi, E.A., J.D. Bethard, E.H. Kimmerle &
L.W. Konigsberg. 2009. A new method for
estimating age-at-death from the first rib. Amer-
ican Journal of Physical Anthropology 138:164—
176.

Duncan, A.E., R.J. Colman & P.A. Kramer. 2012.
Sex differences in spinal osteoarthritis in humans
and Rhesus monkeys (Macaca mulatta). Spine
37:915-922.

Fardon, D.F. & P.C. Milette. 2001. Nomenclature
and classification of lumbar disc pathology:
recommendations for the combined task forces
of the North American Spine Society, American
Society of Spine Radiology, and American Society
of Neuroradiology. Spine 26:E93-E113.

Goldstein, L.G. 1980. Mississippian Mortuary Prac-
tices: A Case Study of Two Cemeteries in the
Lower Illinois Valley. Northwestern University
Archeological Program, Evanston, Illinois. 196
pp-

Goode, A.P., T.S. Carey & J.M. Jordan. 2013. Low
back pain and lumbar spine osteoarthritis: how
are they related? Current Rheumatology Reports
15:305-317.

Gregg, M.L. 1974. Three Middle Woodland sites
from Henderson County, Illinois: an apparent
congruity with Middle Woodland subsistence-
settlement systems in the Lower Illinois Valley.
The Wisconsin Archaeologist 55:231-245.

Husmann, P.R. 2011. Food, Fitness, & Fractures:
Osteoporosis During the Transition to Agricul-
ture in the Lower Illinois River Valley. PhD
thesis. Indiana University, Bloomington, Indiana.
290 pp.

Jurmain, R.D. 1990. The pattern of involvement of
appendicular degenerative joint disease. American
Journal of Physical Anthropology 53:143-150.

Jurmain, R.D. & L. Kilgore. 1995. Skeletal evidence
of osteoarthritis: a palaeopathological perspec-
tive. Annals of the Rheumatic Diseases 54:443—
450.

Kim, D.K., M.J. Kim, Y.S. Kim, C.S. Oh & D.H.
Shin. 2012. Vertebral osteophyte of pre-modern
Korean skeletons from Joseon Tombs. Anatomy
and Cell Biology 45:274-281.

Knusel, C.J., S. Goggel & D. Lucy. 1997. Compar-
ative degenerative joint disease of the vertebral
column in the Medieval Monastic Cemetery of the
Gilbertine Priory of St. Andrew, Fishergate,
York, England. American Journal of Physical
Anthropology 103:481-495.

Listi, G.A. & M.H. Manhein. 2012. The use of
vertebral osteoarthritis and osteophytosis in age
estimation. Journal of Forensic Sciences 57:1537—
1540.

Lovejoy, C.O., R.S. Meindl, R.P. Mensforth & T.J.
Barton. 1985. Multifactorial determination of
skeletal age at death: a method and blind tests
of its accuracy. American Journal of Physical
Anthropology 68:1-14.

Maat, G.J.R, R.W. Mastwijk & E.A. Van der Velde.
1995. Skeletal distribution of degenerative chang-
es in vertebral osteophytosis, vertebral osteoar-
thritis and DISH. International Journal of
Osteoarchaeology 5:289-298.

Mangold, W.L. & M.R. Schurr. 2006. The Goodall
tradition: recent research and new perspectives.
Pages 206-226. In Recreating Hopewell. (D.K.
Charles & J.E. Buikstra, Eds.). University Press of
Florida, Gainesville, Florida.

McKinley, M.P., V.D. O’Loughlin, E.E. Penne-
father-O’Brien & R.T. Harris. 2015. Human
Anatomy. 4™ ed. Mc-Graw Hill Education, New
York, New York. 960 pp.

Moore, K.L., AAM.R. Agur & A.F. Dalley. 2014.
Clinically Oriented Anatomy, 7" ed. Lippincott,
Williams & Wilkins, Baltimore, Maryland. 1168
pp-

Myszka, A., E. Weiss & J. Piontek. 2014. Is vertebral
body osteophytosis a reliable indicator of occu-
pational stress? Journal of Biological and Clinical
Anthropology 71:381-389.

Perino, G.H. 1968. The Pete Klunk Mound Group,
Calhoun County, Illinois: the Archaic and Hope-
well occupations. Illinois Archaeological Survey
Bulletin 6:9-124.

Perino, G.H. 1971. The Mississippian component at
the Schild Site (No. 4), Greene County, Illinois.

/[titan/Production/p/pias/live_jobs/pias-126/pias-126-01/pias-126-01-05/layouts/pias-126-01-05.3d m 27 October 2017 m 7:28 pm m Allen Press, Inc.

Page 10



HUSMANN-—DEGENERATIVE DISEASE IN THE ILLINOIS RIVER VALLEY 11

Pages 1-148. In Mississippian Site Archaeology in
Illinois: I. Illinois Archaeological Survey, Urbana,
Illinois.

Perino, G.H. 1973a. The Late Woodland component
at the Pete Klunk site, Calhoun County, Illinois.
Pages 58-89. In Late Woodland Site Archaeology
in Illinois I: Investigations in South-Central
Illinois. Illinois Archaeological Survey, Urbana,
Illinois.

Perino, G.H. 1973b. The Late Woodland component
at the Schild site, Greene County, Illinois. Pages
90-140. In Late Woodland Site Archaeology in
Illinois I: Investigations in South-Central Illinois.
Illinois Archaeological Survey, Urbana, Illinois.

Pickering, R.B. 1984. Patterns of Degenerative Joint
Disease in Middle Woodland, Late Woodland,
and Mississippian Skeletal Series from the Lower
Illinois Valley. PhD thesis. Northwestern Univer-
sity, Evanston, Illinois. 250 pp.

Plomp, K.A., C.A. Roberts & U. Strand Vidarsdot-
tir. 2012. Vertebral morphology influences the
development of Schmorl’s nodes in the lower
thoracic vertebrae. American Journal of Physical
Anthropology 149: 572-582.

Reynolds, A.W., J.A. Raff, D.A. Bolnick, D.C.
Cook & F.A. Kaestle. 2015. Ancient DNA from
the Schild site in Illinois: implications for the
Mississippian transition in the Lower Illinois
River Valley. American Journal of Physical
Anthropology 156:434-448.

Robling, A.G. & S.D. Stout. 2003. Histomorpholo-
gy, geometry, and mechanical loading in past
populations. Pages 189-205. In Bone Loss and
Osteoporosis: An Anthropological Perspective.
(S.C. Agarwal & S.D. Stout, Eds.). Kluwer
Academic/Plenum Publishers, New York, New
York.

Rojas-Sepulveda, C., Y. Ardagna & O. Dutour.
2008. Paleoepidemiology of vertebral degenerative
disease in a Pre-Columbian Muisca series from
Colombia. American Journal of Physical Anthro-
pology 135:416-430.

Rose, F. 2008. Intra-community variation in diet
during the adoption of a new staple crop in the
Eastern woodlands. American Antiquity 73:413—
439.

Ruff, C.B., C.S. Larsen & W.C. Hayes. 1984.
Structural changes in the femur with the transition
to agriculture on the Georgia coast. American
Journal of Physical Anthropology 64:125-136.

Simon, M.L. 2014. Reevaluating the introduction of
maize into the American Bottom and Western

Illinois. Midwest Archaeological Conference Inc.
Occasional Papers 1:97-134.

Spencer, S.D. 2014. Violence in the Lower Illinois
River Valley (ca AD 700-1250): An Examination
of Injuries at Schild Utilizing Taphonomy, Paleo-
pathology and Forensic Science. PhD thesis.
Indiana University, Bloomington, Indiana. 750
pp-

Stout, S.D. 1978. Histological structure and its
preservation in ancient bone. Current Anthropol-
ogy 19:601-604.

Studenmund, S. 2000. Late Woodland occupations
in the Lower Illinois Valley: research questions
and data sets. Pp. 301-343. In Late Woodland
Societies: Tradition and Transformation Across
the Midcontinent. (T.E. Emerson, D.L. McElrath
& A.C. Fortier, Eds.). University of Nebraska
Press, Lincoln, Nebraska.

Suri, P., D.J. Hunter, J. Rainville, A. Guermazi &
J.N. Katz. 2013. Presence and extent of severe
facet joint osteoarthritis are associated with back
pain in older adults. Osteoarthritis and Cartilage
21:1199-1206.

Van der Merwe, A.E., M.Y. Iscan & E.N. L’Abbe.
2006. The pattern of vertebral osteophyte devel-
opment in a South African population. Interna-
tional Journal of Osteoarchaeology 16:459-464.

VanDerwarker, A.M., G.D. Wilson & D.N. Bar-
dolph. 2015. Maize adoption and intensification in
the Central Illinois River Valley: an analysis of
archaeobotanical data from the Late Woodland
to Early Mississippian periods (A.D. 600 — 1200).
Southeastern Archaeology 32:147-168.

Wentz, R.K. 2010. Patterns of degenerative joint
disease among males and females at Windover
(8BR246) and their relationship to grave goods.
The Florida Anthropologist 63:5-10.

Yerkes, R.W. 2005. Bone chemistry, body parts, and
growth marks: evaluating Ohio Hopewell and
Cahokia Mississippian seasonality, subsistence,
ritual, and feasting. American Antiquity 70:241—
265.

Yerkes, R.W. 2006. Middle Woodland settlements
and social organization in the Central Ohio
Valley: were the Hopewell really farmers? Pages
50-61. In Recreating Hopewell (D.K. Charles &
J.E. Buikstra, Eds.). University Press of Florida,
Gainesville, Florida.

Manuscript received 13 September 2016, revised 10
March 2017.

/[titan/Production/p/pias/live_jobs/pias-126/pias-126-01/pias-126-01-05/layouts/pias-126-01-05.3d m 27 October 2017 m 7:28 pm m Allen Press, Inc.

Page 11



