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This research sought to examine a co-occurrence of three spinal pathologies, Schmorl’s 

nodes, osteophytosis, and osteoarthritis, within three temporally sequential pre-Columbian sites 

in west-central Illinois. Middle Woodland period Albany Mounds (200 BCE – CE 400), Late 

Woodland period Kuhlman Mounds (CE 600 - 900) and Mississippian period Dickson Mounds 

(CE 900 - ~1300), acted as proxies for their respective time periods in order to determine if there 

were any patterns among the three spinal pathologies present. Individuals with vertebrae were 

examined by joints and were scored based on discrete criteria for each pathology. Overall, 

highest frequency of individuals affected by Schmorl’s nodes, osteophytosis, and osteoarthritis 

were located in the Dickson Mounds sample, providing evidence of a possible increase in 

mechanical stress and workload during the Mississippian Period. Highest frequency of Schmorl’s 

nodes overall were observed equally within Kuhlman and Dickson Mounds, while osteophytosis 

was observed most frequently in Kuhlman and osteoarthritis was observed most frequently 

within Albany. There were no joints with all three pathologies coinciding. Four individuals had 

all three pathologies present in one joint within the spine, but never co-occurring. There were 

however, thirteen individuals with a co-occurrence of two pathologies, the majority possessing 

Schmorl’s nodes and osteophytosis. Young Adults with Schmorl’s nodes in Dickson Mounds 



were found to be significantly more frequent than Young Adults in the other sites. Future 

research should include larger sample sizes and more consistent category sizes within the 

samples in order to limit gaps in data as well as skewed statistics due to small sample sizes.  

 

KEYWORDS: West-central Illinois; Osteoarthritis; Osteophytosis; Schmorl’s nodes; Vertebral 

pathology   
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CHAPTER I: INTRODUCTION 

 

Bioarchaeology as a field can provide information about past populations that material 

culture and architecture cannot (Cohen 1977; Larsen 2002; Nelson et al. 2016). Despite this 

potential, there are answers that continue to elude bioarchaeologists due to inconsistencies in 

identification and quantification of boney reactive change and the multiple etiologies of some 

pathologies. For reactive changes to the joints of the vertebral column (spondyloarthropathies), 

age-related changes can be difficult to distinguish from other causes (e.g., acute trauma, obesity, 

congenital anatomy, habitual behaviors [e.g., burden bearing, lifting, pushing/pulling]). 

However, reactive changes to vertebral bodies have often been used to suggest activity-related 

differences across subsistence change (e.g., hunting-gathering versus intensive agriculture) and 

to identify division of labor by sex (Bridges 1989, 1991, 1992, 1994; Lai & Lovell 1992; Novak 

& Šlaus 2011). Cohen (1989) and Jurmain (1990) have cautioned against relying on pathologies 

as indicative of activities and behaviors involving the spine because of the various etiologies. 

Additionally, the variability in results across cultural or subsistence contexts is also frequently 

attributed to cross-cultural differences in the performance of such activities (Bridges 1984).  

One way to examine spinal pathology without fruitless results involves the incorporation 

of multiple pathologies and examining for a co-occurrence. A co-occurrence of pathologies on a 

particular joint could lead to the realization of a co-association of these pathologies. If 

pathologies are related to one another in development it could answer the etiology question based 

on where they are co-occurring in the spine. 

There are several different reactive changes on the vertebral body and facets that can be 

used to assess whether injuries are due to mechanical stress. These are degenerative changes to 
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cartilaginous joints (osteoarthritis) and reactive changes to intervertebral disc degeneration and 

rupture (osteophytosis, and Schmorl’s nodes). This thesis is one of the few to incorporate each of 

these to determine a co-occurrence and possible etiology based on frequency and severity.  

Osteoarthritis is a degenerative disease of joints and is the most common form of arthritis 

(Bridges 1992; Jurmain & Kilgore 1995; Liu et al. 1995). It is a progressive process (porosity 

and osteophytic lipping at the joint margins) that eventually leads to the loss of cartilage and 

synovial fluid creating a bone on bone rubbing (eburnation) (Gellhorn et al. 2013). In the 

vertebral column, it is confined to the apophyseal facets (Gellhorn et al. 2013). These facets are 

found on the left and right transverse processes of the vertebral body and make up the synovial 

joints of the spine, which facilitate flexion, torsion and extension of the spine (Waldron 2008) 

Vertebral osteophytosis is the reactive change of bony overgrowths (spurs) on the 

superior and inferior perimeters of the vertebral body which operate to reinforce compromised 

intervertebral joints (Liu et al. 1995). Progressive overgrowth results in reduction in vertebral 

body height and overarching to the point of bridging the intervertebral space. If this persists it 

can cause a fusion of adjacent vertebrae from the margins. Because of osteophytosis’ reactive 

nature, few papers are written solely focusing on the presence and patterning of the pathology 

without incorporating another relating pathology such as osteoarthritis, Schmorl’s nodes, and 

scoliosis (Bridges 1994; Masud et al. 1993; Novak & Slaus 2011; Van der Merwe et al. 2006).  

The final pathology that will be examined is the Schmorl’s node. These are divots or 

sharp-margined depressions in the superior and/or inferior surface of the vertebral body as the 

result of a herniated disc (Dar et al. 2010). A rupture of disc forces the soft nucleus pulposus out 

of the cartilaginous capsule protecting it and its extrusion in the intervertebral space deforms the 

surface of the body (Resnick & Niwayama 1978).  
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This research aims to examine a co-occurrence among these three vertebral arthroses 

indicative of degenerative joint disease in order to provide a pattern of pathology that may aid in 

identifying etiology. Osteoarthritis of the apophyseal facets, osteophytosis, and Schmorl’s nodes 

were examined in the spines of skeletal remains from three sites; Albany Mounds, Kuhlman 

Mound, and Dickson Mounds. The sites are temporally sequential and are located in the same 

geographic area, but differ in culture, time period, and subsistence economy. The questions that 

guide this thesis are as follows: 

• Is there a co-occurrence among Schmorl’s node, osteophytosis, and osteoarthritis 

in joints of the population sample? 

• Are there intra-site differences in frequency and distribution of these pathologies 

when populations are separated into sex and age categories? 

• Are there inter-site differences in frequency and distribution of pathologies? 

This thesis sheds light not only on a methodological approach, but also contributes to 

existing literature on spinal pathology within pre-Columbian populations. Chapter II will go over 

the archaeological context of west-central Illinois and nearby during the Middle Woodland, Late 

Woodland, and Mississippian time periods. This chapter will also give an overview of the 

research that has been performed using Schmorl’s nodes, osteophytosis, and osteoarthritis within 

the region as well as research that has examined patterning of these arthroses in association with 

particular groups of people. Following this background, Chapter III provides site descriptions as 

well as the methods utilized in the research. Results of the research are located in chapter IV and 

interpretations of these results will be discussed with future work and concluding remarks.  
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CHAPTER II: BACKGROUND 

 

Archaeological Context 

The Eastern Woodlands is defined as the area in the United States from the Great Lakes 

to the north, the Gulf of Mexico to the south, the Atlantic to the east, and the Great Plains to the 

west. The time prior to European contact in the Eastern Woodlands has been classified into 

different time periods based on a number of factors including tool technology, settlement 

patterns, subsistence economies, and cultural practices such as mortuary patterning (Munoz et al. 

2014; Rose 2003; Scarry 2003). West-central Illinois was home to Native Americans prior to 

European contact including the time periods of the Middle Woodland, Late Woodland, and 

Mississippian periods due to the abundance of natural resources as well as fertile ground for crop 

cultivation.  

The Middle Woodland period (150 BCE – CE 400) was marked by the suggested unified 

culture known as the Hopewell based on the stylistic similarities in ornate artifacts found in 

association with the time period across the region as well as throughout the eastern United States 

(Tainter 1977). Procurement of food during this time involved “intensive harvest collecting” as 

proposed by Struever (1968) in which Middle Woodland people utilized a limited number of 

highly fruitful wild food resources. Food items such as maygrass and a knotweed species were 

cultivated in their gardens while they made use of other food sources outside of their villages like 

nuts, white tailed deer, and turkey (Asch et al 1979). Agriculture was not affiliated with the time 

period as only scarce amounts, if any, of maize were found prior to CE 900 (Simon 2017). In 

Illinois, starchy seeds increased in frequency during this time (Rose 2003) before maize was 

introduced to the region.  
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The Late Woodland period of west-central Illinois (CE 450 – 1000) continuing after 

Middle Woodland would first appear to show little to no difference in subsistence economy from 

Middle Woodland sites except in the intensification of crop cultivation, increased use of aquatic 

resources marked, and by the presence of storage pits (Asch et al 1979; Garner 1991, Nolan 

1995). A recent upswing in Late Woodland site research has provided evidence that the peoples 

of the Late Woodland period had a culture complexity different from Middle Woodland (Rose 

2003). Cultural changes from Middle Woodland to Late Woodland included the loss of elaborate 

decorations and burial goods that were seen during the Hopewell polity, but culture became more 

variable cross-regionally (Asch et al 1979, Garner 1991, Rose 2003). Small starchy seeds such as 

maygrass and knotweed and oily seeds such as sumpweed are more commonly found within Late 

Woodland sites, while seeds from maize could be entirely absent from sites or be found in small 

numbers (Garner 1991, Green & Nolan 2000). However, As time went on throughout Late 

Woodland, people shifted from relying on nuts and local cultigens to the cultivation of maize 

alongside starchy seeds (Green & Nolan 2000). There is no evidence of intensive agriculture in 

the Late Woodland, but as population increased through this period, the reliance on a more stable 

cultivated crop increased (Asch et al 1979).  

As the practice of agriculture became a more prominent source of food, the time was 

classified as the Mississippian period (CE 800 - 1650). Population increased as well as disease 

because higher population densities made spread of diseases easier and perhaps deadlier 

(Goodman et al 1980; Goodman, Armelagos, and Rose 1984; Goodman, Lallo, Armelagos, and 

Rose 1984; Larsen 1995). Stress increased through the Mississippian Period leading to an overall 

decrease in health in the form of higher frequencies of infectious, degenerative, and metabolic 

lesions (Lallo 1963). Scarry (1993) reviewed crop strategies of the American Bottom region, just 
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south of west-central Illinois. Findings showed that maize production was added to existing 

subsistence strategies which entailed the cultivation of the Eastern Agricultural Complex during 

the emergence of the Mississippian period (CE 800-1000) (Rose 2003). As the period progressed 

into Middle Mississippian, maize production intensified, while starchy seed production seemed 

to stabilize (Rose 2003; Scarry 1993). Lallo’s (1973) analysis of the Middle Mississippian 

component of Dickson Mounds suggested that there was a general decrease in the use of 

projectile points and blades affiliated with hunting with a complimentary increase in the hoe and 

other maize processing tools.  

This project will take subsistence strategies into consideration when discussing the results 

of this research. If the majority of time was spent on subsistence then one could predict that some 

pathologies that are observed within skeletal samples could be directly associated with the 

subsistence economy of that time period.  

Bioarchaeological Studies 

Changes in health across temporal periods in Illinois have been studied through the 

examination of linear hypoplasia, infant mortality rates based on demographics, and pathology 

relating to disease (Cook 1976, 1979; Goodman, Lallo, Armelagos, and Rose 1984; Nelson et al. 

2016). 

Studies in Illinois and elsewhere have also discussed workload and degenerative processes 

associated with agriculture (Bridges 1989; Larsen 1995). They examined varying degrees of 

frequency and severity of these pathologies presenting in skeletal material across regions. No 

singular pattern can be determined from examining populations cross-regionally, leading this 

research to focus on the specific region of west-central Illinois and nearby in order to allow for 

patterning to be determined.  



7 

Using osteoarthritis to make inferences about population behavior has been undertaken for 

several decades (Boyd & Boyd, 1997; Lieverse, 2007; Welzein, 2003). However, more focus is 

usually given to the osteoarthritis on the vertebral bodies rather than the apophyseal facets 

(Sofaer-Derevinski 2000). Bridges’ (1994) examination of vertebral osteoarthritis within an 

Archaic sample and a Mississippian sample from the Middle Tennessee River valley discussed 

the patterning of spinal osteoarthritis and osteophytosis development. Bridges found the highest 

frequency of osteophytosis in the lumbar region with second highest frequency in the cervical. 

Osteoarthritis within the whole sample was less variable, but was still highest in the lumbar 

region. These results led to the conclusion that the forces of joint deterioration on the apophyseal 

facets (osteoarthritis) were more similar throughout the spine than the forces that led to 

osteophytosis of the vertebral body. Cohen and Armelagos (1984) noted a similar pattern of 

decrease in osteoarthritis with the transition to agriculture, however other studies have disagreed 

(Goodman, Lallo, Armelagos, and Rose 1984; Lallo 1973). Lallo (1973) found in the case of the 

Dickson Mounds sample, a general increase of appendicular osteoarthritis, including vertebral 

osteoarthritis, among the Mississippian population when compared to their Late Woodland 

counterparts within the site. The analysis of the Kubinski site in Illinois by Pestle and colleagues 

(2007) led to the observation of osteophytosis within the spines of the individuals found there. 

Not surprisingly, the highest frequency was equally observed in the lumbar and cervical regions.  

Sofaer-Derevinski (2000) examined two populations from the UK with known sex-based 

divisions of labor. They observed the C7/T1 joint to be most vulnerable as it changes from 

weight-bearing to more rotating (p.350). Their research found more osseous changes in the 

sample from Ensay where activities were known to be laborious and sex-divided. They found 

less stressed skeletons from Wharram Percy and less statistical differences between males and 
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females. Here it is documented that while social norms required men and women to carry out 

different labor tasks, the work at home was more fluid.  

Bridges (1994) pointed out that finding significant variation is a challenge without a 

standardization of scoring for osteoarthritis and osteophytosis. This challenge is temporarily 

remedied in this thesis because each site is observed and scored in the same way so there no 

discrepancies among these particular sites. One explanation to these differences could be from 

the differences in work being done across regions.  

Much like the difficulty in finding specific causes of osteoarthritis and osteophytosis within 

pre-Columbian populations, Schmorl’s nodes can also present a dilemma in cause determination 

(Burke 2012). Trauma, age, disease, and other processes can promote Schmorl’s node formation, 

but what is unknown is which one correlates to a specific node. Frequency and patterning can 

vary within research of different population samples. Novak (2011) analyzed a small population 

of people from the Medieval time period in Croatia. His findings of high Schmorl’s node 

frequencies in males, but higher frequencies of osteoarthritic changes in females suggested a sex-

based division of intensive labor, but a longer lifespan of females in the sample based on the 

known activities of females within the population.  

 While researching the etiology of Schmorl’s nodes, Dar and colleagues (2010) found 

Schmorl’s nodes more frequently within the thoracic region of 240 individuals within the 

Hamann-Todd collection specifically through T7-L1. They went on further to include the portion 

of the vertebrae with the highest frequency of Schmorl’s nodes and proposed that vertebrae 

development early on in life played a role in Schmorl’s node development. However, as this 

research only focused on adults (presence of third molar), no juveniles were examined for 

Schmorl’s nodes to corroborate Dar et al.’s (2010) research.  
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As previously mentioned, there are multiple processes for Schmorl’s node formation. Age 

has commonly been examined, although there have been no positive correlations to age and 

Schmorl’s nodes (Burke 2012). Trauma and repetitive stresses such as lifting objects the same 

way frequently over a lifetime can lead to Schmorl’s nodes. Lai and Lovell (1992) examined 

skeletal remains from the Hudson’s Bay Company Fur Trade Post. From the remains, they were 

able to argue that the three individuals classified as Native Americans were voyageurs for the 

company due to combined frequency of Schmorl’s nodes, osteophytosis, osteoarthritis and 

robusticity of muscle attachments.  

A preliminary investigation on Schmorl’s nodes was conducted to determine if non-activity 

related factors could be considered influential in Schmorl’s node formation (Weiss, 2005). A 

skeletal sample of seventy-seven remains was analyzed from two different populations, one 

population having a history of activities that were straining to the spine. The results projected 

two important points. The first being that the population with spine straining activities had a 

higher frequency of SN indicating mechanical stress as a large factor in formation. The second 

point made was that there was a lack of correlation to SN and body size, age, or sex in this 

research. This helps strengthen the argument of non-activity related factors having little 

influence in SN frequency.  However, it was noted acute trauma could play a factor in frequency 

as much as mechanical stress as both can coincide with the associated labor performed.  

Some studies specifically use pathology to determine the lifeways of a population, but it has 

been cautioned not to rely on arthroses such as osteoarthritis, osteophytosis, and Schmorl’s nodes 

to indicate lifeways and behaviors of the population (Cohen 1989; Jurmain 1990). This is due to 

some researchers’ inabilities to make distinctions from data as seen in Cohen’s (1989) study of 

subsistence patterns through examination of osteoarthritis in populations. However, inferences 
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can be made if they meet “fairly rigorous criteria for a study of activity induced pathology.” (Lai 

and Lovell 1992, 226). Bridges (1989) found that Mississippian remains had stronger, thicker 

long bones than Archaic remains suggesting that the agricultural activities of the Mississippian 

culture were more strenuous than the Archaic hunting and gathering activities in the region. 

There was also an aspect of female arm robusticity that supported division of labor with women 

processing the corn.  

Novak and Slaus (2011) presented a study on vertebral pathologies in two populations in 

Croatia. Extensive ethnographic data on their two samples showed differences in labor intensity, 

but a similarity in a sex-divided labor force. Schmorl’s nodes were noted to be more common in 

the thoracic region than the lumbar, while osteophytosis showed an increasing trend through the 

spine; the cervical region having the least amount of osteophytosis and the lumbar with the 

highest frequency. Osteoarthritis had peak frequency within the lumbar region of both 

populations with secondary peaks in the cervical and thoracic regions. Their data showed the 

skeletal sample from Koprivno, a rural community, had more demanding living conditions than 

Sisak, an urban community, due to the significant frequency differences of Schmorl’s nodes, 

osteophytosis and osteoarthritis. Higher frequencies of Schmorl’s nodes and osteoarthritis in 

males of both samples also provided the argument for sexual division of labor.  

Clinical Studies 

It’s been suggested that clinical studies tend to under-represent joint changes since they are 

performed radiographically. This can bring a new challenge archaeological studies do not have 

as identifying slight or moderate changes to the bone can be more difficult. However, using 

clinical studies as a guide to distribution patterns within populations with known activities and 
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behaviors, can help with archaeological work when context of a population may be less 

available.  

Seidler and colleagues (2001) examined 229 male patients in Frankfurt and the surrounding 

area for spondylosis patterning. The patients all had radiographically confirmed spondylosis in 

their lumbar spines, which commonly refers to the general degeneration of the vertebral body, 

which included osteophytic development. Among these patients, 135 also had acute herniation of 

the lumbar vertebral discs. Their results concluded that workloads involving heavy lifting and 

tremendous forward bending were associated with spondylosis and acute disc herniation in the 

lumbar spine. If this study used spondylosis to define osteophytosis rather than the general 

degeneration of the spine then this could mean that a co-association between osteophytosis and 

herniated discs. If Schmorl’s nodes had been present in joints with herniated discs, an association 

between osteophytosis and Schmorl’s nodes may also have existed within the study.  

Other clinical studies performed on an arthrosis being observed within this research includes 

Sward and colleagues (1990) examination of Schmorl’s nodes within the thoracic-lumbar spines 

active athletes. They concluded that athletes that put greater stress on their backs had increased 

risks of trauma and damage to their spines (Sward et al. 1990). Gymnasts and wrestlers had the 

highest frequencies of Schmorl’s nodes in their spines, but all athletes examined had higher 

frequencies than a non-athlete group. Peak frequency was observed at the T12 vertebrae, but 

Schmorl’s nodes were seen from the T7-S1. Their findings showed a significant correlation 

between back pain, Schmorl’s nodes, and load-bearing activities.   

Research in patterns of osteophyte development and frequency has shown highest frequency 

to be within the lower thoracic and lumbar regions (O’Neill et al 1999; Seidler et al. 2001). 
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O’Neill and colleagues (1999) found males and females in their study to have osteophytosis most 

frequently identified at the T9-10 joint.  

Most clinical studies have restricted analysis to the lower back particularly the thoracic and 

lumbar regions of the spine. As this thesis will examine the entire spinal column from atlas to the 

last lumbar vertebrae, some patterns may differ than the ones found in the above studies.  
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CHAPTER III: METHODS AND MATERIALS 

 

In the examination of osteoarthritis, osteophytosis, and Schmorl’s nodes co-associating in 

vertebral joints, three temporally differing sites within Illinois were used that are housed at the 

Illinois State Museum. The museum’s existing records on the sites were used for age and sex 

determination. Extensive examination had been performed for each site allowing for confidence 

in using the records. Only individuals with assigned sexes and age ranges were used. Age groups 

were comprised to represent young adults, middle adults, and old adults. Photos were taken on a 

case to case basis with a phone to keep scoring consistent and to provide photo evidence of 

pathology. 

Albany Mounds (11WT1) 

Working as a proxy for the Middle Woodland period, a skeletal sample from Albany 

Mounds (200 BCE-CE 400) was examined (Herold 1971). Located on the east bank of the 

Mississippi River in Albany, Illinois (Figure 1), this Hopewellian community practiced a hunter-

gatherer technique in food procurement. In all, 81 mounds define the site however, only 13 burial 

mounds were excavated resulting in a 221 individuals skeletal sample. Mound 9 contained 101 

burials and is where the majority of the remains examined for the research were excavated. 

Preservation issues was a concern for this skeletal sample and led to a smaller usable sample size 

compared to other population samples examined for the research.  

Kuhlman Mounds (11A163) 

Kuhlman Mounds, used as a proxy for Late Woodland people in west-central Illinois, is 

located on the eastern bluffs of the Mississippi River in Adams County, Illinois (Figure 1) 

(Atwell & Conner 1991). The mound group is located adjacent to Kuhlman village allowing for 
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information on subsistence patterns of these particular people to be inferred from past 

excavations of the village. Based on ceramic analysis, the village and mounds are dated to have 

been used from CE 600-900 (Conner & Morgan 1991). Overall about 260 individuals were 

found at the Kuhlman Mounds (Atwell 1991). Mound 1 contained approximately 185 remains, 

and is where the majority of remains examined here were excavated.  

Dickson Mounds (11F10) 

The population sample used as a proxy for the Mississippian period came from the 

Dickson Mounds site sample. The mounds, making up several mortuary contexts, are located in 

Fulton County on a bluff overlooking the Illinois River (Figure 1) (Milner & Buikstra 1989). In 

total, roughly 1,100 individuals have been excavated from the site, however, it is believed that 

over 3,000 individuals could have been contained within the mortuary complex (Harn 1971). The 

cemetery is thought to have been in use for several centuries and stopped being used c.a. CE 

1300. Stress seemed to increase at Dickson Mounds from beginning of occupation up to the 

Middle Mississippian period (Goodman et al. 1980; Goodman, Armelagos, and Rose 1984; 

Goodman, Lallo, Armelagos, and Rose 1984). Because of the large number of excavated 

remains, the researcher handpicked an equal number of males and females that had almost 

complete spines to be analyzed. The presence of pathology was not selected for in order to 

remain unbiased in that fashion, however a bias was still established in choosing to study 

individuals that maintained complete to almost complete vertebral columns. Due to this large 

sample, more individuals within this site were able to be examined compared to the other two 

sites that may have had more preservation issues.  
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Figure 1. Map of sites within Illinois 

Methods 

Based on the inventory information provided by the Illinois State Museum, 30 males and 

30 females were selected to be examined. Once boxes were accessed, it was determined that due 

to preservation issues, some individuals selected were not able to be examined. Final count of the 

population for Dickson Mounds includes 29 males and 23 males to create a sample size of 52 

adults with spines present for examination. Kuhlman Mounds and Albany Mounds skeletal 

materials were evaluated for individuals that met the criteria of having at least one 

distinguishable vertebra (i.e. T12 or C2) and then examined for arthroses.  

Two types of joints will be examined, the synovial joints and the symphyseal joints of the 

spine. Schmorl’s nodes and osteophytosis develop in the symphyseal joints made up of the 

vertebral bodies, while osteoarthritis develops in the synovial joints made up of the apophyseal 

facets on the transverse processes in the spine (Waldron 2008). In order to distinguish a co-
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occurrence of Schmorl’s nodes, osteoarthritis, and osteophytosis in the spine, each vertebra is 

scored as a joint. If there was a vertebra missing, the joint was assessed and scored using the 

adjacent vertebra that makes up the other portion of that particular joint. Only individuals with at 

least one distinguishable vertebrae (e.g. T1,T12) were recorded in the data collection. Schmorl’s 

nodes were examined for on the sympheseal joints of the spinal column and scored with a 

nominal number based on their presence in a joint. No presence resulted in the scoring of a 0, 

while presence of a Schmorl’s node in the joint received a score of 1 (Figure 2).  

 

Figure 2. Schmorl’s node located on inferior side of a thoracic vertebra 

Van der Merwe et al. (2006) combined the methods of Nathan (1962) and Stewart (1958) 

to visually assess and score osteophytosis in the spinal column. This method was adapted for the 

research here (Figure 3). Vertebral joints were scored 0-4; 0 indicated no osteophytosis, 

1indicated single points of osteophyte development and slight lipping, 2 indicated outward 

growth of osteophytes, and 3 indicated advanced lipping on the vertebral body and osteophytes 

showing a “bird beak” appearance. This is when the osteophytes have curved upwards or 

downwards in the direction of the closest intervertebral space. The final score, 4, indicated that 

osteophytes of two or more adjacent vertebrae had fused together. For each joint, the more 
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severe score was assigned in order to obtain an understanding of severity within each individual 

joint. When accounting for the presence of osteophytosis in the joints, any score above 0 was 

counted as the presence of osteophytosis.  

 

Figure 3. Scoring method for osteophytosis; 1. Single point of osteophyte development on 

vertebral body, 2. Outward growth of osteophytes, 3. Advanced lipping and curved growth 

towards adjacent vertebra, 4. Complete fusion of adjacent vertebrae from osteophyte growth 

The apophyseal facets of the vertebral column (Figure 4) were examined for 

osteoarthritis. Osteoarthritis scoring (Figure 5) was similar to Schmorl’s node scoring as nominal 

numbers were assigned, but assignment was based on presence of pathologies indicative of 

osteoarthritis. A score of 0 indicated the absence of any osteoarthritis.  A score of 1 indicated 

porosity or pitting, 2 indicated osteophyte development on the apophyseal facet and 3 indicated 

eburnation, a pathology that is perhaps pathognomic for osteoarthritis (Waldron 2008). In order 

to accurately identify osteoarthritis, I required at least two out of the three pathologies indicative 

of osteoarthritis to be present on the joint. This is similar to the Standards method, but simplified 

to meet the research questions and provides a better understanding of the pathologies present. By 

requiring at least two pathologies be present, it can be better argued for the presence of 

osteoarthritis occurring on the facets rather than reactive change from natural wear and tear 

(Waldron 1991). All three were not required for diagnosis because in some cases, osteophytes 
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have not been found on the facets even in the most severe cases of known osteoarthritis 

(Gellhorn et al. 2012).  

 

Figure 4. Apophyseal facet of thoracic vertebrae encompassed within circle 

 

Figure 5. Osteoarthritis is identified by three arthroses on the apophyseal facets; 1. porosity, 2. 

osteophytic growth, and 3. eburnation 

As previously explained, a co-association of these arthroses could be potentially helpful 

in investigating the behaviors and activities of a population. In order to analyze data, an 
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examination of each vertebral joint for highest frequency was implemented as well as general 

regions within the spine (e.g. cervical region). Schmorl’s nodes would be the clear indication of 

mechanical stress as non-activity factors such as age has minimal influence on their formation 

(Weiss 2005). Each vertebra was first scored separately using a Standards (Buikstra & Ubelaker 

1994) template and then the joints were scored using the greater of the two scores on each 

vertebrae making up the joint score for the arthroses. The data was then compared between sex, 

age group, and temporal period in order to determine patterns of frequency and severity as well 

as to determine if a co-occurrence exists and what the significance of that co-occurrence may be. 

Univariate statistical analysis was used to test for significance in pathology presence or absence. 

Fisher’s exact test was used to examine significance between males and females within each site, 

between sites, and age groups between sites. Fisher’s exact tests were used to examine 

significance (p = <0.05) between frequencies in age group joints within the same site.  
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CHAPTER IV: RESULTS 

 

Upon examination of the skeletal samples within Albany Mounds (11WT1), Kuhlman 

Mounds (11A163), and Dickson Mounds (11F10), a total of 123 individuals were included in the 

study. Individuals were categorized by sex and age as shown in table 1. The results are presented 

graphically showing each joint’s frequency in order to understand the frequency and distribution 

of each arthroses in the spine. Analysis of sex and age differences use individuals as well as 

joints affected for understanding of who is actually affected by each arthrosis.  

Table 1. Number of Individuals Examined in Sites Based on Sex and Age 

 Albany Mounds Kuhlman Mounds Dickson Mounds 

 Male  Female Male Female Male Female 

Young Adult 15 4 12 11 11 12 

Middle Adult 3 5 6 5 16 8 

Old Adult 1 0 4 3 2 3 

Total 19 9 22 19 29 23 

 

Albany Mounds 

As suggested in the previous chapter, the poor preservation presented the researcher with 

challenges in regards to sample size and viable vertebrae to be examined. Nevertheless, data was 

collected and frequency of individuals exhibiting theses arthroses within Albany Mounds are 

presented in table 2. There were 29 individuals that met criteria for examination, 9 females, and 

19 males. 
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Table 2. Frequency Data for Albany Mounds Site 

  Age   

  Young Adult Middle Adult Old Adult Overall Total 

Sample adults 20 8 1 29 

3 = Total indv. with Schmorl's nodes       10% 

Male 1 (7%) 0 0 1 

Female 0 2 (40%) 0 2 

Unknown 0 0 0 0 

7 = Total indv. with Osteophytosis       24% 

Male 2 (13%) 0 0 2 

Female 2 (50%) 3 (60%) 0 5 

Unknown 0 0 0 0 

6 = Total indv. with osteoarthritis       21% 

Male 0 1 (33%) 1 (100%) 2 

Female 1 (25%) 3 (60%) 0 4 

Unknown 0 0 0 0 

 

Schmorl’s Nodes 

Schmorl’s nodes were observed in 10% (3/29) of the population, which was comprised of 

one young adult male and two middle adult females. As only five out of 142 joints examined had 

observed Schmorl’s nodes within sample (4%), only visual assessments can be made rather than 

statistical analysis. In total three individuals presented with at least one Schmorl’s node in their 

vertebral joints. Two of the three individuals (one young adult male and one middle adult 
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female) with Schmorl’s nodes exhibited them in the L2/L3 joint marking it as the highest 

frequency of Schmorl’s node observation within the population sample.  

 

Figure 6.  Albany Mounds arthroses distribution  
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There was no statistical difference (p<.05) for individual males and females with 

Schmorl’s nodes nor for joints in males and females (table 3). Females in this sample exhibited 

Schmorl’s nodes in 22% (2/9) of individuals and 6% (3/52) of joints (figure 6). The three 

Schmorl’s nodes were observed in one cervical joint, one T12/L1, and one lumbar joint (figure 

6). Males only exhibited Schmorl’s nodes in the lumbar region. Males exhibited Schmorl’s nodes 

in 5% (1/19) of individuals and in 2% (2/84) joints within the sample.  

Table 3. Fisher’s Exact P-values Comparing Sex  

 Fisher’s exact - individuals Fisher’s exact - arthroses 

Schmorl’s nodes 0.2344 0.3783 

Osteophytosis 0.0196* 0.0437* 

Osteoarthritis 0.0638 0.3448 

Note: * indicates significance (p<.05) 
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Figure 7. Albany Mounds Schmorl’s node distribution comparing sex 

There was no statistical significance between any of the frequencies of joints exhibiting 

Schmorl’s nodes in the age groups (table 4). Middle Adults at Albany Mounds were the most 

affected by Schmorl’s nodes as 25% (2/8 individuals) of the category exhibited at least one 

Schmorl’s node in their spine. Within the Young Adult category of Albany Mounds, Schmorl’s 

nodes were observed the most frequently in the lumbar region (2/15 joints, 13%). This was the 

only region in this category with observed Schmorl’s nodes. Similarly, Middle Adults in this 

sample also showed the highest frequency in the lumbar region (1/7 joints, 14%). If the T12/L1 

joint is taken out of the region and analyzed on its own, the joint had a 33% frequency (1/3 
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joints) for Schmorl’s node observation. There was not enough data for Old Adults in the sample 

to analyze. There was a general trend of increasing pathology frequency down the spine for 

Young and Middle Adults. 

Table 4. Fisher’s Exact P-values Comparing Age 

    Young Adult Middle Adult Old Adult 

  Young       

Schmorl's nodes Middle 0.3264     

  Old 1 1   

  Young       

Osteophytosis Middle 0.1646     

  Old 1 1   

  Young       

Osteoarthritis Middle 0.0012*     

  Old 0.0005* 0.0993   

Note: * indicates significance (p<.05) 

Osteophytosis 

 Osteophytosis was observed in 24% of individuals examined (7/29 individuals) and 6% 

of joints examined (10/164 joints). Osteophytosis had the highest frequency within the lumbar 

region (28%, 5/18 joint) and the lowest frequency in the thoracic region (4%, 2/54 joints) as 

osteophytosis was only observed in the lower thoracic joints of T10-12. There were four joints 

that had observed cases of severe osteophytosis, which were located in three individuals.  

Not only were there significantly more females with osteophytosis than males (p=.0196), 

but females also had significantly higher frequencies of osteophytosis within their joints 

observed (p=.0134) (Table 3). 55% (5/9) of females exhibited osteophytosis and 11% of their 

joints (7/62) were affected (figure 8). Females had highest frequency of osteophytosis in the 
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lumbar region (18%, 2/11 joints) and second highest frequency in the cervical region (15%, 3/20 

joints). Males exhibited osteophytosis only in the lumbar region with a 25% (3/12 joints) 

frequency. 11% (2/19) of males exhibited osteophytosis and 3% of their joints (3/98) were 

affected.  

Figure 8. Albany Mounds osteophytosis distribution comparing sex 

There was no statistical significance between any of the frequencies of joints exhibiting 

osteophytosis in the age groups (table 4). Middle Adults exhibited the highest frequency of 
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second highest frequency. In Middle Adults the highest frequency observed was also in the 

lumbar region (2/8, 25%), but the region with the second highest frequency was in the cervical 

joints (3/23, 13%). There was a general trend of increasing frequency down the spine in Young 

and Middle Adults.  

Osteoarthritis  

In regards to osteoarthritis presenting in the population sample, 21% (6/29) of individuals 

and 7% (11/164) of joints exhibited osteoarthritis. The cervical region had the highest frequency 

of osteoarthritis as 12% of cervical joints (8/67) exhibited osteoarthritis. The lumbar region in 

this sample exhibited no osteoarthritis. One individual (Old adult male) was observed with 

eburnation in their cervical joints (C3/4-C4/5). Five other individuals (two young adult males, 

one young adult female, and two middle adult females) were observed to have porosity on the 

apophyseal joints but as there was no osteophytosis or eburnation observed in the joint, 

osteoarthritis could not be identified. 

 There was almost a significant difference between frequency of osteoarthritis in males 

and females (p= .0638), however, frequency of osteoarthritis within the joints of males and 

females was not significantly different (table 3). 44% (4/9) of females in the sample exhibited 

osteoarthritis while 9% (6/65) of their joints were affected (figure 9). Females only exhibited 

osteoarthritis in the cervical region (22%, 5/23 joints). Males exhibited osteoarthritis in 11% 

(2/19) of individuals and 5% (5/100) of joints. Osteoarthritis within Albany males was observed 

not in the lumbar region, but in both cervical (7%, 3/43 joints) and thoracic regions (6%, 2/33 

joints).   
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Figure 9. Albany Mounds osteoarthritis distribution comparing sex 
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There was a general decreasing trend of osteoarthritis down the spine for Young and Middle 

Adults.  

Kuhlman Mounds 

Kuhlman Mounds had 43 adults that met the criteria for this research. From that sample 

size, 27 individuals were observed to have at least one arthrosis in the spine. Table 5 lists the 

frequency and prevalence of Schmorl’s node, osteophytosis, and osteoarthritis observations in 

individuals in the sample. 

Table 5. Frequency Data for Kuhlman Mounds Site 

  Age   

  Young Adult Middle Adult Old Adult Overall Total 

Sample adults 24 12 7 43 

8 = Total indv. with Schmorl's nodes       19% 

Male 1 (8%) 1 (17%) 2 (50%) 4 

Female 2 (18%) 1 (40%) 1 (33%) 4 

Unknown 0 0   0 

18 = Total indv. with Osteophytosis       42% 

Male 2 (17%) 4 (67%) 3 (75%) 9 

Female 5 (45%) 2 (20%) 1 (33%) 8 

Unknown 0 1(50%)   1 

9 = Total indv. with Osteoarthritis       21% 

Male 2 (17%) 2 (33%) 2 (50%) 6 

Female 1 (9%) 1 (20%) 0 2 

Unknown 0 1 (50%)   1 
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Schmorl’s Nodes 

Schmorl’s nodes were observed in 19% (8/43) of individuals and in 5% (22/420) of joints 

in the Kuhlman Mounds sample. In terms of frequency patterning, Schmorl’s nodes within this 

sample had the highest frequency in the lumbar region (13%, 12/96 joints) with the thoracic 

region closely behind in second highest frequency (5%, 8/163 joints) (figure 10). The cervical 

region had the lowest as no Schmorl’s nodes were observed in the region. 
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Figure 10. Kuhlman Mounds arthroses distribution 
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There was no statistical difference (p<.05) for individual males and females with 

Schmorl’s nodes, nor for joints in males and females (Table 5). Females in this sample exhibited 

Schmorl’s nodes in 21% (4/19) of individuals and 6% (13/220) of joints (figure 11). Highest 

frequency of Schmorl’s nodes for females was in the lumbar region (13%, 6/46  joints). Males 

also exhibited Schmorl’s nodes most frequently in the lumbar region (14%, 7/49 joints). Males 

exhibited Schmorl’s nodes in 18% (4/22) of individuals and in 5% (9/185) joints within the 

sample.  

Table 6. Fisher’s Exact P-values Comparing Sex 

Kuhlman Mounds Fisher’s exact - individuals Fisher’s exact - arthroses 

Schmorl’s nodes 1.0000 0.6630 

Osteophytosis 1.0000 0.0001* 

Osteoarthritis 0.2488 1.0000 

Note: * indicates significance (p<.05) 
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Figure 11. Kuhlman Mounds Schmorl’s node distribution comparing sex 
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There was no observation of Schmorl’s nodes in the lumbar region for the Middle Adults. 

Highest frequency for the age category was in the thoracic region (5%, 3/55 joints). There was a 

general trend of increasing pathology frequency down the spine for Young, Middle, and Old 

Adults.  

Table 7. Fisher’s Exact P-values Comparing Age 

    Young Adult Middle Adult Old Adult 

  Young       

Schmorl's nodes Middle 0.4199     

  Old 0.264  .0518   

  Young       

Osteophytosis Middle 0.0013*     

  Old 0.0089* 1   

  Young        

Osteoarthritis Middle 0.5834 1   

  Old 1     

Note: * indicates significance (p<.05) 

Osteophytosis  

Osteophytosis was observed in 42% of individuals examined (18/43 individuals) and 

12% of joints examined (53/453 joints). Osteophytosis had the highest frequency within the 

lumbar region (26%, 26/99 joints) and the lowest frequency in the cervical region (5%, 7/144 

joints) (figure 10). There were 23 joints that exhibited severe cases of osteophytosis with a score 

of 2 or 3, which were located in 12 individuals.  

There was no significant difference between frequency in males and females with 

observed osteophytosis (p=1.000), but there was a significant difference between frequency of 

joints with observed osteoarthritis in males and females (p=.0001) (Table 6). 42% (8/19) of 
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females exhibited osteophytosis and 7% of their joints (16/238) were affected (figure 12). 

Highest frequency of osteophytosis was observed in the lumbar region (17%, 8/47). Males also 

had the highest frequency in the lumbar region (37%, 18/49) and there is a trend of increasing 

arthrosis frequency down the spine for both sexes. 41% (9/22) of males exhibited osteophytosis 

and 17% of their joints (34/205) were affected.  

Figure 12. Kuhlman Mounds osteophytosis distribution comparing sex 
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Osteophytosis had the highest observed frequency in the lumbar region (14%, 7/50 joints) in 

Young Adults, Middle Adults (26%, 8/31 joints), and Old Adults (67%, 10/15 joints) with the 

thoracic region having the second highest frequency. There was a general trend of increasing 

frequency down the spine in Young and Middle Adults.  

Osteoarthritis 

In regards to osteoarthritis presenting in the population sample, 21% (9/43) of individuals 

(table 3) and 3% (17/529) of joints exhibited osteoarthritis. The thoracic region had the highest 

frequency of osteoarthritis as 5% of thoracic joints (11/206) exhibited osteoarthritis (figure 10). 

The lumbar region in this sample exhibited no osteoarthritis. No instances of eburnation were 

observed within the Kuhlman Mounds sample, however, there were 7 individuals that presented 

with porosity, but no other indication of osteoarthritis on the apophyseal joints. One individual 

presented with 7 observations of osteoarthritis, mainly concentrating in the lower thoracic joints. 

 There was no significant difference between frequency of males and females with 

observed osteoarthritis (p= .2488) nor was there any significant difference between the frequency 

of joints with observed osteoarthritis in males and females (p = 1.000) (table 6). 11% (2/19) of 

females in the sample exhibited osteoarthritis while 3% (8/262) of their joints were affected 

(figure 13). Females had highest frequency of osteoarthritis in the thoracic region (6%, 7/108 

joints). Males exhibited osteoarthritis in 27% (6/22) of individuals and 3% (8/247) of joints. 

Osteoarthritis within Kuhlman males was observed equally frequent in the cervical (2/66 joints) 

and lumbar (2/63 joints) at 3%.   
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Figure 13. Kuhlman Mounds osteoarthritis distribution comparing sex 
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osteoarthritis observations. There was a general decreasing trend of osteoarthritis down the spine 

for Young Adults while the other two categories showed no patterning.  

Dickson Mounds 

The Dickson Mounds population sample was the largest due to the amount of available 

skeletal material as well as the preservation of the remains. At least one arthrosis was observed 

in the spines of 39 out of the 52 total adult spines observed within the population sample of 

Dickson Mounds. Results for the presence and frequency of arthroses within the population 

sample are provided in table 8.  

Table 8. Frequency Data for Dickson Mounds Site 

  Age   

  Young Adult Middle Adult Old Adult Overall Total 

Sample adults 23 24 5 52 

19 = Total indv. with Schmorl's nodes       37% 

Male 4 (33%) 5 (31%) 1 (50%) 10 

Female 5 (45%) 3 (38%) 1 (33%) 9 

Unknown         

22 = Total indv. with Osteophytosis       42% 

Male 0 14 (88%) 1 (50%) 15 

Female 0 4 (50%) 3 (100%) 7 

Unknown         

12 = Total indv. with Osteoarthritis       23% 

Male 0 7 (44%) 1 (50%) 8 

Female 2 (18%) 1 (33%) 1 (33%) 4 

Unknown         
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Schmorl’s Nodes 

Schmorl’s nodes were observed in 37% (19/52) of individuals and in 5% (54/1032) of 

joints in the Dickson Mounds sample. In terms of frequency patterning, Schmorl’s nodes within 

this sample had the highest frequency in the lumbar region (11%, 23/205  joints) with the 

thoracic region closely behind in second highest frequency (5%, 26/516  joints) (figure 14). The 

cervical region had the lowest as no Schmorl’s nodes were observed in the region. 
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Figure 14. Dickson Mounds arthroses distribution 
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There was no statistical difference (p<.05) for individual males and females with Schmorl’s 

nodes nor for joints in males and females (Table 9). Females in this sample exhibited Schmorl’s 

nodes in 39% (9/23) (table 6) of individuals and 4% (20/445) of joints (figure 15). Highest 

frequency of Schmorl’s nodes for females was in the lumbar region (12%, 10/86  joints). Males 

also exhibited Schmorl’s nodes most frequently in the lumbar region (11%, 13/119 joints). Males 

exhibited Schmorl’s nodes in 34% (10/29) of individuals and in 4% (27/608) joints within the 

sample.  

Table 9.  Fisher’s Exact P-values Comparing Sex  

Dickson Mounds Fisher’s exact – individuals  Fisher’s exact – arthroses 

Schmorl’s nodes 0.7778 0.2010 

Osteophytosis 0.1620 0.0004* 

Osteoarthritis 0.7519 0.0587 

Note: * indicates significance (p<.05) 



42 

Figure 15. Dickson Mounds Schmorl’s node distribution comparing sex 
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showed the highest frequency in the lumbar region (14%, 13/96 joints) while the thoracic region 

had a frequency of 4% (9/243 joints). Old Adults had a higher frequency in the thoracic region 

(11%, 4/35 joints), while the lumbar region in Old Adults had a frequency of 6% (1/18 joints). 

Highest frequency for the age category was in the thoracic region (5%, 3/55 joints). There was a 

general trend of increasing arthrosis frequency down the spine for Young and Middle Adults, but 

a trend of decreasing arthrosis frequency in Old Adults.  

Table 10. Fisher’s Exact P-values Comparing Age  

    Young Adult Middle Adult Old Adult 

  Young        

Schmorl's nodes Middle 1     

  Old 0.2899 0.4143   

  Young        

Osteophytosis Middle 0.0001*     

  Old 0.0001* 0.0014*   

  Young        

Osteoarthritis Middle 0.0001*     

  Old 0.0001* 0.0457*   

Note: * indicates significance (p<.05) 

Osteophytosis 

Osteophytosis was observed in 42% of individuals examined (22/52 individuals) and 8% 

of joints examined (84/1078 joints). Osteophytosis had the highest frequency within the lumbar 

region (22%, 45/206 joints) and the lowest frequency in the cervical region (2%, 5/259 joints) 

(figure 14). There were 50 joints that exhibited severe cases of osteophytosis with a score of 2 or 

3, which were located in 14 individuals.  
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There was no significant difference between frequency in males and females with 

observed osteophytosis (p=.1620), but there was a significant difference between frequency of 

joints with observed osteophytosis in males and females (p=.0004) (table 9). 30% (7/23) of 

females exhibited osteophytosis and 4% of their joints (20/445) were affected (figure 16). 

Highest frequency of osteophytosis was observed in the lumbar region (14%, 12/88 joints). The 

thoracic region had a frequency of 3% (7/211), but there were no observations of osteophytosis 

in the cervical region of females. Males in the Dickson Mound sample also had the highest 

frequency of osteophytosis observed in the lumbar region (28%, 33/118 joints). The thoracic 

region had a frequency of 8% (24/305 joints) and the cervical region had the lowest frequency of 

3% (5/154). 52% (15/29) of males exhibited osteophytosis and 10% of their joints (66/633) were 

affected.  
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Figure 16. Dickson Mounds osteophytosis distribution comparing sex 
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Osteoarthritis 

In regards to osteoarthritis presenting in the population sample, 23% (12/52) of 

individuals and 3% (29/1082) of joints exhibited osteoarthritis. The cervical and thoracic region 

had the highest frequency of osteoarthritis as 3% of cervical joints (9/259) exhibited 

osteoarthritis and 3% of thoracic joints (16/519) exhibited osteoarthritis (figure 14). The lumbar 

region in this sample had a frequency of 1% (2/207 joints) of observed osteoarthritis. There were 

3 observations of joints with eburnation, all located in middle adult individuals.  

 There was no significant difference between frequency of males and females with 

observed osteoarthritis (p= .7519), but there was almost a significant difference between the 

frequency of joints with observed osteoarthritis in males and females (p = .0587) (table 9). 22% 

(5/23) of females in the sample exhibited osteoarthritis while 2% (7/449) of their joints were 

affected (figure 17). Females had highest frequency of osteoarthritis in the thoracic region (2%, 

4/19 joints). Males exhibited osteoarthritis in 28% (8/29) of individuals and 4% (23/633) of 

joints. Osteoarthritis within Kuhlman males was observed most frequently in the cervical region 

(5%, 8/154 joints) and had the second highest frequency in the thoracic region (4%, 13/304 

joints).  
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Figure 17. Dickson Mounds osteoarthritis distribution comparing sex 
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osteoarthritis down the spine for Young and Middle Adults, while Old Adults had an increase 

and stabilization of osteoarthritis frequency down the spine.  

Co-occurrence 

There were no observations of arthroses occurring within the same joint, but there were 

four individuals who had all three arthroses observed in their spine. Within the spines of these 

individuals, there was one individual in the Kuhlman Mounds sample, while all others were 

found within the Dickson Mounds sample. The individual in Kuhlman Mounds (KLM 15) had a 

Schmorl’s node and osteophytosis occurring on both the L2/3 and L3/4 joints. Porosity was also 

observed on these two joints, but osteoarthritis could not be identified. Of the individuals in 

Dickson Mounds, two had joints with two observed arthroses. The L2/3 joint of B. 482 had a 

Schmorl’s node and osteophytosis observed, and the L1/2 and L2/3 of B. 267 also had Schmorl’s 

nodes and osteophytosis observed.  

There were more individuals with two arthroses observed within their spines. In total, 

twenty three individuals exhibited two arthroses; four from Albany Mounds (three middle adult 

females and one young adult male), ten from Kuhlman Mounds (three young adult females, one 

young adult male, one middle adult female, one middle adult male, one old adult female, two old 

adult males, and one unknown middle adult), and nine from Dickson Mounds (two middle adult 

females, four middle adult males, two old adult females, and one adult male). Of those 

individuals, 56.5% (13/23) had at least one joint with two co-occurring arthroses.  

Site Differences 

Overall, the highest frequency of Schmorl’s nodes by joint was observed equally in 

Kuhlman and Dickson Mounds (5%, 22/420 and 54/1032 respectively), while osteophytosis was 

observed the most frequently within the Kuhlman Mounds sample (12%, 53/453), and 



49 

osteoarthritis was most frequently observed in Albany Mounds (7%, 11/164). Dickson Mounds 

had the highest frequency of individuals affected by all pathologies, which was significant in 

comparison to individuals with Schmorl’s nodes in Albany Mounds (Table 8). 

Table 11. Fisher’s Exact P-values Comparing Individuals in Each Site 

Schmorl’s nodes Albany Mounds Kuhlman Mounds Dickson Mounds 

Dickson Mounds .0176* .6743  

Kuhlman Mounds .5702   

Albany Mounds    

Osteophytosis Albany Mounds Kuhlman Mounds Dickson Mounds 

Dickson Mounds .1472 1.000  

Kuhlman Mounds .1386   

Albany Mounds    

Osteoarthritis Albany Mounds Kuhlman Mounds Dickson Mounds 

Dickson Mounds 1.000 1.000  

Kuhlman Mounds 1.000   

Albany Mounds    

Note: * indicates significance (p<.05) 
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CHAPTER V: DISCUSSION AND CONCLUSION 

 

This research sought to answer if there was a co-occurrence among the three arthroses, 

Schmorl’s nodes, osteophytosis, and osteoarthritis in the spine. There was no joint in which all 

three arthroses were observed across the samples. There were however, Schmorl’s nodes and 

osteophytosis occurring in the same joint and in some of those joints, porosity on the apophyseal 

facets was observed. Because the methodological approach in identifying osteoarthritis required 

at least two pathologies to be observed within a joint, this porosity could not be identified as 

osteoarthritis. If a different approach in identifying osteoarthritis was taken, perhaps there would 

be some joints exhibiting all three arthroses, but the researcher stands by the presence of two 

pathology indicative of osteoarthritis. This is due to the belief that scoring osteoarthritis based on 

“moderate” or “severe” cases is not a standard way of scoring. These scores would be relative to 

the samples themselves and it would rely on the interpretations of researchers to all agree on 

what “moderate” vs. “severe” is.  

As for the co-occurrence of Schmorl’s nodes and osteophytosis, this could be evidence 

for an association between the two, however, both occur independent of one another as well. 

Thus, more research would be needed in order to establish patterns on co-occurrence in order to 

determine if this could be significant enough to call an association. Different patterns seemed to 

emerge from the data, but again, further studies including individuals in sites with similar time 

periods or at the very least similar subsistence strategies would need to be examined.  

Differences between Sexes 

In the examination of pattern differences between sexes within each sample some 

patterns were consistent across samples. For instance, Schmorl’s nodes had the highest frequency 
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within the lumbar region of the spine in all three of the sites and within both males and females. 

There were however, also instances of pattern differences between sexes within each site.  

Females from Albany Mounds exhibited higher frequencies of osteophytosis and 

osteoarthritis than females from the other two sites, and neither males nor females from the 

Albany Mounds sample exhibited osteoarthritis in the lumbar. This could suggest that less load-

bearing stress attributing to lumbar arthroses were affecting the people of Albany Mounds and 

perhaps a longer lifespan of females in Albany than the other two sites (Novak 2011). The high 

frequency of osteophytosis overall in females was significant when compared to Dickson 

Mounds females (p= .0354). This was surprising as the research hypothesized an increase in the 

reactive pathology with the introduction to intensive agriculture. One explanation for this could 

be that osteophytosis in the spine is not as associated with mechanical stress as previously 

thought, but more reactive to the aging process of the spine. 

The statistical significance of osteophytosis frequency found between males and females 

within the Albany Mounds sample could have been due to the large discrepancy between the 

sample size of males and females. However, if the significance was still observed in a larger 

Middle Woodland population, this could be evidence of burden bearing on the neck for women, 

which could be supported by the patterning of Schmorl’s nodes and osteoarthritis in the females 

as well. The significance in females with osteoarthritis compared to males, but the lack of 

significance in frequency of osteoarthritis in males and females, suggests that the females 

observed with osteoarthritis may not be representative of the entire population. 

While no frequency of males and females exhibiting any pathology at Kuhlman Mounds 

is significantly different, there is a significantly higher frequency of osteophytosis in males than 

in females.  
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There was no significant difference between frequency of males and females in the 

Dickson Mounds sample, however, the significance in osteophytosis and osteoarthritis frequency 

between males and females suggests the two may have been experiencing different forms of 

stress (Sofaer-Derevinski 2000). Compared to the distribution pattern, this could be evidence of a 

sexed-division of labor within the Dickson Mounds sample. The significantly higher frequency 

of pathologies in males as well as a higher frequency of males affected by pathologies is 

consistent with Lallo’s (1973) research of the same population. Osteoarthritis within males 

showed a decrease from cervical to lumbar region, which differed from all other patterns 

observed within the Dickson Mounds sample. This could be explained by a difference in the 

cause to this particular sample’s osteoarthritis, which could be mechanical stress related rather 

than age related.  

Since all males have significantly higher frequencies of osteophytosis than females in all 

population samples, it begs the question are males more susceptible than females to forces 

causing osteophytosis? As a generally reactive pathology that develops to stabilize joint, it would 

appear that males are more likely to need extra stability within their spine.  

Females in every population sample had Schmorl’s node distribution higher up in the 

spine than their male counterparts. One suggestion for this pattern could be from pregnancy and 

women performing labor during their pregnancies. A way to corroborate this would be to 

examine medical literature and modern day samples of women for this same pattern.  

Differences among Age groups 

Six young adults were observed with osteoarthritis in their spines. One was observed in 

the Albany Mounds sample, three were observed in Kuhlman Mounds, and two individuals were 

observed in Dickson Mounds. One young adult female in Kuhlman Mounds had seven joints 
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exhibiting osteoarthritis, five joints continuously exhibiting beginning at the T7/8 joint through 

the T11/12. The osteoarthritis observed in the Young Adults of this research could have been due 

to trauma that caused the joints to move in an unfamiliar way creating bone on bone rubbing, but 

we know due to the age group that the osteoarthritis was not likely to be caused aging.  

The similarity in distribution of Schmorl’s nodes among age groups in Albany Mounds 

could have been due to the specific activities the people were engaging in that caused Schmorl’s 

node development within one region. It also suggests that Schmorl’s nodes may not be as useful 

in determining the amount of mechanical stress a population may have been enduring as it would 

have been expected for there to be a general increase in a pathology that is usually caused by 

mechanical stress.  

Frequencies of osteoarthritis were overall higher in the Old Adult categories, but it was 

the smallest category among all three sites, so sample size may have affected data rather than 

observing higher frequencies due to age related factors. The lack of osteoarthritis in the lumbar 

region of Albany Mounds could be due to activity performance, but it is likely that the sampling 

size has more influence over the frequency pattern. With only 8 middle adults to examine for 

arthroses versus the 20 young adults available for examination, most osteoarthritis that was 

observed could be attributed to age rather than mechanical stress.  

Dickson Mounds had a significantly more Young Adults exhibiting Schmorl’s nodes (p= 

.0183). Adults may have begun engaging in more strenuous activities at a younger age, or more 

adults may have been engaging in hard labor more frequently in Dickson Mounds than in Albany 

and Kuhlman.  

Middle Adults within Albany Mounds had a significantly higher frequency of 

osteoarthritis than the Middle Adults at both Dickson and Kuhlman Mounds. This difference 
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needs to be further examined and compared to other studies similar in order to determine if this 

is a consistent pattern. If so, then there needs to be discussion as to why Middle Adults of Middle 

Woodland sites would have higher frequencies of vertebral osteoarthritis than in adults of the 

same age category at sites cultivating maize. One explanation could be that since the Middle 

Adult category would contain the largest sample of adults that had been working the longest 

amount of time, this significant decrease in osteoarthritis could be the result of shorter lifespans 

within sites that are utilizing the production of maize.  

Differences among Sites 

Overall, Dickson Mounds had the highest frequency of individuals affected by Schmorl’s 

nodes and osteoarthritis, however this was only significantly different when compared to 

individuals with Schmorl’s nodes in Albany Mounds (P=.0176) (Table 4.1). One explanation for 

this could be that “social adulthood” began sooner for people at Dickson Mounds during the 

Middle Mississippian Period and were required to begin working sooner, thus leading to a higher 

risk of developing a Schmorl’s node. Another explanation could be that the factors leading to 

Schmorl’s node development were much more prevalent during the Middle Mississippian Period 

such as more rigorous work causing more mechanical stress or higher frequency of trauma.  

The variation in sites for highest frequencies of pathologies differs from highest 

frequency of individuals with the same pathologies. This provides an interesting bit of data 

because while Dickson had more people affected, the people did not have the highest frequency 

of pathologies. This could have been due to people dying at a younger age at the site from stress 

on their health and bodies, or it could be explained by something else entirely such as the 

difference in sample size. There was some significance in spinal regions when osteoarthritis and 

osteophytosis frequency was compared between sites. The high frequency of cervical 



55 

osteoarthritis was significantly higher in Albany Mounds than both Kuhlman and Dickson 

Mounds (Table 5.1). Kuhlman Mounds when compared to Dickson Mounds had a significantly 

higher frequency of thoracic osteophytosis (p=.0487). These differences could be interpreted as 

different stresses on the spine such as burden bearing or workload, however, more research 

would need to be performed in order to establish a consistent pattern between the temporal 

periods.   
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Table 12. Fisher Exact Tests Comparing between Spinal Regions in Sites 

Schmorl’s node 

Significance by Region 

Albany Mounds Kuhlman Mounds Dickson Mounds 

Spinal Regions Cervical/Thoracic/Lumbar Cervical/Thoracic/Lumbar Cervical/Thoracic/Lumbar 

Dickson Mounds .1731/.2518/.7246 1.000/1.000/.8472  

Kuhlman Mounds .2778/.2071/1.000   

Albany Mounds    

Osteophytosis  

Significance by Region 

Albany Mounds Kuhlman Mounds Dickson Mounds 

Spinal Regions Cervical/Thoracic/Lumbar Cervical/Thoracic/Lumbar Cervical/Thoracic/Lumbar 

Dickson Mounds .2024/.7578/1.000 .1263/.0480*/.3898  

Kuhlman Mounds 1.000/.1684/.7933   

Albany Mounds    

Osteoarthritis  

Significance by Region 

Albany Mounds Kuhlman Mounds Dickson Mounds 

Spinal Regions Cervical/Thoracic/Lumbar Cervical/Thoracic/Lumbar Cervical/Thoracic/Lumbar 

Dickson Mounds .0108*/.7003/1.000 .5486/.1899/1.000  

Kuhlman Mounds .0047*/.5249/1.000   

Albany Mounds    

Note: * indicates significance (p<.05) 

More severe cases of osteophytosis were observed in Dickson Mounds (5%, 50/1078). 

More severe cases of osteoarthritis were observed within the sample at Dickson Mounds as well 

compared to the Middle and Late Woodland sites, which supports Lallo’s (1973) research of the 

Late Woodland and Mississippian components of Dickson Mounds. Higher frequencies of severe 

osteoarthritis, but lower frequencies of osteoarthritis overall at Dickson Mounds provides an 
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interesting pattern of the arthroses that could suggest that osteoarthritis being observed here was 

not caused by aging, but by mechanical stress or trauma.  

Osteophytosis was seen the most frequently within the lumbar region, which follows the 

same pattern Bridges (1994) found among both Archaic and Mississippian populations as well as 

other archaeological and clinical studies (O’Neill et al 1999; Novak & Slaus 2001). 

Osteoarthritis in the sample however was not observed to be most frequent in the lumbar region 

like Bridges (1994) found but varied based on the temporal site. The variability in distribution 

could be due to the variability in activities between sites (Sofaer-Derevinski 2000).  

Conclusion 

 Patterns were indeed observed within each site between sexes and among age 

groups. Osteoarthritis and osteophytosis were observed to have different distribution patterns 

among sites, which was surprising as, osteoarthritis, being known to be more closely associated 

with aging, would be expected to have a similar pattern within each site. Schmorl’s nodes 

however, kept a more consistent pattern throughout the sites and among sex and age categories. 

With that being said, osteoarthritis may give better insight into the lifestyles and activities people 

were engaging in than previously believed. Similarly, osteophytosis development could have 

also been affected by the different activities people engaged in even if those activities were not 

related to any sort of load-bearing. Even if the joints located where maximum curvature is likely 

to occur are disregarded, the frequencies observed for all arthroses throughout the samples 

remain the same.   

The most common problem that was run into when performing the research involved the 

sample sizes. While it could be that with an larger sample size representing the Middle 

Woodland Period could result in the same frequencies, more steps should have been taken in 



58 

order to include a sample of equal age and sex categories in order to get the best analysis. Most 

interpretations regarding the distribution and frequency of these vertebral pathologies is 

conjecture due to the inability to control for sample size. Sample size may have affected the 

variability in patterns of arthroses within the categories used (e.g. male, female, middle adult, 

etc.), however, here they show evidence that these arthroses are unlikely to be associated with 

one another. To gain a better understanding of the co-occurrences of Schmorl’s node and 

osteophytosis, it would be interesting to reexamine those joints with both occurring and examine 

Schmorl’s nodes more in depth. Looking at size and location of the Schmorl’s nodes that co-

occur with osteophytosis could give insight as to why they occur together and independently at 

different times. 

Future studies could use sites with larger overall totals and encompass other aspects of 

the skeleton rather than focusing on the spine. Other future work could change the way spinal 

regions are grouped for analysis and comparison. The work here grouped the spine by region, 

however, the joints were maximum curvature could be separated as a comparative study that 

would include “transitional” joints (e.g. C7/T1 and T12/L1) and possibly examining by vertebrae 

rather than joint could include those joints as well. Comparing contemporaneous sites would aid 

in establishing a pattern of distribution and frequency as this research could only establish 

differences between populations with different temporalities.  

Future work examining osteoarthritis’s relationship with load bearing labor could include 

other joints such as those within the shoulder. Another place to examine in association with load 

bearing stress would be the spinous processes of the spine. “Kissing spine” or Baastrup’s disease 

occurs when compression of the spine results in spinous processes resting on top of one another 

to produce a facet that would not normally be present (Kacki et al. 2011). Studying the should 
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joints and spinous processes alongside vertebral osteoarthritis may lead to a better understanding 

of the relationship between osteoarthritis on the apophyseal joints and load bearing activities.  

Studying pathology within the spine can be a daunting task, as it requires examination of 

not only multiple facets on each vertebrae, but that multiplied by the number of vertebrae present 

in each individual as well as a knowledge were each vertebrae is located in the column can cause 

any of these results to be skewed. While this all remains true, it is believed by this researcher that 

the spine and its pathologies cannot be ignored when interpreting activities and behaviors of a 

particular group of people. Further steps are required in order to maintain accuracy of 

pathologies and consistency in numbers of male, females, and age groups can help.  
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