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The purpose of this study is to identify how socioeconomic status (SES) and, separately, 

length of military service, may affect the human skeleton. Specifically, this study considers non-

specific indicators of skeletal stress such as periosteal reactions, enamel defects, and skeletal 

porosity in a sample of World War II decedents. The Exact Logistic Regression test was used to 

examine the possible association between military service length and the presence of skeletal 

porosity and periosteal reaction, and Fisher’s Exact Test of Independence was used to evaluate 

the relationship between SES and presence of enamel defects, skeletal porosity, and periosteal 

reaction. In total, this research examined five hypotheses. The study showed evidence that 

greater length of military service was associated with lower presence of periosteal reaction and 

that lower SES was associated with greater presence of periosteal reaction in this sample. This 

could be due to the economic security provided by the military and it could also be due to 

potential nutritional deficiency associated with low SES, respectively. Conversely, the 

Osteological Paradox is a phenomenon that may have affected this study sample. Finally, there 

are several avenues for future research with regards to non-specific indicators of skeletal stress, 

SES, and military service length. 
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Chapter 1: Introduction 

Utilizing the human skeletal remains at the Defense POW/MIA Accounting Agency 

(DPAA) Offutt Air Force Base Laboratory and antemortem data, the goals of this research are 

to use a selection of visual-assessment methodologies for researching non-specific indicators 

of skeletal stress (specifically, enamel defects, skeletal porosity, and periosteal reactions) on 

remains of service members from WWII. I will examine the potential relationship between 

known non-specific indicators of skeletal stress, socioeconomic status (SES), and military 

service length in a random sample of identified WWII/Pearl Harbor (USS Oklahoma) 

casualties. Because the individuals in this sample lived through the Great Depression, I 

hypothesize that those with lower SES may have increased presence of non-specific indicators 

of skeletal stress, which are known to develop mostly during childhood, on their remains. This 

could be due to factors including, but not limited to, financial insecurity, malnutrition, illness, 

lack of access to healthcare, and trauma experienced during childhood.  

The research sample consisted of skeletal remains that definitively had at least two 

factors in common: they all were service members in the US Military during the same time 

period and all died in the early 1940s. Due to the type of antemortem information I had access 

to at the DPAA Laboratory, I wanted to explore these commonalities. There are various 

factors that contribute to the development and presence of non-specific indicators of skeletal 

stress, and those can either be alleviated or potentially exacerbated by enlistment in the 

military. Particularly, enlistment in the military could have provided housing, financial, and 

food security. Alternatively, a potential increase in exercise from training could have led to 

overuse injuries, and nutritional standards used by the services may not have been acceptable 

for the service members to maintain skeletal health. The potential stability that the military 
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was able to offer during this period of general socioeconomic hardship in the US leads me to 

hypothesize additionally that greater length of military service will cause a lower presence of 

skeletal porosity and periosteal reactions on the skeleton. 

To better understand the development and presence of non-specific indicators of stress, it 

is helpful to have basic knowledge of the formation and development of the human skeleton and 

dentition. Dental development occurs from fetal development through about the age of 18 when 

the third molar emerges (White et al., 2011). Although bone is a living tissue that remodels over 

time, teeth do not, which means that the enamel defects are a result of some type of growth 

disruption that remains visible on permanent dentition even decades later (Xiet et al., 2009). 

Though some enamel defects can be caused by genetic conditions, they are commonly a result 

of malnutrition, deasease, illness, and more during childhood (Hillson & Bond, 1997).  Because 

a variety of causes result in the same pathological marker, enamel defects such as linear enamel 

hypoplasia are referred to as non-specific. Nutritional deficiency and illness, demonstrated 

causes of enamel hypoplasia, can be consequences of low SES. It is important to note, however, 

environmental effects such as military service length cannot cause enamel defects, as these 

growth disruptions occur during childhood. Still, the prevalence of such defects in the military 

population may provide information for future research on recruitment efforts and enlistment 

patterns during the time of the Great Depression.  

Skeletal development occurs over a slightly longer period, from early in fetal 

development, through early adult years. Full skeletal formation is usually reached at the fusion 

of the clavicle, around 21-24 years, so elements of the skeleton and teeth are in various stages of 

formation and maturity until that point (Langley, 2016). However, unlike dental enamel, bone 

as a tissue remodels over time. Thus, the activity of skeletal lesions assessed in this study may 
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also be assessed. Active lesions are unremodeled lesions while healed lesions are remodeled and 

present rounded margins (DeWitte, 2014). The specific types of dental and skeletal data 

collected for this study are presented in greater detail in Chapter 3.   

Generally, non-specific indicators of skeletal stress indicate that, during life, instances of 

trauma or systemic stress occurred. Systemic stress differs from psychological stress (though 

they can accompany one another) and, in this study, consider factors such as immune system 

threats as illness or disease and nutritional deficiency. One example of a non-specific indicator 

of skeletal stress is linear enamel hypoplasia, which can be indicative of circumstances such as 

infection, malnutrition, or other stress or trauma that was present and affected enamel growth 

during formative years. Additionally, skeletal porosity and periosteal reaction are also non-

specific indicators of skeletal stress. Non-specific indicators of skeletal stress do not always 

present during formative years; some are a result of skeletal degeneration in adulthood due to a 

stress-event and some non-specific indicators of stress can present in either childhood or 

adulthood. These indicators can be differentiated from specific indicators of stress, where the 

resulting bony pathology is a direct result of a specific, known stress-event. 

Malnutrition, disease, trauma, overuse injuries, and others may have caused non-

specific indicators of skeletal stress on this research sample. Specifically, food insecurity, lack 

of access to healthcare, disease, and more may have affected those with low SES during 

childhood. Additionally, enlisting in the military may have offered nutritional security to the 

service members but potentially could have caused overuse injuries or other traumas that led 

to certain non-specific indicators of skeletal stress to present. As such, there are a variety of 

hypotheses to examine in this research:  
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1.  Greater length of military service will be associated with lower presence of skeletal 

porosity. 

2. Greater length of military service will be associated with lower presence of periosteal 

reactions.  

3. Lower SES will be associated with greater presence of enamel defects.  

4. Lower SES will be associated with greater presence of skeletal porosity.  

5. Lower SES will be associated with greater presence of periosteal reactions.  

 

The entire skeletal assemblage is unique, as it consists mainly of hundreds of young 

adults who grew up during the Great Depression, which was a large-scale global economic 

downturn, and who were killed during the attack on Pearl Harbor on December 7, 1941. 

Specifically, the sample includes the skeletal remains of 50 individuals. Of those 50 

individuals, 37 individuals have associated data indicating SES during childhood, and 44 

individuals can be used to assess military service length. Known age at death is used to 

determine whether the individual was in their formative years during the height of the Great 

Depression.  

With this being a young military population, the individuals in the study sample came 

from all over the United States (Figure 1) and they may have faced economic hardship due to 

the Great Depression during their formative (skeletal growth) years. According to the Bureau 

of Labor Statistics, the peak rate of unemployment during the Great Depression is estimated to 

have been around 25% in 1933 (Dunn et al., 2018). The known age at death of individuals in 

the study sample (n = 44) ranges from 18 to 44 years (median = 22 years), which would have 

been a range of approximately 10-36 years in 1933 (median = 14 years). The homes of record 
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(officially declared home state or country) for 49 identified individuals in the study sample are 

shown in Figure 1 (five have yet to be identified and one has a currently-unknown home of 

record) and the individuals’ or parents’ trade/occupation collected from relevant US census 

data was considered.  

 

 

 

Figure 1: Homes of record of the study sample. 

 

In addition to US census data, military records and scientific reports were used to 

acquire antemortem data, such as date of birth, home of record, household size, prior 

occupation, reason for enlistment, age at enlistment, military rank, age at death, and more. 

This information was collected from medical examiner reports, forensic odontology reports, 



 

 

 

6 

historical reports of the respective fatality incidents, forensic anthropology reports, enlistment 

forms, DPAA case files, and other military forms. Anonymity of individuals’ identities is 

maintained.  

To make postmortem assessments, I used the scoring methods for skeletal porosity from 

Buikstra and Ubelaker (1994), an enamel defect data collection sheet inspired from Buikstra 

and Ubelaker (1994), and periosteal reaction scoring methods from Cook (1976).  

One of the two facets of this research is assessing how SES and economic hardship may 

affect the human skeleton, which is relevant in today’s economic and health trends. Though 

many individuals experienced low SES prior to the COVID-19 pandemic, there may be 

parallels of human skeletal stress associated with the current economic downturn and issues 

related to job loss, food shortages, and food insecurity from the pandemic. The US Bureau of 

Labor Statistics reports that unemployment rose from 4.4% in March 2020 to 14.7% in April 

2020 (“U.S. Bureau of Labor Statistics”, 2020). According to the Center for Infectious Disease 

Research and Policy, this is a level not seen since the Great Depression and the number of jobs 

lost is more than double the number from the 2007-2009 Great Recession (Soucheray, 2020).  

As globalization and technology have advanced, access to all kinds of food regardless 

of season has increased through international and domestic trade programs. As such, evidence 

of certain deficiency diseases, such as scurvy, is less common in modern times (Agarwal et 

al., 2015). In addition, as nutritional science has advanced, fortified food and water products 

and vitamin/mineral supplements have become more prevalent (Velandia et al., 2008). This 

broader access to most types of food year-round may have a positive effect regardless of SES, 

though it is important to note that food insecurity is still a large issue in developed countries 

such as the US; the United States Department of Agriculture reported that approximately 
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10.5% of the total population in the United States experienced food insecurity in 2020 

(Coleman-Jensen et al., 2021). Though poverty conditions and other factors affect skeletal 

health in any period of time, this research may provide useful information for future studies on 

pandemic and post-pandemic effects on skeletal and overall physiological health.  

Additionally, though training methods and nutrition guidelines may be different in 

today’s military practices, a correlation may be found between non-specific indicators of 

skeletal stress and length of military service in this population. This is important for two 

reasons. First, I may be able to identify what kind of individuals were sought out for military 

recruitment and investigate further in future studies. Perhaps those from lower SES were more 

likely to join the military due to certain securities that were offered that may have been 

difficult to maintain during the Great Depression (food, housing, financial, etc.). Second, this 

research is important so that findings can be used in efforts to maintain the continued health 

and well-being of service members. As one example, it is possible that greater evidence of 

periosteal reactions in this sample may be due to overuse or trauma injuries from their military 

training.  

Because this sample population is of military decedents at a forensic laboratory where 

the primary mission is identification, there are some obstacles and limitations. The mission of 

the DPAA is “to provide the fullest possible accounting for our missing personnel to their 

families and the nation” (“About DPAA”, n.d.). Specifically, the efforts of this (and any) 

research cannot interrupt the main mission of the DPAA: to work to account for and identify 

service members. Consequently, this resulted in low sample sizes for this study. This research 

consisted of analyzing skeletal remains prior to medicolegal identification and while they were 

in the later stages of the identification process. This was done so that connections to 
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antemortem information could be done quickly. This led to a relatively short timeframe to 

analyze the remains and document any pathologies before they were repatriated to loved ones. 

I began this study by collecting antemortem data and postmortem skeletal data 

separately at the DPAA Laboratory prior to the individuals’ identification. This is because, 

once identified, remains are sent home to loved ones and that process cannot be paused for 

research efforts. Once the antemortem and postmortem information was gathered, I worked to 

associate both sets of information to the relevant individual as soon as identifications were 

made (however, five individuals were not identified by the time that data analysis began). 

Using the antemortem information and the quantitative scale presented by Berzofsky et al. 

(2014), I assessed the SES of the individuals in the study sample. Additionally, I calculated the 

length of active military service for each individual. Using the skeletal material, I assessed the 

incidence and presentation of non-specific indicators of skeletal stress. Once the antemortem 

and skeletal data were collected and combined, I used statistical testing methods to examine 

whether relationships existed as specified in the hypotheses.  

Because of the types of data and to test multiple hypotheses, two statistical methods 

were employed. First, I used the Exact Logistic Regression test to examine the possible 

association between military service length and the presence of skeletal porosity and periosteal 

reactions. Second, I used Fisher’s Exact Test of Independence to examine the association of 

SES and presence of non-specific indicators of skeletal stress (enamel defects, skeletal 

porosity, and periosteal reactions). Following the statistical analysis, I elaborate on the results, 

discuss the results and the information they provide about the research sample and the 

hypotheses, and present ideas for future research based on the findings. 
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Chapter 2: Review of Current Literature 

Non-specific indicators of skeletal stress have been studied in multiple geographic 

populations, largely those from prehistoric or medieval times. These pathological markers are 

caused by a variety of circumstances and can manifest as growth disruption during formative 

years or in degenerative ways during and beyond sub-adulthood. Non-specific pathological 

markers are distinct from occupational stress markers, the latter being specifically related to 

one’s occupation and repetitive stress. Disease states lasting as few as four days can interrupt 

growth and present as markers on bone, and chronic stresses can have a permanent effect on 

growth and development of the skeleton (Buikstra & Cook, 1980). Indicators of stress have been 

largely prevalent during periods of economic hardship, which can cause financial instability and 

food insecurity (Wood, 1996; Smith-Guzmán, 2015; Wasterlain et al., 2018). Though the 

literature mostly supports non-specific indicators of skeletal stress being caused by nutritional 

deficiency, trauma due to overuse has been attributed to instances of presence of certain 

pathologies (Detmer, 1986; Mubarak et al., 1982). Additionally, some leisure activities, such as 

consuming alcohol and smoking, can influence bone health (Martínez-Lavín, 2020).  

To understand how growth is disrupted and how bones degenerate, one must first have a 

basic understanding of expected formation and structure of the human skeleton. Following this 

overview of human bone growth and formation, the available literature is reviewed regarding 

non-specific indicators of skeletal stress (specifically, enamel defects, skeletal porosity, and 

periosteal reactions).  
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Formation of the Teeth, Skull, and Long Bones 

Human dentition is heterodont and diphyodont; it consists of four tooth classes (incisors, 

canines, premolars, and molars) and undergoes two generations: deciduous come first and are 

then replaced by permanent (Hovorakova, 2018). Deciduous teeth begin to form before birth and 

erupt during the second year of life whereas permanent dentition begins to form at around 6 

months and erupts from approximately age 6 to age 18 (White et al., 2011, pg. 385-386). There 

are three periods of eruption for permanent dentition: permanent incisors and the first molar 

erupt anywhere from 6-8 years, most permanent canines, premolars, and second molars erupt 

between 10-12 years, and the third molar erupts at around age 18 (White et al., 2011, pg. 385). 

While slight variation of teeth eruption is common, more significant delays can occur. Delays in 

permanent tooth eruption may be caused by genetic disorders, chronic malnutrition, gender, pre-

term birth, socioeconomic factors, body height and weight, craniofacial morphology, endocrine 

disorders, and systemic diseases (Almonaitiene et al., 2010),  

The tooth formation process, beginning at the crown from the inside out and proceeding 

rootward, is separated into several steps: epithelial thickening, lamina stage, bud stage, cap stage, 

and then bell stage. In the advanced bell stage, enamel is formed by cells called ameloblasts in a 

process known as amelogenesis (White et al., 2011, pg. 107). Enamel hypoplasia (presenting 

linearly or as pits) is an enamel defect that is a decrease in enamel thickness that results from a 

temporary disruption during amelogenesis (Al-Shorman et al., 2014). Permanent tooth formation 

can be delayed, and is known to be delayed in children with disorders such as cleft lip and/or 

palate and oligodontia (Eerens et al., 2001; Van Der Weide et al., 1993). A delay in permanent 

tooth formation may also be due to nutritional deficiency issues (Esan & Schepartz, 2020).   

Once teeth formation is complete, there is no mechanism for repair as there is in bone, 

described below. This means that enamel cannot undergo remodeling or change (except through 
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wear or decay), so any damage or disruption in enamel formation is a permanent defect (Xiet et 

al., 2009). In other words, enamel defects occurring in sub-adulthood because of trauma or 

systemic stress will remain present in adulthood. Stresses occurring after dental formation is 

complete cannot affect the enamel in the same way because there is no longer any growth 

occuring for a stressor to disrupt. Therefore, enamel defects provide a record of childhood 

stresses which is useful to researchers.  

The skull is composed of two main structures: the neurocranium, which surrounds and 

protects the brain, and the viscerocranium, which forms the anterior facial portion of the skull 

(Jin et al., 2016). While the bones of the cranial vault are present at birth, they are not fully fused 

and do not achieve their final developmental stage until later in life. Similarly, the long bones of 

humans are not fully developed at birth. The basicranium (inferior region of the skull) and long 

bones begin as cartilaginous models and develop into bone when osteoblasts deposit bone around 

the cartilage shaft (White & Folkens, 2005). During growth, the long bone grows outward at the 

epiphyses (the ends), stretching away from the primary growth center (the diaphysis or shaft) of 

the bone (White et al., 2011, pg. 38). Osteoblasts secrete collagen-rich osteoid (pre-bone tissue) 

and then hydroxyapatite crystals are deposited into the osteoid matrix. Once osteoblasts are 

surrounded by bony matrix, they mature into osteocytes, which maintain bone tissue (White et 

al., 2011, pg. 37). As growth continues during formative years, osteoclasts remove old bone, and 

osteoblasts in the periosteum continue to deposit new bone until the epiphyseal (or growth) 

plate’s cells stop dividing, signaling the halt of the growth process (White & Folkens, 2005). 

Even when the growth process is halted, repair and remodeling of bone continues throughout 

life. Additionally, it is important to note that bones in the body do not all reach complete 

formation at the same time.  
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Non-Specific Indicators of Skeletal Stress  

Enamel Defects 

Enamel hypoplasia, a descriptive term, is a type of enamel defect resulting from a 

disruption to the enamel growth that occurs during tooth development and can affect either the 

primary dentition or the permanent dentition (Kanchan et al., 2015).  As such, the living 

conditions and life experiences of children must be considered when making assessments on 

these enamel growth disruptions. They are non-specific indicators of skeletal stress that can 

present as various types of linear disruption (bands), plane types, or nonlinear array of pits on the 

enamel (Ritzman et al., 2008). These defects can be seen on any tooth, though the most common 

sites are the incisors and the first molars (Kanchan et al., 2015). As described previously, enamel 

defects present macroscopically as a decrease in enamel thickness that is a result of a stressor 

during childhood causing periodic disruptions to enamel matrix secretion (Ritzman et al., 2008). 

Linear enamel hypoplasia in particular, these horizontal bands of decreased enamel thickness 

across the affected tooth, are particularly helpful to research. The location of these defects and 

the corresponding age at which the defect occurred can be determined, allowing researchers to 

reconstruct the timeline of metabolically stressful events that caused such defects (Ritzman et al., 

2008). Since enamel defects can be seen macroscopically in both the deceased and the living, 

this type of research can be conducted on both living samples and archaeological populations.  

Animal studies have determined a variety of causes for enamel growth disruption, 

including nutritional deficiency and also illness. As reported by Hillson (2009, pg. 175), medical 

researchers experimented on and analyzed the teeth of dogs (beagles) and found that deficiency 

in vitamins A or D could cause enamel hypoplasia. Additionally, fever in pregnant rats caused a 

variety of enamel growth disturbances in their offspring. Similarly, rats were inoculated with 
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pathogenic viruses and bacteria, and this resulted in enamel growth disruption (Hillson, 2009, pg. 

175).  

Few studies of enamel hypoplasia have been conducted on modern US samples. A study 

of a colonial-era skeletal sample from the US (individuals born in the early 18th-century) sought 

to identify the frequency and chronological distribution of enamel hypoplasia in the sample 

(Wood, 1996). Wood (1996) found that, of 44 individuals, 35 of those had one or more cases of 

enamel hypoplasia. When comparing these results to the prevalence of enamel hypoplasia in the 

Hamman-Todd collection (individuals born in early 19th- to early 20th-century US) and the 

Monroe County Poorhouse collection from Rochester, New York (individuals born in late 18th- 

and 19th-century US), the author found that the Hamman-Todd sample had the higher prevalence. 

The author concluded that the low prevalence of enamel hypoplasia in the colonial sample was 

likely due to an abundance of land and resources in early 18th century US. The increased 

prevalence in the Monroe County Poorhouse sample is likely due to the transition from 

agricultural-based to industrial-based society. This pre-industrial era was marked by rapid 

population growth in the United States due mainly as a result of European immigration. 

Additionally, as society was becoming more stratified, immigrants, labor workers, and people of 

color were oftten subject to business fluctuations, depressions, and unemployment (Wood, 

1996). The American economy became increasingly dependent on fluctuating international trade, 

which caused several bouts of major depressions in the late 19th century and regular smaller 

depressions. This resulted in severe unemployment issues and intense poverty (Wood, 1996). 

Finally, the high prevalence of enamel hypoplasia in the Hamman-Todd collection could be 

reflective of the living conditions and fluctuating employment market in early 20th century US 

(Wood, 1996).  
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Skeletal Porosity 

Skeletal porosity is a descriptive, non-diagnostic term that refers in this study to abnormal 

porosity of the human skeleton. This porosity manifests as varying degrees of pores in the bone, 

some presenting as smaller pin-prick-looking pores while some instances show larger and 

potentially coalescing pores in more severe cases. They can present as either active, mixed, or 

healed lesions. When an individual’s remains present sharp, active lesions, it shows that the bone 

had not yet been remodeled whereas smooth, healed lesions are evidence of bone remodeling; 

mixed lesions are a combination of the two (Buikstra & Ubelaker, 1994, pg. 121). There are 

various forms of abnormal skeletal porosity that are classified as non-specific indicators of 

skeletal stress. In this research, I examine porotic hyperostosis, cribra orbitalia, cribra femoris, 

cribra humerus, porosity of the greater wing of the sphenoid, and porosity of the internal aspect 

of the ascending ramus. Presence of porosity can be recorded as well as the expression of the 

porosity and the activity of the lesions. 

Porotic hyperostosis, more rarely known as cribra cranii, is defined to be areas of pitting 

and pores on the external surface of the cranial vault while cribra orbitalia is the same 

degeneration occurring instead on the internal upper eye orbits (Walker et al., 2009). These 

lesions result from spongy-bone expansion as a response to hypertrophy of blood-forming tissue 

within the cranial vault (Buikstra & Ubelaker, 1994, pg. 120; Walker, et al., 2009). Active 

lesions are far more prevalent in younger individuals, though they have been observed in adults 

(Fairgrieve & Molto, 2000; Facchini et al., 2004; Jacobi & Danforth, 2002). Iron deficiency 

anemia has been both supported (Stuart-Macadam, 1992; Walker, 1986) and rebutted as the 

cause of porotic hyperostosis and cribra orbitalia over the past several decades. More recent 

research has not supported the hypothesis that iron deficiency anemia is the sole cause of porotic 

hyporostosis and cribra orbitalia (Walker, 2009; Rothschild et al., 2022; Brickley, 2018). Though 
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it is certainly possible for anemia to result in porous lesions of the cranial vault (porotic 

hyperostosis) and of the orbital roof (cribra orbitalia), it must be noted that other conditions can 

also potentially cause this degeneration, hence its recognition as a non-specific indicator of 

skeletal stress  (Brickley, 2018).  

Some (Angel, 1964; Angel, 1966; Angel, 1967; Angel, 1972; Zaino, 1964) have argued 

that specific genetic conditions (such as thalassemia and sickle cell disorder) have influenced the 

presence of these skeletal lesions; however, Smith-Guzmán (2015) argues that it is much less 

likely to be caused by genetic conditions and is instead more likely caused by the individuals’ 

environmental and socioeconomic factors such as poverty and diet. A deficiency of vitamin B12 

in the diet, which is found mostly in animal products like meat, eggs, and dairy, is likely a key 

component in the presence of porotic hyperostosis and cribra orbitalia (Stabler, 2013; Walker et 

al., 2009). Children can be deficient in vitamin B12 thorugh decreased intake, abnormal 

absorption, and inborn errors of transport and metabolism of the vitamin (Rasmussen et al., 

2001). Information about the prevalence of this deficiency in the United States is limited, 

however, a 2001 US study found that B12 deficiency may be more common than previously 

recognized. Normal levels range from 200 to 900 pg/mL, and their study found that out of 3766 

children, three children had levels less than 100 pg/mL and 18 children (a frequency of 1 in 200) 

had levels less than 200 pg/mL (Rasmussen et al., 2001). A higher frequency of B12 deficiency 

has been seen in countries with lower intake of animal products, and due to the food access 

issues caused by the Great Depression, this may have been a reality for the study sample 

(Rasmussen et al., 2001). 

Cribra (porous lesions) can also be found in the proximal humerus and femur; these 

pathologies are known as cribra femoris and cribra humerus. While cribra orbitalia and porotic 
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hyperostosis have been heavily researched,the same unfortunately cannot be said regarding 

cribra femoris and cribra humerus. Some research has linked cribra orbitalia and these post-

cranial cribrous lesions, so cribra humerus and cribra femoris will be recorded if present in this 

study (Schats, 2021). In Schats (2021), a study comparing the prevalence of the three types of 

cribra, they discovered that cribra femoris was most frequently observed. Additionally, they 

discovered that all cribrotic lesions are more commonly found in non-adults compared to adults 

(Schats, 2021). Cribra femoris and cribra humerus are associated with deficiency diseases such 

as iron deficiency anemia, rickets (vitamin D deficiency), and scurvy (vitamin C deficiency) in 

addition to non-specific infections or stresses (Wasterlain et al., 2018). One must be diligent and 

cautious in observance of cribra femoris; some studies score cribra femoris as non-metric traits 

such as Allen’s fossa. Cribra femoris and Allen’s fossa are found on the same location of the 

femoral neck, but in the case of cribra femoris, the area on the femoral neck is convex without 

any cortical bone margins visible while Allen’s fossa presents as a concave region with cortical 

bone margins (Göhring, 2021). Though no studies on the prevalence of cribra humerus and cribra 

femoris have been conducted yet on an American sample, food insecurity associated with the 

Great Depression may have led to vitamin deficiency, which may in turn have resulted in these 

lesions in the study sample.  

Presence of porous lesions on the greater wing of the sphenoid bone and the internal 

aspect of the ascending ramus have both been associated with scurvy, which is a result of 

malnutrition (Pitre et al., 2016). Scurvy is caused by an inadequate amount of vitamin C in the 

diet; vitamin C is found in foods such as citrus fruit, broccoli, cauliflower, kale, etc. (Brand et 

al., 1982). In a modern American sample, all children with vitamin C deficiency had underlying 

medical conditions such as thalassemia, sickle cell anemia, neurologic disorders, and bone 
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marrow transplants/chemotherapy; no children had scurvy from dietary deficiency alone (Golriz, 

2017). Despite this recent study, a separate study of data from the late 20th century found that a 

considerable number of US children and adults were deficient in vitamin C at that time (Hampl 

et al., 2004). This means that it is possible that vitamin C deficiency was prevalent during the 

Great Depression when access to nutritious food was affected. The porous lesions (a bone tissue 

reaction) are thought to be caused by chronic inflammation associated with bleeding (due to 

trauma in muscle contraction and the formation of abnormal blood vessels) and the “unusual 

anatomical relations of the branches of the maxillary artery” (Ortner & Ericksen, 1997, p. 213). 

While it is possible that scurvy can influence the human skeleton without the presence of porotic 

lesions on the greater wing of the sphenoid, it is uncommon (Ortner et al., 2001). Additionally, 

researchers note that a classic indicator of scurvy in the skeleton is increased porosity around the 

temporomandibular joint, which includes regions of the mandibular ramus (Zakrzewski et al. 

(2015).  

In a study of individuals from the Great Irish Famine (1845-1849), who were diagnosed 

with scurvy during life, the presence of active porotic lesions on the greater wings of the 

sphenoid was observed in 8.01% of the sample from birth to 17 years of age and only 4.64% of 

the sample aged 18 years and older (Geber & Murphy, 2012). Additionally, in a study of the 

remains of an ancient Egyptian child, authors disovered periosteal reactions and abnormal 

porosity of the greater wing of the sphenoid, internal aspects of the mandibular rami, eye orbits, 

and other regions. The authors indicated that several issues could have led to such porosity, but 

scurvy was the most likely cause of the skeletal lesions in this case (Pitre et al., 2016).  

A notable trend in the literature is the focus on skeletal manifestations (active lesions) of 

infantile scurvy. Ortner et al. (2001) state the prevalence of scurvy cannot be compared in 
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children because of the high infant and early childhood mortality expected to be found in their 

archaeological cemetery sample. However, age has been stated as a factor in other studies. Other 

reviews of the effects of the disease have found skeletal evidence of scurvy is expected to be the 

highest during infancy and early childhood because of the rapid proportionate growth that 

happens during this time; the likelihood and rate of defective blood vessel formation (which 

causes the level of bleeding associated with scurvy) is higher in this age group (Brickley & Ives, 

2006).  

The Osteological Paradox by Wood et al. (1992) contests the inference of health from 

archaeological skeletal samples. This work discusses three fundamental conceptual problems: 

demographic nonstationarity, hidden heterogeneity in the risks of disease and death, and 

selective mortality. Demographic nonstationarity is when a population is not stationary. A 

stationary state would mean that migration is closed, there is constant and age-specific fertility 

and mortality, there is zero growth rate, and there is an equilibrium age distribution. The United 

States consists of an ever-changing, nonstationary population and the study sample therefore was 

likely derived from a population that experienced growth or decline due to migration and 

changes in fertility and mortality – though this may have been reduced during the Great 

Depression. Selective mortality and hidden heterogeneity in risks affect historical health research 

more directly than considerations of demographic nonstationarity (DeWitte & Stojanowski, 

2015). 

Hidden heterogeneity in risks means that the population from which a skeletal sample 

comes from consists of a mixture of individuals whose frailty, or susceptibility to disease and 

death, is varied (Wood et al., 1992). The heterogeneity in susceptibility can be due to differences 

in socioeconomic factors, genetic causes, microenvironmental condition variation, and more. 
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When there is such variation in frailty or susceptibility to death and disease, it affects the 

accuracy of individual risk in analyses. DeWitte & Stojanowski (2015) claim that potential 

sources of heterogeneity, such as sex or social status, can be identified and controlled for in order 

to overcome this issue to some degree. However, hidden heterogeneity discussed by Wood et al., 

(1992) adds a layer of difficulty in that there are some variations in frailty that cannot be directly 

observed on a skeletal sample and controlled for. In the study sample, factors such as biological 

sex and socioeconomic status can be assessed and estimated, respectively, there are certain 

factors that cannot be known or observed, such as conditions that do not present on the skeleton 

but affected an individual’s health, and therefore contribute to this concern noted in the 

Osteological Paradox. Though the sample consists entirely of military service members and their 

health was assessed prior to their continuation in service, there may have been individuals with 

health issues that were mistakenly overlooked or not known due to other factors. 

The third concern in the Wood et al., (1992) Osteological Paradox is selective mortality. 

This refers to the fact that individuals who die at a specific age are not likely to represent the 

entire living population and, instead, individuals with higher frailty at a specific age are more 

likely to die at that age and therefore be selected out of the population and enter a skeletal 

assemblage (DeWitte & Stojanowski, 2015). This further means that frequencies of non-specific 

indicators of skeletal stress in skeletal assemblages cannot be used to assess the prevalence of the 

lesions in an entire population because it would lead to an overestimation of such conditions that 

led to non-specific indicators of skeletal stress. The study sample in this research were all killed 

as members of the US military and thus did not die prematurely as a result of high frailty. 

DeWitte & Stojanowski (2015) claim that skeletal samples of individuals who died under 

catastrophic conditions and not due to poor health cannot be assumed to provide unbiased 
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samples of all people who were alive because they may have had conditions that impacted their 

ability to protect themselves or flee. However, the study sample in this research consisted of 96% 

of individuals who died onboard the USS Oklahoma during the attack on Pearl Harbor, one man 

(2% of the total sample) died in an aircraft crash, and one man (2% of the total sample) was 

killed in action in Germany during World War II. US military service members are assessed for 

acceptable physical condition before being allowed to proceed with their service, making this 

sample potentially less biased than other samples who died due to non-health-related incidences. 

Additionally, the majority of the study sample was onboard the USS Oklahoma when they died, 

and there were very few survivors due to the nature of the attack making it very difficult to 

escape even for those in great physical shape.  

Porotic hyperostosis, cribra orbitalia, cribra femoris, cribra humerus, porosity of the 

greater wing of the sphenoid, and porosity of the internal aspect of the ascending ramus have all 

been associated with non-specific stresses as described. Though it is well established that each of 

these types of porotic lesions are unique, several studies have observed multiple lesions on a 

single individual and have suggested that they may share a common cause. Namely, porosity of 

the greater wing of the sphenoid, sphenoid body, and the internal aspect of the ascending ramus 

have been associated together in studies of scurvy (Ortner et al., 1999; Snoddy et al., 2018; Pitre 

et al., 2016). Similarly, cribra orbitalia, cribra humeri, and cribra femora have been observed and 

assessed together related to malaria, nutritional deficiency, and anemia (Smith-Guzmán, 2015; 

Schats, 2021). Also, cribra orbitalia and porotic hyporostosis have been observed at the same 

time and discussed together in studies of nutritional deficiency (Brickley, 2018; Stuart‐

Macadam, 1985; Walker et al., 2009). Though, again, they are each unique pathologies, they all 

share a commonality: their established association with issues relating to deficiency. 
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Periosteal Reactions 

Periosteal reaction is generally defined as abnormal bone formation on the outer surfaces 

of bone (Ortner, 2003, pg. 51). The periosteum is a thin tissue that nourishes bone and it is 

located on the outer surfact of bones. This tissue penetrates the surface of bone in some locations 

and some of the fibers also interwine with tendons in order to anchor muscles to bone (White et 

al., 2011, pg. 34). As stated previously, osteoblasts maintain their presence throughout life even 

past growth stages for purposes of remodeling and repairing bone. When an insult leading to a  

periosteal reaction occurs, the periosteum (whose inner layer retains osteoblasic capacity) reacts 

by forming abnormal bone. The morphology of this formation is reflective of the type of 

pathology that is stimulating the growth of new bone (Ortner, 2003, pg. 206). 

Periosteal reaction is a descriptive term rather than a diagnosis for a disease or illness. 

While enamel hypoplasia and the porosities are mostly, if not entirely, associated with 

environmental factors such as nutrition and disease, periosteal reaction may be caused by a 

combination of genetic and environmental factors (Whitehouse, 2007). Periosteal reactions can 

be observed in a variety of ways on the bones: they can present with varying degrees of thickness 

and elevation, surface irregularity, reactive bone deposits, uneven hypervascularity, etc.  

One of the most common sites of periosteal reaction is the diaphysis of the tibia, though it 

has been observed on other bones such as the skull, femur, ulna, and more (Ortner, 2003, pg. 

207, 209). According to Cook (1976, pg. 317-318), periosteal reactions can be recorded by the 

extent and also the vascularization of the pathology. In other words, one should observe how 

much of the bone the periosteal reaction affects along with how much it may be elevated off of 

the bone and its formation, whether with striae and/or foramina. Cook (1976) refers to the small 

holes in a periosteal reaction as foramina, though pits may be a more appropriate term. 
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Additionally, the anatomical location of the pathology should be noted as well as whether it is 

focal or diffuse and whether it is woven, sclerotic, or mixed,  

Christensen et al. (2011) note that a variety of potential diagnoses could be made based 

on observations of periosteal reactions. Hypertrophic Osteoarthropathy (HOA) is a clinical 

syndrome that is characterized by presence of clubbing on the fingers and toes, arthritis, and 

periosteal proliferation of the tubular bones in a bilateral and symmetric fashion (Christensen et 

al., 2011). It is important to note that many cases in the modern era of HOA are a result of lung 

cancer due to smoking, cyanotic heart disease, or liver cirrhosis that can be caused by 

overconsumption of alcohol (Martínez-Lavín, 2020). These practices are stereotypically 

associated with leisure time in active military personnel and life overall in the early to mid-20th 

century. According to the Centers for Disease Control (CDC), there was a steady rise of annual 

adult per capita cigarette consumption from 1900 to around 1965. Cancer concerns heightened 

beginning in 1950 through1965 with the eventual first Surgeon General’s Report publication in 

1964 (“Centers for Disease Control”, 1999). Additionally, scurvy has been known to lead to 

periosteal reaction due to the fact that the disease is accompanied by widespread subperiosteal 

bleeding (Ortner, 2003, pg. 89). Non-specific inflammatory processes such as periostitis and 

hematogenous osteomyelitis have also been known to cause periosteal reactions (Ortner, 2003, 

pg. 91). 

Overuse injuries can also cause periosteal reactions in addition to other types of 

physiological stress like severe illness. Medial tibial stress syndrome (commonly referred to as 

shin splints) is a trauma-response injury that an individual can treat and recover from (though it 

can be chronic). Shin splints are an overuse injury caused by a rapid increase in exercise 

intensity, repetitive and strenuous physical activity, or an increase in the duration of impact 
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activities (Detmer, 1986; Mubarak et al., 1982). Being involved in military training exercises can 

introduce an individual to an increased rate of exercise than what they may have practiced in 

their lives prior to military service, therefore leading to overuse injuries such as shin splints.  

Socioeconomic Status in the US during the 1930s and 1940s 

 The Great Depression began at the end of the 1920s and significantly impacted the 

United States. At the height of the depression in 1933, unemployment rose to 25% and remained 

above 15% for the rest of the 1930s (Temin, 1994). This job loss and insecurity caused 

starvation, homelessness, farm liquidation, and other economic hardships. The National Bureau 

of Economic Research shows that, among seven samples of classes of industry, the percent 

change in average per-capita weekly earnings between 1929 and 1932 was between -3.3% and -

44.9% (Wolman, 1933).  

In addition to the Great Depression, the Dust Bowl was a separate but also devastating 

event to American farmers that occurred during the 1930s (Schubert et al., 2004). During this 

time, the southwestern Great Plains region of the United States suffered severe drought 

conditions, causing bare, destroyed farmlands. As a result, the winds picked up the dust from the 

over-farmed land and created large dust storms, sometimes darkening the skies for days and 

infiltrating homes with thick layers of dust. Because of the conditions and the inability to make a 

living farming, many families abandoned their homes and land and fled toward the western 

United States in hopes of finding jobs (“Library of Congress”, n.d.). The Dust Bowl began in 

1931 and was the first of four major drought episodes that occurred throughout the decade (one 

in 1930-1931, the second in 1934, the third in 1936, and the last in 1939-1940. In 1941, most 

affected areas of the country had began to receive near-normal rainfall, ending the Dust Bowl 

(“The dust bowl”, n.d.) 
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 According to the Office of Behavioral and Social Sciences Research from the National 

Institute of Health, there is no single agreed upon definition of socioeconomic status (SES); 

some have identified it as being a combination of measurable traditional factors such as 

education level, income, and occupation, while others have indicated the important inclusion of 

gender, population affinity (race/ethnicity), etc. (Oakes, 2012). Income is typically measured 

with reference to the official federal poverty line and sorted into low-, medium-, and high-

income categories, education is considered to provide lifetime earning potential information, and 

occupation is another ranked consideration (like income) to measure information regarding an 

individual’s power, income, and also educational requirements associated (Berzofsky et al., 

2014). These factors can be measured at the individual, family, or household level. In my 

research, most of the decedents entered the military from living with their family of origin. Thus, 

family factors will largely be measured except in a few situations where individuals were older 

and therefore not listed under a parent or guardian on the 1930 US census. Note that because 

there are limitations to the antemortem evidence available for this study, some data could not be 

collected. Notable factors affecting SES that cannot be considered here are accumulated 

wealth/assets and status in marginalized communities.  

A team of statistical, sociological, and social science experts at RTI International made 

recommendations on how to measure socioeconomic status (SES) to the US government (by 

request and funded by the Bureau of Justice Statistics in the US Department of Justice). They 

considered well-known measures of (SES) and developed three indexes to measure SES on a 

range of 0-8, 0 indicating low SES and 8 indicating high SES; Index 1 (Figure 2) is used here 

because it allows analysts to observe a measure of assets of sample individuals. Specifically, it 

measures education level, income as a percentage of the Federal poverty level, employment 
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information, and housing information (Berzofsky et al., 2014) The difference between the three 

indexes is specifically regarding housing; Index 1 considers information on rental and ownership 

status, Index 2 considers information on public vs. non-public housing, and Index 3 does not 

include housing information at all, therefore reducing the possible SES assessment range from 0-

8 to 0-7 in Index 3. Index 1 was selected for use in this study because rental or ownership status 

could be found from the US census. Index 2 considers public vs. nonpublic housing information, 

which could not be collected for this study, rendering it inappropriate for use in this case. 

Importantly, this model does not consider other factors that may affect one’s SES. As one 

example, Black families experience socioeconomic disadvantages due to the adverse effects of 

racism, segregation, and inequality (Beck et al., 2020).  

In the 1930s there were socioeconomic trials that affected food accessibility. Harper 

(1985) reviewed dietary standards from the 1860s to just after World War I and described them 

as being “proposed initially as a guide for preventing scurvy, then for preventing diseases 

associated with starvation, then to feed the army and the nation, then to maintain health and 

working capacity, then to marry health and agriculture, and finally, to maintain ‘perfect’ health” 

(Harper, 1985, p. 147). This observation speaks to the economic trials of this time having an 

effect on nutrition statuses and diets of many American families. Because of the vastly reported 

economic hardship that affected food security as well as a general lack in standards for nutrition 

compared to what we see today, evidence of malnourishment-related non-specific indicators of 

skeletal stress may be observed in the study sample.  
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Figure 2: SES Index Options for NCVS from Berzofsky et al. (2014). 

 

Military Practice in the early 20th Century 

Nutritional research for the US military was formalized in 1917 by the Food Division of 

the Surgeon General’s Office (Murlin & Miller, 1919). Murlin & Miller (1919) conducted a 

nutritional survey in 385 training camp messes and found that the average consumption per man 

per day was 3,560 calories. They estimated that an additional 365 calories was consumed from 

optional canteen purchases. Their final estimation was that men in training messes consumed 

around 3,925 calories per day. Despite this estimation, Murlin & Miller (1919) note that more 

food was typically consumed during cold weather months and less food was consumed by new 

recruits, likely because of homesickness and initial distaste for the cooking and menu. 

Specifically, the authors found that new recruits consumed, on average, 3,275 calories per day, 

while recruits who have been in camp for three or more weeks average 3,750 calories per day. 

After Murlin & Miller (1919) concluded their nutritional survey, they made the recommendation 

that an enlisted man should consume 3,898 calories per day (Murlin & Miller, 1919). In this 
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caloric intake, they recommended that 12.5% of the calories should be from protein, 25% should 

come from fat sources, and 62.5% was to come from carbohydrates.  

 Observations of poor nutritional status of enlisting soldiers were made and deficiency 

diseases such as beriberi, polyneuropothy, and pellagra were reported in the Annual Reports of 

The Surgeon General, US Army between 1921 and 1939 (Pollack, 1963, p. 231-232). Beriberi is 

a deficiency disease in thiamine (vitamin B1) which is found in whole grains, meat, and fish and 

is also associated with chronic alcoholism (“U.S. Department of Health”, 2015; Jones Jr., 1959). 

Polyneuropathy is a disorder of the peripheral nervous system in adults and is caused most 

commonly in North America by diabetes. Additionally, among those with chronic alcoholism, 

22-66% of individuals had alcohol-associated polyneuropathy (Köller et al., 2005). Pellagra is a 

nutritional deficiency disease specifically related to insufficient levels of niacin (vitamin B3)  

which is found in meat products and was mostly present in the South in the early 20th century. 

The disease reached its peak in 1928 and fell to a very low rate once bread, flour, and corn 

products were mandated to be enriched with niacin (Clay et al., 2019). 

Pollack (1963) also noted (from a 1944 article by the same author) that there was a failure 

of the military to comprehend that nutrition for troops, in order of importance other than water, 

was caloric supply, protein supply, and then micronutrient supply. To continue research, a series 

of ration tests were conducted on soldiers in 1941 to evaluate their efficiency and suitability. An 

increase in workload from 3,400 calories expended per day to 4,000 calories expended per day 

without an increase in food was commenced and results such as weight loss, muscular 

deterioration, dull eyes, fatigue, tremors, mood destabilization, and eventual exhaustion and 

collapse were reported (Pollack, 1963, p. 236). Though these observations were made, no report 

on the internal effects other than muscular deterioration were made.  
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Starting in 1919, medical professionals and high-ranking military officials reported and 

complained of nutritional deficiency. Finally, in 1940, the Surgeon General developed the Food 

and Nutrition Subdivision. From that point on, clinicians were appointed to the Food and 

Nutrition Subdivision. As early as January 1941, education on food and nutrition was given in 

the Army Medical School in Washington, D.C. (Pollack, 1963, p. 234). Despite this attention, the 

recommended improvements made in early 1941 may not have been implemented by late 1941, 

when most of the sample died. Instead, because the study sample enlisted from 1916 to 1942 

with the majority enlisting in 1940, the sample was likely affected by the original, unsatisfactory 

nutritional standards.   

In June 1940, President Franklin D. Roosevelt signed the second Naval Expansion Act 

into law, which increased the Navy’s budget by 70% ($4 billion) and was one of the largest 

procurement bills in the history of the US Navy (“United States Statutes at Large”, 1999). As a 

result, enlistment in the Navy from 1940-1941 increased by 76.5%, a considerable jump from the 

1939-1940 increase of 28.6% (“World War II Museum”, n.d.). Of the service members in the 

study sample with a known date of enlistment, 50% (17 out of 34) enlisted in 1940. An 

advantage to joining the military during this time in US history was economic security and 

stability - including nutritional needs. Additionally, Sampson & Laub (1996) argue that military 

service in the World War II era fostered-long term socioeconomic achievement; they showed 

that military service and training from the ages of 17-25 generally enhanced occupational job 

status, job stability, led to lower recidivism rates, and contributed to economic well-being despite 

potential childhood differences and socioeconomic background. This occurred mainly due to on-

the-job training and further education. This article specifically discusses the positive impact of 

the GI Bill, but this was not put into law until 1944, after the study sample had died. 
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Additionally, the authors argue that overseas service was enticing to men at this time as it gave 

previously-sheltered men an opportunity to see the world and experience individuals different 

from themselves.  

Conclusion 

 This review detailed the processes of dental and skeletal formation as well as the 

literature surrounding skeletal porosity, enamel defects, and periosteal reactions, which are non-

specific indicators of skeletal stress. Enamel defects and skeletal porosity tend to affect children 

more than adults; they are associated with nutritional deficiency and other systemic stresses. 

Specifically, enamel defects are associated with vitamin A and vitamin D deficiency and illness. 

Evidence of enamel defects that formed during childhood may appear in adults because enamel 

cannot remodel. Therefore, enamel defects are permanent insults. Skeletal porosity has been 

associated with vitamin B12 deficiency, vitamin C deficiency (scurvy), vitamin D deficiency 

(rickets), and iron deficiency anemia. Periosteal reaction can occur in adults and is often 

associated with genetic conditions, vitamin C deficiency (scurvy), trauma, and illness.  

Both skeletal porosity and periosteal reaction can either show as active or healed lesions 

on the bone. If skeletal porosity appears as healed in adults, which is most likely to be the case, it 

reflects that there was likely nutritional deficiency in childhood. When periosteal reaction 

appears healed in adults, it also shows that the insult occurred and the body was able to heal the 

lesion prior to death. When the lesions are active, which may result from ongoing environmental 

conditions following enlistment, including overuse and nutritional deficiency, it shows that the 

body was not able to heal the lesion before death. 

Although SES is difficult to quantify, this study uses education, income, employment, 

and housing data, which contribute to Index 1 from Berzofsky et al. (2014). Individuals from the 
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study sample were alive and some were in their formative years during the Great Depression and 

Dust Bowl, which affected the country at large both economically and related to food 

production/accessibility. Quantifying individual SES allows me to compare the presence of non-

specific indicators of skeletal stress in the study sample to their respective SES and determine 

whether there is any association.  

Finally, nutritional standards in the decades leading up to the death of the service 

members in the study sample were reviewed. Prior to 1941, the diet of service members was 

likely insufficient. Although nutritional education from the Food and Nutrition Subdivision was 

given to the Army Medical School in Washington, D.C., in early 1941, any recommended 

improvements may not have impacted the service members in the sample study before their 

death in late 1941.  
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Chapter 3: Materials and Methods 

This chapter details the materials and methods used to test the following hypotheses:  

1. Greater length of military service will be associated with lower presence of skeletal 

porosity. 

2. Greater length of military service will be associated with lower presence of periosteal 

reactions.  

3. Lower SES will be associated with greater presence of enamel defects.  

4. Lower SES will be associated with greater presence of skeletal porosity.  

5. Lower SES will be associated with greater presence of periosteal reactions.  

 

The hypotheses posit relationships between non-specific indicators of skeletal stress 

(specifically, enamel defects, skeletal porosity, and periosteal reactions), military service length, 

and socioeconomic status (SES). The materials consist of skeletal remains from the Defense 

POW/MIA Accounting Agency (DPAA) Laboratory and the antemortem information for those 

individuals. Antemortem information is derived from military records, including enlistment 

records, and documents that shed light on service members’ lives prior to enlistment in military 

service. The methods used for scoring methodologies for non-specific indicators of skeletal 

stress are detailed. Further, descriptions are provided of the index used to quantify SES and the 

calculation of military service length. Finally, the statistical analyses conducted for each 

hypothesis are presented.  
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Materials 

The Skeletal Sample 

 This analysis of skeletal remains was conducted at the DPAA Laboratory at Offutt Air 

Force Base, Nebraska. The majority of the remains utilized are casualties from the USS 

Oklahoma (that died in 1941) while two decedents represent other WWII-related casualties (that 

died in 1943 & 1944). The attack on Pearl Harbor in Hawai’i occurred on December 7, 1941, 

where the USS Oklahoma was hit by Japanese torpedoes and severely damaged, eventually 

causing the ship to capsize. On the USS Oklahoma, 429 individuals (415 US Navy and 14 

Marines) were killed, which was the second-largest amount of casualties after the USS Arizona 

(Brown, 2019). In 2003, when a single casket believed to hold five individuals was disinterred 

for identification, the immensely-commingled state of the remains of the unknowns was 

revealed; DNA testing concluded that the remains in the first casket to be disinterred represented 

a minimum of 25% of the 429 total casualties in the USS Oklahoma (Brown, 2019). The project 

was put on hold and commenced again in 2015 (Brown, 2019). In April 2020, 333 unaccounted 

for service members had been successfully identified (Oettel, 2021, pg. 26) and by the end of 

2021, the project was completed (“USS Oklahoma Sailors”, 2021).  

For this research project, unknown individuals in the last stages of the DPAA 

identification process were analyzed so that they could be more quickly associated with 

antemortem evidence. Fifty-five total skeletons of varying degrees of completeness were 

analyzed. Of these, 50 were identified prior to analysis while five have no name association and 

are, therefore, not included in the analyses (Table 1). Availability of the relevant elements, the 

skull and long bones, were considered when filtering and selecting skeletons to use in this study. 

Additionally, stage in the identification process was a consideration, where those in the later 
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stage were preferred for antemortem information and connection needs. Lastly, ease of acess for 

analysis, as to not disrupt forensic anthropologists’ work, was considered. 

 

Table 1: Description of the research sample composition. 

Known skeletons from USS 

Oklahoma 
48 

Total Skeletons = 55 Known skeletons from other 

WWII casualty events 
2 

Unknown skeletons (not used 

in analyses) 
5 

Skeletons used in SES Study 37 

Skeletons used in military 

service length study 
43 

 

Antemortem Information 

Most of the antemortem data needed for this study was associated with the remains by the 

DPAA during the process of identification. At the time of identification of a service member, the 

DPAA creates and maintains a case file consisting of medical examiner reports, forensic 

odontology reports, historical reports, forensic anthropology reports, enlistment forms, and other 

relevant personnel records. These case files are compiled into a bound book referred to as the 

Identification Packet, which is made available to the next of kin and also kept by the DPAA.  

As outlined in Table 1, some individuals in the sample were excluded from the final 

analyses because sufficient antemortem information could not be acquired.Tables 2 and 3 list the 

personal information that was gathered and the specific forms the information was gathered 

from. Date of birth and date of loss was used to calculate the individuals’ age at death. Date of 

birth was also used with date of enlistment to calculate the individuals’ age at first enlistment.  

Date of first enlistment and date of loss was used to determine total military length. The 
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individuals’ home of record, which is a military term indicating home state location, was used to 

find regionally accurate income estimations by referencing documents from the US Bureau of 

Labor Statistics. Additionally, the highest educational grade completed was used for SES 

consideration and next of kin information was used to verify data on the US census (described in 

more detail below). 

 

Table 2: Description of antemortem information and the sources for USS Oklahoma decedents. 

Form/File/Report Type: Information: 

NRB Form No. 24 (revised) 

● Full name 

● Date of birth 

● Home of record 

● Highest educational grade completed 

● Next of kin 

DPAA Service member Profile ● Military rank 

N. Nav 351 (Apr. 1943) - signed commitment 

of service to military 

● Date of first enlistment 

Medical Examiner Report 
● Number of articulated teeth 

● Number of antemortem missing teeth 

Forensic Odontology Report 
● Number of articulated teeth 

● Number of antemortem missing teeth 
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Table 3: Description of antemortem information and sources for non-USS Oklahoma decedents. 

Form/File/Report Type: Information: 

Medical Examiner Summary Report 

● Full name 

● Military rank 

● Number of articulated teeth 

● Number of antemortem missing teeth 

● Date of birth 

● Date of loss 

Forensic Odontology Report ● Specific antemortem missing teeth 

Official Report of Death 

● Date of first enlistment 

● Home of record 

● Next of kin 

 

 

Information gathered regarding family income and trade prior to enlistment was found on 

official US census documents. US census documents are maintained by the National Archives 

and Records Administration (NARA) and can be accessed through their website. After 72 years 

have passed, NARA makes the census records publicly available for viewing or purchase. If 72 

years have not passed, only the named person, their heirs, or their legal representatives can 

request access to their individual information (“United States Census Bureau”, n.d.).  

The Berzofsky et al. (2014) method of quantifying SES uses highest education level, 

housing information, employment status, and income as a percentage of federal poverty level. 

This information was not necessarily available in the Identification Packet compiled by the 

DPAA. Thus, additional information was provided by US census records. Highest education 

level was determined by consulting the 1940 US census when this information was missing from 

military documents. This is because questions relating to education level were not asked on the 

1930 US census. To find housing information, The US census was also utilized. This housing 

information included whether families rented or owned their homes, which is used to measure 
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SES. This question was not included in the questionnaire for the 1930 US census, but it was 

added in the 1940 questionnaire.  

As the height of the Great Depression was reached in the early 1930s, using the 1930 US 

census provided the most accurate picture of employment status (vs. the 1920 or 1940 census), 

and was preferred where possible. However, it should be noted that employment and income 

information from the height of the Great Depression (1932-1933) are not reflected in either 

census because the census is only taken once per decade. Employment status was recorded in the 

1930 US census. Income was not collected for the census, however industry/occupation was 

recorded. I then consulted the US Bureau of Labor Statistics to calculate income estimates for 

these individuals based on their industry/occupation as indicated in the 1930 US census.  

Methods 

Skeletal data 

 All the scoring methods of bone as outlined below are visual methods that do not employ 

the use of microscopic or photographic technology. To ensure scoring accuracy, data collection 

was overseen by a diplomate of the American Board of Forensic Anthropology from the DPAA 

Laboratory, Dr. Emily Streetman. Detailed scoring instructions are outlined in this chapter, but 

for the purposes of the hypotheses in this project, only presence and absence of non-specific 

indicators of skeletal stress were used in statistical testing. Additionally, activity of skeletal 

porosity and periosteal reaction describes whether the lesions were active or healed on the 

skeleton. In this study, I was interested in seeing what non-specific indicators of skeletal stress 

were present on the skeleton despite their activity. This is important to determine the overall 

prevalence of the lesions in the study sample. Information on the activity was recorded to be 

used in further research.  
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Skeletal Porosity  

The presence, expression, and activity of skeletal porosity was documented for this 

research (Figures 3-5), though the statistical analyses consider presence only. Cribra orbitalia, 

porotic hyperostosis, porosity of the greater wing of the sphenoid, porosity of the internal aspect 

of the ascending ramus, cribra humerus, and cribra femoris were all scored using the Buikstra 

and Ubelaker (1994) method. It is important to note that Buikstra and Ubelaker (1994) do not 

explicitly describe cribra humerus and cribra femoris in their study, however, their porosity 

scoring system was used for cases of cribra humerus and cribra femoris in this study. Skeletal 

porosity was scored as present when it completely perforated the cortical bone. If the bone was 

present but the trait was not, it was scored as 0. If the bone was present, and the trait was present, 

it was scored as 1. If the bone was not present, it was scored as 99. Expression, which is the 

degree of severity of which the porosity presented, was scored on a scale from 1-4. In this scale, 

1 is representative of less extreme porosity whereas 4 represents extreme expression and 

expansive changes, which means more coverage of the element by a lesion (Table 4). When 

varying degrees of expression were present in the sample, the most extreme expression was 

coded. Activity scores were coded on a scale from 1-3, describing whether the porosity was 

active, healed, or a mixed reaction, which is where both active and healed lesions are present 

(Table 5). Active lesions are described as exhibiting sharp and clearly defined edges and healed 

lesions are described as displaying a smooth lamellar texture with bone filling of the peripheral 

pores (Mensforth et al., 1978).  
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Figure 3: Porosity present on the vertebrae (left) & sacrum (right; Smith-Guzmán, 2015, p. 628). 

 

 

 

Figure 4: Porosity present on the humerus (Smith-Guzmán, 2015, p. 628). 
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Figure 5: Porosity present on the femur (Smith-Guzmán, 2015, p. 628).  

 

Table 4: Description of expression reported in data collection procedures for skeletal porosity 

from Buikstra and Ubelaker (1994). 

Expression Score Definition 

1 Barely discernible/very indistinct porosity 

2 True porosity/porosity only 

3 Coalescing pores 

4 Coalescing pores and expansive changes 
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Table 5: Description of activity reported in data collection procedures for skeletal porosity from 

Buikstra and Ubelaker (1994). 

Activity Score Definition 

1 Active 

2 Healed 

3 Mixed reaction 

 

Periosteal Reactions 

Periosteal reactions (Figure 6) were analyzed on the long bones and information was 

documented using the scoring system from Cook (1976). Importantly, statistical analyses in this 

research considered only the presence of periosteal reactions. This information from Cook 

(1976) included bone name and side, anatomical location description, focal or diffuse status, 

extent of surface affected, woven or sclerotic or mixed, and vascularization state, which refers in 

this case to the visual appearance of the bone (Cook, 1976, p. 317-318). If a long bone was not 

present, it was scoed as 99. Focal reactions are defined as having clear and distinct boundaries of 

the pathology while diffuse reactions cover a larger area and have obscured  boundaries (Weston, 

2008, p. 51). The extent of surface affected was coded on a scale of 1-5, where 1 represents 

normal bone and 5 is extreme and represents higher elevation (Table 6). Functional/vascular 

surface in this table refers to the surface of the bone. Woven bone is defined in Buikstra and 

Ubelaker (1994) as being unconsolidated, matte-surfaced new bone with a woven appearance. 

Sclerotic bone is dense, with a surface texture like normal bone. Vascularization of bone is 

scored on a scale of 1-6 (Table 7). On this table, striae refer to linear markings or grooves and 

foramina refer to pits or holes. 
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Figure 6: Example of abnormal periosteal new bone formation on the diaphysis of a right lateral 

tibia (Klaus, 2014, p. 295). 

 

Table 6: Description of extent reported in data collection procedures for periosteal reactions 

from Cook (1976, p. 317-318). 

Extent of Surface Affected Definition 

1 Normal 

2 
Isolated elevated plaque(s) on less than 1/3 of 

functional/vascular surface 

3 
Isolated elevated plaque(s) on 1/3 to 2/3 of functional/vascular 

area 

4 
Uniform elevation of greater than 2/3 of the area with little 

increase in diameter 

5 Uniform elevation of more than 2-3mm 
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Table 7: Description of vascularization reported in data collection procedures for periosteal 

reactions from Cook (1976, p. 317-318). 

Vascularization of Bone Definition 

1 Normal 

2 Multiple small striae 

3 Multiple small foramina 

4 Multiple large striae 

5 Multiple large foramina 

6 Mixed abnormal vascularization 

 

 

 

Enamel Defects 

Enamel defects were documented by type and ranged from 0-5, (Table 8). However, as 

with previous non-specific indicators of skeletal stress, statistical analyses were done in this 

study based on presence alone. If the tooth was present but there was an absence of an enamel 

defect, a 0 was indicated. If a tooth was not present, either lost antemortem (before death), 

perimortem (around the time of death) or postmortem (after death), the section for that respective 

tooth was left blank.  
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Table 8: Description of the range of enamel defects. 

Enamel Defect Definition 

1 Linear horizontal grooves 

2 Linear vertical grooves 

3 Linear horizontal pits 

4 Nonlinear array of pits 

5 Single pits 

 

Socioeconomic Status Assessment 

 To assess SES in the study sample, I referred to a method created by statistical and 

sociological experts that was recommended to the Bureau of Justice Statistics in the US 

Department of Justice (Table 9; Berzofsky et al., 2014). This method consist of three indices, the 

only difference between the three is related to housing information. Index 1 requires information 

on rental/ownership status, Index 2 requires information on public/non-public housing, and Index 

3 does not include housing information. I chose to use Index 1 because I was able to find 

ownership and rental information from the 1930 US census in addition to education, income 

(percentage of federal poverty level), and employment information. The highest score that can be 

associated with an individual is 8 and is indicative of high SES.  

To use estimated income to assess poverty level, I estimated the poverty threshold in 

1930. This is because the federal minimum wage was not created until 1938 under the Fair Labor 

Standards Act and, as such, poverty thresholds were not referenced at the time (“U.S. 

Department of Labor”, n.d.). According to the National Center for Children in Poverty, the US 

measures the poverty threshold by multiplying food costs by three (Cauthen & Fass, 2007). 

Because there is a gap in data from 1919-1934 from the US Bureau of Labor Statistics, 

Consumer Expenditure Survey, the 1934 Consumer Expenditure Survey was referenced and it 
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was found that the average budget for food in the United States was $508 per year (Chae & 

Utgoff, 2006, p. 15). Using this information, the poverty threshold in 1930 would have been 

around $1,524. To calculate the percent poverty level, the estimated income was divided by the 

poverty threshold as outlined above and multiplied by 100. Using census data as previously 

described in addition to the estimated income information, I determined the highest education 

received for most individuals, housing information, and employment status to estimate the SES 

of 38 individuals (69% of total sample). For individuals whose highest education was not 

indicated on military documents or the US census (12 in total), a score of 0.5 was used as an 

estimate because the National Center for Education Statistics reports that just 22.7% of all males 

25 and older in 1940 had completed high school (four or more years) in the US (“U.S. 

Department of Commerce”, 1960). This SES assessment was compared to evidence of non-

specific indicators of skeletal stress in the skeleton.  
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Table 9: Socioeconomic Status Index 1 (Berzofsky et al., 2014). 

Measures Index 1 

Education 

• 0: Less than high school 

• 1: High school, some college, associate’s degree 

• 2: Bachelor’s degree 

• 3: Master’s, professional, doctorage degree 

Income (percentage of 

federal poverty level) 

• 0: 100% or less 

• 1: 101%-200% 

• 2: 201%-400% 

• 3: 401% or greater 

Employment 
• 0: Unemployed past 6 months 

• 1: Employed past 6 months 

Housing 
• 0: Rent or no cash rent 

• 1: Own 

Total possible range: 0-8   

 

Military Service Length Assessment 

To assess military service length in the study sample, the individual’s date of loss and 

date of first enlistment were used. Both dates were found using military records at the DPAA 

Laboratory as described in Tables 2 & 3. Using this information, I used a simple date difference 

calculation to determine the individuals’ total years of service. The military service length 

assessment was also compared to evidence of non-specific indicators of skeletal stress.  

Statistical Analysis 

 Statistical analyses were done in this study to compare the presence of non-specific 

indicators of stress and both military service length and SES. To compare the presence of 

skeletal porosity and periosteal reaction and military service length, logistic regression tests were 

used. This testing is used to examine the association between a categorical or continuous 

independent variable with a two-level categorical dependent variable. The variables in these tests 
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were military service length as a continuous independent variable and then the presence of 

skeletal pathology is a two-level categorical dependent variable. The Exact Logistic Regression 

test was used due to a small sample size (Bujang et al., 2018). Exact Logistic Regression is a 

statistical method used to model binary outcome variables where the log-odds are then modeled 

as a linear combination of independent variables; it is used when the sample size is not large or 

complete enough for a regular logistic regression (“Exact Logistic Regression”, n.d.). In this 

analysis, military service length was coded simply as the number of years whereas trait presence 

and absence were coded as 1 and 0, respectively. 

To test the association of SES and the three types of non-specific indicators of skeletal 

stress, Fisher’s Exact Test of Independence was used for each non-specific indicator of skeletal 

stress. Fisher’s Exact Test of Independence was used due to a low sample size, precluding the 

use of using a Chi-square test (McHugh, 2013). Fisher’s Exact Test of Independence is a non-

parametric test used to examine the presence of nonrandom associations between two categorical 

variables (Freeman & Campbell, 2007). To satisfy the assumptions of Fisher’s Exact Test of 

Independence , the variables must be independent (Nowacki, 2017), which is the case in this 

study. SES and the presence of skeletal pathology are categorical variables.  In this analysis, SES 

was coded 0-8 as assessed using the Berzofky et al., (2014) Index 1 whereas trait presence and 

absence were coded as “Y” and “N”, respectively. 
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Chapter 4: Results 

The results of the testing outlined in the previous chapter, Materials and Methods, are 

outlined below. This chapter includes the results of statistical testing conducted to analyze 

military service length vs. incidence of skeletol porosity and periosteal reaction as well as 

Socioeconomic Status (SES) vs. incidence of enamel defects, skeletal porosity, and periosteal 

reaction. A summary of the results can be found in Table 10. 

 

Table 10: Final results of hypothesis testing. 

Hypothesis P-value Result 

1. Greater length of military service will be 

associated with lower presence of skeletal 

porosity. 

0.4794 
Failure to reject the null 

hypothesis 

2. Greater length of military service will be 

associated with lower presence of 

periosteal reactions. 

0.0621 Rejection of the null hypothesis 

3. Lower SES will be associated with 

greater presence of enamel defects. 
0.5287 

Failure to reject the null 

hypothesis 

4. Lower SES will be associated with 

greater presence of skeletal porosity. 
0.09549 

Failure to reject the null 

hypothesis 

5. Lower SES will be associated with 

greater presence of periosteal reactions. 
0.01053 Rejection of the null hypothesis 

 

Military Service Length Results 

The range of military service among the 43 service members analyzed for this portion of 

the study varied from 0 to 25 full years of active service. Table 11 shows that the vast majority 

(76.7%) of individuals died before completing more than 3 full years of service. of active 

military service, while the remainder are sparsely distributed between 4 and 25 full years of 
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service. Individual results are discussed in more detail below, but a table of the final results can 

be found in Table 12.  

 

Table 11: Description of sample’s military service length in full years. 

Full Years of Military Service n = 

0 1 

1 19 

2 7 

3 6 

4 1 

5 1 

6 1 

12 1 

18 1 

19 2 

21 1 

24 1 

25 1 

Total 43 

 

 

Table 12: Results of Exact Logistic Regression tests calculated in SAS Studio (2018). 

Test P-value 

Military service length vs. incidence of skeletal porosity 0.4794 

Military service length vs. incidence of periosteal reaction 0.0621 
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First, testing the presence of skeletal porosity vs. military service length was done using 

Exact Logistic Regression in SAS Studio (“SAS Institute Inc.”, 2018; n = 29). The types of 

skeletal porosity observed in this sample were cribra orbitalia, porotic hyperostosis, porosity of 

the greater wing of the sphenoid, porosity of the internal aspect of the ascending ramus, cribra 

humerus, and cribra femoris. The makeup of the types of porosity in the sample is shown in 

Table 13; the majority (86%) of the 29 individuals with porosity in the sample had porotic 

hyperostosis. The secondmost prominent type of porosity in this sample was porosity of the 

sphenoid body, where only four individuals (13.7%) had the porosity. This fact, in addition to 

precedent stated previously, is why multiple types of porosity were considered in this research 

study.In this test, the p-value (0.4794; shown in Table 12) leads to a failure to reject the null 

hypothesis that there is no relationship between length (years) of military service and incidence 

of skeletal porosity. As such, there is no significant association between years of military service 

and presence of skeletal porosity in this sample.  

 

Table 13: Types of skeletal porosity present in the research sample (some individuals presented 

with more than one type of porosity). 

Porosity n = 

Cribra orbitalia 1 

Porotic hyperostosis 25 

Porosity of the greater wing of the sphenoid 0 

Porosity of the sphenoid body 4 

Porosity of the internal aspect of the ascending ramus 1 

Cribra humerus 2 

Cribra femoris 2 
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Second, testing of the presence of periosteal reaction vs. military service length was done 

using Exact Logistic Regression in SAS Studio (“SAS Institute Inc.”, 2018; n = 30). Specific 

elements presenting with periosteal reactions can be seen in Table 14. In this test, the p-value 

(0.0621; shown in Table 11) leads to a failure to reject the null hypothesis that there is no 

relationship between length (years) of military service and incidence of periosteal reaction on the 

skeleton. Despite the p-value being above alpha in this case, there still may be a biological effect 

present between military service length and presence of periosteal reactions (i.e. 0.0621 is near 

0.05), and thus I will explore these results further in Chapter 5.  

 

Table 14: Elements exhibiting periosteal reaction in the research. 

Element (Left or Right) n = 

Humeri 1 

Radii 0 

Ulnae 0 

Femora 1 

Tibiae 2 

Fibulae 2 

 

Socioeconomic Status Assessment Results 

 According to Table 9, created by Berzofsky et al., (2014) for the Bureau of Justice 

Statistics in the US Department of Justice, the lowest SES score in Index 1, used for this study, is 

0 (indicative of low SES) and the highest score is 8 (indicative of high SES). The majority of the 

sample (91.9%) are between scores of 1 and 3, as shown on Table 15. 100% of the sample scored 

at or below a score of 4, indicating that this sample skews toward the lower end of the range 

which means that they all experienced low to mid-level SES in life.  
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Table 15: Description of Socioeconomic Status assessments for sample. 

Socioeconomic Status Score n = 

0 1 

0.5 1 

1 9 

1.5 6 

2 9 

2.5 5 

3 5 

4 1 

5 0 

6 0 

7 0 

8 0 

Total 37 

 

Fisher’s Exact Test of Independence was used instead of the chi-square test for all tests of 

SES vs. non-specific indicators of skeletal stress because the sample failed to meet the 

assumptions of the chi-square test. The goal of Fisher’s Exact Test of Independence  is to 

examine whether an association exists between two categorical variables; the null hypothesis is 

that there is no association between the rows and columns of the table (Freeman & Campbell, 

2007). First, testing the presence of enamel defects vs. SES was done in RStudio (n = 37). The p-

value above alpha in this case (shown in Table 16) leads to a failure to reject the null hypothesis 

that there is no association between SES and presence of enamel defects. The types of enamel 
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defects and their prevalence can be seen in Table 16 and the specific teeth that presented with 

enamel defects can be seen in Table 18. 

Second, testing of the presence of skeletal porosity vs. SES was done using Fisher’s 

Exact Test of Independence  in RStudio (“RStudio Team”, 2020; n = 21). The makeup of the 

types of porosity in the sample is shown in Table 13. In this case, the p-value above 0.05 leads to 

a failure to reject the null hypothesis that there is no association between SES and incidence of 

skeletal porosity.  

Finally, testing of the presence of periosteal reaction vs. SES was done using Fisher’s 

Exact Test of Independence  in RStudio (“RStudio Team”, 2020; n = 21). In this case, the p-value 

below 0.05 leads to a rejection of the null hypothesis that there is no association between SES 

and incidence of periosteal reaction. This shows that there is significance between the presence 

of periosteal reaction vs SES in this sample. 

 

Table 16: Results of Fisher’s Exact Test of Independence conducted in RStudio (2020) for 

Socioeconomic Status vs. incidence of non-specific indicators of skeletal stress. 

Test P-value 

SES vs. incidence of enamel defects 0.5287 

SES vs. incidence of skeletal porosity 0.09549 

SES vs. incidence of periosteal reaction 0.01053 
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Table 17: Prevalence of enamel defects by type in the study sample. 

Type of Enamel Defect n = 

Linear horizontal grooves 48 

Linear vertical grooves 2 

Linear horizontal pits 3 

Nonlinear array of pits 0 

Single pits 0 
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Table 18: Specific teeth that presented with enamel defects in the study sample. 

Tooth Number (Universal Numbering System) n = 

2 3 

3 3 

4 3 

5 3 

6 3 

7 1 

10 2 

11 5 

12 2 

13 2 

14 1 

16 1 

19 1 

21 3 

22 4 

23 1 

24 1 

25 2 

26 1 

27 7 

28 2 

31 1 

32 1 
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Chapter 5: Discussion and Conclusion 

The hypotheses regarding military service length and Socioeconomic Status (SES) vs. 

non-specific indicators of skeletal stress (specifically, enamel defects, skeletal porosity, and 

periosteal reactions) were statistically tested as reported in Chapter 4. To assess the association 

between military service length and the presence of skeletal stress indicators, I used the Exact 

Logistic Regression test. The Exact Logistic Regression tests military service length vs. presence 

of skeletal porosity and periosteal reaction both resulted in p-values above alpha (p = 0.1242 and 

0.06208, respectively). This indicates that there is no significant association between these 

skeletal stress markers and military enlistment length. It is important to note, however, that given 

the p-value of 0.06208, there may be a biological association present between military service 

length and presence of periosteal reactions.  

To assess the association between SES and the presence of skeletal stress indicators, the  

Fisher’s Exact Test of Independence was used to compare SES category and each skeletal stress 

indicator (enamel defects, skeletal porosity, and periosteal reaction). These results indicate that 

there is no significant association between SES and enamel defects (p = 0.5287), as well as SES 

and skeletal porosity (p = 0.09549). The association between SES and periosteal reaction, 

however, is statistically significant (p = 0.01053). In this chapter, I will analyze the results of the 

statistical tests used in this study and discuss their implications. Additionally, I will explore 

future directions for research on this topic.  

While resulting p-values above alpha could certainly mean that there genuinely is no 

relationship, there are factors that influence p-values in statistical tests that are important to 

understand when conducting research in biological anthropology and interpreting statistical 

results, these include effect size, sample size, and data spread (Dahiru, 2008).  
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Although the possibility to calculate an effect size based on odds ratio in a logistic 

regression model has been stated, this is contested and generally not advocated for (Chinn 2000 

& Uanhoro et al., 2019); as such, I did not calculate an effect size in the testing involving logistic 

regression. Aside from effect size, the sample size has the capability to affect a p-value. In this 

study, the sample size was quite small and could not be increased due to the historical nature of 

this assemblage; there was no way to increase the available number of skeletons to study. In 

general, the larger the sample size, the more likely it is that a significant relationship will be 

found if one exists (Gannon et al., 2019). Small sample size can result in a higher probability of 

Type II errors (an error where the null hypothesis is false but it is not rejected) (Harmon & 

Losos, 2005). The great reliance on the p-value can be problematic in anthropological tests 

where the sample consists of artifacts or remains that are finite and generally represent small 

quantities (Gannon et al., 2019). Some researchers propose that, instead of abandoning the p-

value in statistical studies, a significance level should be dependent on the sample size (Gannon 

et al., 2019). This would prevent a scenario where 𝛼 (alpha) is fixed and 𝛽 (beta), the probability 

a Type II error in a statistical test, tends to decrease with an increase in sample size and instead 

both error probabilities depend on the sample size (Gannon et al., 2019). Lastly, spread of data 

can affect a p-value. The spread of data will show whether there are outliers that exist and/or 

whether data is skewed (McCluskey & Lalkhen, 2007). Data spread is measured commonly with 

standard deviation, and the bigger the standard deviation, the more the spread of observations 

and therefore the lower the p-value (Dahiru, 2008). 

Military Service Length Results Analysis  

The p-value for the test of military service length vs. presence of skeletal porosity is 

above alpha. Therefore, an increased length of military service is not associated with the 
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presence of skeletal porosity. This could be due to a host of reasons. This sample was relatively 

small (n = 43). Further, the average length of military service in the sample was only 4.74 years 

with a median of 2 years (Figure 8); thus, the large majority (n = 32) of individuals had less than 

3 full years of military service completed at the time of their death. This lack of data spanning 

more fully across the entire range of military service length could have affected the study. 

Continuing to take and assess data of WWII-era military personnel, when and if possible, could 

potentially capture a relationship between these variables if it exists.  

As stated, though the p-value for the test of military service length vs. presence of 

periosteal reaction in this study is 0.06208, it is close enough to alpha that there still may be a 

biological effect present between military service length and presence of periosteal reactions. As 

such, these results suggest that as military service length increased, presence of periosteal 

reaction on the skeleton decreased. This could be due to some levels of socioeconomic security 

that the military was able to offer to service members, including levels of nutritional security, job 

and fiscal security, access to healthcare, lower recidivism rates, etc. as suggested in Chapter 2. 

Again, the sample size was quite small in this study, specifically in this test (n = 30) and it skews 

toward the lower end of military service length as described previously (Figure 9). Sample size is 

known to influence p-value, as is spread of the data, so one must proceed with caution when 

considering this interpretation.  
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Figure 7: Presence of enamel defects in sample by years of military service. 

 

Figure 8: Presence of skeletal porosity in sample by years of military service. 



 

 

 

59 

 

 

Figure 9: Presence of periosteal reaction in sample by years of military service. 

Socioeconomic Status Results Analysis 

 Results assessing the association between SES and the presence of enamel defects 

indicates that there is no significant relationship between these variables. The enamel growth 

defects focused on in this study, as previously indicated, occur in childhood as teeth are 

developing. Any presence of defects would be a disruption of the growth process, not 

degenerative as is the case with other indicators. Figure 10 shows that about half (16 of 37) of 

individuals had enamel defects and the spread of those results was relatively even across SES 

categories. This assessment with enamel defects is imperfect as an exact assessment of SES at 

the time of tooth development could not be made. This is mainly due to multiple changes in the 

information requested on the US census between 1900-1940 and, because of the information 
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needed to use the Berzofsky et al., (2014) SES Index, the 1930 census was deemed to be the 

most informative and useful. 

Further, results indicate that there is no relationship between SES and presence of skeletal 

porosity. While Figure 11 shows that there is a significantly higher prevalence of individuals 

with skeletal porosity than without (18 of 21), those individuals are spread relatively evenly 

across the SES categories represented in the sample for this test (1-3). This shows that skeletal 

porosity was seen in this sample despite SES category, though the categories for SES were 

relatively low considering the possible range was 0-8.  

Although a careful attempt was made to be as accurate as possible with regard to the 

individual’s SES using the data from the US census, it is impossible to be able to say definitively 

what an individual's SES was during their childhood, which is when that disruptive process 

would have taken place. Other studies (such as Smith-Guzmán, 2015; Walker et al., 2009; 

Wasterlain et al., 2018; Ortner et al., 2001; Whitehouse, 2007) show that factors relating to 

lower SES (e.g., potential malnourishment or food insecurity), are associated with indicators of 

metabolic stress on the skeleton. These results may suggest that the individuals were not in a low 

SES during their developmental stage, they were in a low SES but their access to nutrition was 

not affected, or that there are other factors in the last 100 years that contribute to reduced 

deficiency of certain vitamins. The creation and prevalence of government assistance programs, 

supplements and additives, globalization increasing access to more types of nutritious foods, 

among other factors could result in less nutritional deficiency among all SES classes. 

Lastly, results indicate that there is a statistically significant association between SES and 

presence of periosteal reactions. While skeletal porosity and enamel defects have been associated 

in the current literature as resulting mostly, if not entirely, from environmental factors such as 
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nutrition and disease, periosteal reaction has been associated with both genetic and 

environmental factors in both childhood and adulthood (Whitehouse, 2007). Individuals with a 

lower SES may experience struggles with healthcare accessibility resulting in exacerbation of 

genetically and environmentally related health issues, however, the outcome of this study shows 

that those associated with higher SES have a higher prevalence of periosteal reaction (Figure 12). 

It must be noted that “higher SES” in that range is still not high, as the greatest level of SES in 

the individuals in this facet of the whole study was 3 out of a maximum of 8 possible. The 

traditional level of significance, 0.05, can be negatively impacted by a small sample size, so 

while this test shows a significance, it must be approached with caution when extending the 

results to a larger population. 

Alternatively, The Osteological Paradox, as described in Chapter 2, may play a part in 

these results of higher presence of periosteal reactions in those with higher SES. In summary, it 

is possible that (if these lesions were healed), the individuals may have been able to fight off 

illness or trauma, making them potentially healthier individuals in life than others. This would 

show that they may have been able to fight against the cause of the periosteal reaction, surviving 

past the point that it left permanent defects on the bones. Additionally, it is possible that 

individuals with higher SES could have been better buffered from systemic stressors during their 

childhood, leading them to be potentially more vulnerable to these stressors in their adult lives. 

This is potentially why there is an increased prevalence of periosteal reaction in the study 

sample.  
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Figure 10: Presence of enamel defects in sample by assessed socioeconomic status. 

 

 

Figure 11: Presence of skeletal porosity in sample by assessed socioeconomic status. 
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Figure 12: Presence of periosteal reactions in sample by assessed socioeconomic status. 

 

Conclusions and Future Directions 

 This research sought to answer questions relating to the presence of non-specific 

indicators of skeletal stress on the skeleton and their relationship to length of military service 

and, separately, their relationship to estimated SES. The final results can be seen as a summary 

in Table 10.The sample consisted mainly of fallen service members from the USS Oklahoma and 

two other individuals from early 1940s WWII casualties. Due to the nature of this sample and the 

main mission of the DPAA where this research was conducted, outlined in Chapter 3, the sample 

size for this research was relatively small. The purpose of this research, as stated previously, was 

to assess the relationship between non-specific indicators of skeletal stress and military service 

length and SES. The tangential purpose was to utilize this information to be able to know more 

about how issues related to low SES, such as malnourishment and food insecurity, may affect the 
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human skeleton. As the current COVID-19 pandemic has caused a surge in the unemployment 

rate not seen since the Great Depression (Soucheray, 2020), an event the individuals of this 

sample lived through, this data provides a stepping stone to further conversations about how 

modern socioeconomic disparities may affect the human skeleton in the United States. Further 

research and data are needed to make more concrete assessments on this. I hypothesize that there 

would not be an increased prevalence in non-specific indicators of skeletal stress due to SES in 

the US, but there may be increased prevalence due to Long COVID, a term used to describe 

lasting presence of various symptoms weeks or months after acquiring COVID-19 (Raveendran 

et al., 2021). I would also hypothesize that there are certain areas of the world in which COVID-

19 had a greater and longer-lasting economic impact, which may therefore cause a lengthy 

decrease in SES and potential nutritional deficiency, leading to increased prevalence of non-

specific indicators of skeletal stress.   

In addition to this contribution, this research shed light on potential associations between 

certain non-specific indicators of skeletal stress and military service length. Statistical testing 

was not completed to test military service length vs. presence of enamel defects in the study, 

though Figure 7 shows that there are several individuals with shorter length of military service 

possessing a greater presence of enamel defects. Again, researching military recruitment 

practices to discover whether those with lower SES were sought out more often for military 

service by recruiters, whether they are more likely to join the military due to the securities and 

benefits offered, or both would provide further insight to the potential relationship between 

enamel defects and military service members.  

Though statistical testing was not completed to test military service length vs. presence of 

enamel defects in the study since enamel defects can only occur in childhood, it is interesting to 
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observe the presence of enamel defects in the sample. Looking at enamel defects in the number 

of individuals that military service length could be calculated for (Figure 7), it appears that there 

are several individuals with fewer completed years of military service possessing a higher 

presence of enamel defects. It would be interesting to research military recruitment practices to 

discover whether those in lower socioeconomic statuses are sought out more often for military 

service by recruiters, whether they are more likely to join the military due to the securities and 

benefits offered, or both.  

Figure 8 demonstrates that there seems to be a high presence of skeletal porosity in 

general, despite the length of military service completed at time of death. Further study to 

compare not only the presence as done here, but the expression or severity of skeletal porosity 

may provide useful information. Specifically, it would shed light on the trends in how skeletal 

porosity may increase or decrease in severity against length of military service in this sample. 

Additionally, as multiple types of skeletal porosities were observed in this study, more specific 

research on each type of skeletal porosity could be conducted. As most (86%) of the skeletal 

porosity in this sample was porotic hyperostosis (shown in Table 12), more specific research on 

porotic hyperostosis and military service length should be conducted. Porotic hyperostosis is 

associated with nutritional deficiency, namely B12 deficiency (outlined in Chapter 2). The 

literatures showed that B12 deficiency is more common than previously assumed, and it is usually 

seen in instances where lower quantities of animal products are consumed (Rasmussen et al., 

2001). As such, an analysis of current military nutrition and deployment rations could be 

conducted against evidence of porotic hyperostosis on the skeleton. I hypothesize that a lower 

amount of animal products are included in military deployment rations due to the reality of 

spoilage, and therefore there may be a heightened level of porotic hyperostosis that increases as 
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military length increases. In this study sample, the Great Depression may have caused 

individuals to experience lower access to animal products for consumption in childhood, 

therefore contributing to an increased prevalence of porotic hyperostosis.  

Figure 9 reveals that the majority (25 out of 30 total individuals) did not show signs of 

periosteal reactions on the skeleton. More research on the prevalence of this indicator across 

samples of American individuals of varying generations could shed light on any trends that may 

exist through time and, in turn, some hypotheses for causation. Periosteal reaction is associated 

with both environmental and genetic factors and can occur during childhood and adulthood. As 

such, there may be changes throughout the past century that contribute to an increased or 

decreased prevalence of periosteal reaction. For example, technological advances leading to less 

manual labor in certain trades may lead to less physical insults and therefore less periosteal 

reaction on the bones. Additionally, assessment regarding the extent of affected bone surface, the 

vascularization level of the periosteal reaction, and whether the periosteal reaction was woven or 

sclerotic could shed light on trends in how periosteal reactions tended to manifest.  

Although the operations of the military are likely different now than they were during the 

Great Depression and WWII, further research on the effect of military service length on the 

human skeleton would be valuable in order to examine any current relationship between non-

specific indicators of skeletal stress and military service length. Additionally, continuing to study 

periosteal reaction vs. military service length in modern populations could provide information 

on modern prevalence rates. Further studies could include not only military service length, but 

prevalence of non-specific indicators of skeletal stress and military rank or occupation in the 

military. 
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Figure 10 shows that about half (16 of 37) of individuals had enamel defects and the 

spread of those results were relatively evenly distributed across the SESes represented in this 

sample (0-4). Table 16 showed that the large majority of enamel defects presented as linear 

horizontal grooves on the teeth. Additionally, Table 17 shows that the majority of enamel defects 

were present on the canines (36%). Following this 19% were located on the first premolar, 9% 

were located on the second premolar, 9% were located on the second incisor, 9% were located on 

the first molar, 8% were located on the second molar, 6% were located on the first incisor, and 

4% were located on the third molar. In Chapter 2 it was noted that enamel defects were most 

commonly found on the incisors and the first molar, which was not the case here. As this is an 

observation made separately to what this study examined, this phenomenon should be explored 

further in the future. This is important as these findings contradict what the current, published 

literature has indicated and may either indicate a change in how enamel defects tend to manifest 

or that this study sample was unique.   

Regarding SES vs. skeletal porosity, considering that the SES score has a maximum of 8, 

indicating high SES, a range of 1-3 is relatively low, indicating that the entire sample in this test 

experienced low SES at this point in their lives. Having more data for individuals at the higher 

end of the SES score range would have more accurately captured the prevalence of skeletal 

porosity for those individuals with higher SES. If this is not possible because the SES for most 

people at this time may have tended to be lower, a larger sample size would also be helpful in 

making stronger associations (as low sample size can impact p-values). Because this comparison 

does not need a military population as a sample, that allows more flexibility for future testing 

and data addition. Skeletal porosity (specifically porotic hyperostosis) is the most prevalent non-

specific indicator of skeletal stress in the sample, so the prevalence of this indicator should be 
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further explored. As skeletal porosity is associated with nutritional deficiency, Chapter 2 notes 

changes in prevalence of certain deficiency diseases and also discusses food-enrichment 

mandates that were made to combat nutritional deficiency. As such, some nutritional deficiencies 

associated with certain non-specific indicators of stress may not be of concern today 

In the study of SES vs. periosteal reaction, the majority of individuals (16 of 21; Figure 

12) were associated with a SES of 1-2, so a larger sample with individuals across the full 

spectrum of SES score would be helpful in making more discerning assessments. Because this 

test focuses on SES and skeletal defects rather than military service length, it will be easier to 

continue this testing by adding data from a wider sample, not just those who are or have been in 

the military. 

Though one large purpose of this study was to determine if a higher prevalence of non-

specific indicators of skeletal stress is associated with reduced SES, the Osteological Paradox in 

Chapter 2 outlines why this may not be the case in every situation and is important to consider. 

For example, children with lower SES may have been better conditioned for adverse effects to 

health later in life through certain situations such as slight but prolonged nutritional deficiency 

during childhood. Conversely, children with higher SES may have been more vulnerable to 

stressors due to being better buffered from conditions such as nutritional deficiency. 

Additionally, hidden heterogeneity, another concept of the Osteological Paradox, is worth 

considering in these kinds of analyses as well. That is, children who made it through childhood 

experiencing low SES may therefore be more robust amd thus less likely to exhibit signs of non-

specific indicators of skeletal stress as readily as their counterparts who experienced higher SES 

during childhood. 
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Overall, this research tested the associations of SES and military service length to non-

specific indicators of skeletal stress in a WWII-era skeletal sample from the DPAA. The study 

showed evidence that greater length of military service was associated with lower presence of 

periosteal reactions and that lower SES was associated with greater presence of periosteal 

reactions in this sample. As nutritional deficiency, a large contributor to non-specific indicators 

of skeletal stress, exists and affects people in the world today, this research is important. 

Additionally, as the US military continues to recruit individuals, the results on how military 

service length can impact the human skeleton is important. The data did not support that greater 

length of military service was associated with lower presence of skeletal porosity, that lower SES 

was associated with greater presence of enamel defects, or that lower SES was associated with 

greater presence of skeletal porosity. Despite this, there are a variety of avenues to explore. 

These avenues include how COVID-19 has potentially caused socioeconomic disparity and 

therefore a potential increase in non-specific indicators of skeletal stress, how military 

recruitment practices may have led to larger representation of those in lower SES class in the 

military, and more.   
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