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Abstract 

Compelling evidence indicates that physical activity can enhance human limb bone shaft strength. 

Much of this evidence, however, comes from studies of people who engage in exceptionally high 

levels of activity, such as competitive and professional athletes. Less is known about how more 

subtle sources of variation in activity might affect bone shaft strength, including the effects of a 

person’s occupation. Here, we investigate the influence of occupation-related physical activity on 

bone shaft strength among young men (aged 18-35 years) in the New Mexico Decedent Image 

Database, a collection of full-body CT scans of 21st-century individuals with documented 

occupations. Bone shaft strength was quantified in the humerus and tibia from CT scans. Physical 

activity intensity of each person's job was categorized based on an established classification 

scheme as either (1) sedentary or requiring light amounts of activity, or (2) involving moderate to 

large amounts of activity. Results suggest that humeral and tibial shaft strength properties (e.g., 

cortical bone area, second moments of area) do not differ significantly between people with and 

without jobs requiring moderate to large amounts of activity. This may suggest that most jobs 

today are not physically demanding enough to provide substantial benefits for bone shaft strength. 

If so, activities outside the workplace may be critical for developing and maintaining strong limb 

bones. 
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Introduction 

It is well established that bones adjust their strength to the mechanical loads imposed upon them 

(Ruff, 2006; Hart et al., 2017). Increased mechanical loading typically results in bone 

strengthening, whereas decreased mechanical loading typically leads to bone weakening. In 

standard biomechanical analyses of bones, strength is measured from the amount of cortical bone 

tissue and its distribution about the long axis of the bone shaft. Positive associations between 

mechanical loading and bone strength have been documented in experiments with animal models 

(Burr et al., 2002; Forwood, 2008) and in studies of competitive and professional human athletes 

(Shaw and Stock, 2009a, 2009b; Korht et al., 2004; Wilks et al., 2009). Much of this prior 

evidence, however, comes from studies of animals and people who engage in exceptionally high 

levels of activity. Less is known about how more subtle sources of variation in activity might affect 

bone strength, including the effects of a person’s occupation. 

Most adults spend a large proportion of their daily time in the workplace (Kirk & Rhodes, 

2011), where many people are exposed only to low- to moderate-intensity, repetitive activities 

(Church et al., 2011). However, very few studies have analyzed the impact of occupational 

physical activity intensity on bone strength from a biomechanical basis. One study found a positive 

association between occupation-dependent loading and bone strength in men (Biver et al., 2016), 

while other studies found no consistent relationship (Vehmas et al., 2005; Barbe & Popoff, 2020). 

Similarly, conflicting results have been obtained from studies that focused only on bone mineral 

density (BMD), which is related to bone strength but does not take into account the size and 

structure of bones like biomechanical analyses do (Choksi et al., 2018). Two studies (Weiss et al., 

1997; Coupland et al., 2000) documented a positive correlation between occupational activity 

intensity and BMD. Conversely, others obtained more ambiguous results. For example, in sawmill 
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workers, there was no strong relationship between workload and BMD, but rather other lifestyle 

practices like smoking had a greater effect (Cvijetić et al., 2021). A study in a Swedish sample 

also showed no correlation between occupational activity intensity and BMD (Brahm et al., 1998).  

Biomechanical analyses of bone strength have been popular in archaeological and 

paleontological research that aims to interpret patterns of past physical activity from skeletal 

remains. Such analyses have provided much insight into the mobility patterns of early humans, for 

example, by demonstrating that factors like terrain have a major effect on bone strength (Holt & 

Whittey, 2019). Other popular areas of research look at subsistence strategies and the transition 

from a hunter-gatherer to an agricultural way of life (Bridges, 1985), lifestyle characteristics like 

occupation or tool use (Maggiano et al., 2008; Mays, 2001, 2002; Wanner et al., 2007), as well as 

behavioral reconstruction of early hominins (Sawyer & Maley, 2005). This work has also become 

increasingly popular in epidemiological studies. Bone strength analyses have provided a more 

comprehensive understanding of musculoskeletal diseases, most commonly osteoporosis (Egloff 

et al., 2012; Ferretti et al., 2003), nutritional intake (Rizzoli, 2008), and sports-related injuries 

(Taunton et al., 1988). 

Here, I adopt a biomechanical approach to investigate the influence of occupation-related 

physical activity intensity on bone shaft strength among men aged 18-35 years in the New Mexico 

Decedent Image Database (NMDID), a collection of full-body CT scans of 21st-century individuals 

with documented occupations (Edgar et al., 2020). Bone strength among people with sedentary 

and more physically demanding jobs were compared. I hypothesized that bone strength would 

differ between the groups with greater bone strength in those with more physically demanding jobs 

and lower bone strength in the sedentary group of individuals. 
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Materials and Methods 

Sample from NMDID 

For this study, full-body CT scans were obtained from a total of 179 men with known occupations. 

Only individuals aged 18 to 35 years were included in the analysis because this is the age range 

between when longitudinal bone growth typically ceases and before peak bone mass is typically 

obtained. All individuals with fractured limb bones in the upper and lower extremities were 

eliminated from the study. Individuals were also excluded if their body weight, stature, and/or 

body mass index were not documented in the NMDID. Females were not considered in the study 

because of the small number of females available in the NMDID with documented occupations 

requiring more than light amounts of physical activity.  

 For each individual, the level of intensity of occupational physical activity was assigned 

based on documented metabolic equivalents (METs) of occupations. A previously established 

classification scheme (Deyaert et al., 2017) was used to categorize an occupation as either 

sedentary or requiring light amounts of physical activity (hereafter, called "inactive") or involving 

moderate to large amounts of activity (hereafter, called "active"). Examples of inactive occupations 

included retail/wholesale, cashiers, business employees, and truck drivers, whereas examples of 

active occupations included construction, mining, agriculture/farming, manufacturing, and factory 

work (Figure 1). Among individuals with inactive occupations, those documented in the NMDID 

as frequently engaging in exercise outside of work were also excluded. The final sample size 

included 40 men in the inactive group and 61 men in the active group.  
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Measurements of CT scans 

Bone strength was measured from the CT scans following the protocol of Wallace and colleagues 

(2023). For each person, their full-body CT image stack was imported into Amira software, and a 

3D rendering of their full-body skeleton was generated to locate the left and right humeri and the 

right tibia. These limb bones were then digitally cropped out from the full-body skeleton, and the 

cropped-out bones were saved as separate CT image stacks (Figure 2). Next, the CT image stacks 

were imported into ImageJ software, and 3D digital renderings of the bones were aligned 

longitudinally using the BoneJ plugin (Doube et al., 2010). On the aligned humeri, the transverse 

CT image slices of the shafts corresponding to the 35% bone length from the distal ends of the 

bones were selected, and cortical area (bone quantity) and polar moment of area (average bending 

strength) were calculated using BoneJ. These properties were similarly calculated at the midshaft 

in the tibia. In addition, for each individual, ImageJ was used to measure waist size from transverse 

CT slices corresponding to the level of umbilicus (Figure 3). 

Statistical Analysis 

Comparisons of body size and bone strength properties between men with inactive and active 

occupations were made using t-tests. All analyses were performed using JMP Pro software. 

Statistical significance was judged using a 95% criterion (p ≤ 0.05). 

Results 

Stature, body weight, body mass index, and waist size did not differ significantly between people 

with inactive and active jobs (t-tests: p > 0.1 for all variables) (Figure 4).  
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Cortical area in the left and right humerus did not differ significantly between people with 

inactive and active jobs (t-tests: p = 0.53 and 0.21, respectively), nor did polar moment of area (t-

tests: p = 0.62 and 0.35, respectively) (Figure 5). 

Among people with both inactive and active jobs, cortical area was significantly greater in 

the right than left humerus (paired t-tests: p < 0.001 for both groups), as was polar moment of area 

(paired t-tests: p < 0.001 for both groups). Limb asymmetry in cortical area and polar moment of 

area did not differ significantly between groups (t-tests: p = 0.54 and 0.39, respectively) (Figure 

5). 

Cortical area in the tibia did not differ significantly between people with inactive and active 

jobs (t-test: p = 0.88), nor did polar moment of area (t-test: p = 0.85) (Figure 5). 

Discussion 

The results show that humeral and tibial shaft strength properties do not differ significantly 

between people with active and inactive jobs. It is perhaps surprising that limb bone shaft strength 

was not found to be associated with occupation-related physical activity levels, given substantial 

prior evidence that exercise is generally anabolic to bone. One explanation might be due to the fact 

that occupations documented for individuals at the time of CT scanning do not accurately reflect 

the strenuousness of their entire work history. Considering that the job descriptions from NMDID 

stemmed mostly from interviews with close relatives, it is possible error in recall could under- or 

over-estimate the duration and type of occupational activity.  

However, another reasonable interpretation might be that most jobs today in our modern post-

industrial economy are not physically demanding enough to provide substantial benefits for limb 

bone shaft strength. With increasing technological advances in the workplace, occupational 

activities are less labor intensive and, consequently, more sedentary. This shift towards a more 
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automized work environment has had a noticeable impact. In the mid-20th century, nearly half of 

the private sector jobs in the United States demanded moderate to large amounts of physical 

activity. Today, less than 20% of jobs require this same level of activity (Church et al., 2011). It is 

well-researched that a sedentary lifestyle increases the risk of osteoporosis leading to greater bone 

fragility and fracture risk. This implies that exercise outside the workplace may be critical for 

developing and maintaining strong, healthy bones.  

The reduction in long bone shaft strength can be explored from an evolutionary perspective 

as contemporary humans shift towards greater sedentary behavior. Humans evolved from a 

physically demanding lifestyle derived from a hunter-gatherer way of life and would partake in 

rigorous activities like long-distance walking and running and weapon use. The skeletal structure 

of early hominins reflects this intense level of physical activity where early humans had a robust 

skeletal structure compared to modern-day humans, who are much more gracile. This shift in bone 

morphology demonstrates the reduction in bone strength due to the lowered levels of physical 

activity prevalent in today's sedentary society. The reliance on technology and reduced physical 

activity patterns goes at odds with our evolutionary adaptations, underlining the importance of 

exercise for bone health.  

There were several limitations to this study. In the sample criteria, alternative factors 

influencing bone adaptation, such as genetics, hormones, diet, substance abuse, and environment, 

were not considered (Turner, 2001; Ruff et al., 2006). The main focus of this paper was to control 

for active and inactive occupations, thus the other factors were not deemed relevant, but it is 

important to acknowledge that bone adaptation is not solely from mechanical loads but intertwined 

with various complex systems. Additionally, the subjects and occupations described here were 

from the United States and biased toward Western technology and cultural norms. However, labor 
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intensity may vary worldwide, and what might be considered heavy labor here may not necessarily 

be the same in other countries. In developing countries, jobs are more labor intensive and subject 

to greater physically demanding activities and manual tasks. Thus, gathering data from other 

countries where manual labor is more prevalent can provide greater insight into the strengthening 

of bones influenced by occupational physical activity. 

 Another potential limitation was that the measurement of occupational activity was 

derived from MET values which is a systematic approach to estimate energy usage but MET scores 

do not take into account individual variation. Alternative measurements of levels of physical 

activity should be considered to reflect types of occupational activity. Further research needs to be 

done to better understand the influence of moderate forms of activity on bone strength.  
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Figures and Figure Captions 

 

Figure 1: Common types of physically active (top row) and inactive (bottom row) jobs of men in 

the study. 

 

 

 

Figure 2: Cropping a limb bone (humerus) from a full-body CT image stack. 
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Figure 3: Measurement of waist size from a CT image. 

 

 

Figure 4: Body size among people with and without physically demanding jobs. 
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Figure 5: Limb bone shaft properties among people with and without physically demanding jobs. 


