
ABSTRACT 

FREEMAN, ASHLEIGH A. Asymmetry in the Arm and Hand Bones as Potential Indicators of 

Handedness (Under the direction of Dr. Troy Case). 

 

This study examines various measurements throughout the arm and hand for levels of 

asymmetry between the left and right side. Asymmetry in the upper limb is a growing field of 

study but the hands are often neglected from such studies. The studies done examining the upper 

limb and hand use differing measurements on different parts of the bones. This study focuses on 

the humerus, radius, ulna, metacarpal two, proximal phalanx two and five, as well as distal 

phalanx one. 

Two data sets were used for this study. The Covid-19 pandemic did not allow for 

personal measurements; therefore, one data set was received by Robert J. Terry Anatomical 

Collection curator, Dr. David Hunt, and another by Dr. Troy Case, who took the measurements 

himself. The first data set consisted of upper limb measurements while the second was hand 

measurements. With the limitations of the data sets, each bone was analyzed individually instead 

of all measurements belonging to one individual. The goal of this study was to determine which 

measurements on the upper limb showed the greatest amount of asymmetry.  

Paired sample t-test were used to examine which measurements showed significant 

asymmetry in the data set. From there the data set was divided in race+sex and sex groups. This 

allowed for examination of the effects race and sex might play in asymmetry. These tests were 

run for both data sets. Percent asymmetry was used to compare these results to previous studies 

and indicate which measurements might be best for future studies of asymmetry. 

Overall, the humerus shows strong results in humerus maximum diameter and distal 

epiphysis breadth. The radius and ulna are strong contenders for asymmetry studies. Metacarpal 

two also showed the most asymmetry in the head width and midshaft diameter, making it the 



best hand bone to use in asymmetry studies. This type of data can be useful for estimating 

and understanding handedness, as well as bioarcheological and forensic anthropology 

studies.  
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CHAPTER 1: 

INTRODUCTION 

 
Bioarchaeology and forensic anthropology are both relatively young fields of inquiry that 

are quickly expanding. They share many methods in common, including those concerned with 

measurement of human bones. In forensic anthropology, much of the focus is on individual 

identification through techniques that can estimate age, sex, ancestry, etc. In bioarchaeology, the 

skeleton has played a vital role in our understanding of past populations through the study of a 

collection of individuals in order to better understand populations. New attributes and new ways 

of studying those attributes are identified often, providing us with different ways to estimate sex, 

age, or ancestry, to assess the impact of occupations or repetitive activities, and so on. The 

purpose of this study is to examine skeletal asymmetry in the arms and hands in order to identify 

those bones and dimensions that show the greatest utility for identifying handedness in the 

skeleton.  

When studying the skeleton in bioarchaeological settings, the larger appendicular bones 

of the body are commonly used, such as the long bones (femur, humerus) along with the skull 

and os coxa. While the arm bones have often been utilized for asymmetry studies (Weiss, 2009, 

Blackburn, 2011,Steele and Mays, 1995), the hands are mostly neglected. Hand bones are small 

and often lost due to rodent activity post-interment and sometimes due to poor handling during 

the process of recovery. Furthermore, due of the small size of most hand bones, many 

bioarchaeologists do not analyze them because of the challenge of identifying them correctly 

(Case and Heilman, 2006). When hand bones are identified and placed into the correct hand, 

however, they can provide more information about an individual than one might think.  

Bioarcheologists benefit from studying asymmetry; specifically, our understanding of the 

skeleton’s reactions to forces placed upon the skeleton allows us to infer information from 
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observed results (Kanchan et al.,2008, Ruff et al.,2006). Handedness is associated with 

asymmetry because it determines the preferred dominant hand a person uses for everyday 

activities, and repetitive activity drives a particular type of asymmetry. Handedness is an 

important characteristic of interest to both bioarcheologists and forensic anthropologists because 

it can help to highlight individual differences. While everyone has a dominant hand, 85-90% of 

the population is generally right-handed (Glassman and Dana, 1992, Waidhofer and Kirchengast, 

2015). The other 10-15% who are left-handed form a special subgroup in society. This group 

may have difficulty using certain tools of a standardized type or may need to hold a different arm 

or body posture to accomplish the same work. This difference can be useful in forensic cases 

with remains that are unidentified because a diagnosis of left-handedness may assist, in part, with 

an identification. Bioarcheologists benefit from understanding handedness because of its impact 

on the skeleton under repeated or strenuous activity. Asymmetry caused by handedness may 

provide insight into the kinds of jobs people performed, how they performed them, and their 

effects on the skeleton (Waidhofer and Kirchengast, 2015, Kubicka et al., 2017). Using sex 

estimation alongside asymmetry and handedness provides insight into the social dynamic of a 

society and their gender roles—specifically, whether males and females were doing similar work 

or substantially different work. The information we can gain from understanding the hands and 

asymmetry within an individual helps us to gain a better understanding of a society.  

The goal of this study was to analyze bones from the arm and hand to determine which 

are most useful for future studies of asymmetry and handedness. Although the original plan was 

to collect raw data from skeletons belonging to the Robert J. Terry Anatomical Collection at the 

Museum of Natural History, the 2020 global pandemic made new data collection impossible, so 

instead, data from the Terry Collection collected by previous researchers were used instead. One 



   

3 

 

data set consisted of measurements from the upper limb, including the humerus, radius and ulna. 

The second data set was comprised of measurements of the hand, including both metacarpals and 

phalanges. Certain bones of the hand were preselected for analysis based on whether they were 

bones normally involved in precision vs. power grips (Roy et al., 1994, Marzke, 1997), 

availability when excavated, and common disease states, such as osteoarthritis, that tend to affect 

certain joints in the hand and hinder measurement (Chambers, 2012).  

The data sets included both males and females and included individuals listed as both 

Black and White. The study will examine asymmetry in the entire sample and then will 

subdivide the sample to determine whether there is variation based on sex and the combination 

of sex+ancestry. Because asymmetry is associated with mechanical loading on the skeleton, this 

type of study provides clues regarding which groups were engaged in laborious jobs the period 

these individuals were alive and employed.  

This study should provide information pertinent to several questions about asymmetry in 

the skeleton. First, it should provide information about the relative degree of asymmetry in 

different hand and arm bones. Second, it may provide information on whether certain types of 

dimensions in the skeleton tend to show greater asymmetry. For example, are length 

measurements less likely to show asymmetry than midshaft diameters or periarticular 

measurements? Third, it will provide some insight into whether arm bones or hand bones are 

more informative about asymmetry. Fourth, it will provide some clues about the impact of race 

differences and sex differences on the presence and severity of asymmetry in skeletons from the 

Terry Collection. 
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CHAPTER 2: 

LITERATURE REVIEW 

 
The human body is programmed to develop into two symmetric halves from a midline. 

When the developmental template is disrupted, causing the two halves to not be the same in size 

or shape, it is referred to as asymmetry (Van Dongen, 2018). Skeletal asymmetry is common 

throughout mammalian populations and comes in three basic forms commonly referred to as 

directional asymmetry, fluctuating asymmetry, and anti-symmetry. Only the first two of these 

appear to affect humans (Palmer, 2005). 

Different Types of Asymmetry 

 

Bilateral asymmetry (BA) is a general umbrella term for any type of asymmetry that 

occurs in creatures that generally develop to be symmetrical around a midline.  It is defined as a 

difference between the left and the right sides of the body (Krishan et al. 2010). Directional 

asymmetry (DA) is attributed to mechanical stress and strain placed on the body, causing one 

side to differ from the other (Kanchan et al., 2008). Because most people have a preferred side 

for engaging in certain activities, especially in the upper limbs, the amount of mechanical load 

on each side may be unequal. DA often occurs when mechanical loads are placed on the bone 

when it is still developing (Kanchan et al., 2008). 

Fluctuating asymmetry (FA) is asymmetry that appears when there is stress on the body 

during development (Ozener, 2010). FA can be caused by environmental and/or genetic factors. 

A common term associated with FA is developmental instability (DI), which is the inability of a 

developing organism to develop against frequent perturbations. The body is unable to produce 

perfect symmetry throughout development. Males and females present similar patterns of FA 

(McLead and Coupland, 1992). Considering that FA is more influenced by outside factors and 
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not by mechanical loading, people of similar socioeconomic status should show similar patterns 

of FA whether they are in a laborious job or not (Ozener, 2010). 

Directional asymmetry  

 Many studies have been performed to analyze when BA first appears in the body. 

Blackburn (2011) found there is some evidence that supports a side change in asymmetry 

between the embryonic period and birth but no evidence to support a right-side bias at birth. This 

may be due to an accelerated growth of the left humerus in utero, causing left-side bias in 

infancy (Steele and Mays, 1995). The development of asymmetry in the bones correlates with the 

timing of bone maturity. DA is evident as early as one year of age and reaches adult values at 

ages nine through seventeen. Variability in asymmetry is influenced by genetics through 

canalization of bone growth (Blackburn, 2011).  

Another study tracked development and asymmetry and found that trabecular bone 

thickness shows more asymmetry than cortical bone thickness during development of the 

humerus. In this study, males showed a right-side bias in trabecular bone thickness, while 

females showed greater right-side bias in humerus length (Perchalski et al., 2018). The upper 

limbs show more bilateral asymmetry due to the unequal mechanical loads they experience 

versus the lower limbs, which are subject to more equal loading due to our symmetrical gait 

(Kanchan, 2008). 

Most of the population has a preferred side for use in everyday tasks, and 85-90% of the 

population prefers the right side over the left (Glassman and Dana, 1992). DA is mostly 

influenced by environmental factors such as mechanical loading, a concept proven by studies 

showing no evidence of DA in infanthood (Blackburn, 2011, Van Dongen, 2010). While it is 

theorized that there may be a genetic factor to hand preference/handedness, directional 
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asymmetry is an adaption the bone makes to the situation it is in. This type of adaptation is 

known as bone functional adaptation (BFA); a bone will adapt its structure to withstand the loads 

it is undergoing. This is similar to what is commonly known as Wolff’s law; over time, bone will 

adapt to the mechanical loads applied to it in processes known as remodeling (Ruff et al., 2006).  

A side preference that produces directional asymmetry causes the asymmetry throughout 

the whole upper limb. For example, if the right side is the dominant side, the upper limb bones as 

well as hand bones should show signs of asymmetry when compared to the left (Varas and 

Thompson, 2011). Directional asymmetry and fluctuating asymmetry can result in similar 

changes to bones, which can confuse researchers about the true cause of the asymmetry. When 

the human skeleton develops, both sides have the same phenotypic end goal based on their 

genes, but slight interruptions can change the trajectory of growth between the two sides and 

provide clues that something went wrong in development (Van Dongen, 2018). 

There is one other subtype of directional asymmetry that is less often discussed: crossed 

asymmetry. This is when the upper limbs show right-side bias while the lower limbs show a left-

side bias (Auerbach and Ruff, 2005, Van Dongen et al., 2014). Crossed asymmetry is not as well 

studied as directional asymmetry because asymmetry in the lower limbs is fairly uncommon in 

humans (Kanchan et al., 2008).  

Fluctuating asymmetry 

Determining whether there is fluctuating or directional asymmetry present can be 

challenging. The best way to identify FA is at the population level. FA is evident when there is 

developmental stress on the body, but those stresses may be unique to each person. In contrast to 

DA, fluctuating asymmetry is just as likely to affect the left side as the right. To understand 

which type of asymmetry is present, the mean difference between the two sides for a particular 
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measurement is calculated. When the mean difference within a sample falls close to zero, it is 

likely fluctuating asymmetry that is present (Auerbach and Ruff, 2006). In Ozener’s (2010) 

study, he limited the dimensions that he analyzed for FA to only those measurements that did not 

already present with DA. When present, DA usually has a larger impact on a dimension than FA, 

so DA will overwhelm any attempt to identify fluctuating asymmetry.  

Asymmetry in the Arms 

Asymmetry in the upper limbs is the most commonly studied because of the wide range 

of motion and loading the upper limb experiences, which is thought to be the primary cause of 

directional asymmetry (Ozener, 2010). Within the upper limb, the long bones such as the 

humerus and radius are most commonly studied when analyzing asymmetry (Stirland, 1993). 

Hand bones, such as metacarpals and phalanges, are becoming more popular subjects of research 

as new studies are highlighting their importance in understanding and estimating handedness 

within populations and in making other inferences that handedness information can permit 

(Varas and Thompson, 2011, Ruff et al. 1994, Mays, 2002, Marzke, 1997).  

Directional asymmetry can provide information about individuals from the earliest days 

of human evolution to modern forensic casework and has many applications in the field of 

bioarcheology. We can measure asymmetry and infer handedness from ancient human ancestors 

by analyzing muscle markers and asymmetry in upper limb bones (Marzke, 1997). With the 

morphology of the bone changing depending on activity levels, we can understand how 

Neanderthals and early hominins were using their upper limbs and whether this use differed 

between the sexes or changed over time. These same types of analyses can be used by 

bioarchaeologists on humans from all time periods. They can apply knowledge about asymmetry 

to studies of division of labor between the sexes, to assess activity levels, and to focus on the 
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types of activity likely performed in past populations (Kubicka et al., 2017). Modern forensics 

can also benefit from understanding asymmetry in current populations in cases of mass casualties 

and natural disasters. It is important for recovery teams to understand the range of size variation 

between the sides when trying to reassemble remains. For example, two humeri from one 

individual may appear to be from two different people because directional asymmetry caused the 

right humerus to be noticeably longer or more robust than the left (Kanchan et al. 2008).  

Handedness and Cultural Preferences 

Handedness is usually expressed as a natural and subconscious reaction when interacting 

with the world around us, such as reaching for something with the preferred hand. Handedness 

can be seen by asking a child to pick up a pencil and watching which hand they pick it up with.  

It can be witnessed even before they learn to write as demonstrated by Johnston et al. (2009). In 

today’s world, many connect handedness solely with writing, but many tasks in everyday life are 

focused on the right hand or the use of the dominant hand (Halpern and Coren, 1991).  

Research shows that left-handers have been ubiquitous since prehistoric times (Faurie 

and Raymond, 2004). Researchers are still trying to understand why some people prefer to use 

their left-hand as the dominant, such as stone knapping and precision tool use (Steele and 

Uomini, 2005).  

It has been suggested that at times in the past, left-handedness may have presented a 

fighting advantage during times of war or other occasions that involved interpersonal violence, 

which could have led to a benefit for those who were left-handed. This benefit is still present in 

some sports today (Aggleton and Wood, 1990). 

While being left-handed may have been an advantage when in war, daily life might be 

more of challenge for left-handers compared to their right-handed counterparts. Marchant and 
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McGrew (1998) point out that it is important to study culturally significant tasks in order to 

understand hand preference. Many individuals use both hands for many activities, but 

cultural/occupational tasks (e.g. eating, writing) provide insight about which hand is dominant. 

Furthermore, some cultures prefer that certain activities be done with the dominant hand over the 

other, usually meaning right-handedness is preferred. Some Asian and African countries interfere 

with children being left-handed more than other countries, causing the apparent frequency of 

left-handedness to be between 0.7% and 1.7% of the population (Shimizu and Endo, 1983). The 

attitude toward hand preference is not always discouraging. France showed a shift toward 

positive attitudes for left-handed students in the middle of the 20th century, which resulted in an 

increase in left-handed writing (Delletolas et al., 1998).  

There has been a lot of genetic research done to understand what makes people left-

handed and to investigate whether there are any biological differences between left and right-

handed people. Starting with the development of handedness, Faurie and Raymond (2004) found 

that it is more common for a son to be left-handed if he has a left-handed mother and for a 

daughter to be left-handed if she has a left-handed father. This result suggests a possible X-

linked gene in handedness preference. There are a few studies that show handedness is heritable 

(Annett, 1997, Llaurens et al., 2009).  

Some research has focused on left-handedness as a consequence of disease and on the 

negative impacts of handedness on morbidity and mortality (Llaurens et al. 2009, Porac and 

Searelman, 2002).  It has been suggested, for example, that left-handedness can develop from 

disease(s) causing trauma on the brain, making the individual switch to being left-handed and 

increasing the left-handed population.  Examples include Type I diabetes, Crohn’s disease, 
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ulcerative colitis, and allergies (Coren and Halpern, 1991). This also means that left-handers 

show more signs of pathology than right-handers. 

Porac (2002) conducted a study to determine if left-handed individuals really show an 

increase in pathology and accidents. The results showed that individuals who were in 

environments where right-handedness was preferred, but they remained left-handed, showed a 

high quality of life, similar to a right-handed person. Individuals who did conform and changed 

to being right-handed, when they preferred left-hand dominance, showed a lower quality of life 

and lower psychological well-being.  

Being left-handed is not all bad because left-handers do show signs of greater inter-

manual control due to the fact that their corpus callosum (connective tissue between the two 

brain hemispheres) is generally larger. Left-handed people also show more control of both brain 

hemispheres (Witelson, 1985). Conversely, one study demonstrated that left-handed children 

perform significantly worse in many aspects of development such as writing, reading, and social 

development. Socioeconomic status was ruled out as a factor, leading to the hypothesis that left-

handed children possibly experienced brain pathology in infanthood or experienced another 

underlying brain issue (Johnston et al., 2009). 

Power and Precision Grips 

One important functional aspect of handedness is grip. There are two main types of grip: 

the precision grip and the power grip. The power grip is backed by total hand strength. The hand 

meets the palm to apply high force with lower precision (Roy et al., 1994). The power grip can 

be used in many activities and can involve all digits of the hand at once as well as the palm. An 

example could be carrying any heavy object. The precision grip is engaged when small objects 

are held between the thumb and one more finger (often just the distal phalanx) for engaging in a 
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low-weight meticulous movement (Marzke, 1997). A modern example would be picking up an 

object between the thumb and index finger or using a needle to sew. An example of a precision 

grip from the past would be certain types of stone tool making by human ancestors, because the 

motion required for flaking a core was delicate and a power grip would more likely injure the 

hand when the stone was struck (Marke, 1997).  

Recognizing Asymmetry 

 

As defined earlier, directional asymmetry (DA) is the difference between two sides of the 

skeleton (McLead and Coupland, 1992). It is recognized when the mean of the left/right 

differences differs significantly from zero and tends to favor only one side, usually the right side 

in the limbs. It is important to acknowledge that there is asymmetry within everyone. The goal of 

researching asymmetry is to find a significant difference between two sides of the body in a 

group of individuals.  

Researchers have developed formulas and identified markers on the bone to assist in 

determining the causes of asymmetry. We know that bone will remodel in response to the 

stresses and strains placed on it (Ruff et al., 2006). With consistent force being applied on one 

side more than the other, the dominant side will begin to change its shape, causing asymmetry. 

Another important aspect in understanding asymmetry is recognizing the types of changes the 

bone undergoes. The length, periarticular dimensions, and midshaft diameters can vary, 

depending on the forces placed on the bone and the specific bone to which the force is applied 

(Krishan et al. 2010, Auerbach and Ruff 2005, Perchanski et al. 2018).  

It is crucial for researchers to understand which measurements to study in order to 

adequately test their hypotheses about asymmetry and handedness in human skeletons. 

Understanding muscle attachments can provide a starting point for asymmetry in bones because 
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the force is applied by the muscle during persistent activity (Cashmore and Zakrewski, 2013). 

Musculoskeletal stress markers (MSM), now referred to as entheseal changes, may be left on 

bones from occupational activity during life, giving researchers an idea of what actions an 

individual was undertaking (Cashmore and Zakrewski, 2013). These markers are most 

commonly studied in upper limb long bones rather than the hands, even though the hands are 

often highly engaged in most activities of the limbs as well. 

Relationship Between Handedness and Asymmetry   

 

           Handedness in humans can be directly related to asymmetry and is often found in human 

upper limb bones. Understanding how asymmetry evolves in the human body gives researchers 

insight into handedness and vice versa.  

           While many may think handedness is apomorphic in humans, other species show signs of 

handedness/dominant hand use (Lazenby, 2002). Because other species show signs of 

handedness, the use of stone tools probably was not the origin of handedness in humans as has 

been suggested, adding more evidence of a genetic influence on hand use (Marzke, 1997). Many 

studies have also shown that the rate at which handedness is present in humans is consistent 

throughout history, with the majority of people being right-handed (Steele, 2000, Varas and 

Thompson, 2011). This helps researchers understand handedness in populations from many time 

periods because of the suggestion that right-handed has always been preferred.  

Asymmetry is associated with handedness when the use of the dominant hand results in 

an increase of that side, whether that be in length, width, or bone density (Schulter-Ellis, 1980, 

Kanchan et al., 2008). One study found that right-handed people have a heavier right humerus, 

suggesting a greater total quantity of bone on the right side (Latimer and Lowrance, 1965). One 

reason we can associate handedness with asymmetry in upper limbs is because we do not see the 
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relationship with the lower limbs. The lower limbs experience less unequal mechanical loading, 

and the use of a dominant leg does not usually result in enough unequal force to cause 

asymmetry (Kanchan et al., 2008). This pattern can be seen in veteran tennis players. The 

dominant arm used in tennis showed a substantial difference in comparison to the nondominant 

arm, most often in the radius. The motion that tennis requires creates asymmetry between the 

radius and ulna. Males showed more pronounced asymmetry in the radius compared to females 

(Ireland et al., 2014). While every human experiences handedness and the use of a dominant 

hand, the variability of asymmetry gives us insight into what life was like for that individual. 

Social status and occupational habits can determine the amount of stress and strain being placed 

on the bone (Weiss, 2009). Using data on asymmetry in a population, we can analyze asymmetry 

to infer the handedness in individuals (Steele, 2000). In addition, analyzing handedness gives us 

ideas about what types of behaviors cause changes to bone (Steele, 2000). 

Asymmetry Variance Between Population and Sex  

 

To understand asymmetry among populations past and present, we can begin with early 

human ancestors. Early hominins exhibit hand morphology that is consistent with modern 

humans (Marzke, 1997). What we know about modern hand morphology allows researchers to 

use skeletal markers on human ancestors to assess their activity and lifestyle.  

Precision grips may be the link to understanding stone tool making and its relationship 

with asymmetry in ancient humans. Using eight morphological features of the hand, researchers 

are able to connect early hominins with changes related to the precision grip. The persistent use 

of one hand over the other creates directional asymmetry in the skeleton, whether that be ancient 

humans or modern humans (Kanchan et al., 2008). While many human-ancestor fossils are not 

intact enough to study fine precision gripping skills, many have the morphological ability for 
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effective stone-making skills, including A. afarensis (Marzke, 1997). The analysis of two-

million-year-old stone tools and flakes suggests that humans have always been predominantly 

right-handed and used their right hands in repetitive activities (Blackburn and Knsel, 2006). This 

is another clue that aids researchers in labor and activity patterns as well as the uniqueness of 

left-handedness.  

Kubicka et al. (2017) analyzed bilateral asymmetry among Neanderthal remains, 

aboriginal Australians, and medieval farmers. They found the Neanderthals and the aborigines 

showed equal loading on each side and both presented with little asymmetry between the two 

sides of the upper limb. But when the humerus was present, all aborigines showed a right-side 

bias in the humerus. Neanderthal results showed probable right-side favoritism. The medieval 

farmers showed high percentages of directional asymmetry attributed to the repeated motions of 

farming activities. Medieval females showed higher upper limb loading when compared to 

present-day females, suggesting an equal workload between the sexes in this particular medieval 

community. The span of population and time period suggests that, although handedness may 

often have a genetic component, directional asymmetry is not attributed to genetics as much as 

mechanical loading on the body (Steele and Mays, 1995). This data shows us that lifestyle and 

labor/activity levels are important keys to understanding asymmetry and handedness. 

The transition to the Bronze Age shifted gender roles in many societies across the planet. 

Humeri from males and females of the late Neolithic to early Bronze Age in Central Europe were 

analyzed to investigate asymmetry and manipulative movements. Evidence shows there was not 

an extreme change in activity during this era. Females presented with fluctuating asymmetry in 

cross-sectional parameters and directional asymmetry in biomechanical length. Males showed no 

shift in biomechanical length but did show directional asymmetry in the cortical area of the bone. 
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Researchers infer that males probably performed more asymmetrical agricultural labor, while 

females performed more symmetrical labor in both time periods (Sladek et al., 2007). Gender 

roles still present in many societies influence activity patterns of individuals in that population, 

leading to varying asymmetry between the sexes.  

A post-medieval study revealed asymmetry in metacarpals between males and females. 

Mays (2002) found males showed similar skill and grip strength when compared to modern 

males, but the non-laborer occupational men showed less directional asymmetry, while unlike 

the modern population, females showed little directional asymmetry. Little is known about the 

occupational practices of this population.  

Another study analyzed two populations in central Europe, spanning the ninth through 

the twelfth centuries, and a population from the 20th century. The goal of the study was to 

determine what asymmetry and handedness can tell us about the past for two populations in the 

same area over different periods of time. Using upper limb long bones for assessment, Kujanova 

et al. (2008) found that the more recent population was under more functional stress than the past 

population. The humerus showed the highest frequency of directional asymmetry of all the long 

bones. For this study, males and females were analyzed separately. Females showed asymmetry 

in 81% of the metric traits, and males showed asymmetry in 67% of the metric traits. Also, only 

females exhibited asymmetry in the length measurements of the long bones, and females 

presented with higher percent asymmetry in all aspects of the ulna.  

Two hunter-gatherer groups in California and British Columbia were studied to assess 

differences in asymmetry between the sexes. The objective was to distinguish between sexual 

dimorphism and occupational differences between the sexes. They found in both groups that 

males presented more asymmetry than females, likely because of jobs such as spearfishing and 
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its repetitive use of one arm. The males of the two groups did present different levels of 

asymmetry, suggesting directional asymmetry is established through stress and strain placed on 

the bone (Weiss, 2009). Based on location, one group of males probably did consistent rowing 

while the other shot bows and arrows, both activities are highly impactful on the humerus. 

Moving on to modern populations, we start to see less occupational activity and more 

multi-hand usage, but asymmetry is still present (Blackburn and Knsel, 2006). Much research 

has been performed to investigate the heritability and genetic aspects of asymmetry and 

handedness in humans. When studying neonates, there is a left-side bias around weeks 12-14 in 

long bone length, which eventually changes to an 85% right-side bias for the remaining neonatal 

ages into infanthood (Steele and Mays, 1995). These statistics are consistent with current adult 

populations around the world. Steele and Mays (1995) hypothesized that there is a genetic 

influence that helps determine the dominant hand, and mechanical loading influences the degree 

of asymmetry.   

Comparing two modern populations provides researchers with clues regarding what 

activities lead to asymmetry in the body. The comparison of rowers vs. archers on a ship was 

analyzed for variation in asymmetry between the two groups. Rowers showed very little 

asymmetry compared to archers, who showed a significant amount of asymmetry in the humerus. 

The rowers used their arms equally in a continuous motion, which correlated to equal strain on 

both arms, while archers pulled with one arm and held the bow with another. Studies such as this 

one can indicate patterns of activity but not always allow for specific occupations to be 

identified; this is why significant asymmetry can be so important to understanding activity when 

it is present (Stirland, 1993).  
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Another study comparing varying populations found differing degrees of asymmetry 

based on the known activity levels of that population (Ozener 2010). Some populations showed 

more sexual dimorphism between the males and females, suggesting that gendered roles in 

society influenced occupation. The populations compared were from 3590 B.C.E spanning to the 

1800s. Hunter-gatherers showed the highest asymmetry out of the six groups, and modern 

populations (1800s) showed no sexual difference in asymmetry. These results would seem to 

confirm that mechanical and environmental factors influence directional asymmetry more than 

genetics (Ruff et al., 2020). In this study, all dimensions showing bilateral asymmetry in the 

humerus favored the right side. One study performed on a modern population found that levels of 

both directional and fluctuating asymmetry were similar in males and females (Mcleod and 

Coupland, 1992).    

Sexual dimorphism is commonly found in asymmetry studies that examine skeletons 

from a society in which members perform sex-typical jobs. Waidhofer and Kirchengast (2015), 

for example, found that females of the Khoe-San showed more asymmetry in humeral length, 

while males showed more asymmetry in breadth dimensions. Ruff et al. (2020) found that 

division of labor, such as hunting vs. gathering, hard manual labor vs. industrial and farming, as 

well as sex are factors in the development of asymmetry throughout a population. 

Asymmetry in the hands is less commonly studied. Research on modern populations 

allows for the possibility of remains that are better preserved, with fewer missing bones, and for 

which occupation and lifestyle may be known. One study researched the relationship between 

phalanges and asymmetry in three dimensions of the proximal phalanges. Varas and Thompson 

(2011) acknowledge that phalanges are understudied because of the challenges associated with 

trying to side and orient them, but with all five phalanges present, there was a 100% success rate 
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in positioning and a 92% success rate when less than five are present. Their research found that 

health as well as environmental/mechanical factors influence asymmetry in the hand and in the 

phalanges specifically. They found directional asymmetry in the base-width measurement of the 

phalanges, and all measurements suggested right-side dominance.   

One study focusing on the second metacarpal analyzed two measurements of the bone 

and found bilateral asymmetry in the total width as well as width at midshaft. The pattern they 

found was present in the left- and right-handed individuals of their study. This study was 

performed on a modern population and was not divided by sex (Ruff et al., 1994). Lazenby et al. 

(2008) found the second metacarpal on the right side shows greater bone volume as well as an 

overall right-hand bias compared to the left. His study found similar results in males and 

females, both old and young. This result is supported by Garn et al.’s (1976) findings that the 

second metacarpal in the right hand is larger in bone area and cortical area. This finding is 

interesting because it was true whether the person was right- or left-handed.  

 A study that separated the sexes analyzed all metacarpals in relation to sex and 

occupation in Britain. Mays (2002) found that 80% of the metacarpals were larger in men with 

manual labor jobs, and men with nonlabor jobs showed less directional asymmetry. Females 

showed little directional asymmetry in any aspect, giving little detail to occupation. Ozener 

(2010) conducted a study analyzing laborious vs. non-laborious jobs and its effects on upper-

limb asymmetry. All participants were in their late teens and early 20s and worked either 1) a 

hard labor job and were low class, 2) were low class in a non-laborious job, or 3) were high class 

in a non-laborious job. He found the hard-labor group showed directional asymmetry in the 

upper limb, while the low-class/non-labor group showed directional asymmetry only in the 

hands. The people of the two low-class groups both showed higher percentages of directional 
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asymmetry than the higher-class group. The directional asymmetry increased the more laborious 

years they worked. This contradicts what Stirland (1993) suggested, that asymmetry decreases 

with age, although Ozener’s males were all still young adults.  

Musculoskeletal stress markers are one way to analyze hand bones for occupational 

patterns and asymmetry. Cashmore and Zakrzewski (2013) developed a scoring system for 12 

present and absent skeletal markers on the hands. Six out of 12 measurements showed right-side 

bias, five showed left-side bias, and one was symmetric. It is important to note that for the 

sample used, the thumb muscle was recorded for every sample. This type of scoring can be 

helpful in understanding behavioral differences between the hands, which is not as commonly 

studied compared to the long bones of the upper limb.  

When one does decide to study the hands, the measurements need to be meticulously 

taken because of the great difference a slight error can make on such small measurements. Hand 

bones are very small and can be hard to measure using certain tools. The Scheuer and Elkington 

method was the main method for measuring hands (using calipers) until Case et al. (2015) 

created a new method using a mini-osteometric board (MOB). This method allows for a smaller 

inter-observer error. When compared, the MOB produced lower inter-observer error for 92% of 

measurements, and 88% of the measurements had an error rate under 1.5%. The MOB 

measurements were also taken 10-12% faster than with the calipers (Case et al., 2015). 
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CHAPTER 3: 

MATERIALS AND METHODS 

 
The subjects for this study came from the Robert J. Terry Anatomical Collection, which 

is housed at the National Museum of Natural History in Washington, DC. The collection 

contains 1,728 skeletons of both Black and White individuals, most of whom died in the St. 

Louis area during the late 1800s and early 1900s (Albanase and Hunt, 2005). The original intent 

of the study was to examine a large sample of individuals from the Terry Collection with no 

missing measurements to compare the degree of asymmetry among different bones and 

dimension types (robusticity vs. length, for example). However, access to the Terry collection 

was closed during 2020 due to the Covid-19 pandemic, so the study instead used data previously 

collected to carry out some of the objectives of the originally planned project. 

In order to accommodate these circumstances, a data set containing both upper limb bone 

and hand bone measurements from a single set of individuals was not available, leading to the 

decision to use two separate data sets with somewhat different skeletons as subjects in order to 

begin to address the questions about relative asymmetry. A data set containing upper limb 

measurements was provided by David Hunt, Collection Manager for the Terry Collection, and a 

data set of unpublished hand measurements was provided by DT Case.  Both data sets were 

collected at the Smithsonian Institution from Terry Collection skeletons. The arm measurements 

were taken using a standard osteometric board. The hand measurements were taken with a 

Paleotech Concepts mini-osteometric board, except for midshaft diameters, which were 

measured with calipers. All osteometric board measurements were taken to the nearest 

millimeter, and measurements of the hand bones were taken to the nearest 0.01 mm. Information 

on sex and race was available for both datasets. Statistical analyses were conducted on the two 

data sets using SPSS version 26. 
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Asymmetry in the Arm Bones 

An important feature of the upper limb data set is that the sample of skeletons used had 

no missing measurements. All results within the arms are directly comparable because they are 

based on the exact same set of individuals. The arm data consisted of 150 individuals, including 

20 White males, 78 Black males, 19 White females and 33 Black females. Age was not recorded 

in these data sets. 

The first step in the analysis was to test for significant asymmetry between the sides of 

the body in the entire sample. The sexes and races were combined in this initial analysis because 

some of the race+sex groups are rather small. In order to address the question of measurement 

asymmetry in the sample, a paired sample t-test was run for each measurement of the upper limb. 

The alpha value was set at 0.05 for this and all subsequent tests. Paired sample t-tests were used 

because the two measurements that are being compared are from a single individual, so in that 

respect the data are paired. Every measurement was found to show significant asymmetry in the 

combined sample, so all were retained for further analysis.  

The next step was to narrow the focus to specific groups to determine whether race and 

sex were factors in asymmetry of the upper limb. I considered the two races separately, the two 

sexes separately, and then the four combined race+sex groups—Black males, White males, 

White females, and Black females—for a total of six groups. Another round of paired sample t-

tests were conducted for each group listed above.  

In order to examine the relative directional asymmetry between the two sides of the body 

in these groups, I created new variables by subtracting the left side measurement from the right 

measurement for each individual. Right minus left was chosen rather than some other statistic 

because it is expected that a majority of the population will be right-handed. Because of 
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directional asymmetry, this statistic should result in mostly positive outputs, such that only 

negative numbers would suggest a higher probability of left-handedness. This approach makes 

the data easier to assess visually. A total of six directional asymmetry variables were created. 

They consisted of the right/left difference between four humeral measurements: humerus 

maximum length (HumMxLng), humerus maximum vertical head diameter (HumMxDia), 

humerus maximum head diameter (HumMxVertHead), humerus distal epicondylar breadth 

(HumDisEpiBrd), radius maximum length (RadMxLng), and ulna maximum length 

(UlnaMxLng). For each skeleton and measurement, the number of individuals with right side 

versus left side bias was counted. From these data, it was possible to determine for each race+sex 

group what proportion of the sample showed a right-side bias for each measurement.  

Asymmetry in the Hands: 

The next step in the analysis was repeating many of the same steps described above on 

the hand data. The sample of hand bone measurements consisted of 86 individuals with a feature 

list that I narrowed down to the specific measurements of interest to this study. Because one 

objective of the study is to identify measurements that might provide insight into handedness, the 

bones of the second digit were targeted due to their involvement in precision grip (Marzke, 

1997). These included measurements from Metacarpal 2 (MC2), including the base width 

(MC2BW), head width (MC2HW), length (MC2L), and midshaft diameter (MC2MD). Proximal 

Phalanx 2 (PP2) was easily identifiable compared to other phalanges and was included as well 

for length. Metacarpal 5 length (MC5L) and Proximal Phalanx 5 length (PP5L) were also 

studied. MC5 and PP5 were chosen for their involvement in the power grip (Ruff et al.,1994). 

The length and base width of Distal Phalanx 1 (DP1) were also included because of the obvious 

involvement of the thumb in most activities involving the hand. Other bones of the thumb are 
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highly susceptible to osteoarthritis, which can interfere with the ability to obtain an accurate 

measurement, but DP1 is the least likely bone of the thumb to show osteoarthritis.  

The paired sample t-test results suggested not all hand measurements exhibited 

asymmetry. Four measurements presented with significant asymmetry: MC2 length, head width, 

and midshaft diameter as well as DP1 base width.  Therefore, for all further analyses, the other 

bones were excluded. 

 As was done for the arm bones, new variables were created to calculate the difference 

between the right and left sides for each measurement. However, because there were missing 

measurements in the hand data set, the sample size for each variable was different for each 

race/sex group and dimension. The missing measurements were caused by damage or lipping of 

the bones, which did not allow accurate measurements. A total of nine variables for measuring 

directional asymmetry were derived from the hand bones. 

Finally, the hand data were broken down into sex and race groups, as was done for the 

arms. Four race+sex groups were created, along with groups including all males and all females, 

so that similarities and differences among these groups could be reported.  Sample sizes were 

small for these more specific groupings, and these smaller samples may have had an impact on 

results.  The sample consisted of 22 White males, 21 Black males, 21 White females, and 21 

Black females. Because of the similar sizes of each of these samples, the combined male and 

female samples as well as the combined race samples were at least balanced in terms of racial or 

sexual composition. 

A paired sample t-test was run because the left and right-side measurements were treated 

as coming from one individual. The alpha was set to .05, meaning if an output was less than the 

alpha there would be significant asymmetry. All of the remaining data was attained through 
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outputs of SPSS. Percent asymmetry was calculated using the formula,  [(Mean Left - Mean 

Right)/(Average of Mean Left + Mean Right)] x 100. 
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CHAPTER 4:  

RESULTS 

 
Descriptive statistics for the arm and hand measurements are provided in tables 4.1-4.14. 

Upper limb measurements are presented in tables 4.1-4.7 with hand measurements in tables 4.8-

4.14.  

Relative Asymmetry in the Arms 

The initial round of testing for directional asymmetry was performed on the upper limb 

measurements for the entire combined sample of males and females. The results of the paired 

sample t-test showed that all six measurements showed signs of asymmetry. All six dimensions 

showed a statistically significant difference between the two sides. (Table 4.1).  HumMxLng 

showed the weakest directional asymmetry (p=0.014). 

A new variable was created by subtracting the left side measurement from the equivalent 

right-side measurement. A positive result meant there was right-side bias, while a negative result 

meant a left-side bias. A right-side directional bias was found for all of the upper limb 

measurements in the combined sex sample. 

In consideration of the fact that all these measurements were statistically significant, the 

samples were split into groups by race and sex (e.g. White males), then by sex as a whole (e.g. 

Black and White males). Another round of paired sample t-tests was run for each of the 

individual groups to determine whether asymmetry remained significant for all measurements. 

Separate paired sample t-tests were also run on a combined sample of all males and all females. 

For the upper limb, males had a sample size of 99 and females had a sample size of 52. (Tables 

4.2-4.7) 
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All groups, including race+sex and combined sex showed significant asymmetry in 

HumMxDia. This suggests that this measurement may be the most universal indicator of 

directional asymmetry. UlnaMxLng was also an indicator of asymmetry in all groups. White 

females were the only group that failed to show a significant difference for HumDisEpiBrd. 

Given that White females had the smallest sample size (N=19) in the study, it is possible that 

with a larger sample, a difference would have been evident. HumDisEpiBrd showed signs of 

asymmetry in all other groups, suggesting it would also be a good measurement for directional 

asymmetry studies. The RadMxLng showed significant asymmetry in Black males, while White 

males did not exhibit asymmetry. HumMxLng failed to show asymmetry for both male groups, 

while differences were significant for both female groups.  

Overall, the most productive indicators of asymmetry in the upper limb irrespective of 

race or sex would appear to be HumMxDia, UlnaMxLng, and HumDisEpiBrd. 

Relative Asymmetry in the Hands 

The next step in analysis was to determine which measurements from the hand data 

would show significant asymmetry. There were nine measurements of interest for the hand at the 

start. Paired sample t-tests were run using all the data available. The only measurements that 

showed significant asymmetry were MC2L (p = .001), MC2HW (p< 0.001) and MC2BW (p < 

0.001), while DP1BW showed asymmetry at (p < 0.041). None of the remaining measurements 

showed significant asymmetry 
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The four measurements that exhibited significant asymmetry were next examined by sex 

and race groups. It is important to note that this data set had some missing data, so that sample 

sizes varied depending on the measurement. White males had sample sizes between 21-22, Black 

males 19-20, White females 20-22, and Black females at 18-20. (Tables 4.9-4.14) 
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MC2HW is the most consistently asymmetric for all groups except for White males, 

where it just misses the significance cutoff (p=0.052). The smaller sample size for White males 

likely limited the ability to see a significant difference if one was present.  The probability of a 

sample size effect seems more likely when both races are combined, because the p-value for 

Black and White males combined is lower than for either group considered separately (Table 

4.13). 

MC2MD shows a similar pattern, though not quite as strong as MC2HW. All groups 

except Black males show significant asymmetry. When the two races are separate, Black males 

show a substantially smaller difference than White males (0.06 mm vs. 0.27mm), but when the 

races are combined into an all-male group, the difference remains significant (p=0.038), though 

unlike with MC2HW, it is not lower than for White males alone (p = 0.027). MC2HW still 

shows a larger difference, suggesting this is the best measurement to use for assessing directional 

asymmetry in the hands. 

When both sexes are combined, all of the MC2 measurements show significant 

asymmetry. When focusing on just females, all the MC2 measurements and DP1BW show 

significant asymmetry.  

Arm Vs. Hand Asymmetry 

The goal of this research project was to analyze upper limb and hand measurements for 

the most reliable measurements in estimating asymmetry, with the goal of identifying the 

measurements with the greatest potential to indicate handedness. There were some patterns in 

these data that suggest the arms remain the more valuable bones for identifying handedness, 

although some of the hand bone measurements may be important contributors as well.  
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Both races and sexes showed asymmetry in HumMxDia. This suggests that HumMxDia 

is probably the closest to a universal measurement that can be used on any sample when 

analyzing directional asymmetry. HumDisEpiBrd was asymmetrical in all groups except White 

females, which had the smallest sample size. Even so, the p-value (0.097) was fairly low, 

suggesting the possibility that with a larger sample size, the results would correspond with the 

rest of the groups and make distal epiphysis breadth a reliable indicator of asymmetry as well.  

Another universal measurement that should be reliable for identifying directional asymmetry is 

UlnaMxLng because all groups showed significant asymmetry of this measurement.  

For the upper limb data, Black males had the largest sample size by far at 78, so they 

show more significant asymmetry in the remaining measurements compared to the White male 

sample. Black males showed significance in radius maximum length and humerus vertical head 

diameter, while White males did not. Radius maximum length showed significant asymmetry for 

both female race groups, but humerus vertical head diameter was not significant for White or 

Black females.  

The patterns between the two sexes indicate that males do not show significant 

asymmetry in HumMxLng, while females show a difference for this measurement. HumMxLng 

might be a better measurement in female asymmetry studies rather than those targeting males.  

MC2HW shows a significant amount of asymmetry in all groups, making it a good 

candidate for handedness studies. MC2MD showed asymmetry in all groups except Black males, 

but when the sexes are combined, the asymmetry is evident, also making it a good candidate for 

asymmetry studies. The fact that females show more asymmetry in the hands than males should 

not come as a surprise, because females also show osteoarthritis of the hands at a younger mean 

age than males (Merbs, 1996, Yoshimura, 2009). 
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Much of the percent asymmetry data supports the results from t-tests. For the upper limb, 

HumMxDia shows the highest percentage difference between the two sides at 2.82% for males 

and 2.40% in females. Females showed higher percentages in all other categories. Females often 

show more asymmetry in humerus maximum length (Waidhofer and Kirchengast, 2015), while 

males in this study showed a slightly negative percentage. 

 

Table 4.17. Percent Asymmetries for Male hand measurements. 

   

Males Combined Mean % Asymm.  

MC2L 70.45 0.50 

MC2HW 12.50 2.33 

MC2MD 12.50 1.38 

DP1BW 15.55 0.46 
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Table 4.18. Percent Asymmetries for Female hand measurements. 

   

Females Combined Mean % Asymm.  

MC2L 65.85 0.68 

MC2HW 10.70 4.31 

MC2MD 10.85 2.50 

DP1BW 13.55 0.61 

 

Percent asymmetry in the hands displayed the strongest results. MC2HW showed a 

percent asymmetry at 2.3% for males and 4.3% for females. MC2HW shows the strongest results 

in the hands for an asymmetry study for both males and females. MC2MD also showed strong 

asymmetry with 1.4% for males and 2.5% for females. For the upper limb and hand results, 

females presented with higher asymmetries in all measurements (with the exception of 

HumMxDia in males). 

 In summary, the best measurements for analyzing directional asymmetry in the arms are 

humerus maximum diameter at the midshaft, maximum length of the ulna, and distal epiphyseal 

breadth of the humerus. In the hand, the measurements that would be the most reliable to use 

would be MC2HW and probably MC2MD, but all MC2 measurements might prove to be useful 

if examined in a larger sample study. Overall, HumMxDia shows the greatest directional 

asymmetry in males, followed by MC2HW. In females, MC2HW shows the greatest asymmetry, 

followed by MC2MD and then HumMxDia. Radius and ulna maximum lengths show moderate 

asymmetry in females (roughly 1.5% for both) but less than 1% asymmetry in males. 

 

 

 

 

 

 

 

 



   

37 

 

CHAPTER 5: 

DISCUSSION AND CONCLUSION 

 
The use of hand bones as indicators of handedness and asymmetry is an understudied 

area, but recent research has brought to light some important details that these smaller bones can 

provide. The study conducted here aligns with the findings of many other studies in the areas of 

asymmetry and handedness using upper limb bones, including the hands (metacarpals and 

phalanges).  

This study, like many others, separated the sample by race and sex. In so doing, it was 

found that only females showed asymmetry within humerus length measurements, a finding that 

coincides with that of Waidhofer and Kirchengast’s (2015) study of Khoe-San skeletons but 

which contradicts the findings of Auerbach and Ruff’s (2006) study where 69% of males showed 

right-side bias (asymmetry) in the humeral length. Many studies of the arms find the humerus to 

be the most useful bone for studying asymmetry. However, the current study found that not all 

humerus measurements show significant differences between the sides, including humerus 

maximum length in White males. It may be important for future studies to narrow down which 

humerus measurements are the best measures of asymmetry on a wide range of samples for best 

results. A study that includes humerus length may only show significance in females; adjusting 

for race and sex results from other studies can provide a clue to what future studies should expect 

in their results. Table 4.1 shows how this study’s results of percent asymmetry compared to those 

of Auerbach and Ruff (2006). 
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Auerbach and Ruff (2006) did show asymmetry in male humerus lengths in contrast to 

the current study and Perchaiski et al., 2018, but as was true for the current study, female 

asymmetry in this dimension was higher. In fact, for all three measurements, females showed 

higher percent asymmetry (HumMxLng, HumEpBrd, and RadMxLng), matching the results of 

the current study.  

A study by Waidhofer and Kirchengast (2015) also showed similar results to the current 

study (Table 5.2). Not only did females show substantially greater percent asymmetry for 

HumMxLng, but also males showed greater asymmetry for HumMxDia than females. However, 

unlike the current study and that of Auerbach and Ruff (2006), Waidhofer and Kirchengast 

(2015) did not find that females showed greater asymmetry in RadMxLng. Instead, males and 

females showed quite similar asymmetry in the length of the radius at about 1%. Overall, the 

asymmetry percentages were closer between the two sexes for Waidhofer and Kirchengast than 

for this study.    
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The radius and ulna are often examined in asymmetry studies interested in activity-

related asymmetry that may be impacted by activities such as tennis or rowing. These studies 

often help us understand activity in past societies. The current study found significant 

asymmetric differences in the lengths of both the radius and ulna. These results were present 

throughout all sex and race groups, making them good candidates for low-strain activity studies 

as well. It is possible this sample included men who engaged in heavy manual labor jobs, but it is 

unlikely that it included participants engaged in extreme sports or women doing heavy labor jobs 

(Mills, 1999).  

Moving toward the distal end, the metacarpals and phalanges, the second metacarpal is 

the most commonly studied single metacarpal (Lazenby et al.,2008, Roy et al.,1994, Garn et al., 

1976). Many of these studies have examined cortical thickness and the overall area of the second 

metacarpal to assess asymmetry. Despite this difference in methodology, these studies can still 

be important in understanding asymmetry in midshaft-diameter and periarticular type 

measurements. Cortical bone thickness is a reaction to the stress placed on the bone shaft (a 

cause of directional asymmetry), potentially leading to a difference between the two sides (Garn 

et al, 1976). The current study found that second metacarpal midshaft diameter and head width 
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both showed significant asymmetry, which is similar to findings of other studies. Lanzenby et al. 

(2008) found that second metacarpal head width favored the right side and showed greater bone 

volume on the right side. Garn et al. (1976) also found the midshaft diameter of metacarpal two 

to be asymmetric.  

 

 

 

 

 

 

 

 

McLeod (1992) analyzed the hands through radiographs and researched hand bones 

lengths. McLeod found significant asymmetry in the MC2L for both males and females, 

matching the results from the current study. Because asymmetry in MC2 has been examined in 

several previous studies, it may be the best hand bone to use when measuring asymmetry, at least 

until a better one is identified.  

The analyzation of phalanges for asymmetry is understudied, but one reliable study did 

find a significant difference favoring the right side: Varas and Thompson (2011) studied 

maximum length, maximum base width, and maximum head width of all of the phalanges in an 

attempt to develop criteria for properly placing these bones into the correct ray. This study did 

not find significant differences/asymmetry in the phalanx data. This could be due to the small 

sample size for each group, consisting of between 19-22 per sample, although the current study 
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was able to identify some examples of asymmetry in other bones of the arm and hand despite 

similar sample sizes. Another factor contributing to asymmetry in the phalanges is the use of 

precision vs. power grips. The second digit distal phalanges, which play a major role in precision 

grip, were not available for study. They are very difficult to place into the correct digit (and on 

the correct side) with 100% accuracy once mixed with other hand bones (Case and Heilman, 

2006). With a larger sample size and more measurements available, it is likely this study would 

have found similar results to past studies of asymmetry among the phalanges. 

Conclusion 

The primary goal of this thesis was to determine the most valuable measurements for 

estimating handedness using upper limb and hand bone measurements. The arm bones are 

commonly used for asymmetry studies, but the hand bones are less commonly used, most likely 

because of the challenges involved in siding and positioning many of the hand bones once they 

are disarticulated. The results of this study found asymmetry to some degree in all of the arm 

bones, including the humerus, radius, and ulna. In particular, the maximum diameter of the 

humerus, distal epicondylar breadth of the humerus, and maximum length of the ulna seems to 

show fairly consistent asymmetry regardless of sex or race. There was also asymmetry present in 

the second metacarpal, but the only measurement that showed asymmetry consistently was MC2 

head width. These results align with many other studies performed on asymmetry in the past. 

Signs of sex-specific asymmetry were present in humerus length favoring females.  

To answer the four questions asked in the beginning, we start with findings on degree of 

asymmetry present in this set of bones. This study did find that bones in the upper limb and hand 

are strong candidates for evaluating asymmetry because of the amount present. Not every 

dimension of this study showed significant results, but this aids in future research for 
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understanding what not to measure and what does show strong results. Third, the upper limb 

bones still remain the strongest contenders for asymmetry studies, but the hand does have some 

promise, especially in the second metacarpal. Lastly, the implications that race and sex influence 

asymmetry was found in this study. Race showed minimal results in the influence of asymmetry, 

which in part could be do to sample size, but the sexes did show varying results, which suggests 

sex is a factor in asymmetry.  

Overall, this study can aid in understanding which measurements tend to demonstrate 

asymmetry in the upper limb, including the hand bones. Future studies can use this information 

when studying precision vs. power grips, activity patterns from archaeological populations, and 

estimating handedness from current forensic cases.  
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