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ABSTRACT 

 

 This thesis examines the effects of secular trends in stature between temporally 

and spatially different populations and assesses levels of homogeneity between historic 

and modern Central European populations and recent U.S. skeletal samples.  By 

examining secular effects in response to socioeconomic, environmental, and cultural 

conditions it has been concluded that there exists a high degree of homogeneity within 

the U.S. skeletal sample as demonstrated by measurement means and standard deviations 

for both males and females.  When compared to previously published historic and 

modern data on Central European stature, the various U.S. skeletal stature measurements 

provide some similar results and suggest (based on cultural information such as census 

data) their demographic continuity.   

By utilizing previously published studies that discern social strata among historic 

and modern Central European populations, different socioeconomic aspects and 

environmental variables are delineated as to disparities in secular trends of stature (such 

as nutrition, education and income levels, exposure to pollution, etc.).  It is hypothesized 

that differences in stature can be observed between the populations by referencing 

socioeconomic, environmental, and cultural aspects of growth that can affect the original 

genetic trajectory of a human’s skeletal height.  That is, these socioeconomic variables 

have the ability to affect stature to some degree.  Although no marked secular trend in 

stature exists between the two studied populations, the recent U.S. skeletal sample could 

very likely be a descendant population of modern Central Europeans due to the great 

similarity in stature (homogeneity) between both populations.   
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CHAPTER 1 

 

INTRODUCTION 

 

This study examines the hypothesis that people who migrate into improved 

socioeconomic conditions (better nutrition, healthcare, education and income levels, and 

living conditions) should exhibit larger, healthier growth compared to their original 

population by contrasting observed stature.  It examines a U.S. skeletal sample as part of 

a secular trend specifically as this change is reflected in stature.   

Although secular trends regarding stature are well documented in Europe 

(Cameron, 1979; Bielicki and Szklarska, 1999; Bielicki, et al. 1992; Cernerud and 

Lindgren, 1991; Ljung, et al. 1974; Meredith, 1976; Weber, et al. 1995), this process has 

the ability to act spatially as well as temporally (Kolodziej, et al 2000).  This study 

examines if such trends occurred during the period of population migration from Europe 

to the United States of America.  Human skeletal growth is connected with changes in 

socioeconomic conditions (Bielicki and Szczotka, 1981; Weber, et al 1995; Bielicki, et al 

1992; Prokopec, 1970; Malina, 1979; Bogin, 1988) and largely with genetics.     

According to Ulijaszek (1993), the secular trend is defined to describe “marked 

changes in growth and development of successive generations of human populations” and 

normally concerns the rate of human growth and development, or a change in adult body 

size and/or stature.  In other words, secular trends are short-term phenotypic human 

skeletal responses to cultural, environmental, and socioeconomic pressures.  Changing 

levels of income and education, nutrition, healthcare, and living conditions can have 

dramatic effects on human stature in short periods of time.  Undoubtedly, such changes 

are due to the socioeconomic factors of European-origin populations in the past two 
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hundred years.  Generally, average heights and weights are successively greater with each 

generation, while the onset of puberty and associated growth spurt take place at younger 

ages (Ulijaszek, 1993).  If exposed to adverse socioeconomic conditions (increased 

pollution, for example), secular trends can also act in an adverse manner, often reducing 

body-size and stature and delaying sexual maturation (Ulijaszek, 1993).  For general 

background information on secular trends see Himes (1979), Roche (1979), and Malina 

(1979).   

What can be observed in many populations who experience better socioeconomic 

conditions (such as improved nutritional status) is an increase in stature in comparison 

with past generations (Tanner, 1981; Lowrey, 1986).  If such gains stop, genetic 

implications can be made (as to whether or not a populations “genetic potential” has been 

reached) or that their socioeconomic conditions have stopped improving (Weber, et al 

1995).  Tanner (1981; 1986) states that secular trends in growth are direct reflections of 

changes in living standards of a population rather than a reflection of any genetic 

alteration.  Also in adults, mean head-breadth, mesiodistal and buccolingual diameters of 

tooth crowns, and antero-posterior diameter of the pelvis increase (Ulijaszek, 1993).   

Through the analysis of secular trends it is possible to examine some potential 

effects of socioeconomic factors that influence the growth and development of human 

skeletal anatomy (Bielicki and Szklarska, 1999; Bielicki, et al 1992).  By referencing 

previous secular trend studies regarding stature variation, a comparative backdrop is 

created to evaluate the present data. 

By comparing stature estimates and other data collected by the author at the 

Hamann-Todd Osteological Collection (Jellema, 2007) with previously published Central 
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European data, the nature of any secular trend is explained through various analytical 

methods and data analysis – the Hamann-Todd population is described herein as a 

potential descendant group of Central and Eastern European immigrants.   

The results of this study report on secular trends in stature that are either 

nonexistent or did not have the appropriate timeframe to occur.  This could suggest that 

rural peasants in Central Europe immigrated to the United States but did not experience 

any improved socioeconomic conditions (and therefore did not grow), or that selective 

migration was responsible for short stature in America since only short Central 

Europeans migrated (Kobliansky and Arendsburg, 1977; Haley and Elwood, 1986; 

Macbeth and Boyce, 1987).  Comparisons of secular trends (or lack thereof) within the 

population’s stature estimates possess the ability to help explain this issue.   

 

 



4 

 

CHAPTER 2 

BACKGROUND 

 

Growth and Development 

To understand human skeletal growth, development, and phenotypic plasticity, it 

is important to understand some basic aspects of human skeletal biology.  For an 

introduction to cartilage and bone histology see Enlow (1968) and Scheuer and Black 

(2004).  For an introduction to nutrition see Lowrey (1986), and for an introduction to 

human growth and development, see Ulijaszek (1998c).  Ulijaszek (1998c) also offers an 

excellent summation of the history of growth and development studies. 

It is necessary to study non-genetic issues of growth and human skeletal plasticity 

because biocultural studies hinge on the integral network of biological and cultural data.  

From a biological anthropological perspective, biological aspects of anthropology can 

discern aspects of culture and the human condition – they can investigate how human 

growth, culture, and environment are interrelated.  Socioeconomic effects of human 

growth and development (such as environment, exposure to pollution, population density, 

family size, education and income status, nutrition, and access to health care), combined 

with metric skeletal data and relevant culture histories, can investigate the nature of the 

secular trend. 

Nutrition in relation to normal growth is pertinent to this study because many of 

the previously published studies reference it as a measure of general well being.  Lowrey 

(1986:386) mentions that nutritional deficiencies are directly related to socioeconomic 

discrepancies such as low levels of income, education, and large family sizes and adverse 
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living conditions.  Lowrey (1986:405) demonstrates that there is a direct correlation 

between nutritional status, income, and/or socioeconomic level, stature, and weight (with 

the lowest in the poorest population groups and the highest in the wealthiest population 

groups).  Lowrey (1986:406-407) believes that diet affects many aspects of human life 

including obesity, blood pressure, mental disorders, sexual and skeletal maturation rates, 

constipation, sexual sterility and infertility, sickness, and disease.  Mascie-Taylor 

(1991:76) mentions how inexpensively improvements in children’s health can be made.   

 The incidence of non-genetic change in human skeletal anatomy over only a few 

successive generations is well known.  Bogin (1988) has noted that improved 

socioeconomic conditions (especially improved nutrition and living conditions) can 

influence growth positively in a short period of time.  Schell (1992 and 1994) has noted 

the debilitating effects that pollution, environmental toxins, smoking, drinking, and 

substance abuse can have over the course of an individual’s lifetime that can also cause 

growth, developmental, and maturation problems of unborn fetuses.   

 Ulijaszek (1998a:417) states that there are a number of early relationships that 

demonstrate long-term biological and/or behavioral consequences, including the potential 

for various cardiovascular, respiratory, and psychological diseases, as well as affecting 

skeletal growth positively or adversely.   

Human developmental processes are environmentally sensitive in many different 

ways, with the results only becoming apparent in adult life, even if they do not manifest 

during childhood.  These relationships affect the human lifespan and there are many long-

term environmental consequences of early environmental influences (Ulijaszek, 
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1998a:417).  Such relationships have great bearing on the plasticity of the human 

skeleton (including adult stature), and could possibly alter the original genetic trajectory. 

 

Socioeconomic Effects 

Many secular trends observed during 20
th

 century populations of industrial 

societies demonstrated taller stature and accelerated physical maturation (Bielicki, 1986).  

According to Bielicki (1986), this is most likely due to phenotypic response to 

improvements in living conditions, rather than a reflection of the allele frequency of the 

population.  Bielicki (1986) notes that urbanization, family size, parental status (with 

regard to education/occupational rank) and income are factors in determining how social 

factors impact growth over time.  Bielicki (1986) believes that children from lower 

socioeconomic strata have only recently begun to catch up because the living standards of 

society as a whole (education, housing, sanitation, welfare programs, etc.) reduce the 

effects of environmental deficits, allowing children from lower socioeconomic strata the 

same growth and development opportunities.  For a biological introduction to social 

class, see Mascie-Taylor (1990).   

Ulijaszek (1998b:441) notes that as environmental and genetic conditions change, 

so do growth patterns, mortality rates, fertility, health, and diet.  Also, Fei and Ranis 

(1997:358) quantitatively indicate that human development is a direct response to 

economic development in industrialized nations. 
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Large-Scale Influences 

Many large-scale phenomena also have the potential to produce secular effects in 

the human skeleton.  Shifts towards agriculture, industry, and the modernizing effects 

they carry also influence human skeletal growth and development (Komlos, 1985; Voth, 

1995 and 1996; Goodman, et al 1988; Floud, 1990).   

According to Ulijaszek (1995:83), “Modernization encompasses all the 

developments that have taken place in the wake of industrialization.”  This includes 

mechanization and pollution, a breakdown of social classes and increased social mobility, 

spread of education, social systems, more complex economic, technological, and political 

systems – secular trends are often a result of such processes (Ulijazek, 1998:402).  

Goodman, et al (1988) believes that the underlying foundation of subsistence 

changes is that a change in nutritional status will be reflected by a change in human 

skeletal anatomy in growth and adult stature.   

 

Migration 

Migration is another large-scale phenomena that can have potent effects on the 

growth and development of the human skeleton.   

Causes of migration may be to better one’s economic position, obtain a better 

education, to escape war, for political/ideological reasons, and to escape detrimental 

environments (such as those migrating out of Chernobyl) (Susanne, 1979).  Fifty million 

Europeans have left their continent in the last 500 years, and more than 50 million have 

migrated/become refugees in the last 60 years (Susanne, 1979). 
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In small numbers, migration can produce genetic drift, founder effects, and reduce 

the number of gene-pool differences across populations (Susanne, 1979).  In large 

numbers, there is the potential for incredibly large amounts of gene flow.  Eberhard 

(1996) notes the potential impact that sexual selection (and patterns of endogamy or 

exogamy) can have on the genetic structure of populations.  New populations (such as the 

immigrants from Central Europe to Cleveland, Ohio) are formed partly due to these 

evolutionary pressures, with respect to original genotypes, type and degree of 

environment exposed to, patterns of marriage and procreation, and social structure 

(Ulijaszek, 1998b:440). 

Also, some physical changes of human phenotypic plasticity may occur due to 

migration (Susanne, 1979).  For example, greater breadths and girth measurements 

(especially of the thorax) are observed in high-altitude compared to low-altitude 

migrants, and an adaptation to hypoxia may be part of the explanation and is directly 

related to age at migration and to the length of residency during childhood, not during 

adulthood (Susanne, 1979).  Susanne (1979) concludes that most physical change is due 

to an improvement or degradation of environmental quality that include variables such as 

living conditions, medical care, nutrition, and weight, stature, and onset of puberty will 

be affected.  Such access is usually limited by factors such as socioeconomic status 

(income, for example), food availability, and health status, and will be the main 

determinants of biological change in growth and development following migration.  In 

combination with factors of selection like gene flow, the founder effect, and genetic drift, 

variation can either increase or decrease greatly. 
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Some authors have demonstrated proof for migrants being taller and heavier than 

sedents after they migrate to improved living conditions and improved nutrition 

especially (Susanne, 1979; Tanner, 1981; Bielicki, 1986).  This is only true for migrants 

in areas with access to good living conditions and nutrition because Susanne (1979) 

demonstrates that poor environmental conditions will hinder these positive influences of 

growth and weight gain. 

 The impacts of large-scale processes such as agriculture, industrialization/ 

modernization, and migration all have significant effects on the growth and development 

of human skeletal anatomy and its plasticity as referenced by secular trends. 

It must be mentioned that many migrant studies assume that migrants are 

representative of the populations that they leave.  Smith and Zopf (1976) and Shapiro 

(1939) note that migrants may over-represent a small and selective portion of their 

populations’ gene pool.  This can potentially alter the outcomes of comparative 

anthropological studies as populations may be disproportionately represented.  Mascie-

Taylor (1988) demonstrates that selective migration (and the associated differential gene 

flow) can promote and maintain clinal or between-group differences, especially for 

stature across both geographic and social boundaries.   

Migration also has incredible potential to alter the genetics of the populations 

involved (Susanne, 1979).  Migrants are not always direct social and demographic 

representations of their natural populations; it is often economic conditions that affect the 

spatial pattern, volume, and kind of migration.  When examining previous secular trend 

studies, it cannot be discerned whether or not the observed differences are due to 

selective migration, heterosis, or environmental effects related to the new environment of 



10 

 

migrants (Genoves, 1966).  That is, the anthropometry of migrants is affected by the 

amplitude of the migration, ability to adapt to the new environment (and associated 

aspects of pathology and diet), frequencies of endogamy and exogamy, as well as 

selective forces of founder effects, genetic drift, and gene flow (Susanne, 1985; Genoves, 

1966).  It is clear that the issues comprising human migration studies are difficult to 

explain.  Investigating alternative explanations of taller stature can shed light on their 

possibilities to be secular in nature.   

Selective migration has the ability to misrepresent the migrating population.  

Migrant studies in changing stature between migrant and non-migrant populations (Haley 

and Elwood, 1986; Kobliansky and Arendsburg, 1977; Macbeth and Boyce, 1987) 

demonstrate issues of selective migration and gene flow.  Haley and Elwood (1986) 

mention that male migrants out of the Rhondda Fach during 1950-1970 were on average 

taller than men who did not migrate.  Although such differences in stature were explained 

in anthropometric terms, it could possibly be explained that the migrant population 

selected were generally taller to begin with and/or possessed a greater genetic propensity 

for taller growth.  Therefore, this selective migration selected a migrant population not 

representative of the average constituents of the Rhonnda Fach population from which 

they migrated and only exhibited taller stature because they were taller to begin with.   

Kobliansky and Arendsburg (1977) investigate how and why age, mobility, and 

morphology can affect human morphology due to migration and selection.  They 

demonstrated how differences may not be ascribed to effects of the environment and may 

be explained by the morphological and genetic structure of the populations involved at 

the time of migration.  Kobliansky and Arendsburg (1977:58) believe that the 
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morphological differences between the migrants and non-migrants of a homogeneous 

population become stronger in descendants of the migrants, resulting in further 

differentiation from the original, ethnically homogeneous population.  These 

morphological differences (including taller stature) may become more pronounced as this 

genetically selected group introduces their genes into the gene pool of the new population 

and adapts to the new environment.  Selectivity at point of migration may clarify who 

migrated with regard to socioeconomics and demography and could link biological 

selectivity (such as taller or shorter stature) with motivations and causes for migration 

(Macbeth and Boyce, 1987).  That is, “Since the selectivity for social, economic, and/or 

demographic characteristics is known to vary so greatly under different migration 

circumstances, the biological correlates of these would also vary, i.e. the causes of 

indirect selectivity would alter” (Macbeth and Boyce, 1987:412).  Cultural explanations 

may also help clarify the physical changes observed (Kobliansky and Arendsburg, 

1977:58).   

It is also noteworthy how the effect of age can misrepresent anthropometric 

changes in stature between migrant and non-migrant populations.  Steegman (1985) notes 

how the effect of selective recruiting in the military can produce samples that 

misrepresent the overall male population because in times of war it was difficult to recruit 

the correct number of soldiers who fit the minimum height requirement.  Therefore, 

wartime armies often included more short men than did peacetime standing armies 

(Steegman, 1985:81).  Therefore, Komlos’ (1985) heights of Central European military 

conscripts may be a misrepresentation of either a shorter or taller population.  Steegman 

(1985) also mentions the effect that young and still growing men would have on stature 
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comparisons.  If these height calculations included many young men who fit the height 

requirement but were still growing, final estimates would be misrepresented by a 

disproportionately shorter mean height.   

Macbeth and Boyce (1987) note that many migration studies are associated with 

expectations of improved health and nutritional status, but that this is not always the case.  

When improved health and nutritional status are in fact encountered, plasticity may play a 

larger role (than when better socioeconomic conditions are not met) than initial 

selectivity and could therefore explain the taller stature of migrants.   

Therefore, several alternative conditions for taller stature must be examined when 

analyzing secular trends in stature.  Also, one cannot assume a persistent, direct link 

between the stature of migrants (compared to non-migrants of original ethnic 

homogeneous population) and the probability of and causes for migration.   

The potential for secular trends within the modern Central European and 

Hamann-Todd populations is great because they exhibit some of the possible 

characteristics necessary for secular changes in stature to occur.  These include some type 

of specific causation for migration, the potential for morphological and genetic 

preselectivity at time of migration, the potential to add alleles to the new gene pool 

through mating patterns (and therefore possibly influencing the morphologies of their 

descendants), and the possibility to experience different socioeconomic conditions and 

physical environments.  The potential for experiencing different socioeconomic and 

environmental conditions have the greatest effect on the possibility for secular changes in 

height between the populations of this study.   
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If better socioeconomic and environmental conditions were encountered by the 

migratory Central European populations in Cleveland, Ohio, one could expect taller 

statures as suggested by Haley and Elwood (1986), and Macbeth and Boyce (1987).  The 

potential for secular trends in stature undoubtedly exists among the Central European and 

Hamann-Todd samples.  Due to the incredible homogeneity of the Hamann-Todd sample, 

it may be inferred that there was a high degree of morphological (and possibly genetic) 

preselectivity at time of migration.  Also, it could be inferred that the secular effect in 

Cleveland was very strong and reduced the Hamann-Todd population’s stature as a result 

of deplorable living conditions, poor socioeconomic opportunities, and unhealthy 

physical environments (Anderson, 1973).  Finally, it might be possible that no secular 

trend exists.  If the Hamann-Todd sample does represent a descendant population of 

Central European populations, a direct correlation between gene frequencies and physical 

environments could be related.  If homogeneous populations reflective of lower 

socioeconomic strata of societies living in dense, unhealthy cities of Europe (Anderson, 

1973) migrated to largely ethnic neighborhoods (Van Tassel and Grabowski, 1987) in 

dense, unhealthy urban conditions (Van Tassel and Grabowski, 1986), it could be stated 

that secular effects would not have manifested themselves because little gene flow would 

have occurred (the result of living in highly homogenous ethnic neighborhoods), and the 

potential for phenotypic plasticity would be minimized because of the high similarity of 

old and new physical environments and socioeconomic conditions.   

One cannot always assume that different migrational studies will produce secular 

trends because of the great variability of their causation – no such comparative 

correlations might exist.   
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CHAPTER 3 

MATERIALS AND METHODS 

 

Census Data 

 Census data formed the background of the sample representative of the Cleveland, 

Ohio population gathered at the Hamann-Todd Osteological Collection.  Data 

representative of Cleveland, Ohio immigrant populations included: U.S. census reports of 

the identities of Cleveland’s immigrants, 1900, 1910, 1920, 1930; U.S. census immigrant 

population employment information; immigrant parish memberships; marriages, baptisms 

and burials of specific churches; and foreign born population statistics.   

 Table 1 shows the importance of changing perceptions of ethnic and national 

identity as reported by the U.S. Census for 1900, 1910, 1920, and 1930.  The changes 

reflect different ways the government used to identify people (if people identified with a 

geographic region or native language) as much as they reflect big changes in the 

backgrounds of the people who lived in Cleveland.   

 Identity played a confusing role as immigrants strove to maintain their cultural 

identities (Hammack, 2002:30,32).  For instance, a man may have considered himself to 

be Hungarian, accepting the politics that Slovakia was merely Northern Hungary, 

coupled with the notion that Cleveland’s Hungarian population accepted Jews as 

compatriots until the 1880s.  Speakers of the native Slovakian languages, however, 

viewed themselves as a member of an oppressed ethnic minority ruled by Hungary, and 

not Hungarian (Hammack, 2002:33).  Table 1 describes two methods (by identification 
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with “country of origin” and “mother tongue”) employed by the U.S. Census Bureau to 

collect census information. 

Table 1.  Varied U.S. Census reports of the identities of Cleveland’s immigrants, 1900, 

1910, 1920, 1930 

Language or Nationality 

“Country of 

Origin” 1900 

“Mother Tongue” 

1910 

“Country of 

Origin” 1920 

“Country of 

Origin” 1930 

Austria 5,004 42,059 124,900 6,774 

Polish/Poland 8,592 35,615 - 32,668 

Bohemian & Moravian/ 

Czechoslovakian 

13,599 39,296 - 34,695 

Magyar/Hungary 9,893 23,028 75,666 19,073 

Slovak - 12,977 - - 

Slovenian - 14,332 - - 

Serbo-Croatian/Yugoslavia - 3,899 4,112 18,326 

Russia 3,685 - 76,866 15,193 

Romania 39 - 4,112 6,672 

(Hammack, 2002) 

 

It is interesting to note that some census numbers decrease, possibly due to issues of 

conflicting ethnic, cultural, and social identities. 

 Table 2 describes the employment histories of people working in 

Cleveland based on U.S. Census classifications of people’s statements about their 

occupations.   

Table 2.  Cleveland employment 1870-1930 

Number 

working in: 1870 1890 1910 1930 

Manufacturing 13,784 41,186 127,845 174,832 

Trade and 

transport 

8,212 23,642 77,958 139,322 

Personal service 6,795 32,200 26,063 45,461 

Professional 

service 

996 4,651 15,573 32,756 

All fields 30,211 102,435 248,886 394,842 

(Hammack, 2002) 

 

Upon arrival in Cleveland in the late 19
th

 and early 20
th

 centuries, migrants 

discovered a bustling city based on industry and trade (Hammack, 2002:27).  

Goods were shipped from Lake Erie to the Ohio River, and the opening of the 
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Erie Canal in 1825 gave Cleveland a direct connection to New York.  Cleveland 

was also an important railway center and linked Buffalo, Toronto, New York 

City, Pittsburgh, Philadelphia, Toledo, Detroit, western Michigan, Chicago, and 

Minneapolis.  In the 1870s, most trade around and through the Great Lakes and 

East Coast largely passed through Cleveland (Hammack, 2002:27).  Tables 3 and 

4 display immigration to Cleveland by country of origin. 

 In the 1860s, Cleveland had high employment in the industrial sector 

concerned with the manufacture and repair of lake steamers, canal boats, railroad 

cars, bridges, and telegraph lines (Hammack, 2002:27).   

 Although industrial opportunity attracted immigrants to Cleveland, the 

number and types of jobs changed dramatically throughout the years.  The data, 

based on U.S. census classifications about people’s statement about their 

occupations, shows the dramatic increase in employment over 60 years. 

The number of people employed tripled between 1870 and 1890, doubled between 

1890 and 1910, and grew by more than half by 1930 (Hammack, 2002:29).  Those who 

immigrated between 1860 and 1880 worked in middle-sized manufacturing districts with 

German being the official language of the shop floor, market and tavern.  By 1910, 

Cleveland was one of the largest manufacturing cities in the world.  Other occupations  

 



 

 

1
7

 

Table 3.  Immigration to Cleveland by country of origin 1874-1890 
Country 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 1886 1887 1888 1889 1890 

Austria - - - - - - - - - - - - - - - - - 

Bohemia 301 398 225 172 148 225 1127 1947 1896 868 1206 570 537 1406 1116 661 1093 

Bulgaria - - - - - - - - - - - - - - - - - 

Croatia - - - - - - - - - - - - - - - - - 

Hungary 74 108 61 69 44 98 218 573 817 323 182 121 236 436 455 420 1151 

Poland - - - - - - - - - - - 232 221 418 694 545 794 

Prussia - - - - - - - - - - - - 10 - - - - 

Country 1874 1875 1876 1877 1878 1879 1880 1881 1882 1883 1884 1885 - - - - - 

Romania - - - - - - - - - - - - - - - - - 

Russia - - - - - - - - - - - - - 4 - - - 

Slavonia*  - - - - - - - - - - - 32 198 159 570 489 

 

Table 4.  Immigration to Cleveland by country of origin 1891-1907 
Country 1891 1892 1893 1894 1895 1896 1897 1898 1899 1900 1901 1902 1903 1904 1905 1906 1907 

Austria - - - - - - - - - - - 5 - - - - - 

Bohemia 1292 508 465 69 264 247 105 185 202 352 336 547 892 371 709 1024 911 

Bulgaria - - - - - - - - - - - - - 83 - 14 - 

Croatia - - - - - - - - - - - - 126 30 - - - 

Hungary 734 365 215 128 237 415 172 313 514 999 1257 1728 1824 1098 2678 2491 2468 

Poland 1054 749 791 136 524 885 396 623 1192 1453 1900 2833 3211 1637 3082 2039 2514 

Prussia - - - - - - - - - - - - - - - - - 

Romania - - - - - - - - - - 1 - 234 133 274 677 995 

Russia 70 103 28 10 152 131 60 179 301 340 485 634 1076 826 1552 1649 1519 

Slavonia* 603 256 694 3 74 255 94 166 157 342 330 1321 1246 390 1545 1912 2116 

*Slavonia was a historical region of Croatia (Fine, 2006). 

(Van Tassel and Grabowski 1987).
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were becoming sources of employment, and Cleveland had massive populations of 

people from Central and Eastern Europe (Hammack, 2002:29).  By 1907, America 

welcomed a large number of Central European immigrants to cities such as Cleveland, 

Ohio.  

 

Collection History  

 The author’s sample consisted of data gathered from individuals housed at the 

Hamann-Todd Osteological Collection.  The collection currently includes approximately 

3,700 individuals, mostly arriving through (Case) Western Reserve University Hospital 

or as unclaimed vagrants.   

 The Hamann-Todd Osteological Collection represents a potential Central 

European sample.  Todd and Lindala (1928:37) explicitly state “In a city like Cleveland 

where three quarters of the population are foreign born or of first generation of American 

born, [the Hamann-Todd Osteological Collection] in no way represents stable American 

stock.”  The collection is not a simple assortment of paupers; many represent indigent 

poor and middle class although the majority is drawn from “the lower strata of society” 

and includes many who died at Western Reserve University Hospital (Todd and Lindala 

1928:37-38). 

The majority of the population represents (either themselves or their parents) the 

Central and Eastern regions of Europe from the Rhine River to Riga, Latvia, and as far 

south as the Danube River (Todd and Lindala, 1928:39).  No anomalous (bodies crippled, 

deformed, mutilated, oedematous, autopsied, or in advanced stages of composition) 

individuals were included.  Individuals included in the collection do not represent a 
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random selection of the population of Cleveland during 19
th

 and 20
th

 centuries and must 

be noted.  Therefore, an examination of census data may support Todd and Lindala’s 

(1928) notion that much of the collection represents Central and Eastern European 

ancestry.  Table 5 describes the demography of the foreign born populations of Cleveland 

and Cuyahoga Counties and describes the variety of Central European ethnic groups 

during the late 19
th

 and early 20
th

 Centuries (Van Tassel and Grabowski, 1987).



 

 

2
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Table 5.  Foreign-born populations of Cleveland and Cuyahoga Counties, 1870-1950 

(Van Tassel and Grabowski 1987) 

 

 

Country 

of Origin 

1870 

Cleveland 

1880 

Cuyahoga  

1880 

Cleveland 

1900 

Cuyahoga 

1900 

Cleveland 

1910 

Cleveland 

1920 

Cleveland 

1930 

Cleveland 

1940 

Cleveland 

1950 

Cleveland 

Albania - - - - - - - - - - 

Austria 2,155 - 258 5,004 4,630 42,059 58,321 7,488 9,931 11,451 

Bohemia 786 5,627 5,433 14,299 13,599 - - 38,434 21,066 21,330 

Bulgaria, 

Serbia & 

Mont. 

- - - - - 46 751 - 186 130 

Hungary 97 - 867 8,893 9,558 31,503 42,189 20,176 20,944 19,960 

Latvia - - - - - - - - 346 - 

Lithuania - - - - - - - 4,824 3,890 4,093 

Poland 77 - 532 9,431 8,592 - - 33,713 24,771 22,622 

Romania - - - - 39 761 2.945 7,135 3,997 2,882 

Russia 35 - 66 3.685 3,607 25,477 41,969 16,910 11,967 12,118 

Yugoslv - - - - - - - 18,555 14,103 12,755 
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The data were entered into a Microsoft Excel® 2003 spreadsheet, described 

above.  Number of measurements collected by the author are described in Table 6. 

Table 6.  Sample sizes of the Hamann-Todd Osteological Collection (by measurement) 

Bone Measurement Abbreviation Females Males 

Crania Max. skull length  GOL 96 89 

 Basion-bregma height  BBH 94 76 

 Max. skull breadth  XCB 80 85 

Mandible Right ramus height  RR 95 91 

 Left ramus height  LR 95 91 

 Mandibular length  ML 94 89 

 Bicondylar breadth  BB 94 85 

 Gonial angle  GA 96 94 

Humerus Max. length  MLH 66 55 

 Epicondylar breadth EBH 66 55 

 Max. vertical head diameter MVHDH 66 55 

 Trad. max. vert. head diameter OMVHDH 66 55 

Os Coxa Max. superior-inferior height MSIH 64 54 

 Iliac breadth IB 61 52 

Femur Maximum length MLF 66 55 

 Epicondylar breadth EBF 64 51 

 Aterio-posterior 

subtrochanteric diameter 

APSD 66 56 

 Transverse subtrochanteric 

diameter 

TSD 66 56 

 Max. diameter of the femur 

head  

MDFH 64 53 

 

Data were gathered using spreading and sliding manual calipers (GPD – Seritek), 

a mandibulometer (Moore-Jansen, n.d.), and a standard osteometric board.  A foam 

padding-lined cart was used to transport the Hamann-Todd samples to and from their 

housing locations within the Osteological Collection.  A foam block measuring 

approximately 30cm
3 

with a carved out top was used to rest the crania and perform 

measurements.  A camera was used to take 597 pictures of the human material. 

Only the male sample was utilized due to the large amounts of historical, male, Central 

European military conscript information and the lack of previously published historical 

female Central European statural information.   
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Many studies have been conducted regarding the magnitude and direction of 

secular trends in relation to stature.  Growth and development studies date as early as the 

17
th

 century (see Ulijaszek, 1998c for a summation).  Boas’ anthropometric work on 

growth, stature, and social class (1892 and 1897), cranial form (1896), and his seminal 

work “Changes in the Bodily Form of Descendants of Immigrants” in 1912 demonstrated 

the potential for non-genetic, environmental influences to affect human growth and 

development in relatively short periods of time.  Although he credited the environment 

more than genetics (as clarified by Sparks and Jantz, 2002), Boas’ early systematic and 

statistical observations helped pave the way for modern growth and development studies.   

 

Growth and Development Studies of Schoolchildren 

Studying secular trends in height among schoolchildren has been an important 

factor in non-genetic growth and development studies.  Tanner (1986) wrote that the 

quality of the living conditions of children and adolescents have strong influences on the 

direction and magnitude of growth and may reveal information about disparities between 

family incomes and social inequalities within a society.  Many of these studies utilized 

data gathered by national health institutions in ongoing surveillance studies of 

schoolchildren and discussed trends in mean values of height-for-age and skeletal and 

sexual maturation.  Authors of secular trend studies examined both biological (heights 

and weights) and socioeconomic (family sizes and parental educational statues) variables 

in attempts to link the two and determine how and why children grew the way that they 

did.   
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Although some authors (Meredith, 1976; Cernerud and Lindgren, 1991) found 

considerably taller children when limiting the number of socioeconomic variables, others 

found different secular directions and magnitudes when increasing the number of 

socioeconomic variables.  Chinn, et al’s (1988) investigation found that a previous 

secular trend for an increase in height (possibly related to a decrease in family size over 

this period) for a particular age category of children (5-11 years) ceased.  Contrasts in 

nutritional adequacy and morbidity as reflected by children’s physical development, for 

example, can explain different trends in different groups over time (Bielicki and 

Szklarska, 1999).   

While Cernerud and Lindgren (1991) did not incorporate any specific social 

variables of the public schoolchildren studied but excluded children that attended private 

schools or suffered from severe handicaps, they found quite straightforward results 

(greater increases in height each year compared to the previous cohort).  Chinn, et al 

(1988), however, included social variables such as family size, father’s presence and 

employment status, and social class and found more blurred results across both time 

(1972-1986) and space (England and Scotland).  That is, birth cohort alone could not 

explain the nature of the results, nor were those results explainable in general trends – 

they could only be understood in terms of the specific socioeconomic variables (or 

combinations thereof).  As the number of social variables increase, secular trends become 

less broad.   

Chinn, et al’s (1988) findings demonstrate Ulijaszek’s (1993:353) observation 

that although the secular trend can be common, it is not universal.  Ulijaszek (1993:353) 

found that over time spans of between 10 and 66 years, three of his nine observed groups 
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living in Papua New Guinea showed significantly greater stature, while the stature of five 

groups stayed relatively the same, and one group actually demonstrated a decrease in 

stature.   

 

Central European Studies 

 Extensive work has been conducted on the nature of secular trends of modern 

Polish groups in relation to both national and social class specific groups (Bielicki and 

Szklarska, 1999; Bielicki, et al 1981).  The goal is to compare national trends to different 

social classes that consist of variables such as population density, degrees of education 

and income, and family size, as these authors link them to their potential to represent 

general human well being.   

 Bielicki and Szklarska (1999) investigated seven socioeconomic groups in Poland 

from 1965 – 1996.  The groups ranged from (1) rural villages and a father with 

elementary education to (7) dense cities and a father with a college education.  Each 

population group is non-overlapping, represents samples of at least 100 subjects, and 

picked subjects based on common economic situation (Bielicki and Szklarska, 1999).  

Samples were collected from three national surveys of Polish conscripts (1965, 1986, and 

1995) and selection was such that each survey yielded a 10% random sample of all Polish 

males of the 18.5-19.4-age range.  Variables selected for were paternal education, 

paternal occupational status, and population density/degree of urbanization, and are 

displayed in Table 7. 
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Table 7.  Population subgroups by location, father’s occupation, and education of seven 

social groups of Polish conscripts 

# Location Father’s Occupation Education 

1 Rural  Peasant Elementary 

2 Rural Non-farmer; semi-

skilled manual worker 

Elementary  

3 Ssmall town 

(<25,000 people 

w/urban admin. 

status) 

Semi-skilled manual 

worker 

Elementary 

4 Cities (>100,000 

people) 

Skilled manual worker Basic vocational school education 

(2-3 years post elementary in a 

specialized craft, e.g. electrician, 

construction worker) 

5 Cities (>100,000 

people) 

Skilled manual worker Basic vocational school education 

(2-3 years post elementary in a 

specialized craft, e.g. electrician, 

construction worker) 

6 Cities (>100,000 

people) 

Non-manual worker Secondary school education 

7 Cities (500,000 

people) 

Professional College education 

(Bielicki and Szklarska, 1999) 

 

 Figure 1 shows that the rank order of the seven (1 being the most rural, poor, and 

uneducated; 7 the most urban, wealthy, and educated) social groups on the statural scale 

remains consistent over the time period 1965 – 1996. 
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Figure 1.  Secular trends in stature in seven social groups of Polish conscripts (Bielicki 

and Szklarska, 1999). 

 

Figure 1 demonstrates that the large-city sons of the wealthiest populations were 

consistently the tallest, while the sons of the peasantry were the shortest.  The remaining 

five social groups intermediately and consistently occupied the same positions relative to 

the other groups (Bielicki and Szklarska, 1999).  Bielicki and Szklaska (1999) believe 

that based on this group specific approach, the Polish nation has not yet reached their 

genetic growth potential.  The trends show no sign of cessation, but do show that social 

class inequalities in living standards have narrowed since 1965 as the “lower” 

socioeconomic groups are rapidly catching up with the “upper” ones (Bielicki and 

Szklarska, 1999).  Mean statures of Polish conscripts have, during the 30 years 

mm 

Year 
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considered, risen 6.5cm (from 170.5cm in 1965 to 176.9cm in 1995), providing an 

average trend of increase of 2.1cm/decade.  The trend, however, did not increase as 

rapidly from 1986-1995.   

Bielicki and Szklarska’s (1999) results showed that, since Poland was highly 

homogeneous and characterized by high social and inter-region mobility during this time, 

differences between these seven socioeconomic classes was a sole reflection of changes 

in social inequalities of living standards and not a change in genotype (Bielicki and 

Szklarska, 1999). 

Kolodziej, et al (2001) also used path coefficients to demonstrate that, among 

working large-city dwellers in Poland, a person’s educational and occupational status 

each strongly influences dietary, recreational, sleeping, smoking, and alcohol-

consumption aspects of various lifestyles.  Bielicki and Szklarska (1999) also 

demonstrated that the urbanization and socioeconomic status of the groups each exerted 

an independent, significant influence on statures of Polish conscripts and that each one 

played an important role in the young man’s social/biological environment during his 

growing years.   

 Bielicki, et al. (1981) discovered similar results; he used a sample of 12,711 

Polish military conscripts, all born in 1957 and examined in autumn 1976 and ranged in 

age from 18.8-19.7 years.  The conscripts were measured and weighed during medical 

examinations by the District Recruiting Boards.  Three hundred regional District 

Recruiting Boards examined 50 conscripts each, and Bielicki, et al (1981) suggests that 

this adequately represents all social strata (though not necessarily equally).  Table 8 
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demonstrates the factors of (A) population size/density, (B) paternal occupational/ 

educational status, and (C) size of sibship.   

Table 8.  Socioeconomic factors of 12,711 Polish Conscripts in relation to three different 

socioeconomic factors: A, B, and C 

Factor A B C 

1 Big cities (>500,000 

people) 

College educated One child in family 

2 Cities (100,000-

500,000 people) 

Technicians 

w/secondary school 

vocational education 

Two children in 

family 

3 Medium towns 

(25,000-100,000 

people) 

White-collar workers 

without a college 

education 

Three children in 

family 

4 Small towns 

(<25,000 people 

w/urban admin. 

Status) 

Skilled manual 

workers 

Four children in 

family 

5 Villages in Upper 

Silesia
1
 

Unskilled manual 

workers 

Five children in 

family 

6 Villages in all other 

regions of Poland 

Peasants/small 

private farmers/semi-

skilled workers on 

government-owned 

big farms 

Six children in family 

1
Upper Silesia is a heavily industrialized coal-mining province in Southern Poland 

(Bielicki, et al. 1981) 

 

 Figure 2 demonstrates a mean decease in stature in relation to increasing 

factorization of (A) decreasing population size/density, (B) decreasing paternal 

occupational/educational status, and (C) increasing size of sibship. 
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Figure 2.  Mean body heights of 12,711 Polish Conscripts in relation to three different 

socioeconomic factors: A, B, and C (Bielicki, et al. 1981). 

 

Bielicki, et al. (1981) demonstrated that mean height of conscripts decreases 

monotonically with 1) decreasing degree of urbanization, 2) decreasing 

occupational/educational status of the father, and 3) increasing sibship size.  Bielicki, et 

al. (1981) note, however, that these conclusions are the result of the three variables 

combined and although each factor influences height independently of the others, a large 

proportion of the observed variation in height remains unexplained by such classification.  

Bielicki, et al. (1981) believes that genetics account for most of the individual variation in 

height (and is largely unrelated to socioeconomic factors); also, they did not account for 

the possible heterogeneity within the six ranked groups.   

 

mm 
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Bielicki, et al. (1992) examined two cohorts of 19-year-old Polish conscripts.  

Cohort I consisted of 12,700 men, all born in 1957 and examined in 1976.  Cohort II 

consisted of 29,000 men, all born in 1967 and examined in 1986.  Each cohort survey 

was carried out by the Ministry of National Defense.  Subjects were measured during a 

medical examination at regional District Recruiting Boards (similar to Bielicki, et al. 

1981).  These samples include those both fit and unfit for military duty and yielded a 

10% random sample of men that represented all regions of the country and all social 

strata.  Socioeconomic groupings are summarized in Table 9.   

Table 9.  Seven selected social groups of 19-year-old Polish conscripts 

Rank City Size Father’s Occupational/Educational Status 

Number of 

Children in 

Family 

1 >500,000 people Non-manual worker; college education 1 or 2 

2 >500,000 people Non-manual worker; high school education 1 or 2 

3 100,000-500,000 

people 

Skilled manual worker;  1 or 3 

4 100,000-500,000 

people 

Skilled manual worker 3 

5 “Rural areas” Skilled manual worker 3 

6 “Rural areas” Peasant 3 

7 “Rural areas” Peasant 5 or more 

(Bielicki, et al. 1992) 

 

Figure 3 demonstrates rates of secular increase in stature from 1976-1986 in seven 

selected social groups of 19-year old Polish conscripts.   



31 

 

166

168

170

172

174

176

178

1976 1986

7 

6 

5 

4 

3 

2 
1 

 
 

Figure 3.  Rates of secular increase in stature from 1976-1886 in seven selected social 

groups of 19-year old Polish conscripts (Bielicki, et al. 1992). 

 

Bielicki, et al. (1992) states that these patterns of variation and trends in stature ultimately 

reflect the dynamics of economic well being of the various divisions in Polish society.  

Bielicki, et al. (1992) warns that future studies must seek out disparities in aspects of the 

social environment such as wages, real income, structure of family budgets, dietary 

habits, availability/shortages of principal food items, hygienic standards, and morbidity.  

Unfortunately, examination of these types of data are either absent, too fragmentary, or 

too generalized (national rather than class-specific) (Bielicki, et al. 1992).  Sample sizes 

of these three reports used for comparison are demonstrated in Table 10. 

 

 

 

Year 
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Table 10.  Sample sizes of previous published data 

Author(s) Population Males Females 

Bielicki and 

Szklarska (1999) 

Polish military 

conscripts (18.5-19.4 

years of age) 

81,370 N/A 

Bielicki, et al. 

(1981) 

Polish military 

conscripts 

12,711 N/A 

Bielicki, et al. 

(1992) 

19-year-old Polish 

military conscripts  

41,700 N/A 

 

 Growth studies can, however, reveal disparities in economic well being within a 

society and that such inequalities may be significant enough to be reflected in the 

physical growth of children and youth and should be continued for examination by 

anthropologists, sociologists, demographers, economists, and specialists in public health 

(Bielicki, et al. 1992).   

Finally, a study done by Kolodziej, et al (2001) that examined the  

influence of the urban or rural origin of parents on the attained heights of 19 year old 

males living in cities.  Kolodziej, et al (2001) contrast the fact that rural populations in 

Poland are consistently shorter than urban populations with military conscripts with 

parents of either rural or urban origin.  Nine social groups were differentiated, based on 

educational and income status of the father and mother, and number of children in the 

family.  Table 11 demonstrates the outcomes. 
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Table 11.  Mean statures of 19-year old Polish conscripts grouped on the basis of parental 

education and number of children in the family  

 Level of 

maternal 

education N 

Rural 

Mean SD 

Parental 

origin 

(mother) N 

Urban 

Mean SD Differences 

 One or two 

children 

        

1 College 212 179.6 6.9  778 179.4 6.4 +0.2 

2 Secondary 731 178.7 6.2  1833 178.2 6.6 +0.5 

3 Vocational 569 178.0 6.3  979 176.9 6.9 +1.1
a
 

4 Primary 237 176.8 6.2  212 175.2 6.4 +1.5
a
 

 Three or 

more 

children 

        

5 College 73 179.2 7.7  173 178.8 6.8 +0.4 

6 Secondary 287 177.8 6.6  497 176.5 6.5 +1.3 

7 Vocational 418 177.0 6.6  496 175.9 6.6 +1.1
a
 

8 Primary 247 176.1 6.5  207 175.8 6.5 +0.3 

 One or two 

children 

        

1 College 347 179.8 6.4  837 179.4 6.6 +0.4 

2 Secondary 483 178.6 6.5  1152 178.2 6.5 +0.4 

3 Vocational 768 177.7 6.3  1313 177.0 6.7 +0.7
a
 

4 Primary 175 176.9 6.4  193 175.5 6.2 +1.4
a
 

 Three or 

more 

children 

        

5 College 125 179.1 6.3  197 177.7 6.2 +1.4
a
 

6 Secondary 212 177.3 6.5  335 176.9 6.6 +0.4 

7 Vocational 533 176.7 6.7  614 176.4 6.7 +0.3 

8 Primary 161 176.3 6.8  125 175.2 7.0 +1.1 
a
P < 0.05 

(Kolodziej, et al 2001) 

 

The largest observed differences in stature were between levels of educational 

background in combination with region of parent origin (Kolodziej, et al 2001).  When 

the number of children in the family is considered, stature decreases as the number of 

children increases (relative to education level and region of origin of the parents).   

 Kolodziej, et al. (2001) demonstrated that rural origin of both parents favorably 

influenced growth – individuals who are born and raised in large Polish cities of at least 
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100,000 people and whose parents migrated from rural areas are taller within each 

educational category than those individuals who are born in raised in large cities with 

parents of urban origin.  This may reflect either selective migration with respect to height, 

or the migrant parents may have more adaptive strategies to conditions of urban living 

because of their combined rural/urban experiences that create a larger resource base to 

exploit (kin-based nutritional resources in particular) (Kolodziej, et al 2001).  Kolodziej, 

et al (2001) writes that in combination with improved environmental and socioeconomic 

conditions, this is evidence for a positive secular trend in stature.  Kolodziej, et al (2001) 

notes that even if this is a result of genetics, all Polish growth surveys reflect 

socioeconomic inequalities to explain differences in growth.  Other authors (Bielicki, et 

al 1992; and Bielicki, 1981) obtained similar results – the patterns of variation and trends 

in stature are ultimately a reflection of socioeconomic inequalities within Polish society.  

For descriptions of Central European and Polish culture histories, see Anderson (1973) 

Thomas and Znaniecki (1984).   

Komlos (1985) found interesting results in his study of the Habsburg monarchy in 

relation to economic development.  Although Voth (1995; 196) disagrees with Komlos’ 

(1985) interpretation of stature in relation to modernization/industrialization, Komlos 

(1985) found that such effects in the regions of Bohemia and Lower Austria were cause 

for improved standards of living as determined by height.  As the standard of living fell 

in the mid 18
th

 century, the government created jobs for the peasantry.  Komlos 

(1985:1161) states that this is insufficient to prove that modernization/industrialization 

ameliorated the standard of living (as they may be greatly unrelated) because we must 

also account for positive changes in the rural population.  That is, the rural standard of 
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living may have been increasing (out of poverty of near catastrophic levels) before it 

received any help from the modernization process (Komlos, 1985:1161).   

What is especially interesting to note, is that Komlos (1985) provides a table of 

height in centimeters of soldiers in the Habsburg monarchy by place of birth.  Table 12 

shows these trends in relation to year and region of birth.  Minimum age is 23 years old at 

time of measurement.   

Table 12.  Height (in centimeters) of male soldiers in the Habsburg monarchy by  

place and year of birth   

Year of Birth Hungary Lower Austria Galicia Bohemia Moravia 

1740 170.1 - - 165.3 166.3 

1750 168.6 164.6 168.9 164.4 165.8 

1760 167.0 - 167.1 163.4 - 

1770 162.5 163.1 163.7 161.5 - 

1780 163.3 161.6 164.2 163.8 - 

1790 162.1 163.2 - 160.8 - 

1800 163.0 - - - - 

1810 165.0 - - - - 

1820 163.7 - 158.8 - - 

1830 - - 160.1 - - 

(Komlos, 1985) 

 

Years range from 1740 – 1830 for Hungary, Lower Austria, Galicia, Bohemia, and 

Moravia.  Komlos (1985:1155) claims that the stature of peasants was increasing until the 

1740s when agricultural and nutritional standards were high.   

Before the middle of the 18
th

 century, however, the tallest men in the Habsburg 

monarchy were born in the least economically developed regions of Hungary and Galicia.  

Hungary and Galicia were highly agricultural, sparsely populated, and produced much of 

the agricultural products for the monarchy once the Habsburg grain market became 

integrated – the nutritional status of the peasant populations decreased as they exported 

increasingly larger numbers of agricultural products to Austria.  Komlos (1985:1156) 

believes that this resulted in decreasingly shorter statures.   
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Another interesting trend in Komlos’ (1985) study is the declining height of males 

born in Bohemia and Lower Austria that most likely resulted from population growth.  

Komlos (1985:1156) believes that diminishing returns to labor equaled diminishing 

consumption per capita (in the Malthusian sense – population growth had exceeded the 

agricultural production) that undermined the general well being of the populations in 

these regions, even though they were the most industrially advanced of the monarchy.   

Without more specific information regarding nutrition, living conditions, and 

environmental effects of modernization/industrialization, inferences like these should be 

made with caution.   

 

Modern Studies  

Many recent studies regarding secular trends in Europe exhibit very large means 

for stature.  Other recent studies (Buretic-Tomljanovic, et al. 2004; Bielicki and 

Szklarska 2000; Szklarska, et al 2008; Bielicki and Waliszko 1992; Weber, et al. 1994) 

that reference individuals of the last 60 years yield both male and female means for 

stature that are significantly larger than the samples of the potential descendant Hamann-

Todd population by the author.  These modern studies provide key insights into the 

secular nature of growth relative to stature.  They demonstrate that stature in Central 

Europe is greater than it has ever been and is still increasing.  They reference the idea that 

this is largely a result of secular effects of improved socioeconomic conditions, improved 

physical environments, and greater heterozygosity of more mobile, interbreeding 

populations. 
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Materials and Samples  

Prior to engaging in this research project, a standard methodology was defined in 

order to ensure that the data collected was done in a consistent manner and can be readily 

identified during further study.  A total of19 measurements (three cranial, five 

mandibular, four humeral, 2 pelvic, and five femoral) were recorded from 103 females 

and 101 males from the Hamann-Todd Osteological Collection.  The Hamann-Todd 

sample (see “Collection History” above) is a comparative skeletal collection composed of 

19
th

 and 20
th

 century individuals from Cleveland, Ohio.  Individuals of this population are 

generally a representation of those from the lower socioeconomic strata of society (Todd 

and Lindala, 1928).   

 

Recording Protocol 

 

All measurements were recorded to the nearest millimeter.  GPM Swiss Made ® 

spreading and sliding calipers were used to gather linear length, width, breadth, and 

diameters measurements of the cranium, humerus, os coxa, and femur.  A standard 

osteometric board was employed to measure maximum lengths and breadths of the 

humerus and femur.  A mandibulometer (Moore-Jansen, n.d.) was used to gather linear 

mandibular measurements of the mandible.  Table 13 lists the landmarks (Moore-Jansen, 

et al. 1994) used as references for cranial and mandibular measurements. 
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Table 13.  Skull landmark definitions (Moore-Jansen, et al. 1994) 
Landmark Definition 

Basion (ba)  The point where the anterior margin of the foramen magnum is intersected by the mid-sagittal plane.  The point is located on the inner 

border of the anterior margin of the foramen magnum directly opposite of Opisthion. 

 

Bregma (b) The point where the sagittal and coronal sutures meet.  In those cases where the most anterior segment of the sagittal suture deflects to one 

side, the point of the junction of the two sutures must be projected. 

 

Condylion (cdl) The most lateral points of the mandibular condyles. 

 

Euryon (eu) The most laterally positioned point on the side of the braincase.  Euryon always falls on either the parietal bone or the upper portion of the 

temporal bone and may be determined only by measuring maximum cranial breadth.  The area of the root of the zygomatic arch, the supra-

mastoid crest, and the entire adjacent region above the external auditory meatus, which sometimes exhibit excessive symmetrical lateral 

expansion, should be avoided when determining the position of Euryon.  This measurement is determined by taking maximum cranial 

breadth (XCB). 

 

Glabella (g) The most forwardly projecting point in the mid-sagittal plane at the lower margin of the frontal bone, which les above the nasal root and 

between the supercilliary arches.  The point of Glabella is depressed between the confining bony ridges, and is often delineated superiorly 

by a shallow gutter or a transversely running indentation on the surface of the frontal bone. 

 

Gonion (go) The point on the mandible where the inferior margin of the mandibular corpus and the posterior margin of the ramus meet, i.e. the point on 

the mandibular angle which is directed most inferiorly, posteriorly, and laterally. 

 

Opisthocranion 

(op) 

The most posteriorly protruding point on the back of the braincase, located in the mid-sagittal plane.  Opisthocranion almost always falls 

on the superior squama of the occipital bone, and only occasionally on the external occipital protuberance.  Opisthocranion can generally 

be established while obtaining the measurement of maximum cranial length (GOL). 
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The use of standard cranial landmark definitions allowed the author to 

consistently measure the crania and mandibles from the Hamann-Todd sample.     

All material documented was photographed using a Sony® Cybershot digital 

camera at a resolution of 7.1 megapixels.  Standard cranial views included one 

photograph of the anterior position.  Standard postcranial views included one photograph 

of the three postcranial elements for each individual.  A data DVD was included with the 

electronic copy of this study for reference.   

 

Stature Techniques and Methods 

 Although the Hamann-Todd Osteological Collection provided stature in mm for 

the author’s sample, Trotter and Gleser’s (1952) stature formulas were applied to the 

individuals’ humerus and femur to examine their effectiveness.   

Originally, Dr. Todd measured height by placing modified ice tongs in the 

cadaver’s ears (Todd and Lindala, 1928).   He then raised the cadaver using a ceiling-

mounted block and tackle, routinely severed the Achilles tendons on both legs, and 

carefully lowered each cadaver until the heels touched the floor (Todd and Lindala, 

1928:40).  Measurements were recorded on the left side only. 

   To test Todd and Lindala’s (1928) cadaver measurements, Trotter and Gleser’s 

(1952) stature estimations were applied to see if there existed any relative degree of 

consistency.  Table 14 shows a comparison of Todd and Lindala’s (1928) cadaver 

measurements compared to Trotter and Gleser’s (1952) estimation of stature from long 

bones. 
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Table 14.  Male cadaver heights and longbone stature estimations 

YOB Todd* Humerus** Femur*** 

1840   170.25 - - 

1850 167.82 175.61 173.22 

1860 169.08 172.37 168.82 

1870 169.67 172.44 171.25 

1880 170.04 171.14 170.24 

1890 172.13 175.60 173.62 

1900 175.02 174.11 172.85 

*Hamann-Todd database (Jellema, 2007) 

**Estimation based on humerus (Trotter and Gleser 1952) 

***Estimation based on femur (Trotter and Gleser 1952) 

Estimations of stature based on long bone lengths were performed to test the 

validity of Todd and Lindala’s (1928) cadaver heights.  Trotter and Gleser’s (1952) 

estimation of stature from long bones was an inaccurate approximation of cadaver height 

when conducted for the humerus and femur.  Perhaps maximum femoral length could 

also reflect biomechanical loading or another type of mechanical stress since this 

population could likely be the descendant population of soldiers and members of the 

lower strata of Central European society (consistent with heavy manual labor as 

mentioned by Anderson, 1973; and Thomas and Znaniecki, 1984) and of shorter stature.  

Therefore, stature estimations based on maximum femur lengths might be an inadequate 

representation of stature.   

 Table 15 lists measurement names, abbreviations, and definitions of the 

measurements recorded from the Hamann-Todd population.
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Table 15.  Measurements collected at the Hamann-Todd Osteological Collection (Moore-Jansen, et al. 1994) 
Bone Measurement Definition 

Crania Maximum cranial 

length (GOL) 

The distance of glabella (g) from opisthocranion (op) in the mid sagittal plane measured in a straight line.  The skull was 

placed on its side for this measurement.  The endpoint of the left branch of the spreading caliper was held on Glabella while 

the right branch was applied to the posterior portion of the skull in the mid-sagittal plane until the maximum length is 

obtained at Opisthocranion. 

 

 Basion-bregma 

height (BBH) 

The direct distance from the lowest point on the anterior margin of the foramen magnum, basion (ba), to bregma (b).  The 

skull was placed on its side for this measurement.  The endpoint of the left branch of the spreading caliper was held on 

basion while the right branch was similarly applied to bregma. 

 

 Maximum cranial 

breadth (XCB) 

The maximum width of the skull perpendicular to the mid-sagittal plane wherever it is located with the exception of the area 

inferior or around the inferior temporal line.  The skull was placed on its occiput for this measurement.  The two measuring 

points (Euryon) should lie in the same horizontal and frontal planes.  The arms of the spreading caliper were placed at the 

same level while the hinge joint of the caliper was maintained in the mid-sagittal plane.  The ends of the spreading caliper 

were held in each hand and were applied to the skull while making circular motions to determine both Euryon and maximum 

cranial breadth. 

 

Mandible Right and Left 

rami height  

(RR and LR) 

The distance from gonion to the highest point on the mandibular condyle.  Before data was collected, mandibular length and 

gonial angle were correctly assessed as to identify the correct height of the mandibular rami.  Then, the movable rami boards 

on the mandibulometer were adjusted to calculate right and left mandibular rami height.   

 

 Mandibular 

length (ML) 

The distance of the most anterior point of the chin to a movable board on a mandibulometer (that identifies the correct gonial 

angle) that is placed along the posterior boarder of the two mandibular angles. 

 

 Bicondylar 

breadth (BB) 

The direct distance between the most lateral points on the two mandibular condyles using sliding calipers (measured from 

cdl-cdl). 

 

 Gonial angle 

(GA) 

The angle formed by the inferior border of the corpus and the posterior corpus of the ramus using a mandibulometer. 

 

Humerus Maximum length 

(MLH) 

The greatest distance between the most superior point of the humeral head and the most inferior point of the trochlea.  Using 

an osteometric board, the head of the humerus (on its posterior side) is placed against the fixed end while the trochlea was 

placed against the movable end.  By moving the trochlea up, down, and sideways, maximum length was achieved. 

 

 Epicondylar 

breadth (EBH) 

The distance between the most lateral and medial points on the lateral and medial epicondyles, respectfully.  The posterior, 

distal end of the humerus is placed on an osteometric board.  The medial epicondyle is placed against the fixed end of the 

osteometric board, while the medial epicondyle is placed against the movable end. 
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Table 15 (continued) 
Bone Measurement Definition 

Humerus 

(cont.) 

Maximum 

vertical head 

diameter 

(MVHD) 

The direct distance between the most superior and inferior points on the rim of the humeral head as measured with sliding 

calipers.  Any arthritic lipping on the humeral head was accounted for. 

 

 Traditional 

maximum vertical 

head diameter 

(OMVHDH) 

Similar to Moore-Jansen’s (1994:63 #42) maximum vertical head diameter but is not limited to the superior-inferior position 

– any dimension is acceptable in determining the maximum vertical diameter of the humeral head (Bass, 1995:152).  Taken 

using sliding calipers. 

 

Os Coxa Maximum 

superior-inferior 

height (MSIH) 

The distance between the most superior point on the iliac crest and the most inferior point on the ischial tuberosity.  Using an 

osteometric board, the ischium is placed against the fixed end and the iliac crest against the movable end.  Moving the iliac 

crest up, down, and sideways, the maximum distance can be obtained. 

 

 Iliac breadth (IB) The distance to the anterior iliac spine to the posterior iliac spine.  Using spreading calipers, one hand kept the anterior 

superior iliac spine fixed, while the other hand was free to move the other end around the posterior superior iliac spine to 

obtain the maximum breadth. 

 

Femur Maximum length 

(MLF) 

The distance between the most superior point on the head to the most inferior point on the distal condyles.  Using an 

osteometric board, the femur is placed on its posterior surface.  The medial condyle is placed on the fixed end while the 

femoral head is placed against the movable end.  By moving the head up, down, and sideways, maximum length was 

obtained. 

 

 Epicondylar 

breadth (EBF) 

The distance between the two most lateral points on the femoral epicondyles.  By placing the posterior surface of the femur 

on an osteometric board, the maximum breadth can be determined. 

 

 Aterio-posterior 

subtrochanteric 

diameter (APSD) 

This measurement is taken at the greatest lateral expansion of the femur below the lesser trochanter with sliding calipers 

(usually 2-5cm below the lesser trochanter), and is measured perpendicular to the femur neck’s anterior surface. 

 

 Transverse 

subtrochanteric 

diameter (TSD) 

This measurement is taken at the same position on the femur and perpendicular to the anterio-posterior subtrochanteric 

diameter of the femur and is taken with sliding calipers. 

 

 Maximum 

diameter of femur 

head (MDFH) 

The maximum diameter of the border of the rim on the border of the femoral articular surface as measured by sliding 

calipers.  By rotating the arms of the sliding calipers around the rim of the femur head, this measurement differs from the 

maximum vertical diameter of the humerus for example. 
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Analysis 

Analytical methods for investigating stature were composed using descriptive 

summary statistics including means, standard deviations, variance, and maximum and 

minimum values using Microsoft Office Excel ® (2003).  These summary statistics 

provided general information about the overall size and shape of the variables as well as 

overall stature and showed no indicators of further multivariate analyses.  Statistics for 

stature were grouped according to the pooled sample, sex, and Central European 

subregion.   

Univariate statistics were produced using SPSS version 16.0.  Independent 

Samples T-Tests were performed on the samples to test for statural continuity and 

variance between males and females within the Hamann-Todd sample.  Independent 

samples T-Tests were also performed on the Central European subsets to investigate if 

any differences in stature existed within these limited samples.   
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CHAPTER 4 

RESULTS 

 

Summary Statistics 

 Table 16 demonstrates univariate means, standard deviations, ranges, and sample 

sizes of cranial measurements. The male mean for GOL is 6.70mm larger than females 

although standard deviations are comparable.  The male mean for BBH is 6.52mm larger 

than females and standard deviations are similar between the sexes.  The male mean for 

XCB is 4.80mm larger than females with similar standard deviations.  This indicates a 

general size increase, but no shape variation between the sexes is evident. 

Table 16.  Univariate statistics for the cranium 

  Females    Males    

 n  mean SD Min/max n mean SD min/max diff. 

GOL 96 173.66 7.44 157-193 89 180.36 7.33 166-196 -6.7 

BBH 94 126.55 5.65 114-141 76 133.07 6.5 121-164 -6.52 

XCB 80 136.36 6.87 115-150 85 141.16 7.27 113-156 -4.8 

 

 Table 17 illustrates univariate means, standard deviations, ranges, and sample 

sizes of mandibular measurements. The male mean for right ramus height is 6.30mm 

greater than females.  The male mean for left ramus height is 6.67mm greater than female 

means.  The male mean for mandibular length is 4.66mm greater than female means.  The 

male mean for bicondylar breadth is 4.33mm greater than female means.  The female 

mean for gonial angle, however, is 1.04mm greater than male means.   
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Table 17.  Univariate statistics for the mandible 

  Females    Males    

 N  mean SD min/max  n mean SD min/max diff. 

RR 95 55.15 4.55 43-70 91 61.45 4.74 50-77 -6.30 

LR 95 55.12 4.63 43-70 91 61.79 4.29 52-77 -6.67 

ML 94 70.95 4.66 62-88 89 75.61 8.92 63-126 -4.66 

BB 94 110.81 6.35 98-130 85 115.14 6.37 101-128 -4.33 

GA 96 129.75 7.14 109-144 94 128.71 6.84 110-143 1.04 

 

 Table 18 displays univariate means, standard deviations, ranges, and sample sizes 

of humeral measurements.  The male mean for maximum humerus length is 29.13mm 

greater than the female mean.  The male mean for epicondylar breadth of the humerus is 

8.98mm greater than the female mean.  The male mean for maximum vertical head 

diameter of the humerus is 6.69mm larger than the female mean.  The male mean for 

traditional maximum vertical head diameter of the humerus (Bass, 1995) is 6.59mm 

greater than females.  The female standard deviations are appropriately smaller than the 

male standard deviations and are indicative of a smaller general size. 

Table 18.  Univariate statistics for the humerus 

  Females    Males    

 n  mean SD min/max  n mean SD min/max diff. 

MLH 66 299.76 22.27 195-394 55 328.89 23.96 230-370 -29.13 

EB 66 55.44 3.62 49-66 55 64.42 5.43 53-94 -8.98 

MVHDH 66 42.02 2.54 36-48 55 48.71 3.58 41-58 -6.69 

OMVHDH 66 42.14 2.58 36-48 55 48.73 3.73 41-59 -6.59 

 

 Table 19 displays univariate means, standard deviations, ranges, and sample sizes 

pelvic measurements.  The male mean for maximum superior-inferior length of the os 

coxa is 9.53mm greater than the female mean.  The male mean for iliac breadth of the os 

coxa is 7.03mm greater than females.  Although the female mean is lower for maximum 

superior-inferior length of the os coxa, it possesses a larger standard deviation (15.42 for 

females compared to 11.00 for males), indicating that females vary more in this aspect.  
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Males however, vary slightly more than females in regard to iliac breadth of the os coxa 

(males have a standard deviation of 11.20 compared to 8.55 for males).   

Table 19.  Univariate statistics for the os coxa 

  Females    Males    

 n  mean SD Min/max  n mean SD min/max diff. 

MSIH 64 204.05 15.42 166-289 54 216.7 11 193-242 -9.53 

IB 61 155.51 8.55 124-170 52 162.54 11.2 137-214 -7.03 

 

 Table 20 displays univariate means, standard deviations, ranges, and sample sizes 

of femoral measurements.  Male means for all measurements are greater than female 

means, indicating a sexually dimorphic general size increase.  Although female standard 

deviations are lower than male standard deviations, this is a result of a smaller general 

size.   

Table 20.  Univariate statistics for the femur 

  Females    Males    

 n  mean SD min/max  n mean SD min/max diff. 

MLF 66 419.82 28.03 343-494 55 456.87 29.68 395-562 -37.05 

BL 64 73.73 3.57 64-85 51 83.12 4.52 70-93 -9.39 

APSD 66 26.73 2.67 21-33 56 29.68 2.55 18-35 -2.95 

TSD 66 28.39 2.27 23-33 56 31.41 2.60 24-38 -3.02 

MDFH 64 42.89 2.53 39-50 53 48.91 3.19 42-59 -6.02 

 

Male means for maximum length of the femur is 37.05mm greater than female 

means.  Male means for epicondylar breadth of the femur are 9.39mm greater than female 

means.  Male means for anterior-posterior subtrochanteric diameter are 2.95mm greater 

than females.  Male means for transverse subtrochanteric diameter are 2.60mm greater 

than female means.  Male means for maximum vertical head diameter of the femur are 

6.02mm greater than females.  The data shows that there is no shape variation between 

the sexes with regard to the femur. 
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Some interesting insights are produced when Hamann-Todd males with 

documented place of birth (N=27) were examined by Central (N=15), Eastern (N=12), 

Northern (N=14), and Southern (N=13) regions.  The central/eastern dichotomy was 

analyzed along with the northern/southern one to examine if these sub-samples could 

clarify where variation in the specific variables lie.  Central, Eastern, Northern, and 

Southern Hamann-Todd Central European subsets are defined herein as Central, Eastern, 

Northern, and Southern subsets.  Regional Central European subsets are defined in Table 

21.  Table 22 demonstrates the Hamann-Todd male sample and the Central, Eastern, 

Northern, and Southern subsets.   

Table 21.  Definitions of Central European sub-regions 

European Region Countries N (males) 

Central Austria, Bohemia, Germany, Hungary 15 

Eastern Bulgaria, Poland, Romania, Russia 12 

Northern Germany, Poland, Russia, Bohemia 14 

Southern Bulgaria, Hungary, Romania, Austria 13 

 

 

Univariate Analysis 

 In order to formally test the null hypothesis that males and females possess 

relatively the same means and standard deviations without accounting for sexual 

dimorphism, univariate statistical analysis was performed.  Males are significantly 

different than females, and the population as a whole is incredibly homogeneous as 

demonstrated by univariate statistical analysis.  Independent Samples T-Tests were 

performed to assess differences in means and standard deviations between the males and 

females measured from the Hamann-Todd Osteological Collection.   
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Table 22.  Comparative regional subset measurement table* 
 Todd Male 

mean 

Todd 

Male SD 

Central 

mean 

Central 

SD 

Eastern 

mean 

Eastern 

SD 

Northern 

mean 

Northern 

SD 

Southern 

mean 

Southern  

SD 
Stature (mm) 170.60 65.20 170.80 69.51 169.80 61.27 170.3 78.53 170.40 49.52 

GOL 180.36 7.33 175.93 5.40 176.91 5.72 174.46 4.72 178.42 5.62 

BBH 133.07 6.50 131.29 5.44 135.70 11.83 133.77 11.37 132.36 4.41 

XCB 141.16 7.27 145.17 5.25 142.30 12.42 144.17 6.86 143.50 11.63 

RR 61.45 4.74 63.21 4.53 62.50 4.60 62.14 4.87 63.75 4.03 

LR 61.79 4.29 62.71 4.25 62.25 3.70 62.36 3.59 62.67 4.46 

ML 75.61 8.92 73.57 5.77 77.42 15.69 75.93 15.07 74.67 4.98 

BB 115.14 6.37 118.07 4.71 112.73 5.27 115.23 6.39 116.25 4.73 

GA 128.71 6.84 126.79 9.63 128.58 6.92 129.57 7.22 125.33 9.34 

MLH 328.89 23.96 336.00 12.50 309.67 42.05 327.40 18.26 321.63 38.88 

EBH 64.42 5.43 64.00 2.94 62.67 4.63 62.20 4.76 64.13 3.00 

MVHDH 48.71 3.58 48.71 4.31 49.17 5.38 47.00 3.32 50.13 5.11 

OMVHDH 48.73 3.73 49.00 4.65 49.00 6.07 46.60 3.71 50.50 5.50 

MSIH 216.70 11.00 218.86 10.98 220.83 12.22 219.00 13.40 220.25 10.42 

IB 162.54 11.20 163.17 5.91 161.83 12.77 160.80 12.54 163.71 7.54 

MLF 456.87 29.68 465.83 22.58 444.83 28.09 448.60 32.09 460.14 23.48 

EBF 83.12 4.52 83.67 3.50 84.33 6.38 82.60 6.50 85.00 3.65 

APSD 29.68 2.55 29.67 1.51 28.83 1.72 28.40 1.14 29.86 1.68 

TSD 31.41 2.60 32.00 0.63 31.67 2.58 31.20 2.28 32.29 1.38 

MDFH 48.91 3.19 49.40 3.78 48.83 3.54 48.60 4.04 49.50 3.27 

*All stature records (mm) are based on Hamann-Todd cadaver heights (Jellema, 2007). 
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Independent Samples T-Tests demonstrated that each of the 19 variables varied 

significantly between males and females (P=.000), except for gonial angle (P=.308).  The 

null hypothesis of similarity between the sexes is rejected and suggests that there is a 

significant difference between males and females (except in the case of gonial angle).  An 

examination of male and female means and standard deviations provide insights as to 

why there is such a significant difference.  Table 23 displays the results of the 

Independent Samples T-Tests.     

Table 23.  Male independent samples t-tests results. 

 

 

 

 

 

 

 

 

 

 

 

 

*P<0.05  

Gonial angle’s lack of statistical significance could be due to many factors, including age 

and the associated corpus remodeling of tooth loss – this could mask sexual dimorphism.  

Regional data was also compiled that was based on reduced regional subsets within the 

Hamann-Todd sample that included documentation of place of birth provided for some 

specific individuals (Lyman Jellema, personal communication).  Table 24 displays the 

Central European regional subset Independent Samples T-Tests results.   

 

 

 

 

 

Measurement Sig. (2-tailed)* Measurement Sig. (2-tailed)* 

GOL .000 MVHDH .000 

BBH .000 OMVHDH .000 

XCB .000 MSIH .000 

RR .000 IB .000 

LR .000 MLF .000 

ML .000 EBF .000 

BB .000 APSD .000 

GA .308 TSD .000 

MLH .000 MDFH .000 

EBH .000   
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Table 24.  Central European male regional subset independent samples t-tests results. 

Dichotomy Sig. (2-tailed)* 

Central-Eastern .670 

Central-Northern .535 

Central-Southern .851 

Eastern-Northern .820 

Eastern-Southern .770 

Northern-Southern .608 

*P<0.05 

 

Hamann-Todd Central European subsets show little statistical variation when compared 

to each other.  The similar stature measurements (Jellema, 2007) for each subset 

demonstrate their homogeneity and do not fall outside of the range of the overall male 

Hamann-Todd stature mean.   
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CHAPTER 5 

DISCUSSION 

It is clear that there is great homogeneity within the Hamann-Todd sample, as 

demonstrated by Independent Samples T-Tests (Tables 23 and 24) and a comparison of 

male cadaver heights, longbone stature estimations, and documented military conscript 

heights (Table 25).  There is similarity among stature between historical Central 

European military conscripts and the Hamann-Todd individuals.  Modern Central 

Europeans are considerably taller than the Hamman-Todd specimens.  These results 

indicate that these similarities (with historical Central Europeans) and differences 

(compared to modern Central Europeans) are not the result of a secular trend; it is likely 

however, that combined with the general background of the Hamann-Todd collection 

(Todd and Lindala, 1928) and census data indicating Cleveland’s large proportion of 

Central European individuals, that the Hamann-Todd Osteological Collection represents a 

descendant population of historic Central European populations.  This could suggest that 

the sample selected at the Hamann-Todd Osteological Collection represents the rural 

peasantry and/or military conscript population of Central Europe as a result of selective 

migration.   

Data collected from the Hamann-Todd Osteological Collection demonstrates its 

reliable nature.  The data collected are consistent with previous research of Brown (2005) 

and Moore-Jansen, et al. (1988).  These studies provided similar results as they all used 

the same methodology (Moore-Jansen, et al. 1994).  Although three observers measured 

data at different times, marked sexual dimorphism is present.  The results suggest a high 

degree of homogeneity, marked sexual dimorphism, and little shape difference.   
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Table 25.  Male cadaver heights, longbone stature estimations, and documented military conscript heights 

YOB* Hungary 

Lower 

Austria Galicia Bohemia Moravia YOB Todd** Humerus*** Femur**** 

1740 170.1 - - 165.3 166.3 1840 1170.25 - - 

1750 168.6 164.6 168.9 164.4 165.8 1850 167.82 175.61 173.22 

1760 167.0 - 167.1 163.4 - 1860 169.08 172.37 168.82 

1770 162.5 163.1 163.7 161.5 - 1870 169.67 172.44 171.25 

1780 163.3 161.6 164.2 163.8 - 1880 170.04 171.14 170.24 

1790 162.1 163.2 - 160.8 - 1890 172.13 175.60 173.62 

1800 163.0 - - - - 1900 175.02 174.11 172.85 

1810 165.0 - - - -     

1820 163.7 - 158.8 - -     

1830 - - 160.1 - -     

*Komlos (1985) 

**Cadaver heights from the Hamann-Todd database (Jellema 2007) 

***Estimation based on humerus (Trotter and Gleser 1952) 

****Estimation based on femur (Trotter and Gleser 1952) 
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Male and Female Variation 

Since descriptive statistics indicate that male means are always greater than 

female means (except for gonial angle) and variations between the sexes are 

approximately equal, it is assumed here that the population measured by the author is 

ethnically homogeneous.  This could be consistent with a potential Central European 

descendant population.  Gonial angle in humans is probably affected by disease, diet, 

stress, growth and development, and general health to some extent.  It can also be 

affected by age as a loss of teeth may change the biomechanical responses to stress 

(Enlow, 1968).  Therefore, homogeneity might possibly be overshadowed by the age 

effect upon gonial angle.  Alternatively, these changes could also be due to age 

overshadowing the homogeneity of the population. 

Male crania are longer and higher than female crania by approximately equal 

proportions (6mm) and broader (4.8mm) by a similar measure.  In the crania, the 

variation around the mean is approximately the same for both males and females as 

represented by the standard deviations.   

Male mandibles are longer (4mm) and also wider across the mandibular condyles 

(4mm) than female mandibles.  Male mandibles are also taller in the posterior dimension 

of the ascending ramus (6mm).  The variation surrounding the mean is approximately 

equal for both male and female mandibles, as indicated by the standard deviations.  An 

exception to this sample is the gonial angle that measures the portion of the ascending 

ramus relative to the mandibular corpus.  While female gonial angle is consistently wider 

than males (1mm), it is noteworthy that females are also slightly more variable in this 

dimension as demonstrated by the greater standard deviation.   
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In addition to having a consistently greater epicondylar breadth (9mm), the male 

humerus is also longer (29mm) in males than it is in females.  Humeral head dimensions 

are also greater on average (7mm) in males than in females.  Males however, are faintly 

more variable in all dimensions of the humerus than females as demonstrated by the 

standard deviations.  It is worthy to note that the author performed both maximum 

vertical humeral head diameter (Moore-Jansen, et al. 1994) as well as what was defined 

as traditional maximum vertical humeral head diameter (Bass, 1995) that was not 

restricted to the superior-inferior vertical position.  Upon taking both measurements, the 

author noted that the difference between the two measurements for females was 0.12, and 

males were 0.02.  Therefore, only a minute difference was recorded.  

Measurements for male pelvic height (12mm) and iliac breadth (7mm) are wider 

than females.  The standard deviations demonstrate, however, that females vary more in 

the maximum superio-inferior pelvic length, while males vary more in iliac breadth.   

Male femora are longer (37mm) than females, have a greater bicondylar length 

(9mm), have greater anterior-posterio and transverse subtrochanteric diameters by 

roughly the same magnitude (3mm), and also possess a greater head dimension (6mm).  

Although variance is roughly equal between the sexes, males vary slightly more for all 

measurements except for anterior-posterior subtrochanteric diameter, where females vary 

slightly more than males.  Males slightly larger variable nature may possibly be a 

reflection of the generally longer magnitude of the maximum femur length measurement.   

Males and females are significantly different in the various length, height, 

breadth, and diameter dimensions recorded.  Independent samples T-tests demonstrated 

that they all significantly differ at P=.000.  This could suggest a high level of sexual 
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dimorphism between the sexes of a homogeneous population.  Gonial angle is an 

exception and could signify significant cranial and mandibular shape differences if 

further measurements are performed and analyzed.  Therefore, if the Hamann-Todd 

sample represents a highly homogenous group with its stature representing the upper 

limit of the historical populations (Komlos, 1985), it could be inferred that the Hamann-

Todd sample could potentially be a descendant group of the historical sample.   

 

Regional Variation 

Skulls from the Central subset are shorter in length (4mm) and height (2mm) than 

the male Hamann-Todd individuals, but are slightly wider (4mm).  The Central subset 

skulls also vary less.  Rami height of the Central subsets skulls are slightly taller than the 

Hamann-Todd males (2mm), are not as long (2mm), are wider across the condyles 

(3mm), and have a smaller gonial angle (2°).  Variations for the mandible are similar for 

rami height, but Central subsets vary more in gonial angle.  The Hamann-Todd males 

vary more for mandibular length and bicondylar breadth as demonstrated by the standard 

deviations.   

 Central European humeri are longer than Hamann-Todd humeri (7mm), even 

though their epicondylar breadths, maximum vertical head diameter, and traditional 

maximum vertical head diameter (Bass, 1995) are nearly identical to Hamann-Todd 

measurements.  Hamann-Todd humeri vary twice as much as Central subset humeri as 

indicated by the standard deviations.   

 Central subset os coxae are slightly larger in the superior-inferior (2mm) direction 

as well as the iliac breadth (1mm) dimension.  Variation in the superior-inferior 
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measurement is similar between the Hamann-Todd and Central subset os coxae, but 

Hamann-Todd males vary nearly twice as much as the Central subsets pelvi as 

demonstrated by the standard deviations.   

 Central subset femora are longer than Hamann-Todd femora by 9mm even though 

they share similar measurements for bicondylar length, anterior-posterior and transverse 

subtrochanteric diameters, and femoral head diameters.  It is also interesting to note that 

the Central subset exhibits less variation than the Hamann-Todd specimens in all femoral 

aspects except femoral head diameter as demonstrated by the standard deviations.   

 It is also worthy to mention that the average age for the Central subset sample is 

32.47 years (compared to 35.36 years for the Hamann-Todd male sample) and the 

average Central European height is 170.8cm (compared to 170.6cm for the Hamann-

Todd male sample).   

 Eastern subset skulls are shorter (3mm) in length, but taller in height (3mm) and 

wider (1mm).  It is interesting to note that the standard deviations demonstrate that 

Eastern subset skulls vary less for maximum skull length, but nearly double for both 

basion-bregma height and maximum cranial breadth.   

 Eastern subset mandibles are slightly taller (1-2mm) along the posterior 

dimension of the rami, and vary similarly according to the standard deviations.  

Mandibular lengths are greater for the Eastern subset sample (2mm), but vary much 

greater as the standard deviation is nearly double that of the Hamann-Todd sample.  

Bicondylar breadth is shorter (3mm), and varies similarly to the Hamann-Todd male 

sample.  Eastern subset means and standard deviations are very similar to those of the 

Hamann-Todd Osteological Collection.   
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 Eastern subset humeri are significantly shorter (20mm) than the Hamann-Todd 

individuals, but vary nearly double.  Epicondylar breadth is shorter (2mm) than the 

Hamann-Todd collection, and varies similarly.  Both Eastern subset maximum vertical 

humeral head diameter and traditional maximum vertical humeral head diameter (Bass, 

1995) are similar to Hamann-Todd specimens and vary closely.   

 Eastern subset pevli are taller (4mm) but not as wide (1mm) as Hamann-Todd os 

coxae, and share similar variances as indicated by the standard deviations.   

 Eastern subset femora are shorter (8mm) but wider (1mm) than Hamann-Todd 

femora.  The two populations vary similarly for these dimensions as indicated by the 

standard deviations.  Eastern subset femora are slightly more slender (1mm) in the 

antero-posterior dimension of the subtrochanteric region of the femur (and vary slightly 

less), but share similar means and standard deviations with Hamann-Todd samples for 

transverse subtrochanteric diameter and femoral head diameter.   

 Northern subset crania are shorter (6mm) in length, similar in height, and 3mm 

wider than Hamann-Todd individuals.  Northern subset crania vary less in the maximum 

cranial length and maximum width dimensions, but significantly more in the height 

aspect as indicated by the standard deviations.   

 Northern subset mandibles are slightly taller (1mm) along the posterior dimension 

of the rami and possess a slightly greater (1mm) gonial angle.  Means for mandibular 

length and bicondylar breadth are similar, although Northern subset gonial angles are 

slightly larger (1mm).  It is interesting to note that although standard deviations indicate 

that rami height, bicondylar breadth, and gonial angle vary similarly, Northern subset 
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mandibular lengths (although very similar to Hamann-Todd specimens) vary nearly twice 

as much.   

 Northern subset humeri are slightly shorter (1mm) and narrower (2mm) than 

Hamann-Todd humeri, but vary less as indicated by the standard deviations.  Means for 

Northern subset maximum humeral head diameter and traditional maximum vertical head 

diameter (Bass, 1995) are slightly smaller (2mm) than Hamann-Todd dimensions but 

vary similarly.  

 Northern subset os coxae are longer (2mm) but more narrow (2mm) than 

Hamann-Todd pelvi but vary slightly more as indicated by the standard deviations. 

 Northern subset femora are shorter (8mm) than Hamman-Todd femora, but vary 

slightly more as indicated by the standard deviations.  They have a smaller bicondylar 

length (1mm), but vary slightly more than the Hamann-Todd specimens.  Northern subset 

antero-posterior subtrochanteric diameter is less (1mm) than Hamann-Todd samples, and 

varies less.  Transverse subtrochanteric diameter and femoral head diameter are similar 

between the populations and vary similarly.   

 Southern subset crania are only slightly shorter in the maximum length (2mm) 

and height (1mm) directions, and vary less than Hamman-Todd specimens.  Southern 

subset crania are wider (2mm) but vary more than the Hamann-Todd group.   

 Southern subset mandibles are taller (1-2mm) along the posterior dimension of 

the rami and vary similarly to the Hamann-Todd specimens.  Means for Southern subset 

mandibular length (1mm) and gonial angle (3°) are shorter than Hamann-Todd 

specimens, but vary half as much for mandibular length and one-half more for gonial 

angle.  The Southern subset is slightly greater across the mandibular condyles (1mm) but 
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does not vary as much as the Hamann-Todd mandibles as indicated by the standard 

deviations.   

 Southern subset humeri are shorter (7mm) than Hamann-Todd humeri but vary 

much more as indicated by the standard deviations.  Both populations share similar 

means for epicondylar breadth although the Southern subset varies less than Hamman-

Todd individuals.  Southern subset means for maximum vertical humeral head diameter 

and traditional maximum vertical humeral head diameter (Bass, 1995) are greater (1mm) 

than Hamann-Todd samples but vary slightly more.   

 Southern subset os coxae are greater in both length (4mm) and breadth (1mm) 

than Hamann-Todd samples, but vary less. 

 Southern subset femora are longer (3mm), wider (2mm), possess a greater antero-

posterior (1mm) and transverse (1mm) subtrochanteric diameter, and a greater femoral 

head diameter (1mm) than the Hamann-Todd samples but vary similarly or less. 

 The average height for each of the four regional subsets is towards the upper end 

of the historic Central European data, but is too low to be included in the range of modern 

studies.   

When these four subsets are compared to the Hamann-Todd male sample, it is 

clear that the regional subsets are all consistent with measurements of the overall 

Hamann-Todd sample.  Although the four subsets vary when compared to each other, the 

means and standard deviations of the four subsets fall within the ranges for the overall 

Hamann-Todd sample. 
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Error 

Like all studies, this one was not immune from the forces of error.  Aside from the 

potential sources of intra-observer error (recording errors) that every study must mention, 

a few insights could help to improve future investigations.  First, it must be noted that the 

individuals in the Hamann-Todd Osteological Collection do not represent a random 

selection of the population of Cleveland during the 19
th

 and 20
th

 centuries – it is biased 

towards individuals representative of the lower strata of society.  Second, when collecting 

data from an osteological collection, it is necessary to select your sample to adequately 

represent the population you are interested in to make it as culturally relevant as possible.  

That is, if I had known it to be possible to select only Hamann-Todd individuals with 

known place of birth, it would have greatly bolstered my study.  Third, if investigating 

change between or among two or more populations, the author should seek control over 

the populations and collect the same measurements from each population to avoid having 

to rely on previously published data and literature.  This would greatly increase the focus 

of the study because the author can create comparative data sets that can be used 

statistically in many different ways.  Also, a larger sample size could allow for the 

division of both age and region subsets that could be directly and adequately compared to 

the overall samples.  This would allow for greater investigation and comparison both 

among and between different age and geographic groups. 

Some studies have proven that migrants were taller than non-migrants (Haley and 

Elwood, 1986; Kobliansky and Arendsburg, 1977) while other studies found the reverse 

(Macbeth and Boyce, 1987), and others found no change at all (Shapiro, 1930).  Because 

circumstances promoting migration are unique, complete agreement regarding secular 
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trends in stature can never be expected.  Also, migrants are not necessarily socially, 

demographically, and biologically representative of the population of origin.  This fact 

will bias the samples being analyzed and may mask secular trends in stature when they 

are actually present; this may also demonstrate secular trends when there are in fact none 

present.   

Often, migration studies are associated with expectations of improved health and 

nutritional status (Macbeth and Boyce, 1987).  This is not always true.  Nor is stature 

itself always a reliable measure of change because this study did not confine its sample to 

those who migrated as adults – nor did the comparative data and literature utilized.  That 

is, it included individuals who were included in both this study and the previously 

published data could be possibly still growing and this may have distorted the results.   

 Generally speaking, it seems that great contrast in physical environments and 

lifestyles present secular changes with the greatest magnitudes.  In the case of this study, 

environments may not have been totally dissimilar as both Central Europe and America 

were undergoing rapid transitions in industry and agriculture at the end of the 19
th

 and 

beginning of the 20
th

 centuries.  This may have suppressed any secular effects in stature 

that may have been present or masked them due to similar environments and 

socioeconomics.  The high degree of homogeneity within the Hamann-Todd population 

combined with the background representing lower strata Central European Cleveland 

populations (Todd and Lindala, 1928) combined with the general cultural information  

(Lyman Jellema, personal communication) indicates that a random sample of Hamman-

Todd individuals provides an adequate representation of a Central European descendant 

population.   
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It must also be mentioned that cadaver heights favored by Todd and Lindala 

(1928) and Jellema (2007) are not the only methods that can be employed to determine 

stature and that the various stature estimations may not always obtain similar values.  The 

suspended block and tackle method could overestimate stature due to its stretching effect 

on the body, but was utilized by Todd and Lindala (1928) for its consistency and ease of 

repetition.  Other methods, such as horizontal and sitting living and cadaver estimates 

cannot be replicated with such simplicity.  Trotter and Gleser’s (1952) stature estimations 

from longbone lengths can approximate stature when only skeletal material is present but 

is not a reliable check against living or cadaver heights.  Revised stature estimations 

based on longbone lengths by Trotter and Gleser (1958), Trotter (1970), and Jantz (1992) 

were not applied to this study but could provide more accurate stature estimations and 

should be consulted in future studies.  Living stature is also problematic because as 

Trotter and Gleser (1952) pointed out, individuals older than the age of 30 years shrink 

.06cm each year.  The variability of this rate could greatly affect any comparison of 

living stature, cadaver height, and longbone estimations.  The impact that these different 

statural methods have on stature could vary greatly and easily misrepresent the height of 

individuals and mean heights and variances of whole populations. 
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CHAPTER 6 

CONCLUSIONS 

 Data collected by the author exhibited means that were all consistent with older 

male military conscription samples from Central Europe (Bielicki and Szklarska, 1999; 

Bielicki, et al. 1981; Bielicki, et al. 1992).  It is possible that methods of Central 

European conscription selectively favored shorter individuals that not only biased 

previously published Central European data, but also influenced the migratory 

participants as represented by the Hamann-Todd Osteological Collection.  Also, selective 

migration may be a factor as well.  If only the lower strata of Central European societies 

migrated (and the taller, privileged strata did not), perhaps these populations were shorter 

prior to migration, were often confined to poor, ethnic neighborhoods and did not 

encounter better socioeconomic standards.  This would bias both samples from the 

beginning.  That is, both the Central European and Hamann-Todd data only represent 

specific portions of each population and not average samples.   

 The present analysis suggests several conclusions.  First, secular trends should be 

investigated not only in time, but also across geographic boundaries.  Secondly, 

estimation of stature based on longbone lengths is not an adequate assessment of cadaver 

height.  Finally, this study supports Todd and Lindala’s (1928) assumption that the 

Hamann-Todd Osteological Collection largely represents various Central European 

populations.  Although temporally and spatially different, no observed differences were 

documented between the Hamann-Todd and Central European populations.  Therefore, it 

is unlikely that a secular trend had occurred during this time period.  It is more likely that 
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the Hamann-Todd population represents a selective, homogenous migrant population of 

Central Europeans not representative of taller ancestry, but of smaller Old World stature. 

 The high degree of change in stature demonstrated by the recent Polish studies 

(Bielicki and Szklarska, 1999; Bielicki, et al. 1981; Bielicki, et al. 1992) demonstrates the 

ability of the secular trend to act on populations although it is absent in this regard.  If the 

Hamann-Todd sample is a Central European descendant population, it is likely that it is a 

closer representation of the historical sample as documented by Komlos (1985).  This 

homogeneity could be explained in terms of morphology, but it is likely that it exhibited 

similar socioeconomic, environmental, and cultural properties at the time of migration.  It 

could also be inferred that the Hamann-Todd individuals experienced similar physical 

and socioeconomic environments to those in Central Europe.  In this manner, secular 

trends would not have the appropriate avenues (contrasting nutrition, occupations, health 

care, etc.) to operate in a fashion that would change the stature of the migrants over time 

and space (Haley and Elwood, 1986; Kobliansky and Arendsburg, 1977; Ulijaszek, 1993; 

Cameron, 1979; Cernerud and Lindgren, 1991; Ljung et al, 1974; Meredith, 1976, etc.).   

This study does not, however, provide a concrete conclusion about the relevance 

of secular changes in stature with regard to migration in other areas or in other time 

periods.  Only through a careful analysis of migrant population structure in regard to 

socioeconomic variables, physical environments, and culture histories can the specifics of 

secular changes in stature become more clear.  This study does provide an example of the 

precarious interaction between environment and human biology.  The use of stature and 

cultural documentation can be used to uncover potential links between populations in the 

absence of secular trends.   
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APPENDIX A – DEMONSTRATIONS OF MEASUREMENTS

 
 

1.  Maximum cranial length (GOL) 

 
 

 

2. Basion-bregma height (BBH) 

 
 

 

3.  Maximum cranial breadth (XCB) 

 
 

 

 

 

 

 

The distance of glabella (g) from opisthocranion 

(op) in the mid sagittal plane measured in a 

straight line.  The skull was placed on its side for 

this measurement.  The endpoint of the left 

branch of the spreading caliper was held on 

Glabella while the right branch was applied to 

the posterior portion of the skull in the mid-

sagittal plane until the maximum length is 

obtained at Opisthocranion. 

 

 

 

 

 

 

 

 

The direct distance from the lowest point on the 

anterior margin of the foramen magnum, basion 

(ba), to bregma (b).  The skull was placed on its 

side for this measurement.  The endpoint of the 

left branch of the spreading caliper was held on 

basion while the right branch was similarly 

applied to bregma. 

 

 

 

 

 

 

 

 

 

 

The maximum width of the skull perpendicular 

to the mid-sagittal plane wherever it is located 

with the exception of the area inferior or around 

the inferior temporal line.  The skull was placed 

on its occiput for this measurement.  The two 

measuring points (Euryon) should lie in the same 

horizontal and frontal planes.  The arms of the 

spreading caliper were placed at the same level 

while the hinge joint of the caliper was 

maintained in the mid-sagittal plane.  The ends 

of the spreading caliper were held in each hand 

and were applied to the skull while making 

circular motions to determine both Euryon and 

maximum cranial breadth. 
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4.  Right and left ramus height 

 Right (RR)   Left (LR) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.  Mandibular length (ML) 

 
 

 

6.  Bicondylar breadth (BB) 

 
 

 

 

 

 

 

 

 

 

The distance from gonion to the highest point on 

the mandibular condyle.  Before data was 

collected, mandibular length and gonial angle 

were correctly assessed as to identify the correct 

height of the mandibular rami.  Then, the 

movable rami boards on the mandibulometer 

were adjusted to calculate right and left 

mandibular rami height. 

 

 

 

 

 

 

 

 

The distance of the most anterior point of the 

chin to a movable board on a mandibulometer 

(that identifies the correct gonial angle) that is 

placed along the posterior boarder of the two 

mandibular angles. 

 

 

 

 

 

 

 

 

 

 

 

 

The direct distance between the most lateral 

points on the two mandibular condyles using 

sliding calipers (measured from cdl-cdl). 
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7.  Gonial angle (GA) 

 
 

 

8.  Maximum humeral length (MLH) 

 
 

 

9.  Epicondylar breadth of the humerus (EBH) 

 
 

 

 

 

 

 

 

 

The angle formed by the inferior border of the 

corpus and the posterior corpus of the ramus 

using a mandibulometer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The greatest distance between the most superior 

point of the humeral head and the most inferior 

point of the trochlea.  Using an osteometric 

board, the head of the humerus (on its posterior 

side) is placed against the fixed end while the 

trochlea was placed against the movable end.  By 

moving the trochlea up, down, and sideways, 

maximum length was achieved. 

 

 

 

 

 

 

 

 

 

The distance between the most lateral and medial 

points on the lateral and medial epicondyles, 

respectfully.  The posterior, distal end of the 

humerus is placed on an osteometric board.  The 

medial epicondyle is placed against the fixed end 

of the osteometric board, while the medial 

epicondyle is placed against the movable end. 
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10.  Maximum vertical head diameter of the 

humerus (MVHD) 

 
 

 

11.  Traditional maximum head diameter of the 

humerus (OMVHDH) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

12.  Maximum superior-inferior height (MSIH) 

 
 

 

 

The direct distance between the most superior 

and inferior points on the rim of the humeral 

head as measured with sliding calipers.  Any 

arthritic lipping on the humeral head was 

accounted for. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Similar to Moore-Jansen’s (1994:63 #42) 

maximum vertical head diameter but is not 

limited to the superior-inferior position – any 

dimension is acceptable in determining the 

maximum vertical diameter of the humeral head 

(Bass, 1995:152).  Taken using sliding calipers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The distance between the most superior point on 

the iliac crest and the most inferior point on the 

ischial tuberosity.  Using an osteometric board, 

the ischium is placed against the fixed end and 

the iliac crest against the movable end.  Moving 

the iliac crest up, down, and sideways, the 

maximum distance can be obtained. 
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13.  Iliac breadth of the os coxa (IB) 

 
 

 

14.  Maximum length of the femur (MLF) 

 
 

 

15.  Epicondylar breadth of the femur (EBF) 

 

 

 

 

 

 

 

 

The distance to the anterior iliac spine to the 

posterior iliac spine.  Using spreading calipers, 

one hand kept the anterior superior iliac spine 

fixed, while the other hand was free to move the 

other end around the posterior superior iliac 

spine to obtain the maximum breadth. 

 

 

 

 

 

 

 

 

 

 

 

The distance between the most superior point on 

the head to the most inferior point on the distal 

condyles.  Using an osteometric board, the femur 

is placed on its posterior surface.  The medial 

condyle is placed on the fixed end while the 

femoral head is placed against the movable end.  

By moving the head up, down, and sideways, 

maximum length was obtained. 

 

 

 

 

 

 

 

 

 

The distance between the two most lateral points 

on the femoral epicondyles.  By placing the 

posterior surface of the femur on an osteometric 

board, the maximum breadth can be determined. 
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16.  Antero-posterior subtrochanteric diameter of 

the femur (APSD) 

 
 

 

17.  Transverse subtrochanteric diameter of the 

femur (TSD) 

 
 

 

18.  Maximum diameter of the femur head 

(MDFH) 

 
 

 

 

 

 

 

 

 

 

This measurement is taken at the greatest lateral 

expansion of the femur below the lesser 

trochanter with sliding calipers (usually 2-5cm 

below the lesser trochanter), and is measured 

perpendicular to the femur neck’s anterior 

surface. 

 

 

 

 

 

 

 

 

 

 

 

This measurement is taken at the same position 

on the femur and perpendicular to the anterio-

posterior subtrochanteric diameter of the femur 

and is taken with sliding calipers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The maximum diameter of the border of the rim 

on the border of the femoral articular surface as 

measured by sliding calipers.  By rotating the 

arms of the sliding calipers around the rim of the 

femur head, this measurement differs from the 

maximum vertical diameter of the humerus for 

example. 

 

 

 

 

 

 

 

 

 

 

 

 NOTE:  All measurements based on Moore-

Jansen, et al., 1994 except for #11 (Bass, 1995). 
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