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ENVIRONMENTAL STRESSES AND ITS EFFECT ON CRANIOFACIAL 

GROWTH AND DEVELOPMENT 

KIMBERLY MARIE LOMBARDI  

ABSTRACT 

 Scholarly research has documented that environmental stresses affect 

developmental growth, and the degree of growth retardation is related to the exposure to 

those stressors (Bennike et al. 2005, Geber 2014, Ivanovsky 1923, Johnson and Gunnar 

2011, and Stewart et al. 2013). The purpose of this study was to examine the effects 

environmental stress has on craniofacial growth and development. It utilized a collection 

of skeletal remains from the Maagdenhuis Roman Catholic Girl’s Orphanage in 

Amsterdam, that dates to c 1850-1900AD. Craniometric landmarks from 427 crania were 

registered with a MicroScribe 3DX digitizer. The data collected was utilized to 

investigate whether growth retardation was present in the sample, along with an analysis 

correlating pathological features to growth and development. A multiple regression 

analysis was conducted to test for significance of growth patterns. The growth patterns 

were then compared to a dataset of normal growth patterns from the Michigan 

Craniofacial Growth Study (Riolo et al. 1974) in order to distinguish any differences in 

development. Further, a Chi-Square analysis and outliers test were used to examine the 

correlation between pathologies and age of the individuals in the collection.  

The intra-class correlation resulted in a low intra-observer error, with significant 

correlations ranging between .939 and .998. Additionally, the results of this study showed 

gradual positive slope growth curves for the inter-landmark distances tested, with similar 
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shaped growth curves to the Michigan Craniofacial Growth Study (Riolo et al. 1974). 

Additionally, the multiple regression produced four age predictive models for this 

collection, with NLH, ZYB, MAL, UFHT, XCB, MAB, BPL and WFB being the most 

predictive inter-landmark distances. This study found a significant correlation between 

pathologies present and individuals’ age. Although there is a correlation between age and 

pathologies, given the data provided by the outlier analysis, having a score of minor 

porosity is not sufficient enough to influence or cause growth retardation, definitively. 

The qualitative analysis conducted for this study found that there was growth retardation 

present in this collection. A modern forensic application of this research can be applied to 

identify cases of child abuse and/or institutionalized care on skeletal remains in question, 

based on growth retardation.  
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CHAPTER 1: INTRODUCTION 

 

 It has been accepted in the bioanthropological literature, based on scholarly 

research, that environmental stresses inhibit developmental growth, with the degree of 

development being influenced by the amount of external stressors an individual is 

exposed to (Bennike et al. 2005, Geber 2014, Ivanovsky 1923, Chambers and Von 

Medeazza 2013, Johnson and Gunnar 2011, Miller 2000 and Stewart et al. 2013). The 

purpose of this study was to examine the affects that environmental stress has on 

craniofacial growth and development. It utilizes a sample of remains from a 19th century 

orphanage in Amsterdam to investigate whether growth retardation is present and if there 

is a significant correlation between pathological features indicative of environmental 

stressors and growth retardation. It is hypothesized that growth retardation occurs when 

children are exposed to stressful environments, such as institutionalized care settings, 

during important developmental years. A modern forensic application of this research can 

be applied to identify cases of child abuse and/or institutionalized care on skeletal 

remains in question. 

 The remaining of this paper will be formatted as the following: Chapter two 

provides a background on normal craniofacial growth and development patterns, previous 

research into environmental factors and their effects on growth, and a historical account 

of the Netherlands in the 19th century; Chapter three presents the material and methods 

used in this study; Chapter four presents the results; and Chapter five discusses the results 
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in a comprehensive manner, relating it back to chapter two and presents the conclusion of 

this paper.    
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CHAPTER 2: BACKGROUND 

 

Craniofacial Development 

Craniofacial growth and development has been a focus of much research in 

biological anthropology (Coben 1955, Farkas et al. 1992, Gonzalez 2012, Humphrey 

1998, and Waitzman et al. 1992). While there is great variation in the normal growth and 

development of the craniofacial region, general patterns do emerge (Coben 1955, Farkas 

et al. 1992, Gonzalez 2012, Humphrey 1998, and Waitzman et al. 1992). Variation in 

growth presents as sex, age and population specific (Coben 1955, Farkas et al. 1992, 

Gonzalez 2012, Humphrey 1998, and Waitzman et al. 1992). As will be discussed further 

in this chapter, females demonstrate growth at an increased rate compared to males 

(Coben 1995 and Gonzales 2012). Further, developmental rates are affected by the age of 

individuals (Coben 1955, Farkas et al. 1992, Gonzalez 2012, Humphrey 1998, and 

Waitzman et al. 1992).  

The cranium grows in three planes: horizontal (width of the face), vertical (height 

of the face) and lateral (depth of the head, along the sagittal plane) (Figure 1, Farkas et al. 

1992). The width of the face is measured using bizygomatic diameter (i.e. zygion-zygion) 

(Farkas et al. 1992). The height of the face is measured from nasion to gnathion and the 

depth of the head is measured using the maxillary depth (tragion-subnasale) (Farkas et al. 

1992). 
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Figure 1. Farkas et al. 1992, Schematic drawings demonstrating various measurements 

used in their study. 

 

In examining developmental growth, there is a general consensus that the greatest 

increment of growth in the craniofacial region occurs within the first 5 years of life 

(Coben 1955, Farkas et al. 1992, Gonzalez 2012, Humphrey 1998, and Waitzman et al. 

1992). Once a child reaches 5 years of age the growth process slows and becomes gradual 

throughout the rest of the childhood until the pubertal growth spurt (Farkas et al 1992, 

Waitzman et al. 1992). At pubertal growth spurts, female facial growth differs from 

males, in which female growth spurts are less drastic compared to males (Gonzalez 

2012). Females begin development of secondary sexual characteristics earlier and reach 

adult size faster so that as puberty begins, females’ facial growth decreased, while males’ 

facial growth increases (Gonzalez 2012). According to Humphrey (1998) 90% of adult 

size is reached before the age of 12 years when examining the cranial base, brain case 

and upper facial region (Figure 2).  The literature suggests that the face reaches 

maturation by the age of 10-13 years in females and 12-15 years in males (Farkas et al. 

1992). 
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Figure 2. Humphrey 1998’s Figure 1, percentage of adult size attained against age for 6 

variables measured on the human skeleton, showing the range of variation in growth 

patterns. In this graph, XFB is maximum frontal breadth, MRB is minimum ramus 

breadth, XML is maximum mandibular length, HML is humerus length, XSB is maximum 

scapula breadth and MUD is minimum ulna diameter. XFB, MRB and XML are the 

measurements relevant to this study and show similar trends. The greatest increase in 

growth takes place before the age of six where it then becomes level. 

 

Craniofacial regions grow at different rates. Farkas et al. (1992) studied seven 

regions of the craniofacial complex: face height, upper face height, mandible height, face 
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width, mandible width, middle third face depth and lower third face depth. Their sample 

consists of 1,594 healthy North American Caucasians between the age of 1-18 years old 

(Farkas et al. 1992). They found that rapid growth occurs within the first year, with 

individuals reaching 67%-80.2% of eventual adult size during this time period (Farkas et 

al. 1992). Additionally, by the age of five years, 82.2%-92% of eventual adult size was 

observed within the above seven regions (Farkas et al. 1992). The mandible showed most 

growth from the age of 1 to 5 years while the face height, upper face height, face width 

and face depth measurements exhibited continuous gradual growth after 5 years of age 

(Farkas et al. 1992). Full maturation for these regions was reached by the age of 12-15 

years for girls and boys (Farkas et al. 1992). Farkas et al. (1992) demonstrates that the 3 

planes grow in a relatively proportional manner to one another.  

Waitzman et al. (1992) also examined the way craniofacial growth occurs in 

particular anatomical regions. Waitzman and colleagues (1992) studied 542 computer 

tomography (CT) scans of individuals aged 1-17 years old. They found that the cranial 

vault grows rapidly in the first year of life but then growth levels off. Further, Waitzman 

and colleagues (1992) reported that the upper midface grows slower than other regions 

during infancy and continues to grow into early adolescence. The orbital region shows 

the most variable in growth rates, with the lateral orbital wall angle showing no relation 

to age (Waitzman et al. 1992). In addition, the medial and lateral orbital wall lengths 

grow considerably in the first year but little after that (Waitzman et al. 1992). The lateral 

orbital distance and intertemporal distance increased in size substantially in the first year 

and continued to growth throughout childhood (Waitzman et al. 1992). 
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Coben (1995) studied 47 individuals (25 males and 22 females) using serial 

cephalometric roentgenograms. Roentgenograms were taken at the age of 8 ± 1 year and 

the age 16 ± 1 year for each individual (Coben 1995). The study found that in later ages, 

the lower face becomes more prominent, the mandibular plane more horizontal, and the 

profile more prognathic and slightly concave (Coben 1995). Further, the face becomes 

proportionally longer, while the facial angle increased and the convexity of the face 

diminished (Coben 1995). Some cranial features present little growth after birth. 

Examples of these features include the anterior interorbital distance, mid interorbital 

distance, globe protrusion, and medial orbital wall protrusion (Waitzman et al. 1992). 

The slowest growing cranial variable is the height and breadth of the mastoid process 

(Humphrey 1998). When growth is stunted, research has shown there is potential for 

“catch-up” growth (Johnson and Gunnar 2011). The “catch-up” growth processes will be 

further discussed later in this paper.  

As briefly described earlier, there are developmental differences between males 

and females. Prior to the onset of puberty, any sex differences in the craniofacial skeleton 

is the result of differences in brain growth (Gonzalez 2012). In general, both sexes have 

rapid growth until 5-6 years of age where there is a slowdown in rate of growth 

(Gonzalez 2012). At the age of 9-10 years the rate of growth begins to increase and the 

secondary sexual characteristics begin to form (Gonzales 2012). The female facial growth 

begins earlier and is faster than male growth (Gonzalez 2012). Females cease growth by 

the age of 15-16 years while males continue craniofacial growth (Gonzales 2012). This 

continued growth results in males having a taller and longer head then females (Gonzales 
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2012). Coben (1995) made some general observations regarding these differences, 

including, males slightly exceed females in facial depth and far exceed in vertical growth. 

For both sexes, the greatest increment of growth is in the lower face with the middle face 

only slightly exceeding the cranial base (Coben 1995). This means the lower face 

increases in size more so than the middle face and cranial base (Coben 1995). 

 

Michigan Growth Study 

The Michigan Growth Study is an extensive longitudinal growth study established 

in 1930 by Dean Willard Olson and Professor Byron Hughes, University of Michigan 

(Riolo et al. 1974). The participants were children enrolled in the University Elementary 

and Secondary School and were followed from approximately the age of 3 until 18 years 

of age (Riolo et al. 1974). Psychological, behavioral, educational and physical growth 

data was collected from each child (Riolo et al. 1974). For the physical growth aspect of 

this study, annual radiographs of the cranial region were taken and analyzed to track 

developmental growth, with the purpose of providing a statistical description of a large 

dataset on craniofacial development in order to provide a reference sample of 

documented individuals, to permit comparison with other developmental datasets and to 

inform other workers of the potential use of their data (Riolo et al. 1974). This data 

collection resulted in an Atlas of Craniofacial Growth consisting of descriptive statistics 

based on cephalometric data of 83 individuals (47 males and 36 females), aged 6 to 16 

years (Riolo et al. 1974). 188 measurements were taken; 74 were angular calculations 

and 114 were linear distances (Riolo et al. 1974). Both angular and linear measurements 
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were taken, either directly from radiographs or from a tracing (Riolo et al. 1974). Figures 

3 and 4 show examples of the data sets presented in the atlas. Each measurement taken is 

presented as a mean and standard deviation for each age and sex and presented 

graphically as a growth curve. 

 

The angular measurements present with extreme variation in results, 

demonstrating growth curves in all fashions including positive or negative lines, some 

with drastic peaks, some with initial steep growth which levels out with age, and some 

that are plateaued (Riolo et. al. 1974). The linear measurements, on the other hand, have 

minimum variation, with majority of the growth curves presenting as a positive line 
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where size is increasing steadily with age (Riolo et al. 1974). Within the linear 

measurements there are two variables that overlap with this studies research. These 

measurements will be discussed in more detail in Chapter 4, subsection 4. 

 

Growth Retardation 

Normal development is greatly influenced by environment and health factors.  

The earliest years of development, particularly fetal stages through the first three years of 

life, are the most susceptible to growth retardation and environmental influence (Bennike 

et al. 2005). The fetal environment and the health of the mother have great effects on the 

child's survival rate (Littleton 2011). The effects of fetal and infancy environment on 

development are further supported by the research conducted by Barker (2004). 

According to Barker (2004), low birthweight is associated with increased rates of 

coronary heart disease and the related disorders such as strokes, hypertension and non-

insulin dependent diabetes. The impaired growth in infancy and potential rapid childhood 

weight gain exacerbate the effects of impaired prenatal growth (Barker 2004). These 

ailments are the consequence of developmental plasticity and the belief that one genotype 

can give rise to a range of different physiological or morphological states in response to 

different environmental conditions during development (Barker 2004). In addition to 

these predispositions from the prenatal environment, children are faced with 

gastrointestinal infections (during weaning) and in some regions susceptibility to malaria 

within the first six years of life (Littleton 2011). Littleton (2011) has shown that as a 
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child gets older, and survives the initial hardships, their risk of death declines, but the 

stress markers present on their bones increase. 

 Numerous studies have documented that juvenile skeletal development and 

growth is impeded by stressful environmental factors (Bennike et al. 2005, Geber 2014, 

Ivanovsky 1923, Johnson and Gunnar 2011, Littleton 2011 and Stewart et al. 2013). The 

most common environmental factors include dietary deficiencies, infection and disease, 

hygiene and sanitary practices, and the presence or absence of psychological stresses. 

These environmental factors influence a change in the expression of skeletal growth and 

structure resulting in a demonstration of the environmental plasticity of the human body. 

In order to study and document the effects, progression, and interaction of these factors, 

bioarchaeological and modern day research has been undertaken to studying living and 

skeletonized individuals (Geber 2014, Ivanovsky 1923, Chambers and Von Medeazza 

2013, Johnson and Gunnar 2011 and Miller 2000).  

 A study particularly relevant to the present research was conducted by Geber 

(2014). The Great Irish Famine of 1845-1852 resulted in many deaths due to spread of 

disease and starvation. Geber (2014) studied the remains recovered from the Kilkenny 

union workhouse mass burial pits, of which 545 sets of remains were non-adults. The 

individuals in this study not only suffered from starvation and metabolic disorders, but 

infectious diseases and psychosocial stresses as well. Geber (2014) studied enamel 

hypoplasia (EH), Harris lines and growth retardation. In regards to the results of enamel 

hypoplasia present, Geber (2014) suggests that individuals with prior experience with 

bouts of strain, similar to that presented by the Famine, were able to better cope with the 
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Great Famine event. These children are those who had previous EH and had a stronger 

immune system, from previous infections, to fight the diseases spreading during the Great 

Famine (Geber 2014). When analyzing Harris lines, Geber (2014) postulates that the 

Famine may have caused pubertal delays and failure to initiate adolescent growth spurts 

due to the lack of prevalence in adolescents ages 13-17 years. The study on growth 

retardation revealed virtually all individuals having indications of retardation. Further, 

there was a correlation between age and level of growth retardation, whereas age 

increased growth retardation decreased. Geber (2014) argues that growth retardation had 

many causes including nutrition, psychological affects, and possible improper 

prenatal/maternal care. 

 Earlier studies have also attempted to document the effects of famine on bone 

growth, but by focusing on living individuals. Ivanovsky (1923) used the Russian famine, 

that occurred from 1921- 1923, as a chance to conduct research on the effects of 

starvation on the human body. Though his study focused mainly on adults (ages 20-55 

years old) and soft tissue, Ivanovsky (1923) found that famine resulted in a decrease in 

stature and a measurable degree of modification to morphological traits of both the skull 

and face. Some of the modifications noted in this study include: head length decreased, 

horizontal circumference of the head, antero-posterior and transverse diameter of the 

head diminished, both cephalic and facial indexes were lowered, and the face became 

more narrow with the height of the face diminishing less than the width (Ivanovsky 

1923). Additionally, changes to the nose were present, specifically a decrease in the nasal 

width and a lower nasal index score (Ivanovsky 1923).  
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 Hygiene and sanitation practices have a strong correlation with rate of disease and 

infection. When sanitation practices are lacking, and open defecating is prevalent, there is 

an increase in the rate of infections. The bacteria present in these infections tend to 

impede nutritional status, through redirecting nutrients to the immune system and 

preventing absorption, which in return effects growth rate (Chambers and Von Medeazza 

2013). The processes of growth and development can severely be affected due to the lack 

of nutrients available for the formation and enlargement of bone. 

Work conducted in poorhouses in the United States during the late 19th century 

have further shown a connection between poor living conditions and disease and death 

(Higgins et al. 2002 and DiGangi and Sirianni 2016). The Monroe County Almshouse in 

Rochester New York, dated to 1828-1863, had a high death rate, largely due to infectious 

and parasitic disease, including tuberculosis, syphilis, cholera and typhus (Higgins et al. 

2002). Dental infections and maxillary sinus infections, due to the poor air and 

environmental conditions was also common (DiGangi and Sirianni 2016). In this 

population, infant and early childhood mortality was severe, with almost half of the non-

adults perishing within the first year of life (Higgins et al. 2002). The children often 

suffered with consumption, gastrointestinal disorders, respiratory ailments and childhood 

diseases, and frequently presented enamel hypoplasia (Higgins et al. 2002). In studying 

the dentition of this population, it was found that women and children experienced 

intense stress, including expecting mothers (Higgins et al. 2002). In the Monroe County 

Almshouse, 19% of the average population died in any given year, with 38% of the 

children under the age of 5 years dying (Higgins et al. 2002). The average age at death 
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for non-adults was 3 years (Higgins et al. 2002).  These poor living conditions, sanitation 

and spreading disease resulted in lower survival rates for infants and children present.  

Another key aspect in growth and development is the psychological factors that 

affect these processes. Institutionalized settings, such as orphanages, create stressful 

psychological settings due to the lack of personal connection and interaction with a 

parental figure (Miller 2000). Additionally, institutionalized settings tend to foster risks 

of poor nutrition and growth, developmental delays, emotional neglect, physical neglect, 

increased exposure to infections, lack of medical care and physical abuse, sexual abuse, 

or both (Miller 2000).  

 A study that illustrated the connection between psychological stress and growth 

and development best was conducted by Johnson and Gunnar (2011) with their study on 

the effect of institutionalization care setting on growth and development. Johnson and 

Gunnar (2011) found that children in institutionalized settings had growth retardation in 

stature, weight and head circumference. Additionally, a correlation was detected between 

the length of time a child stayed in an institution and the level of growth retardation they 

experienced. In these institutions there were two main issues resulting in growth 

retardation: nutrition and caregiver quality (Johnson and Gunnar 2011).  

 The second half of the Johnson and Gunnar (2011) study tracked the progress and 

change a child demonstrated once placed in a new, nurturing environment. It was 

documented that children placed in the new environments, specifically adoptive and 

foster homes, underwent periods of catch-up growth in both height and weight (Johnson 

and Gunnar 2011). According to Johnson and Gunnar (2011), children are most 
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commonly placed in adoptive or foster home settings between the ages of 6-44 months. 

They found that when children are placed in the new environment before the age of 12 

months, there is a more complete catch-up in height and development (Johnson and 

Gunnar 2011). These findings supported previous research conducted by Miller (2000), 

who documented the changes in percentiles of international adoptees coming from 

institutionalized settings. Though initial recovery is observed, Johnson and Gunnar 

(2011) found some long term effects that occur from institutionalization. These long term 

effects include: abnormalities (such as abnormalities of the hypothalamic-pituitary-

adrenal system and micronutrient deficiencies) may persist, earlier onset of puberty, and 

increased mental health problems. 

 

Historical Accounts: 19th Century Amsterdam 

Societies in 19th century Europe were plagued with disease epidemics, including 

smallpox and cholera (Beekink et al. 1999, Rutten 2011), as well as poverty and high 

mortality rates (Beekink et al. 1999, Jacobs and Tassenaar 2004, Rutten 2011, and 

Solinge et al. 2000). Even with these hardships, the European population, between the 

19th and 20th century, was increasing almost fourfold, from 144 million in 1750 to 574 

million in 1950 (Wintle 2000). The Netherlands tended to exhibit a fast growing 

population demonstrated by the graph in Figure 5 (Wintle 2000). The Netherlands had 

one of the highest growth rates, consisting of the highest birth rates and lowest death rates 

(Wintle 2000). 
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Figure 5. Wintle 2000’s Figure 1.1, the Dutch and West European population, 1500-1970 

 

Although population levels in the Netherlands were high during the 19th and 20th 

century, there were still fluctuations in the death rates for the entire population. There 

was a slight declining trend around 1815, until 1870 where mortality rates dropped 

rapidly (Figure 6, Wintle 2000). From 1850 to 1900 death rate dropped from 25.5 (per 

1,000 average annual population) to 15.6, with deaths under 1 year per 100 births 

dropping from 19.5 to 13.0 (Wintle 2000). There are three general explanations given for 

the rise in population, and decline in mortality: food supply became more reliable, there 

were improvements in medicine and health care and improvements in public-health 

environment (Wintle 2000). The improvement in health care had a great impact in life 

expectancy.  
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Figure 6. Wintle 2000’s Figure 1.2, Mortality rates in Netherlands. 1816-1975, 

quinquennial averages, deaths per thousand population per annum. 

 

The Netherlands underwent numerous changes to the medical care system and 

policies during the 19th and early 20th centuries, which all positively influenced the 

mortality rate (Rutten 2011). In March 1818, an act was evoked providing regulated 

medical practice and medical education to practitioners. This allowed the poor to receive 

care from municipal medical aid or charity, and improved access to surgeons, midwives 

and hospitalization (Rutten 2011). The professionalism of medicine was further improved 

in 1849 with the formation of the Dutch Society for the Advancement of Medicine 

(Rutten 2011). This was followed by a public health revolution, starting with Amsterdam 

becoming the first city to have piped drinking water in 1854 (Rutten 2011). Further 

health and epidemic diseases acts followed, such as Health Act of 1865, Burial Act 1869, 
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Cattle Act 1870, and Epidemic Disease Act 1870, each helping to decrease mortality 

rates (Rutten 2011). With the aid of charitable societies, such as the numerous Cross 

Societies, and advancements in vaccines and medicine (mainly penicillin), mortality rates 

in the Netherlands had a steady decline, by the end of the 19th century and beginning of 

the 20th century (Rutten 2011). 

 

19th Century Orphans in Amsterdam 

In the Netherlands during the 19th century it was common to lose one or both 

parents, primarily due to 3 main factors: low life expectancy, women starting 

reproduction at an older age then past generations, and the large number of children each 

family had (Beekink et al. 1999 and Solinge et al. 2000). Generally, in 1850-1900 about 

8-11% of individuals age 20 years or younger lost at least one parent (Beekink et al. 1999 

and Solinge et al. 2000). In order to combat this problem, the Dutch government passed 

numerous laws, particularly related to orphans. One such edict states that anyone under 

the age of 23 years had to be under the care of an adult, resulting in a large population of 

orphans as defined by the state (Beekink et al. 1999; Solinge et al. 2000). 

In 1859 there were 30,000 orphans in the Netherlands, 10,104 of these orphans 

were housed in 232 institutions (Beekink et al. 1999 and Solinge et al. 2000). Many of 

these orphanages only accepted children who lost both parents or if the surviving parent 

was unable to support or care for the child (Beekink et al. 1999). Options for orphans 

included institutionalization, adoption, premature independence or a relative taking 

custody (Solinge et al. 2000). The children were first sought to be placed with a relative 
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and if this was not possible then the orphan was placed in board with a non-relative, 

usually one who had the lowest cost (Solinge et al. 2000). 

 Research has demonstrated that children in the 19th century Netherlands had a 

higher mortality rate if the mother was the parent lost (Beekink et al. 1999). Beekink and 

colleagues (1999) suggest that the effort and time the mother put into rearing the child 

was a direct influence of the child's survival rate. Additionally, the child's sex played into 

survival rate, due to preferential care of boys (i.e. there is a higher mortality rate for 

orphaned girls) (Beekink et al. 1999). This preferential treatment was derived from the 

view that male children are future providers for the family, while female children are 

only destined to assist around the home (Beekink et al. 1999). For that reason, relatives 

were more likely to take in male children, which had a positive impact on their survival 

(Beekink et al. 1999).  

 Survivability during this time period was further influenced by social status. 

Within the 19th century Dutch world, there were seven social groups: upper class, petty 

bourgeoisie, lower level professionals, farmers, fishermen, hunters and agricultural 

laborers, skilled manual workers, casual and unskilled laborers, and those without 

occupation (Beekink et at. 1999). Children of higher social status families had 

accessibility to better care and therefore had a higher survival rate (Beekink et al. 1999). 

This differential survivability based on social status was not a new concept created in the 

19th century. A study by Bennike et al. (2005) describes its presence in Medieval 

Denmark as well. Bennike et al. (2005) found that the disadvantaged population was 
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shorter, had a higher prevalence of stress indicators, signs of leprosy and compromised 

health.  

Jacobs and Tassenaar (2004) provide further evidence of biological growth 

influenced by economic status and access to resources. The two main staples of the 19th 

century Dutch diet included potatoes and bread (Jacobs and Tassenaar 2004). Jacobs and 

Tassenaar (2004) found that the price of potatoes had a negative correlation with the 

height of the population. They concluded that the negative correlation may be between 

height and real wage as reflected in consumption and market price (Jacobs and Tassenaar 

2004). 

Orphanages were substandard accommodations with atrocious hygiene conditions 

which resulted in high mortality rates and poor state of orphan's health (Beekink et al. 

1999).  The higher class orphanages (Burgher's orphanages) provided better care for the 

children but were more elite in who they accepted (Beekink et al. 1999). Solinge et al. 

(2000) demonstrates that orphans in Amsterdam Burgher Orphanage received the same 

care as children in family homes. Orphans, children and infants, in Almoners Orphanage 

(orphanages for the non-affluent) had twice as high mortality rate compared to the whole 

city (Solinge et al. 2000).  

 Although the medical care system and living environment was improving in 

Amsterdam, during the 19th century, the population was still plagued with disease 

epidemics and harsh living conditions. Orphanages, in particular, were not a nurturing 

environment and lacked the ability to properly support a growing child’s health; 
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therefore, craniofacial growth and development may have been affected by these stressful 

living conditions. 
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CHAPTER 3: MATERIAL AND METHODS 

 

Materials 

 The skeletal collection from the Maagdenhuis Roman Catholic Girl’s Orphanage 

consisted of 1,500 juvenile skulls, aged two years and greater. The orphanage, the 

Maagdenhuis, dates to c 1850-1900AD, and was the first Roman Catholic orphanage in 

Amsterdam, Netherlands (L. Smits, personal communication, June 2016) (Figure 7). The 

orphanage was located in the center of the city and the building is still present but is no 

longer an orphanage. Figures 8 and 9 present an old and new map of Amsterdam, with 

the orphanages location indicated. 

 

Figure 7. Orphanage building, Present day. 
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Figure 8. Old map of Amsterdam, red circle indicates where orphanage was located.  

 

Figure 9. New map of Amsterdam, red dot indicates where building is located. 
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The remains were excavated from a cemetery called ‘De Liefde' in 1900 AD and 

are under the care of Dr. Liesbeth Smits and her research team at the University of 

Amsterdam. Crania and skulls were recovered, with virtually no post-cranial remains 

collected. In the rare cases where post-cranial remains were collected it was constrained 

to C1 and C2 vertebrae. Preservation of these remains were excellent to good, likely due 

to the short burial period (no more than 50 years) and burial context (Figure 10-18). 

 

Figure 10. Individual Ki 5, age 7-8 years.  

 

Figure 11. Individual Ki 10, age 2-4 

years.  
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Figure 12. Individual Ki 20, age 2-4 

years. 

 

Figure 13. Individual Ki 81, age 7-8 

years.  
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Figure 14. Individual Ki 169, age 2-4 

years.  

 

Figure 15. Individual Ki 191, age 5-6 

years.  
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Figure 16. Individual Ki 270, age 2-4 

years.  

 

Figure 17. Individual Ki 346, age 5-6 

years.  
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Figure 18. Individual Ki 392, age 2-4 

years.  

 

  

At the present time, only a preliminary analysis of this collection has been 

conducted on 76 of the crania (Smits 2015). This assessment yielded a range of 

pathological features indicating deficiencies in the diet, congenital syphilis, periods of 

bad health during formation of the teeth, anaemia, and dental decay on the remains (Smits 

2015). Out of that 76 individuals, 80% had suffered from caries and ante-mortem tooth 

loss, 38% had the presence of Mulberry molars1, 38% had anaemia either caused by iron 

                                                        
1 Mulberry molar is the malformation of the enamel on the first permanent molar which might be 
associated with congenial syphilis. 
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deficiency or infection, and 26% had Scurvy or vitamin C deficiency present (Smits 

2015). 

For this study, 455 skulls from the large collection were examined. Of the 455 

skulls, 427 had adequate preservation for further craniometric analysis and therefore are 

the only ones included in this study. Age was assessed using the Ubelaker sequence of 

formation and eruption of teeth chart (Buikstra and Ubelaker 1994). Although the 

remains are assumed to have growth retardation, research has shown that malnutrition has 

no effect on the timing of human tooth formation, and therefore is a reliable method for 

aging (Elamin and Liversidge 2013). Once the remains were aged, they were placed in an 

age category which consisted of more narrow age-ranges.  Table 1 presents the age 

categories and number of individuals in each. Most of the remains fall into the age 

category of 2-4 years (n=177, 41.5%) and 5-6 years (n=104, 24.5%), representing young 

developmental years. 
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Table 1. Age categories, number of individuals in each category, and the percent 

of the population it represents. 

 

 

 

 

 

 

 

 

Additionally, a general pathological assessment was performed, in order to allow 

for comparison between growth and pathologies. There were six categories created to 

carry out this assessment: None, Minor Porosity, Moderate Porosity, Severe Porosity, 

Severe Dental and Other. The first category, “None” represents individuals who did not 

present any visible pathologies. The next 3 categories focus on diffused porosity, ranking 

it minor, moderate or severe. These categories were distinguished based on degree and 

number of locations present. The Minor category consists of barely discernable porosity 

(Buikstra and Ubelaker 1994, degree score 1). The Moderate category consists of 

porosity only (Buikstra and Ubelaker 1994, degree score 2). The Severe category consists 

of porosity with coalescence of foramina (Buikstra and Ubelaker 1994, degree score 3). 

Majority of porosity was observed on the maxilla, temporal bones, sphenoid, frontal 

bone, occipital, and orbits (Figure 19). Dental pathology was noted in only the most 

Age Category (in 

years) 

Number of 

Individuals 

Percent of Sample 

2-4 177 41.5% 

5-6 104 24.5% 

7-8 83 19.4% 

9-10 49 11.5% 

11-12 8 1.9% 

13+ 6 1.4% 
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severe cases, where there were 3 or more cavities/decay present. The “Other” category is 

represented by lesions observed on the remains. Lesions were typically located on the 

frontal or parietal bones (Figure 20). 

 

Figure 19. Individual Ki 124, age 7-8 years. Presents with severe porosity, particularly 

in the orbital region, as indicated by the red arrows. 
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Figure 20. Individual Ki 315, age 7-8 years. Presents with lesions on the parietal and 

frontal region. The parietal lesion is indicated by the red circle.  

 

Craniometrics Analysis 

Craniometric landmarks were registered with a MicroScribe 3DX digitizer 

interfaced with the program 3Skull. Craniometric landmarks used were designated and 

described by WW Howells (1937). Both three-dimensional coordinates and inter-

landmark distances were generated by 3Skull and methods for the use of the digitizer in 

data collection followed Weisensee and Jantz (2011). Figure 21 and 22 come from 

Weisensee and Jantz (2011) and outline some of the craniofacial landmarks collected, as 
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well as some of the inter-landmark distances which were generated. Figure 23 provides 

additional measurements and abbreviations.  

 

Figure 21. Weisensee and Jantz 2011’s Table 1, landmarks and definitions. 



 

34 

 

Figure 22. Weisensee and Jantz 2011’s Figure 1, wire representation of landmarks and 

inter-landmark distances. 
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Figure 23. Howell’s Cranial Measurements and Abbreviations. 

 

The use of a digitizer has been selected for this research due to the many 

advantages, such as lower error rate, better representation of cranial morphology, greater 

data efficiency, easy conversions to linear measurements, and greater speed of collection 
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(Ousley and McKeown 2001). The use of a digitizer greatly increases accuracy due to 

ability of the digitizer to largely eliminate the seven sources of error in collecting 

craniometerics, outlined by Howells (1973) (Ousley and McKeown 2001). The accuracy 

of a MicroScribe 3DX digitizer had been tested to .23mm (Ousley and McKeown 2001). 

The landmark coordinates collected with a digitizer further creates a robust nature of data 

which can calculate nontraditional measurements, but also allow for a variety of analysis 

(Ousley and McKeown 2001). With the aid of software, such as 3Skull, data collection 

and management is easy and organized. When 64 landmark coordinates are collected, 

2,016 measurements can be calculated and used for analysis (Ousley and McKeown 

2001). Using a digitizer results in faster data collection and Ousley and McKeown (2001) 

found that within an 8-10-minute time slot 60-100 landmarks can be recorded from a 

cranium. Though this comes with experience and knowledge of not only landmarks but 

the equipment, Sholts et al. (2011) found that with limited experience accuracy and speed 

can still be achieved. 

 When assessing accuracy and precision of measurements conducted with a 

digitizer, Sholts et al. (2011) conducted a study to document the standard deviation of 

craniofacial measurements. There are three types of landmarks that can be measured with 

a digitizer. Type 1 landmarks are anatomical and based on biological criteria (Sholts et al. 

2011). Type 2 landmarks measure bony protrusions and depressions in a more geometric 

manner (Sholts et al. 2011). Finally, type 3 landmarks are external locations with respect 

to other landmarks and are based on geometric criteria (Sholts et al. 2011). Sholts et al. 

(2011) calculated the standard deviation (SD) for each type of landmark and found that 
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for type 1 landmarks the mean SD value was 0.3-0.9mm. Type 2 landmarks produced a 

mean SD value of 0.4-0.7mm, while type 3 landmarks had a mean SD value of 0.7-

1.6mm (Sholts et al.2011). The overall SD for a digitizer is +/- 0.79mm (Sholts et al. 

2011). This range is within the acceptable SD range for accuracy.    

For this study, 100 of the skulls digitized were repeated to examine the intra-

observer error. These remains were chosen at random and give a well representation of 

the entire collection digitized. 

 

Statistical Methods 

Once all the data was collected, a statistical comparison and analysis, using IBM 

SPSS 20, was conducted. The first statistical analysis examined the growth patterns of the 

collection understudy. Two sets of Multiple Regressions were run to examine significant 

inter-landmark distances that can be used to categorize an individual into a particular age 

category. Further, these tests examine potential correlations between all measurements 

and the aging process. The first Multiple Regression used all of the 3Skull data collected, 

resulting in 52 inter-landmark distances being compared. The second Multiple 

Regression examined only 19 inter-landmark distances, listed in Table 2. This second 

Multiple Regression allowed for an analysis focusing on the craniofacial region, and 

specific inter-landmark distances of interest. 
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Table 2. Inter-landmark distances, with abbreviation and definition, used for  

Multiple Regression 2: in-depth examination of cranial growth. 

Inter-landmark 

Distance 

Abbreviation Definition 

Cranial Base Length BNL The direct distance from Nasion to Basion 

Basion Prosthion 

Length 

BPL The direct distance from Basion (endobasion) to Prosthion 

(Howell’s anterior) 

Interorbital 

Breadth 

DKB The direct distance between right and left Dacryon 

Biorbital Breadth EKB The direct distance from one Ectoconchion to the other 

Frontal Chord FRC The direct distance from Nasion to Bregma 

Maximum Cranial 

Length 

GOL The distance from Glabella to Opisthocranion in the 

midsagittal plane measured in a straight line 

Maxillo-Alveolar 

Breath 

MAB Also known as the external palate breadth- The maximum 

breadth across the alveolar borders of the maxilla measured 

at its widest point (Ectomalare) 

Maxillo-Alveolar 

Length 

MAL Also known as the external palate length- the direct distance 

from Prosthion (Howell’s anterior) to Alveolon 

Mid-Orbital Width MOW The direct distance from the left to the right Zygoorbitale 

Nasal Breadth NLB The maximum breadth of the nasal aperture (Alare-Alare) 

Nasal Height NLH The distance from Nasion to Nasospinale 

Orbital Breadth OBB The laterally sloping distance from Dacryon to Ectoconchion 
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Orbital Height  OBH The direct distance between the superior and inferior orbital 

margins, along a line that divides the orbit into equal halves 

and perpendicular to OBB 

Upper Facial 

Breadth 

UFBR The direct distance between each external Frontomalare 

Temporale point 

Upper Facial Height UFHT The direct distance from Nasion to Prosthion (Martin’s 

inferior) 

Minimum Frontal 

Breadth 

WFB The direct distance between left and right Frontotemporate 

Maximum Cranial 

Breadth 

XCB The maximum width of the skull perpendicular to the mid-

sagittal plane, using the left and right Eurion (Euryon) 

Bimaxillary 

Breadth 

ZMB The distance from left to right Zygomaxillare anterior 

Bizygomatic 

Breadth 

ZYB The direct distance between each Zygion located at the most 

lateral point of the zygomatic arches 

  

Further an analysis to evaluate if there is a correlation between pathological 

features and the growth patterns observed was undertaken. A Chi-Square analysis was 

conducted to test the correlation between pathological features and the age categories. 

Next, seven inter-landmark distances, BNL, FOL GOL, NLH, UFHT, XCB and ZYB, 

were analyzed resulting in mean, standard deviation, and range. They were further 

graphed, providing data formatted in a similar manner as the Michigan Craniofacial 

Growth Study. Additionally, this data allowed for a brief study on outliers. For this study, 

outliers are defined as any measurement three standard deviations and greater from the 
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mean. Outliers were examined for the seven measurements, each within the individual 

age categories.  

Following the creation of the graphs mentioned above, an analysis to assess the 

presence of general growth retardation in the Amsterdam collection, based on comparing 

the shape of the growth curves created by the Amsterdam collection and those created by 

the Michigan Craniofacial Growth Study (Riolo et al. 1974), was completed. Due to a 

12.7% enlargement to linear measurements (Riolo et al. 1974) and differences in 

methods, a one to one direct comparison between the two data sets was not possible. Two 

linear measurements, Basion- Nasion (BNL) and Basion-Opisthion (FOL), from the 

Michigan Craniofacial Growth Study (Riolo et al. 1974) overlap with the inter-landmark 

distances collected from the Amsterdam collection. Using the mean for each inter-

landmark distance, per age category, growth curves were created. The growth curve 

graphs’ shapes were compared visually.  

 The final statistical analysis performed investigated intra-observer error. The 

measurements of the 100 skulls re-digitized were compared to the original measurements 

using Intra-class Correlation (ICC). ICC was performed on the seven inter-landmark 

distances which descriptive statistics were performed (BNL, FOL GOL, NLH, UFHT, 

XCB and ZYB). 

  



 

41 

CHAPTER 4: RESULTS 

 

Intra-Observer Error 

The Intra-Class Correlation (ICC) analysis results are presented in Table 3. The 

individual ICC for each inter-landmark distance tested indicates a high correlation 

between the original skulls digitized and the 100 skulls which were re-digitized. This 

high correlation represents a low intra-observer error. The correlations range between 

.939 and .998 with an average of .981.    

Table 3. ICC for seven inter-landmarks (BNL, FOL, GOL, NHL, UFHT, XCB and 

ZYB). 

Inter-
landmark 

Measures Intra-class 
Correlationb 

95% 
Confidence 
Interval 

 F Test with True Value 0 

Lower 
Bound 

Upper 
Bound 

Value Df1 Df2 Sig 

BNL Singlea .989 .979 .994 175.294 41 41 .000 
Averagec .994 .989 .997 175.294 41 41 .000 

FOL Single .939 .900 .964 31.480 57 57 .000 
Average .969 .947 .981 31.480 57 57 .000 

GOL Single .988 .980 .992 177.762 98 98 .000 
Average .994 .990 .996 177.762 98 98 .000 

NHL Single .959 .849 .983 73.067 62 62 .000 
Average .979 .918 .991 73.067 62 62 .000 

UGHT Single .980 .962 .989 114.410 60 60 .000 
Average .990 .980 .994 114.410 60 60 .000 

XCB Single .973 .960 .982 71.853 99 99 .000 
Average .986 .979 .991 71.853 99 99 .000 

ZYB Single .995 .991 .997 454.793 83 83 .000 
Average .998 .996 .999 454.793 83 83 .000 

Two-way mixed effects model where people effects are random and measures effects are fixed 
a. The estimator is the same, whether the interaction effect is present or not 
b. Type A intra-class correlation coefficients using an absolute agreement definition 

c. This estimate is computed assuming the interaction effect is absent, because it is not 
estimable otherwise 
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Growth Curves 

 The results of the first analysis examined the pattern resulting from crania growth. 

The first Multiple Regression, which examined all 3Skull measurements, produced two 

models, one using 124 skulls2 and one using all 427 skulls3. Tables 4-6 shows the results 

of the Multiple Regression. Model 1 used 7 inter-landmark measurements for predictions, 

while model 2 used 10 measurements. The R value from model 1 is .828, only slightly 

greater than model 2 with an R value of .825. The Standard Error of the Estimate (SEE) 

was slightly lower in model 1 (SEE=.649) than model 2 (SEE= .689). Both models had a 

significant correlation between individual inter-landmark distances and age. 

  

Table 4. Results of Multiple Regression 1. 

Model Measurements Formula R R2 Adjusted 
R2 

SEE 

1 ZYB, MAL, 
NLH, UFHT, 
ZOR, XCB, FOL 

Y= (-3.803)+ ZYB (.089)+ 
MAL (.144)+ NLH (.251)+ 
UFHT (-.123)+ ZOR (-
.064)+ XCB (-.037)+ FOL 
(-.059) 

.828 .685 .666 .64
9 

2 MAL, BBH, 
NLH, NPH, 
MAB, SSS, 
NAR, BPL, 
FOB, AUB 

Y= (-8.003)+ MAL (.084)+ 
BBH (.006)+ NLH (.215)+ 
NPH (-.099)+ MAB 
(.047)+ SSS (.050)+ NAR 
(-.044)+ BPL (.033)+ FOB 
(-.045)+ AUB (.023) 

.825 .681 .673 .68
9 

 

 

 

                                                        
2 The crania that presented with complete inter-landmark measurements 
3 Some crania are missing inter-landmark measurements due to preservation  
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Table 5. Model 1 Results. 

Model 1 Sum of Square df Mean Square F Sig 

Regression 106.303 7 15.186 36.032 .000 

Residual 48.890 116 .421   

Total 155.194 123    

 

Table 6. Model 2 Results. 

Model 2 Sum of Square df Mean Square F Sig 

Regression 420.399 10 42.040 88.654 .000 

Residual 197.269 416 .474   

Total 617.667 426    

 

The second Multiple Regression, which examined 19 craniofacial inter-landmark 

distances, produced two models, one using 138 skulls4 and one using all 427 skulls5. 

Tables 7-9 shows the results of the Multiple Regression. Model 3 used 5 inter-landmark 

measurements for predictions, while model 4 used 11 measurements. The R value from 

model 3 is .804, only slightly greater than model 4 with an R value of .795. The Standard 

Error of the Estimate (SEE) was lower in model 3 (SEE=.677) than model 4 (SEE= .741). 

                                                        
4 The crania that presented with complete inter-landmark measurements 
5 Some crania are missing inter-landmark measurements due to preservation 
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Both models had a significant correlation between individual inter-landmark distances 

and age.  

Table 7. Results of Multiple Regression 2. 

Model Measurements Formula R R2 Adjusted 
R2 

SEE 

3 ZYB, MAL, NLH, 
UFHT, WFB 

Y= (-7.001)+ ZYB 
(.057)+ NLH (.289)+ 
MAL (.125)+ UFHT (-
.137)+ WFB (-.053) 

.804 .647 .634 .677 

4 MAB, NLH, 
UFBR, WFB, 
EKB, UFHT, 
OBH, XCB, ZYB, 
BNL, BPL 

Y=(-7.014)+ MAB(.095)+ 
NLH (.192)+ UFBR 
(.203)+ WFB (-.114)+ 
EKB (-.079)+ UFHT (-
.086)+ OBH (.075)+ XCB 
(-.018)+ ZYB (.029)+ 
BNL (-.064)+ BPL (.038) 

.795 .631 .622 .741 

 

Table 8. Model 3 Results. 

Model 3 Sum of Square df Mean Square F Sig 

Regression 110.911 5 22.182 48.431 .000 

Residual 60.458 132 .458   

Total 171.370 137    
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Table 9. Model 4 Results. 

Model 4 Sum of Square df Mean Square F Sig 

Regression 389.951 11 35.450 64.606 .000 

Residual 227.716 415 .549   

Total 617.667 426    

 

In comparing the four models presented, the range of R values are within a .33 

range, with model 1 having the highest R value and model 4 the lowest. The Standard 

Error of the Estimates are within a .92 range, with model 4 having the highest value, and 

model 1 the lowest. Based on this comparison, model 1 is the better predictor with a 

higher R value and lower SEE.  

In summary, there are many inter-landmark distance which presented significant 

correlation between growth and age, and can be used to categorize an individual into a 

particular age category. In looking at individual inter-landmark distances, the best 

predictor is NLH, appearing in all 4 models. The second best predictors, appearing in 3 

out of the 4 models, are ZYB, MAL and UFHT. The third best predictors, appearing in 2 

out of the 4 models, are XCB, MAB, BPL and WFB. All models produced by the two 

Multiple Regressions showed significant correlation between individual inter-landmark 

distances and age. Further, these inter-landmark distances generally fit into the facial 

growth planes discussed in Chapter 2 subsection 1. The crania are growing in both height, 

width and depth, in which the inter-landmark distances listed above are the best 



 

46 

predictors of age. Further, the facial width and length are more predictive then height, as 

will be discussed later in this paper.  

When descriptive statistics were analyzed for seven inter-landmark distances 

(BNL, FOL GOL, NLH, UFHT, XCB and ZYB), similar growth patterns were observed. 

Tables 10-16 and Graphs 1-8 provide the minimum, maximum, mean, and standard 

deviation for each inter-landmark per age category, as well as the means graphed. On 

average, standard deviation for the inter-landmark distances was 2-3mm. Some 

measurements, such as GOL and XCB had larger standard deviations ranging from 5-

7mm.  

The growth curve for BNL is gradual with a positive slope. The growth curves for 

NHL and UFHT have a minimal increase, making the lines appear more horizontal. GOL 

has a growth curve similar to BNL, but there is a plateau between age categories 5-6 and 

7-8 years. Further, FOL and ZYB have similar positive slopes, each with a plateau 

between age categories 9-10 and 11-12 years. Lastly, XCB produced the most irregular 

growth curve due to an artifact of sampling size. When the age cohorts were combined, 

the positive slope became more regular.  When all seven measurements are graphed 

together, they each present a slight positive slope with minimal variation. 
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Table 10. BNL Descriptive Statistics. 

Descriptive Statistics 

Age group N Minimum Maximum Mean Std. Deviation 

2-4 
BNL 20 74 86 81.35 2.870 

Valid N (listwise) 20     

5-6 
BNL 110 74 91 83.33 3.406 

Valid N (listwise) 110     

7-8 
BNL 180 77 94 84.25 3.294 

Valid N (listwise) 180     

9-10 
BNL 172 76 95 87.47 4.157 

Valid N (listwise) 172     

11-12 
BNL 35 82 101 89.00 5.714 

Valid N (listwise) 35     

13+ 
BNL 30 86 93 90.40 2.699 

Valid N (listwise) 30     

 

Graph 1. BNL Growth Curve. 
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Table 11. FOL Descriptive Statistics. 

Descriptive Statistics 

Age group N Minimum Maximum Mean Std. Deviation 

2-4 
FOL 42 28.00 38.00 32.7619 2.56439 

Valid N (listwise) 42     

5-6 
FOL 158 27.00 38.00 33.2658 2.05472 

Valid N (listwise) 158     

7-8 
FOL 219 28.00 44.00 33.5753 2.53191 

Valid N (listwise) 219     

9-10 
FOL 188 30.00 42.00 34.5319 2.67171 

Valid N (listwise) 188     

11-12 
FOL 40 32.00 37.00 34.3750 1.51383 

Valid N (listwise) 40     

13+ 
FOL 36 32.00 39.00 34.8333 2.44365 

Valid N (listwise) 36     

 

Graph 2. FOL Growth Curve. 
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Table 12. GOL Descriptive Statistics. 

Descriptive Statistics 

Age group N Minimum Maximum Mean Std. Deviation 

2-4 
GOL 165 144 180 164.68 6.160 

Valid N (listwise) 165     

5-6 
GOL 204 152 181 168.35 5.841 

Valid N (listwise) 204     

7-8 
GOL 243 155 179 168.10 6.154 

Valid N (listwise) 243     

9-10 
GOL 188 158 182 171.70 5.561 

Valid N (listwise) 188     

11-12 
GOL 40 168 191 175.63 6.792 

Valid N (listwise) 40     

13+ 
GOL 36 165 185 177.50 6.327 

Valid N (listwise) 36     

       

 

Graph 3. GOL Growth Curve.  
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Table 13. NLH Descriptive Statistics. 

Descriptive Statistics 

Age group N Minimum Maximum Mean Std. Deviation 

2-4 
NLH 83 29 40 34.07 2.267 

Valid N (listwise) 83     

5-6 
NLH 146 31 45 36.68 2.446 

Valid N (listwise) 146     

7-8 
NLH 198 33 43 38.21 2.383 

Valid N (listwise) 198     

9-10 
NLH 180 36 47 40.80 2.525 

Valid N (listwise) 180     

11-12 
NLH 35 40 44 42.00 1.534 

Valid N (listwise) 35     

13+ 
NLH 30 40 50 44.40 3.318 

Valid N (listwise) 30     

 

Graph 4. NLH Growth Curve. 
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Table 14. UFHT Descriptive Statistics. 

Descriptive Statistics 

Age group N Minimum Maximum Mean Std. Deviation 

2-4 
UFHT 82 43 58 49.16 3.272 

Valid N (listwise) 82     

5-6 
UFHT 146 46 63 53.07 3.144 

Valid N (listwise) 146     

7-8 
UFHT 189 47 59 53.05 3.065 

Valid N (listwise) 189     

9-10 
UFHT 176 49 66 56.80 3.882 

Valid N (listwise) 176     

11-12 
UFHT 30 54 63 58.00 3.216 

Valid N (listwise) 30     

13+ 
UFHT 30 56 67 61.40 3.673 

Valid N (listwise) 30     

 

Graph 5. UFHT Growth Curve.  
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Table 15. XCB Descriptive Statistics. 

Descriptive Statistics 

Age group N Minimum Maximum Mean Std. Deviation 

2-4 
XCB 166 120 146 133.87 4.923 

Valid N (listwise) 166     

5-6 
XCB 202 123 155 136.15 5.459 

Valid N (listwise) 202     

7-8 
XCB 243 124 146 135.14 4.959 

Valid N (listwise) 243     

9-10 
XCB 192 121 154 137.67 5.684 

Valid N (listwise) 192     

11-12 
XCB 40 131 144 136.38 4.295 

Valid N (listwise) 40     

13+ 
XCB 36 132 145 139.67 5.292 

Valid N (listwise) 36     

 

Graph 6. XCB Growth Curve. 
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Table 16. ZYB Descriptive Statistics. 

Descriptive Statistics 

Age group N Minimum Maximum Mean Std. Deviation 

2-4 
ZYB 122 89.00 109.00 98.6967 4.19541 

Valid N (listwise) 122     

5-6 
ZYB 168 90.00 111.00 102.4762 3.89219 

Valid N (listwise) 168     

7-8 
ZYB 198 91.00 114.00 103.9242 4.16772 

Valid N (listwise) 198     

9-10 
ZYB 148 103.00 121.00 110.3243 3.99356 

Valid N (listwise) 148     

11-12 
ZYB 30 106.00 114.00 109.1667 2.84160 

Valid N (listwise) 30     

13+ 
ZYB 18 115.00 122.00 118.3333 2.95057 

Valid N (listwise) 18     

 

Graph 7. ZYB Growth Curve. 
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Graph 8. Comparative growth curve of the 7 inter-landmark distances examined. 

 

 

For these seven inter-landmark distances, outlier individuals, were examined. 

There does not appear to be a correlation between the pathologies observed and the 

distance the individual lies from the mean6, per age category. As per the definition given 

previously for outlier, and the data parameter of these seven inter-landmark distances, 

only eight individuals are classified as outliers. Of those eight individuals, four were 

considered outliers for being three standard deviations above the mean, and four 

individuals were outliers for being three standard deviations below the mean. 

                                                        
6 In terms of standard deviation 
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Additionally, these individuals belong to multiple porosity degrees (minor, moderate and 

severe) including one individual who is classified as not having any pathology observed. 

Further, of the four individuals classified as having severe porosity (see below) only one 

was considered an outlier. Based on BNL, FOL GOL, NLH, UFHT, XCB and ZYB inter-

landmark distances, no conclusion can be given on possible correlation between 

pathology and distance individual lies from the mean.  

 

Pathological Analysis 

Table 17 shows the number of individuals which fall into each pathological 

category. Out of the 427 crania examined, 17.1% (n=73) did not present with any 

pathologies. Porosity was minor in majority of the cases (n= 276, 64.6%). Moderate 

porosity was present in 69 crania (27.9%), and severe porosity was present in only 4 

crania (0.9%). Further, severe dental pathology was observed in 16 crania (3.7%) while 

22 (5.2%) individuals belong to the “Other” category. 
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Table 17. Pathological categories, number of individuals who presented that 

condition, and the percent of the population with that condition. 

Pathological Categories Number of Individuals Percent of Sample 

None 73 17.1% 

Minor Porosity 276 64.6% 

Moderate Porosity 69 27.9% 

Severe Porosity 4 0.9% 

Severe Dental 16 3.7% 

Other 22 5.2% 

 

Graph 9 shows the age distribution of each pathological category. The distribution 

of pathologies presents in a similar manner as the distribution of age, where the age 

categories with the most individuals also presents the most pathologies. This may be a 

result of sampling bias.  
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Graph 9. Age distribution of each pathological category. 

 

The results of the Chi-Square are shown in Table 18. The Pearson Chi-Square value is 

47.117 with a p value of 0.005 at 95% confidence. These results suggest that there is a 

statistically significant relationship between age and pathologies observed. 

 

Table 18. Chi-Square output from IBM SPSS 20. 

Chi-Square Tests 

 Value df Asymp. Sig. (2-

sided) 

Pearson Chi-Square 47.117a 25 .005 

Likelihood Ratio 36.363 25 .066 

Linear-by-Linear Association 8.345 1 .004 

N of Valid Cases 460   

a. 20 cells (55.6%) have expected count less than 5. The minimum 

expected count is .06. 
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Comparison to Michigan Craniofacial Growth Study 

When the growth curve shape from the Amsterdam collection is compared to the 

Michigan Craniofacial Growth Study’s (Riolo et al. 1974), similarities become apparent. 

Figures 24 and 25 depict the data and graphs presented by the Michigan Craniofacial 

Growth Study (Riolo et al. 1974). The female data presented in these figures were 

graphed with the data collected from the Amsterdam collection as seen in Graphs 10 and 

11. In Graph 10, both studies present a slightly positive sloped curve following a very 

similar trend. Further, Graph 11 presents the growth curves for FOL, which also have a 

positive slope. In Graph 11, both studies have a similar peak in growth around age 

category 9-10 years. The Michigan Craniofacial Growth Study demonstrates a steeper 

increase for the older age categories (11+ years) but this may be due to sample size. 

Overall, the shape of the curves suggests that both collections are growing in a similar 

manner. Further, on both Graphs 10 and 11the Michigan Craniofacial Growth Study 

sample have higher values at each age group. Though there is limitation in making an 

ono-to-one comparison (see discussion below), it may be inferred that the Amsterdam 

collection is smaller on average than the Michigan collection. The small size may be the 

result of the stressful orphanage environment. 
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Graph 10. Comparison of the BNL growth curves, between the Michigan Craniofacial 

Growth Study (MGS) (Riolo et al. 1974) and the Amsterdam collection (AMS). 

 

 

Graph 11. Comparison of the FOL growth curves, between the Michigan Craniofacial 

Growth Study (MGS) (Riolo et al. 1974) and the Amsterdam collection (AMS).  

 

0

20

40

60

80

100

120

2-4 5-6 7-8 9-10 11-12 13+In
te

r-
la

n
d

m
ar

k 
D

is
ta

n
ce

 (
m

m
)

Age (years)

Comparison of BNL

MGS AMS

30

31

32

33

34

35

36

37

38

39

2-4 5-6 7-8 9-10 11-12 13+In
te

r-
la

n
d

m
ar

k 
D

is
ta

n
ce

 (
m

m
)

Age (years)

Comparison of FOL

MGS AMS



 

61 

CHAPTER 5: DISCUSSION AND CONCLUSIONS 

 

Discussion 

 The results from this study have provided a model for assessing the growth of the 

individuals whose skeletal remains are housed in the Amsterdam orphanage collection. 

For this collection, the best indicators of age were the measurements representing facial 

breadth, cranial breadth, facial depth, nasal height and the cheek region. The crania in this 

collection show evidence that they were growing in a predictable manner when assessed 

by length and width. The height of the crania did not appear to have grown in a uniform 

manner and therefore are not reliable predictors of age.  

Further, these data have revealed a significant relationship between age and 

pathology, as seen in the Chi-Square output.  Also, the environmental stresses of the 

orphanage had negative effects on the individuals residing there and the effects of these 

stressors become most apparent when compared to the age of each individual. The results 

show younger individuals have more pathological indicators, though this could be the 

result of biases in the population sample where the younger individuals are more 

represented than older age ranges. Although there is a correlation between age and 

pathology, given the data provided by the outlier analysis, it is unlikely that there is a 

reliable correlation between pathological change and its influence on growth retardation. 

Further, the outlier analysis showed that having a score of minor porosity is not sufficient 

enough to influence or cause growth retardation, definitively. With only having a limited 

number of individuals, who were each scored into a variety of pathological categories, no 

apparent pattern seems to be present. This in part can be due to the Osteological Paradox, 
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as will be discussed below (Wood et al. 1992). For this study, other forms of analysis are 

needed to confirm the presence of growth retardation in this collection.  

 Further, the results from the comparison between the collection under study and 

the Michigan Craniofacial Growth Study demonstrate that the children at the 

Maagdenhuis Orphanage were growing in a similar manner as normal growth curves 

captured by the Michigan Craniofacial Growth Study (Riolo et al. 1974). In other words, 

the orphans in the Amsterdam Collection were following the same growth pattern as 

‘normal’ children, such as those studied in the Michigan Craniofacial Growth Study. This 

suggests that even under stressful conditions the Amsterdam individuals were still 

following the same growth pattern as a normal growing population, even if the growth 

increment was not the same. Though only two measurements were compared, it is 

inferred that remaining measurements were also following a similar growth pattern. This 

inference is based on a limited comparison, but is likely a robust finding.  

 A qualitative assessment of the skeletal remains in the Amsterdam collection was 

also conducted as part of the present study. It was concluded that due to a visible size 

ratio between crania in different age groups, growth retardation was present for numerous 

individuals. It was observed, in numerous cases, crania of approximately the same size 

having age assessments that placed them into different age groups. For example, a 

cranium, which had a first molar fully erupted and central incisors in the processes of 

erupting, was aged and placed in an older age category, 7-8 years. This individual was 

visually observed to have the same vault size, facial height, and bizygomatic breadth as 

another individual who was placed in a younger age category, 2-4 years, based on their 
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dentition. The observations were further made by visually assessing the ratio of size 

between the cranial vault and facial region.  

 For the individuals in the above scenario, growth retardation could have been the 

result of numerous factors. One possibility that may explain this distinction is Individual 

A (aged 7-8 years) may have been in the orphanage setting longer than Individual B 

(aged 2-4 years), resulting in Individual A being exposure to a stressful environment for a 

longer period of time and therefore presenting with greater growth retardation. Another 

possible explanation is Individual B had only been in the orphanage setting for a short 

period of time and succumb to the stressful environment before growth retardation and 

pathological conditions could develop and affect the skeleton. A third possibility is 

related to genetics and individual frailty; Individual B may have had a genetic 

predisposition or a better ability to cope with the stressful environment and therefore did 

not present with growth retardation.  

The Osteological Paradox questions whether the pathological changes observed in 

a skeletal collection represent a frail, sick individual, or one who was healthier and able 

to survive long enough for changes to occur in the bones (Wood et al. 1992). Wood et al. 

(1992) believe that the lack of pathological conditions is in support of an individual who 

was more frail and succumbed to the illness before lesions were formed. Like the 

explanations provided for the scenario presented, and the Osteological Paradox, there are 

many variables that can be at play within a collection. Based on skeletal remains, the 

discerning processes between the possibilities seems impossible to sort through. In 

returning to the scenario presented, if the second explanation (where Individual B 
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succumbed to the stress before growth retardation occurred) is true, then the lack of 

correlation between pathological change and the outlier population in this study would 

confirm the explanation and the Osteological Paradox.    

Limitations 

This study came with a few limitations. One major limitation was that few 

historical records exist for the orphanage. While there are some records from the 

orphanage, they cannot be associated with the specific sets of remains. This makes it 

difficult to confirm sex, age, history and pathological state of the remains. Further, only 

the skull, and in some cases the mandible, and C1 and C2 vertebrae, are present which 

limits the analysis. Juvenile development and growth is well understood in the postcranial 

region (Schaefer et al. 2009; White et al. 2011). Not having postcranial remains for 

comparison to the cranial region is limiting, especially when examining growth 

retardation which can be confirmed by stunted height. Like all archaeological collections, 

the age at death estimation is a confounding variable. This requires the researcher to 

generate age ranges and not an exact year of age.  

 It has been shown by some researchers (Gonzalez 2012 and Phillips 2013) that 

growth, in the craniofacial region, differs between the sexes. In all bioanthropological 

contexts, properly sexing non-adult individuals without DNA is problematic. DNA 

testing can be costly, and the main limitation here is the second most common way to sex 

a juvenile’s remains is through measurements, which for this population is skewed due to 

a stressful environment. This prevents the researcher from confirming the difference in 

growth patterns is not due to sex, but rather the environment. As stated earlier, this 
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collection came from an all-girls orphanage. Though it would be expected that all 

remains are biologically female in this collection, there is a possibility that the Roman 

Catholic boys’ orphanage, in the same region, may have been burying their children in 

the same cemetery (L. Smits, personal communication, June 2016). With the possibility 

of having a mix sex collection, the limitation of sexing inhibits the distinction in the 

cause of growth retardation.  

 A third limitation to this study was the inability to make a one-to-one comparison 

between the normal growth curve (Michigan Craniofacial Growth Study) and the 

Amsterdam collection. Given that each study used a different methodology (one using 

radiographs and the other digitizing physical skulls) there is an inability to make a 

direction comparison. The Michigan Craniofacial Growth Study stated that there is a 

12.7% enlargement to the linear measurements (Riolo et al. 1974). An inference was 

made between the studies but it was not possible to test for a statistical correlation. This 

dilemma is enhanced by the lack of skeletal collections with normal growing juveniles in 

it. For obvious reasons, juveniles do not typically enter skeletal collections. When a child 

does enter, it is typically from an archaeological collection, where the child died from 

some issue, mainly disease or stressful environment. Those individuals do not properly 

represent the normal growing population, which survived. 

 

Conclusion 

Juvenile growth and development is affected by environmental stressors. This 

study has shown a gradual positive growth curve for the tested inter-landmark distances. 
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Further, it has shown similar growth curves between the skeletal remains in the 

Amsterdam collection and the Michigan Craniofacial Growth Study (Riolo et al. 1974). 

The Multiple Regressions produced four age predictive models for the Amsterdam 

collection, with NHL, ZYB, MAL, UFHT, XCB, MAB, BPL and WFB being the most 

predictive inter-landmark distances. Additionally, there is a significant correlation 

between pathology and age within this collection. The results of this project have 

implications for work in human biology, bioarchaeology and modern forensic cases. The 

presence of growth retardation, on skeletal remains, are indicative of stressful 

environmental conditions including institutionalized care settings.  

 Future research for this project include further digitizing the collection. As 

this project only focused on the cranium, research could be conducted on the growth of 

the mandibles, which are present of many of the individuals in this collection. 

Additionally, future research could conduct a multidimensional comparison between the 

Amsterdam collection and normal growth curve studies. Future research potentially could 

take the 3-dimensional coordinates produced by digitizing, create 3-dimensional skulls 

which could be further compared. Unlike the 2-dimensional approach taken in this study, 

the multidimensional approach could provide a new perspective in examining growth 

patterns. Lastly, this collection offers many diverse avenues of study for a 19th century 

population. With the aid of isotopic analysis, such as the work conducted by Beaumont et 

al. (2015), and further pathological assessment, a reconstruction of diet and disease may 

be possible. Fundamentally, bioarchaeological studies have levels of complexity in which 

answers may be hard to acquire. This study, and those that follow with this collection are 
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no different. Though there are limitations to these studies, there is potential to gain 

insight into the lives of an orphan in 19th century Amsterdam by taking a multi-discipline 

approach.  
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