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ABSTRACT 

 

 The use of cranial suture closure as an indicator of age has been pervasive in 

anthropological literature for over 100 years. One foundational study was conducted by T.W. 

Todd and D.W. Lyon, who used male crania from the Hamann-Todd collection to develop a 

standard for estimating age based on a scoring system for cranial sutures. This study tests the 

Todd and Lyon method1 by applying it to a population of “White” female crania from the 

Hamann-Todd Osteological collection. This study will also develop a standard based on the 

female cranial data and compare the performance of a female-based standard to Todd and Lyon’s 

male based standard. Overall, this study will serve as a test of the Todd and Lyon method and 

standard, as well as call into question the general correlation between suture closure and age.  

  

                                                        
1 T. Wingate Todd and D.W. Lyon, “Cranial Suture Closure: Its Progress and Age Relationship.” 
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CHAPTER 1 

INTRODUCTION 

Purpose statement 
 
 Establishing age at death is essential to the estimation of a thorough biological profile for 

undocumented skeletal remains. The chronological age of skeletal remains is most commonly 

estimated by combining assessments of metamorphic or developmental changes in the pubic 

symphyses, rib ends, dentition, patterns of epiphyseal closure, and cranial suture closure.234 

Cranial sutures, specifically, are widely criticized and have been labeled as an unreliable method 

for determining age. Methods for estimating age using the advancement of cranial suture closure 

have been developed over the past century.56 More recently, Moore-Jansen7  proposed the use of 

optical scanning as a means to record cranial suture closures more consistently for the specific 

purpose of reducing error associated with the documentation of cranial suture closure. One 

commonly used method was developed by Todd and Lyon,8  who developed age categories using 

degree of closure of the major sutures of the cranial vault. Their method was based solely on data 

from male crania, and only summary data tables were published. Any raw data gathered for this 

                                                        
2 M.E. Bedford et al., “Test of the Multifactorial Aging Method Using Skeletons With Known Ages-at-Death From 
the Grant Collection”; Sheilagh Thomspon Brooks, “Skeletal Age at Death: The Reliability of Cranial and Pubic 
Age Indicators”; C. Owen Lovejoy et al., “Multifactorial Determination of Skeletal Age at Death: A Method and 
Blind Test of Its Accuracy.” 
3 MY Iscan, SR Loth, and RK Wright, “Age Estimation from the Rib by Phase Analysis: White Males.” 
4 Peer H. Moore-Jansen, Richard L. Jantz, and Stephen D. Ousley, Data Collection Procedures for Forensic Skeletal 
Material. 
5 Jason Dale Kirk, “Cranial Suture Closure: A Quantitative Method for Age Estimation Using Laser 
Instrumentation”; Thomas W. McKern and T.D. Stewart, “Skeletal Age Changes in Young American Males”; 
Richard S. Meindl and C. Owen Lovejoy, “Ectocranial Suture Closure: A Revised Method for the Determination of 
Skeletal Age at Death Based on the Lateral-Anterior Sutures.” 
6 T. Wingate Todd and D.W. Lyon, “Cranial Suture Closure: Its Progress and Age Relationship.” 
7 Peer H. Moore-Jansen and Jason Dale Kirk, “Estimating Age from Cranial Suture Closure Using Laser 
Instrumentation.” 
8 T. Wingate Todd and D.W. Lyon, “Cranial Suture Closure: Its Progress and Age Relationship.” 
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study was not published, so a number of questions about the broader applications of their 

findings remain.  

This study tests the reliability and consistency of the Todd and Lyon method by focusing 

on “White”9 female crania from the Hamann-Todd Osteological Collection. While this collection 

was initially sampled by Todd and Lyon,10 “White” females were not included in the original 

study. This study will produce a standard based on a calibration sample of “White” females 

scored and aged using the Todd method. Thus, it will serve as a test of the Todd and Lyon 

method and its application to “White” female crania.  

 
 
 
 
 
  

                                                        
9 Todd and Lyon use the terms “White” and “Black” to denote “race” in their original article. Additionally, the 
Hamann-Todd Osteological Collection relies on “White” and “Black” – among other categories – to describe 
individuals. It is acknowledged that race is a social construct and not a biological definitive. Therefore, any racial 
categories used by the author of this study and other authors will be in quotations, indicating a rejection of race as a 
biological concept. Since the present study utilizes a sample from the Hamann-Todd Osteological Collection, and is 
a test of the Todd Method, the sample for this study is described as “White” females. There was no attempt made to 
determine ancestry or group affiliation during research, and all categorical labels are determined by the curators of 
the Hamann-Todd Osteological Collection. 
10 T. Wingate Todd and D.W. Lyon, “Cranial Suture Closure: Its Progress and Age Relationship.” 
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Anthropological Relevance 

 Multiple approaches to skeletal age estimation are widely encouraged, and rarely is a 

biological profile compiled based solely on cranial suture scoring. Cranial suture analysis is 

strongly criticized as an aging method.11 This criticism is founded on skepticism surrounding the 

development of standards, which often use incomprehensive data sets, vulnerable to potential 

biases including population, sex, geographical location, or archaeological context.  

There is a lack of foundational biological data demonstrating a predictable, categorical 

correlation between the growth, development, and obliteration of cranial sutures and age. The 

data that exists surrounding correlations between cranial sutures and age is contradictory and 

widely variable, emphasizing a lack of agreement between researchers. Biological data12 fails to 

expose a quantifiable pattern in cranial suture that would lend itself to a reliable method for 

aging.13 Additionally, epigenetic, genetic, and environmental influences on cranial sutures are 

not thoroughly understood.  

Rather than dismiss cranial suture analysis as a nonoperational, obsolete method, the 

opportunity to reevaluate standards and methods should be seized. By testing the reliability of 

historical methods, as well as incorporating statistical analyses of other craniometric data, errors 

and gaps in suture analysis can be exposed and remedied.  

  

                                                        
11 Israel Hershkovitz et al., “Why Do We Fail in Aging the Skull From the Sagittal Suture?” 
12 JR Gagan, SS Tholpady, and RC Ogle, “Cellular Dynamics and Tissue Interactions of the Dura Mater during 
Head Development.” 
13 Lynne Opperman, “Cranial Sutures as Intramembranous Bone Growth Sites.” 
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Outline 

 What follows is a review of literature surrounding the development, critique and analysis 

of cranial suture closure and its use in aging methods.  After establishing the goals of this 

research, the methodology will be outlined, and results will be presented. Finally, a discussion of 

the results will be given, followed by concluding remarks.  
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CHAPTER 2 

BACKGROUND 

Introduction 

 Cranial sutures are interlocking fibrous joints that connect the 22 bones of the human 

skull. Cranial bone consists of three layers: the inner layer, called the tabula interna, the outer 

layer, called the tabula externa, and the middle layer, the diplöe.14 Sutures in young individuals 

allow for brain and cranial growth by remaining open, beginning to fuse around the cessation of 

brain development. Some view this time frame as strict, arguing that “before the age of 17. 

[sutures] are, as a rule, irregular, linear gaps, but later they tend to become obliterated by 

ossification across the joint lines.”15 However, suture closure does not always conform to the 

commonly observed pattern of closure.  

 Craniosynostosis  

 Craniosynostosis, premature suture closure, and asymmetrical suture closure can all cause 

the appearance of sutures to deviate from their expected appearance. Craniosynostosis is a 

condition in which the cranial sutures fuse in infancy, leading to issues in bone and brain 

development. The cause of craniosynostosis is unknown, but most cases are treated with surgical 

intervention. The goal of craniosynostosis surgery is to “unlock” and reshape the bone.16 With 

early intervention, craniosynostosis can be corrected, and growth can continue normally.  

Abnormal Suture Closure 

Abnormal and asymmetrical suture closure can also occur. In the lambdoid and coronal 

sutures, one side may close or be obliterated before the other (Figure 3), making age estimation 

                                                        
14 Jason Dale Kirk, “Cranial Suture Closure: A Quantitative Method for Age Estimation Using Laser 
Instrumentation.” 
15 Thomas W. McKern and T.D. Stewart, “Skeletal Age Changes in Young American Males.” 
16 “Pediatric Craniosynostosis.” 
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challenging.17 Additionally, sutures like the metopic suture, which runs from bregma to nasion, 

may exhibit delayed union (Figure 5); instead of fusing during the first few years of life, they 

may remain present into adulthood.18 Other abnormalities, including intra-sutural ossicles 

(Figure 6) and accessory sutures (Figure 4), may also occur in adult skulls. Despite these 

potential irregularities, suture closure still persists as a key tenant of biological profiling and 

skeletal identification.  

History and Current Consensus 

Suture closure as a concept has been discussed since the time of Hippocrates, but the 

issue of estimating chronological age at death and its use as an identification tool became 

prominent in research in the 1920s, when anthropologically-minded anatomists began to study 

skeletal development, utilizing medical training and large anatomical teaching collections. 

Throughout over 150 years of research, the analysis of cranial suture closure has changed and 

grown. Despite the variation between researchers, there are several consistencies in the findings 

and consensuses of the authors.  

Most notable is the consistent cautionary note regarding the use and accuracy of cranial 

suture closure as an indicator of age. Researchers warn against the isolated use of the method and 

recommend a multifactorial method as a way to combat the low accuracy of cranial suture 

closure. While cranial sutures can play an effective role in a multifactorial method, age estimates 

based on cranial suture closure are often large age ranges or low minimum ages, rather than 

specific age estimates or narrow age ranges. 

Additionally, several researchers note a bias in cranial suture analysis. When used to 

estimate the ages of middle-aged and older adults, there is a trend of underestimation. Cranial 

                                                        
17 Srboljub Živanović, “A Note on the Effect of Asymmetry in Suture Closure Un Mature Human Skulls.” 
18 M. Bajwa et al., “Normal Fusion of the Metopic Suture.” 
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sutures are more accurate when analyzed in younger adults, but become unreliable in older 

adults, resulting in wide age ranges to accommodate this bias.  

Finally, multiple authors speculate that aging methods work better in archaeological 

samples. This conjecture stems from the idea that populations that are exposed to very similar 

diets, environmental stressors, and disease stressors will result in more similar growth, 

development, and aging. These processes are observable in the skeleton. Modern populations are 

not as uniform as historical or ancient populations. There is more variation in diet, environment, 

and access to medical care, resulting in varying biological markers of age, growth, and 

development within a population. This distinction between archaeological and modern 

populations indicates that environmental influences can impact the appearance and progression 

of cranial sutures. 

Consistencies in cranial suture research point to key issues and concerns regarding the 

use of suture analysis for aging. Despite these apprehensions, the method is consistently used in 

modern methods, often accompanied by cautionary notes and calls for more data and research. 

Thomas McKern and T.D. Stewart demonstrate this trend in their 1957 article: “It has become 

apparent that better data are needed in this field. Yet, in the absence of better data, identification 

specialists have been relying on the standards at hand.”19  

  

                                                        
19 Thomas W. McKern and T.D. Stewart, “Skeletal Age Changes in Young American Males.” 
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Literature Review  

 Numerous studies and articles over the past 150+ years have addressed cranial suture 

closure in varying contexts with erratic conclusions. Generally, the most foundational, relevant, 

and influential works can be categorized in four groups: Growth and Development Studies, 

Scoring and Analytical Methods, Population Studies, and Critiques.  

 Growth & Development 

 Understanding the way that the cranium grows and develops has been a main concern for 

anatomists and physical anthropologists for hundreds of years. Early articles by researchers like 

Louis Pierre Gratiolet20 and M.F. Ashley-Montagu21 demonstrate this curiosity and lay the 

foundation for later work by J.J. Pritchard, J.H. Scott, and F.G. Girgis22, and modern research by 

Jeffrey Gagan, Sunil Tholpady, and Roy Ogle23.  

 In his 1850s study of “The Cerebral Lobes and Fissures,” Gratiolet, a French anatomist, 

observed that cranial sutures close sequentially: first the sagittal, then lambdoid, then coronal. He 

also argued that union occurred earlier in “Black” individuals than others. While not substantial, 

Gratiolet was among the first anatomists to identify trends in cranial sutures and observe cranial 

development in pre-adults.24  

 In 1938,  Ashley-Montagu, an anatomist, published an article providing a “brief review” 

of research regarding signs of aging in the adult skull.25 He mentioned T.W. Todd by name early 

on in his article: “It is only within recent years that a really serious attempt to grapple with them 

                                                        
20 J.M.S. Pearce, “Louis Pierre Gratiolet (1815-1865): The Cerebral Lobes and Fissures.” 
21 M.F. Ashley-Montagu, “Aging of the Skull.” 
22 J.J. Pritchard, J.H. Scott, and F.G. Girgis, “The Structure and Development of Cranial and Facial Sutures.” 
23 JR Gagan, SS Tholpady, and RC Ogle, “Cellular Dynamics and Tissue Interactions of the Dura Mater during 
Head Development.” 
24 J.M.S. Pearce, “Louis Pierre Gratiolet (1815-1865): The Cerebral Lobes and Fissures.” 
25 M.F. Ashley-Montagu, “Aging of the Skull.” 
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problem [of aging the skull] has been made, chiefly by Todd and his associates.” He also noted a 

lack of study regarding general accounts of the aging process in adult skulls, despite the state of 

the sutures as an indicator of age being relied upon since the 16th century. Mentioning Dwight, 

Todd and Lyon, and Gratiolet, Ashley-Montagu walked through the history of cranial aging 

research, noting a historically consistent focus on cranial sutures as a sign of age. However, he 

concluded that “reliance upon [cranial suture closure] will never be capable of yielding a 

sufficiently accurate estimate of the age of an individual skull” due to the high degree of 

variability, and that adequate standards for the use of cranial suture closure had not yet been 

established. 26 

 Pritchard et al. in their 1956 article, focused on the histological structure and 

development of sutures.27 Building off of earlier, limited studies which focus on development, 

the researchers analyzed crania from six different species: human, sheep, pig, cat, rabbit, and rat. 

The crania were cut, either coronally or sagittally, and stained. The researchers observed five 

stages of suture development: “approaching bone territories,” “meeting bone territories,” early 

growing stage, late growing stage, and adult stage.28 They were able to trace development and 

growth in each bone layer but did not focus on establishing a chronology, only explaining that 

obliteration of the sutures, if it occurs at all, occurs after all growth has ceased.  

 Five distinct layers of cells and fibers were observed across all species and join in a space 

the authors call an Intervening Zone.29 Over the course of development, all five layers remain 

discernable, but the nature of the cells and fibers changes as the sutures meet, interlock, and fuse. 

From these observations, the researchers outline two main functions of sutures: they serve as 

                                                        
26 M.F. Ashley-Montagu. 
27 J.J. Pritchard, J.H. Scott, and F.G. Girgis, “The Structure and Development of Cranial and Facial Sutures.” 
28 J.J. Pritchard, J.H. Scott, and F.G. Girgis. 
29 J.J. Pritchard, J.H. Scott, and F.G. Girgis. 
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active growth sites and as mostly immovable joints between cranial bones. They also speculate 

about factors that control osteogenesis at the sutures, alluding to future research.  

 Focusing on cranial sutures as growth sites, Opperman et al. identified biochemical 

factors in dura mater which determine suture morphogenesis.30 The researchers histologically 

examined cranial sutures with and without underlying dura mater in fetal rats. The sutures 

without dura mater– the connective tissue that surrounds the brain and spinal cord – only 

maintained a normal growth progression for two weeks before becoming obliterated, indicating 

that dura mater is not necessary for the initial formation of sutures. It was concluded that the dura 

mater plays an essential role in maintaining sutures, dictating suture position, and directing 

suture growth.  

 In 2007, Gagan et al. built on work by Opperman et al. by demonstrating that during 

growth and development of the cranium, the dura mater regulates activity in the brain and 

skull.31 The dura mater was shown to control size and shape of the cranial bones and sutures.  

The authors reminded the reader that “sutures are not merely flexible hinges in the cranial 

skeleton, but are in fact active centers of growth,” and that sutures play a role in a reciprocal role 

in cranial development. Developmental processes in the crania were tracked in Wnt1Cre/R26R 

compound transgenic mice, allowing for the observation of the fates of neural crest cells. 32 

The authors identified cranial sutures in early development as being “composed of a 

centrally located group of proliferating osteoprogenitor cells” which are surrounded by cells 

undergoing differentiation and apoptosis. The dura mater’s interaction with these cranial growth 

                                                        
30 Lynne Opperman et al., “Tissue Interactions with Underlying Dura Mater Inhibit Osseous Obliteration of 
Developing Cranial Sutures.” 
31 JR Gagan, SS Tholpady, and RC Ogle, “Cellular Dynamics and Tissue Interactions of the Dura Mater during 
Head Development.” 
32 JR Gagan, SS Tholpady, and RC Ogle. 
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sites serves to prevent premature suture closure, as demonstrated by earlier studies; when the 

dura mater was removed in vivo, the sutures obliterated and suffered bony overgrowth.33 

Essentially, the dura mater serves as a “mediator” to negotiate and coordinate growth between 

the skull and the brain, relying on signaling factors and genetic expression patterns to ensure 

normal, healthy cranial development.  

 Scoring & Analytical Methods 

 After understanding the mechanisms and patterns of the growth and development of the 

cranium, it becomes necessary to find a way to measure and analyze the process. Over time, 

many researchers have endeavored to develop scoring systems and analytical methodology that 

serve to communicate and measure cranial growth and suture development. Early work by 

anatomists like Thomas Dwight34 appears very inconsistent and unreliable in a modern light, 

frequently riddled with inconsistent language and methodology. However, despite their scientific 

validity, these studies were crucial in laying a foundation for future studies. Elements from 

Dwight’s studies can be identified in Richard Meindl and C. Owen Lovejoy’s method for suture 

scoring35, which, in turn, is used as a method in modern research by Jason Dale Kirk36.  

 In 1890, Dwight, an anatomy professor at Harvard University, pointed out that many 

statements made by medical professionals and anatomists regarding the closure of cranial sutures 

were simply repeated from one author to the next, without an effort to verify data, methodology, 

or theoretical framing.37 He called on work by Topinard and Humphry to demonstrate this point. 

                                                        
33 Lynne Opperman et al., “Tissue Interactions with Underlying Dura Mater Inhibit Osseous Obliteration of 
Developing Cranial Sutures.” 
34 Thomas Dwight, “The Closure of the Cranial Sutures as a Sign of Age.” 
35 Richard S. Meindl and C. Owen Lovejoy, “Ectocranial Suture Closure: A Revised Method for the Determination 
of Skeletal Age at Death Based on the Lateral-Anterior Sutures.” 
36 Jason Dale Kirk, “Cranial Suture Closure: A Quantitative Method for Age Estimation Using Laser 
Instrumentation.” 
37 Thomas Dwight, “The Closure of the Cranial Sutures as a Sign of Age.” 
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Both writers, after giving age ranges for the closure of vault sutures, admitted to a wide age 

range and irregular order of closure. Dwight himself conducted a study on 100 crania of known 

age. He cautioned, however, that the sample consisted of “paupers” and the “known” ages may 

be inaccurate.38  

 Focusing mostly on ectocranial sutures (Dwight admitted that his method was 

inconsistent) a short account of Dwight’s observations was provided in lieu of a data set. Dwight 

believed that it was “impossible to tabulate the results satisfactorily”. Dwight used three 

categories to score cranial vault sutures: “Open,” meaning there is no union between the bones; 

“Closed”/“Partly Closed” indicate that there is a degree of union between the bones, but the 

suture is still discernable; and “Obliterated”/“Gone” meaning the suture has disappeared.  

 After explaining and apologizing for his methodology, Dwight listed each of the 200 

crania he observed, giving their age, “race” and sex, and describing which sutures he observed. 

Dwight’s explanation of his scoring terminology served more as a glossary than a strict scoring 

system; his observations were descriptive and inconsistent in language and method. 

Dwight made three conclusions from his observations. First, he argued that sutures begin 

to close much earlier than previously stated. This conclusion is based purely on observational 

data since no quantifiable analysis was conducted. Second, Dwight posited that suture closure 

begins endocranially.39 However, it should be noted that Dwight observed the “inside” sutures 

inconsistently, and his observational notes regarding endocranial sutures are lacking detail 

compared to his ectocranial observations. Finally, Dwight concluded that the time and order of 

suture closure is “very uncertain” and even his own explanations are unreliable. Dwight ended 

                                                        
38 Thomas Dwight. 
39 Thomas Dwight. 
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his piece by emphasizing the reliability, or lack thereof, of suture closure “rules”, classifying 

them as “misleading and dangerous”.  

 In the mid-1920s, Todd and Lyon published a four-part study of cranial suture closure in 

“White” and “Black” males.40 Using Broca’s sutural subdivisions and Frederic’s scheme for 

measuring and denoting the amount of closure, they scored crania from the Hamann-Todd 

Osteological collection. Based on their observations, they derived dates for the commencement 

and completion of closure, both ecto- and endocranially. Overall, they concluded that there was 

no observable difference between cranial suture endo- and ectocranially, and no difference 

between “Black” and “White” cranial suture closure. Their work will be discussed further.  

In 1985, Meindl and Lovejoy endeavored to establish a new method for estimation of 

age-at-death based on the degree of ectocranial Lateral-Anterior and Vault sutures.41 236 Crania 

from the Hamann-Todd Collection were used as a research sample. 1cm lengths of cranial or 

sutural landmarks were scored on a scale of 0 to 3 (“O” = Open; “1” = Minimal closure; “2” = 

Significant Closure; “3” = Complete Obliteration). After an initial analysis of several landmarks, 

Meindl and Lovejoy selected 10 landmarks for use; the first 7 sites make up the Vault System, 

while the remaining 3 are the Lateral-Anterior System. Scores from each system are summed for 

analysis.42  

 The strongest correlations with age were determined to be closure at pterion, 

sphenofrontal, midlambdoid, and lambdoid. It is noted that the associations are only moderate 

and should be used in tandem with other age indicators in the cranium and postcranium. Meindl 

                                                        
40 T. Wingate Todd and D.W. Lyon, “Endocranial Suture Closure: Its Progress and Relationship”; T. Wingate Todd 
and D.W. Lyon, “Cranial Suture Closure: Its Progress and Age Relationship”; T. Wingate Todd and D.W. Lyon, 
“Suture Closure - Its Progress and Age Relationship.” 
41 Harrison Allen, A Clinical Study of the Skull. 
42 Richard S. Meindl and C. Owen Lovejoy. 
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and Lovejoy established guidelines for determining the best combination of sites that predict age 

most accurately. Their criteria were threefold: (1): the set should contain sutures that demonstrate 

a prolonged period of closure, (2): each site must correlate with age within the initial period of its 

closure, (3): some information from each suture should be unique.43   

 Meindl and Lovejoy concluded that the composite scores for both the Vault and Lateral 

Anterior sites demonstrated a moderate correlation with age. Additionally, they noted that the 

existed “no measurable bias” to age prediction due to “race” or sex. Overall, specific site 

assessment of the Lateral Anterior System was more accurate than traditional vault scoring 

systems.  

 In an effort to develop an alternative to scoring systems, which they categorize as 

arbitrary, Lynnerup and Jacobsen calculated the fractal dimensions of human sagittal and coronal 

sutures on 31 crania from the Terry Collection.44 Their goal was to assess the efficacy of using 

the fractal dimension of a suture as a descriptor of age-related suture morphology.  

 Lynnerup and Jacobsen acknowledged the difficulty in attempting to quantify sutures; 

they are highly irregular, and methods to analyze them are often subjective, relying “on a limited, 

rank-ordered, nonparametric scale.” Rather than work around the highly variable morphology of 

sutures, Lynnerup and Jacobsen relied on fractal geometry to describe the irregularities. Fractal 

geometry compares the spatial geometry of objects. This method is well-suited for cranial 

analysis, the researchers argued, because of the opportunity to use “natural fractals”45 which are 

based on natural entities and dimensions and can serve as a measure of the degree of complexity 

for a suture.  
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 Lynnerup and Jacobsen used 31 randomly selected “White” crania from the Terry 

Collection with intact sagittal and coronal sutures as a sample. They placed clear adhesive tape 

over the sutures and traced the suture lines with a felt-tipped pen. The tracings were then input as 

bitmap images to a computer to be analyzed using the box-counting method. Based on the fractal 

dimensions, Lynnerup and Jacobsen found that the sagittal suture is most variable. Additionally, 

the coronal and sagittal dimensions were plotted against each other, and were found to be 

significantly correlated. There was no statistically significant correlation between age and the 

product of the sagittal and coronal fractal dimensions. Also, there was no correlation between 

age and the sagittal fractal dimensions and coronal fractal dimensions. Generally, the complexity 

of the sutures decreased as age increased, most notably between the ages of 20 and 40.  

 Lynnerup and Jacobsen concluded that adults under the age of 40 display a predictable 

pattern of age-related changes, but older adults do not demonstrate characteristics in a way that 

allows for an accurate age estimate. They could argue no significant correlation between sutural 

complexity and age. Lynnerup and Jacobsen called for more research related to sutural biology, 

and an effort to increase objective, quantitative methods in suture analysis.  

 Kirk, in his 2007 Thesis, proposed a method for measuring cranial sutures with a 

handheld laser.46 The amount of light reflected, Kirk argued, reflects the openness of the suture. 

This method utilized a Daignodent laser tool traditionally used in dentistry to detect dental 

lesions by measuring depth of light penetration through a surface. A sample of 196 “Black” male 

crania from the Hamann-Todd Skeletal Collection were subjected to the laser testing at cranial 

landmarks based on Meindl and Lovejoy.47   
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 The results showed that the laser device is accurate in measuring the degree of 

obliteration of sutures. Sutural complexity resulted in an increase in suture score. The lateral 

anterior sutures and the composite closure of all sutures correlated significantly with age. 

Additionally, the laser scores correlated with the Meindl and Lovejoy scores.  

 A modern trend in cranial suture analysis is the incorporation of technology into the 

analytical process. Harth et al. tested the potential efficacy of Computed Tomography (CT) by 

examining whether an age estimate – using CT-produced images – based on extrema is a feasible 

method.48 Specifically, they used 221 skulls of known age and sex, obtained from autopsies 

performed at the Department of Legal Medicine at the University Hospital of Gießen and 

Marburg. Using Broca’s classification49 of suture obliteration, which is divided into 7 stages (0-

6), the ossification of each sutural segment was scored.  

 After evaluating the scoring data, the researchers concluded that the narrowed age 

estimate range that they produced was useful in estimating age. Additionally, they found that 

there was no significant difference in suture closure between men and women. This approach to 

cranial suture analysis is important and unique. Rather than rely on a technology-based, 

quantitative method or a macroscopic, qualitative method, Harth et al. merged the two 

methods.50 Technology can enhance observable characteristics; in this case, CT scans provided 

cross-sectional images of cranial sutures, giving the researcher access to visual information that 

they wouldn’t otherwise have. Harth and his researchers demonstrated this by combining new 
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technologies with trusted macroscopic methods, allowing for the analysis of suture closure to be 

facilitated and enhanced.51  

 In 2012, Milner and Boldsen used 252 skeletal samples from the Bass Donated Collection 

and Mercyhurst forensic cases to test their analytical method: Transition Analysis.52 Transition 

analysis produces maximum likely estimates and age intervals based on a combination of traits, 

including cranial sutures. Using a logistic regression model, Milner and Boldsen were able to 

characterize morphological change across different age stages. This data generated transition 

probabilities.  

 Milner and Boldsen generated distributions using the combined data from all of the 

utilized aging methods. Based on their data, the researchers concluded that cranial suture 

analysis can be used to determine age at death within an age interval, leaving the age estimate 

lacking in accuracy and precision. The method was found to be more useful for determining age 

of young adults; estimates for middle-aged to older adults tend to be biased towards a younger 

age estimate. Out of all the methods that were used for this study, Milner and Boldsen labelled 

cranial sutures the least effective, especially after 40 years of age.  
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 Population Studies 

 A potential explanation for the inconsistent conclusions from scoring and analytical 

methods is population-specific variation. Important in addressing this possibility are studies 

which focus on samples from specific, limited populations. T.D. Stewart and Thomas McKern’s 

analysis of American soldiers53 and Ajay Bhengra, Kumar Shubhendu, Tulsi Mahto, and A.K. 

Chaudhary’s study of medico-legal cases from the Rajendra Institute of Medical Sciences54 both 

take this approach by developing conclusions based on population-specific data.  

 In 1954, Stewart travelled to Kokura, Japan to process the American war dead from 

Korea at the Army Central Identification Laboratory. 450 skeletons were processed, and data 

from this project was analyzed by McKern and Stewart in 1955. The two published a report on 

skeletal age changes based on the identification research and data gathered from the skeletal 

remains repatriated from North Korea.55 This report was classified by the authors as a “technical 

source as well as a practical tool for the age identification of unknown remains”.56  

 Stewart’s recording forms were punch cards, which allowed him to record epiphyseal and 

suture closure, condition of remains, eruption of the third molar, joint changes, and biological 

profile estimates all on two cards, totaling about 60 observations. Additionally, many other 

observations were added in the form of notes and photographs. Because of the punch-card style 

of Stewart’s recording form, scaled observations were favored. For example, “Preservation” was 

divided into 4 stages (“0” = excellent; “1” = good; “2” = fair; “3” = poor; “4” = flesh covered).  
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 The sample used for this report was mostly young men, most between the ages of 18-20. 

The birthplace of these soldiers was largely within the continental United States, with 

Pennsylvania being the largest contributor, and ¼ of the sample identified as being from the East 

North Central States. “Race” was recorded by the military, dividing soldiers into three “racial 

stocks” - “Caucasoid”; “Negroid”; and “Mongoloid”. the “Caucasoid” group comprised 90% of 

the sample. Due to this distribution, Stewart and McKern stated that separate racial analysis is 

not justified.  

 McKern and Stewart discussed the challenging decision to separate data from soldiers 

Killed in Action (KIA) from prisoners of war (POW). An argument for the distinction centers 

around pathology, the hypothesis being that since POWs were kept in captivity status for 3-6 

months and were largely under the age of 24, there would be observable signs of developmental 

interruption which would not be found in KIA remains. Cranial and Postcranial Osteoporosis 

was identified in 23 individuals; 11 of the cases were POWs, and 12 were KIAs, rendering the 

hypothesis, and therefore the argument for separation, invalid.57  

 For their analysis of cranial sutures, McKern and Stewart relied on Todd and Lyon’s58 

method for ectocranial calvarial sutures (vault, circummeatal, and accessory sutures), and an 

original method for facial sutures. Due to time constraints, only the left sides of the sutures were 

recorded, and asymmetrical closure was noted. Todd’s formula notation system was employed, 

in which the scores for each sutural segment were grouped to form a suture “formula”. For 

example, if the four segments of the sagittal suture were all scored as “3” the formula for the 

sagittal suture would be “3333”. For gross analysis of the data, McKern and Stewart plotted 

individuals chronologically in an effort to visually present any general trends in suture closure 
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relative to age. Additionally, formulas were grouped according to maximum/minimum degree of 

closure (e.g. no more than first stage of closure in any part).  

 McKern and Stewart determined that while advancing age corresponds with an increased 

frequency of advanced suture closure, it was misleading to place age constraints on closure, and 

variability was severe. They used the vault suture data in a regression equation, and came to 

three conclusions: (1) suture closure progresses in a uniform manner, (2) suture closure patterns 

are not predictable enough to be reliably applied to individual age determination, and (3) age 

estimates are more accurate when based on all available cranial sutures, rather than vault sutures 

alone.59   

 Overall, McKern and Stewart’s data showed that the erratic progression of suture closure 

renders age estimation based on this data unreliable. However, they noted an exception: the 

basilar suture, which is completely closed at age 20.  

 In 1970, Acsádi and Nemeskéri addressed cranial suture closure within the context of 

aging. The authors examined the ectocranial and endocranial skullcaps of 402 dissected corpses 

at the Institute of Forensic Medicine of Semelweis University School of Medicine. They used 

Broca’s sutural subdivisions and Martin’s scale of suture closure (“0” = suture open; “1” = 

incipient closure; “2” = closure in progress; “3” = advanced closure; “4” = closed suture). 60  The 

scores were averaged for each vault suture. The sample spanned 15-89 years at death and 

included both male and female individuals; no differences based on sex were found.  

 Acsádi and Nemeskéri found that the ectocranial sutures usually average between stages 

0-3, while endocranial sutures were usually 3-4. Thus, the authors concluded that cranial suture 

closure begins inwardly and spreads outwardly. They also established a pattern for vault suture 
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closure. Endocranially, the coronal suture closes before the sagittal suture, followed by the 

lambdoid suture. Ectocranially, the sagittal suture closes before the lambdoid suture, followed by 

the coronal suture. 

  For their analysis, Acsádi and Nemeskéri focused on endocranial suture closure. to 

divide suture closure into 5 stages and produced age ranges for each stage based on mean age +/- 

mean deviation.  They developed this standard based on data from 285 crania with 

“symmetrically closing sutures,” so that they could focus on sutures as a whole, rather than 

sutural segments.61 Acsádi and Nemeskéri end their cranial suture analysis by emphasizing that 

age can only be confidently estimated between wide limits.  

 Perizonius analyzed 256 crania of known inhabitants from Amsterdam who died between 

1883 and 1909. The sample included only adults over the age of 20 with no pathological 

deformations. Perizonius’ goal was to compare the data from his study with that of Acsádi and 

Nemeskéri 62 so he used their methodology, analyzing the sample crania both endo- and 

ectocranially. When part of a suture could not be observed endocranially through the foramen 

magnum, the most lateral part of the suture that could be observed was taken instead.  

 The scores were averaged for the three vault sutures and Spearman rank correlation 

coefficients were calculated. T-tests concluded that there was no significant difference between 

the mean closure stages for males and females, so the samples were not analyzed separately 

based on sex.63 Based on his original sample, Perizonius selected two subsamples (one ages 20-

49, the other ages 50-99) for statistical testing. He found that in the younger subgroup, 10 

endocranial suture segments showed an obliteration correlated with age. These sections included 
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the entire coronal suture and end-segments of the sagittal and lambdoid sutures. The older 

subgroup showed no significant correlations between suture closure and age.  

 When comparing his data with Acsádi and Nemeskéri’s study, Perizonius noted that the 

Hungarian data showed age increases with stages of suture closure in a more parallel manner. He 

argued this may be due to a stricter elimination criterion and a younger sample. Additionally, the 

Hungarian data showed a higher mean closure stage in every age group. This is potentially 

attributed to the fact that the year of death for Perizonius’ sample is between 1883-1909, while 

the Hungarian sample falls between 1955-1956.  

 The lack of correlation between older (50+) individuals and suture closure did not 

surprise Perizonius, who referenced earlier studies that call suture scoring unreliable after young 

and middle adulthood. Furthermore, Periznonius concluded his research by asking important 

questions - alluding to current research – about the mechanism that drives cranial suture 

closure.64  

 In 2015, using postmortem cases from Government Hospital in Mumbai, Khandare et al.  

studied cranial suture closure as an indicator of age in 100 males aged 25 and above. The Acsadi-

Nemeskeri scale65 was used in tandem with Frederic’s suture divisions.66 They found that all 

vault sutures begin to close between the ages of 25-30.  The sagittal suture closes completely by 

age 61-65, while the coronal suture closes completely at the age of 56-60, and the lambdoid 

suture closes completely by age 66-70. The endocranial sutures were found to close earlier than 

the ectocranial sutures.67 
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 Khandare et al. emphasized the importance of the correct estimation of age in elderly 

people, especially in “legal, medical, social, and administrative matters,” including 

“superannuation, pension settlements, and senior citizen benefits,” deviating from the usual 

applications to forensics and archaeological analysis. They concluded that ectocranial sutures are 

more reliable, and that individual suture segments, specifically, fuse in a predictable order, with 

the 4th sagittal segment, 2nd and 3rd coronal segment, and 2nd and 3rd lambdoid segment fusing 

last.68 These findings were consistent with earlier works by Dwight69 and Todd and Lyon70. The 

researchers also pointed out that their results were similar to studies done by other researchers on 

samples from the Mumbai area, alluding to a distinct population pattern.   

 In 2016, Bhengra et al. analyzed 100 crania from the Department of Forensic Medicine 

and Toxicology, Rajendra Institute of Medical Sciences.71 Their goal was to use the Ascádi and 

Nemeskéri method72 for endo- and ectocranial suture closure to determine age. Because their 

sample consisted of cases coming for medico-legal post-mortem examinations, the scalps needed 

to be reflected and the crania cleaned before observations could be made. This approach differed 

from many prior studies, which largely relied on museum or university collections. Due to this 

type of sample, any influence of curation and treatment traditionally undertaken by institutions 

on their collections could be overcome.  

 Bhengra et al. found that endocranial suture closure generally begins at 20-29 years and 

completes at 40-49 years in the sagittal suture and coronal suture; the lambdoid suture completes 

later, at 50-59 years. Specifically, the posterior sagittal suture closes earlier, at 30-39 years of 

                                                        
68 S. V. Khandare, S.S. Bhise, and A.B. Shinde. 
69 Gy. Acsádi and J. Nemeskéri, History of Human Lifespan and Mortality. 
70 T. Wingate Todd and D.W. Lyon, “Cranial Suture Closure: Its Progress and Age Relationship.” 
71 Ajay Bhengra et al., “Observation on the Closure of Cranial Sutures to Estimate Age from Skull Bones in 
Jharkhand Population.” 
72 Gy. Acsádi and J. Nemeskéri, History of Human Lifespan and Mortality. 



 24 

age, and the lateral coronal suture closes later, and 50-59 years of age. Ectocranially, the 

lambdoid suture closes between 50-59 years, with the lateral sections demonstrating lapsed 

union. The ectocranial coronal suture generally closes between 50-59 years of age, but the 

medial portion closes last, sometimes later than 70 years of age. Finally, the ectocranial sagittal 

suture closes between 50-59 years of age, with the posterior portion closing a decade earlier.73 

These results contradicted several earlier studies which denied a discrepancy between endo- and 

ectocranial closure in vault sutures.  

 Critiques  

 Because of the vast amount of research, data, and analysis that exists surrounding cranial 

development and suture growth, it is necessary to be critical and to assess existing methods in 

light of data and theory which has emerged since the development of the method. Throughout 

critiques of aging methods which rely - in part or in whole - on cranial suture analysis, 

researchers urge caution and help to encourage further research.  

 Brooks, in 1955, produced an article addressing the reliability of cranial and pubic age 

indicators to determine skeletal age at death.74 Specifically, she used Todd’s aging methods75 

which utilize cranial suture closure and pubic symphysis changes, observing whether or not the 

results of age estimations are reliable in “non-White races” and whether the two aging methods 

combined correlated when applied to one individual. She used skeletons over the age of 18 from 

the University of California Museum of Anthropology.  

 Based on the data, there was a 10 year difference between the female pubic mean age and 

the cranial age, and female cranial estimates demonstrated a lag of 5-25 years. In males, the age 
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difference between the pubic estimate and cranial estimate was only 5-8 years. Overall, both 

male and female cranial age determinations showed lack of correlation with the known age. It 

was observed that female cranial sutures stay open later in life, sometimes never fully closing 

into old age. Brooks pointed out a key source of error: believing that skeletal age can be 

determined by one bone or the cranium alone.76  

 In 1985, Lovejoy et al. sought to test a multifactorial approach to aging. their method 

included the use of five indicators – pubic symphysial face, auricular surface, radiographs of the 

proximal femur, dental wear, and suture closure.77 To conduct their blind test of the method, two 

samples were compiled, consisting of individuals with known age and sex from the Hamann-

Todd collection. 

 Lovejoy et al. argued that scoring methods resulted in a loss of data due to the use of age 

groups instead of specific age determination. To overcome this loss and make up for deficiencies 

in some of the aging methods, the researchers seriated the samples. In seriation, groups of 

individuals are assembled that display similar age indicators. The age determinations were 

conducted only after the sample is sequenced. When combining age estimates from the five 

selected indicators to obtain a summary age estimate, the researchers assigned weights to the 

criteria in order to provide the most accurate estimate. The weight assigned to each method was 

determined by the reliability of the method based on the foundational publications.78   

 Lovejoy et al. found that summary age estimates strongly correlated with known age at 

death. However, they noted that while all age indicators are generally unbiased, “any failure to 
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keep pace with true chronological age will lead to an underestimate”.79 Despite this trend, 

multifactorial aging outperformed any of the indicators individually. Additionally, the 

researchers identified a flaw in the seriation method.80 The sample used in this study was 

challenging to seriate, and the resulting organization of the sample was not ideal. If the 

population was subject to similar diets, environments, and stressors, the internal variability could 

be lessened. This observation speaks to the researchers’ belief that age determination in 

archaeological populations may be more accurate than modern, more diverse populations.  

 Overall, the summary method of age estimation was found to be an effective method in 

combining several age indicators to determine age at death, and seriation served to reduce 

observer error.  

 Hershkovitz et al. assessed the reliability of ectocranial sutures as aging tools by scoring 

3,636 skulls from the Hamann-Todd and Terry Collections.81 When describing their method, the 

researchers pointed out two important assumptions. First, it was assumed that “the different 

degree of suture closure…represents a normal progressive process,” and that “different 

ontogenetic processes operate in in different segments of the same suture”. The researchers used 

5 sutural conditions– Totally Closed; Partially Closed; Totally Open; Partially Open; and 

Premature suture closure – to classify suture closure.82  

 They found the sagittal suture to be age-independent and sex-biased, with more female 

skulls demonstrating more open sagittal sutures into older adulthood than males. They concluded 

that the sagittal suture cannot be used to age the skeleton. The authors stated that suture 

condition is determined by the age of 35, and rarely changes from one category to another after 
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that point. Additionally, they posited that some suture closure patterns are genetically inherited, 

and that suture closure is neither a pathological phenomenon nor the result of a normal aging 

process.83 Overall, the authors cast doubt on the usefulness of suture closure in determining age.  

 In 2011, Falys and Lewis assessed the state of age-at-death estimation by analyzing data 

published in three major anthropological journals between 2004 and 2009.84 They wanted to 

establish if researchers were estimating age-at-death in a consistent, comparable way. Overall, 

they noted a lack of uniformity and a need for standardization. Specifically, they found that, 

since “aging is a function of biological, cultural, and social factors,” the most accurate age 

estimates would always emerge from population-specific standards. Multifactorial methods are 

more holistic, but the individual methods that comprise the general, final estimate are often 

flawed. Additionally, they found inconsistencies in language. “Adulthood” was often not 

defined, and, if it was, varied in definition from researcher to researcher, resulting in a seemingly 

arbitrary system of age categories. Methodological data was not reported in 38% of the articles 

analyzed. The authors outlined 6 factors which influence the precision and accuracy of skeletal 

analytical methods: 

“(1) The ability to assess the correct age class or age category. 
(2) The preservation and/or presence of the skeletal elements necessary for analysis. 
(3) The individual versus the population to which the methods are being applied (i.e. a 
single individual or are there many individuals present that can be compared to one 
another to ascertain the patters of aging). 
(4) The composition of the sample that originated the technique, and whether it reflects 
the population of the individual under study.  
(5) The accuracy of the analytical method being employed, as some techniques are more 
reliable than others. 
(6) The specificity of the research question being investigated (e.g. non-adult versus 
adult, 25-35 year-olds versus 46+).”85 
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 Falys and Lewis specifically voiced concern about the use of ectocranial suture analysis 

to estimate adult age, given its unreliability and conflicting data. 33% of the articles they 

analyzed examined the degree of ectocranial suture fusion. Overall, the writers warned of 

“worrying trends” in the use of adult age estimation techniques and emphasized that the 

importance of carefully selecting and standardizing macroscopic aging methods. 

 Current Trends & Future Directions 

 Moving forward, research involving cranial sutures will involve several newer methods 

and approaches. The use of technology, like CT scanning, histology and lasers, will allow for a 

more detailed macro- and microscopic analysis of cranial sutures. Additionally, a focus on the 

genetic and cellular mechanisms that drive cranial sutures will illuminate the consistency of 

cranial suture closure and explain the immense amount of variation that exists in current 

published data.  
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T.W Todd & D.W. Lyon 

 Throughout the 19th, 20th, and 21st centuries, research surrounding cranial sutures has 

been vast and varied. One of the most foundational works is Todd and Lyon’s four-part article 

regarding endo- and ectocranial suture closure in adult males.86    

 T.W. Todd was born in Sheffield, England in January of 1885. His upbringing in a 

religious home is noticeable in his later work, notably in Biblical references in his writing and 

his commitment to an orthogenic view of evolution. Additionally, Todd suffered from illnesses 

throughout his childhood, often interrupting his studies and causing him to be isolated from his 

family. This experience, Kern assumes, influenced his initial career choice in pediatric medicine, 

as well as his selective brand of eugenics, which pushed for the “the healthy development of 

‘well-born’ children” while dismissing more extreme ideas.87 

 After his highly-awarded graduation from the Manchester University Medical School, 

Todd accepted a position as a demonstrator of anatomy at his new alma mater. A year later, Todd 

was solely in charge of the anatomy department. In 1909, Todd was tasked with cataloguing the 

skeletal material possessed by the university by Dr. Grafton Elliot Smith. Smith had 

unknowingly substantially influenced Todd’s future.  

 Todd was appointed to Chair of Anatomy by a committee at Western Reserve University 

which included Carl August Hamann, a professor with a dream of building an anatomical 

teaching museum. Todd’s existing fascination with anatomy and medicine became focused on 

skeletal anatomy and physical anthropology, and he became skilled in the curation and 

cataloging of large collections of anatomical material, all of which Todd brought to his new post 
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at Western Reserve University in 1912. These passions, connections, and skills would prepare 

Todd for his most important endeavor – the Hamann-Todd Osteological Collection.  

  Hamann had initiated the collection in the 1890s. When Todd joined the effort, the 

collection had 100 human skeletons and a mammalian zoological collection. Todd increased not 

only the size but the scope of the collection, and by the time of his death, the collection boasted 

hundreds of primate skeletons, radiographs, photographs, and more than 3,000 contemporary 

human skeletons. These human specimens were collected mostly from the Cuyahoga County 

Morgue and city hospitals. When bodies were donated to the medical school, Todd would utilize 

them as instructional tools before the bodies were macerated. Information that could be gathered 

from each body (age, country of origin) as well as osteometric data were recorded, and the 

skeletons were stored. Currently, the Hamann-Todd Osteological Collection resides in the 

Cleveland Museum of Natural History.   

Kern argues that the neglect of Todd in historical accounts of anthropology occurs in 

tandem with and at a comparable frequency to the neglect of the field’s early 20th century 

history. Even though he was working concurrently with key anthropological figures like Franz 

Boas and Ales Hrdlicka, he is absent from retrospective accounts.  

 Todd utilized his collection to conduct vast amounts of research. Specifically, his interest 

in human growth and development – a residual interest from his early career in pediatric 

medicine – lead to an investment into understanding cranial suture closure and age changes in 

the pubic bone. Todd’s work in cranial features was a step away from traditionally racist 

motivations behind biometric research in physical anthropology. Although Todd separated his 

sample sets based on “race” he had no intention of establishing racial differences in crania. 

Throughout the 1920s, Todd would publish several papers on osteological analytical methods 
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that would firmly establish him as a key figure in the field. Of note is his 1925 publication 

regarding cranial suture closure. 

The Todd Lyon study used a sample consisting of male crania from individuals over the 

age of 18, which were divided according to “race”. There were 120 Black males, of which 79 

crania were used. Out of 307 White males, 267 crania were used. Crania were eliminated from 

the data set if there was evidence of abnormal suture closure, delayed union, or “other sufficient 

reasons.”88  

 Todd and Lyon employed a scoring technique for both ectocranial and endocranial suture 

closure. Vault sutures were divided into segments following Frédéric’s rating scale and scored on 

a scale of 0 to 4.89 Those scores were then averaged, providing a singular score for each suture. 

Score ranges were then delineated for each suture type. Todd and Lyon concluded that the 

previously assumed disparity between the timing of ectocranial and endocranial sutures was 

unfounded, arguing that overall, sutures grow, develop, and progress in a uniform manner 

endocranially and ectocranially. Despite separating the skulls according to “race”, the data 

reflected no observable difference between the samples. It was concluded that it is not possible to 

measure the age of an individual closer than within one decade of chronological age at death 

using cranial suture analysis alone. Todd and Lyon felt that from their data, trends and age 

frames for suture closure could be structured, resulting in a general standard for age estimation 

using composite cranial suture closure scores. 

 

  

                                                        
88 T. Wingate Todd and D.W. Lyon, “Endocranial Suture Closure: Its Progress and Relationship.” 
89 J. Frédéric, “Studies on the Normal Obliteration of Cranial Sutures.” 
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 Todd and Lyon’s study, while groundbreaking and informative, is not without issue. 

They used a very limited sample, analyzing only adult male crania. Additionally, their 

elimination protocol is not well documented, and appears subjective and arbitrary. Finally, a raw 

data set was never published, only summary data tables were made public. While these issues 

may not reflect the reliability or accuracy of the study, they do raise important questions and 

concerns, which have encouraged the development of new, modified scoring methods for cranial 

suture closure.  
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CHAPTER 3  

GOALS & OBJECTIVES 
 

The goal of this study is to test the consistency of the Todd method within the Hamann-

Todd Osteological Collection and reexamine the relationship between age and suture closure that 

has been previously published. Specifically, the data will assess the repeatability of the Todd and 

Lyon study by increasing the variation of the study sample, and providing a raw data set for 

comparison and analysis. Todd and Lyon used only crania of adult males with no observed 

abnormalities. The reference population for this study includes female adult crania and employs 

a less stringent and objectively defined exclusion policy, increasing variation within the sample. 

There is no statistically significant data to suggest that sex consistently contributes to a 

difference in suture closure. Yet, the data will identify if Todd’s standards have a lower accuracy 

in skulls that do not fit his original criteria. The results of statistical analyses will compare the 

accuracy of the Todd method on male crania and female crania, as well as expose within-group 

variation.  

 Overall, a more comprehensive understanding of the connection between suture growth 

and age will enhance the ability to develop an accurate biological profile. To accomplish this, 

aging standards like Todd’s method must be reevaluated and tested. This research seeks to 

achieve this by supplementing Todd’s summary data tables with testable raw data and 

comparative measures to determine its accuracy and reliability. 

  



 34 

CHAPTER 4 

RESEARCH DESIGN 
 
The following research questions will be assessed in light of the data collected: 

1. Using Todd and Lyon’s method on a large, diverse (in age and sex) sample population, can a 

relationship between age and suture closure be established? 

H0: There will be no significant correlation between age and suture closure in the test 

sample. 

H1: There will be a significant correlation between age and suture closure in the test 

sample. 

T0: If there is a nonsignificant correlation value (p value > 0.01) for suture closure 

and age, fail to reject H0.  

T1: If there is a significant correlation value (p value < 0.01) for suture closure and 

age, reject H0.  

2. Is a female-based standard created using Todd and Lyon’s method better suited for 

estimating age at death than Todd and Lyon’s male-based standard?  

H0: The female-based standard and the Todd and Lyon’s male-based standard will not 

perform differently.  

H1: The female-based standard will be more accurate in estimating age than Todd and 

Lyon’s male-based standard. 

T0: If the female-based standard provides the same or less accurate estimates of age 

than the male-based standard, as measured by range observed in the sample as 

defined in number of years, fail to reject H0. 
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T1: If the female-based standard provides a more accurate and specific estimate of age 

than the male-based standard, as measured by range observed in the sample as 

defined in number of years, reject H0. 

The researcher is less capable of making a strong decision because of the difficulty of 

quantifying the potential of the female-based standard to provide a narrower age range and more 

accurate estimate. Therefore, a decision regarding this research question will be based on the 

specificity of the age ranges provided by the standards, bolstered by the inclusion of descriptive 

statistics addressing accuracy and range.  
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CHAPTER 5  

MATERIALS AND METHODS 
 

For this study, 1,296 skulls of known age and sex, consisting of 475 females, 1087 males, 

818 crania identified as “White” and 744 identified as “Black” from the Hamann-Todd Human 

Osteological Collection were used to collect data regarding the estimation of age based on 

cranial suture closure, following Todd and Lyon’s guidelines for scoring. The sample included 

an even distribution of male and female crania and correlates with the sample used for previous 

optical scanning research. All available female skulls were included in the initial sample. 

 

Table 1: Total Sample from Hamann-Todd Collection 

N = 1,296 Male Female 
 1087 475 

“Black” “White” “Black” “White” 
262 605 216 213 

 

 

Before gathering data from the Hamann-Todd Osteological Collection, the researchers 

tested their protocol on crania from the WSU-BAL collection in order to develop and refine their 

methodology, as well as gauge consistency between the two researchers.  

Each cranium was assessed in three ways by two researchers – Meindl and Lovejoy 

score, Todd and Lyon score, and craniometric measurements. Scoring was applied to the sagittal, 

coronal, and lambdoid sutures only. One researcher recorded the Meindl and Lovejoy scores 

while the other recorded Todd and Lyon scores. Both researchers took three cranial 

measurements – Maximum Cranial Length, Maximum Cranial Breadth, and Basion-Bregma 

Height (Moore-Jansen 1989, 1994) – were recorded when possible. Epigenetic traits and 
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abnormalities (e.g. ossicles, premature closure, Inca bones, metopic sutures) were noted by both 

researchers. 

Meindl and Lovejoy’s method90 scores 1cm points on the vault on a scale of 0 to 3. For 

the purposes of this study, points 1-6 were measured (Midlambdoid, Lambda, Obelion, Anterior 

Sagittal, Bregma, and Midcoronal). For this scoring method, a score of 0 denotes an open suture; 

a score of 1 indicates that the suture is less than 50% closed; a score of 2 is given to sutures that 

are 50% closed or more; a score of 3 indicates that the suture is completely obliterated.   

Todd and Lyon’s scoring method divides the lambdoid, coronal, and sagittal sutures into 

16 total subdivisions91 (Figure 1) 

                                                        
90 Richard S. Meindl and C. Owen Lovejoy, “Ectocranial Suture Closure: A Revised Method for the Determination 
of Skeletal Age at Death Based on the Lateral-Anterior Sutures.” 
91 T. Wingate Todd and D.W. Lyon, “Endocranial Suture Closure: Its Progress and Relationship.” 

Figure 1: Vault Suture Subdivisions 

Figure 1: Cranial Vault Suture Subdivisions 
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Each subdivision is scored on a scale of 0 to 4, based on Frédéric’s rating scale92 (Table 

2). A score of 0 denotes an open suture; a score of 1 indicates the suture is less than 50% closed; 

a score of 2 implies the suture is more than 50% but less than 75% closed; a score of 3 defines a 

suture as more than 75% closed with a visible suture line, and a score of 4 is given to sutures that 

are fully closed with no visible suture line. 

 

Table 2: FRÉDÉRIC RATING SCALE FOR SUTURE CLOSURE 

 

 

The three craniometric measurements – Maximum Cranial Length, Maximum Cranial 

Breath, and Basion-Bregma Height - were taken on each skull by both researchers, based on 

measurements defined by Moore-Jansen (Figure 2).93  

 

 

 

 

 

                                                        
92 J. Frédéric, “Studies on the Normal Obliteration of Cranial Sutures.” 
93 Peer Henning Moore-Jansen, “A Multivariate Craniometric Analysis of Secular Change and Variation Among 
Recent North American Populations.” 
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Epigenetic traits and abnormalities were recorded when observed. These include 

premature or asymmetrical closure of a suture (Appendix E), additional sutures (Appendix F), 

metopic sutures (Appendix G), ossicles (Appendix H), and Inca bones (Appendix I). 

Additionally, trauma, type of autopsy cut, and damage from autopsy cuts was recorded. 

 

 

Recording was conducted in Microsoft Excel, and data analysis was completed using 

SPSS. The data were recorded on digital recording forms (Figure 3). The recording form for the 

Todd scoring included scores for each sutural segment in the Sagittal suture, and bilateral 

segments in the Coronal and Lambdoid sutures. Todd and Lyon’s original analysis did not 

observe both sides of the Coronal and Lambdoid sutures, but no consistent side preference was 

noted. In lieu of a specific protocol provided by the original researchers, both sides were 

observed and incorporated into statistical analyses.   

 

 
Figure 3: Data Recording Form 

Figure 2: Craniometric measurements – Maximum Cranial Length (left), Maximum Cranial Breadth (center), and Basion-Bregma (right) 
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Exclusion criteria were not clearly defined in Todd and Lyon’s original study. For the 

purposes of this study, crania were excluded if there was damage or epigenetic modification to 

more than 7 of the Todd and Lyon scoring segments, missing pieces of the vault, or if there were 

discrepancies in the ages of the individual between the box labels and the database. 

Craniometrics were not taken of there was damage to the cranium, or if postmortem autopsy 

damage rendered the measurement inaccurate.  

After data collection, test and calibration samples were created from the original data set. 

Individuals were selected using a random number generator. The calibration sample includes 66 

crania, 12 in each of the 6 age categories, which are divided by decades (Table 3). The test 

sample consists of 30 individuals, 5 in each age category (Table 3). The youngest age category in 

the test group contains one 18 year-old. This distribution was selected because it maximized the 

sample; the calibration sample could only have a maximum of 12 individuals per group while 

maintaining an even age distribution and useable test sample size. There is no overlap between 

individuals the test sample and calibration sample.  
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TABLE 3: SAMPLES, "WHITE" FEMALE CRANIA, HAMANN-TODD COLLECTION 

 

In order to evaluate the sample, Todd and Lyon’s results had to be analyzed. The original 

report did not lay out clear age delineations for each sutural segment, or a clear definition of the 

range of each score (Appendix J). Therefore, a “key” was developed based on Todd and Lyon’s 

conclusions and data analysis (Tables 4-6). Since averages were used by the original researchers 

to communicate results, it was necessary to define the numerical range of each score: A score of 

“0” = 0; “1” = 0.1-1.0’ “2” = 1.1-2.0; “3” = 2.1-3.0; “4” = 3.1-4.0. Then, age ranges for each of 

these scores at each suture segment had to be defined.  
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TABLE 4: SAGITTAL SUTURE SCORES & AGE ESTIMATES 

 

 Todd and Lyon concluded that generally, the sagittal suture begins at age 20. By age 26, 

the sutures score a “2” or “3”. After age 26-29, the sutures will be fully closed and may be 

obliterated.  

TABLE 5: CORONAL SUTURE SCORES AND AGE ESTIMATES 

Todd & Lyon Aging Estimates, in years 

Score Pars bregmatica Pars complicata Pars stephanica 

0 <26 <26 <28 

1 26-29 26-29 28-50 

2 26-29 29+ 28-50 

3 26+ 29+ 28-50 

4 29+ 29+ 28+ 

 

 The coronal suture begins to close, according to Todd and Lyon, at age 26. By age 29, the 

sutures are at a score of “2” or above. The sutures are obliterated starting at age 28-29.  

 

 

 

Todd & Lyon Aging Estimates, in years 

Score Pars bregmatica Pars verticis Pars obelica Pars lambdica 

0 <26 <25 <20 <21 

1 26-29 21-29 20-26 21-27 

2 26-29 25-29 20-26 21-29 

3 26+ 25+ 26+ 29+ 

4 29+ 29+ 26+ 29+ 
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TABLE 6: LAMBDOID SUTURE SCORES AND AGE ESTIMATES 

 

 According to Todd and Lyon, the lambdoid suture begins to close at age 21. By age 30, 

the sutures are a “2” or higher. After age 30, the sutures are fully closed and may be obliterated.  

 Todd and Lyon’s method, now more clearly defined, was applied to the test sample to 

test its accuracy. Additionally, the scores gathered for the calibration sample were used to 

develop a new female-based standard, using the mean +/- standard deviation (Table 10). This 

standard was used to estimate age of the test sample. The accuracy and frequency of correct age 

estimation using the female-based standard was then compared to the Todd and Lyon standard.  

  

Todd & Lyon Aging Estimates, in years 

Score Pars lambdica Pars intermedia Pars asterica 

0 <21 <21 <26 

1 21-30 21-30 26+ 

2 21-30 21+ 30+ 

3 21+ 30+ 34+ 

4 30+ 30+ 34+ 
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CHAPTER 6  

RESULTS 
 
 To assess the application of Todd and Lyon’s method to a large, diverse (in age 

and sex) sample population, the calibration sample data was analyzed to determine the nature 

of the relationship between age and suture closure when using Todd and Lyon’s scoring method. 

The known ages of the individuals were correlated with the composite suture scores.  

  The Coronal suture has the strongest correlation with age (r = .479) and the Lambdoid 

suture has the weakest correlation with age (r = .389). The Sagittal suture also showed a weak 

positive correlation with age (r = .429). All p-values are < 0.01, indicating a significant 

correlation (Table 7).  

 

TABLE 7: CORRELATION STATISTICS FOR VAULT SUTURES AND AGE (N=66) 

 Sagittal Suture Coronal Suture Lambdoid Suture 

Pearson Correlation Coefficient .429* .479* .389* 

Significance .000 .000 .001 

*. Correlation is significant at the 0.01 level (2-tailed)  

 
 
 

 The correlation data indicate a weak positive correlation in all sutures. The p-values are 

<0.01, deeming the correlation significant. The r-values are positive, but closer to 0 than 1, 

rendering the correlation weak. Overall, suture closure, when measured using Todd and Lyon’s 

scoring method, is slightly correlated with age, rejecting the Alternate Hypothesis (H0). 
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 The application of a female-based standard created using Todd and Lyon’s method is 

potentially better suited for estimating age at death than Todd and Lyon’s male-based standard. 

When applied to the test sample, the Todd method correctly estimated the age of an individual 

93% of the time. The frequency of correct estimates was lowest in sagittal suture estimates 

(90%), and highest in lambdoid estimates (97%). Todd and Lyon do not specify which side of 

the lambdoid and coronal suture should be observed, so both sides were used for testing. No 

difference was observed in estimates based off of the right side scores and left side scores for 

either suture. Any incorrect estimate on one side was also incorrect on the other (Table 8). 

Additionally, composite estimates based on the right and left side scores combined were taken. 

The estimates mirrored the unilateral estimates exactly.  

All observed errors occurred in individuals between the ages of 18-40. Incorrect 

estimates in the sagittal suture were made for individuals aged 18, 35, and 40. Errors in coronal 

suture estimates occurred for individuals aged 18 and 25. Lambdoid suture estimates were only 

incorrect for an individual aged 18. 

To develop a female-based standard, data from the calibration sample were used. The 

mean was calculated for each score in each suture (Table 9). The mean and score ranges are 

graphically illustrated in Figures 4-6.  

 

TABLE 8: FREQUENCY OF CORRECT AGE ESTIMATES USING THE TODD AND LYON 
METHOD 

Sagittal Coronal Lambdoid 
.90 Right Left Right Left 

.93 .93 .97 .97 
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TABLE 9: SUTURAL DATA FROM CALIBRATION DATA 
 

   
 

 
 

 In each suture, the “3” score was most common and spanned the widest range. The age 

ranges become wider as the score increases. Overall, the mean age increases with suture score, 

with the exception of “1” to “2” score in the sagittal suture and the “3” to “4” score in the 

lambdoid suture. The trends for each suture are represented graphically in Figures 4-6.   

 Sagittal Suture Coronal Suture Lambdoid Suture 

Score N Range Mean N Range Mean N Range Mean 

1 1 n/a 35 0 n/a n/a 3 25-30 26.67 

2 6 25-43 32.33 10 25-47 34.1 13 25-73 44.08 

3 44 23-79 51.31 50 23-79 52.42 46 23-79 53.04 

4 15 28-78 54 6 28-78 55.83 4 28-78 51 
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Figure 4: Mean Sagittal Suture scores vs. Age 

  

 The sagittal suture demonstrated a decrease in mean age from “1” to “2” scores. The 

mean age then increased from “2” to “3” and “3” to “4”. The age range was widest in the “4” 

score.  
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Figure 5: Mean Coronal Suture scores vs. Age 

 
 The coronal suture did not have data to represent a “1” score, so represented in Figure 5 

is the data for “2” – “4” scores. The mean age increases with score, and the age range for a “4” 

score is wide, spanning 50 years.  
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Figure 6: Mean Lambdoid Suture scores vs. Age 

  

 The lambdoid scores show an increase in mean age over scores “1” through “3”. There is 

a decrease in mean age of about 2 years between “3” and “4”. The age range for “4” scores is 

wide, spanning 50 years.  

 The means were used in tandem with standard deviation to develop an age estimate for 

each score in each suture (Table 10). The age range is the mean +/- the standard deviation. Since 

there were no sutural segments in the calibration data that were scored as “0”, the age estimate 

for a score of “0” was determined to be less than the youngest individual in the sample, <20. In 

the sagittal suture, only one individual fell into the category of “1” so the age estimate was 

determined to be less than the age of that individual, <35. Similarly, no individuals from the 
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calibration sample scored a “1” in the coronal suture, so the age estimate for a “1” score in the 

coronal suture was determined to be less than the youngest individual in the sample, <20. 

TABLE 10: FEMALE-BASED STANDARD FOR AGE ESTIMATIONS (IN YEARS) 

Score Sagittal  Coronal Lambdoid 
0 < 20  < 20  < 20  
1 < 35 < 20  26 +/- 3 
2 32 +/- 7  34 +/- 7  44 +/- 16 
3 51 +/- 17 52 +/- 17 53 +/- 16 
4 54 +/- 17 56 +/- 18 51 +/- 22 

 

 The female-based standard was then applied to the test sample. The frequency of correct 

age estimates was generally consistent across all sutures, with the coronal suture demonstrating 

the lowest level of correctness. Errors in the right Lambdoid estimates mirrored the left-side 

errors, as did the right- and left-side Coronal errors, with the exception of one additional 

incorrect estimate on the right Coronal suture (Table 11).  

 

TABLE 11: FREQUENCY OF CORRECT AGE ESTIMATES USING THE FEMALE-
BASED STANDARD 

 
Sagittal Coronal Lambdoid 

.63 Right Left Right Left 

.57 .60 .63 .63 

  

  Notable is the difference in correct estimates in individuals under the age of 30 and over 

the age of 30. Using either the female-based standard or Todd’s standard, the estimates are 

correct more frequently in individuals over 30 (Table 12). The female-based standard was 

consistent in individuals over 30 (Table 12); the majority of incorrect estimates were made for 

individuals over the age of 70.  
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It is also important to note the degree of error. The female-based standard relies largely 

on age ranges, with the exception of all “0” scores and coronal and sagittal “1” scores. The 

“incorrect” age estimates were incorrect by an average of 6.18-10.77 years outside the estimated 

range (Table 13). The lowest degree of error was observed in the lambdoid suture, while the 

highest degree of error was found in the coronal suture. 

 

TABLE 13: AVERAGE YEARS OUTSIDE OF AGE ESTIMATION RANGE FOR 
INCORRECT TEST SAMPLE ESTIMATES USING FEMALE-BASED STANDARD 

Sagittal Coronal Lambdoid 

7.36 Right Left Right Left 

10.77 8.3 6.18 6.18 

 

 

In contrast, Todd and Lyon’s standard is largely minimum estimates with no maximum 

bound. Due to this structure, the degree of precision is low. When analyzing “correct” estimates 

using the Todd and Lyon standard, the known ages differed from the minimum bound of the 

estimate by an average of 25.18-29.07 years (Table 15). The degree of accuracy was highest in 

the coronal suture, and lowest in the lambdoid suture.  
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TABLE 14: AVERAGE YEARS BETWEEN KNOWN AGE AND AGE ESTIMATE 
MINIMUM BASED ON FEMALE STANDARD 

Sagittal Coronal Lambdoidal 

18.45 17.93 17.1 

 

 It is important to note that the female standard not only has a small degree of error in 

incorrect estimates, but also that the average distance between the lowest bound of the female 

range and the known age (Table 14) is smaller than the distance between the known age and 

lowest bound of the Todd and Lyon age estimates (Table 15).  

 

TABLE 15: AVERAGE YEARS BETWEEN KNOWN AGE AND AGE ESTIMATE 
MINIMUM BASED ON TODD & LYON STANDARD 

 

 
 Even when incorrect, the female-based standard provides an age estimate that is closer to 

the known age than some of the Todd and Lyon estimates, especially in the older half of the test 

sample. When using the Todd and Lyon method to estimate age, the frequency of correctness 

was high, but the accuracy of the age estimates was low, specifically past the 3rd decade. The 

female-based standard, when incorrect, had a small margin of error, averaging around 6-11 

years. So, while the female-based standard was not correct as frequently as the Todd and Lyon 

method, the correct estimates were more precise, and the error observed from the incorrect 

Sagittal Coronal Lambdoid 

25.96 Right Left Right Left 

25.18 25.18 29.07 29.07 
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estimates was relatively small. Overall, the female based-standard was shown to perform better 

than the male-based standard, rejecting the Alternate Hypothesis (H0). 
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CHAPTER 7 

DISCUSSION 

 The Todd and Lyon method, when applied to the test sample, demonstrated a higher 

frequency of correct estimates than the female-based standard. The level of correctness, 

however, must be distinguished from the level of accuracy. Todd relies on open-ended age 

estimates, especially in higher suture scores.  For example, a score of “3” in the coronal suture 

renders an age estimate of 26+ (Table 6). This age estimate is bound to be “correct” most of the 

time, especially in a sample like the test sample in this study, where 25/30 individuals are over 

the age of 28. The largest age range in the female-based standard is +/- 22 years. To demonstrate 

this, age estimates for the oldest individual in the test sample can be isolated. The individual’s 

known age is 79 years. The Todd and Lyon estimate is 25+ years, while the female estimate is 

34-68 years. While Todd and Lyon’s estimate is technically correct, its minimum bound is 

farther from the known age than the minimum age provided by the female-based standard, 

which, in this case, is technically incorrect. This example emphasizes the importance of valuing 

accuracy over correctness.  

 Based on these discrepancies, while neither Todd and Lyon nor the standard developed in 

this study should be used in isolation, the choice regarding which standard to use hinges on the 

priority of the user. If the goal is simply to obtain a correct estimate, Todd and Lyon’s standard is 

preferable. However, if accuracy is the goal, the female-based standard may be superior.  

 The differences between the Todd and Lyon standard and the female-based standard can 

be attributed to many factors. More recent studies have shown that population, year of death, 

environmental factors, and sex all potentially play a role in cranial growth and development. 

Todd and Lyon’s standard is male-based, and may not be compatible with female crania due to 
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sex-based variance. Additionally, the original Todd and Lyon study was conducted almost 100 

years ago. The appearance of the crania during this study may not be perfectly comparable to 

their appearance in the 1920s; data is lacking regarding the impacts of curation and postmortem 

treatment on the appearance of cranial sutures.  

 Finally, and arguably most importantly, Todd and Lyon’s scoring system is highly 

variable and based on a fundamental theory of suture closure that this study showed to be weak. 

Most of the scores attributed to all crania throughout this study received scores of “3”. However, 

these crania varied widely in appearance, and spanned the entire age range of the sample. Each 

score encompasses a vast range of sutural appearances and qualities, many of which are 

subjective, leading to inherent error and observer bias (Appendices A-D). In Todd and Lyon’s 

original study, their summary charts indicate that they observed crania with “0” scores. The 

researchers involved in this study did not score any sutural segment in any of the observed crania 

as a “0”. The lack of a complete data set, the vague descriptions provided by Todd and Lyon, and 

the nonspecific nature of their elimination criteria and scoring system renders their method 

incredibly difficult to apply and replicate.  

 The complexity in developing an accurate standard for cranial suture scores rests in the 

correlation between suture closure and age. There exists a weak, positive correlation between 

suture closure and age when using the Todd and Lyon method. This supports many other studies 

that cast doubt on the reliability of suture closure as an indicator of age. While suture closure 

scores can be used to make a correct age estimate, the estimate will be a wide range based on a 

weak correlation. This stipulation echoes researchers who advise against relying on suture 

closure alone, and only acknowledge it as a method when used in tandem with other aging 

methods.  
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CHAPTER 8 

CONCLUDING REMARKS 

 In conclusion, the development of a female standard illuminated the inaccuracy of the 

Todd and Lyon method, and demonstrated several challenges in developing an aging method 

based on cranial suture scoring. While correlations were found between age and suture closure, 

these correlations were based on Todd and Lyon’s scoring categories, which lack specificity and 

encompass a wide range of cranial variation within each score. Individual sutures performed 

inconsistently, so no conclusion can be made regarding the preference of sutures for age 

estimation. The incompatibility of Todd and Lyon’s method with a female sample alludes to the 

possibility that sex is a factor in cranial aging, but curation, environmental impact, and 

population-specific features should not be discounted.  

 The weak foundational correlation and the dissatisfying age estimates given by Todd and 

Lyon’s method and standard indicate that the method is unreliable, and that suture closure 

analysis as a whole may be nonoperational. In order to correct methods currently in use and 

ensure theoretically sound anthropological practice, it is of the upmost importance that future 

research continue on its current trajectory. The understanding of the fundamental biological 

factors influencing cranial growth, development, and suture closure will determine if suture 

closure is indisputably indicative of age. Furthermore, the discovery of influencing factors – like 

sex, environment, and genetics – in the development of cranial sutures will control for error in 

age estimation and help in refining and universalizing aging methods that rely on cranial sutures.  
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APPENDIX A 

EXAMPLES OF TODD SCORE "1" (HTH406 & HTH1554) 



 64 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

APPENDIX B 

EXAMPLES OF TODD SCORE "2" (HTH324 & HTH1911) 
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APPENDIX C 

EXAMPLES OF TODD SCORE "3" (HTH456 & HTH2655) 
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EXAMPLES OF TODD SCORE "4" (HTH 1487 & HTH 1504) 
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APPENDIX E 

EXAMPLE OF ASYMMETRICAL CORONAL SUTURE CLOSURE (HTH 208) 
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APPENDIX F 

EXAMPLE OF ACCESSORY SUTURE ON PARIETAL BONE (HTH 585) 
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APPENDIX G 

EXAMPLE OF METOPIC SUTURE (HTH 324) 
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APPENDIX H 

EXAMPLE OF OSSICLE ON LAMBDOID SUTURE (HTH 429) 
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APPENDIX I 

EXAMPLE OF INCA BONE (HTH 1251) 
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SUMMARY TABLE FROM TODD & LYON (1925) 

 
 
 

 


