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ABSTRACTS: The estimation of age is an important aspect in osteoarchaeological 

analysis. In order to understand people and their fates in past societies, researchers must 

turn to palaeodemography. Therefore, it is vital that the methods of age estimation, which 

the foundations of palaeodemographic reconstructions rest upon, are as accurate and 

reliable as possible. In current Swedish cremation-osteoarchaeology, two methods of age 

estimation are commonly used: suture closure and relative thickness of the diploë. 

However, no substantial evaluation of these two methods have been undertaken. This study 

aims to evaluate the two methods of age estimation of cremated remains, suture closure 

and relative thickness of the diploë. This was done by testing the two methods on two 

unburnt populations, Mediaeval city-dwellers from Helgeandsholmen, Stockholm, Sweden, 

and Middle-Neolithic hunter-gatherers from Ajvide, Gotland, Sweden. Suture closure and 

proportion of diploë was observed in comparison with age-related changes of the auricular 

surface of the ilium and the pubic symphysis. Based on the results of the study, possible 

courses of action were proposed and then applied on cremated remains from a Late Iron 

Age burial ground on Lovö, Stockholm, Sweden. The results showed significant moderate 

correlation with age for both methods (0.61 for suture closure and 0.58 for proportion of 

diploë). However, early stage of suture closure could identify a group consisting of 

juveniles and young adults, while advanced suture closure could identify a group consisting 

of middle adults and old adults. These results, which proved to be more reliable than 

existing methods, can, hopefully, lead to improvements of the assessment of age in 

cremated remains, and increase our understanding of the fates of people of the past. 

 

 

 

 

Åldersbedömningar utgör en central del av osteoarkeologiska analyser. För att förstå 

människor och deras livsöden i forntida samhällen måste forskare använda sig av 

paleodemografi. Därför är det essentiellt att de åldersmetoder som ligger till grund för 

paleodemografiska undersökningar är så pålitliga som möjligt. I svensk kremations-

osteoarkeologi idag är två metoder för åldersbedömning ofta använda: 

sutursammanväxning och relativ diploëtjocklek. Emellertid finns ingen mera detaljerad 

utvärdering av metoderna och deras tillförlitlighet. Denna studie ämnar utvärdera de två 

metoderna för åldersbedömning, sutursammanväxning och relativ diploëtjocklek. Detta 

utfördes genom att testa de två metoderna på två obrända populationer, medeltida 

stadsfolk från Helgeandsholmen, i Stockholm, Sverige, samt mellanneolitiska jägar-

samlare från Ajvide, på Gotland, Sverige. Sutursammanväxning och andel diploë 

dokumenterades i jämförelse med åldersrelaterade förändringar i bäckenbenets facies 

auricularis och blygdbensfog. Baserat på undersökningen ges förslag på förbättringar, 

vilka sedan var applicerade på kremerade ben från ett gravfält från yngre järnålder på 

Lovö, i Stockholm, Sverige. Resultaten visade en signifikant måttlig korrelation med ålder 

för båda metoderna (0.61 för sutursammanväxning och 0.58 för relativ diploëtjocklek). 

Dock kunde låg nivå av sutursammanväxning identifiera en grupp av juvenila och unga 

vuxna, medan framskriden sutursammanväxning kunde identifiera en grupp av medelålders 

och äldre vuxna. Resultaten ger mera tillförlitliga observationer än tidigare redovisade 

metoder. Dessa resultat kan, förhoppningsvis, leda till förbättringar av metoder för 

åldersbedömning av brända ben samt öka vår förståelse av forntida livsöden. 
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1. Introduction 

Age is an important aspect in the identity of humans and their interaction with society. When it comes 

to interactions between people in the daily life, age plays a large role in how they are treated. Infants, 

children and the very old are given extra care and attention due to their vulnerability (Dettwyler 

1991:379f). The elder are shown reverence in their roles as patriarchs and matriarchs of their families, 

while juveniles and young adults must earn the respects of their seniors. These are just a few examples 

in how age play a role in the interactions between people today. But past societies had their own 

concepts in how age relates to identities and the interactions between people. Studying these 

relationships requires a foundation in palaeodemography from where interpretations can follow. 

Palaeodemography is the study of the demography of the past by using material remains, primarily 

skeletal remains (Acsádi & Nemeskéri 1970:51). Solid interpretations from palaeodemographical data 

requires solid methods of age estimation. Unfortunately, the condition of the body does not always 

reflect the persons age in years. Factors such as environment, nutrition, working conditions and 

pathologies of the person affect the skeleton. Therefore, there is a distinction between the 

chronological age, the age measured in years since birth, and the biological age, the agedness of the 

body. The biological age depends on these intrinsic and external factors that affect the body 

throughout the life, not only time (Acsádi & Nemeskéri 1970:101f). When osteoarchaeologists 

estimate the age at death of an individual, it is the biological age that is being assessed. If 

osteoarchaeologists want to further their understanding of the identities of the past, it is imperative that 

the foundations in the ways of estimating biological age are as strong as possible. With a starting point 

in the biological age, by studying how people of different ages are treated, it is possible to understand 

how past societies envisioned age as an aspect of identity. The role and behavior that is expected for a 

person of a chronological age is known as the social age. Different societies and cultures have 

different views on social age. The social age is an increasingly important aspect of contemporary 

social osteoarchaeology, and can be studied by analyzing, for example, grave goods. By studying 

objects in burial contexts in relation to the biological age, it is possible to form interpretations of 

aspects such as the age of transition between childhood and adulthood and the role of age in the 

society at large (Sofaer 2011:286f, 291). However, assessing the biological age can be difficult. This is 

especially true for cremated remains, where a slew of additional factors determines the possibilities for 

age estimation. Not only do the destructive effects of the cremation and post-depositional diagenetic 

processes matter, but also cultural processes – like selective collection of bones and other burial 

customs. 

Contrary to the estimation of age of unburnt skeletons, which has a tradition of thorough and 

relatively reliable methods – of which the Standard for data collection of human skeletal remains 

(Buikstra & Ubelaker 1994) is an important compilation – the estimation of age of cremated remains 
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have not received the same amount of attention. Historically, osteoarchaeologists have questioned the 

scientific value of cremated bones. Professor Carl Magnus Fürst (1854 – 1935) at Lund University, let 

it be known in a letter to the head antiquarian how he viewed their value: 

 

“As an anthropologist, I would like to place on record, on the basis of my experience, that cremated 

human remains in burial urns are almost always without anthropological interest /…/ Therefore, from 

an anthropological point of view, these bones are without scientific value”. 

(Gejvall 1991:56; author’s translation) 

 

While scientists of today have rejected Professor Fürst’s point of view of the worthlessness of the 

material, it is commonly viewed that cremated bones provide less information than unburnt skeletons. 

The violent destruction of the fire renders the bones fragmented, distorted, discolored and destroyed. 

This makes the use of most methods employed on unburnt osseous material problematic. However, 

there is still a desire among scientists to extract information from the material. This desire forces them 

to employ more unorthodox methods, almost out of desperation. It may have led to the use of methods 

that may be known to be unreliable (Holck 1986:93).  

In current Swedish cremation-osteoarchaeology, two methods in particular are used extensively. 

They are suture obliteration and the relative thickness of the diploëic layer. The difference from the 

standard endo- and ectocranial study of sutures, is that this method analyzes the cross-section of the 

suture. Since it is common for sutures to fragment during the cremation process, the standard endo- 

and ectocranial analysis of the sutures is not possible. Instead, the fracture edge itself is studied, as Per 

Holck describes in Cremated Bones (1986:95f). Relative thickness of the diploë is a method 

popularized by Nils-Gustaf Gejvall in a 1948 publication (Bestämning av de brända benen från 

gravarna I Horn), where the proportion of the diploëic layer of the cranial vault is said to be 

increasing with age (Gejvall 1948:161). These two methods have been combined to a framework by 

Berit Sigvallius in her 1994 doctoral thesis Funeral pyres: Iron age cremations in north Spånga - an 

influential publication in Swedish cremation-osteoarchaeology. 

However, there has been a lack of evaluations of these methods. They have, in some cases, been 

used indiscriminately – as axioms assumed to be true. Should these methods be inaccurate to a large 

enough degree, they could potentially have serious consequences to the palaeodemographical study of 

cremation burials – and our understanding of identities of the past. The more accurate the methods that 

are employed, the better our understanding will be. Therefore, it is in the best interest of the field of 

cremation-osteoarchaeology to always strive for the evaluation and improvement of existing 

procedures and the development of new methods. 

This study will evaluate the two common methods for estimating the age at death of cremated 

human remains as outlined above, suture closure and the relative thickness of the diploë. These 

methods will be tested on two unburnt populations, where a more accurate age can be estimated using 
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standard morphological methods for age estimating unburnt skeletons. These methods are based on 

reference collections of individuals of known age, and therefore provide estimations with reasonably 

high confidence. Based on the result of the comparative analysis, improvements of the methods will 

then be proposed and applied on cremated remains. Hopefully, this will improve the use of age 

estimation in cremation-osteoarchaeology and reduce the risk of misinterpretations, which can lead to 

a better understanding of the palaeodemography of societies that practiced cremation burials and the 

identities of the people living in them. 

 

 

1.1.Aims and research questions 

The purpose of this study is to investigate the quality of suture closure and relative thickness of the 

diploë as methods of age estimation on cremated human remains. These methods have been employed 

in Swedish cremation-osteoarchaeology without adequate evaluations. By testing the methods on 

several unburnt skeletons from two different populations, this study will compare the result of the 

methods with more reliable age estimations applied on the pelvic bone of the individuals. Based on the 

result of this evaluation, possible courses of action will be proposed to increase the reliability of age 

estimation of cremated remains. Finally, the new proposals will be applied on cremated remains. 

 

For this study, a number of research questions will guide the analysis: 

• How reliable are suture closure and proportion of diploë as indicators of age (in cremated 

remains)? 

• How reliable are existing methods for palaeodemographic reconstruction of cremated 

remains? 

• How do the applicability of suture closure and proportion of diploë differ between 

populations? 

• Is it possible to identify juveniles using suture closure and proportion of diploë? 

• Is it possible to identify possible double burials using suture closure and proportion of diploë? 

• How can the assessment of age in cremated remains be improved? 

 

 

 

1.2.The disposition of the study 

This study is divided into different chapters and subchapters that include the different elements of the 

research, and follows the standard IMRaD structure (Introduction, Methods, Results and Discussion). 

Each chapter will begin with a short outline that explains the contents of the different subchapters to 

guide the readers through. The study begins by exploring the background and what is previously 
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known about the use of suture closure and diploëic thickness as indicators of age, as well as their use 

in the estimation of age in Swedish cremation-osteoarchaeology. Then follows a chapter where the 

criteria for the material is presented as well as descriptions of the three materials used in the study. In 

the methodology chapter, the various methods used in this study are introduced; why they are chosen 

and how they are employed. The results of the study are then presented thematically. The discussion 

chapter explores the results in the context of the research questions and previous research in the same 

thematical structure. The study ends with the stating of the conclusions and a summary. 

 

1.3.Background and previous research 

The single largest issue concerning the assessment of age in cremation burials is the low level of 

preservation. The powerful destructive forces of fire cause the researcher’s task to be much more 

difficult. Fragmentation, shrinkage and warping of the bones makes all aspects of the analysis, not 

only the estimation of age but also elementary identification, a daunting task for even the most 

experienced of osteoarchaeologists. The skull is more vulnerable to the fire than most of the rest of the 

body due to the low amount of soft tissue protecting it. Soft tissue acts as an insulator because of its 

low thermal conductivity and restricts the oxygen flow to the bone (McKinley 2015:183). During a 

cremation, as a result of the lack of protection, the skull cap is early on exposed and the cranial bones 

are affected by the fire. Not long after, cracks in the cranial bones starts to form, especially along the 

sutures, causing fluid to escape. The destruction of the skull continues with more and larger cracks 

until only fragments remain of the skull (Bohnert et al. 1998:13ff). There are some conflicting 

observations regarding the supposedly “explosive” behavior of the skull. Both McKinley and Symes 

and colleagues refute the claim that the increased pressure of the boiling of the internal contents of the 

skull causes the skull to explode, as claimed by Holck (1986:110). This does not occur, according to 

them (McKinley 1994a:74; Symes et al. 2015:50), and it is most likely that the skull either retains its 

shape or collapses. In addition to the cremation process, cultural actions affect the degree of 

preservation as well. The cremated remains of an adult human weigh, on average, between 2500 and 

3000 g (Evans 1963, in McKinley 1994a:75). However, in her study of the cremated remains of 

Spongy Hill, McKinley found that the burial vessels contain between 117.2 to 3105.1 g of osseous 

material (McKinley 1994a:85) – in most cases much lower than the average post-cremation weight. 

This dramatic loss was explained by a variation in the amount of bone collected post-cremation. In 

effect, this lack of remains reduces the quantity of usable elements for the estimation of age, and in 

turn the quality of the assessment. The auricular surface of the ilium and the pubic symphysis (e.g. 

Buikstra & Ubelaker 1994:21, 24) are two of the most reliable morphological indicators of age, with 

correlations with age around 0.8 (Lovejoy et al. 1985:27f; San Millán et al. 2013:1747). However, the 

auricular surface of the ilium and the pubic symphysis are uncommon finds in cremated material due 

to their low rate of preservation. Therefore, as standard morphological methods of age estimations 

(e.g. Buikstra & Ubelaker 1994) cannot be used, researchers are forced to employ methods that are 
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known to be unreliable in the pursuit of information (Holck 1986:93). Moreover, as with the 

estimation of sex, if key fragments are not preserved, the assessment can under- or overestimate the 

age of the individual. Two of the methods of age assessment used in Swedish cremation-

osteoarchaeology are suture closure and the relative thickness of the diploë. Below will follow an 

exploration in some of the previous research on suture closure, diploëic thickness and their use in 

cremation-osteoarchaeology. 

 

Suture closure as an indicator of age 

The skull consists of several bones, which are joined 

by the sutures. The calvaria (the skullcap), which 

contains the brain, is made up by the frontal bone, left 

and right parietal bones and the occipital bone at the 

back. The two parietal bones are joined by the sagittal 

suture, which runs from the front to back at the top-

most part of the skull. The coronal suture joins the 

frontal bone with the two parietal bones, and runs at 

the anterior-most part of, and perpendicular to, the 

sagittal suture. At the back, the occipital bone joins the 

two parietal bones by the lambdoid suture (figure 1.1). 

The use of suture closure as an indicator of age has 

been used since the 17th century (Todd & Lyon 

1924:326; Lynnerup et al. 2008:76). One of the most 

influential studies on the relationship between the 

development of sutures and age is the study of Todd 

and Lyon (Todd & Lyon 1924). They analyzed the 

endocranial progression of sutures in 307 individuals of known age. They argued that endocranial 

closure showed a better correlation with age than the ectocranial surface (Todd & Lyon 1924:333f). 

Sutures were assessed either no fusion, ¼ fusion, ½ fusion, ¾ fusion and complete fusion. They found 

that different sutures have different rates of suture closure. According to them, the sagittal suture 

started closure around the age of 22. Then, four years later, the rate of closure increased and finally 

completed the ossification around the age of 31 (Todd & Lyon 1924:342). The coronal suture 

commenced fusion slightly later, around the age of 24, was at its maximum rate from 26 to 29, and 

completed obliteration at the age of 38 (Todd & Lyon 1924:349). Complete endocranial fusion of the 

sutures does not, however, mean that the suture is fused ectocranially: a suture could still appear to be 

in a somewhat open stage on the outside even after full endocranial fusion. 

Figure 1.1. The calvarium of a human skull. Shown 

are the coronal suture (A), the sagittal suture (S) and 

the lambdoid suture (L). 
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Acsádi and Nemeskéri developed another method of using suture closure as an indicator of age 

(Acsádi & Nemeskéri 1970:115ff). They analyzed 352 individuals of known age at the Institute of 

Forensic Medicine of Semmelweis University School of Medicine, in Budapest, Hungary. Their 

method assesses sutures according to a five-part scale: open suture, early closure, closure in process, 

advanced closure and open suture. In general, they found, suture obliteration progresses from the 

inside and out (Acsádi & Nemeskéri 1970:116). Their findings showed that the sagittal suture starts its 

obliteration, beyond the initial commencement, earlier than the coronal suture, even before the age of 

19. There are even instances of advanced closure between the ages 20 and 24. While the sagittal suture 

is beginning its fusion earlier, it is not complete until much later. Only in two thirds of individuals 

over the age of 70, they found, had completely obliterated sagittal sutures endocranially, and some 

individuals showed no fusion of the sagittal suture. In most of the cases, the suture was not completely 

fused ectocranially (Acsádi & Nemeskéri 1970:117). This is an important conclusion in the study of 

suture closure, as the interpersonal variation can be quite considerable, which affects the quality of the 

method. The coronal suture, on the other hand, while fusion was seen to be initiated before the age of 

19, advance signs of fusion started to appear after the age of 24. The rate of closure was the highest 

between the ages 25 to 29, with half of the cases showing completely obliterated sutures. 

Endocranially, the fusion was generally complete around the age of 30. Ectocranially, advanced stages 

of fusion were identified only sporadically: less than half of older individuals had advanced fusion 

(Acsádi & Nemeskéri 1970:117). In conclusion, Acsádi and Nemeskéri stated that the use of cranial 

sutures, while acceptable as an age indicator, can only provide age estimation with large age intervals 

(Acsádi & Nemeskéri 1970:121). 

While there are some similarities between the two studies, where both agreed that the sagittal 

suture starts the fusion earlier than the coronal suture, 

the two diverge in the ranges of the upper stages of 

closure. Acsádi and Nemeskéri observe a much larger 

variation of closure for the higher ages, where even 

individuals of advanced age can have sutures with lower 

obliteration – and vice versa.  

Today, Meindl and Lovejoy’s method of using 

ectocranial suture closure is commonly used, and can, 

for instance, be found in Standards (Meindl & Lovejoy 

1985; Buikstra & Ubelaker 1994:32ff). This method uses 

a four-grade system of determining the degree of closure: 

open, minimal closure, significant closure and complete 

obliteration. While the systems of Todd and Lyon and 

Acsádi and Nemeskéri assesses the whole suture, Meindl 

Figure 1.2. The ten fixed-point of Meindl & Lovejoy’s 

(1985) suture closure system. The points are 

midlambdoid (1), lambda (2), obelion (3), anterior 

sagittal (4), bregma (5), midcoronal (6), pterion (7), 

sphenofrontal (8), inferior spehnofrontal (9) and 

superior sphenofrontal (10). 
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and Lovejoy proposed the use of fixed points where observations are made. These 10 pre-defined 

points are situated on the sutures of the vault and the lateral and anterior part of the cranium (figure 

1.1). They found a correlation between their system and the age of individuals of a reference sample to 

be 0.53, moderately strong. Meindl and Lovejoy argued that previous studies (e.g. Todd & Lyon 1924) 

suffers from methodological issues. For instance, rejection of individuals of the reference sample on 

questionable grounds made the sample unrepresentative, and lead to poor results (Meindl & Lovejoy 

1985:58). Instead, they argued that suture closure suffers from older prejudices and with more 

development, suture closure could become a respectable indicator of age again (Meindl & Lovejoy 

1985:65f). Although Meindl and Lovejoy’s system is widely used, it has virtually no use in assessing 

the age of cremated human remains. The system requires a more or less complete cranium for the 

estimation, which does not occur in cremation burials. Only in the rare cases where a fragment at one 

of the fixed points is identified (with both sides of the suture still attached), could the system be used. 

Even then, an accurate use requires more than the one or two observations obtained per burial. 

Key and colleagues compared the results of the methods of, amongst others, Acsádi and Nemeskéri 

and Meindl and Lovejoy, by analyzing 183 crania of known age from the Spitalfields collection. They 

found that, endocranially, the sagittal and coronal sutures start the fusion around the age of 20 and is 

completed in the early 30’s in most cases (Key et al. 1994:197). They also confirmed that some 

individuals over the age of 50 had open sutures, and younger individuals with more advanced stage of 

closure, which would dramatically alter their estimated age. All in all, the results corresponded well 

with Acsádi and Nemeskéri, even though the method lacked precision (Key et al. 1994:199). While 

the results of Key and colleagues corresponded relatively well with Acsádi and Nemeskéri, the 

application of Meindl and Lovejoy’s method on the Spitalfields collection showed to be more 

erroneous. The mean ages were considerably higher than the findings from Meindl and Lovejoy: over 

20 years higher for all stages (Key et al. 1994:199). The reason for this, they explained, could be 

found in the difference in the references age distribution, where the Hamann-Todd collection have a 

lower age distribution than the Spitalfields collection. This impacted the age distribution by 

systematically underestimating it, making the distribution seem younger than it is (Key et al. 

1994:200). Additionally, Key and colleagues found a difference between the males and females, with 

prolonged ectocranial suture closure common in the Spitalfields males that affected the result (Key et 

al. 1994:201f). This difference between the sexes was not found to be particularly strong in Todd and 

Lyon’s analysis (Todd & Lyon 1924:333). Meindl and Lovejoy explicitly stated that there is no effect 

on sex using their system (Meind & Lovejoy 1985:64), a claim that, therefore, was demonstrated false 

by Key and colleagues. In general, Key and colleagues confirm the lack of accuracy of using suture 

closure as an indicator of age, due to large interpersonal and interpopulational variation (Key et al. 

1994:204). This lack of accuracy leads to the method only producing age estimations with large age 

intervals, which is mostly only useful for distinguishing the young from the middle-aged and the old. 
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While the use of suture closure on unburnt crania is known for having issues of precision and 

interpersonal and interpopulational variation, the lack of definitive alternatives has seen the technique 

been applied on cremated material to a larger extent. Especially for the age estimation of adult 

individuals, where the epiphyses of the joints have completed union. Dental analysis is in principle 

only useable in the determination of subadults with unerupted teeth, as the enamel of the crowns do 

not survive high temperatures (Gejvall 1948:159; Holck 1986:92; Alexandersen et al. 2008:399). 

Furthermore, age estimation based on elements of the pelvis is similarly problematic due to the low 

preservation of the pubic symphysis and the auricular surface of the ilium (McKinley 1994a:16). 

Therefore, despite the underlying issues of using cranial sutures, their use has still been one of the 

central indicators of age employed in Swedish cremation-osteoarchaeology. 

McKinley, while acknowledging the problematic nature of using suture closure, used sutures as a 

general guide in her most influential analysis of the cremated remains from Spongy Hill. According to 

her, the technique is problematic as young individuals does not always have open sutures, even though 

a general trend can be indicated. During a visit to a modern cremation, McKinley recalled a 97-year-

old individual with sutures still open (McKinley 1994:11). However, when available, tooth 

development and epiphyseal fusion should be used. 

The use of suture obliteration in Swedish cremation-osteoarchaeology follows the tradition of 

Gejvall, who claimed that by observing the degree of closure, children, juveniles, young adults and old 

adults could be identified. According to Gejvall, fusion progresses from the inside and out. However, 

he notes substantial differences in sex: the sutures of females undergo fusion up to 20 years later than 

males (Gejvall 1948:161f). In addition to suture closure, for the determination of adults, Gejvall used a 

number of dental indicators, such as the width of the root canals, which are said to be reduced by age, 

shape of the roots and apices to differentiate young individuals from old (Gejvall 1948:159f). 

However, the highest resolution of age possible in cremation burials is the identification of young 

adults, mature adults and old adults (Gejvall 1969:473). 

The systems of suture closure presented above have all in common the requirement of needing 

unfragmented sutures, where the two bones joined at the suture are attached. However, the cremation 

process leaves the cranium in a highly fragmented state, where such methods are impossible to use. 

Other methods of analyzing suture closure are therefore needed. Holck developed a method where the 

cross-section of the suture, the fracture edge itself, is studied. According to Holck, “By studying a 

piece of the skull with sutures from a younger individual, one can see that the skull bones form no 

direct integrative connection, apart from a thin zone on the innermost part of the bone (lamina 

interna). This zone forms the first real ossification between the individual skull bones about the age of 

20 years, and, from then being thin as paper, grows in thickness with age and reaches the skull’s 

surface (lamina externa) as the suture closes.” (Holck 1986:95). In other words, the ossification starts 

in the joint between the two inner tables, and as the individual grows older, the ossification progresses 

from the inside and out. During the cremation of the individual, the sutures fragment, leaving a 
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fracture edge as thick as the progression of the ossification. Holck argues that the accuracy of this 

method is superior to the standard endo- and ectocranial analysis, due to fact that the actual fracture 

edge is being studied and estimates an accuracy of 8 to 10 years for adults (Holck 1986: 95, 98). 

Holck presented the following framework for the estimation of age of individuals in cremation 

burials (Holck 1986:99): 

- “Infans I (0-7): From the birth to the eruption of the first permanent molar (M1). 

- Infans II (7-14): From completed eruption of the first (M1), to the completed eruption of the 

second permanent molar (M2). 

- Juvenilis (14-20): From completed eruption of the second permanent molar (M2), to the 

closure of synchondrosis spheno-occipitalis. 

- Adultus (20-40): All teeth are erupted with incipient abrasion of the teeth’s chewing facets. All 

sutures are still completely open, with exception of minor areas. 

- Maturus (40-60): Marked abrasion of the teeth’s chewing facets. Ossification of the sutures, 

although not complete obliteration. 

- Senilis (60+): Advanced or completed obliteration of the skull sutures. More or less resorption 

of the tooth sockets due to loss of teeth. “ 

 

 

Cranial vault thickness and proportion of diploë 

Compared to the large body of work concerning suture closure, relatively few studies have 

investigating the relationship between the diploëic layer and age. Cranial fragments of the skullcap 

consist of three layers: a compact inner layer, called the inner table, a spongious middle layer, called 

the diploë, and a compact outer layer, called the outer table (figure 1.3). Different studies concerning 

various measurements of the cranial vault, in relation to age, have been undertaken. Below follows a 

review of some of the most relevant measurements in regard to this study. 

Lynnerup analyzed the cranial thickness of 64 

autopsied individuals at the Institute of Forensic 

Pathology, University of Copenhagen. The aim of the 

study was to research the relationship between total 

cranial thickness and age, sex and general body 

build. He concluded that the there was no 

statistically significant differences in total cranial vault thickness in relation to age, sex or general 

body build (Lynnerup 2001:46). In a review of earlier research, he also concluded that earlier studies 

showed an inconclusiveness in regard of the relationship between total cranial vault thickness and age 

(Lynnerup 2001:50). Therefore, the total cranial vault thickness is not a useful indicator of age. 

Figure 1.3. The cross-section of a human parietal bone, 

showing the outer table (O), the diploëic layer (D) and 

the inner table (I). 
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Skrzat and colleagues analyzed the characteristics of the diploëic layer in 10 crania from 

individuals of known age, from the Anatomical Museum of the Collegium Medicum, Jagiellonian 

University, Poland. By CT-scanning the crania, they concluded that there was a statistically significant 

difference in the bone mineral density between young and old individuals. The calcium concentration 

of the bone, as well as the structure of the trabecular bone of the diploë, is reduced with increasing 

age. This leads to a more porous diploëic layer which has a more diffuse boundary with the tables 

(Skrzat et al. 2004:69). 

Total thickness of the diploë in relation to age was studied by Lynnerup and colleagues. They 

analyzed 64 crania of individuals of known age from the Institute of Forensic Medicine, University of 

Copenhagen, Denmark, by X-ray. Four fixed points were measured: 1 cm in anterior of bregma 

(frontal bone), 1 cm inferior of lambda (occipital bone) and left and right euryon (parietal bones) 

(Lynnerup et al. 2005:3). The results showed that, by sex, there was no statistically significant 

difference in total diploëic thickness, except at the point in front of the bregma, where males are 

thicker than females. As for age, there was no correlation with the total thickness of the diploëic layer 

(Lynnerup et al. 2005:4).  

While the study of Lynnerup and colleagues were conducted on deceased individuals, Hatipoglu 

and colleagues conducted a cranial MRI exam on 107 live subjects to investigate the relationship 

between age and the total diploëic thickness of seven fixed points. These were, in addition to the four 

measured by Lynnerup and colleagues: glabella, 1 cm posterior to bregma and opisthocranion 

(Hatipoglu et al. 2008:46f). They found a statistically significant correlation between age and the total 

thickness of the diploë of glabella, the point anterior to bregma, the point inferior to lambda, 

opisthocranion and the two euryons (Hatipoglu et al. 2008:46). However, while statistically 

significant, the correlations were low.  The same results were found in a similar study (Sabancıoğulları 

et al. 2012:283.e4). The correlations were between 0.1 and 0.4, which would be considered low or 

moderate. A low correlation would indicate that, while the total thickness of the diploë seem to 

increase with age, other factors could possibly be the predominate cause for the difference. 

While these studies focus on the relationship between age and the diploë in unburnt material, it was 

Gejvall who promoted the use of that relationship in cremation-osteoarchaeology. According to him, 

by studying the diploë of the fracture edge of cranial fragments (most likely referring to the relative 

thickness of the diploë), in combination with the degree of suture, it is possible to identify children, 

juveniles, young adults and old adults (Gejvall 1948:161). In addition, Gejvall observed that the 

consistency of the diploë is also changing with age: the diploë in old individuals become more porous, 

and the boundary to the tables become more diffuse (Gejvall 1948:162). But it is not clear how the 

thickness of the diploë could be used as an indicator of age. The use of the cross-section of cranial 

fragments is repeated in a later publication, yet again without a method explaining how (Gejvall 

1969:473). Gejvall based his experiences of the age-related indicators used in his work on 

observations taken in visits to modern crematoriums in 1947-48. There, he observed and measured the 
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remains of over a hundred individuals, of known age and sex, and confirmed his experiences regarding 

the estimation of age, sex and number of individuals, as well as pathological diseases and trauma 

(Gejvall 1991:57f, 61). It is unclear to which degree his methods were accurate and to what confidence 

level, as he only mentions that his observations were “on the right track”. 

A method of using the relative thickness of the diploë is, however, introduced by Sigvallius (1994), 

whose work was based upon the experiences of Gejvall and Holck. In her thesis, she presented an 

applicable framework where the previous observations of cranial sutures and cranial vault 

characteristics were combined into a descriptive method of age categorization. The age intervals are 

modified from Sjøvold (1978:5), and the definitions used are as followed (Sigvallius 1994:10): 

- Adultus (18-44): cranial sutures are completely open, diploë covers 1/3 of the total thickness 

and the outer and inner tables have the same thickness. 

- Maturus (35-64): cranial sutures have begun the obliteration, diploë covers more than 1/3 of 

the total thickness and the outer table is thicker than the inner table. 

- Senilis (50-89): cranial sutures have completed the obliteration, diploë covers more than 1/3 of 

the total thickness and the outer and inner tables have the same thickness. 

 

Furthermore, the arrangement of individuals into these categories are not unique, as an individual can 

span more than one age category. Therefore, the age interval of said individual can span some or all of 

the age intervals presented above. For example, an individual of an unspecified adult age would 

receive the age interval 18-89. 

However, neither Holck’s method of estimating the age at death by suture closure, nor the method 

presented by Sigvallius (and by extension the observations of the diploë by Gejvall) have been 

adequately evaluated. This study will therefore, as stated previously, test the reliability of these 

methods and their applicability on different materials. 
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2. Material 

This chapter contains four subchapters. The first subchapter describes the criteria for the selection of 

material (subchapter 2.1), and their relations to the aim of the study. Then follows a brief description 

of the three materials used in this study: the Mediaeval population of Helgeandsholmen (subchapter 

2.2), the Middle-Neolithic hunter-gatherers of Ajvide (subchapter 2.3) and finally the Late Iron Age 

cremation burials of Lovö (subchapter 2.4). 

 

2.1.Criteria for selection 

The material was selected by a number of criteria: first, the individuals should have a fragmented 

cranium where the cross-section of the parietal and frontal bones could be examined. This acted as a 

simulation of the fragmentation of cranial bones found in cremation burials. Secondly, the individuals 

should be able to be age estimated to a significant degree, which means that the cranium should be 

accompanied with either or both pelvic bones, preserved enough so that the auricular surface of the 

ilium could be scored. In case of juveniles, the individuals should be able to be age estimated by other 

methods, such as epiphyseal fusion. Thirdly, the individuals should not be too young. Since the aim of 

this study was to evaluate aging methods in cremated materials, such as cranial suture obliteration and 

relative diploëic thickness which are used for the assessment of adults, subadults were not of high 

interest. Furthermore, the remains of subadults have a much lower preservation when cremated (Holck 

1986:93). Therefore, only a few individuals aged 18 or lower were selected. These were selected in 

order to see whether or not they could be identified by the methods. 

For this study, it was not possible to attain the remains of individuals of known age. Therefore, the 

material was instead selected from three different burial grounds in Sweden. The unburnt skeletons 

were selected from Helgeandsholmen, a Mediaeval cemetery in Stockholm, and the Middle-Neolithic 

site of Ajvide, Gotland. This provided an opportunity to compare the results of methods on two 

completely different populations: Mediaeval city-dwellers and Neolithic hunter-gatherers. Testing the 

methods on such a large variation in material is important for the validity of a generalized use of the 

methods. In other words, if the methods were to be found to be sufficiently accurate in their 

assessments on two widely different materials, then they are more likely to be relevant for a general 

use on other materials. Finally, as it was not possible to obtain cremated remains of individuals of 

known age, the cremated material was selected from a Late Iron Age burial ground on the island Lovö, 

Stockholm. Using archaeological material as reference samples provides some challenges compared to 

modern collections of known age and where personal information is available (i.e. the Terry 

collection). The precise age at death is not available and therefore must be assessed, which always is 

an approximation with a margin of error. Moreover, the health status, occupation and general lifestyle 

of the individuals (which all can affect the estimated age) is unknown to a large degree. It is therefore 
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vital to understand that the use of archaeological material is inferior to collections of known age in 

every way and that these challenges must be kept in mind. 

The material from Helgeandsholmen proved to be excellent due to the sheer vastness of it (1339 

individuals), despite the varying levels of preservation. From Helgeandsholmen, 31 individuals were 

selected from the criteria above to form the bulk of the analysis. This number was later reduced to a 

final 23 due to taphonomic reasons. Additionally, 14 individuals from Ajvide were selected to add 

variation, bringing the total number of analyzed unburnt individuals to 37 (4 juveniles, 12 females, 5 

probable females, 3 probable males and 13 males). A full list of individuals used in this study can be 

found in table A.1 in the appendix. 

Since the criteria for the selection of individuals was quite strict, only 23 out of a total 140 

individuals that was initially examined from Helgeandsholmen could be used in this study. From 

Ajvide, only 14 out of 75 could be used. Because of the lack of suitable skeletons, 4 individuals from 

Helgeandsholmen (SK114, SK207, SK713 and SK916) with more complete cranial vaults were 

accepted. This meant that an analysis of the suture closure on these individuals was not possible. 

However, these crania were not completely intact, and could provide some observations of cranial 

vault and diploëic thickness of the parietal or frontal bones. From Ajvide, all individuals selected had 

fragmented crania. 

20 burials were selected from the Lovö material. A variation in weight, number of fragments and 

number of contexts (i.e. cremation layer, contents in the burial vessel, etc.) were the primary criteria 

on which the selection was based on. Burials with different number of fragments was also sought after, 

to add another layer of variation. The burials are presented in table A.5 in the appendix 

 

2.2. Helgeandsholmen (HH) 

Helgeandsholmen (en. Island of the Holy Spirit) is an island situated in the heart of Stockholm, 

Sweden, between the Old Town and Norrmalm – where lake Mälaren meets the Baltic Sea (figure 

2.1). It is currently the place for the House of Parliament (sw. Riksdagshuset) and the Mediaeval 

Museum (sw. Medeltidsmuseet). In the late 1970’s it was decided that the House of Parliament was to 

be renovated. The renovations of the building also included the construction of a parking garage 

underneath the building. This would require an extensive archaeological excavation in the area in front 

of the building. The excavation, famously named Riksgropen by the public, lasted from May 1978 to 

October 1980 (Dahlbäck 1982:11-12). During the excavation, several 17th-century buildings were 

unearthed. Underneath these ruins, a large Mediaeval cemetery connected to the contemporary 

helgeandshus (en. House of the Holy Spirit) – of which the island got its name – was found. A 

helgeandshus was an institution where the sick and elderly could receive care. The individuals buried 

at the cemetery, therefore, most likely constituted a similar demographic. Moreover, it is possible that 

such demographic could affect the age distribution of the sample. The cemetery, which was in use 
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from around 1300 to 1531 CE, contained a total of 1339 skeletons (around 2000 kg) and an additional 

4900 kg of commingled skeletal material (Dahlbäck 1982:113f).  

 

2.3.Ajvide (AJ) 

The second part of the material is from the Middle Neolithic site of Ajvide, on the south-western side 

of the island of Gotland, Sweden (figure 2.2). The individuals from Ajvide were hunter-gatherers from 

what today is known as the Pitted Ware Culture. These groups practiced animal husbandry, in the form 

of pig keeping, and pottery (as indicated by the distinctive “pits” on the pottery). However, the 

primary sustenance came in the form of seal hunting, possibly by archery and harpooning (Molnar 

2006:16f) and fishing.  Based on animal bone and isotope analysis, 40 % of the diet comprised of seal, 

while fish and pig constituted 30 % each (Lindqvist & Possnert 1997:58; Burenhult 1999:321; Wallin 

& Martinsson-Wallin 2016:1). Research has shown that, during the history of the site, it has gone 

through different phases of use. During the first phase (3200-2900 cal BCE), the site was used as 

hunting or feasting place as indicated by the rich faunal remains of seal, fish and pig (Wallin & 

Martinsson-Wallin 2016:7). The second phase (2900-2600 cal BCE), starting some 200-300 years 

after the start of the first phase, saw the transformation of the site into a cemetery. The graves were 

buried through the existing cultural layer in, what is interpreted as, family clusters (Wallin & 

Martinsson-Wallin 2016:7, 9). The use as a cemetery continued during the final phase (2600-2300 cal 

BCE). In addition to the burials, an increase in ritual activities has been noted during this period. 

These could include the practice of manipulation of animal parts as a feature in the burial rituals 

(Wallin & Martinsson-Wallin 2016:11). 

The excavation of the Ajvide site was conducted in two major phases. The first phase lasted 

between 1983-1987 and was conducted by Stockholm University in collaboration with Gotland Folk 

High School. The second phase lasted between 1992-2009 and was conducted by Gotland University 

College. In total, 89 individuals have been unearthed as of this publication, with an estimated 20 to 25 

additional individuals from the commingled material (Wallin & Martinsson-Wallin 2016:9).  

 

2.4.Lovö (LO) 

Lovön is an island in Lake Mälaren, situated in western Stockholm County (figure 2.3). RAÄ 28 in 

Lovö parish, just north of Söderby village, is a burial ground with graves dated from the Vendel 

Period to the Viking Age (5th century to 10th century CE).  The burial ground covers an area of 280 m 

by 70 m (NNE-SSW) and contains 65 burials, all of which have been cremated except 6 Viking Age 

skeletal burials. In addition, there is a Bronze Age (Period VI, 600-500 BCE) settlement in the 

southern part of the area. Excavations of this burial ground were conducted from 1999 to 2007 by 

Stockholm University (Petré 2011:10). As is common with cremation burials, the burials from Lovö 
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contains several key contexts. These are, in the context of this study: stray finds in the filling (denoted 

F1; sw. rensfynd), cremation layer (denoted F2 or F8) and urn or other burial vessels (denoted F3, F4 

 or F9). In some of the burials, there are indications that more than one individual has been buried. 

These have been suggested based on grave goods. Of the burials used in this study, five have been 

identified as possible double-graves. A3 contains a large amount of male and female grave goods. 

A43, A44 and A73 all contains rich amounts of grave goods, including multiple sets of combs and 

Thor’s hammer rings. A69 contains male grave goods, while a sex estimation done by a previous 

analysis suggests bones of a female individual (Petré 2011:350f). 

  

Figure 2.1. Map of central Stockholm, Sweden. The cemetery 

of Helgeandsholmen is noted in black. © Lantmäteriet. 

Figure 2.2. The island of Gotland in the baltic sea. The 

Middle-Neolithic site Ajvide is noted in black. © 

Lantmäteriet.  

Figure 2.3. The island of Lovö, west of Stockholm, Sweden. The burial ground RAÄ 28 Söderby is 

noted in black. © Lantmäteriet. 
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3. Methodology 

The methods presented in this chapter are thematically grouped into three categories. First, methods 

used to determine the age at death on unburnt individuals (subchapter 3.1) will be presented. These 

include two methods applied on the pelvic bone, as well as the assessment of juvenile skeletons. 

Secondly, the methods for age estimating cremated material will be presented (subchapters 3.2, 3.3 

and 3.4). These include the analysis of the degree of suture closure, proportion of diploë and other 

measurements of the cranial vault, as well as the framework presented by Sigvallius (1994:10) which 

uses a combination of the variables presented above. The final subchapters (3.5 and 3.6) contains 

descriptions of the statistical methods used to evaluate the results in this study, which includes 

different correlation coefficients and effect size. 

 

3.1.Estimation of age of unburnt skeletons 

The age of adult individuals was estimated using two methods. Fist, the auricular surface of the ilium 

was scored by using the eight-phase procedure proposed by Lovejoy et al. (1985). Secondly, the 

auricular surface and the pubic symphysis were analyzed using transition analysis as proposed by 

Boldsen et al. (2002). As the age intervals for the estimation of age of cremated human remains 

usually is much higher than what can be achieved on unburnt skeletons, the focus on the auricular 

surface of the ilium is deemed acceptable. Age estimation by the auricular surface of the ilium has a 

few advantages over the pubic symphysis, which can provide more exact age estimations. The 

auricular surface is more resistant to taphonomic 

destruction than the pubic bone, which leads to 

an increased number of useable individuals. In 

addition, it has a higher resolution at higher ages, 

as the age-related characteristics progress further 

than those on the pubic symphysis (Lovejoy et al. 

1985:15). However, the pubic symphysis was 

included in the transition analysis, when 

available. 

The eight-phase method of the auricular 

surface is based on the prolific and degenerative 

changes that affects the joint during the life of the 

individual (figure 3.1). These can be changes in 

the granularity of the surface (from fine grained, coarse, to dense/smooth), billowing and striation, 

porosity (micro- and macroporosity), lipping and exostoses at the retroauricular area. Each phase 

contains descriptions of some, or all, of the changes that are typical to that stage. It should be noted 

that each specimen may not fall neatly into a phase but may have features from several phases. 

Figure 3.1. The areas of the auricular surface of the ilium 

used for the eight-phase method (Lovejoy et al. 1985:18). 



17 

 

Therefore, the phase with the best match was used (Lovejoy et al. 1985:26f). In some cases, when no 

one phase can be determined, two phases (e.g. 3-4) will be used. Lovejoy and colleagues tested the 

method on 110 individuals from the same collections (Libben and Todd collections) and found a 

positive correlation with age ranging from 0.76 to 0.81. Mulhern and Jones found the inaccuracy of 

the method to be 6.63 years for individuals of ages 20-29, 6.43 for ages 30-39, 6.83 for ages 40-49, 

12.80 for ages 50-59 and 19.68 for ages 60-69, when tested on 200 individuals from the Terry and 

Huntington collections. The method, therefore, appears to perform better for younger and middle aged 

individuals and worse for older individuals. 

Transition analysis is a mathematical procedure that estimates the age of an individual based on the 

transition from one age-related stage to another, for different traits (Boldsen et al. 2002:74). It can be 

used on small samples, fragmented elements and is more straightforward to use than the eight-phase 

system (Boldsen et al. 2002:73; Milner & Boldsen 2012:99). The analysis produces a mean value, also 

known as the most likely age, and an age interval based on a 95 % confidence level for each individual 

(Milner & Boldsen 2012:99). A unique age interval, in the form of a probability density function, for 

each individual is important, because it illustrates a crucial objective for age estimation in general: it 

highlights the probability that the individual died at each possible age, not only the most likely age 

(Boldsen et al. 2002:93). A probability function for all possible ages is superior to a mean value, if a 

high legitimacy of a method is desired. Transition analysis includes the scoring of the auricular surface 

of the ilium, the pubic symphysis and suture closure. However, in this study, only the pubic symphysis 

and the auricular surface was scored, since suture closure would be interfering with the comparisons of 

later analyses of sutures. Suture closure also gives a poor result, with long age intervals and poor 

accuracy (Milner & Boldsen 2012:102f). In this method, the scoring of the pubic symphysis is based 

on the conventional descriptions in Todd (1920; 1921) and McKern & Stewart (1957), which can be 

found in Buikstra & Ubelaker (1994:22f). The features of interest on the pubic symphysis are 

topography (sharp billowing, soft and deep billowing, soft and shallow billowing, residual billowing, 

flat, irregular), texture (fine grained, coarse grained, microporosity, macroporosity), superior 

protuberance (no protuberance, early protuberance, late protuberance, integrated), ventral margin 

(serrated, beveled, rampart formation, rampart formation I & II, rim, breakdown) and dorsal margin 

(serrated, flattening incomplete, flattening complete, rim, breakdown). For the auricular surface of the 

ilium, the features are the superior and inferior demiface topography (undulating, median elevation, 

flat to irregular), superior, apical and inferior surface characteristics (>1/3 covered by billows, 1/3 – 

2/3 covered by billows, <1/3 covered by billows, flat, bumps), inferior surface texture (smooth, 

microporosity, macroporosity), superior posterior, inferior posterior and posterior iliac exostoses 

(smooth, rounded bony elevations, pointed exostoses, jagged exostoses, touching exostoses, fusion 

with the sacrum).  The combined score for each individual based on these criteria are calculated to 

produce a most likely age and age interval (Milner & Boldsen 2016). Boldsen and colleagues tested 

their method on 186 individuals of known age from the Terry collections and found the correlation 
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between age and pubic symphysis to be 0.86 and age and auricular surface to be 0.82 (Boldsen et al. 

2002:90). In this study, the software “ADBOU Age Estimation (Version 2.1)” (published by 

University of Southern Denmark) was used for the transition analysis. 

For juveniles, where the methods for age estimation based on the auricular surface of the ilium 

cannot be used, standard methods based on epiphyseal fusion was used (Buikstra & Ubelaker 

1994:40f; Scheuer & Black 2000). For this study, as the aim of the age estimation (especially on 

juveniles) was not to provide an age as precise as possible, since the juveniles were only used to test a 

hypothesis whether or not juveniles can be identified, only an approximation sufficed. Since both 

suture closure (in cremated materials) and relative diploëic thickness only concerns themselves in 

distinguishing different adult age categories, the precise age of the juveniles was not considered 

necessary and would not critically affect the outcome of the study. 

The age groups used in this study were as followed: juvenile (less than 18 years old, based on 

epiphyseal fusion), young adult (ages 18 to 35, based on epiphyseal fusion and phases 1 through 3), 

middle adult (ages 35 to 60, phases 4 through 6) and old adult (ages 60+, phases 6 through 8). In some 

cases, there were some overlap with phase 6 between the age groups middle and old adult.  

 

3.2.Suture closure as an indicator of age 

For the assessment of suture closure, the method presented by Holck (1986:95f) was used. As the 

cranium fragments during the cremation process, often along the sutures, the standard endo- and 

ectocranial analyses of sutures are virtually impossible to use. Instead, the actual fracture edge of the 

suture can be measured (Holck 1986:94f). However, it is crucial not to confuse the fracture edge that 

occurs when an ossified suture breaks from the edge of the inner table that, in some individuals, can be 

quite thick. By studying the cross-section of the 

suture (see figure 3.2), the degree of closure was 

graded into three categories: closure <1/3 

complete (score A), closure 1/3 – 2/3 complete 

(score B) and closure >2/3 complete (score C). 

The intervals were chosen, not in reference to 

the age-related progression of the suture 

obliteration which is known to be nonlinear, but 

to provide the analyst an approach that is easy to 

use. In the cases where there was ambiguity, a 

caliper was used to determine the correct score. 

Only the coronal and sagittal sutures were used 

for the analysis, as the lambdoid suture goes 

through obliteration much later than the coronal 

Figure 3.2. Suture obliteration, according to Holck (1986:96). 

The sutural fracture edge (S) increases with age, from thin 

(above) to thick (below). 
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and sagittal sutures, and the large variability of the speed of obliteration provides an unreliable result 

(Todd & Lyon 1924:357; Acsádi & Nemeskéri 1970:117). In analyses of cremated material, it can, in 

some cases, be problematic to differentiate fragments with lambdoid sutures from coronal and sagittal 

sutures, due to the fragmentation. However, more often than not the fragments can be distinguished 

either from the meningeal grooves of the parietal bones (the furrows on the inside for the middle 

meningeal arteries) or the protuberances, sulci, crests and the general variation in thickness of the 

occipital bone. The individuals were assigned to groups of Early stage closure, Moderate closure and 

Advanced closure, based on the general closure of the sutures.  

 

3.3.The cranial vault: inner table, outer table and the diploëic layer 

The cranial vault consists of three layers: a compact layer called the outer table, a spongious middle 

layer called the diploë and another compact layer called the inner table (see figure 3.2). In the analysis 

of Swedish cremation-osteoarchaeology, observations and the relationship of the three have 

traditionally been used for estimating the age at death of individuals in cremation burials (e.g. Gejvall 

1948:161; Sigvallius 1994:10). For this analysis, only the parietal and frontal bones were measured. 

The occipital bone is generally the thickest of the cranial bones and contains many irregularities that 

would interfere with the consistency of the intrapersonal measurements. Areas of the parietal bones 

with inconsistent thickness, such as the parietal tuber, was excluded as well. The temporal bones were 

also excluded, as they are too thin and contain minimal to no diploë. In addition, the lateral parts of the 

parietal bones were excluded for the same reason.  The total thickness of the fragments, the thickness 

of the internal tables and the thickness of the external tables was measured with a caliper to an 

accuracy of 0.05 mm. The thickness of the diploëic layer could then be calculated by subtracting the 

measurements of the internal and external tables from the total thickness. Each fragment was generally 

measured once. However, in the cases of the larger fragments, measurements were taken on each side. 

Due to the strict criteria, a few individuals were accepted with relatively intact crania. In these cases, 

the measurements of the cranial vault 

were taken according to the outline 

above, albeit with a lower number of 

observations. As with the sutures, the 

diploë of each fragment was graded <1/3 

of the total thickness (score A), 1/3 – 2/3 

of the total thickness (score B) and >2/3 

of the total thickness (score C). Having 

the diploë divided into thirds, as with the 

analysis of sutures, makes the method 

easy to use. In addition to the proportion 

Figure 3.3. Example of a probability density function. The 

measurements of Example sample 1 have a lower thickness mean and a 

smaller spread around said mean than Example sample 2. 
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of diploë, the total cranial vault thickness (CVT) and the ratio of outer table thickness to inner table 

thickness are of interest as these two variables have been used in studies of age at death (e.g. Lynnerup 

2001 for CVT and Sigvallius 1994 for ratio). 

In this study, comparisons of the measurements, such as thickness, between groups of age or 

population are primarily made with probability density functions (PDF). These are created using the 

mean value and standard deviation of the measured sample. The apex of the graph represents the mean 

value of the measurements, and the width represents the spread of the measurements. A probability 

density function is related to a histogram, except that a PDF is a curve instead of bars. In simple terms, 

a sample with a small spread around the mean will be narrow and high compared to a sample with a 

larger spread which will be wide and low (see figure 3.3). The probability for a measurement to be 

near the mean value will therefore be higher for the narrow graph than the wider graph. An overlap of 

two graphs would indicate that the two samples have similar mean values and variation. 

The use of fixed points in the analysis of suture closure and cranial measurements, similar to the 

method by Meindl & Lovejoy (1985; discussed previously), could have been used. Such method could 

have provided a more direct comparison between the individuals. However, this would have excluded 

a not insignificant number of individuals from the sample where such points were not preserved, 

reducing the number of available individuals even further. Moreover, as this study concerns itself with 

methods used for the analysis of cremated material, where fixed points are rarely obtained, and the 

unburnt material merely acts as a reference, the use of fixed points were not used. However, additional 

research, with enough resources and material to facilitate the use of fixed points, is greatly 

appreciated. 

 

3.4.Sigvallius’ system of age estimating cremated remains 

As the two methods of age estimation, suture closure by the fracture edge and proportion of diploë, are 

combined in the framework outlined in Sigvallius (1994), this framework will be in focus in this study. 

To test the accuracy of the method (see chapter 1.3; 1994:10), it was applied on the unburnt skeletons 

from Helgeandsholmen and Ajvide. The age intervals in this system resemble the age intervals 

proposed in chapter 3.1. As noted previously, the individuals were scored according to suture 

obliteration, relative diploëic thickness and the ratio of outer and inner table. Since the scoring 

between the procedure outlined by Sigvallius and the one proposed in this study differ, some 

compromise was needed. As the thickness of the tables were measured with a caliper, the interval for 

“of equal thickness” was set to between 2/3 and 3/2. Whereas suture obliteration was scored as either 

less than 1/3 (A), between 1/3 and 2/3 (B) and more than 2/3 (C). The unburnt fragments were scored 

as followed: 
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- Adultus: a suture score of A, diploëic score A and a table ratio between 2/3 and 3/2. 

- Maturus: a suture score of A or B, diploëic score of B or C and a ratio greater than 3/2. 

- Senilis: a suture score of C, diploëic sore of B or C and a table ratio between 2/3 and 3/2. 

 

Each individual had all applicable fragments scored according to the age groups above and was given 

an age category based on the most prominent of the three age groups. 

 

3.5.Pearson correlation coefficient and Spearman rank correlation coefficient 

As the aim of the study requires the comparison between results of different methods of age 

estimation, some statistical evaluations are needed. Pearson correlation coefficient is one such method. 

It measures the linear relationship between two data sets, or how well a straight line fits. For the 

comparison between the different methods of age estimation, for example, Pearson correlation 

coefficient (𝑟) is calculated as the following: 

 

𝑟 =
∑ (𝑥𝑖−�̅�)(𝑦𝑖−�̅�)
𝑛
𝑖=1

∑ (𝑥𝑖−�̅�)
2𝑛

𝑖=1 ∑ (𝑦𝑖−�̅�)
2𝑛

𝑖=1

  (Williams 1979:124) 

 

 

where 𝑥𝑖 and 𝑦𝑖 are the values of observation 𝑖, �̅� and �̅� are the mean values of the sample and 𝑛 is the 

number of observations. 𝑟 can have a value between −1 and +1, where −1 denotes a negative 

correlation, +1 denotes a positive correlation and 0 denotes no correlation at all (Tamhane & Dunlop 

2000:135). In short terms, Williams describes correlation as the “ratio between how much score 

deviation the two distributions actually have in common and the maximum amount of score deviation 

that they could have in common” (Williams 1979:125). 

Pearson correlation coefficient requires numerical values for x and y. However, not all observations 

in this study is numerical. For example, observations come in the form of sums of score A, B and C, as 

with suture score and diploëic score. Therefore, Spearman’s rank correlation coefficient was used in 

such cases. Here, each set is ranked from 1 to 𝑛, from lowest to highest, and the difference between 

the ranks in each observation is compared. Spearman’s rank correlation coefficient (𝑟𝑠) is calculated 

using the following formula: 

 

𝑟𝑠 = 1 −
6∑ 𝑑𝑖

2𝑛
𝑖=1

𝑛(𝑛2−1)
   (Williams 1979:135) 
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where 𝑑𝑖 is the difference between the ranks in observation 𝑖, and 𝑛 is the number of observations. 

Additionally, Speaman’s rank correlation requires distinct integers, and where no observations have 

the same rank. The strength of the correlation is usually interpreted as the following (Guilford, in 

Williams 1979:128): 

 

• “< 0.2: slight; almost negligible relationship, 

• 0.2 – 0.4: low correlation; definite but small relationship, 

• 0.4 – 0.7: moderate correlation; substantial relationship, 

• 0.7 – 0.9: high correlation; marked relationship, 

• > 0.9: very high correlation; very dependable relationship.” 

 

The software Paleontological Statistics (Past, version 3.19), by Øyvind Hammer (Natural History 

Museum, University of Oslo), was used to calculate Pearson’s and Spearman’s rank correlation 

coefficients. 

 

 

3.6.Effect size 

When measurements of two, or more, populations are compared, it might be useful to test whether or 

not the means of two populations are the same, or if there is a significant difference between the two. 

Here a hypothesis test (e.g. Student’s t-test) could be used to test whether such difference is 

significant, within a specific confidence interval (usually 95 %). However, a significance test requires 

the samples of the populations to be random – otherwise it is pointless. Since the selection of the 

individuals used in this study cannot be assumed to be a random sample of a population, as they were 

selected based on a number of criteria, a t-test for significance is not suitable. Instead, effect size (ES) 

can be used. Effect size measures, not only if there is a difference, but how strong it is: the larger the 

effect size, the larger the difference between the two samples is (Cohen 1988:9f). Since effect size can 

come in many different units, depending on the measurement, it is useful with a standardized effect 

size index. This way, different measurements can be compared, as with correlation coefficients. One 

such is Cohen’s d, which measures the difference in means by the standard deviation of the 

populations (Cohen 1988:20). However, since the standard deviations of different populations are 

usually different, Cohen’s d can be modified with a pooled standard deviation (𝜎𝑝), which take that 

difference into account: 
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𝑑 =
|�̅�1−�̅�2|

𝜎𝑝
   𝜎𝑝 = √

𝜎1
2+𝜎2

2

2
 (Löfgren 2014:105f) 

 

 

where �̅�1and �̅�2 are the means, and 𝜎1 and 𝜎2 are the standard deviations for of the two populations. 

Effect size, like correlation coefficients, can be interpreted as “small”, “medium” or “large”. Cohen 

(1988:25ff) proposes 0.2, 0.5 and 0.8 for small, medium and large, respectively. Löfgren (2014:106) 

suggests ≤ 0.3 as small, 0.5 as moderate and  ≥ 0.6 as large. Since it is only a matter of interpretation, 

the latter intervals will be used. 
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4. Results 

The results chapter will be presented thematically. In the first subchapter, the results of the age 

estimations of the remains from Helgeandsholmen and Ajvide based on transition analysis and the 

phases of the auricular surface of the ilium will be presented, followed by a categorization of each 

individual into age groups, as well as sex distributions (subchapter 4.1). Secondly, for the same 

individuals, analysis of suture closure score for each age group and sex will follow (subchapter 4.2). 

Here, each individual will be placed in categories of general degree of suture closure, which will then 

be compared to the age groups based on the age estimations of the pelvis. The third subchapter 

contains the analysis of cranial fragments, such as cranial vault thickness and diploë will be presented, 

with a comparison between age groups (subchapter 4.3). The fourth subchapter will contain an 

evaluation of the methods presented in Sigvallius (1994) (subchapter 4.4). In the final subchapter, 

results of the analysis of suture closure and diploë from the Lovö material will be presented 

(subchapter 4.5). 

A full list of mean values, standard deviations, correlation coefficients and effect sizes can be found in 

the appendix. 

 

4.1.Age estimation 

The age estimations produced by transition analysis (figure 4.1) was combined with the phase of the 

auricular surface of the ilium to place each individual in an age category. The age categories were 

originally based on Sjøvold (1978:5) but modified with the age intervals of the auricular phases 

(Lovejoy et al. 1985:27) and the transition analysis. The age groups were as followed: juvenile (<18 

years old, based on epiphyseal fusion), young adult (18 to 35, based on epiphyseal fusion and phases 1 

Figure 4.1. Most likely age (red) and error bars, of individuals from Helgeandsholmen and Ajvide. 
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through 3), middle adult (35 to 60, phases 4 through 6) and old adult (60+, phases 6 through 8). In 

some cases, there were some overlap with phase 6 between the age groups middle and old adult. 

However, based on the probability density function produced by the transition analysis, the affected 

individuals could be arranged in the most likely age category (the probability density functions can be 

found on the transition analysis sheets in the appendix). 4 individuals were estimated to juvenile (all 

from Helgeandsholmen), 12 to young adult (3 from Helgeandsholmen and 9 from Ajvide), 11 to 

middle adult (7 from Helgeandsholmen and 4 from Ajvide) and 10 to old adult (9 from 

Helgeandsholmen and 1 from Ajvide). It is worthy of note that the age distributions of 

Helgeandsholmen and Ajvide differs: Helgeandsholmen has an older distribution than Ajvide. This 

was expected due to the nature of the Helgeandsholmen cemetery: a cemetery for the sick and elderly. 

A full list of individuals by age groups can be found in table A.1 in the appendix). The Pearson 

correlation coefficient between the transition analysis and the phases of the auricular surface of the 

ilium was 0.95 (P<0.0005) for Helgeandsholmen, 0.94 (P<0.0005) for Ajvide and 0.94 (P<0.0005) for 

both populations put together. Such high correlation, between two independent methods, provides a 

confidence that the age estimations are reasonably correct. Although both methods grade the auricular 

surface of the ilium, the features scored are not the same. As transition analysis is developed for 

estimating the age at death for adults (Boldsen et al. 2002:74), those skeletons that clearly indicate a 

juvenile, or slightly older age, have not been analyzed with transition analysis. Instead, age estimation 

based on epiphyses have been used, to produce a slightly more reliable result. The skeletons in 

question are AJ28, AJ78, SK180, SK191, SK723, SK927 and SK1046. 

Figures 4.2a, 4.2b and 4.2c show the sex distribution for the age groups for Helgeandsholmen, 

Ajvide and both. The sex distribution of the Helgeandsholmen material is more skewed towards 

females. In total, there are 10 individuals estimated to female and 4 individuals estimated to probably 

female, while only 5 individuals are estimated to male. The last 4 individuals are juveniles and 

therefore lack an accurate sex estimation. All, but one, with female characteristics are middle aged or 

older. The Ajvide population has more males than females: 2 female and 1 probable female in relation 

to 8 males and 3 probable males. Most of the individuals from Ajvide are young adult. The sex 

distribution of the total material analyzed is therefore even, with 17 females (both categories) and 16 

males (again, both categories), where the females are older, and the males are younger. 

  

Figure 4.2a. Age groups and sex for the individuals of Helgeandsholmen and Ajvide (N=37). 
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4.2.Suture closure as an indicator of age 

Each fragment with a coronal or sagittal suture was graded A (<1/3 closed), B (1/3 – 2/3 closed) or C 

(>2/3 closed). A full list of measurements of the fragments can be found in table A.2 in the appendix. 

14 individuals have a majority of fragments of score A (AJ28, AJ38A, AJ38B, AJ59, AJ63, AJ66, 

AJ70, AJ82, SK180, SK191, SK292, SK723, SK927, and SK1046), 9 individuals have at least half of 

the fragments of score B (AJ67, AJ73, AJ78, SK98, SK594, SK788, SK881, SK936 and SK1311) and 

10 individuals have a majority of fragments of score C (AJ24, AJ53, AJ81, SK40, SK41, SK106, 

SK192, SK715, SK942 and SK1291). Figures 4.3a, 4.3b and 4.3c shows the number of fragments by 

suture score for each individual, with its age group based on the pelvis. There is a tendency for the 

younger individuals (juvenile and young adult) to appear to the left-hand side of the diagrams, with a 

larger share of the fragments with open sutures, and the older individuals (middle and old adult) to the 

right. Middle and old adults are found intermingled without a separation, in all three graphs. The 

Spearman rank correlation coefficient between most likely age and suture closure is 0.43 (P=0.06) for 

Figure 4.2b. Age groups and sex for the individuals of Helgeandsholmen (N=23). 

Figure 4.2c. Age groups and sex for the individuals of Ajvide (N=14). 
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Helgeandsholmen, 0.71 (P=0.005) for Ajvide, and 0.61 (P<0.005) for both Helgeandsholmen and 

Ajvide. 

 

 

  

Figure 4.3a. Observations of suture closure score for each individual from Helgeandsholmen and 

Ajvide, with age group. A < 1/3; 1/3 < B < 2/3; C > 2/3. J = juvenile, Y = young adult, M = middle 

adult, O = old adult.  

Figure 4.3b. Observations of suture closure score for each individual from Helgeandsholmen, 

with age group. A < 1/3; 1/3 < B < 2/3; C > 2/3. J = juvenile, Y = young adult, M = middle 

adult, O = old adult. 

Figure 4.3c. Observations of suture closure score for each individual from Ajvide, with age 

group. A < 1/3; 1/3 < B < 2/3; C > 2/3. J = juvenile, Y = young adult, M = middle adult, O = 

old adult. 
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Table 4.1. Age groups of individuals from 

Helgeandsholmen (SK) and Ajvide (AJ) based 

on age estimations of the pelvis (Milner & 

Boldsen (2002) and Lovejoy et al. (1985)) 

and general degree of suture closure. All 

data can be found in tables A.1 and A.3 in the 

appendix. 

 

Based on suture score (figures 4.3a, 4.3b and 4.3c), each individual assessed a general degree of suture 

closure (Early stage closure, Moderate closure and Advanced closure). These are presented in table 4.1 

below. 

Figures 4.4a, 4.4b and 4.4c shows the relationship between the 

age groups and the general degree of suture closure for the two 

populations. If the juveniles are added together with the young 

adults, as all juveniles have early stage closure, 12 out of 13 

young individuals have early stage closure. For the middle 

adults, 3 of 10 individuals have moderate closure; for the old 

adults, 4 of 10 have advanced closure. The Pearson correlation 

coefficients between age groups and general degree of suture 

closure are 0.68 (P<0.005) for Helgeandsholmen, 0.82 

(P<0.005) for Ajvide and 0.71 (P<0.005) for both. 

As for general degree of suture closure and sex, it is clear 

that the low number of individuals again make a comparison 

hard. Nevertheless, the suture analysis on the 

Helgeandsholmen material shows that the individuals have 

moderate or advanced closure, except the 4 juveniles. And 

once again, there are more females than males (4.5b). The sex 

distribution of the Ajvide individuals is, again, more skewed 

towards the males, especially young males (4.5c). On the 

whole, the females have moderate and advanced closure, while 

the males are slightly more even in degree of closure (4.5a). 

Compared to the sex distribution of the age groups (figure 

4.2a), there is not a marked difference. First of all, 4 

individuals lacked suture scores as described in the previous 

chapter and are missing from figure 4.5a. Three of them 

(SK114, SK207 and SK713) were estimated to female and one 

(SK916) to probably female. The only differences are one young adult from the “male?” category has 

advanced closure, and two male young adults has moderate and advanced closure, respectively. 

  

ID Age group Suture closure 

AJ24 Middle adult Advanced closure 

AJ28 Young adult Early stage closure 
AJ38A Young adult Early stage closure 
AJ38B Young adult Early stage closure 
AJ53 Old adult Advanced closure 

AJ59 Young adult Moderate closure 

AJ63 Young adult Early stage closure 
AJ66 Young adult Early stage closure 
AJ67 Middle adult Moderate closure 

AJ70 Young adult Early stage closure 
AJ73 Middle adult Moderate closure 

AJ78 Young adult Moderate closure 

AJ81 Middle adult Advanced closure 

AJ82 Young adult Early stage closure 
SK40 Old adult Advanced closure 
SK41 Middle adult Advanced closure 
SK98 Young adult Moderate closure 

SK106 Middle adult Advanced closure 

SK180 Juvenile Early stage closure 
SK191 Juvenile Early stage closure 
SK192 Old adult Advanced closure 

SK292 Middle adult Early stage closure 
SK594 Old adult Moderate closure 

SK715 Middle adult Advanced closure 

SK723 Juvenile Early stage closure 
SK788 Middle adult Moderate closure 

SK881 Old adult Moderate closure 

SK927 Juvenile Early stage closure 
SK936 Old adult Moderate closure 

SK942 Old adult Advanced closure 

SK1046 Young adult Early stage closure 
SK1291 Middle adult Advanced closure 

SK1311 Old adult Moderate closure 
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Figure 4.4a. Relationship between age groups and general degree of 

suture closure for Helgeandsholmen and Ajvide. 

Figure 4.4b. Relationship between age groups and general degree of 

suture closure for Helgeandsholmen. 

Figure 4.4c. Relationship between age groups and general degree of 

suture closure, for Ajvide. 
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Figure 4.5a. Number of individuals in each sex, by general degree of suture closure, 

for Helgeandsholmen and Ajvide (N=33). 

Figure 4.5b. Number of individuals in each sex, by general degree of suture closure, 

for Helgeandsholmen (N=19). 

Figure 4.5c. Number of individuals in each sex, by general degree of suture 

closure, for Ajvide (N=14). 
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4.3.The cranial vault: inner table, outer table and the diploëic layer 

There is a large difference in total cranial vault thickness (CVT) between the Helgeandsholmen and 

Ajvide populations. The hunter-gatherers from Ajvide has, on average, 27.8 % (ES = 1.26) thicker 

cranial vaults than the medieval city-dwellers from Helgeandsholmen (see figure 4.6a). This thickness 

also translates to 27.8 % (ES = 0.75) thicker inner table, 36.0 % (ES = 1.19) thicker outer table and 

24.1 % (ES = 0.59) thicker diploë (see figures 4.6b, 4.6c and 4.6d). However, the proportion of inner 

table, outer table and diploë of the two populations show a considerable overlap (ES = 0.02; ES = 

0.20; and ES = 0.13, respectively), as can be seen in figures 4.7a-c.  

The Helgeandsholmen population has a low variation of CVT, even between age categories, with 

means all close to 6 mm (figure 4.8b). While there is a larger separation between the age groups of 

Ajvide (figure 4.8c). Bear in mind that the measurements for the Ajvide old adult group is represented 

by only one individual (AJ53). When the two populations are combined, the juveniles stand out as 

significantly different from the rest, while the other three are closer – although young adults and 

middle adults do have a high difference in effect size with 0.71 (figure 4.8a).  

The ratio of outer table thickness to inner table thickness gives an indication whether a fragment 

has tables of equal thickness (e.g. both are thick, or both are thin) or of different thickness (e.g. one is 

thicker than the other). The young and old adults of Helgeandsholmen have a majority of the 

fragments between the ratios 2 and 0.5, meaning twice as thick to twice as thin. The juveniles and the 

middle aged have a wider variance, from almost 0 to 3 (figure 4.9b). In Ajvide, the young and middle 

adults have an overlap in ratio, while the lone old adult has a very wide variance (figure 4.9c). In total, 

there is not a strong difference between the four age categories: young and middle adults have the 

largest effect size at ES = 0.34 – barely a moderate difference (figure 4.9a). 

The proportion of diploë in regard to total CVT in the Helgeandsholmen population showed an 

interesting result (figure 4.10a). Between the juveniles and young adults, there is an insignificant 

difference (ES = 0.03), with a mean at 47 %. The middle aged and old adult have both a mean at 59 % 

(ES = 0.006), which is a large difference from the two young groups (ES > 0.9). In the Ajvide 

population on the other hand, the young adults and the middle adults have an overlap in proportion of 

diploë (ES = 0.21) while the old adult have on average a relatively thicker diploë (figure 4.10c). Figure 

4.10a shows how the proportion of diploë increases consequently in the four age groups, with the 

means increasing from 47 % in juveniles, 51 % in young adults, 56 % in middle adults and 61 % in old 

adults. The effect sizes between the age groups are moderate at 0.32, 0.44 and 0.45 in sequence from 

youngest to oldest. By sex, the juveniles and males have an overlapping proportion of diploë in 

Helgeandsholmen, with means of 47 % and 48 % (ES = 0.004). The two female groups are 

overlapping at 61 % and 63 % (ES = 0.22), respectively (figure 4.11b). In Ajvide, the two male 

categories overlap at 50 % and 52 % (ES = 0.18), while the two female groups differ considerably at 

36 % and 67 % (ES = 3.1; figure 4.11c). All in all, there are large differences (ES ≥ 0.6) between 

juveniles and the two female categories, between females and the two male categories, probable 



32 

 

females and probable males (figure 4.11a). Moderate differences (0.3<ES<0.6) appear between 

juveniles and males, between females and probable females, and between males and probable females.  

Juveniles and probable males, as well as males and probable males show small differences (ES ≤ 0.3). 

Consult tables A.10 and A.11 in the appendix for a complete list. 

  

Figure 4.6b. Probability density functions of inner table thickness for 

Helgeandsholmen (HH) and Ajvide (AJ). 

Figure 4.6a. Probability density functions of total cranial thickness for 

Helgeandsholmen (HH) and Ajvide (AJ). 
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Figure 4.6d. Probability density functions of total diploëic thickness for 

Helgeandsholmen (HH) and Ajvide (AJ). 

Figure 4.7a. Probability density functions of proportion of inner table thickness for 

Helgeandsholmen (HH) and Ajvide (AJ). 

Figure 4.6c. Probability density functions of outer table thickness for 

Helgeandsholmen (HH) and Ajvide (AJ). 
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As with suture obliteration score, the relative thickness of the diploëic layer was scored, for each 

fragment, A (<1/3 of the total thickness), B (1/3 – 2/3) and C (>2/3). The result of this analysis is 

shown in figures 4.12a, 4.12b and 4.12c, where the age group in included for each individual. 

However, the number of observations of some individuals, particularly of the Helgeandsholmen 

sample, was low, making a comparison somewhat problematic. Since the proportion of diploë of the 

Ajvide individuals followed the same pattern as Helgeandsholmen, the two populations could be 

compared directly – even with the large difference in total CVT. The same pattern appears in both 

populations: there is a small number of individuals with diploëic score A (both have 5 individuals), 

slightly more have score C (14 and 6 individuals, respectively) – but the majority of fragments are 

score B (22 and 14 individuals, respectively).  A general trend where the relative thickness of the 

diploë increases with age can be hinted at, but the rank correlation coefficient is moderate at 0.58 

(P<0.0005) for both population and 0.51 (P=0.01) for Helgeandsholmen and 0.38 (P=0.19) for Ajvide. 

All the individuals have fragments with score B, except SK41 (which belongs in the middle adult 

Figure 4.7b. Probability density functions of proportion of outer table thickness for 

Helgeandsholmen (HH) and Ajvide (AJ). 

Figure 4.7c. Probability density functions of proportion of diploëic thickness 

Helgeandsholmen (HH) and Ajvide (AJ). 
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category). It seems that diploëic score A and C does not appear together, except in one case (AJ81), 

which could be due to a measurement error. 

 

 

 

  

Figure 4.8a. Probability density functions of total cranial vault thickness, by age 

group based on age estimations of the pelvis, for Helgeandsholmen and Ajvide. 

Figure 4.8b. Probability density functions of total cranial vault thickness, by age 

group based on age estimations of the pelvis, for Helgeandsholmen. 

Figure 4.8c. Probability density functions of total cranial vault thickness, by age 

group based on age estimations of the pelvis, for Ajvide. 
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Figure 4.9a. Probability density functions of ratio of outer table to inner table, by 

age group based on age estimations of the pelvis, for Helgeandsholmen and Ajvide. 

Figure 4.9b. Probability density functions of ratio of outer table to inner table, by 

age group based on age estimations of the pelvis, for Helgeandsholmen. 

Figure 4.9c. Probability density functions of ratio of outer table to inner table, by 

age group based on age estimations of the pelvis, for Ajvide. 
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Figure 4.10a. Probability density functions of proportion of diploë, by age group 

based on age estimations of the pelvis, for Helgeandsholmen and Ajvide. 

Figure 4.10b. Probability density functions of proportion of diploë, by age group 

based on age estimations of the pelvis, for Helgeandsholmen. 

Figure 4.10c. Probability density functions of proportion of diploë, by age group 

based on age estimations of the pelvis, for Ajvide. 
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Figure 4.11a. Probability density function of proportion of diploë, by sex, for 

Helgeandsholmen and Ajvide. 

Figure 4.11b. Probability density function of proportion of diploë, by sex, for 

Helgeandsholmen. 

Figure 4.11c. Probability density function of proportion of diploë, by sex, for 

Ajvide. 
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Figure 4.12c. Observations of relative diploëic thickness for each individual of the Ajvide 

population, with age group based on pelvis. A < 1/3, 1/3 < B < 2/3, C > 2/3. Y = Young adult; M 

= Middle adult; O = Old adult. 

Figure 4.12b. Observations of relative diploëic thickness for each individual of the Helgeandsholmen 

population, with age group based on pelvis. A < 1/3, 1/3 < B < 2/3, C > 2/3. J = Juvenile; Y = Young 

adult; M = Middle adult; O = Old adult. 

Figure 4.12a. Observations of relative diploëic thickness for each individual of the Helgeandsholmen 

and Ajvide populations, with age group based on pelvis. A < 1/3, 1/3 < B < 2/3, C > 2/3. J = Juvenile; 

Y = Young adult; M = Middle adult; O = Old adult. 
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4.4.Sigvallius’ system of age estimating cremated remains 

26 of the 37 individuals from the Helgeandsholmen and Ajvide material could be scored according to 

Sigvallius (1994:10). Figure 4.13 shows the fragments scored for each individual. 3 individuals (AJ28, 

SK98 and SK723) had a presence of fragments belonging in the adult category and 11 individuals 

(AJ24, AJ53, AJ67, AJ81, SK40, SK41, SK106, SK192, SK715, SK942 and SK1291) in the senile 

category. For arguments sake, it is assumed that these individuals fall in the respective age group. The 

remaining 12 (AJ38A, AJ38B, AJ59, AJ70, AJ73, AJ82, AJ78, SK1046, SK1311, SK180, SK292 and 

SK936) fall in the mature category. Compared to the categorization of the individuals based on the age 

estimation on the pelvic bones, only 9 out of 26 individuals fall in the equivalent age group (table 4.2) 

While all three adultus have matching age groups, only two maturus (AJ73 and SK292) and 4 senilis 

(AJ53, SK40, SK192 and SK942) are in the same group. Interestingly, a similar phenomenon to the 

comparison between age groups and general degree of suture closure appear. The senilis category 

contain both middle adults and old adult, while the maturus category contain a mix of all three.  

   

 Juv/YAd (18-35) MAd (35-60) OAd (60+) 

Adultus (18-44) 3   

Maturus (35-64) 8 2 2 

Senilis (50-89)  7 4 

Figure 4.13. Number of fragments, for each individual, scored using age estimations 

according to Sigvallius (1994). 

Table 4.2. Number of individuals scored according to age groups 

by Sigvallius (1994, Adultus, Maturus, Senilis) and according to 

the present study (Juvenile/Young adult, Middle adult, Old adult). 
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4.5.The cremated remains of the Lovö burials 

20 cremation burials from Lovö were analyzed using the same methods as with the unburnt skeletons 

from Helgeandsholmen and Ajvide. This includes measurements of the thickness of the cranial vault, 

the outer table and the inner table. The relative thickness of the diploë and suture obliteration of each 

fragment was scored according to the same method as above (score A, B, C). In addition, a contextual 

analysis of the suture closure and proportion of diploë of each burial between the cremation layers 

(denoted F2 and F8) and the burial vessels (denoted F3, F4 and F9) was performed. 

As the burials from Lovö have been cremated, it is to no surprise that the fragments are thinner 

than the two unburnt materials. In total CVT, the Lovö material is 21.7 % (ES = 2.26) thinner than 

Helgeandsholmen and 43.4 % (ES = 3.16) thinner than Ajvide (figure 4.14a). Once again, this persists 

in thinner tables, 21.5 % thinner (ES = 0.61) for the internal and 24.2 % thinner (ES = 0.89) for the 

external compared to Helgeandsholmen, and diploë (48.9 % thinner, ES = 1.58), as shown in figures 

4.14b through 4.14d. While the difference in thickness between Helgeandsholmen and Ajvide 

“corrected” itself in terms of the relative thickness of the diploë in regard to total CVT, this is not the 

case with the cremated fragments from Lovö. The inner table is 27.1 % (ES = 0.65) proportionally 

thicker than Helgeandsholmen, while the outer table is 19.1 % (ES = 0.55) proportionally thicker and 

the diploëic layer is 18.6 % (ES = 0.68) proportionally thinner (figures 4.15a, 4.15b and 4.15c). 

The suture score of the burials (figure 4.16) follows the same pattern as the unburnt material. 11 

burials contain fragments with score A (of which 7 have a majority of A-fragments), 14 with score B 

(of which 6 have a majority) and 7 with score C (of which 4 have a majority). A7 is the only burial 

where all three categories are present. A27 did not have any fragments with sutures. Figure 4.17 shows 

the distribution of suture score by the different contexts. For the most part, the differences are small. 

However, A7 has 1 fragment with score B and 2 fragments with score C in the cremation layer (F2) 

compared to 3 fragments with score A and 4 fragments with score B in the burial vessel (F3). A22 has 

a minor difference as well, but since the contexts only contain one fragment each, the difference is 

insignificant. 

With diploëic score, the pattern for the Lovö burials compared to Helgeandsholmen and Ajvide is, 

however, the reversed. Instead of few fragments with score A and a large number of fragments with 

score C, there is an over-abundance of fragments with a thin diploëic layer (16 burials) and very few 

with a thick layer (7 burials). Nevertheless, the majority of fragments are still in the B category (figure 

4.18). The difference in context for the diploëic score (figure 4.19) showed more differences. A8 have 

fragments with score A in the cremation layer (F2), but not in among the stray finds in the filling (F1, 

sw. rensfynd). A18 and A22 have fragments with score A in one context but not in the other. A43 and 

A73 have fragments with score C in one context but not in the other. 
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Figure 4.14a. Probability density functions of total cranial thickness for Ajvide (AJ), 

Helgeandsholmen (HH) and Lovö (LO). 

Figure 4.14b. Probability density functions of inner table thickness for Ajvide (AJ), 

Helgeandsholmen (HH) and Lovö (LO). 

Figure 4.14c. Probability density functions of outer table thickness for Ajvide (AJ), 

Helgeandsholmen (HH) and Lovö (LO). 
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Figure 4.15b. Probability density functions of proportion of outer table thickness, 

for Ajvide (AJ), Helgeandsholmen (HH) and Lovö (LO). 

Figure 4.14d. Probability density functions of total diploëic thickness for Ajvide (AJ), 

Helgeandsholmen (HH) and Lovö (LO). 

Figure 4.15a. Probability density functions of proportion of inner table thickness, 

for Ajvide (AJ), Helgeandsholmen (HH) and Lovö (LO). 
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Figure 4.16. Observations of suture closure for Lovö.         

A <1/3, 1/3 < B < 2/3, C > 2/3. 

Figure 4.17. Observations of suture closure, by context, for the Lovö 

burials. A < 1/3, 1/3 < B < 2/3, C > 2/3. 

Figure 4.18. Observations of relative diploëic thickness for 

Lovö. A < 1/3, 1/3 < B < 2/3, C > 2/3. 

Figure 4.19. Observations of relative diploëic thickness, by 

context, for the Lovö burials. A < 1/3, 1/3 < B < 2/3, C > 2/3. 

Figure 4.15c. Probability density functions of proportion of diploëic thickness, for 

Ajvide (AJ), Helgeandsholmen (HH) and Lovö (LO). 
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5. Discussion 

This chapter will concern itself with the evaluation of the results of the previous chapter. First, suture 

closure and proportion of diploë will be evaluated, based on the analysis of this study (subchapter 5.1 

and 5.2), and their limits and potential will be discussed. Then follows a discussion of the cremated 

remains of Lovö, and the potential of identifying double burials (subchapter 5.3). The possibility to 

identify juveniles using suture closure and proportion of diploë will be examined in subchapter 5.4. 

The limitations of Sigvallius’ system of age estimation of cremated remains will be explored in 

subchapter 5.5. Finally, a revised method using suture closure and proportion of diploë for the 

estimation of age of cremated human remains will be proposed, based on the results of this study, and 

applied on the cremation burials of Lovö (subchapter 5.6). 

 

5.1.Suture closure as an indicator of age 

The analysis of the age-related development of sutures show that there are differences in the degree of 

closure between individuals of different age groups. There is a tendency for the younger individuals 

(juvenile and young adult) to have a higher share of suture fragments with score A, while the older 

individuals (middle aged and old adults) have proportionally more suture fragments of score B and C 

(figure 4.3a). However, there are a few outliers. AJ78, from Ajvide on Gotland, was estimated to be on 

the lower-end of the young adult age category, based on epiphyseal fusion, but suture closure indicates 

an older age: there is only 1 fragment with early stage closure score but 6 with moderate scores. 

Another outlier is SK292, from Helgeandsholmen in Stockholm, who appears among the young adults. 

However, the only suture observation of SK292 is a single fragment which, thus, cannot be seen to be 

representative. A low number of fragments reduces the significance of the result, as the necessary 

resolution is not high enough to account for possible variation. Furthermore, it is worthy to note that 

three old adults at Helgeandsholmen (SK881, SK936 and SK1311) have observations of relatively 

open sutures. 

The relationship between the age groups based on the auricular surface of the ilium and the degree 

of suture closure shows an interesting result. 3 of 11 individuals identified as young adult have sutures 

more than 1/3 closed (figure 4.4a). However, out of the group of individuals with sutures less than 1/3 

closed, only 1 individual (SK292) was not estimated to juvenile or young adult. Therefore, by 

identifying an individual early stage closure, there is a high probability at 92 % (12 of 13 individuals) 

that the individual is juvenile or young adult. As juveniles in some cases can be identified by 

epiphyseal fusion, the two groups could then be differentiated further. If no epiphyses can be 

identified, either unfused or fused, then the individual is at least identified as juvenile or young adult. 

The group with moderate closure contains an even spread of individuals from all three age groups 

(figure 4.4a). It seems to be a category that is largely independent of age. Fragments of score B (suture 

closure at 1/3 – 2/3 progression) can therefore not be used as an indicator of age. Although there is a 
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clear separation in regard to the indicated age of the pelvises (see table A.1 in the appendix), the 

identification of middle aged or old adults by sutures closure is more precarious. The two age groups 

are seemingly intertwined, with both groups having individuals with fragments with sutures 

obliterated to a moderate and large extent (figures 4.3a, 4.4a). There are even individuals in both 

groups with relatively open sutures. However, as with the category with indistinguishable juveniles 

and young adults, the category with advanced suture closure contain middle and old adults, based on 

the estimations of the pelvises. Therefore, individuals with advanced closure are, with a high 

probability, either middle aged or older. Even though the two age groups are indistinguishable, they 

can at least be identified as such and, thus, with some level of confidence be separated from young 

adults. To summarize: individuals with early stage suture closure are most likely to be either juveniles 

or young adults, while individuals with advanced suture closure are most likely to be either middle or 

old adult. The inability to distinguish middle and old adults speaks to the limitations of using suture 

closure as an indicator of age. The limitations are also noted by Iregren, who stated that the use of 

suture closure in cremated remains can only be used to identify the young, who are 25 and under, and 

the old, who are 55 and older (Iregren 1972:21; Iregren 1991:103). However, while her conclusion 

appears to coincide with the results of this study, she based her conclusions on the age of the initiation 

and culmination of the suture closure process. These age intervals do not account for individuals of a 

young age with a relatively advanced stage of suture closure, nor the middle adult and old adult groups 

where the extent of suture closure, for the most part, are similar.  

It is likely that the Helgeandsholmen sample reflects a demographic where the sick and elderly are 

overrepresented. There is a possibility that this could have an effect on the age estimations. However, 

most of the pathological interferences in the age estimation can be accounted for by the wide age 

intervals of the age categories presented in this study, where individuals can be identified as either 

juvenile/young adult or middle/old adult. 

Both the middle-aged group and the old adult group have individuals with high suture obliteration 

and medium-to-high obliteration. According to Lynnerup & Jacobsen, the rate of suture obliteration is 

at its maximum between the ages of 20 to 40, and then progresses more slowly (Lynnerup & Jacobsen 

2003:335). The rate of closure is, therefore, not constant, but instead changes during the course of the 

life. Acsádi and Nemeskéri came to the same conclusion. The regression curve based on 285 

individuals of known age follows the same pattern, where the rate of closure is diminishing at older 

ages (Acsádi and Nemeskéri 1970:120). However, they found that the decline starts later, around the 

age of 60. Although there is a disparity between the threshold ages of the two studies, which is quite 

substantial, it could be explained by the difference in sample size: Lynnerup and Jacobsen based their 

results on 31 individuals, while Acsádi and Nemeskéri analyzed 285 individuals. Nevertheless, both 

studies highlight the same phenomenon: the rate of suture closure slows down in older age. This 

phenomenon is persistent even in newer studies (Nikolova et al. 2019:14) and can explain the findings 

of the present study, where young adults are more easily differentiated, while middle and old adults 
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are not. This is an important result, because it highlights the issue of separating middle-aged 

individuals from older individuals. This is particularly true for cremation burials, where standard 

morphological methods of estimating age cannot be used, due to low preservation, leaving suture 

closure as the main method commonly used. If a method has an inherent issue in differentiating 

between the middle-aged from older adults, which is not taken into account, it follows that the 

resulting age distribution is flawed. Once again, this highlights the need for complementing the use of 

cranial suture assessment with other methods, as is generally known (Todd & Lyon 1924:379; Acsádi 

& Nemeskéri 1970:118; Meindl & Lovejoy 1985:57). 

To separate the middle-aged individuals from old adults, other methods must be employed. 

Analysis of degenerative joint changes (osteoarthritis) on the vertebral bodies could, in some cases be 

used. Fragments of vertebral bodies, like the cranial vault, are generally easy to identify in cremated 

remains, providing a suitable element for the study in cremated remains. However, lipping of the 

vertebral bodies, and other lesions common in spinal osteoarthritis, generally occur in the fifth to sixth 

decades of life (Ortner 2003:549) and would therefore be present in individuals in both groups. Such 

lesions are, nonetheless, more likely to occur in older individuals. A lack of presence of lipping, for 

instance, could indicate that the individual is middle-aged. This approach is, nevertheless, problematic 

such as preservation and individual variation, and further research would greatly help in this matter. 

The rank correlation coefficient between the degree of suture closure and age in this study is 0.61. 

This is a similar result to Nikolova and colleagues (2019:8) study of CT-scanned crania of individuals 

of known age, where the corresponding coefficient ranges from 0.55 to 0.73. The correlation is 

moderate at best, which is explained by the phenomenon above, where the difference in degree of 

suture closure between the two oldest age groups is not large enough – which results in the two groups 

being inseparable. Additionally, the low sample size makes any interpretation of suture closure in 

relation to sex meaningless. It is only possible to state that the general degree of suture closure 

categories, for the most part, overlap with the age groups – except in a few cases. 

It is important to remember that the use of suture closure as an indicator of age is problematic. First 

of all, sutures are known to be unreliable as age indicators (Brothwell 1981:43), and it is preferred that 

the age assessment is complemented with other methods (Todd & Lyon 1924:379; Acsádi & 

Nemeskéri 1970:118; Meindl & Lovejoy 1985:65). Moreover, different sutures obliterate at different 

speeds. Since the lambdoid suture takes the longest time for total fusion (Todd & Lyon 1924:357; 

Acsádi & Nemeskéri 1970:117), using it can cause issues when compared to, say, a sagittal suture. 

Therefore, it is advised not to use the lambdoid suture for this kind of assessment. However, 

differentiating a lambdoid suture from a sagittal or coronal suture can be problematic, at times – 

especially in cremated remains. Identifying the correct fragments for scoring is one of the key 

challenges surrounding, not only the use of suture closure but also all aspects of cremation-

osteoarchaeology, as fragmentation, shrinkage and warping has a high effect on the material. In other 

words, reliable estimations are dependent on correct identification of elements. In addition, 
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taphonomic effects, which can contribute to the destruction of key fragments, can affect the estimation 

in a negative way – where an individual is perceived to be much younger or much older than what is 

actually the case. For instance, bone type and density, soil type, pH, groundwater, rodents, and human 

activity all play a part in the preservation of bone (Manifold 2012:53ff). There is also a variability 

within a suture, where different areas of the suture close at different ages. Thus, it is preferred to base 

the age estimation on as many fragments as possible. And finally, there are genetic factors that 

contribute to an interpersonal variability, from person to person and from population to population 

(Jayaprakash & Srinivasan 2013:166.e11). Therefore, caution is advised. While both populations show 

the same pattern, a direct comparison between them could be problematic. The Neolithic hunter-

gatherers from Ajvide have much thicker cranial vaults than the Mediaeval city-dwellers from 

Helgeandsholmen. Does this have an impact on the degree of suture closure? Do the sutures on a 

thicker cranium take longer for a complete obliteration than a thinner one, or is it the same length of 

time? The results of this study indicate that the degree of suture closure is at least partially 

independent of cranial thickness. If sutures would obliterate at a slower rate on thicker crania, then the 

method of suture score would underestimate the age of the Ajvide individuals. However, the 

Spearman’s rank correlation coefficient between most likely age and suture score is 0.61 for both 

populations, 0.43 for Helgeandsholmen and 0.71 for Ajvide. As can be seen, the opposite is true: the 

Ajvide population is actually performing better, with a closer overlap with suture score and age, 

assuming the assessment of age of the pelvises are of reasonable reliability. However, additional 

research is requested, with a larger sample size and more precise measurements of suture closure. 

Some caution is suggested, though, with the analysis of suture obliteration by the cross-section 

according to Holck (1986).  There is a consensus amongst the literature on the age-related 

development of sutures that the fusion begins around the age of 20, or slightly before (Todd & Lyon 

1924:342, 349; Holck 1986:95; Key et al. 1994:197; Nikolova et al. 2019:12). However, there are 

individuals from both the Helgeandsholmen material and Ajvide material, who clearly belongs in the 

juvenile or at the lower end of the young adult age categories but displays sutures in a more advanced 

stage (e.g. SK98 or AJ78, see figure 5.1). It appears that there must be an error somewhere, either in 

the method used for scoring suture 

closure or in the previous literature. 

Images of computer-tomography (CT) 

scans of crania show that suture closure 

does not quite occur in the manner 

described by Holck (1986:95). Instead 

of an ossification in the lower zone, that 

increases in thickness with increasing 

age, it appears that this surface stays the same thickness even after the fusion. This zone, which is the 

end of the inner table, can be confused with a fracture edge as a result of a fragmentation of an ossified 

Figure 5.1. Frontal bone, with the right-hand side of the coronal suture 

of AJ78 depicted. Note the thick lower zone of the suture. 
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suture, especially in cremated remains, which might grow with increasing age as the suture ossifies. 

This edge is visible on CT-scanned sutures (figure 5.2:a, c, d, e) and on photographs of suture 

fragments (figure 5.3), even at close to full obliteration. It is therefore imperative that the lower zone is 

identified as a result of fragmentation, and not the end of the inner table, for the analysis to be 

representative. Failure to do so can result in an over- or underestimation of the age of the individual. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2.The cranial vault: inner table, outer table and the diploëic layer 

One of the questions raised in the beginning of this study is whether or not relative thickness of the 

diploë can be used for age assessments to the same effect on both the population of Helgeandsholmen 

and Ajvide, even though the differences between the two are large. As the Ajvide individuals were 

Neolithic hunter-gatherers from Gotland, it is important to be aware of the long chronological and 

geographical distances from the Mediaeval city-dwellers from Helgeandsholmen. There is also a large 

Figure 5.2. CT-scans of sagittal sutures in various stages of closure. The closure is ranging from open (a), early 

closure (b), late closure (c), late closure (d), late closure (e) and total obliteration (f) (Nikolova et al. 2019:6). 

Figure 5.3. Photographs of fragments with sutures of different stages of obliteration, from the reference collection. Note 

the edge of the inner table in both photographs. 
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difference in activity, lifestyle and diet between the populations. In this study, these differences mainly 

manifested themselves as a difference in the thickness of the crania. The crania of the Ajvide 

individuals are, on average, 27.8 % thicker (maximum values are measured to 12.2 mm for Ajvide and 

8.5 mm for Helgeandsholmen).  As noted, this thickness translates to thicker outer and inner tables, as 

well as diploëic layer. However, the proportion, in regard to the total thickness, of the tables and the 

diploë are more or less the same. The proportion of diploë is therefore not dependent on the cranial 

vault thickness. This means, in effect, that the method of age estimation, which only concerns itself 

with the relative thickness of the diploë, can be used on both populations – and the results of the two 

can be directly compared. It is important, though, to keep in mind that the individuals from Ajvide 

were selected based on a high cranial fragmentation to a higher degree than those from 

Helgeandsholmen – which in turn affected the number of observations.  

Moreover, as the proportions of the Ajvide individuals matches those of the Helgeandsholmen 

individuals, the cause of the thicker crania in the Ajvide population is most likely not pathological in 

nature. This can also be supported by the fact that the thickening of the crania is general over the 

population, not in individual cases (see figures 4.6a-d). In addition, the crania did not contain any 

signs of porotic hyperostosis – where an expansion of the diploëic layer occurs in response to, for 

example anemia (Aufderheide & Rodríguez-Martín 1998:348f; Ortner 2003:370). Instead, it is more 

probable that this phenomenon is a population specific trait. 

Lieberman found a relationship between exercise and CVT in a study of pigs and armadillos. It was 

suggested that daily exercise increase the production of growth hormones which stimulate a systematic 

cortical bone growth, including in the cranium (Lieberman 1996:230). This could explain why hunter-

gathering populations have thicker crania than farming populations, which in turn have thicker crania 

than post-industrialist populations. Lieberman suggests that the technical advances of postindustrial 

populations reduces the need for exercise and activity leading to a general reduction in cortical 

thickness – even though better nutrition from the increase in technology had an opposite effect, albeit 

not as great. The explanation is supported by the study of neonatal Homo erectus and archaic humans, 

where a similar level of cranial vault thickness to modern neonates is found. The difference in CVT is 

therefore gained during childhood and puberty, where the activity patterns are different (Lieberman 

1996:231). While the difference in CVT between the Ajvide population and Helgeandsholmen might 

be attributed to this phenomenon, such conclusions are beyond the scope of this study. Again, the 

thick crania of the Ajvide individuals is probably a population specific trait, which does not seem to 

critically affect the results of the present study. 

While the suture analysis could identify two groups (one younger and one older), such conclusions 

are more problematic with diploë. As with sutures, there seem to be a trend with younger individuals 

having thinner diploë (larger share of A fragments) and older individuals having thicker diploë (C 

fragments), as shown in figure 4.12a. But here, the distinctions between the age groups are even less 

noticeable. There is only one individual with a majority of fragments of score A (SK723), which 
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means a diploëic thickness less than 1/3 of the total cranial vault thickness is not particularly important 

to the assessment of younger individuals. Since 3 out of 10 individuals (AJ81, SK40 and SK936) with 

score A are neither juvenile nor young adult, the certainty of drawing the same conclusion as with 

sutures is not possible: an individual with a thin diploëic layer is not necessarily young. On the other 

hand, individuals with fragments of score C might indicate an age of middle-aged or older. What is 

certain, though, is that fragments of score B is meaningless as indicators of age, as every individual 

except one (SK41) have fragments of score B.  

The trend, where the proportion of diploë increases with age, can be indicated by the probability 

density functions of the measurements. The most notable differences between the two populations are 

that the measurements of the middle-aged group are closer to the old adults in the Helgeandsholmen 

and closer to the young adults in Ajvide (figures 4.10b and 4.10c). However, it must be noted that the 

number of individuals, and therefore the number of observations, is low. For example, the number of 

middle adults in the Ajvide sample is low (4), and there is only one old adult, which impacted the 

mean and standard deviation values. When the two samples are combined (figure 4.10a), assuming the 

discussion above is valid, there seem to be a slight distinction between the age groups. However, the 

overlap is considerable. With only moderate effect sizes between the age groups, the use of proportion 

of diploë by mean value is not advised. This emphasizes the point that the extent of the diploëic layer 

is, to a larger extent than sutures, dependent on more factors than just age. Moreover, an additional 

conclusion can be made: one singular fragment is not sufficient enough for even a slight interpretation 

of age. It is therefore concluded that, while the proportion of diploë is correlating with age (0.58 

(P<0.05) for the whole material), the differences between the age groups are too small, and the overlap 

is too large, for a practical use of this method. This finding adds to other studies showing an 

inconclusive relationship between diploë and age (Lynnerup et al. 2005; Hatipoglu et al. 2008; 

Sabancıoğulları et al. 2012). 

The use of diploë as an indicator of age suffers from many of the same challenges present in the 

study of suture closure. Correct identification of fragments is crucial. Some fragments of other 

elements, such as the pelvis, shoulder blade or ribs can have the same appearance as cranial fragments. 

In this study, the occipital bone was excluded, as it does not produce a representative result when used 

in combination with the parietal bones, due to its thickness and unevenness. In a similar manner, the 

lateral areas of the parietal bones were also excluded due to its low amount of diploë, affecting the 

result in an opposite manner. Internationally, the proportion of diploë is not used. Instead, indicators 

such as tooth abrasion, long bone length, pubic symphysis, auricular surface of the ilium, rib end 

changes, cranial bone thickness, tooth density, osteon remodeling and degenerative changes are used 

for the estimation of age of adults (e.g. McKinley 1994a:11ff; Mayne Correia 1997:182; Wahl 

2015:165f). 

There is a general impression, based on subjective observations in this study, that there might be 

some truth in the claim that the boundary between the diploëic layer and the tables becomes more 
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diffuse with age. This was noted already by Gejvall, who stated that the tables become porous, and the 

transition to the diploë becomes diffuse in individuals of old age (Gejvall 1948:162). This 

phenomenon has been identified by the analysis of computer tomography scanned (CT) crania. Young 

individuals appear to have a clear distinction between the tables and the diploë, and high bone mineral 

density. While the opposite is true for old individuals, where the diploëic layer is more diffuse, 

irregular and the bone mineral density is lower (Skrzat et al. 2004:69). It is explained that the 

microstructure of the cranial vault is changed with the age-related reduction of calcium, and therefore 

the bone mineral density (Skrzat et al.  2004:70). However, while Lynnerup and colleagues identified 

some individuals with an unclear boundary between the tables and diploë, they were not of any 

specified age group (Lynnerup et al. 2005:5). In the material from Helgeandsholmen and Ajvide, some 

young individuals seem to have a clear distinction between diploë and tables, where the measurements 

were easy to execute. While on the other hand, the transition from the diploëic layer to the tables on 

some of the oldest group is harder to observe. This had the effect that some measurements on the 

oldest group had to be controlled, and revised, so that the measurements were correct. It would be 

interesting to see if more research in this matter can, hopefully, provide a working method that can be 

used in combination with other methods, to aid in the age estimation of cremated material. 

 

 

5.3.The cremated remains of the Lovö burials 

While the proportion of diploë is the same in the unburnt populations, it is not compared to the 

cremation burials of Lovö. Even with this normalization, the proportion of diploë is 18.6 % less than 

the individuals from Helgeandsholmen and Ajvide (figure 4.15c). The two most probable explanations 

for this phenomenon are shrinkage caused by the cremation and splitting of the tables. During the 

cremation process, the forces cause the bone to warp and shrink. The degree of shrinking is a function 

of the temperature (Shipman et al. 1984:320). However, the degree of shrinkage is greater for 

spongious bone than for compact bone (McKinley 1994b:339). Therefore, it can be assumed that the 

diploëic layer (spongious bone) shrinks more than the tables (compact bone). Although, Gejvall notes 

that spongious bone shrinks and deforms less than compact bone due to its pressure-withstanding 

structure (Gejvall 1969:471). The conflicted evidence between McKinley and Gejvall was tested by 

Thompson, who found that the degree of shrinkage was larger in the epiphyses of long bones than in 

the diaphyses (Thompson 2003:170ff). He concluded that the rigid spongious bone, with a more 

random orientation of collagen fibers, loses its structural strength after the temperature-induced 

collagen loss (Thompson 2003:179f). 

Another explanation could be that fragments with a larger proportion of diploë are split to a higher 

degree than fragments with less diploë. By splitting, it is meant fragmentation by the separation of the 

two tables. Split fragments appeared to be common, and the number of such fragments vary from 

burial to burial. The diploë, like other spongious bone, is filled with liquids which, during the 
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cremation process, is turned into gas by the high temperatures of the fire. This creates a high pressure 

within the bone of the cranial vault. If the vault has a high proportion of diploë, it is possible that the 

trabecular bone of the middle layer does not have the tensile strength to withstand the pressure of the 

gas, leading to a separation of the tables. Cranial vaults with thicker diploë could therefore split to a 

higher degree than cranial vaults with thinner diploë, which might explain the lack of fragments with 

thick diploë. However, this is merely speculative – although the reasoning is logical. The result of the 

two processes, shrinkage and splitting, for the analysis of cremated remains, is the underestimation of 

age, as both the shrinkage of the diploë and the splitting of the fragments affects older individuals to a 

higher degree. With regards to the splitting of the fragments, more research could shed light on the 

relationship between age and the frequency of split fragments. 

The comparison of the results of the methods applied on unburnt skeletons to those of the cremated 

material can be problematic. As discussed previously, there are a number of aggravating factors that 

affect the analysis of the cremated bones, such as fragmentation and shrinkage. However, it is worthy 

of note that the analysis of the unburnt individuals can be seen as a best-case scenario. Therefore, if 

the methods do not perform satisfactory on unburnt individuals, then one can presume that the 

application on cremated individuals would be of equal reliability or worse – not better. Moreover, as 

the reference sample was selected from archaeological material, and not from collections of known 

age, the reference age distribution relies on the reliability of the methods of which the age estimations 

are based upon. The margin of error in the age assessment of cremated remains is much wider than 

what can be achieved on unburnt skeletons. The reliability of the analysis in unburnt material is, 

therefore, better than in cremated remains. Moreover, due to the nature of the age assessment of 

cremated remains, wide age intervals are to be expected. 

 

Burials of more than one individual 

It is important to note that both methods presented in this study, suture closure and proportion of 

diploë, are dependent on the assumption of only one individual buried. They are highly unequipped in 

managing with multiple individuals, especially if they are undistinguishable by means of identification 

(e.g. thickness of the cortex, multiple sets of elements, male and female features, etc.). Only in 

extreme cases, where there is a large discrepancy between young and old features, can such 

conclusions be had. For example, diploë score A and C, generally, does not seem to appear together 

(figure 4.12a). If, instead, two individuals of similar cranial characteristics (e.g. a middle-aged adult 

and an old adult, as discussed preciously) are buried together, these two methods could be grossly 

inaccurate – and the extend would be unknown to the researcher. With this in mind, an attempt will be 

made, in combination with archaeological finds, to identify possible double-burials from the Lovö 

material. Some burials exhibited differences between the contexts within the burial, e.g. the cremation 

layer and the burial vessel. Unfortunately, as indicated by the unburnt analysis, most individuals have 

diploëic score B present in addition to score A or C (see figure 4.12a). Therefore, it is unlikely that 
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A8, A22 and A43 contain more than one individual. A18 and A73 exhibit all three types in the burial, 

but the number of fragments with score A and score C is very low and would point to a single 

individual. The most interesting case, however, is A7, which is the only burial that has differences in 

suture score. Since it is uncommon for an individual to have more than one observation of both score 

A and score C (see figure 4.3a), A7 is the strongest case for a double-burial. Out of the five possible 

double-burials suggested by grave goods (A3, A43, A44, A69 and A69; Petré 2011:350f), only A43 

and A73 show indications based on suture closure and relative diploëic thickness. 

 

5.4.Juveniles 

One of the research questions stated, was whether or not the two methods, suture closure and relative 

thickness of the diploë, could identify and differentiate juvenile individuals from adults. This question 

is based on the findings of previous research, that the commencement of the suture closure starts 

around the age of 20 (Todd & Lyon 1924:342, 349; Holck 1986:95; Key et al.1994:197; Nikolova et 

al.  2019:14). The sample in this study contained four juveniles around the age of 12-16 (SK180, 

SK191, SK723 and SK927). Three of them had all their fragments with sutures less than 1/3 closed, 

while the fourth one had 4 of 7 fragments less than 1/3 closed (figure 4.3a). While the closure was low 

on these individuals, they appeared to not have completely open sutures either. Acsádi and Nemeskéri 

(1970:117) found, in their study on cranial suture development, that the coronal suture starts its fusion 

around the ages 15-19, which could be consistent with the findings above. Although the sutures were 

not completely open, the individuals could at least be identified as young. While the suture analysis 

could identify the juvenile individuals as young, the same could not be said for the analysis of the 

diploë. Only SK723 had fragments with thin diploë – SK191 and SK927 had only fragments with 

medium thickness, and SK180 even had a fragment with thick diploë (figure 4.12a). The general 

difficulty with using diploë to asses age is particularly true for juveniles: at most, only one of the four 

(SK723) could be argued to be young. However, with only 7 out of 10 fragments with thin diploë, the 

argument cannot be taken further to, with certainty, say that this individual is juvenile. This is not a 

critical problem, though. Juveniles in cremation burials can usually be differentiated from young 

adults based on epiphyseal fusion, tooth eruption or other methods commonly used on unburnt 

materials. However, if no epiphyses are identified, then it can be troublesome to claim that the 

individual was of adult age, based solely on cranial vault fragments. 

 

5.5.Sigvallius’ system of age estimating cremated remains 

Only 9 out of 26 individuals had a matching age category when the age estimations according to 

Sigvallius’ method was compared to the age estimations based on the pelvises. Although there is an 

inherent uncertainty in the age estimations, this result is too low to be accounted for such uncertainty. 

This is the result of the suture score being the most significant of the three variables. Without 
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consulting the sutures, there is an extreme overrepresentation of senilis fragments (fragments with 

diploëic score B or C, and tables of equal thickness) in all of the individuals (see table A.13 in the 

appendix). A success rate of 35 % is less than pure chance. Therefore, there must be some form of 

error in the descriptions of the age categories. This error can be found in the ranges of the suture 

obliteration. Figure 4.3a, shown in the suture subchapter, shows the number of fragments with 

observations of suture obliteration. The sutures do not follow the development outlined in the 

procedure. Older individuals can have sutures corresponding to younger adults, and vice versa. Of the 

133 fragments in the Helgeandsholmen and Ajvide materials with sutures, only 57 complied with the 

Sigvallius procedure. That means that 76 fragments, almost 60 % of the total number of viable 

fragments, had sutures that deviated from the definitions of the age categories. Either the sutures were 

too open for an older individual, or too closed for a younger individual. In addition to the flaw in 

suture obliteration, there is also an error in the dimensions of the tables in relation to age. Figure 4.9a 

in the diploë subchapter displays the ratio of the outer table to the inner table in all observations. All 

age groups have fragments where the tables have the same thickness (“thin-thin” or “thick-thick”) and 

fragments where the outer table is thicker than the inner. The correlation between ratio of outer table 

to inner table, where juveniles, young adults and old adults can be assumed to belong to the same 

group (same thickness), is very low at 0.13 (P=0.01) for both populations, 0.24 (P=0.002) for 

Helgeandsholmen and 0.01 (P=0.83) for Ajvide. The ratio can therefore not be used as an indicator of 

age. 

 

5.6.Proposal for a revised approach on the estimation of age of burnt human remains 

Based on the results of the analysis of suture closure and proportion of diploë of the Helgeandsholmen 

and Ajvide individuals, as well as the consequences of the current methods insufficient ability to 

differentiate the different age categories, exploring new approaches to age estimation on cranial 

fragments was required. Three procedures based on the results of the suture obliteration score and 

relative thickness of the diploë (figures 4.3a and 4.12a) are proposed. These procedures will only 

differentiate the “young adult” and the “middle/old adult”, since a higher resolution cannot be attained, 

as discussed previously. As both suture obliteration and diploëic thickness cannot differentiate 

between middle aged and old adults, they will be given the same age category. Individuals not 

identified can be given the category “age?”, or simply “adult” if fully grown epiphyses are identified. 
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- Procedure I: presence of suture score A and diploë score A yields “young adult”. Presence of 

suture score C and diploë score C yields “middle/old adult”. In the first group, only SK936 

(old adult) is not in the age groups juvenile or young adult. In the second, all are in the two 

older age categories.  

- Procedure II: Presence of at least 2 observations of suture score A yields “young adult”. 

Presence of suture score C yields “middle/old adult”. In the first group, only SK936 and 

SK1311 (old adult) are not in the age groups juvenile or young adult. In the second, all are in 

the two older age categories. Note that SK1311 appears in both the “young adult” and 

“middle/old adult” groups. 

- Procedure III: Majority of observations of suture closure are of score A yields “young adult”. 

Majority of observations of suture closure are of score C yields “middle/old adult”. In the first 

group, only SK292 (middle adult) is not in the age groups juvenile or young adult. In the 

second, all are in the two older age categories. 

 

 

 

 

The “young adult” age category corresponds to individuals between the ages of 14 to 35, where, in 

case of cremated remains, no further age estimation (such as epiphyseal fusion, etc.) could be 

determined. “Middle/old adult” would then be those individuals older than 35, but not specified 

further, as discussed previously. The accuracy of the first procedure is 93 % (14 of 15 individuals), 92 

% for the second (22 of 24 individuals) and 95 % for the third (22 of 23 individuals). The accuracy is, 

for all three procedures, substantially higher than the 35 % achieved by the method in Sigvallius 

(1994) – in turn because they are created in hindsight. When applied on a material, an option is 

presented: either all three can be used, or only one. For example, Procedure III has the highest 

accuracy and was applicable on 23 individuals, the second highest amount. However, the individuals 

present in all three procedures have a higher chance of being correct than if only one procedure is 

used. The individuals assessed to the same age group (i.e. “young adult”) in all three procedures were 

determined to that same age group based on the pelvis. Therefore, it seems like a combination of all 

three procedures produces the most accurate estimation, where no individuals deviated from the pelvic 

age. 
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ID Age group Procedure I Procedure II Procedure III 

AJ24 Middle adult  Middle/Old Middle/Old 

AJ28 Young adult Young Young Young 

AJ38A Young adult  Young Young 

AJ38B Young adult  Young Young 

AJ53 Old adult Middle/Old Middle/Old Middle/Old 

AJ59 Young adult  Young Young 

AJ63 Young adult Young Young Young 

AJ66 Young adult Young Young Young 

AJ67 Middle adult Middle/Old Middle/Old  

AJ70 Young adult  Young Young 

AJ73 Middle adult    

AJ78 Young adult    

AJ81 Middle adult Middle/Old Middle/Old Middle/Old 

AJ82 Young adult Young  Young 

SK40 Old adult  Middle/Old Middle/Old 

SK41 Middle adult Young   

SK98 Young adult Young Young  

SK106 Middle adult Middle/Old Middle/Old Middle/Old 

SK114 Young adult    

SK180 Juvenile  Young Young 

SK191 Juvenile    

SK192 Old adult    

SK207 Old adult    

SK292 Middle adult   Young 

SK594 Old adult    

SK713 Middle adult    

SK715 Middle adult Middle/Old Middle/Old Middle/Old 

SK723 Juvenile  Young Young 

SK788 Middle adult    

SK881 Old adult    

SK916 Old adult    

SK927 Juvenile  Young Young 

SK936 Old adult Young Young  

SK942 Old adult Middle/Old Middle/Old Middle/Old 

SK1046 Young adult  Young Young 

SK1291 Middle adult Middle/Old Middle/Old Middle/Old 

SK1311 Old adult Middle/Old Young/Middle/Old  

Table 5.1. Age groups and age estimations of the individuals from 

Helgeandsholmen and Ajvide, based on the procedures outlined in 

subchapter 5.6. 
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According to the three procedures, when applied on the 20 cremated burial of the Lovö material, the 

burials are categorized as followed: 

 

- Procedure I: The “young adults” are found in A3, A7, A8, A15, A18, A22, A44, A68, A71, 

A75 and A79. The “middle/old adults” are found in A6, A16, A60B and A73. 

- Procedure II: The “young adults” are found in A7, A8, A15, A18, A44, A68, A71, A75 and 

A79. The “middle/old adults” are found in A6, A7, A16, A19. A60B, A69 and A73. 

- Procedure III: The “young adults” are found in A8, A15, A18, A68, A71, A75 and A79. The 

“middle/old adults” are found in A6, A16, A19, A60B and A73. 

 

 

The only burial that is present in two age groups is A7, which again speaks to the probability that it 

contains more than one individual. If the three procedures are combined, A8, A15, A18, A68, A71, 

A75 and A79 are most likely to be young adults (or juveniles) while A6, A16, A60B and A73 are most 

likely to be middle aged or old adult. 

 

  

Burial No. Procedure I Procedure II Procedure III 

A3 Young   

A6 Middle/Old Middle/Old Middle/Old 

A7 Young Young/Middle/Old  

A8 Young Young Young 

A15 Young Young Young 

A16 Middle/Old Middle/Old Middle/Old 

A18 Young Young Young 

A19  Middle/Old Middle/Old 

A22 Young   

A23    

A27    

A43    

A44 Young Young  

A60B Middle/Old Middle/Old Middle/Old 

A68 Young Young Young 

A69  Middle/Old  

A71 Young Young Young 

A73 Middle/Old Middle/Old Middle/Old 

A75 Young Young Young 

A79 Young Young Young 

Table 5.2. Age estimations of the burials from Lovö, based on 

the procedures outlined in subchapter 5.8. 
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6. Conclusions 

This study aimed to investigate the reliability of suture closure by the cross-section of the suture (as 

described by Holck 1986:95) and proportion of diploë as methods of age estimation in cremated 

human remains. Both methods were applied on 37 unburnt individuals from a Mediaeval cemetery on 

Helgeandsholmen, Stockholm, Sweden, and a Middle-Neolithic hunter-gatherer site at Ajvide, 

Gotland, Sweden, and compared with age-related changes of the auricular surface of the ilium and the 

pubic symphysis. Furthermore, improvements of the methods, that have been applied, more or less, on 

a regular basis in Swedish cremation-osteoarchaeology, were proposed, and applied on 20 Late Iron 

Age cremation burials from Lovö, Stockholm, Sweden. Below, the research questions will be 

answered in turn: 

 

How reliable are suture closure and proportion of diploë as indicators of age (in cremated remains)? 

While both methods failed to identify young adults, middle adults and old adults, the use of suture 

closure show greater potential than diploëic development. The correlation coefficient for the suture 

closure was moderate 0.61 for both populations, and for proportion of diploë, the correlation was 

slightly lower, at 0.58. In both analyses, there were outliers of younger individuals with moderate 

suture closure and high proportion of diploë, as well as older individuals with early stage suture 

closure and proportion of diploë. In addition, fragments of moderate diploëic thickness was observed 

in great numbers in all individuals, but one, and can therefore not be used as an indicator of age. Most 

importantly, the results show the futility in the estimation of middle adults by the indication of 

moderate suture closure and moderate proportion of diploë – as the individual variation is too great to 

allow for this. 

 

How reliable are existing methods for palaeodemographic reconstruction of cremated remains? 

The reliability of Sigvallius’ system of age estimating cremated remains must be questioned. The 

success rate was 35 % when applied on the unburnt individuals from Helgeandsholmen and Ajvide, 

compared to morphological indicators of age on the pelvis. This was attributed to inaccuracies in the 

descriptions of the age categories. Suture closure was either too low for older individuals or too 

advanced for younger individuals. Furthermore, ratio of outer table thickness to inner table thickness 

had a low correlation with age (0.13), caused by a marked individual variation, and can therefore not 

be used as an indicator of age. 

 

How do the applicability of suture closure and proportion of diploë differ between populations? 

While there was a marked difference (27.8 %) in total cranial vault thickness between the 

Helgeandsholmen and Ajvide populations, the difference in proportion of diploë (in relation to total 

thickness) was negligible. Therefore, comparisons of proportion of diploë could be done on both 
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populations. In regard to suture closure, comparisons could be more problematic. The results indicated 

that the rate of suture closure is, at least, partially independent of total cranial vault thickness, as the 

Ajvide population had a higher correlation with age based on morphological changes of the pelvis than 

Helgeandsholmen. However, this study could not substantiate this further. 

 

Is it possible to identify juveniles using suture closure and proportion of diploë? 

The four juvenile individuals could not be identified as such. Three of the juveniles showed only early 

stage closure, while the fourth also showed signs of moderate closure. However, while the sutures 

were not completely open, they could be identified as young. Proportion of diploë showed to be more 

problematic. Only one juvenile had thin diploë, while two had moderate thickness and one even had a 

fragment with thick diploë. Therefore, only one of the four juveniles could even be argued to be 

young. Instead, it is advised that the identification of juveniles in cremated remains is done by 

epiphyseal fusion, tooth eruption or other standard methods used in the identification of juveniles. 

 

Is it possible to identify possible double burials using suture closure and proportion of diploë? 

Only in limited cases could the two methods be used to identify double burials. However, only when 

there are distinct differences in suture closure and proportion of diploë could indications of such be 

argued, i.e. one young individual and one old. The results of the previous analysis of diploë showed 

that individuals, in general, have fragments of score B in addition to either score A or C. Therefore, 

burials with such observations can neither be confirmed nor rejected as double burials. Furthermore, 

by analyzing differences in suture closure and proportion of diploë by context in the Lovö burials 

(cremation layer, burial vessel, etc.), an attempt was made for such an identification. The only burial 

with strong indications is A7, as it showed to be uncommon for an individual to have multiple 

observations of early stage and advanced suture closure. Other possibilities of multiple burials can be 

found in A18 and A73, albeit with lower confidence. 

 

How can the assessment of age in cremated remains be improved? 

The results of the analysis of suture closure showed that an individual with predominately early stage 

closure is, with a high probability, either juvenile or young adult. Similarly, an individual with 

predominately advanced closure is, with a high probability, either middle-aged or old adult. It was not 

possible to differentiate the two groups further in either case. However, they could at least be 

identified as such. With these conclusions in mind, three procedures, with high probability, were 

proposed for age assessment of juvenile or young adults and middle or old adults in cremated remains: 
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- Juvenile or young adult: presence of early stage suture closure and thin diploë; presence of at 

least 2 observations of early stage closure; or majority of observations are of early stage 

closure. 

- Middle adult or old adult: presence of advanced suture closure and thick diploë; presence of 

advanced closure; or majority of observations are of advanced closure. 

 

All three procedures had a success rate of over 92 % when applied on the individuals from 

Helgeandsholmen and Ajvide, compared to age assessments based on morphological changes of the 

auricular surface of the ilium and the pubic symphysis. They were then applied on the 20 cremated 

burials from Lovö. Further research into this matter is required, based on the small sample size used in 

this study. Furthermore, a study into the relationship between the distinctiveness of the boundary 

between the tables and the diploëic layer and age (e.g. a clear boundary in young individuals and a 

diffuse boundary in older adults) might be rewarding, as it could possibly be used as an indicator of 

age. Lastly, the presence, and cause, of split cranial fragments, where the outer table has separated 

from the inner table, in relation to age could be studied as well. 

 

In short, the assessment of age of adults in cremated remains remain difficult. However, by evaluating 

the reliability of, and improving on, the use of suture closure and proportion of diploë in cremated 

remains, this study has highlighted the potential for further exploration in this matter. This result can, 

hopefully, lead to a better understanding of the identities of people and societies of the past.  
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Summary 

The estimation of age is an important aspect in osteoarchaeological analysis. In order to understand 

people and their fates in past societies, it is vital that the methods of age estimation, which the 

foundations of palaeodemographic reconstructions rest upon, are of the highest standards. In current 

Swedish cremation-osteoarchaeology, two methods of age estimation are commonly used: suture 

closure and relative thickness of the diploëic layer. However, no substantial evaluation of these two 

methods have been undertaken. 

This study aimed to evaluate the reliability of using suture closure and proportion of diploë as 

indicators of age in cremated remains. Based on the results of the evaluation, improvements to the 

techniques was to be proposed. This was done by analyzing the fracture edge of the sutures and the 

proportion of diploë in unburnt skeletons and comparing the results to morphological methods on the 

auricular surface of the ilium and the pubic symphysis. The unburnt material consisted of 37 

individuals from two different populations. 23 individuals were selected from a Mediaeval cemetery 

on Helgeandsholmen, Stockholm, Sweden, and an additional 14 were selected from the Middle-

Neolithic hunter-gatherer site of Ajvide, Gotland, Sweden.  

It was found that both suture closure and proportion of diploë failed to identify juveniles, young 

adults, middle adults and old adults. While the correlation between age and proportion of diploë was 

significantly moderate at 0.58, and the proportion of diploë was found to be moderate between age 

groups, the overlap between age groups was substantial. Outliers were found in the analysis of both 

methods, as there were young individuals with moderate closure and high proportion of diploë, and 

older individuals with early stage closure and low proportion of diploë. However, while there was 

significant overlap between age groups and proportion of diploë, suture closure proved to be a better 

indication of age. The correlation between suture closure and age was significantly moderate at 0.61. It 

was found that by analyzing cranial fragments for the presence of early stage suture closure and thin 

diploë, presence of at least 2 observations of early stage closure, or majority of observations are of 

early stage closure, a group of juveniles and young adults could be identified with a high probability. 

Likewise, the presence of fragments with advanced suture closure and thick diploë, presence of 

advanced closure, or majority of observations are of advanced closure, could identify a group of 

middle-aged adults and old adults. While the two groups of young and old individuals could not be 

divided further, they could at least be identified as such. With this new insight, the improved methods 

were applied on 20 Late Iron Age cremation burials from Lovö, Stockholm, Sweden. Possible areas of 

future research were also discussed. 

The results of this study, which proved to be more reliable than existing methods of age estimating 

cremated remains, will, hopefully, lead to improvements of the assessment of age in cremated remains, 

and in turn lead to a better understanding of the identities of people and societies of the past.  
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