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ABSTRACT 
 
 

Cranial suture closure has long been recognized as a character of human development 

related to aging.  For this reason, it has been utilized for forensic and archaeological studies to 

determine the age at death of unidentified and skeletonized individuals.  Despite remaining a 

popular age indicator today, studies dating back to the 19th Century have published contradictory 

results on the nature of this relationship.  Many authors have concluded that cranial suture 

closure exhibits, at most, a sketchy relationship with age and should not be used as an age 

indicator, whereas others have supported its inclusion despite a wide range of variability.  

Traditional methods for assessing cranial suture closure all defined degrees of obliteration and 

assigned discrete scores.  However, with the development of technology, new techniques may be 

capable of better assessing the association of cranial suture closure in age. 

The current study is an attempt to address cranial suture closure with a new quantitative 

method that utilizes laser technology.  196 black male crania from the Hamann-Todd Collection 

were observed.  The suture landmarks established by Meindl and Lovejoy were recorded 

standard scores and were also scanned with the laser device, which quantifies the amount of 

reflected light off of a surface.  The results showed that the laser device accurately and 

consistently quantifies light reflected through a suture joint, especially when calibrated to the 

surrounding bone.  A general trend for the laser measurements to decrease with age was 

observed.  It was concluded that a relationship between suture closure and age does exist, but 

other factors affecting suture closure should not be overlooked.  Further application of the laser 

method, through the refinement of data collection techniques and the device used, may increase 

what is known on the structure and development of the skull, and may be able to more precisely 

elucidate the tenuous relationship between suture closure and age. 
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CHAPTER I 

INTRODUCTION 
 

Over the past century, the fields of forensics, archaeology, and paleodemography have 

grown exponentially.  With such expansion has come the development of techniques capable of 

telling the story of unknown skeletal remains.  Bones contain within themselves a multitude of 

information, but without the development of techniques for assessing this information, little 

about the persons to whom skeletons belonged, and the greater cultural and historical context in 

which they lived, can be discovered.  Today, the establishment of biological profiles from 

unknown skeletal remains helps reveal a detailed picture of past events.   

Determination of the age at death of individuals from unidentified skeletal remains is one 

crucial step in osteological analysis.  Numerous studies over the past century have been 

conducted to assess the accuracy of qualitative and quantitative observations for estimating age 

at death.  As complete skeletons are rarely recovered or preserved, and skeletal material can 

become easily fragmented, it has become necessary to develop techniques for age estimation 

from as many different bones bearing age markers as possible.  Indeed, the entire skeleton has 

been canvassed for such markers and with much success.  According to İşcan (1989:14), nearly 

every bone contains an age marker, but it is important that we “know where to look and how to 

recognize and interpret them.”  This pursuit to properly interpret which areas of the skeleton 

exhibit morphological changes with age has been immense.  Some of the most well-documented 

and utilized age indicators include cranial suture closure, dentition, epiphyses and ossification 

centers, and the articulating surfaces of the ox coxae (pubic symphyses and auricular surface).  

The oldest and most controversial age indicator is cranial suture closure.  Beginning in 

the sixteenth century, the cranial sutures were believed to change morphologically with age.  
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Since then, cranial suture closure has been widely addressed.  Over the years, many investigators 

have concluded that suture closure is too variable, does not correlate well with age, and should 

therefore not be used in age estimations (Singer 1953, Brooks 1955, Masset 1989, Hershkovitz 

et. al 1997) whereas others favor its inclusion (Acsádi and Nemeskéri 1970, Meindl and Lovejoy 

1985).  Such opposition has not led to a dismissal of interest in cranial suture closure, but has 

inspired new generations to take up the subject matter in pursuit of explanation.  A large reason 

for this continued quest lies on the lack of definitive knowledge of the structural and functional 

relationships of sutures.  Additionally, the cranium is the most well preserved part of the human 

skeleton, necessitating a greater need for it to contain age markers (Brooks 1955, McKern 1957, 

Key et. al 1994).  Traditional suture closure studies examined cranial remains of known age in 

order to develop sequences of suture closure.  Sutures were classified into degrees of obliteration 

and assigned discrete integer scores for each closure stage.  Correlations with age were then 

calculated through rank-order analysis.  Though even the earliest authors (19th Century) 

employed these scoring methods and found contradictory results, methods based on the same 

framework still persist today, utilized by forensic anthropologists typically as one of many age 

indicators.   

Recent developments in technology, however, have streamlined the ability to collect and 

analyze data and open the door for new and more accurate methods to be created. Though such 

technologies were not developed specifically for anthropological investigation, their extended 

application has been very useful.  For instance, X-rays and CT scans, primarily used in the field 

of medicine, have now become tools in the analysis of skeletal material.  In another field, dental 

hygiene, a new laser technology has been developed that can detect tooth decay much earlier 

than the previous methods of X-rays and probing (KaVo Dental Corporation 2007).  This 
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technology consists of a device, known as the DIAGNOdent, which measures the amount of 

reflected laser light, or fluorescence, from a tooth surface.  Those teeth that exhibit dental caries 

will reflect more light than a solid, healthy tooth.  

The current research is an endeavor to establish a new quantitative method for cranial 

suture closure, which can address continuous variability more adequately, using the same laser 

instrumentation created for the field of dentistry.  Healthy teeth reflect less light than teeth with 

caries.  It is proposed, then, that solid cranial bone will reflect less light than open cranial 

sutures. Initial research to test the effectiveness of the laser device on cranial sutures has been 

conducted at the WSU Biological Anthropology Laboratory (Moore-Jansen and Kirk 2005, Kirk 

and Moore-Jansen 2006).  Though several areas for improvement in the protocol were noted and 

only a very small sample (n=30) with a limited age range (mean age = 77) was available, the 

preliminary results were very promising, thus providing validation for additional investigation.  

The goals of this research, therefore, are to further develop the methodology for measuring 

cranial sutures with a handheld laser and to assess the potential of establishing a new method for 

estimating age at death from cranial suture closure through the collection and analysis of cranial 

data on a large sample of identified human crania from a modern skeletal collection. 
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CHAPTER II  

LITERATURE REVIEW 
 
 
Structure and Development 
 

The human cranium consists of 22 bones (eight paired and six unpaired), which are 

separated by at least 24 easily observable sutures (McKern 1957, Bass 2005).  Cranial bone 

consists of three layers (Jaslow 1990).  The inner and outer layers (tabula interna and tabula 

externa) are compact bone and the middle layer is cancellous, called the diplöe.  Bones adjacent 

to one another are joined together by collagenous connective tissue fibers within the sutures.  

Sutures, therefore, are serrated and interlocking joints between bones of the skull.   

 Krogman and İşcan (1986) state that cranial sutures are analogous to epiphyseal joints 

because of their similar basis on growth and timing of union.  In younger individuals, sutures are 

simple, straight-edged, and very wide (Singer 1953). The bones in young humans are flat plates 

with external cortical bone and a small diplöe (Retzlaff 1979).  They are joined together by 

collagenous, elastic and reticular connective tissues called the sutural ligament. With age, the 

cavities in the diplöe increase in size and number, and the cortical bone decreases in thickness. 

The collagenous fiber (connective tissue) bundles are reduced in thickness, causing the joint to 

narrow, and the edges of the cranial bones become irregular due to the proliferation (and 

resorption) of bony spines, which extend into the suture.  Nerve fibers accompany the 

collagenous bundles across the sutures and into the bones and may be involved in functional 

alterations during movement of the cranial bones.    

The morphology of the sutures, though variable, becomes more complex with age as 

interdigitation, the formation of ossified processes between the two bones, occurs.  When the two 

adjacent bones become interlocked, the joint is no longer movable.  Such a trend from openness 
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to interlocking joints is due to the effect of mechanical forces and other factors (Jaslow 1990, 

Sabini and Elkowitz 2006).  In some individuals, however, lapsed union can occur, in which the 

sutures do not completely close and ossification of the separated ectocranial bone edges occurs 

(Todd and Lyon 1924, Krogman and İşcan 1986).  Generally, cranial bone tends to become 

thinner with age, but internal bone growth can occur, causing a thickening of the skull (Ashley-

Montagu 1938).  The variability of suture closure and morphology is rather great.  Premature 

obliteration, asymmetrical suture closure, wormian bones, and interdigitations will be discussed 

further as they are common types of suture variations. 

 

 Premature Obliteration 

 Premature obliteration, or craniosynostosis, is a condition in which cranial sutures close 

at an earlier age than normal.  If this occurs in children, normal brain and skull growth is 

inhibited and the skull will exhibit a deformity.  For example, early closure of the sagittal suture 

leads to the deformity of the skull known as scaphocephaly.   Bolk (1915) reported on the 

premature obliteration of sutures in 1,820 non-adult skulls.  He placed the skulls into seven age 

groups (from three years to adult) based on their dental development and found that the masto-

occipital suture was obliterated ten percent of the time across all groups and ten percent in 

infantile individuals.  The sagittal suture was closed prematurely occasionally (2.5 percent) but, 

after the seventh year, would often remain open even to eighty years of age.  Obelion was always 

observed as the point of suture commencement for the sagittal suture, but the coronal suture was 

more irregular and asymmetrical in its closure.  Premature obliteration of the coronal suture is 

also much less frequent, occurring less than one percent of the time in Bolk’s sample, and the 

squamosal suture exhibited premature synostosis even less frequently than the coronal.  
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Premature obliteration of sutures, Bolk concluded, is based on physiological, and potentially 

genetic factors, but not pathological ones.    

Premature synostosis of the sagittal suture is the most common of craniostenoses in 

modern populations, representing 60 to 78 percent of the total (White 1996).  It is three times 

more likely to occur in males than females.  Several factors, including genetics, metabolism, 

teratogens and congenital syndromes, such as Apert’s and Crouzon’s, have been suggested as 

possible causes for sagittal synostosis.  It is also commonly thought that sagittal synostosis is 

related to cranial base deformation or an early descent of babies prenatally, resulting in 

constraint of the head against the pelvis.  Craniostenoses in skeletal populations have received 

little attention but White reported a high frequency among Maya Indians as a result of cranial 

modification.  Premature sagittal synostosis was present in both deformed and undeformed 

skulls, but was highly correlated with fronto-occipital cranial deformation, an anteroposterior 

deformation resulting in flattened frontal and occipital bones, laterally bulging parietals, and a 

depression along the sagittal suture.  The percentage of sagittal synostosis within both groups 

was significantly higher than that found in modern populations. 

 

Asymmetry 

Asymmetrical suture closure is defined as uneven closure on the left and right sides of the 

skull.  Sauvage (1870) observed asymmetrical suture closure in the lambdoid and coronal sutures 

and suggested that the right side closes before the left (Parsons and Box 1905).  Parsons and Box 

(1905), however, found that asymmetry typically commences and proceeds in the opposite 

direction, from left to right.  Todd and Lyon (1924) reported that suture closure commences on 

the endocranial surface and then spreads unevenly through the rest of the skull.  For the few 



 7

decades that followed, scarce attention was given to asymmetrical suture closure and its 

importance to age-related studies (Ashley-Montagu 1938, Živanović 1983).  Živanović (1983) 

recorded observations of the left and right sides of the coronal and lambdoid sutures, both 

endocranially and ectocranially, on East African Bantu skulls and European skulls.  Pars 

bregmatica and pars complicata of the coronal suture and the “intermediate portion” of the 

lambdoid suture were the most asymmetrical.  Asymmetry was very common and similar in both 

populations and sexes.  Živanović points out that if obliteration occurs in only one side of the 

skull, that side should be interpreted as premature synostosis and be discarded from any age 

estimation.  Therefore, he advises that age estimation, when only one side of a skull is available, 

could lead to erroneous information.  Asymmetrical closure was most common between 41 and 

55 years.  Baker (1984) found asymmetry most predominately in individuals from 36 to 40 years 

and 61 to 65 years of age.  Generally, it is accepted that symmetry is predominant over 

asymmetry (Hauser et. al 1991), though asymmetrical suture closure is not abnormal or rare (28 

percent in Baker’s study (1984)).  Asymmetry can commence on either side with no significant 

bias for one side over the other (Baker 1984, Key et. al 1994).   

 

Wormian bones 

Wormian bones are defined as “small ossicles of irregular size and shape located within 

the fontanelles and the two borders of cranial sutures (White 1996:398).”  They are primarily 

found, from zero to over 100 in number, in the lateral and posterior vault.  The presence of 

wormian bones is variable but typically quite high.  What factors are involved in wormian bone 

formation has been brought into question.  Some have attributed wormian bones to heredity, 

others support extrinsic factors, such as hydrocephaly or mechanical stress, and some support the 
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imposition of both nature and nurture.  Many authors have reported on an association between 

increased sutural complexity (wormian bones, interdigitations, etc.) and external stresses (Sabini 

and Elkowitz 2006).  Cranial deformation has been shown to impact the presence of wormian 

bones as well.  A significantly higher number of wormian bones have been found in rats with 

experimentally deformed skulls (White 1996).  Anton (1992) found an increase in wormian 

bones of antero-posteriorly deformed skulls. In White’s study (1996) on 143 adult crania from 

Laminai, Belize, wormian bones were present in 46 percent of normal skulls and 88 percent of 

the deformed crania.  It is suggested, therefore, that wormian bones have both genetic and 

environmental causes.    

   

Interdigitations 

Cranial sutures begin as simple and straight structures, but they become more complex, 

developing interdigitations, through growth and bone resorption (Sabini and Elkowitz 2006).  

Evidence has demonstrated that interdigitations form to aid in the transmission of forces from 

one bone to another.  Increased surface area and more complex interdigitations of the suture 

facilitate displacement of large forces.  Jaslow (1990) set out to determine how mechanical 

properties affect the skull in relation to the proximity and presence of cranial sutures as well as 

degree of interdigitation of the sutures.  The mechanical properties, bending strength and impact 

energy absorption, were tested on goat crania.  Results showed that sutures have lower bending 

strengths than bone but absorb more energy.  Highly interdigitated sutures loaded slowly are as 

strong as bone and also absorb more energy than simpler sutures.  It is suggested that the 

increase in bending strength and energy absorption of highly interdigitated sutures is due to the 

presence of additional collagen fibers across the joint and an increased surface area of the joint.  
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Bending strength and energy absorption exhibited no significant correlation with age.   In 

mammals, it is likely that patent sutures work as shock absorbers in the skull.  What role such 

interdigitation may have in humans was not discussed in this paper.   

 

Factors: Environmental and Genetic 

The human body is “highly adaptive” and has led some authors to emphasize that it is 

very unlikely for age to be the only factor affecting suture closure (Key et. al 1994, Sabini and 

Elkowitz 2006).  White (1996:406), for instance, concluded that sagittal synostosis and wormian 

bones are “adaptive responses to abnormal forces.”  Intrinsic and extrinsic factors, such as 

genetics, tensile forces, the growing brain, and muscle stresses, play a role in suture obliteration 

and morphology (Hauser et. al 1991).  The effect of mechanical stress on suture closure has been 

well documented.  When stress is applied to sutures, as studied in rats, they react by becoming 

more complex (Hauser et. al 1991, Sabini and Elkowitz 2006).  Suture closure, therefore, is 

attributed to a presence or lack of physical force on the bones of the skull, with one of these 

factors being muscle tension.  Sabini and Elkowitz (2006) reported observations on the coronal, 

lambdoid, and sagittal sutures of 36 skulls.  The lambdoid suture remained open most often.  The 

authors suggest that the continued patency of the lambdoid suture is a reaction to the large 

number of muscles and ligaments attached to the occipital bone (myofascial continuity).  

Additional evidence to support this hypothesis comes from the facial sutures, which tend to be 

more complex (serrated and interdigitated), remain open longer than the cranial sutures, and are 

more affected by muscles.  On the opposite end, very few muscles affect the sagittal suture, and 

the tension from those that do may be easily displaced to the coronal or lambdoid sutures.   
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Herring and Teng (2000) attached strain gages to the frontal and coronal bones of 

seventeen miniature pigs, and the strains were recorded during stimulation of the cranial muscles 

used in mastication.  The authors suggest that patent sutures contribute to the flexibility of the 

skull and aid in energy absorption.  Strain on the braincase was observed as a definite result of 

muscle contraction.  The vault sutures had the highest strains, but all sutures showed strain 

during jaw closing.  The authors also identified that the skull tends to bend at the sutures, with 

the ectocranial surface tensed and the endocranial compressed.   Though the findings were on 

pigs, this data may be applied to primate studies because of the similar arrangement and size of 

their masticatory muscles.  

 The evidence that the development and growth of sutures are strongly affected by 

tensile forces exhibits how important it is to account for environmental factors in cranial suture 

closure studies.  Genetic factors should also not be overlooked.  For instance, Hershkovitz et. al 

(1997) identified a hereditary basis for suture closure by discovering a predominance of “Double 

Y” suture closure in American Black males as compared to American White males.  The authors 

also addressed the question of whether suture closure is normal or pathological.  At the 

beginning of the 20th century, British and Italian schools of thought differed in regards to suture 

closure.  The British model emphasized the obliteration of the sutures as a normal process of age 

and became dominant in physical anthropology over the Italian model (suture closure as 

pathologic) due to dependence on the English language.  Their findings indicated that suture 

closure is non-pathological and is, therefore, more likely genetically based.    
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Function 

Though many factors may affect the rate of suture closure and the complexity of sutural 

patterns, little is known as to the exact functionality of suture closure and its various states.   

During brain growth, sutures allow movement to occur between bones and, upon closure, sutures 

create an immovable joint that absorbs energy and prevents separation of the bones when 

externally impacted (Zambrano 2005).  However, this does not explain the function, if any, of 

sutures that stay open long after full growth has been reached.  This question has led 

investigators to address the evolutionary basis of suture closure. 

   

Evolution 

If a selective mechanism for cranial suture closure exists, it could only be discovered and 

explained through observation of suture closure in humans, fossil remains, and our closest extant 

relatives, the anthropoid apes, and by determining the function of suture closure, which to this 

point has been elusive (Key et. al 1994).   Several authors have undertaken cranial suture closure 

studies in mammals, primates, and humans and commented on the possibilities of an 

evolutionary condition of suture closure.   

 Bolk (1915) reported on the obliteration of sutures in 800 platyrrhine and catarrhine 

monkey and ape skulls.  He found that, in humans, the principal sutures are open somewhat 

independently of skull formation.  Conversely, suture closure in apes usually follows 

immediately the cessation of skull growth and, therefore, obliteration is reached before the 

individual reaches an adult state.  The higher predominance of premature synostosis in apes is 

most likely due to the strong forces exerted by large muscles of mastication.  Furthermore, 

obliteration of the sutures commences upon cessation of brain growth in apes but often is 
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delayed until long after brain growth has ceased in humans.  Bolk concludes, therefore, that the 

condition of sutures to stay open in man is an evolutionary adaptation whereas premature 

obliteration is an example of an “atavistic”, or primitive, phenomenon.   

   Typical mammalian suture closure begins with the vault, followed by the spheno-

occipital, circummeatal, palatal, facial, and cranio-facial sutures (Krogman 1930, Schweikher 

1930).  In primates, this sequence begins to change.  Krogman (1930) reported on the sequences 

of cranial and facial suture obliteration in eight species of primates, including gorillas, 

chimpanzees, orangutans, gibbons, baboons, and macaques.  He adopted Todd and Lyon’s 

method of suture closure on humans, observing both endocranial and ectocranial surfaces.  The 

vault was the site of earliest union in Papio, Pongo, and Gorilla.  In chimpanzees (Pan), though 

closure is similar to that found in all the other primates, especially gorillas, delayed closure of the 

cranial sutures, similar to what is expressed in humans, was found.  Gorilla, Pan, and Homo all 

show a trend towards earlier closure of the facial sutures.  Gibbons exhibited a delayed closure of 

the circummeatal sutures, a first stage of human-like closure, and a uniformity of closure in the 

vault sutures, of which the other great apes “break away (Krogman 1930:329).”  The non-ape 

species showed earlier onset of closure for all cranial sutures.  Suture closure sequences on the 

endocranial surface differed from those observed for the ectocranial surface.  In primates, similar 

to what Todd and Lyon suggested for humans, the direction of suture closure is often reversed 

from the endocranial to ectocranial surfaces.  Males seemed to express a “slightly accelerated” 

suture closure, which is consistent with data on humans, but no major sex differences were 

noted. 

Falk et. al (1989) scored suture closure on skull endocasts of 330 rhesus monkeys 

(Macaca mulatta).  The endocranial and ectocranial scores were compared to those found for 
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humans, by Todd and Lyon (1924-25) and Meindl and Lovejoy (1985) respectively.   A strong 

relationship between age and suture closure was observed for the macaques, but, like in humans, 

the relationship tends to dwindle in older individuals.  Humans and macaques were more similar 

in the order of sutural obliteration than commencement of suture closure, but exhibited several 

key similarities and differences.   The basilar suture is first to close in both species, but the 

sphenofrontal and rostral squamosal sutures close much faster in rhesus monkeys.  The retarded 

closure of the sphenofrontal suture in humans (ten times slower than macaques) is possibly 

related to brain size, specifically the expansion of the frontal lobes and/or temporal poles.  No 

significant sexual dimorphism was found in relation to suture closure.  A small but significant 

amount of asymmetry, with closure starting on the right then proceeding to the left, was 

observed.  Echoing authors on human suture closure, Falk et. al (1989:426) conclude that suture 

closure should be “used with caution” for estimating age in macaques and is not useful for aging 

older macaques.   

In Homo sapiens, Perizonius (1984) found a negative correlation for suture closure and 

age for individuals over the age of 70.  He suggests that an underlying mechanism could be 

present that keeps sutures from closing in individuals that reach extreme ages.  Cranial suture 

closure, therefore, could be part of a selective process that allows some individuals to grow older 

than others. Masset (1989:99) thought that a “secular trend” for suture closure, based on a move 

to sedentary life, was possible in populations separated temporally.  Hershkovitz et. al (1997) 

pointed out that though data does not exist to clearly identify an evolutionary advantage (form of 

selection) of suture closure in humans, degrees of suture closure do represent a biological 

adaptation (or lack thereof) for absorbing mechanical stresses, with open sutures capable of more 

efficiently absorbing stress (Jaslow 1990, Hershkovitz et. al  1997).  Key et. al (1994) criticize 
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the assumption that age and suture closure represent a strictly linear relationship because it 

implies a lack of selective value.  If selection were at work in conferring maximum fitness in 

individuals, then the most suited individuals would be those who retain open sutures throughout 

life.  However, since “evolution has ensured that most humans have open ectocranial sutures up 

to the age of about 30,” even those individuals who undergo complete sutural obliteration are 

still capable of passing on their ‘close suture’ genes to their offspring, allowing a wide degree of 

suture closure variability to advance into further generations (Key et. al 1994:206).    

 

Cranial Suture Closure Studies 

 The most commonly studied aspect of the cranial sutures is the degree of their 

obliteration as an indicator of age.  Observations of cranial suture closure were first observed as 

far back as the 1st century in the work of Hippocrates, but were not utilized as an “identification 

tool” with relation to age until a much later date (Todd and Lyon 1924, McKern 1957).  Vesalius 

and his pupil Fallopius are credited for first noting the apparent progression of suture obliteration 

with age in 1542 (Todd and Lyon 1924, Ashley-Montagu 1938, Singer 1953, Masset 1989, 

Hershkovitz et. al 1997).  Despite some early descriptions of the variability of cranial suture 

closure, scientific studies addressing its relationship with age have been published in great 

number from the 19th Century to present (Parsons and Box 1905).  In America, the standards 

established by Todd and Lyon (1924) and, later, by Meindl and Lovejoy (1985), propelled the 

usage of cranial suture closure for determining the skeletal ages of both forensic and 

archaeological material.  This continued popularity may simply be wrapped up in its history; it 

has survived not due to its validity but rather the idea that, if it has been studied for so long, 

surely there has to be something to it, and thus it becomes a traditional research obsession 
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(Hershkovitz et. al 1997).  Though the history of cranial suture closure studies has been 

discussed elsewhere in great detail, I will attempt to summarize, in chronological order, the 

methodologies and conclusions of previous studies spanning the last 150 years.  The relationship 

between cranial suture closure and age, sex, and group affiliation will be discussed, with the 

greatest emphasis on age, the primary consideration of almost all suture closure studies.  Studies 

on cranial suture closure as part of a multifactorial approach are also summarized.    

  

Age and Suture Closure 

1856-1920: Early Studies.  Before 1856, little observation of the changes in the skull had 

been noted.  Gratiolet (1856) is credited with the first account, though generalized, of age 

changes in pre-adults (Ashley-Montagu 1938, McKern and Stewart 1957).  Welcker (1866) 

assessed suture closure, among other skeletal factors, such as dental eruption, and concluded that 

suture closure seems promising for age estimation despite some contrasting results among others 

and a deficiency in the amount of study devoted to suture obliteration.  As early as 1860, other 

factors involved in suture obliteration, such as pathology, were noted.  Ashley-Montagu (1938) 

praises a paper by Sauvage (1870) for several important observations (some of which still hold 

true today while others have been proven false with subsequent study).  Sauvage noted that 

suture closure always initiates on the endocranial surface.  Additionally, the degree of 

complexity of a suture does not affect the time of its obliteration, obliteration occurs typically at 

age 45, and the ectocranial sutures rarely reach complete obliteration.  Other early studies were 

published by Topinard (1885), who was skeptical on the correlation between suture closure and 

age despite a small sample size, Ribbe (1885), who thought 40 to 45 years (possible to estimate 

with a deviation of no less than 15 to 20 years) was an accurate date for the onset of the closure 
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and Dwight (1890), who suggested that suture closure begins much earlier (before 30) than 

previously thought (Parsons and Box 1905, Ashley-Montagu 1938, Singer 1953).   

Referred to as “the first really scientific paper on the subject…contrast[ing] very 

curiously with the dogmatic statements of the older writers (Parsons and Box 1905:30),” 

Dwight’s The Closure of the Cranial Sutures as a Sign of Age (1890) confirmed Sauvage’s 

observation of primary obliteration endocranially while further noting that the corresponding 

landmarks on the ectocranial surface do not always close in the same procession.  Additionally, 

his study of 100 European and African skulls identifies the posterior portion of the sagittal suture 

and inferior portions of the coronal sutures as the earliest locations of closure, the lambdoid as 

slower to close than the coronal but often more obliterated than the coronal ectocranially, and the 

frontal suture as the last to close (Parsons and Box 1905, Ashley-Montagu 1938).  Allen (1897) 

observed the lateral sutures and concluded that the parieto-squamosal and sphenoido-squamosal 

sutures are last to close and rarely reach complete obliteration (Ashley-Montagu 1938).   

 In 1905, Parsons and Box studied 82 skulls, mostly English, intending to further elucidate 

the use of cranial suture closure in forensic and archaeological settings.  Both endocranial and 

ectocranial surfaces were observed and descriptions were provided on trends of closure within 

each decade (under 30, 30 to 40, 40 to 50, 50 to 60, 60 to 70, and over 70).  Ectocranial sutures 

were generally open under 30, with obliteration beginning at stephanion, followed by obelion, 

between 30 and 40 years of age.  A marked increase in obliteration is noted from 60 to 70, but 

the vault sutures of some individuals are still patent. Endocranially, obliteration is more likely 

present before 30 and, to some extent, in all skulls by 40.  Complete obliteration is present by 60.  

Parsons and Box conclude (as later authors validate, then reject): 
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The ectocranial sutures are so variable that no estimate of age should be made from them 

when the inside of the skull can be looked at, and the fact that so few Museum skulls are 

opened detracts very much from the practical value of many of our great collections. 

[Parsons and Box 1905:37] 

 

Parsons and Box (1905) revised Dwight’s order of obliteration, reporting that the lower 

half of the internal coronal suture is the spot of initial commencement, followed by the internal 

region of the sagittal suture at obelion.  The lambdoid suture is last to close, with obliteration 

usually beginning near midlambdoid and ending near lambda.  Based on the observation of this 

order, the authors premise, therefore, in contrast to the earlier work of Sauvage, that closure 

occurs in order of increasing complexity of the suture, with exception to the squamous suture, 

which often closes “late, if at all.” 

 In 1906, Frédéric was the first to study cranial suture closure on a large sample, 

observing 255 European and 119 non-European skulls.  Limited in his ability to examine the 

endocranial surfaces, he concluded that it was not possible to age a skull to within any more than 

ten years, a statement that was echoed by Hrdlička in 1920 (Todd and Lyon 1924, Ashley-

Montagu 1938).   

 

   Todd and Lyon.  Despite the efforts of these early studies, many of them possessed flaws, 

results were contradictory, and several authors had concluded that suture closure was unreliable 

for estimating age.  In 1924, Todd and Lyon addressed three important conditions in their study 

that previous authors had overlooked.  First, sample sizes were usually small and did not consist 

of more than one “race” for comparison (Todd and Lyon 1924, McKern and Stewart 1957).  
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Second, much of the early work was centered on skulls without verified ages (Parsons and Box 

1905, Todd and Lyon 1924).  Third, the ability to study the endocranial surface was greatly 

hindered by the lack of collections containing cut crania that could be easily observed (Parsons 

and Box 1905, Todd and Lyon 1924).  Some authors, such as Dwight and Picozzo, had not even 

clarified whether they were referring to the endocranial or ectocranial surfaces in their 

observations, making subsequent comparison by others complicated.  Due to all these problems 

that had not been addressed, Todd and Lyon state in the introduction to their first paper on 

cranial suture closure,  

  

Hence the whole question of the relation of suture union to age remains an intricate and 

unsolved problem, hopeless alike in the scattered confusion of the data, in the inadequacy 

of the material utilized and in the unreliability of the information upon which 

determination of age has been made. [Todd and Lyon 1924:330] 

 

With this in mind, Todd and Lyon (1924-1925) wrote four papers on endocranial and 

ectocranial suture closure in both White and Black males.  A large sample of the W.R.U. 

collection (now referred to as the Hamann-Todd Collection) was utilized, consisting of a total of 

514 crania.  The first two papers included data on endocranial and ectocranial suture closure in 

307 White male crania and the second two on 120 Black male crania.  58 White female and 29 

Black female skulls were originally utilized as a check on the relationship with age observed in 

the male crania but were discarded since the elimination of crania with irregular (“abmodal”) 

suture closure would “reduce prohibitively the already inadequate female series (Todd and Lyon 

1924, Singer 1953)”.  In addition to the large sample size and two “races” available from this 
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collection, the other two conditions necessary for “real progress” to occur in suture closure 

studies, credible ages and access to the endocranial surface, were satisfied as well.  Many of the 

remains in the collection had confirmed ages, and the authors rejected all crania with ages based 

on erroneous information.  Furthermore, the crania in the W.R.U. collection are sectioned 

sagittally so easy observation of the endocranial surface was possible.   

The method used by Todd and Lyon was adapted from previous studies. For instance, the 

suture group names established by previous authors were used (Todd and Lyon 1924).  The vault 

system contained the sagittal, coronal and lambdoid sutures, the circum-meatal system consisted 

of the sphenotemporal, squamous, parietomastoid and occipitomastoid sutures, and the accessory 

group was made up of the sphenofrontal and sphenoparietal sutures.  Broca’s arrangement of 

ossification, published in 1861, was utilized, but the authors followed an inversion made by 

Frédéric (1906).  With this scoring system, suture sites were recorded a score from zero to four, 

where “0” equals no union, “1” equals one-quarter union, “2” equals one-half union, “3” equals 

three-quarters union, and “4” signifies complete union (p. 331).  The different landmarks on each 

suture (i.e. pars bregmatica, pars vertices, pars obelica, and pars lambdica for the sagittal suture) 

were averaged together and observed individually for trends in closure.   

From preliminary observations, the authors concluded that there was “a definite trend in 

the progress of closure in relation to age (Todd and Lyon 1924).”  The first paper states, among 

other conclusions, that endocranial suture closure in White males is most active from twenty-six 

to thirty years.  Todd and Lyon also confirm that suture closure only correlates with age when 

looking at a large sample of crania and not at the individual level.  In contrast to earlier views, 

Todd and Lyon (1925a) report in their second paper, on ectocranial suture closure in White 

males, that there is no tendency for earlier onset of closure either ectocranially or endocranially.  
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Additionally, the ectocranial sutures are slower to close and more variable, making them less 

reliable for predicting age.  Periods and patterns of suture closure were similar on the two 

surfaces. 

 

After Todd and Lyon.  Later authors criticized Todd and Lyon’s study for their decision to 

segregate anomalous skulls with accelerated or retarded suture closure in order to more clearly 

see the relationship of suture closure with age (Todd and Lyon 1924, Singer 1953, Meindl and 

Lovejoy 1985).  Todd and Lyon observed that “abmodal” forms of suture closure were far from 

infrequent (40 out of 307 White male and 41 out of 120 Black male skulls were rejected) and 

sometimes localized to a specific sutural segment.  Such a rejection of a large percentage of 

individuals skewed the data, leading to a false sense of homogeneity and a significant source of 

error (Krogman and İşcan 1986, Masset 1989).   Other criticisms of Todd and Lyon’s papers are 

based on the way in which they smoothed out the graph curves by using three-year age intervals 

instead of the actual ages, the rejection of skulls with uneven progress in suture closure 

(asymmetry), and the elimination of those skulls with growth deviations in the postcranial 

skeleton (Singer 1953, McKern and Steward 1957).   

Nonetheless, this work by Todd and Lyon proved to be the most important contribution 

in evaluating the accuracy of aging from the skull up to this point and continued to be the 

standard for age-related studies on suture closure over the next 30 years (Ashley-Montagu 1938, 

Singer 1953, McKern and Stewart 1957).  Their words were widely quoted and reorganized into 

“quite dogmatic’ statements in textbooks and their methods were often utilized despite some 

apparent errors.  Masset (1989) also points out that the contradictory results between Todd and 

Lyon’s findings and those of Martin and Frédéric were overlooked for decades due to the 

language barrier.  
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Todd and Lyon’s thorough account of suture closure and its relation to age in a large, 

multi-racial, accurately aged, and accessible sample showed a trend in relation to age but also 

pointed out the difficulty in using suture closure, especially the ectocranial surface, as a reliable 

predictor of age.  After the work of Todd and Lyon, criticism of suture closure as an indicator of 

age continued and cranial suture closure became more of a general age indicator and “last resort” 

for individual identification (Kerley 1970:58).  In 1938, Ashley-Montagu stated that reliance 

upon suture closure “will never be capable of yielding a sufficiently accurate estimate of the age 

of an individual skull (p. 372).”   

 

1950-57:  New studies on different populations.  In the 1950s, additional criticisms of the 

reliability of cranial suture closure emerged.  Singer (1953) set out to show that both the 

endocranial and “exocranial” sutures were “hazardous and unreliable” for estimating age at death 

of individuals and that Todd and Lyon’s “abnormal” variants are actually part of the normal 

distribution for suture closure within a population.  Using the same degrees of suture closure as 

Todd and Lyon but only observing the vault sutures (and adding a fourth subdivision of the 

coronal suture), Singer observed 100 Cape Coloured, 190 Bantu, 50 White German, 60 North 

American Indian, and 30 Eskimo crania.  He pinpoints some of the extreme variability found by 

Todd and Lyon but only provides data from his study on 11 individuals with retarded or 

accelerated suture closure.  One could argue that, as Todd and Lyon rejected the “more variable” 

individuals, Singer chose to focus only on the extreme cases and did not provide data on the 

other 419 crania studied. 

Brooks (1955) also criticized cranial suture closure, specifically in relation to its lack of 

applicability in paleodemography.  Todd and Lyon had only assessed the cranium for age factors 
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in White and Black modern populations, with the differences across groups underemphasized, 

and did not consider how archaeological remains would require some dramatic alterations to the 

method.  In studying population dynamics of past populations, mortality rates are skewed by 

cranial suture closure observations.   Masset (1989) more recently pointed out how ages at death 

have been calculated lower than the actual mortality rate and that assumptions should not be 

made linking cranial synostosis to social status, way of life and causes of death. White (1996) 

emphasized the importance in the relationship between cranial morphology and suture closure in 

ancient populations, as intentional morphological modification is found widely, both spatially 

and temporally, in ancient populations and affects sutural morphology and obliteration by 

causing an increase in sagittal synostosis and the prevalence of wormian bones.   

Through comparison of the skeletal remains of California Indians and the same modern 

sample used by Todd and Lyon (from the Hamann-Todd Collection), Brooks (1955) attempted 

age estimations at the level of the individual using the cranial suture closure method established 

by Todd and Lyon and Todd’s pubic symphysis method.  The mean pubic ages of males were 

correlated highly with age and those of females were slightly less correlated.  The mean cranial 

ages, however, did not correlate well with age, especially in females, in which a ten-year 

difference between pubic and cranial ages was calculated.  Brooks (1955:583-86) concluded, 

therefore, that a comparison of cranial suture closure to other age indicators reveals its lack of 

reliability and that it is “an unreliable age indicator, regardless of sex or race.” 

 In 1957, McKern and Stewart published a technical report for the Headquarters 

Quartermaster Research & Engineering command, U.S. Army, entitled Skeletal Age Changes in 

Young American Males.  In addition to utilizing other aging methods for identifying U.S. war 

dead, one section of the report is devoted to suture closure.  The authors observed the vault, or 
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calvarial sutures, ectocranially based on the same classification used by Todd and Lyon (1924) 

but with the addition of Singer’s (1953) fourth coronal subdivision. Data collection was also 

extended to the facial sutures and basilar suture.  Though the age range (17 to 50 years) of their 

study was restricted due to observations of U.S. war dead males only, the authors found, in 450 

identified skeletons, that suture closure progressed in a uniform manner and overall suture 

closure provided a more accurate estimation than the vault sutures alone.  However, only crude 

estimates could be made, “in terms of decades only,” when aging an individual skull, rendering 

suture closure unreliable “as either direct or supportive evidence (p. 37).”   The basilar suture, 

though rarely studied but often cited, is completely closed by 21 years of age (McKern and 

Stewart 1957, McKern 1970).  

The same year, McKern published a study to assess how single factors with high 

variability can be successfully combined with other factors to give a more precise estimation of 

age (1957).  He suggests that this concept has never been accurately tested in a way free of 

subjectivity and unreliable ages of individuals in the collections studied.  Using the same 

collection as the previous study by McKern and Stewart (1957), skeletons were observed for 

degree of epiphyseal growth, pubic symphysis morphology, and suture closure.  Instead of 

breaking down each suture into parts, each suture was scored as a single unit.  Combining the 

individual scores of these critical growth areas showed that a small number of maturative events 

are as reliable as a total evaluation of the skeleton.  The pubic symphysis, however, was thought 

to be the most useful, and McKern (1957) concluded that other aging criteria were only 

necessary when the pubic symphysis was not available for study. However, as has been 

criticized, such a reliance on one age indicator that is often lost or damaged archaeologically 

(whereas crania are most often preserved) and is inaccurate for estimation within some age 
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ranges leads to erroneous information (Brooks 1955, Lovejoy et. al 1985).  Nonetheless, McKern 

attempted one of the first “multifactorial” approaches to age estimation.  Previous authors (Todd 

and Lyon 1924, Montagu 1938, Singer 1953) had pointed out the necessity for a combination of 

many age indicators instead of single markers.  From this point on, physical anthropologists 

began to seek after accurate multifactorial approaches and develop new techniques for analyzing 

cranial suture closure.  

 

1960-1985: Complex and Revised Methods.  In 1960, Nemeskéri et. al developed the 

“complex method” for cranial suture closure (Acsádi and Nemeskéri 1970, Krogman and İşcan 

1986).  A “multifactorial” approach, four areas of the skeleton were utilized, the pubic 

symphysis, femoral head, humeral head, and endocranial sutures.  The ectocranial sutures were 

later observed as well (Acsádi and Nemeskéri 1970).  16 sections of the vault sutures were used 

(three on the coronal, four on the sagittal, and three on lambdoid).  A modified version of 

Broca’s system (using Martin’s scale) with less discrete boundaries was applied (Table 2.1) 

 

TABLE 2.1. 

Acsádi and Nemeskéri Scoring System  
(after Acsádi and Nemeskéri 1970, Perizonius 1984) 

 
Score Description 

0 Open suture. There is little space left between edges of the adjoining bones 
1 Incipient closure.  Suture is closed, but clearly visible as a continuous, often zigzagging line. 

2 Closure in Process.  Suture line becomes thinner, has less zigzags and may be interrupted by 
complete closure 

3 Advanced closure.  Only pits indicate where the suture is located. 
4 Closed suture.  Suture completely obliterated; even its location cannot be recognized 
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It is of merit to note that pathological cases were excluded in the study so that “normal” 

variation could be observed. Whereas Todd and Lyon said ectocranial and endocranial suture 

closure began at the same time, Acsádi and Nemeskéri (1970) found that ossification occurs 

earlier endocranially.  Crania were split into five-year age groups, and results showed a uniform 

trend of rapid closure early on followed by slower, gradual closure. Suture closure, however, 

exhibited a broad dispersion about the means and could therefore only be applied within wide 

age limits using this method.  Despite the limitations and in contrast to McKern and Stewart 

(1957), Acsádi and Nemeskéri (1970) suggest that cranial suture closure is still an important age 

marker when combined with other age indicators. 

 With the realization in mind that skeletal age estimation was “still unsatisfactory” in 

paleodemography, especially when dealing with older individuals, Perizonius (1984:201,215) 

undertook the task of breathing “new life” into cranial suture closure.   He briefly reviews both 

the proponents and opponents, and boldly states, in criticism of the authors who had given up the 

pursuit of finding credible age indicators, that science is always advancing and does not quit until 

all the answers are found.  

Perizonius (1984) observed 256 documented adult crania from individuals living around 

the turn of the 20th century in Amsterdam.  Measuring crania both endocranially and 

ectocranially, he copied the methods used by Acsádi and Nemeskéri exactly to facilitate 

comparison.  All sutures, especially the coronal, exhibited a significant positive correlation with 

age, both endocranially and ectocranially, in the 20 to 49 year age group (“selsec young”) (pp. 

205-208).  The older sub-sample (50 to 99 years (“selsec old”)), however, did not correlate well 

with age.  Therefore, Perizonius concluded that suture obliteration is correlated with age up to a 
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certain age only, after which it does not correlate well, and then negatively correlates with age 

from 70 to 79 years.   

  Baker (1984) wrote his thesis on cranial suture closure in an attempt to further clarify the 

extent to which this questionable age indicator should be applied.  Skulls from autopsied 

individuals in Los Angeles, with known age, sex, group, and medical record information, were 

utilized and the relationships of such known factors with suture obliteration addressed.  Like 

many previous authors, Baker chose to observe the sagittal, coronal, and lambdoid sutures only 

but simplified previous methods because of the limitations in observing autopsy skulls.  Only 

three scores were recorded:  O (open), P (partial union), and C (complete union).   

Results showed that the sagittal suture is never completely open after the age of 35 years 

and is closed as early as 26 years (with one example of closure as early as age 15)(Baker 1984).  

Closure first commences in the endocranial sutures at 19 years of age.  Given the additional 

information available from medical records, Baker was able to address whether or not medical 

conditions had any effect on suture closure.  He concludes that respiratory conditions (asthma, 

emphysema, bronchitis) and seizure disorders may play a role in suture closure patterns.   

In Multifactorial Determination of Skeletal Age at Death: A Method and Blind Tests of its 

Accuracy, Lovejoy et. al (1985) sought to elucidate the fallacies in previous aging methods.  The 

authors discuss how age-at-death estimations have been traditionally based on one or two age 

indicators, with only “auxiliary and nonsystematic input” provided from other areas of the 

skeleton (p. 2).  Age estimation, as a whole, had traditionally been applied to forensic studies, 

and as a result, was centered on the individual instead of looking at variability in populations.  

Such a focus, they argued, leads to considerable interobserver error and bias, making the “more 

reliable” age indicators seem more precise than they actually are and yielding inaccurate 
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mortality profiles of populations (p. 12).  Arguing that only Acsádi and Nemeskéri (1970) had 

put forth an attempt to utilize multiple age indicators, Lovejoy et. al (1985:3) state, “If more than 

one criterion is available from which to assess skeletal age at death, then clearly all should be 

employed.”  Addressing the concern of some authors that adding data from unreliable age 

indicators, such as that of cranial suture closure, skews the data, Lovejoy et. al emphasized 

paleodemography over forensics, and population studies over individual identification, saying: 

 

In forensic aging of single individuals [using the pubic symphyseal face without 

additional data from cranial suture closure] might be advisable….However, cranial suture 

closure is correlated with increasing age, and in the analysis of populations the addition 

of data on age-at-death from the sequential addition of other age indicators should 

improve the accuracy of determination. [Lovejoy et. al 1985:3]   

 

 Lovejoy et. al (1985) blind-tested five age indicators, the pubic symphysis, auricular 

surface, proximal femur, suture closure, and dental wear, on a skeletal sample from the Hamann-

Todd Collection.  The pubis, auricular surface, and cranial sutures, taken individually, had 

substantial bias and tended to underage.  Multifactorial estimates were found “clearly superior” 

than single indicators by both increasing accuracy and reducing bias.  The authors also 

repudiated the previous stance that the pubic symphysis is the best age indicator (Brooks 1955, 

McKern 1957) by uncovering its biases and showing that dental wear was most accurate, with 

the least amount of bias, in age estimation of skeletal populations.    
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1985: The New Standard.  Meindl and Lovejoy (1985) wrote on a new method of 

measuring cranial suture closure, which replaced Todd and Lyon’s as the standard used by 

physical anthropologists (Zambrano 2005).  The authors, in the same vein as Lovejoy et. al 

(1985), point out that the extreme criticism of cranial suture closure in the 1950s came as the 

byproduct of a pursuit for one or two “highly reliable” age indicators, which had yet to appear 

and probably never would, due to the variable nature of the human skeleton.  Therefore, as many 

age indicators as available should be “systematically combined (Meindl and Lovejoy 1985:57).”    

Unlike most other studies, Meindl and Lovejoy (1985) inspected the ectocranial surface 

only, which was previously disregarded by Todd and Lyon and others for its tendency to stay 

open to extreme ages; the authors assert this simply makes it more valuable for aging older 

individuals, for whom new forensic standards were needed. Specific suture landmarks were 

selected and one-centimeter lengths were observed.  All sutures within the 1 cm circle were 

examined and all activity outside of that boundary was ignored (Moore-Jansen et. al 1994).  

Scores were recorded for each site with a simplified scale to facilitate repetition and consistency 

between observers (Meindl and Lovejoy 1958). This scale, from 0 to 3, based closure on one of 

four degrees (Table 2.2). 

 

TABLE 2.2.   

Meindl and Lovejoy Scoring System 
 (after Meindl and Lovejoy 1985) 

 
Score Description 

0 Open; there is no evidence of any ectocranial closure at the site; 

1 Minimal closure; Some closure has occurred.  This score is given for any minimal to moderate 
closure, i.e., from a single bony bridge across the suture to about 50% synostosis at the site; 

2 Significant closure; there is a marked degree of closure but some portion of the site is still not 
completely fused; 

3 Advanced closure.  Only pits indicate where the suture is located. 
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  17 suture sites were selected initially and scores were recorded on 236 crania from the 

Hamann-Todd Collection (Meindl and Lovejoy 1985:58-60).  Seven of these sites were later 

rejected based on a lack of association with age, openness to extreme age, poor interpretability of 

the site, asymmetry, and other factors.  The remaining ten landmarks were placed into two 

groups, labeled the vault and lateral anterior systems (Table 2.3, Figure 2.1). Composite scores 

for each system were calculated. 

 

TABLE 2.3. 

Cranial Landmarks and Systems  
(after Meindl and Lovejoy 1985:59) 

 
 1 Midlambdoid Midpoint of each half of the lambdoid suture 
 2 Lambda The intersection of the sagittal and lambdoidal sutures in the midline2 
 

3 Obelion 
At obelion (in “pars obelica” of the sagittal suture); point on the sagittal suture 
located at the level of the parietal foramina near the lambdoid suture 

 
4 Anterior Sagittal 

Point on the sagittal suture at the juncture of the anterior one-third and posterior 
two-thirds of its length 

 5 Bregma The intersection of the coronal and sagittal sutures, in the midline2 
6 Midcoronal Midpoint of each half of the coronal suture 
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7 Pterion 
A region of the upper portion of the greater wing of the sphenoid, usually the 
point at which the parietosphenoid suture meets the frontal bone 

 8 Sphenofrontal Midpoint of the sphenofrontal suture 
 

9 
Inferior 
Sphenotemporal 

Point on the sphenotemporal suture lying at its intersection with a line connecting 
both articular tubercles of the temporomandibular joint 
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10 
Superior 
Sphenotemporal 

Point on the sphenotemporal suture lying 2 cm below its juncture with the parietal 
bone 

 

 

Results showed that many of the single suture sites, and all five of the lateral-anterior 

system, correlated with age and show unique information (Meindl and Lovejoy 1985).  Among 

the specific site findings, pterion had the highest correlation and was best at differentiating age in 

the fourth decade.  Obelion, which had long been suggested as an early point of obliteration, 

indicated early growth changes in this study as well.  The lateral-anterior system was the best 

overall predictor of age and was more useful in the upper ages; whereas vault sutures commence 
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closure and often reach full obliteration, only one case of complete closure of the lateral-anterior 

sutures was observed.  Though the authors found that the lateral anterior system is more accurate  

 

 

Figure 2.1.  Location of cranial suture landmarks (from Meindl and Lovejoy 1985). 
 

 

than traditional scoring of the vault, they state that the relationship between suture closure and 

age is only general.  However, where others have tended to write off suture closure on this 

premise, Meindl and Lovejoy conclude: 

 

Any indicator which both significantly reflects biological age and whose  

informational content is independent of other indicators will be useful to a final age 

estimate, whether under forensic or archaeological conditions.  The above data 

demonstrate that cranial suture closure is such a criterion.  We do not wish to imply that 

aging by means of suture closure is not without risk; such is clearly not the case…further 

development of suture closure as an age indicator is certainly suggested by the present 
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study… [and] further refinements and blind tests may allow this indicator to once again 

achieve an important and functional role in age determination in both forensic and 

archaeological applications. [Meindl and Lovejoy 1985:65-66] 

 

 1985-2005: After Meindl and Lovejoy.  Masset wrote on the validity of suture closure in 

relation to age, paleodemographics, and sex in 1989.  In contrast to Meindl and Lovejoy (1985), 

Masset did not analyze the lateral sutures (tabula externa), citing a study by Ferraz de Macedo 

that found very poor correlations of the lateral sutures with age.  Observing the Lisbon 

collection, he applied the same scoring method established by Broca (1875) and adapted by 

Ribbe (in which the first and last scores (0 and 4), no union and complete union, are combined 

with scores 1 and 3 respectively).  Regression equations were incapable of accurately assigning 

ages, with no common boundary isolated between estimated and real ages.  In his conclusion, 

Masset (1989:95-99) poses the question of whether or not it is valid to employ cranial suture 

closure to estimate age in ancient populations.  He suggests that one explanation for differences 

in suture closure trends across populations separated temporally may be a secular trend for suture 

closure, possibly as a move to sedentary life.   

 Bedford et. al (1993), in further development of a multifactorial aging method, tested four 

age indicators, the pubic symphysis, auricular surface, proximal femur and clavicle.  Cranial 

suture closure and dentition were not utilized due to the method of cranial dissection in the 

collection observed (55 skeletons from the Grant collection).  The authors, following Lovejoy et. 

al (1985), hold to the concept that as many age indicators as available should be applied.  When 

seriating a sample based on one-year ages rather than five-year groups (Acsádi and Nemeskéri 

1970), it is suggested that any current age indicator, including cranial suture closure, is useful 
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within the multifactorial method; whatever errors exist for each indicator can be weighted 

against all the other age indicators and, therefore, minimized. The results showed a higher 

correlation with age when using the multifactorial age than for any single indicator and a 

“reasonably low” amount of interobserver error (p. 296).  

 Interobserver error in aging methods has been addressed by Galera et. al (1995).  An 

extensive application of age indicators and methods were chosen, including four cranial suture 

closure methods (Acsádi and Nemeskéri 1970, Masset 1982, Baker 1984, Meindl and Lovejoy 

1985), Acsádi and Nemeskéri’s complex method, and Lovejoy et. al.’s multifactorial method 

(pp. 230-31).  A sample of ten out of 963 skeletons from the Terry Collection, which had all 

previously been observed by the primary author, was chosen. The other two authors 

independently observed the ten skeletons from this collection, and the data for all three authors 

was compared.  No statistically significant differences were found between the three observers 

for any of the cranial suture closure methods (excluding Acsádi and Nemeskéri, which was not 

discussed).  The least amount of interobserver error was found for the Meindl and Lovejoy 

method and the greatest in the Masset method, due to its wider scale for degrees of obliteration.   

 Key et. al (1994) compared the methods of Acsádi and Nemeskéri, Perizonius, and 

Meindl and Lovejoy and created a new method for estimating age at death using cranial suture 

closure.  183 skulls from Spitalfields, London were observed ectocranially and endocranially.  In 

comparing the results with those reported by Acsádi and Nemeskéri, no significant differences 

were found for age according to means and variances.  The authors confirmed the previous 

findings but still suggest that the Acsádi and Nemeskéri method should only be applied within 

wide age ranges.  In comparison with the Meindl and Lovejoy method, the Spitalfield mean ages 

were much higher, supporting an “interpopulation difference” in suture closure.  Delayed suture 
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closure was also more common.  In Perizonius’ method (1984), both age systems (for individuals 

under and over the age of 50) were unsuccessful in correctly aging a larger number of the 

Spitalfields crania.   

Due to the limited applicability of these previous well-established methods on a different 

population, Key et. al (2004) introduced a new, simpler scoring method, designed to better 

address group variation. With the new method, approximately 70 percent of the sample was aged 

accurately.  The authors concluded that the problematic nature of suture closure is not “a reason 

for despair but a challenge for the creation of more sophisticated methodologies….the results are 

sufficiently promising to merit further study (Key et. al 1994:205-206).”   

Hershkovitz et. al (1997) took up the problematic nature of cranial suture closure in an 

article entitled, “Why Do We Fail in Aging the Skull from the Sagittal Suture?”  Summarizing 

the tumultuous and controversial history of suture closure studies since the 1950s, the authors 

point out that, though it seemed Perizonius’ work (1984) would bury suture closure as an age 

indicator for good, a “revival was sparked” by Meindl and Lovejoy (1985) through their 

emphasis on the lateral-anterior sutures as better indicators of age than the vault system 

(Hershkovitz et. al 1997:393-94). Hershkovitz et. al suggest that two subjective and non-factual 

assumptions have encompassed previous suture closure studies.  Most authors have assumed that 

suture closure is a progressive and normal result of aging and, more specifically, that different 

segments of each suture are ontogenetically different.  The authors of this paper, therefore, set 

out to eliminate such “preconceived notions” and evaluate what factors actually do affect suture 

closure.   

 Hershkovitz et. al (1997) observed the sagittal suture only on 3,636 skulls from the 

Hamann-Todd and Terry Collections.  A different method of observation was used than any 
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performed previously.  The entire suture, from end to end, was measured with a tape, to calculate 

a total suture length.  Then, the portions of the suture exhibiting openness were measured, and a 

percentage of openness for the entire suture was recorded.  Such a method limits the degree of 

interobserver error and subjectivity found in methods that divide each suture into several, widely 

interpreted segments.  “Conditions” were recorded as totally closed (no sign of the sagittal 

suture), partially closed (less than ten percent of the suture open), totally open (“clearly visible 

with almost no interruptions along its entire length,” with “minor closure at the area of the 

parietal foraminae” ignored), partially open (ten to 90 percent of the suture open), and premature 

suture closure (closed sagittal suture in individuals from five to 18 years of age).  The 

frequencies of “Double Y” closure, a condition in which the sagittal suture is closed but the 

coronal and lambdoid sutures remain open, tuberculosis (TB), and hyperostosis frontalis interna 

(HFI) were also recorded to test for the degree of correlation of suture closure with genetic and 

pathological factors.   

 Results showed no “progression” of suture closure after the age of 35.  The authors 

conclude that a “reproducible relationship” between age and suture closure is not possible, which 

“precludes [suture closure from] forensic application and severely limits its value in 

paleodemography (Hershkovitz et. al 1997:398).”   This, however, is a general statement 

including all suture closure, when only the sagittal suture was observed in this study.  Evidence 

for a genetic component, based on the presence of “Double Y” suture closure, was bolstered.  

HFI and TB were not associated, leading the authors to include that suture closure is a sexually 

biased, age-independent, and non-pathological phenomenon, “with minimal identifiable stress 

(biological) association.”   
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 Though this was a valuable study and certainly does show definitive evidence on a large 

sample for excluding the sagittal suture from age estimation, it is interesting that the authors 

chose to only look at the sagittal suture, and at the suture as a whole, when Meindl and Lovejoy 

had previously established the greater reliability of the lateral-anterior sutures, and when it has 

long been documented that different areas of the sagittal suture commence and complete closure 

at various times and rates.  To this day, though Meindl and Lovejoy’s method has remained the 

standard in forensic and archaeological age estimations, additional research on the lateral-

anterior sutures has been limited.   

 In 2005, Zambrano observed a total of 388 crania, both forensic and documented, from 

three different skeletal collections.  Scores were recorded for 18 ectocranial, seven endocranial, 

two facial, and four palatal suture landmarks (following Meindl and Lovejoy (1985) and 

Nawrocki (1998), while adding two additional landmarks).  Results showed that regression 

equations evaluating a greater number of landmarks more accurately portray the continuous 

variability of “real” populations.  Like Perizonius found, all the equations exhibit high error 

values in the older decades, but the author concludes that regression equations do work for the 

cranial sutures, and cranial suture closure does significantly correlate with age. 

 

Recent Attempts with Technological Methods.  Though advances and modifications have 

been made in studies on cranial suture closure and aging, such as identification of the cranial 

surfaces and specific suture sites most valuable for age estimation, the scientific protocol utilized 

to limit bias and interobserver error, and the scoring techniques used, all the methods previously 

discussed were traditional in nature, with even the most recent studies bearing the same key 

framework as those first published in the 19th Century (Hershkovitz et. al 1997).  All of these 
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studies were based on qualitative observations of degrees of suture closure, in which rank-

ordered, nonparametric correlations were analyzed between discrete values of observation (Key 

et. al 1994, Lynnerup and Jacobsen 2003).  For example, the Meindl and Lovejoy method 

signifies that a score of “1” is recorded to “about 50% synostosis” and a score of 2 is a “marked 

degree of closure (Meindl and Lovejoy 1985:58).”  The difference between these two scores was 

considered a significant judgment, but the authors believe that the system is “highly repeatable,” 

since only a few contrasting scores were recorded between observers.  Though this is true, one 

still wonders how “about 50% synostosis” can be observed qualitatively.  And how does 49 

percent differ from 51 percent to the human eye?  And as for a score of “2”, what does a 

“marked degree of closure” mean (Hershkovitz et. al 1997)?  One can assume that they are 

referring to synostosis greater than 50 percent but less than 100 percent.  Though the small 

amount of interobserver error is a testimony to the validity of this method, the question should 

still be asked, “How can we get past such discrete values and actually measure how closed the 

suture is?” 

  Singer (1953:59) stated, “evidence is provided that, with techniques available at present, 

an assessment regarding the precise age at death of any individual, gauged only on the degree of 

closure of the vault sutures of the skull, is a hazardous and unreliable procedure.”  Thankfully, 

with the development of technology, new methods of research on suture closure can be 

developed, and data can now be collected more efficiently and from different perspectives.  Few 

authors to date have attempted to assess cranial suture closure in a manner that is “outside the 

box,” incorporating advances in technological analysis into their approach of suture closure.   

 In 2003, Lynnerup and Jacobsen attacked this issue by attempting a new approach.  They 

state, “while it seems that there may be age-related changes in terms of ossification and the 
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degree of obliteration of the sutures, it has been difficult to develop unbiased and definite criteria 

(p. 332).”  Scoring systems are often subjective and the location of suture sites can be 

confounding.  Due to the irregular morphology of sutures, the authors proposed that fractal 

geometry might shed some light. Lynnerup and Jacobsen calculated fractal dimensions of the 

sagittal and coronal sutures on 31 White crania of known age and sex from the Terry Collection.  

The dimensions were taken by placing tape over the sutures, tracing the whole suture with a felt 

pin, and using a digitizer to input the tracings (along with a 1 cm scale) as images into a 

computer.   

Results showed that the fractal dimensions of the two sutures were highly correlated with 

one another, but neither was significantly correlated with age (Lynnerup and Jacobsen 2003).  If 

a relationship existed, fractal dimensions would decrease as age increased (a negative 

correlation).  A steady decrease in the fractal dimension occurs until age 40, but after that point, 

no relationship is observed.  Additionally, some individuals of advanced age lacked sutural 

obliteration.  The authors suggest, following Perizonius, that suture closure may play a role in 

potential life span or have other evolutionary benefits based on elasticity, force patterns, and 

chromosomal anomalies leading to premature suture closure.  No significant sexual dimorphism 

was found, but the authors admit that such a small sample size provides little input on its 

presence or absence.  

 Though “theoretically unbiased”, the study was no more precise than previous aging 

methods of cranial suture closure and “at best” showed some of the same difficulties other 

studies had in signifying the weak relationship between suture closure and age (Lynnerup and 

Jacobsen 2003).  It was concluded that over 40 years of age, suture growth is unrelated to age 

and is controlled by other biological factors that are poorly understood.  Due to this poor 
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understanding, the authors call for the necessity of longitudinal data and a continued refinement 

of quantifiable and unbiased methods. 

 Another preliminary technological approach for age estimation of the skull was reported 

recently in the Journal of the Indian Academy of Forensic Medicine.  Singh et. al (2004) set out 

to address directly the same issue that Lynnerup and Jacobsen found: individuals over the age of 

40 present a problem in correlating suture closure with age.  Analyzing 100 living individuals 

from the ages of 40 to 70 years (divided into five equal stages), the authors CT scanned three 

axial sections of the skull in order to analyze the degree of closure of the lambdoid, parieto-

mastoid, coronal, and squamous sutures.   

As the report was small, exhibited a definite language barrier, and did not explain results 

or how the method of scoring suture closure from a CT scan was performed, this study represents 

the first attempt to “actually observe” the ossification of sutures in association with age, as 

Meindl and Lovejoy (1985:57) stated was a problem with traditional suture closure studies.  If 

CT scans are found useful in accurately and precisely scoring suture closure, the issue over 

which factors, including age, contribute to suture closure would be put to rest.  This could only 

occur, however, through longitudinal studies on the same, living individuals, both young and old, 

allowing anthropologists to actually see suture closure in motion.    

 

Sex and Suture Closure 

Data on sex differences, based on the morphology of the skull, have been widely 

published and utilized in most forensic and archaeological contexts by physical anthropologists 

(Keen 1950).  Though the cranial sutures and their degree of closure and morphology have 

primarily drawn interest in age estimation studies, several authors have looked at variations in 
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sex (Hauser et. al 1991).  This information is necessary, since differences in suture closure and 

morphology based on sex would require the creation of unique standards for males and females.   

  In 1905, Parsons and Box reported that suture closure in females typically commences 

later than in males.  Todd and Lyon (1924), however, suggested that sex differences were 

insignificant to suture closure, despite the fact that only males were observed.  As Todd and 

Lyon’s method was long accepted as the standard, many authors assumed that sex could be 

ignored.  Brooks (1955), though, concluded what Parsons and Box had earlier, that female 

cranial sutures tend to remain open much more frequently than in males; cranial suture closure is 

somewhat sexually dimorphic, and it should not be used as any more than  “a secondary 

confirmation, with caution” in males and never in females (p. 586). 

On the contrary, Acsádi and Nemeskéri (1970) calculated total scores for each suture on 

208 male and 144 female crania.  The authors found no significant differences in mean suture 

closure stages, either ectocranially or endocranially, based on sex.  Perizonius (1984) confirmed 

this using the same method.  The same year, however, Baker (1984), using a different method, 

concluded that sex differences were significant.  The males from a Los Angeles sample exhibited 

suture obliteration at a younger age than the females (Baker 1984).  Baker suggested that 

ectocranial suture closure is not useful for males but can be applied limitedly for females (the 

opposite of Brooks’ suggestion) and that age estimates should not be made without first 

identifying the sex of the individual.  Though these findings may have been significant, Meindl 

and Lovejoy (1985) reported no statistically significant differences in patterns of cranial suture 

closure based on sex using their method.   

Due to the large amount of conflicting data up to 1985 and the rise of Meindl and 

Lovejoy’s method as a new standard, it became generally accepted that sex did not need to be 
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addressed before applying age estimates.  However, more recent authors disagree.  Key et. al 

(1994) found, in a comparison of three popular scoring methods and two populations, that sexual 

dimorphism was significant and females demonstrated a greater correlation with age.  Hauser et. 

al (1991) observed the patterns, both size and shape, of the cranial sutures.  Suture segments of 

the coronal, lambdoid and sagittal sutures were scored on 35 male and 35 female crania 

according to their degree of maximal shape extension, basic configuration and secondary 

protrusions.   Results showed heterogeneity for all three criteria of all three sutures, but 

differences in sex were minimal.  Hershkovitz et. al (1997) reported that the sagittal suture of 

females more frequently remained patent, until age 65, than in males.  Zambrano (2005) also 

established a clear relationship between sex and suture closure.  Females were better correlated 

with age from the vault and endocranial sutures whereas males had the strongest correlation in 

the lateral-anterior system.  Sex was determined, therefore, to influence the pattern and rate of 

suture closure.  

 

Group Affiliation and Suture Closure 

Just as sex has been considered in cranial suture closure studies, group affiliation has also 

been addressed, though in a limited number of populations.  In 1856, Gratiolet reported that 

union occurs earlier in Black individuals than Whites (Todd and Lyon 1924, Ashley-Montagu 

1938).  Todd and Lyon (1925b, 1925c) also compared data on endocranial and ectocranial suture 

closure in White and Black males.  Though individual variation in the Black crania was greater 

(leading to the authors’ rejection of 41 “abmodal” skulls), no significant differences emerged in 

the trends of suture closure due to group affiliation, thus leading the authors to deduce that “there 

is one modal type of human suture closure upon outer and inner faces of the cranium, common to 
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White and Negro stocks (Todd and Lyon 1925b:71,1925c:168).”  Later authors (Singer 1953, 

Brooks 1955, Lovejoy et. al 1985, Masset 1989, Key 1994) attempted to address how 

correlations of suture closure with age are skewed on different populations, especially when 

contrasting archaeological and forensic cases.  It was suggested that the data collected on a 

modern population could not be directly applied to archaeological remains or mortality rates 

would be skewed.  Adjustments to the methods used, then, are necessary.  Perizonius (1984) 

found no significant differences in mean endocranial closure, for all age groups, of Amsterdam 

skulls in comparison with the Hungarian sample observed by Acsádi and Nemeskéri (1970).  

However, the Hungarian crania had a higher mean closure stage for every age group.  It was 

suggested that this difference could be attributed to changes in lifestyle from the beginning of the 

20th century to its middle.  Meindl and Lovejoy (1985) found no significant differences in suture 

closure based on group affiliation.  
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CHAPTER III 

MATERIALS AND METHODS 

Instrumentation 

The DIAGNOdent Laser Caries detector (Figure 3.1), created by the KaVo Dental 

Corporation (2007), is a tool used in dentistry to detect incipient or subsurface dental lesions.  

The device outputs laser light through fiber optic tubing into a probe tip and onto the surface of 

the tooth.  Light then reflects off the surface, passes back through the tip and tubing into the unit.  

Two-way optics quantify the reflected laser light energy, which is displayed as two numerical 

outputs on the device (Figure 3.2). 

 

  Figure 3.1; 3.2.  DIAGNOdent Laser; DIAGNOdent design (KaVo Dental Corporation 2007). 

 

Two numbers are displayed, known as the moment and the peak.  The moment is the 

actual amount of reflected light at the tip’s current position whereas the peak is the maximum 

amount of reflected light in one pass of the tip.  Both the moment and peak can output numbers 

from 00 to 99, corresponding to the amount of light reflected, with 00 representing no 

fluorescence and 99 complete penetration of the light through the surface.  It should be noted that 



 43

completely open sutures (no closure endocranially or ectocranially) might not produce a reading, 

as the light is not making contact with any surface.  In such cases, a score of 100 will be 

recorded.  In an initial study at the WSU Biological Anthropology Laboratory (Moore-Jansen 

and Kirk 2005, Kirk and Moore-Jansen 2006), both the moment and peak numbers were 

recorded for each suture site and extrasutural points.  Analysis showed that the moment 

measurements are not useful; only the maximum amount of light reflected at a point (the peak) is 

desired.  For this reason and due to time constraints, only the peak number was recorded for each 

measurement in the current research. 

Two types of probe tips, labeled A and B, are provided with the DIAGNOdent.  Tip A 

has a conical shape, designed to probe fissure areas of teeth.  Tip B has a flat tip for use on flat 

surfaces.  Only tip A was used to record data as its design for fissure areas can provide better 

access to sutures.  Below the tip is a gray ring that turns on the device and resets the digital 

display to “00” (for both the moment and peak).  This ring is pressed, therefore, between each 

measurement. 

Calibration is a primary concern when working with the DIAGNOdent laser device.  A 

small ceramic disk, set to a reading of 78, is provided with the DIAGNOdent to which the probe 

tip is calibrated (Figure 3.3).  Additionally, the unit was designed so that calibration to a healthy 

tooth on each individual, as a means of establishing scores for healthy teeth versus those with 

caries, could be established.  It is suggested that the same method of calibration can be applied to 

cranial sutures; the non-sutural, denser bone surrounding the suture joints can provide this 

calibration.  The concern has been addressed as to how a device created and calibrated for teeth 

can be applied to bone and sutures.   The DIAGNOdent was designed to operate at a wavelength 

of 655 nm because histological and in vivo research showed a distinct correlation between the 
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fluorescence of bacterial metabolites and the presence of decay at this wavelength (Jeff 

Thibadeau, email, September 6, 2007, KaVo Dental Corporation 2007).   

 

 

Figure 3.3.  Calibration of the DIAGNOdent to ceramic disk (KaVo Dental Corporation 2007). 

 

It is possible that a recalibration of the operating wavelength to more properly account for 

the structure of bone and suture joints would aid in bridging the gap between the two fields.  To 

tackle this issue and two other factors that would aid in data collection (an external power source 

and a computer interface option for direct data entry), a proposal was sent to the KaVo Dental 

Corporation in hope that they would be willing to address this issue with us and design a model 

of the DIAGNOdent more suited for bone.  A positive response was received from the company, 

but the timescale for such an endeavor was too great in order to be incorporated into the present 

study and they were presently unaware of how the laser device would relate to sutures and bone 

density.  Communication will be continued with KaVo, however, in hope of collaboration for 

future research.  For the current study, it is believed that the original device will still provide 

invaluable data as to the feasibility and accuracy of the method.  By calibrating the suture areas 

to surrounding bone, as will be discussed later, this can be accomplished.   
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Data Collection 

An adult sample of 196 black male crania from the Hamann-Todd Skeleton Collection, 

housed at the Cleveland Museum of Natural History in Cleveland, Ohio, was chosen at random, 

with individuals ranging from 18 to 105 years of age.  An emphasis in selection was placed on 

three main age groups, 20 to 30 years, 35 to 50 years, and 60 plus, in order to best account for 

the periods of time where suture closure is most active and where little consistent data has been 

found (older individuals).  Individuals from all other adult ages were chosen as well to create a 

continuous and random sample.  Each year increment, from 20 to 73 years of age, was 

represented by at least one individual in the sample, and the mean age of the entire sample was 

44.88 years.  Ten-year age groups were also utilized in order to test the accuracy of the method 

based on different age periods (Table 3.1).    

 

TABLE 3.1 

Sample Size and Means of 10-year Age Groups 

Age Groups N Percent Mean 
18-27 35 17.9 23.20 
28-37 46 23.5 32.65 
38-47 36 18.4 42.25 
48-57 27 13.8 51.37 
58-67 30 15.3 62.53 
68+ 22 11.2 77.23 

Total 196 100.0 44.88 

 

 

Only Black males were used for two reasons.  The number of crania representing females 

(both Black and White) in the collection was much smaller than that of males, negating the 

ability to assess a full age range from young adult to advanced age and limiting sample size.  
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Black males were chosen over White males also based on a better representation over a large 

range of ages.  Only one sex and group was necessary for this research as it is a preliminary 

study to address a new methodological approach.  Limiting the demographic variables, therefore, 

to age alone will better isolate any relationship, or lack thereof, that exists between the two, 

without other factors, such as between-group or sex variation having any effect.  Additionally, it 

has been accepted, primarily as the result of  Meindl and Lovejoy’s study, that sex and group are 

unrelated to suture closure, though other authors have found exactly the opposite (Baker 1984, 

Key 1994).  If the results of this study are promising, future endeavors would seek to address the 

wider variability present in different sexes and groups.   

The landmarks, suture systems, and scoring established by Meindl and Lovejoy (1985) 

were applied.  One centimeter sections of each landmark were recorded a score from 0 to 3 for 

each individual; the actual ages were concealed from the observer until all the skulls for each 

crania were recorded.  These qualitative readings were taken for several reasons.  Though the 

Meindl and Lovejoy method is employed on a regular basis by physical anthropologists, 

additional data on the same collection observed by Meindl and Lovejoy will aid in a continued 

assessment of the accuracy and repeatability of the method.  Other authors have found 

contradictory results using this method on the same (Hershkovitz et. al 1997) and different 

collections (Key 1994).   Moreover, results from the standard method will be compared to the 

measurements taken under the current method of investigation that incorporates laser readings.  

In other words, a poor correlation between the Meindl and Lovejoy scores and the DIAGNOdent 

scores would most likely suggest either an inaccuracy, or greater accuracy, of the latter.  Though 

all crania were analyzed and none were rejected based on presumably “abnormal” behavior, so 

as to not repeat Todd and Lyon’s mistake, the Meindl and Lovejoy scores will assist in pointing 
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out individuals with premature obliteration or prolonged patency and how the laser scores 

correspondingly measure such individuals.          

The quantitative measurements, using the laser device, were recorded at each of the 

suture landmarks established by Meindl and Lovejoy (1985).  The individual ID number, sex, 

age, group, suture scores, and Y points were recorded on a form and later entered into an Excel 

spreadsheet.  Profile information on each individual was available from established records of 

known individuals in the collection.  Though some authors have pointed out the inaccuracy of 

age data on individuals from the Hamann-Todd Collection, it is believed that all ages are 

accurate.  Individuals that had been assigned age ranges or had conflicting ages (i.e. assigned a 

different age in the collection spreadsheet than the age written on the box) were not used in this 

study.   

A total of 16 landmarks were measured, four single (bregma, anterior sagittal, obelion, 

and lambda) and six paired (left and right midlambdoid, midcoronal, pterion, sphenofrontal, 

inferior sphenotemporal, and superior sphenotemporal). Four scores were recorded for each 

landmark, one suture score and three extrasutural “Y” points.  The suture score, like in Meindl 

and Lovejoy, was based on the evaluation of a one-centimeter section of the suture site.  A 

physical boundary representing this area was necessary to facilitate the laser readings.  This was 

established by using a #10 washer, which has an inner diameter of approximately 1.05 

centimeters.  In the preliminary study, the landmarks and Y points were marked with a pencil.  

However, this proved too time-consuming as well as ineffective due to the inability of the laser 

to penetrate the graphite marks of the pencil.  The washer method eliminated this problem and 

greatly facilitated measurement.   The washer was centered over each landmark (Figure 3.4).  
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Suture scores were recorded by running the laser over the entire suture within the boundary of 

the washer.   

The Y points are three, equidistant points surrounding each suture site (Figure 3.4).  They 

represent a sampling of the bone directly adjacent to suture joints; by taking three measurements, 

a good sampling of the variability in bone density and surface area for the whole perimeter of a 

suture site can be gained.  Since suture joints represent the junction of one or more bone, the 

three Y points surrounding them are never located all on the same bone and may be on as many 

as three separate bones.  Y1 was always oriented to represent the most superior Y point on 

horizontal sutures and the most anterior on vertical sutures (with the exception of midlambdoid 

and lambda).  In order to measure the Y points, three equidistant markers were engraved into the 

edges of the washer and labeled as Y1, Y2, and Y3. For consistency and the ability to further 

address the changes in bone at specific points surrounding the suture landmarks, the washer was 

always positioned in the same direction.  Y scores were recorded by placing the DIAGNOdent 

tip at the inner edge of the washer at each marker.  Small depressions, foramina, or connecting 

sutures were avoided when measuring these points so that readings on solid bone only were 

obtained.   

Since the device can lose precise calibration gradually (rarely in less than 25 

measurements), calibration checks were taken routinely (when beginning measurements on each 

skull and before measuring the left and right lateral anterior sutures) and the device was 

recalibrated as needed.  A calibration was always performed before starting measurements on 

each skull. 
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Figure 3.4.  Position of Y points and washer (after Singer 1953, Meindl and Lovejoy 1985). 

 

The three Y points were recorded for several reasons.  Analogous to comparing the laser 

readings on both healthy and decayed teeth, the Y points should aid in the expression of 

differences between solid, denser bone and suture joints. It is hypothesized that less light will 

reflect off of solid bone because of its higher density and smaller surface area.  As sutures 

obliterate, therefore, the laser readings should decrease and approach the laser readings of the Y 

points.   The Y points should not correlate with age, as the portion of surrounding bone measured 

by the laser (tabula externa) presumably remains similar in structure from young to old age.  By 

establishing a consistent location for the Y points on all crania, a greater understanding of 

density and surface area variability of the skull and structural changes related to age can be 

gained.   

The Y points were also measured in order to more precisely calibrate the laser device to 

each individual cranium. Human crania vary greatly in size and density.  Therefore, two crania 
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that have a nearly identical degree of suture obliteration may express a different laser suture 

score based on varied bone structure.  During analysis of the data, the sutural areas were 

weighted against the surrounding bone to assess fluctuations from individual to individual.  An 

additional factor that was addressed through calibration is the preparation of the bone.  When 

bone retains a greasy surface after cleaning, the laser readings tend to be higher.  By calibrating 

the suture areas of a greasy cranium to the surrounding bone of the same cranium, error in the 

laser readings from individual to individual can be limited. 

 

Data Analysis 

The qualitative and quantitative scores from each suture landmark and its Y points were 

analyzed with univariate statistics in SPSS 16.0.  Frequencies of scores, means, standard 

deviations, and ranges were calculated for the uncalibrated suture scores and Y points.  In order 

to compare the degree of accuracy of the laser device and the relationship with age, suture scores 

were also calibrated to the surrounding bone.  This additional calibration to the Y points was 

accomplished in two ways.  First, for the assessment of means and correlations, a calibrated 

suture score was calculated by dividing the suture score by the mean of all three Y points.  

Second, the Y points were assessed individually with the uncalibrated suture score (calibrated to 

the ceramic disk only without additional calibration to the Y points) by linear regression 

analysis.   

The three Y points were analyzed independently by means, standard deviations, and 

Pearson correlations in order to determine the pattern, if any, for the laser readings and how it 

might relate to bone density, surface area, and age.  Linear regressions and correlations were 

used to address the relationship between suture closure and age.  These statistics were applied to 
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the whole sample as one continuous group and to ten-year age groups.  The landmarks were 

analyzed independently and as a composite score for all ten landmarks.    

 For comparison with the Meindl and Lovejoy method, means and standard deviations of 

the laser scores and the qualitative observations were calculated for the vault and lateral anterior 

systems.  Correlations were used to assess the relationship between the laser readings and the 

Meindl and Lovejoy observations, and the relationship between each method and age.   
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CHAPTER IV   

RESULTS 
 

Suture and Extrasutural Comparison 

Before any relationship with age should be addressed, it is first necessary to determine 

the accuracy and consistency of the laser readings independently.  If the readings are inaccurate 

in themselves, then further investigation would only be acceptable through the utilization of a 

more compatible device.  The following null hypotheses were tested in regards to the accuracy of 

the laser instrumentation. 

• Suture joints are less dense and/or have a higher surface area than the surrounding bone 

and will therefore express higher readings with the laser device. 

• As sutures approach complete obliteration, their laser scores will decrease and become 

equal to or close to the same scores obtained from the surrounding bone.   

 

When observing the entire age sample, the scores and means for all suture landmarks 

were significantly higher than those of the three surrounding Y points.  The calibrated suture 

scores, for instance, were 1.71 to 2.44 times higher than the mean of the Y points for each suture 

landmark (Table 4.1, 4.5).   This data strongly supports the hypothesis that the laser readings 

properly detect the differing morphology of sutures and solid bone.   

The laser device was extremely accurate and consistent in its readings of both the sutures 

and Y points.   When left and right sides were measured, completely independent of one another, 

the furthest distance between any of the landmark’s paired composite scores was 1.94 on a scale 

of 00 to 99 (Sphenofrontal).  Midlambdoid and Lambda exhibited the highest three suture scores 

(Table 4.1, 4.2).  Two factors likely contribute to this finding.  As authors since the 19th Century 
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have observed, the lambdoid suture is usually one of the last sutures to commence closure and 

reach obliteration.  The prolonged patency of this suture, therefore, is evident by the higher mean 

laser readings.  Furthermore, the lambdoidal suture contains the greatest  

 

TABLE 4.1 

Means and Standard Deviations of Calibrated Suture Scores 

Calibrated scores N Range Mean Std. Deviation Variance 

Bregma 190 24.12 2.2477 2.22922 4.969 

Anterior Sagittal 190 19.20 1.9268 1.86877 3.492 

Obelion 190 7.17 1.7080 1.02061 1.042 

Lambda 190 12.89 2.2326 1.55197 2.409 

Midlambdoid 191 6.58 2.4418 1.25756 1.581 

Midcoronal 195 24.89 2.2777 2.11569 4.476 

Pterion 193 8.61 2.0084 1.16293 1.352 

Sphenofrontal 196 8.31 1.8530 .90856 .825 

Inf. Sphenotemporal 196 8.62 1.8253 .96659 .934 

Sup.Sphenotemporal 187 5.25 1.7543 .82755 .685 

 

TABLE 4.2 

Means and Standard Deviations of Uncalibrated Suture Scores (by decreasing means) 

Uncalibrated scores N Range Minimum Maximum Mean Std. Deviation Variance 

Midlambdoid 196 91 10 100 58.51 28.81 829.9 

Lambda 195 94 6 100 50.83 30.69 941.9 

Inf. Sphenotemporal 196 89 10 99 47.89 23.95 573.8 

Pterion 195 91 9 99 41.41 22.63 512.1 

Sup. Sphenotemporal 193 89 10 99 41.21 22.00 484.1 

Bregma 195 92 8 100 40.75 27.64 763.8 

Obelion 195 93 7 100 39.46 27.50 756.0 

Midcoronal 195 92 7 99 39.38 23.92 572.3 

Sphenofrontal 196 91 9 99 39.32 22.07 486.9 

Ant. Sagittal 196 94 6 100 36.35 26.55 704.8 
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amount of interdigitation, meandering, and wormian activity, and since the laser scores were 

taken by scanning the entire suture within a one-centimeter area, the amount of suture scanned at 

these two landmarks is greater and, therefore, the laser reading is higher.  Conversely, the suture 

landmarks that typically exhibit a simple structure have lower mean scores.  It can be concluded 

that the laser scores tend to increase with increasing morphological complexity of the sutures.  

 

Extrasutural Variation 

 Results showed that the Y points are not correlated with age for any of the suture 

landmarks, as was predicted.  The Y points, however, are highly correlated with the suture score, 

with correlations no lower than .38 and as high as .76.  This is valuable in that it validates the 

calibration method employed for this study.  Additionally, a near perfect linear correlation was 

present between the three Y points for every suture landmark.  On the scale from 00 to 99, the 

means and standard deviations were typically within a ±1 range for all three points.    Such data 

not only shows the accuracy of the laser device when used on a large sample but also gives a 

clearer picture of bone structure of the skull.  An example of this can be seen in Table 4.3 for the 

superior sphenotemporal landmark. 

 The Y point scores were also assessed to determine how the laser interpreted the bone 

structure on three sides of the suture landmark and moving from one landmark to another.  One 

example is with bregma (Table 4.4).  Though it may not be significant, the Y1 point, located on 

the frontal bone, exhibited a smaller degree of variability compared to Y2 and Y3, which are 

found on each of the parietals.  The differences in bone structure of the frontal bone as compared 

to that of the parietals may be related to this finding.  Additionally, the means of the Y points for 

each landmark were compared and an intriguing result was found.  The laser readings follow a 
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definite trend, starting at bregma and moving through the rest of the skull, for an increase in 

mean scores in a continuous posterior and inferior direction (Table 4.5).   

 

TABLE 4.3 

Pearson Correlations for Superior Sphenotemporal (n=191) 

  Age Suture SS Y1 SS Y2 SS Y3 

Age 1.000 .184 .426 .420 .441 

Suture .184 1.000 .687 .652 .660 

SS Y1 .426 .687 1.000 .882 .882 

SS Y2 .420 .652 .882 1.000 .931 

Pearson Correlation 

SS Y3 .441 .660 .882 .931 1.000 

Age . .005 .000 .000 .000 

Suture .005 . .000 .000 .000 

SS Y1 .000 .000 . .000 .000 

SS Y2 .000 .000 .000 . .000 

Sig. (1-tailed) 

SS Y3 .00 .000 .00 .00  

 

 

TABLE 4.4. 

Suture and Y Scores for Bregma 

 Mean Std. Deviation N 

Age 44.98 17.512 195 

Bregmasut 40.75 27.637 195 

BregmaY1 19.54 9.628 195 

BregmaY2 19.52 10.875 195 

BregmaY3 20.03 10.891 195 
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TABLE 4.5. 

Means and Standard Deviations of Composite Y Points (All Ten Landmarks) 

Y mean composite N Range Minimum Maximum Mean Std. Deviation Variance 

Inf. Sphenotemporal 196 93.83 5 99 30.52 19.07 363.5 

Sup. Sphenotemporal 191 87.50 5 93 26.95 18.64 347.5 

Midlambdoid 196 67.33 7 75 26.16 14.31 204.9 

Pterion 194 89.83 3 93 24.24 16.33 266.6 

Sphenofrontal 196 89.83 3 93 24.03 15.68 246.0 

Lambda 195 83.33 4 87 24.01 14.18 201.0 

Obelion 195 92.67 6 99 23.26 14.17 200.9 

Anterior Sagittal 196 73.00 4 77 20.11 11.89 141.3 

Midcoronal 195 69.83 3 72 19.92 11.58 134.0 

Bregma 195 49.33 2 51 19.70 9.92 98.4 

 

 

Age Relationships 

 The relationship of cranial suture closure with age in the current method was investigated 

through linear regression and correlation analysis.  Statistics were applied both to the entire 

sample as one unit and to the sample split into ten-year age ranges.  These same forms of 

statistical analysis were tested on both the uncalibrated suture scores and the suture scores 

calibrated according to the Y points for individual landmarks and a composite of the ten suture 

sites.     

 

Continuous Age Analysis 

Uncalibrated Suture Scores.  The uncalibrated suture scores for each of the ten landmarks 

were analyzed.  Pearson correlations showed weak, but significant negative correlations with age 

for bregma, anterior sagittal, obelion, lambda, and midlambdoid (Table 4.6).  The lateral anterior 
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sutures, however, with the exception of midcoronal, exhibited positive correlations with age.  

This data is presumed insignificant.  The positive correlations for the lateral anterior sutures call 

into question whether or not the negative correlations for the vault sutures are of value or are 

coincidental.  The highest correlation with age was exhibited by bregma (-.211).        

 

TABLE 4.6. 

Pearson Correlations with Age (Uncalibrated Suture Scores) 

LANDMARKS R Sig. (1-tailed) N 

Bregma -.211 .002 195 

Anterior Sagittal -.172 .008 196 

Obelion -.139 .027 195 

Lambda -.125 .041 195 

Midlambdoid -.151 .017 196 

Midcoronal -.043 .275 195 

Pterion .137 .028 195 

Sphenofrontal .248 .000 196 

Inf. Sphenotemporal .216 .001 196 

Sup. Sphenotemporal .185 .005 193 

  

 

Calibrated Suture Scores. The calibrated suture scores showed significant correlations 

at the .05 level for all suture landmarks and at .01 for five landmarks (Table 4.7).  Of interest, it 

is noted that all of the vault sutures had weaker correlations based on the calibrated suture score 

than the uncalibrated suture score.  All of the lateral anterior sutures, on the other hand, were 

insignificant for the first method but exhibit significant correlations when this additional 

calibration is considered.  Several factors based on the application of the laser to these sutures 

may aid in the explanation of this occurrence.  First, during observation, it was noted that the 
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lateral anterior sutures, especially the sphenotemporals and sphenofrontal, were less frequently 

dry bone.  The grease factor, therefore, was much higher for these sutures than for those of the 

vault, which would support the hypothesis that calibration to the surrounding bone is necessary 

for these sutures.  Also, the morphology of the lateral anterior sutures is quite different than that 

of the vault sutures.  It should be expected, therefore, that the laser device quantifies these 

sutures correspondingly to their morphology.   

 

TABLE 4.7. 

Pearson Correlations with Age (Calibrated Suture Scores) 

LANDMARKS R Sig. (1-tailed) N 

Bregma -.132 .035 190 

Anterior Sagittal -.144 .024 190 

Obelion -.069 .171 190 

Lambda -.123 .046 190 

Midlambdoid -.232 .001 191 

Midcoronal -.136 .029 195 

Pterion -.265 .000 193 

Sphenofrontal .275 .000 196 

Inf. Sphenotemporal -.329 .000 196 

Sup. Sphenotemporal -.319 .000 187 

 

 

 Regression analysis (with the uncalibrated suture score and three Y points as predictors 

of age) revealed a similar relationship as the calibrated correlations (Table 4.8).  All of the lateral 

anterior sutures showed a significant relationship with age (Plate 4.1). 
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TABLE 4.8. 

Regression Analysis of Lateral Anterior Sutures (Calibrated) 

LANDMARKS R R2 F Sig. F Change 

Midcoronal .28 .08 4.10 .003 

Pterion .49 .24 14.75 .000 

Sphenofrontal .49 .24 15.24 .000 

Inf. Sphenotemporal .53 .28 18.16 .000 

Sup. Sphenotemporal .48 .23 13.93 .000 

 

 

Plate 4.1.  Regression scatterplots for the lateral anterior sutures 

Pterion Inferior Sphenotemporal 

Sphenofrontal Superior Sphenotemporal 
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Combined Suture Analysis.  Many authors have addressed the need for age indicators 

from as many parts of the skeleton as available.  Additionally, the greater predictability of age 

from analyzing multiple suture landmarks concomitantly instead of depending on single suture 

sites has been shown (Meindl and Lovejoy 1985, Key et. al 1994, Zambrano 2005).  For 

comparative purposes, suture scores for all the landmarks were combined and analyzed with 

linear regression analysis.  When joined as predictors of the dependent variable age, the results 

were promising (Plate 4.2).  Based on the uncalibrated scores, the model analysis showed a 

correlation of .458, significantly higher than any landmark correlated individually, with an F 

value of 4.744 and a significance level of .000.  As was the case with the single landmarks, the 

combined calibrated scores showed an even more significant relationship with age (R=.705).      

 

 
Model Summary 

R R  Sq. F df1 Df2 Sig. F 

.458a .210 4.744 10 179 .000 

a. Predictors: (Constant), SS, Ant. Sagittal, Lambda, IS, Obelion, 
Bregma, ML, SF, MC, Pt 
 

Model Summary 

R R  Sq. F df1 Df2 Sig. F 

.705a .498 3.615 40 146 .000 

a. Predictors: (Constant), SSY3, Ant. Sagittal, Lambda, ASY2, IS, 
LambdaY1, BregmaY1, Obelion, Bregma, ML, ISY3, ObelionY1, 
Pt, SFY2, LambdaY3, ASY1, SS, MC, MCY1, MLY2, BregmaY3, 
SSY1, SF, ISY2, PtY2, ObelionY3, BregmaY2, ASY3, LambdaY2, 
MLY3, SFY1, ISY1, PtY1, ObelionY2, SFY3, SSY2, MLY1, 
MCY3, PtY3, MCY2

Plate 4.2. Regression analysis of combined sutures (uncalibrated and calibrated) 
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Age-Group Analysis 

 To further assess the relationship of age with cranial suture closure according to the laser 

instrumentation, the sample was split into six ten-year age groups (18 to 27, 28 to 37, 38 to 47, 

48 to 57, 58 to 67, and 68+ years).  Mean uncalibrated and calibrated suture scores were 

analyzed based on the age groups.   

 

Uncalibrated Suture Scores.  With the uncalibrated scores, all of the vault sutures, except 

for pterion, exhibited a general trend of decreased scores with age; the mean score for the 18 to 

27 year group was significantly higher than that found in individuals over 68 (Table 4.9).  In the 

four middle groups, the trend still followed, except for individuals 58 to 67 years of age.  

Individuals in this age range exhibited a higher mean score (at bregma, anterior sagittal, obelion, 

midlambdoid, and midcoronal) than those from 38 to 57 years of age.  For the lateral anterior 

sutures (minus midcoronal), an opposite (but less direct) trend with age occurred as the oldest 

age group represented the highest mean score.  This coincides with the correlations from the 

continuous age analysis discussed previously.  

The analysis of uncalibrated suture scores based on ten-year age groups showed virtually 

no significant correlations for any of the age groups at any of the landmarks.  The 18 to 27 year 

group exhibited a -.356 correlation (0.19 significance) at obelion (Figure 4.1).  The 58 to 67 year 

group had fairly strong positive (but insignificant) correlations in all of the lateral anterior sutures 

(Table 4.10).   

 

 

 



 62

TABLE 4.9 

Uncalibrated Suture Score Means in Age Groups 

Landmark 18-27 28-37 38-47 48-57 58-67 68+ 

Bregma 56.50 41.70 35.31 34.74 38.73 33.50 

Anterior Sagittal 48.51 36.48 33.14 31.67 34.53 30.23 

Obelion 52.62 38.74 35.00 35.78 36.7 36.23 

Lambda 59.74 49.28 55.08 45.67 43.97 48.27 

Midlambdoid 65.79 59.48 59.29 55.89 57.12 48.75 

Midcoronal 47.04 37.05 35.15 38.67 42.38 36.07 

Pterion 40.36 37.71 40.18 45.48 42.75 46.16 

Sphenofrontal 34.61 33.89 38.79 43.80 45.85 44.61 

Inf. Sphenotemporal 48.73 40.25 43.35 52.02 51.25 60.34 

Sup. Sphenotemporal 39.37 34.79 43.28 43.04 46.08 45.55 

 

 

 

Figure 4.1.  Regression standardized predicted value scatterplot for obelion. 
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TABLE 4.10 

Lateral Anterior Suture Correlations for 58-67 Year Age Group 

Landmark R 

Midcoronal .399 

Pterion .545 

Sphenofrontal .557 

Inf. Sphenotemporal .428 

Sup. Sphenotemporal .440 

 

 

Calibrated Suture Scores.  The calibrated mean scores also follow the same trend as the 

correlations on the whole sample.   All of the suture scores move from higher to lower with age 

and show a definite trend when looking at the two outer age groups (Table 4.11).  The trend 

tends to disappear for all sutures, except the two sphenotemporal landmarks (which also 

exhibited the highest full sample correlations), when the middle age groups are observed alone.  

This data further supports the increased accuracy of the method in deciphering the relationship 

between age and suture closure when the additional calibration to the Y points is applied.  

Additionally, it suggests that the method is most accurate in assessing individuals of young and 

advanced ages (18 to 37 and 68+ years).  The standard deviations and ranges for all the suture 

scores, however, are fairly large, indicating that only wide age ranges could be applied using this 

data.     
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TABLE 4.11 

Calibrated Suture Score Means in Age Groups 

Landmark 18-27 28-37 38-47 48-57 58-67 68+ 

Bregma 2.54 2.91 1.96 1.71 2.22 1.63 

Anterior Sagittal 2.29 2.33 1.78 1.61 1.73 1.44 

Obelion 1.95 1.59 1.72 1.61 1.82 1.53 

Lambda 2.58 2.18 2.57 2.09 1.82 1.94 

Midlambdoid 2.52 2.86 2.59 2.19 2.18 1.80 

Midcoronal 2.31 3.07 1.99 1.94 2.05 1.75 

Pterion 2.31 2.62 1.55 1.88 1.54 1.76 

Sphenofrontal 2.11 2.33 1.58 1.70 1.47 1.59 

Inf. Sphenotemporal 2.33 2.08 1.73 1.64 1.43 1.42 
Sup. Sphenotemporal 2.06 2.03 1.71 1.69 1.32 1.46 

 

 

 The correlations for the calibrated suture scores based on ten-year age groups were 

slightly more valuable than the uncalibrated suture score correlations, but still showed few 

significant correlations.  Significant correlations were found only at anterior sagittal (-.367, 0.21 

F) and midcoronal (-.407, .012 F) for the 38 to 47 year group and superior sphenotemporal (-397, 

.022) of the 58 to 67 year group.    

 

Combined Suture Analysis.  Based on an analysis of all suture landmarks combined, 

linear regressions showed a strong relationship with age for every age group, but the correlations 

were not statistically significant (Table 4.12). 
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TABLE 4.12 

ANOVA Table for Combined Suture Scores in Age Groups 

ANOVA 

Age Group Model Sum of Squares df Mean Square F Sig. 

Regression 82.839 10 8.284 1.617 .167a 

Residual 112.676 22 5.122   18-27 1 

Total 195.515 32    
Regression 95.207 10 9.521 1.177 .339b 

Residual 283.228 35 8.092   28-37 1 

Total 378.435 45    
Regression 109.580 10 10.958 1.652 .154c 

Residual 152.537 23 6.632   38-47 1 

Total 262.118 33    
Regression 56.470 10 5.647 .550 .829d 

Residual 154.146 15 10.276   48-57 1 

Total 210.615 25    
Regression 122.986 10 12.299 2.217 .068e 

Residual 99.841 18 5.547   58-67 1 

Total 222.828 28    
Regression 677.869 10 67.787 .914 .553f 

Residual 815.994 11 74.181   68+ 1 

Total 1493.864 21    
a. Predictors: (Constant), SSComp, Ant. Sagittal, Lambda, PtComp, ISComp, SFComp, Obelion, MLcomp, MCcomp, Bregmasut 

b. Predictors: (Constant), SSComp, Bregmasut, Obelion, ISComp, MLcomp, Ant. Sagittal, PtComp, MCcomp, Lambda, SFComp 

c. Predictors: (Constant), SSComp, Ant. Sagittal, Lambda, Bregmasut, Obelion, MLcomp, ISComp, MCcomp, PtComp, SFComp 

d. Predictors: (Constant), SSComp, Obelion, SFComp, MLcomp, Bregmasut, MCcomp, ISComp, Lambda, PtComp, Ant. Sagittal 

e. Predictors: (Constant), SSComp, Ant. Sagittal, Bregmasut, Lambda, Obelion, MCcomp, ISComp, MLcomp, SFComp, PtComp 

f. Predictors: (Constant), SSComp, Lambda, MLcomp, Obelion, ISComp, MCcomp, PtComp, Ant. Sagittal, Bregmasut, SFComp 

g. Dependent Variable: Age     

 

 

  



 66

All of these findings based on ten-year age groups indicate that the more appropriate 

mode for analysis is to examine the sample as a whole, continuous group instead of as 

classificatory units.  It can be assumed that this is the case due to the great impact of sutural 

variability and outliers (which were not removed for any analysis) on smaller sample groups as 

opposed to a large sample. 

 

Meindl and Lovejoy Comparison 

 In addition to looking at the results from individuals suture landmarks and all the 

landmarks combined, the two systems established by Meindl and Lovejoy were utilized to 

compare and test the effectiveness of the laser readings against the traditional method of 

recording qualitative scores.  Both the suture scores from the laser readings (uncalibrated and 

calibrated) and the MLJ scores were correlated with each other and with age (Table 4.13).  

Uncalibrated vault and lateral system scores for the laser readings were calculated by 

establishing an overall mean for the system (Lateral Anterior Score = ((Midcoronal + Pterion + 

Sphenofrontal + Inf. Sphenotemporal + Sup. Sphenotemporal)/5)).  Calibrated scores are the 

mean of the individual suture landmark’s calibrated scores.  Pearson correlations showed that all 

of the scores, both qualitative and quantitative, were calibrated with age.  The Meindl and 

Lovejoy scores exhibited the highest correlations (.330 and .463), followed by the calibrated 

suture scores (-.228 and -.332), once again in support of the additional Y point calibration.  The 

laser scores for the vault system were highly correlated (.723 uncalibrated, .817 calibrated) with 

the laser scores of the lateral anterior system and with one another (.502).  Furthermore, both 

vault scores and the calibrated lateral anterior score were correlated moderately with the Meindl 

and Lovejoy scores.   
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 The results from both the standard and laser methods confirm Meindl and Lovejoy’s 

assertion that the lateral anterior system is a better predictor of age than the vault.  However, this 

only applies for the laser readings after the suture score has been calibrated to the surrounding 

bone (Y points).  Moreover, the results show that, at the present state, the Meindl and Lovejoy 

scores are slightly more accurate at estimating age than the laser readings.   

 

TABLE 4.13 

Vault & Lateral Anterior System Correlations 

  Age Vault Uncal. Vault Cal. Vault MLJ LA Uncal. LA Cal. LA MLJ 

R 1 -.144* -.228** .330** .166* -.332** .463** 

Sig. (2-tailed)  .046 .002 .000 .021 .000 .000 Age 

N 196 192 177 193 192 184 196 

R -.144* 1 .502** -.315** .723** .457** -.188** 

Sig. (2-tailed) .046  .000 .000 .000 .000 .009 
Vault 
Uncal. 

N 192 192 177 192 190 182 192 

R -.228** .502** 1 -.383** .194* .817** -.292** 

Sig. (2-tailed) .002 .000  .000 .010 .000 .000 
Vault. 
Cal. 

N 177 177 177 177 175 170 177 

R .330** -.315** -.383** 1 .059 -.293** .722** 

Sig. (2-tailed) .000 .000 .000  .420 .000 .000 
Vault 
MLJ 

N 193 192 177 193 190 182 193 

R .166* .723** .194* .059 1 .246** .077 

Sig. (2-tailed) .021 .000 .010 .420  .001 .291 
LA 
Uncal. 

N 192 190 175 190 192 184 192 

R -.332** .457** .817** -.293** .246** 1 -.377** 

Sig. (2-tailed) .000 .000 .000 .000 .001  .000 LA Cal. 

N 184 182 170 182 184 184 184 

R .463** -.188** -.292** .722** .077 -.377** 1 

Sig. (2-tailed) .000 .009 .000 .000 .291 .000  LA MLJ 

N 196 192 177 193 192 184 196 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 
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CHAPTER V 

DISCUSSION 
 

 
Summary of Results 
 
 A new potential method for estimating age from cranial suture closure has been 

introduced.  The method uses laser instrumentation to quantify the amount of reflected light from 

the ectocranial surface of the skull.  Quantitative laser readings and qualitative Meindl and 

Lovejoy scores were recorded and analyzed on 196 Black male crania from the Hamann-Todd 

collection.  The results are summarized as follows: 

• Laser readings within sutures are always higher than laser readings of the surrounding 

bone, indicating that the device is accurate in measuring the degree of obliteration of 

sutures.  Occasionally, an individual would exhibit a Y point that was higher than the 

suture score, but this was rare and only occurred for one of the three Y points.  Suture 

scores also increase in association with greater sutural complexity.   

• As sutures obliterate and become more like the surrounding bones, laser scores decrease 

and approach the scores found at the Y points.   

• The scores for the Y points are very consistent.  The Y points do not correlate well with 

age but correlate highly with the suture scores and almost perfectly with one another.  

The lack of correlation with age shows uniformity of the ectocranial surface with age 

and within a population.  The high correlation with the suture scores corroborates the 

hypothesis that bone variability and differences in preparation of the material can be 

controlled through calibration to surrounding bone. 
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• The Y point means scores reveal a pattern for the laser readings.  Scores increase outward 

from bregma in an inferior and posterior direction; bregma resembles the lowest mean 

score and inferior sphenotemporal the highest. 

• Lateral anterior suture closure and composite closure of all ten sutures combined correlate 

significantly with age after calibration to the surrounding Y points is employed. 

• Ten-year age groups do not show a significant relationship with age from the laser 

readings.  Findings do, however, indicate a general trend for decreased scores with age.  

Further analysis in which outliers were removed would probably elucidate the 

relationship. 

• The laser and MLJ scores all show significant correlations with age and correlate with one 

another.  A strong correlation exists between the vault and lateral anterior systems for 

both methods.  The Meindl and Lovejoy method was slightly better correlated with age 

than the laser method in the present study, and the lateral anterior system was the best 

predictor of age for both methods.    

 

Revisions for Future Studies 

 Several issues should be addressed for further studies.  Calibration has been of primary 

concern since the first tests were performed with the laser.  It is still not known exactly how the 

laser reacts to bone and how accurate the ceramic disk is at calibrating the laser to this different 

structure.  This has been addressed, however, through calibration to the surrounding bone.  

Additionally, it was determined from the preliminary study that battery life affects calibration.  

To compensate for this problem, the addition of an external power source was proposed to 

KaVo.  This goal was not achieved for the current research.  However, batteries were changed 
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frequently (approximately every four hours) to ensure a precise calibration.  More interests will 

be placed on calibration for future studies.   

 The state of a collection’s cranial remains is also an important factor to consider before 

performing further research.  The preparation of the skull and its relative dryness after cleaning 

was addressed by calibrating the sutures to the surrounding Y points.  This seemed to resolve the 

problem, however, the degree to which scores on extremely greasy skulls were skewed is not yet 

known and should be analyzed further.  Additionally, it is noted that sutures from interred crania 

may be filled with other substances, such as dirt.  Autopsied crania or cadavers may retain 

connective tissue remnants in the suture joints.  It is not known at this time how such substances 

affect the laser readings.  A small number of crania measured from the Hamann-Todd Collection 

had the presence of connective tissue remains.  Two crania also had ink marks within the suture 

joints, which were avoided as much as possible, as it had already been determined that the laser 

cannot read through pencil graphite and, therefore, may not pass through ink as well.  Most 

crania from modern collections were autopsied and exhibit an autopsy cut either sagittally or 

transversely.  Sagittal cuts, as seen predominately in the Hamann-Todd Collection, often are 

made right through the sagittal suture and its landmarks.  The transverse cuts can obscure 

midlambdoid and possibly midcoronal.  In the present study, adjustments were made to “work 

around” autopsy cuts.  In cases where the cut went through a landmark or the cut caused 

separation between the two sections of the skull, the washer was still utilized but moved in and 

out instead of remaining stationary to ensure that approximately a one-centimeter area of the 

suture was scanned.  In cases where Y points would fall directly in an autopsy cut, the point was 

recorded on a portion of the bone immediately adjacent to the cut.  It is not believed that these 

adjustments had any significant effect on the data collected.   
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 Another issue that will be addressed in further studies is the biases and repeatability of the 

method.  No interobserver tests were performed for the current research.  As only one individual 

has developed and utilized the measurement techniques used for this method, it is very important 

for future studies to incorporate multiple observers to account for interobserver error and 

repeatability.   

 

Conclusions 

 The current research has been an effort to, like so many others before, take up the torch 

and seek after understanding the problematic relationship between suture closure and age.  

Where most other studies have simply revised the qualitative methods handed down to them, this 

has been an attempt to use innovative technology available to us in the 21st Century.  At a glance, 

this study has merely echoed previous findings, that a trend towards obliteration of the sutures 

with age does exist, but it is difficult to estimate age other than within wide limits.  It is now well 

accepted that, though a relationship with age does exist, many other factors, such as genetics, 

physiological processes, and mechanical stresses, contribute to sutural obliteration.  Despite the 

ambiguity in aging crania, the contribution of so many to an understanding of the structure and 

function of the skull, and the relationship between the cranial sutures and age, sex, and group 

affiliation has been extremely useful in the continued search of a reliable age marker from the 

skull.  As a preliminary test utilizing a tool from a different field, the laser device appears to be 

accurate and consistent in evaluating the structure of the sutures and cranial bone.  A 

determination of the exact means by which the laser reacts to bone and generates scores is not 

yet known, but the data clearly indicates lower readings for solid bone and more obliterated 

sutures.  With revisions to the present study and device used, and further studies on different 
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populations and both sexes, the laser device may add invaluable information to our knowledge of 

cranial structure as well as elucidate the capabilities of establishing a definitive and accurate 

aging method from cranial sutures.     
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