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ABSTRACT 

When attempting to age skeletal remains it is important to incorporate multiple aging 

techniques to improve the accuracy of the results (Lovejoy et al. 1985a). This study compares 

four common aging methods to determine their relative precision and ease-of-use. The methods 

include two based on pelvic criteria including the pubic symphysis and auricular surface, and 

two methods based on cranial sutures, including the lateral anterior sutures and cranial vault 

sutures. T-test results indicate that four of the comparisons, those between the pubic symphysis 

and vault sutures, the auricular surface and vault sutures, the auricular surface and lateral anterior 

sutures, and the auricular surface and pubic symphysis, give p-values that are not significant. 

The last two comparisons, one between the lateral anterior sutures and cranial vault sutures, and 

the other between the pubic symphysis and lateral anterior sutures, are found to be significant 

with p-values under p = 0.05. These results indicate that caution should be used when combining 

the techniques that were determined to have low p-values under direct comparison. The method 

based on the pubic symphysis is deemed to be the most effective because it is simple to employ 

and yet still has a degree of depth. 
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INTRODUCTION 

When skeletal remains are uncovered, they can give carefiil observer information about 

the life and death of the individual they represent. Data regarding sex, age, health, lifestyle, and 

sometimes the events that lead to death can be collected from examining bones. Determination 

of age by an osteologist via skeletal elements is a useful technique employed. In an 

archaeological setting, the age of individual specimens can be used to determine a demographic 

for the burial sample. Conversely, age estimation is also extremely important in a forensic 

setting where the age of the remains will contribute to the identification of the individual 

(Baraybar 2008). 

The processes of determining skeletal age-at-death are variable. There are several 

prospective systems that can be implemented to estimate age (Kemkes-Grottenthaler 2002), and 

each has its unique strengths and weaknesses. Some may have greater accuracy, while others 

may be more practical or easier to learn. With such diversification, it behooves the observer to 

understand the differences between the age estimation methods in order to use each to its full 

potential. 

This study aims to examine the differences and similarities between the several dominant 

aging systems that use the pelvic region (the pubic symphysis and the auricular surface) and the 

cranium (lateral-anterior sutures and vault sutures). These particular methods were chosen 

because of their anatomic locations and for the benefit of being methods based on gross 

observation. The locations allow for an interesting comparison of methods seem to be closely 

related (the two cranial suture methods or the two methods based on pelvic morphology) as well 

as a wider comparison of the cranial methods versus the pelvic methods. The process is 

simplified by gross observation since no extra equipment is needed to do the analysis unlike with 
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the several histological age estimation methods where bone cross sections and a microscope 

would be required. Each method's consistency in relation to one another and the general ease-

of-use in their application to skeletal specimens will be determined. Based on this data, 

recommendations will be provided in the selection a technique for use in skeletal aging. 



CHAPTER ONE: BACKGROUND 

The more recent publications regarding skeletal age estimation suggest that a multi

factorial method should be used that combines the results of several skeletal aging techniques for 

a more accurate conclusion than would be reached through the analysis of one method alone 

(Acsadi and Nemeskeri 1970, Lovejoy et al. 1985a, Meindl and Russell 1998). For the multi

factorial method to be effective, there was first the arduous task of refining each of the aging 

techniques individually. 

Pubic Symphysis 

Figure 1. Photo of the left os pubis and highlight of the pubic symphyseal face. 



The first formal method for age estimation using the pubic symphyseal face of the os 

pubis was developed by Todd (1920) on a population of 306 white males. He created a ten-

phase system that places each specimen in an age category based on the degree of wear on the 

face and the presence of various other features. This method of estimation is applicable for any 

specimens between the ages of 18 and 50 and is not race-specific (Hanihara and Suzuki 1978 and 

Todd 1921). 

Brooks (1955) tested the Todd (1920) method for accuracy and determined that there 

were flaws in the system leading to an over-aging of younger individuals and an under-aging of 

older individuals. Brooks (1955) also indicates inconsistencies due to sex differences and 

suggests a separate system of aging for females. 

Aside from the accuracy of the Todd (1920) system, McKem and Stewart (1957) 

commented on its ease-of-use in their test on a population of white male casualties from the 

Korean War. They found the Todd (1920) system to be unnecessarily complicated and difficult 

to decipher, and attribute much of the problem to the idea that the complexity of the features on 

the specimens failed to easily place each individual in only one particular phase. To ameliorate 

these difficulties, McKem and Stewart (1957) devised a more universal three-phase system that 

is easier to apply and therefore helpful in eliminating observer bias. The weakness here 

however, is that with only three phases, the ability to pinpoint an accurate age is decreased. 

Another possible weakness of this method is the lack of females in the sample. Due to the 

diminished diversity, it is suggested that the method is not applicable to female specimens 

(Gilbert and McKem 1973 and Katz and Suchey 1986). 

In a further evolution of the methods of aging based on the pubic symphysis, Hanihara 

and Suzuki (1978) developed a similar technique derived from McKem and Stewart (1957) but 



use a numbering system to gauge the degree of development of particular aging features. They 

report narrower confidence limits than were seen with Todd (1920) and McKem and Stewart 

(1957), but the total age range that can be identified is proportionally much smaller, only 

covering the ages between 18 and 38 (Hanihara and Suzuki 1978). 

Another method developed by Katz and Suchey (1986). which is actually a revision of 

their first attempt in the year prior, uses specimens collected from the Los Angeles County 

Department of the Chief Medical Examiner in order to encompass a wider variety of individuals 

with regard to age and race distribution. The greater variation within the sample allows for the 

method to be more universally applicable to different populations. 

Auricular Surface 

Figure 2. Photo of the left os pubis and highlight of the auricular surface. 



Techniques for estimating age based on the auricular surface (figure 2) are similar to 

those based on the pubic symphysis in that the surface and its features are examined for their 

degree of change. One of the advantages of the auricular surface over the pubic symphysis is 

that the auricular surface tends to be more resistant to taphonomic processes that may render the 

pubic symphyseal face useless for observation (Lovejoy et al. 1985b). 

Lovejoy et al. (1985b) were the first to use the auricular surface as a new method of age 

estimation. They developed eight phases, most of which consist of five-year intervals, that range 

from 18 to 60+ years. Lovejoy et al. (1985b) report that the accuracy of this technique is 

comparable to that of the pubic symphysis, and it has the ability to extend age estimates to older 

individuals. 

The Lovejoy et al. (1985b) method was tested by Murray and Murray (1991) which led to 

questions regarding whether race is a factor in estimating age. When they tested the method on 

the Terry collection, they found that the age was indeed skewed. However this may have been 

the resuh of sampling inconsistencies with an abnormally high distribution of older white 

individuals and younger black individuals. A subsequent test using a different sampling of 

specimens concluded an insignificant difference between black and white males using the 

auricular surface (Murray and Murray 1991). 

Saunders et al. (1992) proceeded to test the Lovejoy et al. (1985b) method as well and 

retained many of the conclusions derived by Murray and Murray (1991). Between the high inter-

observer error and the difficulty in defining a phase for particular morphological features, 

Saunders et al. (1992) suggest that caution should be used when applying this method for 

forensic purposes, and recommend its use in conjunction with other aging methods. 



In an attempt to alleviate these problems, Buckberry and Chamberlain (2002) propose a 

revised method that employs a numbering system to help better define the degree of change of 

each individual feature, rather than the auricular surface as a whole. Another tactic used by the 

researchers was to widen the ranges for each phase because they conclude that five-year age 

brackets are too narrow to allow for acceptable accuracy. While this may be a valid point, 

Buckberry and Chamberlain (2002) have potentially exceeded the realm of applicability because 

the age brackets they propose are far too wide (sometimes covering forty-year spans) to be useful 

as a precise age indicator. 

Osborne et al. (2004) have a similar remedy to the problems encountered with the 

Lovejoy et al. (1985b) system. They suggest that the Lovejoy phases be widened to encompass 

the preceding and following phases. This creates overlap in the data, but improves overall 

accuracy (Osborne et al. 2004). Testing was also done to assure that sex and race are not factors 

in the estimation process, and this view was supported. To morph further the Lovejoy et al. 

(1985b) system, Osbome et al. (2004) collapse the eight phases into only six. However, the 

problem here is similar to that found with Buckberry and Chamberlain (2002), because the age 

ranges are so large (some encompassing as many as sixty years) that they are virtually useless in 

most settings where correct and precise aging is vital. 

Cranial Sutures 

Most bones of the cranium are held together by a series of immovable joints called 

sutures (Baker 1984). In a newborn, these sutures are held together by a dense fibrous tissue to 

allow for the shaping of the head so that it may not only fit through the birth canal but allow for 

post-natal growth and development of the brain and skull (Cohen 1993). As the skull matures 



and growth slows, adjacent sutures ordinarily begin to fuse. There is some variation in the 

timing of this event and certain sutures (such as those in the facial region) have the tendency to 

begin closure at a later age. Also, the sutures that stay open longer begin to form a kind of 

interlocking pattern called 'interdigitation' caused by irregular clumps of osteoblasts (new bone 

cells) along the sutural line (Cohen 1993). While the exact cause of suture closure is still 

unclear, there are studies that name growth cessation or vascular, hormonal, genetic, and 

mechanical factors as possible attributes (Cohen 1993, Persson et al. 1978, Nash and Kokich 

1985, and Watanabe et al. 1957). 

Early researchers like Topinard (1885), Frederic (1906), and Zanolli (1908) dismissed the 

possibility of using cranial suture closure as a legitimate aging technique (Singer 1953). 

Hrdlicka (1920) was one of the first to recognize the use of cranial suture closure as a potentially 

valid aging criterion when used in conjunction with other techniques (Singer 1953). Even then, 

his focus was mainly on the basilar suture which he deemed the most "handy and reliable" 

(Singer 1953) rather than those sutures of the cranial vault and lateral-anterior systems. 

Todd and Lyon (1924) began publishing a series of papers on endocranial and ectocranial 

suture closure, forming the basis of future research that would be heavily relied upon as a basic 

reference material in both anthropological and medical settings. Due to the widespread use of 

the Todd and Lyon results in scientific papers, medical journals, and forensic textbooks, the 

study has been widely tested and often attacked for the methods used. Singer (1953) is a 

determined skeptic of the study and is concerned about the aforementioned widespread use of the 

cranial suture technique. His concern is not necessarily focused on the research particulars of 

Todd and Lyon, but on how this research may have become tainted before reaching other 

scholastic publications. He contends that while some researchers, for instance if their study was 
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based on the suture closure of a Bushman population, they were using data in the form of 

diagrams and tables that was based on Todd and Lyon (1924) and Martin (1928) (Singer 1953) 

which were determined using European skulls. Singer (1953) fears that the racial mixing of 

these results may have warped the data and he is therefore untmsting of the heavy reliance that is 

placed on the Todd and Lyon study as the basis of cranial suture aging. 

Despite the possible contamination of the results feeding from the Todd and Lyon 

research, another concern lies with the research study hself and the legitimacy of the methods 

used. The primary concern of this case is the specific way in which the study sample was 

combed through to eliminate any anomalies that could potentially affect the results. However, 

despite this oversight, Todd and Lyon did produce a method of aging that, if refined to fit a more 

universal sample, has the potential of being an effective tool in cranial suture aging. The basics 

of the system rely on aligning a number score to a suture section based on its degree of closure. 

There are five number categories: 

0 = 'open' suture not fused at any point; 

1 = commencing union; 

2 = half obliterated suture; 

3 = more than half obliterated; and 

4 = completely obliterated suture (Todd and Lyon 1924). 

Consequently, this numbering system is applied ectocranially to 10 different sections on the 

cranial vault: three on the coronal suture beginning at the bregma (the intersection of the coronal 

and sagittal sutures) and moving laterally, four along the sagittal suture between the bregma and 

the lambda (the intersection of the lambdoidal and sagittal sutures), and another three on the 

lambdoidal suture moving laterally from the lambda (Figure 3). 



SPHENOID 

TEMPORAL 

Figure 3. Schematic of the Cranial Vault Sutures fi-om a Superior View (Vallois 1937). 

Even in this early research, Todd and Lyon recognize that there are issues with the 

ectocranial sutures, leading to difficulty in pining down an age based solely on the suture criteria. 

These issues include the great variability of commencement of the suture closures and the rate at 

which they proceed to close. While admitting that the cranial sutures may not be the best 

procedure to use when estimating age on a case by case basis, they do assert that it can be a 

satisfactory method to use with a population study. Todd and Lyon believe that the method 

gives an overall view of the relative aging of a particular population. This 0 - 4 grading system 

developed by Todd and Lyon (1924) would be later used and embellished by Martin (1928) 

(Singer 1953), Acsadi and Nemeskeri (1970), Perizonius (1984), and Key et al. (1994). 

10 



As mentioned earlier. Singer (1953) believes that caution should be taken before blindly 

accepting the results from the Todd and Lyon (1924) papers. He criticizes their selected sample, 

which was composed entirely of males and skulls that were eliminated from the study because 

they were viewed as irregular or abnormal. Singer sets out with the aim of proving the fallibility 

of the Todd and Lyon system. There is not much information given on the sample used except 

for its racial distribution: 100 Cape Coloureds, 190 Bantu, 50 White Germans, 60 North 

American Indians, and 30 Eskimos (Singer 1953). After conducting a comparative study with 

the Todd and Lyon (1924) results. Singer highlights crania showing suture closure patterns that 

are markedly different than what would be expected from following the Todd and Lyon 

guidelines. He concludes that there is far too much variation in suture closure for the method to 

be reliable. Examples of the discrepancies are described where relatively young skulls show 

more advanced suture closure than would be expected using Todd and Lyon's criteria, and 

conversely when relatively older skulls show open sutures at a stage where advanced suture 

closure would be expected (Singer 1953). 

Todd and Lyon's (1924, 1925) findings were tested again in 1955 by Brooks on skeletal 

collections from Western Reserve University (WRU) and the University of California Museum 

of Anthropology (UCMA). Brooks' (1955) conclusions were largely aligned with Singer's 

(1953) findings. Brooks also determined that age estimation based on cranial sutures is 

extremely flawed due to the large bias and low accuracy. Brooks (1955) mentions noticeable 

differences between male and female samples. In particular, the females notoriously showed late 

cranial vault suture closure, if at all. There were also several cases of conflicting age where, on 

the same skull, cranial vault closures would indicate an older specimen while open circummeatal 

sutures would indicate a younger individual. In fact, open sutures were a problem throughout the 
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study. Frequently a skull with all open sutures, indicating youth, would show other aspects of 

age (such as tooth wear, clavicular epiphysis closure, scapular lipping, and pubic symphysis 

aging) that would indicate the individual's age to be older by at least a decade. Since the 

specimens in the sample were of known age. Brooks (1955) determined the latter criteria to be 

more correct, and therefore deemed the cranial suture estimation to be less valuable as an age 

indicator. 

Perizonius (1984) reported on a test of the cranial suture aging technique using a 

collection gathered from the Laboratory of Anatomy and Embryology at the Municipal 

University of Amsterdam. Perizonius (1984) focused on a comparison of the specific 

techniques used by Acsadi and Nemeskeri on a Hungarian population in 1970 to the Amsterdam 

population. This is also a study that somewhat demonstrates the fear that Singer (1953) had of 

the Todd and Lyon (1924) data being tainted or misrepresented. Perizonius mentions that he will 

be using the same techniques employed by Acsadi and Nemeskeri, which "was based on the 

classification presented by Martin and Sailer (1957 - 1966)." He goes on to describe the 0 - 4 

numbering system that is in remarkable accordance with that developed by Todd and Lyon in 

1924 (figure 4). However, there is no mention of Todd and Lyon's research in the paper. A 

disturbing fact regarding the accuracy is that Martin's original sample (1928) was based on 

individuals of unknown age (Singer 1953). Actual age was estimated through tooth wear, which 

by this information alone, makes the study far less accurate than that of Todd and Lyon (1924). 
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Figure 4. Description of the Stages of Suture Obliteration (Perizonius 1984). 

Overlooking these inconsistencies for a moment, Perizonius found there to be no 

significant differences between males and females, and so they are both regarded together 

throughout the remainder of the study. The overall results show that in comparison with the 

Ascadi and Nemeskeri Hungarian sample, Perizonius's sample had lower mean closure stages in 

all of the sub groups. Perizonius (1984) ultimately concludes that much of the error seen in tests 

on the cranial suture closures is likely due to problems with sampling. He begins to stress the 

need for testing on populations of known ages to better refine the technique. 

Also in 1984, Baker created a study to again test aging via cranial sutures in an attempt to 

better understand the threshold of information that is possible. The idea was to give a more 

practical look at when and how the technique could be used in cases of a forensic manner. The 

study population of 195 skulls was collected from autopsies done by the Department of the Chief 

Medical Examiner in Los Angeles, California. The assessments of the cranial sutures 

(endocranial and ectocranial) were performed as the brain was removed for the forensic 
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investigation. Due to this manner of data collection, the sagittal suture was the only one that 

could be viewed in its entirety. Both the coronal and lambdoidal were sawed through, revealing 

only the more medial sections from which to collect data. Baker also modifies the five stage 

system into just a three stage system where an 'O' represents a completely open suture, a 'P ' 

represents a partially obliterated suture, and a ' C represents the complete obliteration of a suture 

(Baker 1984). These modifications could be due to time constraints on the analysis in the 

autopsy room, although he does not offer the actual reasoning for this change. 

Results from this study, when sex differences were taken into account, show that there 

was not a large discrepancy between endocranial and ectocranial suture closure, however it he 

did find the ectocranial sutures to be a better indicator of age in females than in males. For 

instance, complete closure of the ectocranial sagittal suture in a female skull would suggest an 

age of 69 years or older whereas the same degree of closure in a male skull suggests an age that 

could range anywhere from 34 years upward (Baker 1984). Differences were also noticed when 

comparing the race of the sampled individuals. While a race comparison could only be done 

with males due to the small sample size of the females, the trend is for black male sutures to 

remain open into older ages (by up to 11 years) than the white males in the sample. Baker 

concludes that suture closure as a whole corresponds to large ranges and deviations that limit 

precision in aging. He adds that these large age ranges may be compacted when factors such as 

race and sex are considered, but even this leaves the estimate to be little more than a gross 

indicator that differentiates between relatively young and relatively old individuals. 

Much of the information regarding aging using cranial sutures is imbedded in the data 

that constitutes the multifactorial method of aging introduced by Lovejoy et al. (1985). Due to 

concerns about the accuracy of the cranial suture technique, it is widely doubted to be usefiil as a 
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single criterion for age estimation, but Lovejoy et al. (1985) believe that when used in 

conjunction with other aging techniques including the pubic symphysis, auricular surface, dental 

wear, and proximal femur, the accuracy is higher than when used alone. However since the 

cranial suture aging is only a small part of this method, the study does not give much information 

as to the accuracy or precision of using cranial sutures alone. 

In the same year however, Meindl and Lovejoy (1985) focused their attention specifically 

on the utility of cranial sutures in age estimation. They recognize the criticism from Singer 

(1953). Brooks (1955), and McKem and Stewart (1957) and agree that the technique is not to be 

used as a single aging criterion, but that it is nevertheless a valuable estimating tool when used in 

association with other methods of age estimation. Meindl and Lovejoy (1985) applaud Todd and 

Lyon (1924) for attempting to isolate the each degree of suture closure. However, they agree 

that the methods employed by Todd and Lyon are a large part of the doubt placed upon cranial 

sutures. Due to Todd and Lyon culling through their sample and eliminating all abnormalities 

and irregularities, it is understandable that when the data is applied to modem populations which 

have not been sorted as such, that the results are largely inaccurate. Meindl and Lovejoy (1985) 

also point out that the sampling issues are not the only cause for doubt. There is also a difference 

of opinion as to whether sex and race are a factor (Krogman 1949, Brooks 1955, and Todd and 

Lyon 1924). 

In an attempt to better understand these issues, Meindl and Lovejoy conducted an 

experiment looking at 236 crania from the Hamann-Todd collection. They realize that previous 

studies have deemed endocranial examination to be a more reliable and universal test since there 

is less variation in closing patterns among individuals, but the timetable for the closing of these 

sutures is relatively young and therefore lacks some of the universality that ectocranial sutures 
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may provide. Since their primary focus is on the possible utility of cranial sutures in forensic 

cases (probably in the context of multifactorial aging), they decided to direct their attention to 

refining solely the ectocranial suture technique with its greater potential for aging older 

individuals than the endocranial method (Meindl and Lovejoy 1985). They modify the 0 - 4 

scoring system developed by Todd and Lyon (1924) into just a 0 - 3 scoring system. By taking 

out one of the categories in the middle, the observer now only has to choose between two 

intermediate phases where the suture is not completely open or completely obliterated. This 

modification was made to lessen inter-observer error and to improve repeatability (Meindl and 

Lovejoy 1985). The new scoring system was used on 17 points on the ectocranium. The actual 

sites used were re-examined in this new method and some points such as the parietomastoid, 

squasmosal, occipitomastoid, zygomatic, malar, frontolacrimal, and frontoethmoid were rejected 

as referential sites because they were too inaccurate or difficult to read that they only served to 

handicap the overall method's accuracy (Meindl and Lovejoy 1985). 

The remaining sites were split into two categorical areas of the skull: the vault system 

and the lateral-anterior system. The vault is composed of seven points including the 

midlambdoid, lambda, obelion, anterior sagittal, bregma, midcoronal, and pterion. The lateral-

anterior is composed of again the midcoronal and pterion plus the remaining three points 

including the sphenofrontal, inferior sphenotemporal, and superior sphenotemporal (Meindl and 

Lovejoy 1985). After analysis, Meindl and Lovejoy conclude that the lateral-anterior system is a 

better source of information regarding age estimation, especially if only cranial material is 

present. It is also a better indicator of age in older specimens because complete fusion of the 

sutures takes place later than in the vault. The vault system is still useful however since it is 

more apt to remain intact despite taphonomic processes that may damage the lateral-anterior 
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surfaces. A statistical analysis also indicates that there are no significant differences with regard 

to either sex or race. Also, when compared with the results from Acsadi and Nemeskeri's (1970) 

endocranial evaluation, the previous standard deviations were twice that of this new method 

using the lateral-anterior scoring sites (Meindl and Lovejoy 1985). 

A new outlook on the usefulness of cranial sutures in age estimation came from a study 

by Masset in 1989. His methods for refining the cranial suture aging technique hinges on a 

statistical study, where by manipulating the results through different analyses, he is able to 

produce more accurate data curves for a population. Masset, like others, agrees that the early 

studies are flawed and therefore the use of cranial sutures on an individual aging basis should be 

cautioned. However, like Meindl and Lovejoy (1985), Masset understands that there is a place 

for cranial sutures in the field, once the methods are reconsidered. He recognizes the problems, 

mainly those having to do with the test sample size and variation and what he terms "attraction 

of the middle" which is the phenomenon where young samples tend to be aged older and old 

samples tend to be aged younger, thus creating a larger bulk of individuals falling into the middle 

age categories. Masset (1989) then attempts to account for these errors by employing different 

matrices depending on the population. However, his research is directed at doing population 

studies, and does not shed any light on the use of cranial sutures for individual cases. 

After the shifting of ideas concerning the usefulness of cranial sutures as age indicators, 

the trend seems to be swinging once again from their legitimacy to their inaccuracy. Key et al. 

(1994) conducted a study using various cranial suture aging techniques to test the method as an 

age indicator. They employ the techniques of Acsadi and Nemeskeri (1970), Meindl and 

Lovejoy (1985), and Perizonius (1984). The sample used was 183 skulls excavated from a crypt 

in Spitalfields, London. Results of using the Acsadi and Nemeskeri (1970) system with the 

17 



endocranial sutures found similarity to the original research, except that Key et al. (1994) found 

a higher mean age in for stages 2 and 3 by about a decade. However a statistical analysis found 

no differences between the rate of suture closure in male and female specimens. 

In the next phase of the assessment they tested the Meindl and Lovejoy (1985) system 

which, in contrast, uses ectocranial sutures. After analysis, the mean ages recorded from the 

Spitfields sample were discovered to be notably higher in every age category than what was 

found in the original research. Key et al. (1994) hypothesize that this discrepancy in the mean 

ages may be due to the inherent differences in the sample populations. They propose that suture 

closure in the Spitfields sample is delayed throughout the population in comparison and 

therefore, the Meindl and Lovejoy aging system is of little use when applied in this case. Also, 

sexual dimorphism was found to be an issue concerning ectocranial suture closure. There were 

some key differences between males and females including the results showing females to have 

high correlations with age at more suture sites than the males. In addition to the sexual 

dimorphism, another problem found was the tendency of ectocranial suture closure to be 

extremely erratic. This idea has come up in previous studies and Key et al. (1994) again find the 

phenomena of some cranial sutures that have remained open despite the mature age of the 

individual. 

Next, Key et al. (1994) assess the Spitfield population ages by way of the Perizonius 

(1984) method. This system combines both endocranial and ectocranial components depending 

on the sample. The Perizonius system is unique in that it separates which type of method is to be 

used based on approximate age. Although there may be a flaw with using the "Y system" to 

recognize all of the younger individuals in the sample, those that were overlooked still had 

relatively high correlations between suture closure and actual age. However, when older crania 
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were assessed using their specific system incorporating the ectocranial sutures. Key et al. 

encountered the same problems that have been seen consistently with ectocranial sutures. Due to 

the wide variation of closure rate among individuals, correlations were very poor and overall 

deemed unusable (Key et al. 1994). The pattern emerging here shows that endocranial sutures 

are of better use in younger individuals and are probably more applicable to a wide variety of 

people and populations. And although ectocranial sutures may show later closure indicating the 

possibility for aging older individuals, this is probably not the case due to the overwhelming 

variation that is seen from specimen to specimen (Key et al. 1994). 

The cranial suture aging technique came under attack yet again in 1997 when 

Hershkovitz et al. published their research based on the Hamaim-Todd and Terry collections. 

Their research shows outright that after the age of 35, the distribution of suture closure frequency 

is virtually the same in each subsequent age category. They also assert that there are clear 

differences between males and females in terms of, specifically, the closure of the sagittal suture. 

Similarly, the results portrayed a significant difference across race. They found the "Double Y" 

type suture to be more common in black males than in white males. This is a phenomenon 

where, although the sagittal suture may have closed, both the coronal and lambdoid sutures 

remain completely open (Hershkovitz 1997). 
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CHAPTER TWO: MATERIALS AND METHODS 

The age-at-death estimation methods chosen for this study include the auricular surface, 

the pubic symphysis, the lateral anterior sutures of the cranium, and the cranial vault sutures 

because these four techniques are not only abundant in the literature, but widely used, and all 

center on gross skeletal morphology that is not as culturally influenced. The spread also allows 

for the localized comparison of similar techniques with one another (i.e. the auricular surface vs. 

the pubic symphysis and the lateral anterior sutures vs. the cranial vault sutures) as well as the 

comparison of vastly different areas of the body (i.e. the os pubis vs. the cranium). 

Specimens were collected from the Physical Anthropology Lab at Texas Tech University, 

and the remaining are forensic cases and teaching specimens in the care of Dr. Robert Paine with 

the Department of Sociology, Anthropology, and Social Work at Texas Tech University. 

Ideally, all of the individuals would have pelvic and cranial counter-parts, but with specimens 

45, 12A, DS811. LY901, and LH821 either the cranium or os pubis was unavailable. The 

availability of skeletal material allows for the comparison of the two pelvic methods or the two 

cranial suture methods, but pelvic to cranial comparison cannot be achieved in the 

aforementioned cases. To be consistent, the left os pubis was selected for all specimens except 

for number 45 due to the unavailability of the left. Additionally, the lateral anterior sutures on 

the left side of the cranium were examined for age estimation with the exception of specimen 

DS811, which suffered major skeletal trauma to the left side of the cranium rendering the sutures 

unreadable. Due to the nature of the collection, exact ages for the individuals are unknown and 

therefore an analysis on the accuracy of the techniques would be futile. Instead, the analysis 

focuses on the precision of each technique with one another. 
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The auricular surface was first to be examined using the techniques expressed in Lovejoy 

et al. (1985b). To aid in the observations, a summary sheet of the features and categories was 

created based on the specifications set forth by Lovejoy et al. (1985b); this observation data was 

recorded on a worksheet that allowed for descriptive comments about the features. The 

specimens were then examined individually based on criteria including grain and density, 

macroporosity. microporosity, billowing, striae, apical changes, the retroauricular area, 

transverse organization, margin definition, and lipping (Lovejoy et al. 1985b). After the 

individual evaluation, each was put in a tentative age bracket and then the group was reevaluated 

as a whole to verify that the specimens were put into the correct categories and that the collection 

followed a general aging trend. This reevaluation also helped to lessen the difference between 

data collected in earlier examinations, when observer error may have been higher. 

After the initial estimations with the auricular surface, the collection was taken out of the 

categorical order and put aside for several days. This strategy would help to eliminate observer 

bias as the next set of readings with the pubic symphysis occurred. Once again worksheets were 

created to document findings. The features taken into account here include texture, the ventral 

rampart or definition of a "V" pattern, oval outline, and lipping (Todd 1921). 

The examinations of the pubic symphysis began by reviewing each of the os pubis in a 

randomly selected order. Similar to the observations on the auricular surface, the group was then 

evaluated as a whole to ensure the consistency of the estimations. Due to taphonomic processes 

some of the specimens were badly worn with virtually no readable portion of the pubic 

symphysis, and had to be excluded from the survey entirely. Specimen number 3 demonstrated 

this flaw and not used in this portion of the study. At this point, photographic documentation 
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was taken and the results from both observation periods were compared using various graphical 

analyses and a standard T-test. 

The next portion of examinations were conducted on the crania using the lateral anterior 

sutures and the vault sutures as outlined in Meindl and Lovejoy (1985). Several weeks were 

interjected between observations of the os pubis and the crania to allow for research of the 

methods and collection of new material. Worksheets for summarizing the methods were 

foregone due to the simple nature of the methods that judge the suture closure on a scale from 0-

3, rather than relying on the stages of morphological change of several different features. 

The lateral anterior sutures were the first to be examined on crania chosen in a randomly 

selected order. The Meindl and Lovejoy (1985) method makes use of cranial reference sites 

including the (1) midcoronal, (2) pterion, (3) sphenofrontal, (4) inferior sphenotemporal, and (5) 

superior sphenotemporal. The standard definitions used for determining the degree of suture 

closure are as follows: 

0: Open; there is no evidence of any ectocranial suture 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% 

synotosis 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: Complete Obliteration; the site is completely fused (Meindl and Lovejoy 1985). 

After this first examination using the lateral anterior suture method, the crania were not 

lined up and viewed as a whole as was done with both the pubic symphysis and auricular surface. 
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The reasoning behind this stems from the notion that the latter two methods rely on categorical 

age placement that is more subjective. The observer is looking at the overall changes to several 

different features and how they combine to create a picture of age estimation. In this way, a 

glance can quickly compare two specimens by viewing them side-by-side. This is not the case 

with the suture methods since they evaluate suture closure in several different areas on the 

cranium and these scores are then mathematically compiled to place the specimen in an age 

category. Individuals subjected to this aging technique cannot be quickly compared by the eye 

without the involvement of minor calculations. Instead, to perform a check of the presumed 

observations, a second opinion via Dr. Robert Paine (Texas Tech University) was acquired to 

help determine scores for hard-to-read areas and general interpretation. After conferring with 

Dr. Paine the scores were finalized and the crania were set aside for several days to the aim of 

relieving some intra-observer bias. 

The next stage was to score the crania based on vault sutures. This process was done in 

the same fashion as the lateral anterior sutures using the principles set forth by Meindl and 

Lovejoy (1985). Here the points used for identification include the (1) midlambdoid, (2) lambda, 

(3) obelion, (4) anterior sagittal, (5) bregma, and (6) midcoronal. Once again the opinion of Dr. 

Paine was enlisted after the first round of observations, before the age categories were finalized. 

After observations were concluded using each of the four methods, a standard T-test 

between each of the methods served to determine the consistency and precision of the 

experimentally established ages. It was determined after the calculations that specimen no. 45 

was a distinct outlier and was subsequently deleted from the data pool. The largest incongmity 

between two age estimations on the same individual was on this individual between the auricular 

surface reading which resulted in a 47 year-old estimation and the pubic symphysis reading 
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which gave an estimation of 23 years. This incongruity contributes greatly to the significant 0.03 

p-value. Without this specimen, the p-value rises to 0.08, which is no longer statistically 

significant. Other reasons for excluding the specimen is that it is found only in the chart 

comparing the pubic symphysis with the auricular surface methods due to the individual's lack of 

cranial material and it was the only specimen whose right os pubis was examined instead of the 

left due to taphonomic trauma to the left os pubis. 
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CHAPTER THREE: RESULTS 

Comparisons between each of the four methods were conducted using a two-sample, 

unequal variance T-test. Two of the six comparisons were found to be statistically significant at 

the 0.05 level. The tests that were not statistically significant included the pubic symphysis vs. 

cranial vault sutures at p = 0.61, the auricular surface vs. cranial vault sutures at p = 0.22, the 

auricular surface vs. the lateral anterior sutures at p = 0.20, and the auricular surface vs. the pubic 

symphysis at p = 0.08. The tests that showed statistical significance at the 0.05 level include the 

the cranial vault sutures vs. lateral anterior sutures at p = 0.01, and the pubic symphysis vs. 

lateral anterior sutures at p = 0.00. 

Originally, the auricular surface vs. pubic symphysis had a T-test p-value of p = 0.03 

which was statistically significant at the 0.05 level. However, this value changed to p = 0.08 

after the specimen no. 45 outlier was deleted from the calculations. Results from the various 

comparisons are seen below (Tables 1-6). 
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TABLE 1 - Age estimations as determined through use of the pubic svmphvsis and cranial vault 
sutures 

Specimen # 

OR841 

12 

6 

KE821 

1 

NE831 

7 

2 

4 

8 

5 

9 

11 

Pubic Symphysis Age 

18-19 

27-30 

30-35 

30-35 

35-39 

35-39 

35-39 

35-39 

35-39 

35-39 

40-45 

40-45 

40-45 

Mean 
Age 

18.5 

28.5 

32.5 

32.5 

37 

37 

37 

37 

37 

37 

42.5 

42.5 

42.5 

Vault Age 

19-44 

28-44 

19-44 

35-60 

34-63 

28-44 

23-45 

23-45 

23-45 

19-44 

23-45 

23-45 

23-45 

Mean Age 

30.5 

39.4 

30.5 

48.8 

51.5 

39.4 

34.7 

34.7 

34.7 

30.5 

34.7 

34.7 

34.7 

Age Difference 

-12 

-10.9 

2 

-16.3 

-14.5 

-2.4 

2.3 

2.3 

2.3 

6.5 

7.8 

7.8 

7.8 

T-Test 

Score 

0.61 

TABLE 2 - Age estimations as determined through use of the auricular surface and cranial vault 
sutures 

Specimen 
# 

OR841 

5 

3 

12 

9 

6 

1 

NE831 

11 

KE821 

7 

2 

4 

8 

Auricular Surface 
Age 

20-24 

35-39 

35-39 

35-39 

40-44 

40-44 

40-44 

40-44 

40-44 

40-44 

40-44 

45-49 

45-49 

50-59 

Mean 
Age 

22 

37 

37 

37 

42 

42 

42 

42 

42 

42 

42 

47 

47 

54.5 

Vault Age 

19-44 

23-45 

35-60 

28-44 

23-45 

19-44 

34-63 

28-44 

23-45 

35-60 

23-45 

23-45 

23-45 

19-44 

Mean 
Age 

30.5 

34.7 

48.8 

39.4 

34.7 

30.5 

51.5 

39.4 

34.7 

48.8 

34.7 

34.7 

34.7 

30.5 

Age Difference 

-8.5 

2.3 

-11.8 

-2.4 

7.3 

11.5 

-9.5 

2.6 

7.3 

-6.8 

7.3 

12.3 

12.3 

24 

T-Test 
Score 

0.22 
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lABLE 3 - Age estimations as determined through use of the auricular surface and lateral 
anterior sutures 

Specimen 
# 

OR841 

5 

3 

12 

9 

6 

1 

NE831 

11 

KE821 

7 

2 

4 

8 

Auricular Surface Age 

20-24 

35-39 

35-39 

35-39 

40-44 

40-44 

40-44 

40-44 

40-44 

40-44 

40-44 

45-49 

45-49 

50-59 

Mean 
Age 

22 

37 

37 

37 

42 

42 

42 

42 

42 

42 

42 

47 

47 

54.5 

Lateral Anterior Age 

29-44 

28-52 

39-69 

28-52 

30-54 

28-52 

39-69 

29-44 

28-52 

49-65 

39-69 

28-52 

35-57 

30-54 

Mean 
Age 

36.2 

41.1 

51.9 

41.1 

43.4 

41.1 

51.9 

36.2 

41.1 

56.2 

51.9 

41.1 

45.5 

43.4 

Age Difference 

-14.2 

-4.1 

-14.9 

-4.1 

-1.4 

0.9 

-9.9 

5.8 

0.9 

-14.2 

-9.9 

5.9 

1.5 

10.6 

T-Test 

Score 

0.20 

TABLE 4 - Age estimations as determined through use of the auricular surface and pubic 
symphysis 

Specimen 
# 

OR841 

5 

3 

12 

9 

6 

1 

LY901 

NE831 

LH821 

11 

KE821 

7 

2 

4 

8 

Auricular Surface Age 

20-24 

35-39 

35-39 

35-39 

40-44 

40-44 

40-44 

40-44 

40-44 

40-44 

40-44 

40-44 

40-44 

45-49 

45-49 

50-59 

Mean 
Age 

22 

37 

37 

37 

42 

42 

42 

42 

42 

42 

42 

42 

42 

47 

47 

54.5 

Pubic Symphysis Age 

18-19 

40-45 

-

27-30 

40-45 

30-35 

35-39 

40-45 

35-39 

45-49 

40-45 

30-35 

35-39 

35-39 

35-39 

35-39 

Mean 
Age 

18.5 

42.5 

-

28.5 

42.5 

32.5 

37 

42.5 

37 

47 

42.5 

32.5 

37 

37 

37 

37 

Age Difference 

3.5 

-5.5 

-

8.5 

-0.5 

9.5 

5 

-0.5 

5 

-5 

-0.5 

9.5 

5 

10 

10 

17.5 

T-Test 
Score 

0.08 
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FABLE 5 - Age estimations as determined though use of the lateral anterior sutures and cranial 
vault sutures 

Specimen 
# 

OR841 

NE831 

2 

5 

6 

11 

12 

12A 

8 

9 

DS811 

4 

1 

3 

7 

KE821 

Lateral Anterior Age 
29-44 

29-44 

28-52 

28-52 

28-52 

28-52 

28-52 

28-52 

30-54 

30-54 

30-54 

35-57 

39-69 

39-69 

39-69 

49-65 

Mean 
Age 

36.2 

36.2 

41.1 

41.1 

41.1 

41.1 

41.1 

41.1 

43.4 

43.4 

43.4 

45.5 

51.9 

51.9 

51.9 

56.2 

Vault Age 

19-44 

28-44 

23-45 

23-45 

19-44 

23-45 

28-44 

23-45 

19-44 

23-45 

28-44 

23-45 

34-63 

35-60 

23-45 

35-60 

Mean 
Age 

30.5 

39.4 

34.7 

34.7 

30.5 

34.7 

39.4 

34.7 

30.5 

34.7 

39.4 

34.7 

51.5 

48.8 

34.7 

48.8 

Age Difference 

5.7 

-3.2 

6.4 

6.4 

10.6 

6.4 

1.7 

6.4 

12.9 

8.7 

4 

10.8 

0.4 

3.1 

17.2 

7.4 

T-Test 

Score 

0.01 

TABLE 6 - Age estimations as determined through use of the pubic svmphvsis and lateral 
anterior sutures 

Specimen 

OR841 

12 

6 

KE821 

1 

NE831 

7 

2 

4 

8 

5 

9 

11 

Pubic Symphysis Age 

18-19 

27-30 

30-35 

30-35 

35-39 

35-39 

35-39 

35-39 

35-39 

35-39 

40-45 

40-45 

40-45 

Mean 
Age 

18.5 

28.5 

32.5 

32.5 

37 

37 

37 

37 

37 

37 

42.5 

42.5 

42.5 

Lateral Anterior Age 

29-44 

28-52 

28-52 

49-65 

39-69 

29-44 

39-69 

28-52 

35-57 

30-54 

28-52 

30-54 

28-52 

Mean 
Age 

36.2 

41.1 

41.1 

56.2 

51.9 

36.2 

51.9 

41.1 

45.5 

43.4 

41.1 

43.4 

41.1 

Age Difference 

-17.7 

-12.6 

-8.6 

-23.7 

-14.9 

0.8 

-14.9 

-4.1 

-8.5 

-6.4 

1.4 

-0.9 

1.4 

T-Test 
Score 
0.00 
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TABLE 7 - Mean Age Difference 

Comparison 

Method 1 

Pubic Symphysis 

Auricular Surface 

Auricular Surface 

Auricular Surface 

Lateral Anterior 

Pubic Symphysis 

Method 2 

Vault 

Lateral Anterior 

Pubic Symphysis 

Vault 

Vault 

Lateral Anterior 

Mean Age 
Difference 

-1.33 

-3.36 

4.77 

4.9 

5.75 

-8.36 

The mean age differences between methods are also a key component to understanding 

the relationships between them (Table 7). The positive and negative values indicate which of the 

two methods aged specimens relatively younger or older. Through this system, a negative mean 

age difference indicates that the technique in the "Method 1" column gave ages that were 

younger overall than the technique in the "Method 2" column. The opposite is true for a positive 

mean age difference. 

The number of specimens being compared was also variable depending on the materials 

present and ranges from n=13 to n=18. This may have caused a slight bias in the data. 
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CHAPTER FOUR: DISCUSSION 

The primary goal of this study is to assess the consistency between the two methods. 

Judging from the results, certain combinations of techniques performed better than others. The 

best resuh came from the comparison of the pubic symphysis vs. the cranial vault with p = 0.61 

after a standard T-test. The next two combinations compared similarly with one another. The 

auricular surface vs. the cranial vault gave p = 0.22 and the auricular surface vs. the lateral 

anterior gave p -= 0.20 which are both not significant at the p = 0.05 level. The next test was a 

comparison of the auricular surface and the pubic symphysis which gave p = 0.08. This is still 

non-significant, but only by a small margin. The comparison of the cranial lateral anterior and 

the vault sutures presented a low p = 0.01 and the last test between the pubic symphysis and the 

lateral anterior sutures gave the value p = 0.00, which is extremely poor. 

The emerging trend finds that the anatomically similar methods (the two using the os 

pubis and the two using the cranium), when compared to themselves give a marginally low p-

value (p = 0.08 and p = 0.01 respectively). The data distinctly shows that in both cases, one 

method consistently estimates age higher than the other. In the os pubis, it is the auricular 

surface, and in the cranium it is the lateral anterior sutures. The high p-value between the pubic 

symphysis and the cranial vault sutures as opposed to the other techniques is most likely a result 

of the fact that the pubic symphysis and cranial vault sutures both tend to age the specimens 

younger than their respective counter-methods. 

The p-values for each comparison are important in determining which methods are the 

most precise, but do not give a clear picture of the overall relationship of the methods. To 

illustrate better these overarching relationships, the simplest indicator is the mean age difference. 
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Most of the methods give a mean age difference from 3.36 years to 5.75 years (absolute value). 

The anomaly is introduced in the relationship between the pubic symphysis and the cranial data 

(both vault and lateral anterior sutures). The pubic symphysis has only an average of-1.33 years 

difference from the cranial vault, but a -8.36 year difference when compared to the lateral 

anterior sutures. This difference indicates that the method employing the pubic symphysis is 

more closely aligned with the cranial vault method than the lateral anterior method, which is 

supported by the T-test results. The auricular surface acts as a medial technique between the 

cranial methods. The auricular surface ages specimens younger than the lateral anterior sutures 

by an average of 3.36 years, and ages specimens older than the vault sutures by an average of 

4.90 years. Since the auricular surface readings have a mean age difference that is neariy 

equidistant between the vault and lateral anterior sutures, it has a moderate mean age difference 

when compared to the pubic symphysis as well. Consequently, if the auricular surface mean age 

had been closer to that of the cranial vault sutures, then it would most likely also be more aligned 

with the mean age given by the pubic symphysis. 

Reasoning for the aforementioned pattern hinges on the idea that the vault sutures age 

specimens younger on average than the lateral anterior sutures. Since the pubic symphysis 

method ages specimens younger than the cranial vault, a logical conclusion is that the pubic 

symphysis would age individuals much younger than the lateral anterior suture method. 

Portions of the results in this study are not supported by the literature. For instance. 

Brooks (1955) frequently encountered problems where the cranial sutures were open as would be 

seen in younger individuals, even though a multitude of other aging techniques (tooth wear, 

clavicular epiphysis closure, scapular lipping, and pubic symphysis aging) indicate that the 

specimen was older. This contradiction in age indicators was not an issue in the current study 
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because the cranial material did not appear to be overly representative of a younger population 

except when comparing the vault sutures and the auricular surface. In fact, the results from this 

study indicate that the lateral anterior suture method gave ages that were on average, older than 

those given by the aricular surface, and both cranial methods estimated estimated ages older than 

what was found using the pubic symphysis. 

The main focus of the study is to determine degree of precision present when comparing 

different age estimation methods. However, another aspect of the study is the researcher's 

assessment of the ease of use of each of the methods. After studying and implementing both the 

pubic methods using the auricular surface and the pubic symphysis and the cranial methods 

including the vault sutures and the lateral anterior sutures, there are apparent differences in the 

ease of use of each method. Some qualities that influence the ease of use include the magnitude 

of the learning curve, the descriptiveness of the original literature in explaining the technique, or 

simplicity of implementing the technique. 

The Todd (1920) method for using the pubic symphysis in age estimation is difficult to 

decipher at first because Todd fails to express in detail the terms he uses to describe certain 

features of the pubic symphysis. Most of the definitions have to be understood through the 

context of the literature, which contributes to higher levels of uncertainty about the correct usage 

of the method. Jargon such such as "ventral rampart" and "delimination" are used often in the 

literature and are never clearly defined. The difficulty in implementing the Todd (1920) method 

is recognized by McKem and Stewart (1957) who believed the Todd (1920) method to be overly 

complex. That conclusion is focused more toward the complexity of the features, making them 

difficult to fit into any one age category, whereas here, the greatest difficulty was in deciphering 

the literature and defining which morphological features are associated with which vocabulary. 
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Despite the issues with jargon, the Todd (1920) method was found to be ultimately easier 

and faster to use than the Lovejoy et al. (1985b) method once it was actually implemented and 

the initial confiision put aside. This difference between the two methods is most likely due to the 

number of features to be examined in each system. With the pubic symphysis there are only four 

main features taken into account: texture, the ventral rampart, the definition of an oval outline, 

and lipping. 

This simplicity is not the case for the auricular surface which examines at least seven 

features including the grain and density, porosity, billowing, striae, apical changes, the 

retroauricular area, and transverse organization. With so many more features to form the basis 

for age estimation, there is a greater probability that they will come to contradict each other. In 

fact, these contradictions became a problem in several cases, as is stated in the limitations 

concerning human variation. Saunders et al. (1992) found similar fmstrations with difficulty in 

defining a phase for various morphological features. Aside from the complexity of the system, 

which leads to occasional confusion in age determination, one benefit to this system is that 

Lovejoy et al. (1985b) clearly defines all of the necessary vocabulary and descriptively outlines 

the eight individual age phases and their characteristics. These clear definitions allow the 

observer to become quickly comfortable with the technique, but difficulties often arise when the 

researcher encounters contradicting features. 

One specimen that was difficult to interpret due to contradicting features was NE831. 

This individual is one of the forensic cases and is noticeably larger and more robust than the 

study specimens. This robusticity led to difficulties when trying to determine the morphological 

changes of the auricular surface. The surface itself had a billowed appearance which would be 

an indicator of youth, but there were many other features including the transition to a dense 
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surface, the loss of any transverse organization, moderate retroauricular activity, and slight apical 

changes that indicate an older specimen (figure 5). Such heavy evidence leaning toward an older 

age estimate led to the conclusion that the billowed appearance is in fact muscle attachment of 

the more robust individual. 

Figure 5. Photo of the auricular surface of the left os pubis of NE831. 

There was similar confusion with OR841 where there seemed to be a confliction of 

features. There are some obvious fissures in the surface that could be viewed as macroporotic 

events (indicating an advanced age), except that the other features present including the fine 

grained texture, lack of microporosity, well-defined billowing and apex, and presence of 

transverse organization all signify youth (figure 6). Therefore, the deep fissures are deemed to 

be products of the billowing. 
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Figure 6. Photo of the auricular surface of the left os pubis of OR841. 

These instances of contradiction in features may also lead to the high inter-observer error 

referenced by Saunders et al. (1992). Although there are no formal investigations in this study 

regarding inter-observer error, it was clear when the specimens were revisited and conferred 

upon by Dr. Robert Paine of the Texas Tech University Department of Sociology, Anthropology, 

and Social Work, that the potential for inter-observer error may be high. 

The most straightforward of the methods are those involving the cranial sutures. The will 

be regarded simultaneously here since the only differences between the cranial vault suture 

method and the lateral anterior suture method are the locations from which the readings are 

taken. The literature is concise in its explanation and there is only one morphological feature to 

take into account: the degree to which the sutures have fused. This is far simpler than the aging 
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techniques based on the os pubis where there are multiple features to consider including textural 

changes as well as disfiguration and the occurrence of porosity or lipping. 

The simplicity of the cranial suture methods allows for quick age determinations, but 

seems to lack a degree of depth and a corroboration of elements that allow for more confident 

age estimation than is calculated through judging the degree of suture closure alone. For this 

reason, the cranial suture techniques seemed altogether lacking in their purpose. 

Based on the results of this study, the most effective method was that involving analysis 

of the pubic symphysis. Even though this method did not always correlate well when compared 

to the three other techniques, this is only a measure of its precision and cannot make conclusions 

accuracy. This method has a greater appeal because it is a more efficient method when used for 

many specimens over a lengthy period of time. There is a greater learning curve associated with 

this method than with either of the cranial suture methods or the auricular surface, but after this 

initial hurdle, the ease-of-use and observer confidence in employing the technique outweighs the 

strengths of the other techniques. 

Each method certainly has individual strengths and weaknesses, and so a combination of 

both as described in part by Lovejoy et al. (1985a) in a kind of multifactorial aging method is 

probably ideal. Despite the occurrence of inconsistent aging between the techniques, the 

difference in overall mean estimation of the sample was less than six years, suggesting the 

presence of some continuity. 

There are several limitations that may have led to discrepancies between the models. 

Observer error must be considered here since the learning process and the observer's adaptation 

to each method was in itself part of the research. During each examination period, many of the 

first specimens to be aged using the respective methods had to be reevaluated after the 
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determination that some individuals failed to fit cohesively into age brackets to which they were 

assigned. Considering the learning curve, it assumes that even by the end of the study, the 

observer may still have shown some inconsistency in judging the features and subsequent age of 

the specimens. 

Taphonomic processes and other physical barriers may have contributed to inconsistent 

readings. In some cases with the sutures and the auricular surface, a clay or glue residue was left 

behind, causing great difficulty in determining the actual degree of suture closure or reading the 

features such as porosity on the auricular surface. The pubic symphysis often showed large 

amounts of wear and in several cases the symphyseal face was partially or entirely destroyed. 

Also, the crania were in reasonably good shape, but there were several specimens that had severe 

trauma which could have easily affected the individual's rate of suture closure or the observer's 

readings. This supports the Lovejoy et al. (1985b) assessment that the auricular surface's 

durability is a benefit to that method. In this instance, there were no hindrances in examination 

of the auricular surface due to taphonomy, whereas with the pubic symphysis and sometimes the 

cranial sutures, it proved to be a daunting issue. 

The normal variation of the specimens also contributes to the limitations of the study. A 

muscular individual like that often seen in the forensic cases has greater robusticity in the way of 

ligament attachment sites which create difficulty in differentiating between features like 

billowing from general surface irregularity. Sometimes, despite having relatively young 

features, a specimen would have an instance of macroporosity or extreme lipping that is usually 

only seen in older individuals. In the case of specimen #9, there is very little to suggest older age 

estimation except for some extreme lipping along the inferior demiface. These instances of 
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individual variation could easily have skewed the placement of some specimens into their 

respective age brackets. 

Another facet of the limitation defined by individual variation are the sex and race 

factors. None of the methods used were sex or race specific, meaning the assumption was taken 

that the sex and race of individual specimens are not contributing factors to age estimation. This 

assumption could have affected the results since past studies report evidence of sex and race as 

having an influence in the resuUs (Todd and Lyon 1924, Singer 1953, Brooks 1955, Gilbert and 

McKem 1973, Baker 1984, Katz and Suchey 1986, Hershkovitz et al. 1997). Despite the fact 

that there is other literature to represent the insignificance of sex and race (Meindl and Lovejoy 

1985, Osbome et al. 2004), there is enough evidence to suggest that these factors may have had 

an effect on the data for the present study. 

Aside from physical limitations, there were also difficuhies inherent in the attempt to do 

any statistical analyses. To compare these two entirely different methods, some adjustments had 

to be made in the data. The age brackets could not be compared directly because there is not 

only a different number of age brackets in each method, but these brackets also encompass 

different age ranges. To remedy difficulty in the direct comparison of age brackets, the mean 

age was taken for each bracket, assigning each specimen a single age instead of a range. While 

this allows for statistical comparisons to be made, it also warps the tme sense of the estimations. 

The second part of the study which focuses the methods' ease of use has no limitations 

other than the entirely subjective nature of the results. Any conclusions posed on the basis of 

ease of use may be subject to change depending on the preferences of the researcher. 
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CHAPTER FIVE: CONCLUSIONS 

The results gathered from this study show that while some aging techniques give similar 

results with respect to skeletal age estimation, there are others that exhibit significant 

inconsistencies when applied to the same skeletal sample. Logically, in the cases where two 

methods give strikingly different results creating a significant p-value under 0.05, such as with 

the lateral anterior sutures versus the vault sutures and with the pubic symphysis versus the 

lateral anterior sutures, the observer should be aware that one or both methods consequently 

must be inaccurate with regard to the actual age of the individual. Therefore, when implementing 

age estimation methods using the os pubis and the cranial sutures, the observer should proceed 

with caution and be aware of any limitations, including his own experience, which could affect 

the age estimation process. 

The caveat mentioned above was determined through the incorporation of several 

different revelations that have been exposed during the study. These points of interest are listed 

below: 

(1) The T-test P-values were not significant for comparisons between methods using the 

pubic symphysis versus vault sutures, the auricular surface versus the vault sutures, the auricular 

surface versus the lateral anterior sutures, and the auricular surface versus the pubic symphysis. 

(2) The T-test P-values were statistically significant for comparisons between methods using 

the lateral anterior sutures versus the vault sutures and the pubic symphysis versus the lateral 

anterior sutures. 

(3) The Lovejoy et al. (1985b) method of estimating skeletal age based on the auricular 

surface is clearly explained in the literature, making it straightforward in theory. However, this 
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method in practice is difficult to work with due to the high number of different and complex 

factors that require examination before an age can be deciphered. 

(4) The Meindl and Lovejoy (1985) method of estimating skeletal age based on the sutures 

located in the cranium (either the set involving the vault sutures or the anterior sutures) is 

simplistic in nature, allowing the observer to easily grasp the concept of the technique. 

Unfortunately this simplicity lends itself to observer fatigue due to the repetitive nature of the 

method. 

(5) The Todd (1921) method of estimating skeletal age based on the use of the pubic 

symphysis is deemed the most effective. There are several terms in the literature that are 

ambiguous as to their exact definition such as "ventral rampart" and "delimination", but once the 

features are understood, defining their morphology in a practical manner is intuitive than the 

Lovejoy et al. (1985b) method employing the auricular surface. 

Age estimation is an integral part of any skeletal assessment and the inconsistencies 

found in this study support the need for future research in this area. A continuation on the 

present study may repeat the research on a larger sample size to allow for a more accurate 

statistical analysis. A larger sample size would also afford the possibility of incorporating the 

sex of sample individuals into the project. Comparing males and females could discount or 

support the idea that sex is a factor in age estimation, leading to research on the accuracy and 

precision of the skeletal aging methods to be performed on a single-sex sample. 

Another interesting possibility for future comparison is to use the bias that was avoided in 

the current study to an advantage by simultaneously observing both the auricular surface and the 

pubic symphysis of the same specimen to evaluate whether ambiguous or contradictory features 

should be judged in one fashion or another. For instance, a youthful feature that was described 
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as billowing may be understood to be surface irregularity associated with an older individual if 

the pubic symphysis is strikingly lipped and irregular. 

Each of these future applications will serve to better understand how each of these 

methods works and therefore how best to apply them separately and in conjunction with one 

another. With better data sets, the flaws with each technique may also be pinpointed and, if 

fixed, could provide for more accurate and consistent systems for aging. 
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