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•f 5) ABSTRACT 

j ^ ^ 5 Age-at-death determination of human bone may be completed through analysis of the 

(» ^ changing microscopic features of human bone, characterized by increasing numbers of secondary 

osteons and osteon fragments. In this study we have examined age-at-death estimation 

techniques presented by Keriey (1965) and Ahlqvist and Damsten (1969) by testing them on 

autopsy samples of individuals of known age-at-death. The results of these estimations are 

compared using statistical methods in order to determine the accuracy and reliability of these two 

methods. The results indicate that Ahlqvist and Damsten (1969) is a better predictor of age-at-

death in the sample tested here. 



INTRODUCTION 

For over three hundred years, researchers have been attempting to describe and 

quantify changes in bone microstructure (see Havers, 1691; Howship, 1817; Cohen and Harris, 

1958; Deslypere and Baert, 1958; Frost, 1963; Currey, 1964; Landeros and Frost, 1964; Ortner, 

1975; Stout and Gehlert, 1980; Thompson, 1981; Pfeiffer, 1998). During this time, attempts were 

made to relate these changes with variations due to age (Jowsey, 1960; Currey, 1964; Keriey, 

1965; Ahlqvist and Damsten, 1969; Keriey, 1969; Singh and Gunberg, 1970; Bouvier and 

Ubelaker, 1977; Keriey and Ubelaker, 1978; Thompson, 1979; Ericksen, 1980, 1991; Ericksen 

and Stix, 1991; Stout and Gehlert, 1982; Stout and Paine, 1992; Stout et al., 1996). 

The following is a review of the historical perspective associated with bone histology 

research and an introduction to the basic terminology associated with bone microstructure. 

Additionally, a brief description of how to determine the origin of fragmentary bone is given. 

Aging techniques using bone microstructure are then described within a historical context. 

Several issues are addressed concerning histological aging techniques, including the antiquity of 

bone and the adequate sampling of histomorphological features (Stout, 1978) as well as the 

comparability of age estimations based on macrostructural and microstructural techniques 

(Pfeiffer, 1980). 

The methodology presented by Keriey (1965, 1969) is described in detail, including 

revisions and issues addressed by later researchers (Bouvier and Ubelaker, 1977; Keriey and 

Ubelaker, 1978; Stout and Gehlert, 1982). The methodology presented by Ahlqvist and Damsten 

(1969) is also detailed, followed by a statistical analysis of the data collected by each 

methodology. The purpose of this paper is to test the accuracy and replicability of the 

histological aging techniques presented by Keriey (1965) and Ahlqvist and Damsten (1969), both 



of which were developed based on age estimations from the midshaft of the femur. Neither of 

these formulas are specific to sex or known metabolic heahh conditions (Keriey, 1965; Ahlqvist 

and Damsten, 1969). 

BACKGROUND 

Historical Perspective of Bone Histology Research 

Research in bone histology has been active for over three hundred years, beginning with 

a description of bone microstructure by Havers (1691) and the observations made by Howship 

(1817). Howship (1817) outiined the process through which bone resorption occurs, as well as 

describing specific intracortical bone loss patterns, now referred to as Howship's lacunae. In the 

mid-1900s, research and publication in bone histology became prolific. Several researchers 

published descriptions of bone microanatomy (Chalkley, Cornfield, and Park, 1949; Weinman 

and Sicher, 1958; Desleypere and Baert, 1958) and how to prepare thin sections to more readily 

study bone microstructure (Frost, 1958, 1959). 

The first research to be attempted with regard to aging based on bone microanatomy was 

done by Schranz (1959) with his description of age changes in the internal structure of humeral 

bone. Soon after, Jowsey (1960) attempted a description of bone microstructure as it varies with 

ages by examining microradiographs of bone and providing a preliminary description of the 

variations in bone microanatomy as they relate to age progression. 

Currey (1964) also attempted to quantify the changes that occur in the ratio of intra-

Haversian bone to extra-Haversian bone and to determine the morphological changes to which 

these changes could be attributed. The data collected in this study show that in human bone, the 

amount of extra-Haversian bone increases with age-produced almost entirely by a reduction in 

the size of individual Haversian systems~but is largely compensated for by an increase in the 



number of systems (Currey 1964). Thus, determining that the reconstruction mechanism in bone 

becomes increasingly less efficient with age (Currey 1964). 

Bone Microstructure 

Before entering farther into a discussion of bone histology research and analysis, a proper 

description of bone microstructure is needed. Burr (1987) divides bone microstructure into three 

broad categories: woven-fibered bone, primary bone, and secondary bone. The scope of this 

paper is limited to the latter two of these bone types-primary and secondary bone. Primary bone 

consists of three sub-categories of bone-including primary lamellar bone, plexiform bone, and 

primary osteons-each having a different mechanical and physiological fimction. 

Primary lamellar bone is arranged in circular rings around the endosteal (inner) and 

periosteal (outer) circumferences of the entire bone; these are called circumferential lamellae 

(Burr 1987). Plexiform bone occurs in cases where it is necessary for bone to be rapidly 

deposited with significant structural integrity, such as during rapid bone growth. The third of 

these sub-types are primary osteons, which are formed when lamellae are arranged 

concentrically around individual vascular channels (concentric lamellae) (Burr, 1987; Jowsey, 

1960). A primary osteon is comprised of a central vascular channel surrounded by several 

concentric lamellae, along with the associated bone cells (osteocytes). Primary osteons, unlike 

secondary osteons, do not have cement lines, and generally fewer lamellae, since they are not the 

product of bone remodeling (Burr, 1987). 

Secondary bone is the produced by the resorption and subsequent re-deposition of bone 

tissue. Previously existing bone tissue is resorbed by osteoclastic cells and rebuilt by the 

deposition of new bone tissue in the same place, forming secondary osteons (Burr, 1987). 

Secondary bone, distinguished by the presence of secondary osteons, is sometimes referred to as 



Haversian bone, since osteons are also known as Haversian systems (Jowsey, 1960). 

Before describing any histological characteristics of bone or attempting to quantify age 

changes in bone microstructure, the origin of the bone-if not already known-must be 

determined. A secondary osteon is formed by a vascular channel about 50 microns in diameter 

surrounded by a series of concentric lamellae containing osteocytes arranged in circular fashion, 

measuring approximately 200-300 microns in diameter in human bone (Burr, 1987). Osteons 

measuring between .03mm^ and .05mm2 is considered to be of human origin and bone containing 

much smaller osteons, less than .03mm2 in area of non-human, or animal, origin (Burr, 1987; 

Homi, 2002). 

Bone that is known to be of human origin may be analyzed microscopically to determine 

the age-at-death of the individual. Research in histological methods for age-at-death 

determination using skeletal elements began as eariy as 1964 with research performed by Currey. 

Currey (1964) quantified the changes that occur in the ratio of intra-Haversian bone to extra-

Haversian bone determining that the amount of extra-Haversian bone increases with age, caused 

by a reduction in the size and increase in the number of individual Haversian systems. 



Figure 1: Bone Microstructure 

Fig.l: Circular osteons indicative of bone remodeling 

Historical Perspectives of Aging in Bone Histology-

Based on descriptions of bone microstructural variation with age (Jowsey, 1960; Currey, 

1964), Keriey (1965, 1969) attempted to measure bone microanatomy to determine age-at-death 

using the femur, tibia, and fibula, providing a supplement to conventional macroscopic age-

determination methods, for use in fragmented, eroded, or incomplete skeletons in which use of 

these conventional methods would be unreasonable. Keriey (1965) developed formulas based on 

a regression analysis of the number of osteons, osteon fragments, percentage of circumferential 

lamellar bone, and the number of non-Haversian canals and was able to determine the age at 

death of individuals with reasonable accuracy, ranging from between plus or minus 6.69 years, 



using osteon counts in the tibia, to plus or minus 13.85 years using the number of non-Haversian 

systems present in the femur. 

Keriey (1965) was later modified by Ahlqvist and Damsten (1969), using only the femur. 

In an effort to decrease some of the confiision created in Keriey (1965), Ahlqvist and Damsten 

chose not to distinguish between complete and fragmentary osteons and did not use any of the 

other factors presented by Keriey (1965). Additionally, the technique was revised to measure 

histological structure within a square field to circumvent the one of the main limitations of 

Keriey (1965)-the difficulty in distinguishing histological structures in the proximity of the 

circular field limits. Ahlqvist and Damsten (1969) were able to reasonably approximate the age-

at-death of the individuals in their sample within plus or minus 6.7 years based on the percentage 

of the viewing field covered with osteons and osteon fragments. 

Keriey (1965, 1969) was fiirther modified by Keriey and Ubelaker (1978) and Stout and 

Gehlert (1982). Keriey and Ubelaker (1978) and Stout and Gehlert (1982) questioned Keriey's 

(1965, 1969) apparent failure to specify the field size used in his determinations. This was 

corrected with the presentation of a correction factor, which standardizes the field size (Keriey 

and Ubelaker, 1978; Stout and Gehlert, 1982). These two separate pairs of authors are both 

implicated in the determination of the correction factor, since Keriey and Ubelaker (1978) 

originally discussed the notion of a using a correction factor to standardize all viewing areas to 

be like that of Keriey (1965, 1969), but it was not until Stout and Gehlert (1982) that this 

correction factor was tested in its limitations or its determination explicitly described. 

After the original presentation of such age determination techniques as Keriey (1965, 

1969) and Ahlqvist and Damsten (1969), the next to attempt such a quanitification was published 

by Singh and Gunberg (1970), using the femur, mandible, and tibia in a modified version of the 



method presented by Keriey (1965, 1969). Instead of using the amount of Haversian systems or 

fragments in the measurement, the number of lamellae per osteon and Haversian canal diameter 

were used to determine the age-at-death of the individual (Singh and Gunberg, 1970). Using 

seven different formulas for each of the three bones tested, Singh and Gunberg (1970) estimated 

age-at-death in their sample between plus or minus 2.55 years and plus or minus 5.01 years. 

These original studies (Keriey, 1965, 1969; Ahlqvist and Damsten, 1969; and Singh and 

Gunberg, 1970) formed the basis and groundwork for all other histological attempts for 

determining age-at-death. 

It is not until 1979 that an entirely new histological method for age-at-death 

determination was presented. Thompson (1979) in an effort to resolve the "principal 

shortcoming" of previous methods-the need for a complete cross section of the diaphysis (mid

section) of the bone-presents a histological technique based on the examination of cores of 

cortical bone, 0.4cm in diameter, taken from the femur and tibia. Thompson (1979), using 19 

separate variables, estimated the age-at-death in their entire sample to plus or minus 13.56 years 

in the left femur, 12.76 years in the right femur, 13.33 years in the left tibia, and 12.94 years in 

the right tibia. A technique similar in conceptlo Smgh and Gunberg (1979) is presented by 

Ericksen (1980) using the anterior femoral cortex and eight separate variables for analysis. 

Between these eight different variables, Ericksen (1980, 1991) estimated the age-at-death in the 

study sample to between plus or minus 10.07 years and plus or minus 12.21 years. 

Since Ericksen (1980), the only other attempt (before Stout and Paine, 1992) at 

quantifying bone microstructure into a means of determining age-at-death of the individual was 

published by Samson and Branigan (1987). Using the minor diameters of the Haversian canals 

and the number of Haversian canals per unit area of bone in the femur, Samson and Branigan 



(1987) were able to estimate the age-at-death of the sample to plus or minus 8 years. 

Before 1992, the majority of histological aging techniques focused on the lower long 

bones, especially the femur (Keriey, 1965, 1969; Ahlqvist and Damsten, 1969; Singh and 

Gunberg, 1970; Thompson, 1979; Ericksen, 1980; and Samson and Branigan, 1987). Only one of 

these studies examined the possibility of using a non-weight bearing bone from the upper 

extremity of the body (the mandible, see Singh and Gunberg, 1970), until Stout and Paine (1992) 

published a method for estimating age-at-death using the clavicle and the rib. This methodology 

is presented as an ahernative to using invasive techniques on the major long bones of the body 

(Stout and Paine, 1992). By employing the rib and clavicle. Stout and Paine (1992) created a 

method for age-at-death determination in cases where no long bones are available for analysis 

and in cases where highly invasive procedures would eliminate the ability to use the bones in 

osteometry. Through measurement of cortical area, intact (complete) osteon density, fragmentary 

osteon density, and total visible osteon density. Stout and Paine (1992) were able to estimate the 

age-at-death in their sample to plus or minus 2.67 years in the clavicle, plus or minus 0.90 years 

in the rib, and plus or minus 1.91 years for the rib and clavicle combined. A modification of the 

Stout and Paine (1992) methodology was later presented by Stout, Porro, and Perotti (1996), but 

does not significantly improve the reliability of determination presented in the original. Stout, 

Porro, and Perotti (1996) expanded the original sample size of Stout and Paine (1992), limited 

the new analysis to the clavicle only, and re-evaluated the formulas. The age-at-death estimation 

in the new, combined sample was within plus or minus 2.05 years (Stout, Porro, and Perotti, 

1996). See table 1 for the relative accuracies of the histological aging techniques discussed to 

this point. 
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Table 1: The relative accuracies of histological aging techniques 

AGING METHOD 

Keriey (1965) 

Ahlqvist and Damsten (1969) 

Singh and Gunberg (1970) 

Thompson (1979) 

Erickson(1980) 

Samson and Branigan (1987) 

Stout and Paine (1992) 

Stout, Porro, Perotti (1996) 

BONE 

Femur 

Femur 

Femur, Mandible, Tibia 

Femur. Tibia 

Femur 

Femur 

Rib, Clavicle 

Clavicle 

ACCURACY 

+/-9.1 

+/-6.71 

+/- 5.01 years 

+/-12.94 years 

+/-10.07 years 

+/- 8 years 

+/- 2.67 

+/- 2.05 years 

Issues in Histological Aging 

The use of histological aging methods in non-modern bone has been criticized because of 

its exposure to diagenic conditions which may significantly alter the microscopic structure of the 

bone-especially chemical weathering (Stout, 1978). Despite this, it has been found that 

Haversian systems are often observable even in samples which have considerable chemical 

replacement (Race et al., 1968), due to the fact that the isomorphic substitution which occurs 

here preserves the geometric structure essentially intact during fossilization (Posner, 1969). 

According to Stout and Teitelbaum (1976) bone microstructural elements-osteons. Haversian 

canals, and cement lines-often remain clearly identifiable and well-preserved in archaeological 

bone samples. However, there is no evidence that the preservation of unmineralized bone matrix 

remains in skeletal remains of greater antiquity (Stout, 1978). 

Another criticism of histological aging methods is the question of adequate sampling of 

the bone's histomorphology (Stout, 1978). In a personal communication to Stout, Frost stated 

that in order to adequately sample any bone, a minimum of approximately 200 osteons or osteon 
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fragments must be counted (Stout, 1978). Stout (1978) states that by increasing osteon counts, 

interobserver error has been found to decrease from 20% or more to less than 10%. 

A third concern in bone histology aging techniques is the comparability of age-estimates 

to other macroscopic techniques. Pfeiffer (1980) performed a study on a small research sample 

testing this idea. The skeletal material used in this study was from the Late Archaic period and 

none of the skeletons had any notable pathological conditions (Pfeiffer, 1980). Pfeiffer (1980) 

compared the estimated age-at-death of the individuals as determined by gross examination of 

the pubic symphysis and obliteration of cranial-sutures with another age estimate determined by 

microscopic analysis of the bone, using the method presented by Ahlqvist and Damsten (1969). 

In five of the six individuals tested, the macroscopic age determination closely resembled that of 

the microscopic age determination (Pfieffer, 1980). This must not be viewed without skepticism, 

however, as the sample used by Pfeiffer (1980) is very small. Nonetheless, the most positive 

reflection of the data suggests that age estimates using macroscopic and microscopic techniques 

are comparable (Pfeiffer, 1980), indicating that although ftirther standardization is still required 

for histological aging techniques, this type of microstructural analysis may be usefiil in ossuary 

or forensic contexts (Martin, Goodman, and Armelagos, 1981), as one of the major advantages to 

this type of analysis lies in its applicability to extremely fragments remains (Stout, 1989). 

Microscopic Age Assessment Techniques 

Considering the above reservations, it is still desirable to ftirther test, replicate, and 

standardize techniques concerning the histological aging of bone. Two such techniques are tested 

and compared in this project-Keriey (1965) and Ahlqvist and Damsten (1969). The first of these 

is one of the most widely cited methods and has been credited with both laying the groundwork 

for all fiiture histological aging techniques and creating the standard by which all others are 
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judged (see Ahlqvist and Damsten, 1969; Keriey, 1969; Singh and Gunberg, 1970; Bouvier and 

Ubelaker, 1977; Keriey and Ubelaker, 1978; Thompson, 1979; Pfeiffer, 1980; Stout and Gehlert, 

1980; Thompson, 1981; Stout and Gehlert, 1982; Lazenby, 1982-1984; Samson and Branigan, 

1987; Stout, 1989; Ericksen, 1991; Stout and Paine, 1992). Ahlqvist and Damsten is also widely 

cited as a "sibling" theory to Keriey (1965)~in that both theories stem from the same ideological 

base, as Ahlqvist and Damsten (1969) is a modification of Keriey (1965), and they are in 

constant competition, rivals for the title of "best" histological aging technique (see Singh and 

Gunberg, 1970; Bouvier and Ubelaker, 1977; Keriey and Ubelaker, 1978; Pfeiffer, 1980; Stout 

and Gehlert, 1980; Lazenby, 1982-1984; Samson and Branigan, 1987; Stout, 1989; Ericksen, 

1991; Stout and Paine, 1992). It is because of this contention that these two methodologies were 

chosen to be tested here. 

Keriey 

Based on observations made by Jowsey (1960) concerning the microscopic changes in 

bone with increasing age, Keriey (1965) developed the idea that these changes might be usefiil in 

determining the age-at-death of an individual in which other means of age identification were not 

plausible. Using a sample of 126 ground cross-sections of the femur, tibia, and fibula-from 

individuals ranging in age-at-death from 0 to 95 years-Keriey (1965) examined each bone 

section microscopically and determined that the structural changes usually associated with age 

were most easily read in the outer 1/3 of the bone cortex and found four quantitative, easily-read 

factors that seemed consistently associated with age. These factors include the number of 

osteons, the number of osteon fragments, the percentage of circumferential lamellar bone, and 

the number of non-Haversian canals (Keriey, 1965). 

Keriey (1965) defines an osteon, or Haversian system, as an easily recognizable (within a 
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cross section) vascular canal surrounded by concentric lamellae. Through the processes of 

resorption and bone remodeling, it happens that fragments of old osteons may surround the edges 

of new osteons, these are called fragmentary osteons (Keriey, 1965). The third measure 

associated with age changes in human bone is the amount of circumferential lamellar bone 

present in the individual. Circumferential lamellar bone is composed of evenly spaced lamellae, 

running parallel to each other and around the outer cortex of the osteon (Keriey, 1965). Finally, 

non-Haversian canals are those primary vascular channels formed at the same time as the 

surrounding lamellar bone and are indicative of un-remodeled bone (Keriey, 1965). 

Using a lOOX magnification, the total number of recognizable osteons was counted in 

each of four sections in the outer third of each cross section and totaled for all four areas to 

create a single figure (Keriey, 1965). These four sections of the cross section were located on the 

anterior, posterior, medial, and lateral edges of the bone, including the area of the linea aspera of 

the femur (Keriey, 1965). The same process was repeated in counting osteon fragments and non-

Haversian canals; however, the percentage of circumferential bone in each field was estimated 

and then averaged, not totaled as in the other three, to create a representative figure for that 

factor (Keriey, 1965) 

The composite value for each of the outer zone factors in the four fields was plotted 

against the individual's age to create an age-change graph for each of the three long bones in the 

leg (Keriey, 1965). The degree of correlation between these factors and age-at-death in the 

individual was determined and Keriey (1965) found that the number of osteons and osteon 

fragments were generally better correlated with age than the other two factors. These charts were 

then used, by using the years midway between the statistical lines of exclusion, to determine age 

estimates on an additional 56 specimens, ranging in age from 0-82 (Keriey, 1965). The accuracy 
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of the method developed here ranges from as little as 7 years to nearly 14 years of actual age 

(Keriey, 1965). 

Since its first publication, Keriey (1965) has since been modified and corrected in several 

ways. Keriey (1969) was the first to add on to his own original work, by determining that his 

original technique was applicable to fragmentary skeletal elements and yielded estimations very 

near to those of macroscopic age determination techniques. Keriey and Ubelaker (1978) later 

revised the field size used in the Keriey (1965, 1969) technique and altered the regression 

formulas used for two of the tibial and fibular osteon measurements. With the work of both 

Keriey and Ubelaker (1978) and Stout and Gehlert (1992), a correction factor was presented for 

use with the Keriey (1965, 1969) method for use in standardizing the field size between 

microscopes to be as close to 2.06mm^ as possible (Stout and Gehlert, 1982). 

Ahlqvist and Damsten 

Ahlqvist and Damsten (1969) is a modification of the method presented by Keriey 

(1965). The premise behind the modification to Keriey (1965) is that it is less tedious than the 

original (Ahlqvist and Damsten, 1969). The four parameters used by Keriey may be divided into 

two groups, those that increase and those that decrease with age. Osteons and osteon fragments 

are categorized as increasing and those that decrease are lamellar bone and non-Haversian canals 

(Ahlqvist and Damsten, 1969). 

The analysis in this method is based on the percentage of increasing structures found in 

the bone (Ahlqvist and Damsten, 1969). Using an ocular, square-ruled network containing 100 

squares super-imposed on each section, using a suitable magnification so that the side of the 

square measures 1mm at the level of the section, the number of squares more than half-filled 

with osteons and osteons and osteon fragments were counted in four sections to determine the 
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percentage of bone covered by these structures (Ahlqvist and Damsten, 1969). 

Ahlqvist and Damsten (1969) chose square visual fields adjacent to the surface of the 

bone, rotated 45 degrees from those four circular fields chosen by Keriey. Once the percentage 

of bone covered by osteons and osteon fragments is determined based on these measurements, 

the age is determined using a regression formula (Ahlqvist and Damsten, 1969). Ahlqvist and 

Damsten (1969) tested their modified method on 20 ground thin-sections of the femur midshaft. 

Using this method, age-at-death estimation was found to be within 6.71 years of the actual age 

(Ahlqvist and Damsten, 1969). 

The method presented by Ahlqvist and Damsten (1969) attempts to conquer several 

major obstacles present in Keriey (1965), including the difficulty in distinguishing osteons from 

osteon fragments, the unlikelihood of accurate rough estimations of the percentage of 

circumferential lamellar bone in each circular visual field, and the difficulty in distinguishing the 

kind of structure found in the outer limits of the circular visual fields due to dark edges. Having 

no research done on the accuracy of age estimation by this technique done on the tibia or fibula, 

it is impossible to say whether these two bones may yield a higher accuracy (Ahlqvist and 

Damsten, 1969). 

Comparison Studies 

Several researchers have already attempted to compare the methods presented by Keriey 

(1965) and Ahlqvist and Damsten (1969) to determine which is more accurate and reliable 

(Bouvier and Ubelaker, 1977; Stout and Gehlert, 1980). Bouvier and Ubelaker (1977) compared 

the two methods, using the femur since this bone was used in both Keriey (1965) and Ahlqvist 

and Damsten (1969). Using 40 of Keriey's original femoral sections, Bouvier and Ubelaker 

(1977) compared the two methods by first determining the percentage of remodeled bone present 
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using the four field measurements presented in Ahlqvist and Damsten (1969) and inserting the 

average value (x) into the regression equation y = 0.991x - 4.96 (Ahlqvist and Damsten, 1969) to 

create an estimated age-at-death for each specimen. Next, the number of complete osteons in the 

four field's presented in Keriey (1965) was determined for each of these same sections and age 

estimates obtained by inserting the total number of osteons (x) into the femoral regression 

equation y = 3.473 + 0.144x + 0.003x2 (Keriey 1965) to create age estimates for each specimen. 

Both of these age determinations were then re-evaluated by the same observer and independently 

repeated by a second observer-using 25 of the total sections (Bouvier and Ubelaker, 1977). 

Through correlating the separate counts from the same observer and different observers, it was 

determined that it was difficult to obtain a reliable count from the area of the linea aspera, but 

otherwise both methods seem equally precise on both comparisons (Bouvier and Ubelaker, 

1977). 

The accuracy of the two methods were then tested by comparing the age estimates 

generated from the regression equations presented in both Keriey (1965) and Ahlqvist and 

Damsten (1969) to the known ages for each specimen. Bouvier and Ubelaker (1977) found that 

the estimated ages from the Keriey method differed from the actual ages by an average of 8.2 

years and that the estimated ages from the Ahlqvist and Damsten method differed by 9.5 years. 

Bouvier and Ubelaker (1977) agree that the method presented by Keriey (1965) is more sound, 

accurate, and reliable than that presented by Ahlqvist and Damsten (1969) in that Keriey (1965) 

is based on a much larger femoral sample than Ahlqvist and Damsten (1969) and the average 

difference between estimated age and actual age is smaller using the Keriey (1965) method. 

A second comparison sttidy was performed by Stout and Gehlert (1980) using a 

population sample different that that used by either Keriey (1965) or Ahlqvist and Damsten 
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(1969) to better determine the accuracy and reliability of the age determination parameters 

presented in both of these methods. Stout and Gehlert (1980) used mid-shaft sections taken from 

the femurs, tibias, and fibulas of each of 13 individuals. The microscopic fields were located and 

independently read by two separate observers for each specimen. The Keriey (1965) method was 

tested counting the number of intact osteons, fragmentary osteons, and the percent of Haversian 

bone in each of four fields in each of the femur, tibia, and fibula cross sections (Stout and 

Gehlert, 1980). The Ahlqvist and Damsten (1969) method was tested by estimating age-at-death 

by determining the percentage of osteons and osteon fragments in each of four fields in the femur 

cross sections (Stout and Gehlert, 1980). 

The standard deviations, or mean differences, of the differences in years between the 

predicted age and known age of each individual were compared between the results of each 

observer as a measure of interobserver error and of reliability between the methods (Stout and 

Gehlert, 1980). Stout and Gehlert (1980) determined that there was no statistically significant 

difference between the observer estimates or between each observer estimate and the known age. 

The greatest accuracy of prediction was for the number of femoral osteon fragments using the 

Keriey (1965) method (Stout and Gehlert, 1980). Although Bouvier and Ubelaker (1978) agreed 

that the method presented by Keriey (1965) was the more accurate of the two methods, this is to 

be considered nattiral since Bouvier and Ubelaker (1978) used the sample originally used to 

determine the parameters presented in Keriey (1965) (Stout and Gehlert, 1980). All factors 

considered. Stout and Gehlert (1980) concluded that the average of age estimates produced from 

the Keriey (1965) age-prediction formulas is the most accurate and reliable in age-determination 

of unknown samples (Stout and Gehlert, 1980). 
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MATEIUALS AND METHODS 

Slides were prepared following the technique described in Stout and Paine (1992). Using 

five parts Epoxide resin (Buehler, Ltd.) to one part Epoxide hardener (Buehler, Ltd.), as per the 

mixing instructions on the resin container, the resin was poured into the mixing container (a 

paper measuring cup) followed by the hardener. The mixture was stirred with a wooden 

toothpick for approximately five minutes until well mixed and bubbles removed. The bone 

sample was placed in the hardening container and the Epoxide mixture poured over the sample. 

Once the bone sample was completely covered with Epoxide, the sample was left to cure for 

eight hours, or until hardened. 

After the Epoxide mixture hardened, an Isomet saw (Buehler, Ltd.) was used to cut a thin 

section of the bone. This thin section was then mounted onto a prepared grinding slide using 

Permount. The slides were allowed to dry for 5-7 days. Once the Permount had hardened, the 

section was then ground to the proper thickness, using an Ecomet grinder (Buehler, Ltd.). The 

thin section is ground using the Ecomet grinder until it is somewhat transparent. The thickness of 

the slide was checked often during the grinding process. Once the slide is the proper thickness, 

the micro-anatomical features of the bone will be clearly visible under a microscopic lens. 

After grinding the slides to the desired thickness, the slide can then be mounted onto a 

viewing slide. In order to do this, the grinding slide and specimen should be placed in acetone 

and a sonic cleaner used to dissolve the Permount. Once the thin section is removed from the 

grinding slide, it is allowed to air dry and then mounted to a viewing slide using Permount and 

cover-slip. Once dry, the slide is ready to be viewed. 

Histological aging can be used not only in a scientific, research-based manner, but also 

within the context of forensic identification of remains. In order to determine whether a bone is 
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human or non-human, one can measure the area of the osteons visible in the bone microstructure 

(Burr 1987, Homi 2002). After taking a cross section of the bone and preparing a viewing slide, 

the microstructure is examined for the presence of plexiform bone or Haversian bone. Haversian 

bone is significantly different in appearance from plexiform bone, containing lamellar bone, 

primary and secondary osteons, and osteon fragments (Burr, 1987; Homi, 2002). The presence of 

plexiform bone excludes the bone from being human. Although the presence of osteons and 

osteon fragments does not automatically mle the specimen human, the presence of plexiform 

bone means that the specimen is non-human. If the bone is not clearly animal based on the 

presence of plexiform bone, then the osteonal area should be measured to determine the nature of 

the specimen. 

Osteonal area is measured through the aid of a computer program and microscopic lens 

hooked up to a video camera. The slide is placed on to the viewer and focused onto the computer 

screen. After calibrating the program using a stage micrometer, the area can be determined by 

freezing an image of an osteon on the computer screen and measuring the osteonal circumference 

via the computer program. The osteon area is automatically computer by the program. If the 

bone is human, the osteons will range in area from 0.03mm^ to 0.05mm^ and if it is animal, it 

will be less than .03mm^ (Burr, 1987; Homi, 2002). Once a specimen has been determined to be 

of human origin, it is possible to age the individual based on several formulas presented by 

Keriey (1965) and Ahlqvist and Damsten (1969). Plexiform bone can be seen in figure 2 (below) 

and the presence of osteons in non-human bone is shown in figure 3 (below). 
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Figure 2: Histological Features of Non-Human Bone 

Fig. 2: Plexiform bone on the right side of this figure and smaller osteonal features on the 
left side of this figure are indicative of non-human bone 

Keriey 

Using the method presented by Keriey (1965), thirty-five samples were read from thirty-

one individuals of known age-at-death. The sample was taken from a collection of histology 

slides taken from autopsy specimens in the 198Gs housed in the Forensics Lab at Texas Tech 

University in Lubbock, Texas. The age-at-death of the individuals in the sample range between 

47 and 83 years. Because the age estimation formulas presented by Keriey (1965) do not specify 

determining factor, the sex criteria for this sample was not used. Femora! intact osteons 

read from four separate fields on each slide as outlined in Keriey (1965). Detailed 

descriptions of exact field determination are not given, although it is known that the 

sex as a 

were 
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measurements are taken from the outer 1/3 of the bone cortex on the anterior, posterior, medial, 

and lateral walls of the femoral cross section, including the linea aspera (Keriey, 1965). 

For the purposes of this study, the first reading was taken from the closest visual 

approximation of the center of the linea aspera—this is the posterior measurement. The anterior 

measurement was somewhat arbitrarily determined based on this point. From the linea aspera, 

the stage was moved directly in a straight line so that the second measurement—the anterior 

measure—was taken directly opposite of posterior. The medial and lateral measurements were 

also somewhat arbitrarily defined as well. Using the best visual approximation of the center of 

the slide, the stage was moved to the right and left to capture the medial and lateral field 

measurements. 

In each of the four microscopic fields (posterior, anterior, medial and later), a separate 

count was taken of recognizable, intact osteons 100 power wide field. For the purposes of 

measurement, a "recognizable osteon" is any osteon that is easily distinguishable over 80% or 

more of its area containing and intact Haversian canal (Keriey, 1965). The measurements for all 

four areas were combined to create a single figure representing the osteon number for the outer 

zone of the section. This number was then multiplied by the Correction Factor discussed in Stout 

and Gehlert (1982). The number resulting from this is the "new" osteon number and is plugged 

into the revised age-determination formula to determine the approximate age at death (plus or 

minus 9.1 years) of the individual (Keriey and Ubelaker, 1978). 

Each of the slides were initially read two separate times and age estimations formed on 

the basis of each of these two readings. If the difference between the two estimations was larger 

than the standard deviation presented in the Keriey (1965) regression formulas (9.1 years), the 

slide was read a third time and another age estimation made. In these cases, the first reading was 
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thrown out, based on the assumption that the observers accuracy at reading each slide improves 

with each successive reading. 

Ahlqvist and Damsten 

The second set of age-determinations were performed using the method presented by 

Ahlqvist and Damsten (1969). Thirty-five samples were read from thirty-one individuals of 

known age-at-death—the same sample that was used in testing the Keriey (1965) method, taken 

from a collection of histology slides from autopsy specimens. The age-at-death of the individuals 

in the sample range between 47 and 83 years. As in the estimations based on Keriey (1965), the 

sex of these individuals is not a factor in determining the age-at-death using Ahlqvist and 

Damsten (1969), therefore, this information was not used in describing the test sample. 

The percentage of bone covered by osteons and osteon fragments was determined using 

an average count based on the numbers of squares in a 10 x 10 square-mled ocular, measuring 

1mm on each side, more than 50 percent fiill of osteons and fragments in four separate fields as 

outiined in Ahlqvist and Damsten (1969). The fields chosen by Ahlqvist and Damsten were 

based on a 45° rotation of the fields described in Keriey (1965). For the purposes of this study, 

these fields were determined through a visual approximation of the 45° rotation (as the slides 

could not be written on as described in the original study). The first reading was taken along the 

periosteal edge of the bone at what appeared to be the halfway point between the anterior and 

medial points of the femur. The second measurement area was made by moving the stage 

directly across the slide in a straight line to the lateral edge of the bone to a point approximately 

between the lateral and anterior points of the bone. The third reading was taken at the point most 

posteriorly located directly straight down from this second reading field and the fourth reading 

taken in the measurement area determined by scrolling the stage directly medially from this 
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lateral point to a sample area located approximately halfway between the medial and posterior 

edges of the bone. 

In each of the four fields, the square-mled ocular was lined up with the edge of the bone 

so that the straight edge of the grid was as neariy even to the bone edge as possible and readings 

taken in each section from this point. The total number of squares more than half covered with 

osteons or osteon fragments were counted in each of the four fields and then added together and 

divided by four to determine the average percent of bone showing features indicative of bone 

remodeling. This average (x) was the plugged into the regression formula presented in Ahlqvist 

and Damsten (1969), 0.991x - 4.69, plus or minus 6.71 years. 

As in the testing of the Keriey (1965) method, each slide was ready two separate times 

and age estimations formed on the basis of each of these two readings. If the difference between 

the two estimations was larger than the standard deviation presented by Ahlqvist and Damsten 

(6.71 years), the slide was read a third time and another age estimation made. In these cases, the 

first reading was thrown out, based on the assumption that the observers accuracy at reading each 

slide improves with each successive reading. 

RESULTS 

The resuhs presented in Keriey (1965) indicate that the regression formula presented in 

the study may be used to estimate the actual age of the individual within two standard deviations 

(plus or minus 18.2 years for femoral fragments) 95% of the time. Even after the introduction of 

the field size correction factor (Keriey and Ubekaler, 1978), the mean differences in age 

estimates were not found to be significantly different from the original, so long as the field size 

used is as close to 2.06mm^ as possible (Stout and Gehlert, 1982). 

Each of the age estimations in this study is based on two readings of each slide. Out of 35 
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specimens, 11 of them had to be read a third time, as the difference between the two initial 

predicted ages was greater than 9.1 years. The average actual ages of the sample specimens was 

64.8 years having a standard deviation within this sample of plus or minus 10.6 years. The final 

age estimation taken for each of the specimens using the Keriey (1965) method was determined 

to have an average age of 40.9 years and a standard deviation from this average of plus or minus 

11.8 years. In application of the method presented by Keriey (1965), including an adjustment to 

the field size based on the correction factor presented in (Keriey and Ubelaker, 1978), the age 

estimations were found to be within plus or minus 9.1 years of the actual age 17.1%) of the time 

and within plus or minus 18.2 years 34.3% of the time. This is significantly lower than the 80%) 

correlation presented in the original study (Keriey, 1965). See table 2 for a complete list of age 

estimations based on the technique presented by Keriey (1965). 

Bouvier and Ubelaker (1978) found that the ages estimated ages of their sample 

individuals, determined by using the regression equations presented by Keriey (1965), differ 

from the actual ages by an average of 8.2 years. Here, the research suggests that the average 

difference between the average predicted age and the actual age at death of the individuals in this 

study is 26.18 (26.2) years. 

The resuhs of this study do seem to show considerably less accuracy using the Keriey 

(1965) method than previous sttidies employing this method, ft is possible that this is the resuh 

of employing a different sample than the one originally used to develop the method presented by 

Keriey (1965) and subsequently tested by Bouvier and Ubelaker (1977). Bouvier and Ubelaker 

(1977) concluded that Keriey (1965) was more accurate than Ahlqvist and Damsten (1969), 

however, this conclusion was based on testing each method on the original sample used by 

Keriey (1965). 
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The resuhs presented by Ahlqvist and Damsten (1969) indicate that the age may be 

reliably estimated to within 6.71 years of the actual age. By the definition of standard deviation, 

this implies that 68%) of the estimated ages fall within one standard deviation (6.71 years) of the 

actual age and 95%) of the estimations within two standard deviations (13.42) (Thomas, 1986). 

Each of the age estimations performed in this study is based on two readings of each slide. Of the 

35 specimens, 9 had to be read a third time, as the difference between the two initial predicted 

ages was greater than 6.71 years (one standard deviation). The average actual ages of the sample 

specimens was 64.8 years having a standard deviation within this sample of plus or minus 10.6 

years. The final age estimation taken for each of the specimens using the Ahlqvist and Damsten 

(1969) method was determined to have an average age of 70.9 years and a standard deviation 

from this average of plus or minus 10.1 years. In application of the method presented by Ahlqvist 

and Damsten (1969), age estimations were found to be within plus or minus 6.71 years of the 

actual age 25.7%) of the time and within plus or minus 13.42 years 60% of the time. See table 3 

for a complete list of age estimations based on the technique presented by Ahlqvist and Damsten 

(1969). 

Using SPSS Data editor, a /-test was performed comparing the last predicted age of each 

method with the acttial ages of the sample. In comparing the actual age of the sample with the 

estimated ages using the technique presented by Keriey, the /-value was determined to be 8.665 

and in comparing the actual ages of the sample with the ages determined using Ahlqvist and 

Damsten, the t value was determined to be -2.968. The Student's /-test was performed to 

determine whether the distribution of the age estimations is similar to the distributions of the 

actual ages of the sample population (Thomas, 1986). The null hypothesis in this test is that 1) 

Keriey (1965) is an accurate method of predicting age-at-death (^ = 64.8 years); 2) Ahlqvist and 
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Damsten (1969) is an accurate method of predicting age-at-death (̂ i = 64.8). The ahernative 

hypothesis is that 1) Keriey (1965) is not an accurate method of predicting age-at-death {\i + 

64.8); 2) Ahlqvist and Damsten (1969) is not an accurate method of predicting age-at-death (n + 

64.8). The degrees of freedom in this analysis is equal to the sample number minus one (34) and 

the level of significance was determined to be the 95**̂  percentile (p = 0.05) (Thomas, 1986). 

Since a two-tailed t-test was performed, this value is divided by two, to arise at a = .025. The 

table value at a = .025, and 34 degrees of freedom is not available, but the values at 30 and 40 

are 2.042 and 2.021, respectively (Thomas, 1986); therefore, the value at 34 degrees of freedom 

is estimated as being between these two numbers. The t-value of the comparison between the 

actual ages and those estimated in this study using the technique presented by Keriey is 8.665 

and since this number is larger than the table value, the null hypothesis must be rejected 

(Thomas, 1986), meaning that the estimated ages using the Keriey method does not fit with the 

actual ages of the sample. The t value of the comparison between the actual ages and those 

estimated using the technique presented by Ahlqvist and Damsten is -2.968. This number is 

smaller than the table value therefore, the null hypothesis cannot be rejected and it is concluded 

that the mean of the estimated ages fits with the acttial ages of the sample (Thomas, 1986). This 

study suggests that the age estimations determined using the technique presented by Ahlqvist and 

Damsten (1969) are more accurate than those determined using the technique presented by 

Keriey (1965, 1969). Lowering the level of significance to the 90* percentile (p = 0.10) does not 

change the outcome of this t-test. 

The resuhs presented here vary somewhat from what has been reported before; Bouvier 

and Ubelaker (1977) report that the average of the predicted ages differs from the average 

predicted ages of the specimens by 9.5 years in their study. However, the resuhs presented here 
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indicate that the average predicted ages differs from the actual age by an average of only 11.6 

years (compare to 26.2 years using the Keriey method), which supports the method presented by 

Ahlqvist and Damsten (1969), whose original formulation was done on a sample of 20 femurs, 

by lending the validation of a study performed with a larger, independent sample group. 

Table 2: Results of Keriey 

SPECIMEN 
16289 
18179 
18187 
18199 
18199 (distal) 
19266 
19274 
19276 
19277 
19278 
19282 (t8) 
19282 (t9) 
19284(1985) 
19284(1986) 
19288 
19291 
19296 
19298 
19299 
20051 
20053 
20061 
20062 
20063 
20064 
20065 
20066 
20068 
20071 
20078 
20086 
20086(2) 
20087 
20088 
20090 

REAL AGE 
56 
56 
71 
62 
62 
46 
83 
49 
73 
77 
58 
58 
60 
60 
69 
83 
83 
59 
62 
59 
83 
60 
70 
79 
47 
59 
81 
53 
55 
71 
69 
69 
62 
66 
58 

AGE EST. 1 * 
56.5 
47.5 
33.6 
38.3 
27.1 
59.5 
43.0 
28.9 
19.3 
26.9 
34.2 
47.4 
27.9 
30.5 
45.1 
38.9 
48.2 
27.9 
26.7 
39.6 
34.2 
56.1 
35.3 
18.7 
43.3 
22.8 
19.2 
36.4 
33.7 
50.8 
34.9 
33.6 
40.4 
46.5 
43.0 

AGE EST. 2 -
47.1 
36.1 
33.7 
32.9 
29.1 
53.1 
65.2 
41.0 
32.5 
31.1 
36.8 
46.5 
33.1 
36.0 
47.6 
45.1 
49.5 
40.6 
28.9 
42.4 
39.6 
62.9 
49.2 
27,7 
48.4 
26.0 
19.8 
46.8 
44.8 
72.2 
36.0 
39.0 
46.0 
49.4 
38.8 

AGE EST. 3* 
51.2 
34.4 
None 
None 
None 
None 
64.2 
37.8 
27.3 
None 
None 
None 
None 
None 
None 
None 
None 
37.6 
None 
None 
None 
None 
36.1 
27.8 
None 
None 
None 
52.2 
40.9 
77.4 
None 
None 
None 
None 
None 

* predicted ages are +/- 9.1 years (standard deviation) and rounded to the nearest tenth; all 
specimens for which difference between the first and second estimations was more than 9.1 
years, a third reading was made; N=35 
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Table 3: Results of Ahlqvist and Damsten 

SPECIMEN 
16289 
18179 
18187 
18199 
18199 (distal) 
19266 
19274 
19276 
19277 
19278 
19282 (t8) 
19282 (t9) 
19284(1985) 
19284(1986) 
19288 
19291 
19296 
19298 
19299 
20051 
20053 
20061 
20062 
20063 
20064 
20065 
20066 
20068 
20071 
20078 
20086 
20086 (2) 
20087 
20088 
20090 

REAL AGE 
56 
56 
71 
62 
62 
46 
83 
49 
73 
77 
58 
58 
60 
60 
69 
83 
83 
59 
62 
59 
83 
60 
70 
79 
47 
59 
81 
53 
55 
71 
69 
69 
62 
66 
58 

EST. AGE 1* 
68.9 
71.1 

78.0 
76.6 
63.7 
73.1 
80.8 
61.7 
85.2 
58.5 
77.5 
58.2 
81.5 
76.1 
81.0 
75.3 
80.5 
64.2 
91.9 
78.8 
74.8 
66.9 
84.2 
68.4 

78.3 
82.3 
81.3 
76.8 
71.4 
62.2 
75.1 
80.0 
69.6 
74.3 

1 79.8 

EST. AGE 2* 
71.6 
66.3 
62.2 
70.1 
51.0 
57.0 
74.1 
56.0 
81.0 
58.5 
85.0 
51.5 
76.6 
71.6 
74.6 
78.0 
80.8 
68.9 
86.7 
75.8 
74.6 
59.5 
88.9 
71.1 
70.1 
80.8 
84.0 
65.4 
70.6 
62.2 
77.3 
76.1 
60.7 
65.7 
86.0 

EST. AGE 3* 
None 
None 
61.9 
None 
44.8 
67.9 
None 
None 
None 
None 
72.3 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
60.2 
None 
None 
71.1 
None 
None 
57.5 
None 
None 
None 
None 
63.9 
68.1 
None 

* predicted ages are +/- 6.71 years (standard deviation) and rounded to the nearest tenth; all 
specimens for which difference between the first and second estimations was more than 6.71 
years, a third reading was made; N-35 
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DISCUSSION 

The resuhs of this comparison between the Keriey (1965) and Ahlqvist and Damsten 

(1969) methods gives some indication of which method may be considered to have better 

accuracy and reliability. When reading the slides to do the age estimations for both techniques, 

only 9 of the slides read using Ahlqvist and Damsten (1969) had to be read three times, whereas 

11 of the slides read using Keriey (1965) had to be read after the initial double reading. This 

number gives some hint of which may have a greater accuracy, since a third reading only 

occurred if the age estimations of the first two readings did not give resuhs within one standard 

deviation of each other. However, this third reading is not necessarily within one standard 

deviation of the second reading, reliability cannot be implied by the presence or lack of third 

readings. The third reading simply serves as an indicator of how possible it is that one might read 

a slide two separate times and obtain a similar reading both times, a test of reliability. 

A second means for comparing the resuhs of these two tests is to compare the actual 

sample composition with that which was estimated by each technique. The average actual age of 

the 35 sample specimens used in this study is 64.8 years, with a standard deviation of 10.6 years 

from this mean. Based on the average of the two age estimations done on each sample using the 

Keriey (1965) technique, it was found that the average age of the sample was 40.9 years, with a 

standard deviation of 11 8 years from this mean. Compare this to the average age of the sample 

determined by using Ahlqvist and Damsten (1969) of 70.9 years of age, with a 10.1 year 

standard deviation. Based on this quick sample composite, it appears that the results obtained by 

Ahlqvist and Damsten (1969) are more similar to those of the original sample-compare a 

difference in average age of 23.9 years with the Keriey estimations and a difference of only 6.1 

years using the Ahlqvist and Damsten estimations. Additionally, the standard deviation of the 
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Ahlqvist and Damsten age estimation sample is only 0.5 years different from the original, 

whereas that of the Keriey estimations is a difference of 1.2 years. The average difference 

between the actual ages of the sample and the average predicted ages of each method are 26.2 

years for Keriey (1965) and 11.6 years for Ahlqvist and Damsten (1969), indicating a higher 

accuracy for the Ahlqvist and Damsten (1969) age estimation methodology. 

The age estimations based on the Keriey (1965) methodology fall within one standard 

deviation of the actual age 17.1%) of the time and within two standard deviations 25.7% of the 

time. Compare this with the age estimations based on the Ahlqvist and Damsten (1969) 

methodology which fall within one standard deviation of the actual age 34.4% of the time and 

within two standard deviations 60% of the time. Considering that Ahlqvist and Damsten (1969) 

has a standard deviation of only 6.71 years, compared to that of Keriey (1965) which is 9.1 

years, and the age estimations based on Ahlqvist and Damsten (1969) fall within one or two 

standard deviations of the actual age more often than with Keriey (1965), it is logical to conclude 

that the age estimations based on Ahlqvist and Damsten (1969) are more accurate than those 

estimated by using Keriey (1965). The resuhs of the t-tests support this conclusion as well. 

Bouvier and Ubelaker (1977) concluded that, due to the small sample size found in 

Ahlqvist and Damsten (1965), the age estimates obtained using Keriey (1965) are more accurate. 

However, this study used the sample originally used by Keriey (1965), which may have been a 

contributing factor to the greater accuracy achieved by this method. Stout and Gehlert (1980) 

also agree, after testing both methods on an independent sample, that the age predictions 

produced by Keriey (1965) are more accurate and reliable than those from Ahlqvist and Damsten 

(1969). 

The resuhs presented in this study do not agree with any of the previous research done in 
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comparing the methods of Keriey (1965) and Ahlqvist and Damsten (1969). This study, 

however, does correct several limhations of previous studies—using a sample completely 

independent of developing either methodology and larger than that used in developing Ahlqvist 

and Damsten (1969). Additionally, each slide was ready two or more times, separately and 

independently, to justify that each measurement and reading was as unbiased and accurate as 

possible. Furthermore, this study incorporates the field size correction factor presented by Stout 

and Gehlert (1982), which no other comparison study has tested. 

CONCLUSION 

The size and distribution of the sample tested here is sufficient enough to conclude that 

the greater statistical accuracy and reliability of the Ahlqvist and Damsten (1969) method is valid 

in its presentation and that this method is a better technique for estimating age-at-death in 

individuals of unknown age. This conclusion challenges previous arguments conceming the 

accuracy and reliability of Ahlqvist and Damsten (1969). Since the resuhs of this study are 

somewhat oppositional to the resuhs of all other comparison studies between these two methods, 

h is important to fiirther test these two methods, especially the incorporation of the correction 

factor (Stout and Gehlert, 1982), as well as the revised formula presented in Keriey and Ubelaker 

(1978) with the Keriey (1965) method. Also, the possibility of expanding the sample size and 

age distribution to incorporate not only more individuals but also younger individuals would 

create a better picture of the actual reliabilhy and accuracy of both the Keriey (1965) method and 

the Ahlqvist and Damsten (1969) method and how they compare with one another. 
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