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ABSTRACT The microscopic age changes that occur in human cortical bone were 
measured by counting the number of osteones, osteon fragments and non-Haversian 
canals, and estimating the percentage of lamellar bone in four selected 100 power 
fields in the outer third of the cortex in ground sections from the mid-shaft of the 
femur, tibia and fibula. Age graphs were derived from 126 specimens covering the 
age range from birth through 95 years. The best correlation with age by regression 
analysis was found in  the osteon fragment number in the fibula (p = 9.74). The 
use of the regression formula for this factor permits the age to be estimated within 
i ten years of the actual age 95% of the time. 

An alternative method utilizes a specially devised profile chart to estimate age 
from the age change graphs. When this method was checked on 56 additional speci- 
mens, 87.3% of the estimates were within 2 five years of the actual age, and all 
estimates were within i ten years. 

It was concluded that there are measurable microscopic age changes in  the cortex 
of the major long bones of the leg that can be used to estimate the age of an individ- 
ual with known accuracy over the entire range from birth to 95 years. This method can 
be applied to fragmented and incomplete skeletons as well as eroded archeologic skel- 
etons, since only the mid-shafts of leg bones are used. 

The traditional methods of determining 
the age at death of skeletal remains are 
limited in application by the condition of 
the remains and in accuracy by the age of 
the individual. The most useful indicators 
of age are often missing or obliterated in 
fragmented, eroded, or incomplete skel- 
etons. In addition, the accuracy of the 
estimate depends greatly on the experi- 
ence of the examiner - particularly when 
dealing with the remains of older individ- 
uals. The age at death (Stewart, '54) 
(Krogman, '62) can be determined with 
fair accuracy by epiphyseal closure up to 
age 25 and by the pubic symphysis to 
about age 50 (McKern and Stewart, '57) 
(Brooks, '55). Estimates over 50 years of 
age are based on such intuitive criteria as 
arthritic lipping and the texture and weight 
of the bones, or on such unreliable criteria 
as the closure of the cranial sutures 
(Singer, '53). 

Hansen ('54) and Schranz ('59) have 
presented methods for determining age 
from the amount and arrangement of can- 
cellous bone in the proximal end of the 
humerus, where it decreases with advanc- 
ing age. However, the reliability of esti- 
mates based on this method is undeter- 
mined. and the method itself can be 

applied only to specimens where the proxi- 
mal end of the humerus is present and 
intact. 

Amprino and Bairati ('36) and Jowsey 
('60) have demonstrated that there are 
microscopic changes in structure that oc- 
cur at the midshaft of the femur as age 
increases. If these changes could actually 
be used to determine the age at death, they 
would provide the basis for an excellent 
supplement to conventional methods of age 
determination. Only a small piece of the 
shaft of a long bone would be needed, so 
that fragmented, eroded, or incomplete 
skeletons could be aged, as well as those of 
old individuals. 

MATERIAL AND METHOD 

In order to quantitate these microscopic 
age changes and establish a system of age 
determination based on them, 126 ground 
cross-sections of the femur, tibia and fibula 
were examined microscopically. These 
specimens were removed from the mid- 
shaft of the bone and were well-docu- 
mented as to age, sex, and clinical history. 
Only bone that was distantly removed from 
any pathology and appeared normal gross- 
ly, radiographically, and microscopically 
was used to establish the age curves. Sixty- 

149 AM. J. PHYS. ANTHROP., 23: 149-164. 



ot 

Oi 
c+ 

M 

I 

i 



MICROSCOPIC BONE AGE DETERMINATION 151 

four of the specimens were age 30 or older, 
and all decades of life from birth through 
age 95 were represented in the entire se- 
ries. There were 88 males and 29 females. 
Sex was not recorded for nine. Table 1 
shows the age and sex distribution of the 
sample. 

Preliminary microscopic examination of 
the slides grouped in chronologic series 
revealed that the structural changes nor- 
mally associated with age seemed better 
spaced to cover the total life span in the 
outer third of the cortex than in the mid- 
dle or inner thirds. Also, the outer third 
is the least affected by resorptive changes 
in normal bone. From the preliminary mi- 
croscopic examination it appeared that four 
factors in particular were consistently as- 
sociated with age and could be observed 
quantitatively through a standard labora- 
tory microscope with wide-field eyepieces : 

1. The number of osteones. 
2 .  The number of fragments of old 

osteones. 
3 .  The percentage of circumferential 

lamellar bone. 
4. The number of non-Haversian canals. 
Osteones. An Osteon, or Haversian sys- 

tem (fig. 1-a), is easily recognized in cross- 
section as a vascular canal surrounded by 

concentric lamellae, which contain rather 
evenly spaced osteocytes in their lacunae. 
Around the entire periphery of the osteon 
there is a reversal line that marks the area 
where osteoclastic resorption stopped and 
was followed by new bone formation. Un- 
less otherwise specified, osteon refers to 
secondary, remodeled bone. 

Fragments. As osteoclasts burrow chan- 
nels through Haversian bone, fragments 
of old osteones (fig. 1-b) may surround 
the edge of the channel and remain after 
resorption ceases and replacement begins. 
These fragments increase in number with 
age as more and more old osteones are 
partly destroyed. In old age, virtually 
every complete osteon is surrounded by 
the fragments of several older ones. 

Circumferential lamellar bone. Circum- 
ferential lamellar bone (fig. 1-c) is com- 
posed of evenly spaced bands, or lamellae, 
that run parallel to each other around the 
outer part of the cortex. It appears as bire- 
fringent sheets in polarized light and can 
be distinguished by its long, parallel fibers. 
Circumferential lamellar bone is a promi- 
nent feature of childhood. 

Non-haversian canals. All primary vas- 
cular channels, including those that have 
filled in partly with concentric lamellae to 

Fig l a  An osteon. 
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Fig. l b  Fragments of old osteones (F).  

Fig. lc Circumferential lamellar bone. 

form primary osteones or pseudo-Haversian at the time the surrounding lamellar bone 
systems, are vascular canals that were was formed, they are primary and repre- 
formed by the inclusion of small, periph- sent areas of unremodeled bone. The sec- 
era1 blood vessels into the bone by the ondary osteon is formed in a space left by 
rapid expansion of the cortex in diameter osteoclastic resorption and represents in- 
(fig. I-d). Since these canals were formed ternal remodeling of the bone. When 
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Fig. Id Non-Haversian canals ( N )  in circumferential lamellar bone ( L ) ;  osteones (0). 

viewed by polarized light, the primary deposited endosteally. As the cortex ex- 
osteon can be distinguished from the sec- pands by the peripheral deposition of layer 
ondary osteon by the lamellar bone sur- upon layer of circumferential lamellar 
rounding it. The primary osteon has no bone, small sub-periosteal blood vessels 
sharp reversal or cement line around it, 
and the surrounding lamellae bend 
smoothly around the outer limits. In areas 
of strong tendon attachment and in youth- 
ful specimens, where the surrounding bone 
is of a coarse woven texture rather than 
lamellar, the junction between the con- 
centric lamellae and surrounding bone is 
vague and poorly defined. In the secondary 
osteon, the lamellae surrounding it run 
straight to the reversal line and stop 

osteoclasts during the resorptive phase. 
The life cycle of cortical 

bone (fig. 2 )  begins with the rapid forma- 
tion of radial spicules of coarse woven 
bone with large spaces in between (fig. 
2a). These spaces fill with less-rapidly con- 
structed concentric lamellar bone. As the 
cortex and medullary cavity expand in 
diameter, more mature circumferential 
lamellar bone is formed at a slower rate 
peripherally, and some lamellar bone is 

abruptly, where they were bitten off by Fig. 2a Cross-sectional age changes in the 
cortex. 

Age changes. 

Fig 2b The life cycle of bone. 
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running along the long axis of the bone 
are encircled by the advancing periphery 
of the cortex. Osteoclasts burrow longi- 
tudinal channels down through the thick- 
ening cortex, which appear as ragged holes 
in cross-sections (fig. 2b ) .  Osteoblasts fill 
these resorptive channels with new bone 
in the form of concentric lamellae, form- 
ing osteones. These osteones are in turn 
partly destroyed by subsequent resorption, 
and the undestroyed portions remain as 
fragments surrounding the new osteon that 
is formed as that channel fills in. 

The number of osteones, the number of 
fragments, the amount of lamellar bone, 
and the number of non-Haversian canals 
were examined in a 100-power wide field 
in each of four anatomic areas in the outer 
third of each cross-section : anterior, pos- 
terior, medial, and lateral (fig. 3 ) .  The 
fields were selected in such a manner that 
they touched upon the outer edge of the 
bone and were fairly representative of the 
particular anatomic area of the section be- 
ing examined. Each microscopic field 
covered a circular area of the cross-section 
that was 1.25 mm in diameter. That was 
the area covered by a ten-power objective 
lens combined with ten-power, wide-field 
oculars. 

The total number of recognizable oste- 
ones, including those that were partly ob- 

Fig. 3 Location of four 100-power fields. 

scured by the periphery of the field, was 
counted in each field. Then this number 
was totalled for all four areas to arrive at 
a single figure representing the osteon 
number for the outer zone of that particu- 
lar section. The same procedure was used 
for counting osteon fragments and non- 
Haversian canals. The percentage of each 
field that was composed of circumferential 
lamellar bone was estimated, and the four 
fields were averaged - rather than to- 
talled - to arrive at a figure that was rep- 
resentative of the outer zone lamellar bone. 

RESULTS 

The composite value for each outer zone 
factor in all four fields was plotted against 
age for each bone, using intact normal 
specimens only. The age change graphs 
were essentially similar for all three of the 
major long bones of the leg, although the 
actual numbers varied slightly from bone 
to bone. In the femur (fig, 4)  the osteones 
increased in number with an increase in 
age from birth through age 95. The num- 
ber of fragments of old osteones in the 
outer third of the femur increased with 
advancing age, also. The percentage of 
circumferential lamellar bone was high in 
childhood and decreased with advancing 
age. While it was virtually absent in some 
specimens, it was present in others up 
through age 95. Following much the same 
pattern as lamellar bone, the number of 
non-Haversian canals was quite high in 
infancy and childhood, decreasing in ado- 
lescence and disappearing completely 
around age 55. The same patterns of age 
change were found in the tibia (fig. 5 )  and 
in the fibula (fig. 6). 

The data were subjected to regression 
analysis, both linear and curvilinear as ap- 
propriate. All showed significant correla- 
tions between age and the outer zone fac- 
tors. The most significant correlation was 
afforded by the number of osteon frag- 
ments in the outer third of the fibula. The 
regression formulae for estimating age 
from the value of each outer zone factor, 
the standard error of the estimate, and the 
correlation coefficient are shown in table 2 
for the three major long bones of the leg. 
In general, the number of osteones and 
osteon fragments were better correlated 
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Fig. 4a Femoral osteones. 
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Fig. 4b Femoral fragments. 
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Fig. 4c Femoral lamellar bone. 

N 0. 

AGE 
Fig. 4d Femoral non-Haversian. 

with age than were lamellar bone or non- 
Haversian canals. 

When the regression formulae in table 2 
are used to estimate age from outer zone 
factor values and two standard errors of 
the estimate are used as the limits of confi- 
dence, the actual age should fall between 
the plus or minus two standard error limits 
95% of the time. These limits of confi- 
dence are rather good for the number of 
fragments in the fibula, having a range of 

10.54 years. However, the range between 
the limits of confidence was fairly wide for 
the rest of the factors in all three bones. 
No single factor other than fibular osteon 
fragments had a range of confidence that 
was sufficiently narrow to afford a particu- 
larly accurate estimate of the age by itself. 

Since the selection of fields and counting 
of fragments are inevitably somewhat sub- 
jective in nature, the use of multiple fac- 
tors might afford greater reliability than 



PLATE 1 

EXPLANATION OF FIGURES 

1 Section of the skin of the ischial callosity showing the phosphorylase 
and amylo-l,4-1,6-transglucosidase of the epidermis. ca. x 100. 

Alkaline phosphatase reactive capillaries of the subepidermal arcades 
in  the papillary layer of the ischial callosity. The arrow indicates 
a sinusoid which also has an endothelium reactive for alkaline 
phosphatase. ca. x 100. 

Section from the chest showing both organized nerve end-organs and 
nerve fibers which contain acetylcholinesterase. ca. X 100. 
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Fig. 5c Tibial lamellar bone. 
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Fig. 5d Tibial non-Haversian. 

the space at the right. When this was done 
for all four factors, only a certain portion 
of the age scale was covered by parts of 
all age range lines. Vertical lines were 
drawn to delineate the range of overlap. 
All ages not falling between the vertical 
lines were excluded, since they fell out- 
side the absolute observed range of one 
or more of the four outer zone age change 
factors. This procedure can be applied to 
one, two, or all three of the major leg bones 
in combination. 

Using the year that was midway between 
the vertical lines of exclusion as the esti- 
mated age, the accuracy of the estimate 
was checked on 56 additional specimens 
covering the range from birth through 82 
years of age. For the entire range, 87.3% 
of the estimates were within -+ 5 years of 
the actual age, and all were within 10 
years. In the 12 specimens where two or 
more bones from the same individual were 
used, all estimates were within 2 5 years 
of the age also. The accuracy was better 
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Fig. 6a Fibular osteones. 
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Fig. 6b Fibular fragments. 

for younger specimens than it was for the 
older ones, being 91.7% within * 5 years 
for those under 30 years of age and 78.9% 
for all those 30 and over. This widening 
of the range of accuracy in old age was a 
natural result of the greater variations be- 
tween biologic and chronologic age in the 

upper age ranges that can be seen on the 
age graphs (figs. 4-6), and of the increased 
dependence on only two of the factors 
(osteones and fragments). 

The age ranges for the various factors 
can be determined from the observed ab- 
solute ranges on the special age curves 
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Fig. 6d Fibular non-Haversian. 

TABLE 2 
Regression formulae f o r  estimating age (Y) f r o m  factor  value (X) 

Factor Regression Correlation Stz:c:d 
Femoral osteones 
Femoral fragments 
Femoral lamellar 
Femoral non-haversian 

Tibial osteones 
Tibial fragments 
Tibial lamellar 
Tibial non-haversian 

Fibular osteones 
Fibular fragments 
Fibular lamellar 
Fibular non-haversian 

Y = 3.473+ 0.144X+0.003Xz 
Y = 8.786+ 0.834X 

Y = 57.811- 1.728X+0.013X2 
Y = 79.455 - 2.427X.f 0.023X2 

p = 0.922 9.39 
r = 0.864 12.19 
p = 0.870 11.78 
p = 0.815 13.85 

Y = -10.082+ 0.634X r = 0.925 6.69 
Y = - 7.061+ 0.931X+2.210X2-2.538X3 p = 0.947 7.78 
Y = 76.338- 1.794X+0.011X2 p = 0.816 13.62 
Y = 70,270-10.944X+0.647X2-0.011X3 p = 0.790 9.63 

Y = 2.366- 0.538X+0.018X2-0.001X3 p = 0.922 8.83 
Y = 1.328- 0.058X+0.034X2 p = 0.974 5.27 
Y = 69.108- 2.208X+0.015X2 p = 0.881 10.85 
Y = 55.241- 4.300X+0.050X2 p = 0.879 10.70 
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~ 

14 - 60  
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Number 552457 Age Profile 18 - 28 

sex Male hce Caucasoid Range 16 - 30 
Section Other Known age: 25 

D~~~ 5 September 1963 Age Estimate 23 

Fig. 7 Age estimate profile chart. 

(figs. 4-6) or the age estimate can be de- 
rived from the regression formula for the 
number of fibular osteon fragments. 
Either method yields known accuracy and 
reliability that compare favorably with 
standard methods of age determination for 
the difficult specimens over age 30. The 
regression formulae offer excellent reliabil- 
ity when two standard errors of the esti- 
mates are used as the limits, but the ranges 

of such estimates are too wide to afford 
any accuracy in estimating age, except for 
the fibular fragments. In some cases, 
greater accuracy can be achieved by using 
the profile chart (fig. 7) to narrow the 
range of the estimates obtained by the 
regression formulae. This is particularly 
useful when all of the factors are used in 
two or more bones. When there is suffi- 
cient variation in the ranges of the in- 
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dividual regression formula age estimates 
to narrow the range of the over-all esti- 
mated age on the profile chart, there is an 
increase in accuracy with no loss of reli- 
ability, since the narrower estimate is still 
within the two-standard error limits of all 
the regression estimates used. 

DISCUSSION 

Every effort has been made to keep this 
method of estimating the age at death by 
microscopic examination as simple and 
easily-repeatable as possible, and to elimi- 
nate variations not related to age. The use 
of four fields in separate anatomic areas 
of the cross-section minimizes the likeli- 
hood of basing the age estimate on a single, 
atypical field, and the use of a standard 
laboratory microscope and 100-power fields 
enhances the comparability of similar data 
obtained in the future by others for esti- 
mating ages by the method presented here. 
The basic microscopic structures utilized, 
the osteon and lamellar bone, are readily 
identifiable, and counting instead of meas- 
uring eliminates variations in ocular re- 
ticules or other measuring devices. 

One problem in applying this method 
and the age graphs in figures 4-6 is deter- 
mining what constitutes a “recognizable 
osteon” as opposed to a fragment. It is 
impractical to use only osteones which 
have in no way been encroached upon by 
others, since the outer margins of osteones 
are often irregular and may be difficult to 
distinguish in some cases. A workable 
definition of a recognizable osteon is one 
that is easily distinguishable over 80% or 
more of its area and has the canal intact. 
Fragments include any osteones that have 
discernible encroachment by subsequent 
generations of osteones and are exemplified 
by arcs of concentric lamellae between 
newer osteones (see fig. 2 ) .  

While simplicity and repeatability were 
sought in establishing this method of age 
determination, equal attention had to be 
given to its versatility of application. This 
microscopic method of age determination 
utilizes any or all of the major long bones 
of the leg, which can be articulated with 
the axial skeleton through the hip joint to 
establish continuity with the spine and 
skull. The mid-shaft area of the diaphysis 
was chosen because it is anatomically 

identifiable, survives most conditions of 
burial or injury better than the ends of 
bones do, and had been shown to have age 
changes in the microscopic structure (Am- 
prino and Bairati, ’36). It should be 
pointed out that slides need not be made 
from the exact middle of the shaft, since 
there is a block in the mid-shaft area that 
is about three inches in length and is ho- 
mogeneous with regard to microscopic age 
changes. Thus, badly fragmented bones 
can be used as long as a cross-section can 
be obtained from anywhere in the area of 
the middle of the diaphysis. 

Archeologic specimens from the Philip- 
pine and Aleutian Islands, Indian Knoll 
Kentucky, Virginia, and Florida were ex- 
amined by the microscopic method in order 
to test its applicability to archeologic mat- 
erial that had been subjected to a variety of 
burial conditions. These specimens ranged 
in postmortem age from 500 to around 
5,000 years. In spite of marked differ- 
ences in mineralization and leaching by 
ground water, thin ground sections of all 
the specimens afforded sufficient clarity 
and detail for the use of this method. 
There was enough variation in the mineral- 
ization of these specimens, however, to 
suggest that some archeologic material will 
not yield adequate detail by normal light 
microscopy. In such cases, polarized light 
or microradiographs may give better struc- 
tural detail than ordinary light microscopy. 

Disease processes might well affect the 
reliability of the microscopic method, since 
many diseases disrupt the microscopic 
structure of bone. Sections of 78 patho- 
logic specimens were examined for micro- 
scopic age changes. Twenty-four common 
disease processes were represented in such 
major categories as trauma, inflammation, 
cardiovascular, atrophy, neoplasm, devel- 
opmental, and metabolic diseases. In 
areas of discernible pathology the micro- 
scopic structure of the bone was disturbed 
and the age changes could not be assessed. 
However, unless there was gross or micro- 
scopic evidence of pathology in the area 
from which the slides were made, the re- 
liability of the microscopic method of age 
determination was not affected, with one 
exception. In Paget’s disease, the number 
of fragments was excessive, far exceeding 
the number of osteones, and age could not 
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be estimated although pathologic changes 
were slight in the area from which the 
sections were made. In general, the ages 
of normal looking bone-even from in- 
dividuals with skeletal pathology - could 
be estimated with the same reliability as 
bone from normal individuals. 

Jnconsistent estimates did not occur in 
any of the normal specimens or specimens 
from normal appearing areas of the skel- 
eton. That is, all ages were never ex- 
cluded by the overlapping of the four fac- 
tors on the profile chart, nor did age esti- 
mates of one bone completely exclude 
those for another bone in the same individ- 
ual. If it should happen that the four 
factors overlapped in such a manner that 
no age range remained for an estimate, 
that particular specimen would clearly be 
beyond the application of the microscopic 
method presented here. The same would 
be true if the age range for one bone did 
not coincide in any way with the age range 
for another bone from the same individual. 
In that case, however, one might seriously 
consider the possibility that the remains of 
two or more individuals have been com- 
mingled . 

Sex differences in the specimens did not 
affect the microscopic age changes utilized 
by this method. Statistical correlations be- 
tween sex and the outer zone age factors 
ranged from r = 0.022 for osteones in the 
femur to r = 0.391 for non-Haversian 
canals in the fibula. Although there were 
few specimens other than Caucasoid in 
the sample, race did not seem to have any 
appreciable effect on age changes either. 
Slides of 11 Negroid specimens were dis- 
tributed in a random manner on the age 
graphs. The Mongoloid specimens tested 
by this method were all archeologic, and 
the ages were not documented. However, 
the estimates derived by microscopic age 
changes were in agreement with those 
based on gross age changes. It should be 
possible, then, to apply this microscopic 
method of age determination to fragments 

of bone of any age without having to 
know the sex or race of the individual. 

The skeletal age of an individual can be 
determined within the limits of the method 
presented at all age levels and throughout 
adult life. While gross methods are more 
accurate for determining the skeletal ages 
of children and adolescents, the micro- 
scopic method can be applied to all ages 
through 95 years. In this respect, the age 
graphs presented represent norms for skel- 
etal age throughout the normal human 
life span. Such norms provide a base line 
for comparison with pathologic specimens 
from amputation or autopsy to determine 
the relationship between bone age and 
chronologic age in various pathologic con- 
ditions. 

LITERATURE CITED 
Amprino, R., and A. Bairati 1936 Processi di 

Ricostruzione e di Riassorbimento nella Sos- 
tanza Compatta delle Ossa Dell 'Uomo. Ri- 
cherche su Cento Soggetti dalla Nascita Sino 
a Tarda Eta. Zeitschrift fur  Zellforschung und 
Mikroskopische Anatomie, 24: 439-511. 

Brooks, Sheilagh 1955 Skeletal age at  death: 
The reliability of cranial and pubic indicators. 
Am. J. of Phys. Anthrop., 13: 567-597. 

Hansen, Gerhard 1953-54 Die Altersbestim- 
mung am Proximalen Humerus und Femu- 
rende in Rahmen der Identifizierung Men- 
schlicher Skelettreste. Wissenschaftliche 
Zeitschrift der Humboldt-Universitat zu Berlin, 
Jahrgang 111. 

Jowsey, Jenifer 1960 Age changes in human 
bone. Clinical Orthopaedics, 17: 210-217. 

Krogman, Wilton 1962 The human skeleton in  
forensic medicine. Charles C Thomas, Spring- 
field. 

McKern, T., and T. D. Stewart 1957 Skeletal 
age changes in young American males. Quar- 
termaster Research and Development Com- 
mand, Technical Report EP-45. 

Schranz, D. 1959 Age determination from the 
internal structure of the humerus. Am. J. of 
Phys. Anthrop., 17: 273-277. 

Singer, Ronald 1953 Estimation of age from 
cranial suture closure. J. of Forensic Med., 

Stewart, T. D. 1954 Evaluation of evidence 
from the skeleton. Chapter 17. Legal Medicine 
(Gradwohl, editor). C. V. Mosby Company, 
St. Louis. 

I :  52-59. 




