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ABSTRACT: The purpose of this paper is to discuss some of the major factors that can affect 
age-at-death predictions when using histomorphological methods. Although evidence suggests 
that some of the currently available methods are more reliable and accurate, and there are a 
number of factors other than chronological age that can affect bone remodeling, histomorpho- 
logical methods, when properly applied, are valuable tools for anthropology and forensic medi- 
cine. It is suggested that both accuracy and reliability are maximized when the histomorphomet- 
ties of as many anatomical sampling sites as possible are sampled and the resultant ages are 
averaged. 
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The accurate determination of age at death for skeletal remains is particularly important 
in anthropology and forensic medicine. Histological methods are potentially very useful be- 
cause of their reported superior accuracy for the adult age ranges, and the fact that they can 
be applied to fragmentary remains. Initial applications of these methods have often been 
somewhat disappointing, however, particularly when attempted by individuals with minimal 
experience and training in bone histology. The purpose of this paper is to discuss some of the 
major factors that can influence the accuracy and reliability of histological aging methods. 

It is essential that anyone attempting to employ histological methods be familiar with the 
biological basis for them. Most methods are based upon the fact that in larger vertebrates, 
such as humans, bone remodeling is continuous throughout their lives. It is characterized by 
the sequential resorption and formation of relatively consistent packets of lamellar bone, 
sometimes referred to as basic multicellular units of remodeling (BMUs). In cortical bone, 
each BMU results in the production of histomorphological structures known as Haversian 
systems or osteons, which represent a durable and lasting record of past remodeling activity 
in a bone. Most of the currently available histological aging methods are based upon the 
resulting association between number of osteons per unit area and age reported by a number 
of researchers [1-3]. The application of this phenomenon to the problem of age estimation 
was demonstrated by Kerley in 1965 [4]. Since this pioneering work, a number of authors 
have introduced histological aging methods that are primarily modifications of Kerley's 
method [4], and provide predicting formulas which use different bones or microscopic field 
locations or both [5-8]. 

Comparisons among histological methods suggest that precision and accuracy differ 
among them. Bouvier and Ubelaker [9] found Kerley's [4] predicting equations for the fe- 
mur to be more accurate than Ahlqvist and Damsten 's  [5] modified method. This compari- 
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son, however, utilized a subsample of the original sample from which Kerley's formulas were 
derived. One might, therefore, expect his formulas to demonstrate better predictability than 
formulas derived from different population samples. Also note that this comparison em- 
ployed a field size and prediction equation which differed from the more recently reported 
revisions to Kerley's method [10]. 

A comparison of the reliability and accuracy among all of Kerley's revised osteonal age 
predicting equations [10] and that of Ahlqvist and Damsten [5] was undertaken using an 
independent sample by the author [11]. It was concluded that averaging the ages resulting 
from each of Kerley's regression equations is the method of choice when both accuracy and 
reliability are taken into consideration (Table 1). 

Three additional histological aging methods that should be discussed are those of Singh 
and Gunberg [71, Thompson [6], and Stout [8]. Singh and Gunberg's method uses multiple 
linear regression using three histomorphological variables: number of complete osteons, av- 
erage number of lamellae per osteon, and average Haversian canal diameter. They provide 
predicting equations based upon various combinations of the three variables for the anterior 
midshaft of the femur and tibia, and the posterior border of the mandibular ramus. Accu- 
racy is claimed to be within six years of the true value in 95% of human males. An attempt by 
the author to evaluate independently this method for the femur and tibia obtained poor 
results [l l] .  Errors in age prediction ranged from 12 to 49 years of actual age. This extremely 
high inaccuracy may have resulted in part from methodological factors. I used approxi- 
mately 100-/tm-thick ground, undecalcified sections, while Singh and Gunberg [7] used 10- 
~tm-thick decalcified sections. It is reported that section thickness can affect histomorpho- 
metrics [12]. Sampling error may also be significant for this method, since they employ only 
two randomly chosen microscopic fields per bone. 

Thompson [6] has developed a method that uses only a 0,4-cm-diameter core of bone from 
the anterior midshaft of 4 long bones: femur, tibia, humerus, and ulna. It involves multiple 
regression formulas based upon various combinations of 19 variables, and has the advantage 
of being less invasive than other methods which require the removal of complete transverse 
sections of cortical bone. Thompson reports standard errors of estimation ranging from 
10.57 years for the ulna to 6.21 years for the humerus. The use of only a single small core, 
however, would seem to introduce considerable sampling error. Don Ortner cautions that 
deviations from the horizontal plane when removing cores can significantly affect the results 
(personal communication). The method has yet to be subjected to an independent 
evaluation. 

TABLE 1--Ranking of histological aging methods on the basis of 
both accuracy and reliability [11]. ~ 

1. Mean regression (age estimated by averaging the results of each of 
Kerley's [10] regression equations). 

2. Femur osteon fragment regression formula. 
3. Femur intact osteon regression formula. 
4. Kerley's profile method (1965) [4]. 
5. Tibia intact osteon regression formula. 
6. Ahlqvist and Damsten's (1969) modified method [5]. 
7. Fibula osteon fragment regression formula. 
8. Fibula intact osteon regression formula. 
9. Tibia osteon fragment regression formula. 

QAecuracy and reliability based upon mean differences between pre- 
dicted and known age and predicted ages by two observers, respectively. 
Based upon an independent sample of 13 cadavers with an age range of 
13 to 102 years. 
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Stout [8] has int roduced a method which employs the n u m b e r  of osteons and osteon frag- 
ments  per  square mill imetre for the middle third of the sixth rib. It remains  to be established 

whether  other ribs can also be used. The method has the advantage of being applicable when 
intact  long bones are not  available or, as a result of their  importance for other  purposes,  
cannot  be sectioned. To minimize the effects of sampling error, several complete cross sec- 
tions of rib are read per  individual.  Moreover, since biomechanical  factors have been shown 
to influence bone h is tomorphometry  [13-16], nonweightbear ing bones,  such as the rib, may 
more reliably reflect age associated changes in his tomorphometry.  

There are a n u m b e r  of addit ional  factors tha t  can significantly affect the accuracy and  
reliability of most histological methods.  The application of histological predict ing equations 
to samples other  than  those from which they were derived has often produced results tha t  are 
considerably less accurate t han  one would expect given their  publ ished correlation coeffi- 
cients. This apparen t  reduction in predictabil i ty is, in part ,  due to the overfitting of data  
when second and  thi rd  order regression is employed. The addit ion of terms to regression 
equations increases the fit to a par t icular  set of data,  but  it also tends to reduce the accuracy 
of prediction when applied to different samples [17]. Future  studies to develop predict ing 
equations should a t tempt  to ba lance  the n u m b e r  of parameters  and  degree of fit. 

Most histological methods require tha t  par t icular  field locations within bone sections be 
sampled.  For these methods,  the use of microscopic field sizes different f rom those pre- 
scribed has been shown to cause errors in age estimates. The introduction of correction fac- 
tors has been recommended  to adjust  for field size differences tha t  result from the use of 
different combinat ions  of objectives and  oculars [10]. Because of the spacial variation tha t  
can exist within the cortex of a bone [18.19], however, merely adjust ing measures in propor- 
tions to differences in field sizes may be of limited use. Research has shown tha t  as the 
difference between observed and  recommended field size increases, the variance of the dif- 
ferences between known and  predicted age increases, leading to a significant reduction in 
reliability. Stout and Gehler t  [20] investigated the effects of field size differences on Kerley's 
method [10]. It was found tha t  a l though mean  differences in counts for different field sizes 
did not differ significantly after the introduction of a correction factor for field size, the 
variance was significantly lower for the field size of 2.06 mm 2 which is most similar to tha t  
reported by Kerley and  Ubelaker  [10] (Table 2). Thus,  reliability is reduced when field sizes 

TABLE 2--Mean differences between actual ages in years and those estimated from 
counts of  three different histological parameters at three different f ie ld s&es [20]. 

(N = 20). ~ 

Field Size 
Histological 
Parameter 2.83 mm 2 2.27 mm 2 1.06 mm 2 

Intact osteons MD -- 2.15 -- 2.35 -- 2.56 
s 15.13 6.43 + 14.38 
t --0.64 -- 1.63 --0.79 

Osteon fragments MD -- 4.29 -- 2.07 0.20 
s 10.61 6.46+ 12.19 
t -- 1.81 -- 1.43 0.07 

Nonhaversian canals MD --7.55 --8.62 --9.08 
s 14.37 12.54 12.74 
t --2.35 b --3.07 C --3.19 C 

"MD = mean difference, s ---- standard deviation, t = t value for test of significance 
of mean difference from zero. and + = variance (s 2) is, by the F statistic, smaller than 
those for all other measures at the p = 0.05 level of confidence. 

bp < 0.05. 
Cp < 0.01. 
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significantly different than Kerley's ]10] are used, even when a correction factor is 
introduced. 

As noted above, most histological methods use various sampling techniques, rather than 
determining histomorphometrics for entire sections of bone. This can introduce a possible 
source of variation known as incoherence, the random variation of one unit of tissue to an 
adjacent comparable unit [19]. In addition, noxious stimuli, such as fracture or bone lesion 
as a result of metastases or phlebitis can lead to a local phenomenon known as the regional 
acceleratory phenomenon [21]. A single section from one bone, therefore, may not be repre- 
sentative of the skeleton as a whole. For this reason, it is recommended that several sections 
from more than one bone should be examined and their values averaged. This may explain 
why, as mentioned above, averaging predictions from all of Kerley's regression formulas was 
found most reliable. Age predictions based upon a single bone can be highly unreliable. 
Histomorphometric age predicting methods are based upon observing the cumulative evi- 
dence of bone remodeling, usually osteonal. Note. however, that age is not the only factor 
influencing bone remodeling [22.23]. Table 3 provides a list of some of the factors known to 
influence osteonal remodeling, and therefore, affect the accuracy of age prediction. A bone 
sample from one individual, therefore, may have more osteons than a comparable bone from 
another individual because it is older or because remodeling is abnormally increased or de- 
creased in one or both of the individuals. A further discussion of how many of these factors 
affect bone remodeling can be seen in Frost's recent study [24]. 

The following is a list of the major recommendations for those undertaking age estimation 
using histomorphological methods. 

1. Use a field size as close to 2.06 mm 2 as possible when employing Kerley's method [t0]. 
2. Follow the original method as closely as possible, for example, magnification, sample 

preparation, field location, and so forth. 
3. It is best to base your age estimate upon several sections from each of several skeletal 

elements. 
4. When the appropriate portions of major long bones are available, it is recommended 

that an age estimate be based upon the average of the age estimates from Kerley's [10] re- 
gression formulas for each variable and bone. 

5. Be aware of possible pathognomonic factors. 
6. Consult an experienced histomorphometrist~ such as some of those cited in this paper. 

Conclusion 

In conclusion, there are a number of methodological and physiological factors that can 
affect the accuracy and reliability of histological methods now available for age estimation. 

TABLE 3--Factors known to influence osteonal remodeling and 
accumulated osteon populations [24]. 

Age, chronologic Regional trauma 
Life span Paralysis 
Sex Mechanical usage 
Maturation, skeletal Acute mechanical disuse 
Species Nutrition 
Hormones Metabolic alkalosis 
Electrolyte disorders Metabolic acidosis 
Metabolic Vitamins 
Genetic disorders Genetic structural disorders 
Toxic agents Microdamage 
Radiation damage Drugs 
Bone growth Mean tissue age 
Bone remodeling patterns Mechanical strain 



STOUT. HISTOLOGICAL AGE ESTIMATION 125 

The author 's  purpose in discussing these factors is not to discourage the use of these meth- 

ods, but rather to inculcate a realistic degree of caution and to suggest possible steps that  can 

be taken to minimize their effects. 

References 

[I] Amprino, R. and Bairati, R., "Processi di ricostruzione e di reassorbimento nella sostanza com- 
patta delle ossa dell'uomo. Richerche su cento soggetti dalla nascita sinoatardaeta," Zeitschriftfiir 
Zellforschung und Mikroskopische Anatomic. Vol. 24. 1936, pp, 439-511. 

[2] Jowsey, J., "Age Changes in Human Bone," Clinical Orthopedics. Vol. 17, 1960, pp. 210-218. 
[3] Currey, J. D.. "Some Effects of Aging in Human Haversian Systems," Journal of Anatomy (Lon- 

don), Vol. 98, 1964, pp. 69-75. 
[41 Kerley. E. R., "The Microscopic Determination of Age in Human Bone," American Journal of 

PhysicalAnthropology. Vol. 23. 1965, pp. 149-164. 
[5] Ahlqvist. J. and Damsten, O.. "Modification of Kerley's Method for the Microscopic Determina- 

tion of Age in Human Bone," Journal of Forensic Sciences. Vol. 14, 1969, pp. 205-212. 
[6] Thompson, D. D.. "The Core Technique in the Determination of Age at Death in Skeletons," 

Journal of Forensic Sciences. Vol. 24, No. 4. Oct. 1979, pp. 902-915. 
[7] Singh, I. J. and Gunberg, D. L., "Estimation of Age at Death in Human Males from Quantitative 

Histology of Bone Fragments," American Journal qf Physical Anthropology. Vol. 33, 1971, pp. 
373-382. 

[8] Stout, S. D., "'The Use of Histomorphometry in Skeletal Identification: the Case of Francisco 
Pizarro," Journal of Forensic Sciences. Vol. 31, No. 1. Jan. 1986, pp. 296-300. 

[9] Bouvier, M. and Hylander, W. L., "The Effect of Bone Strain on Cortical Bone Structure in Ma- 
caques (Maeaca mulatta), "" Journal of Morphology, Vol. 167, 1981, pp. 1-12. 

[10] Kerley, E. R. and Ubelaker, D. H., "Revisions in the Microscopic Method of Estimating Age at 
Death in Human Cortical Bone," American Journal of Physical Anthropology. Vol. 49, 1978, pp. 
545-546. 

[11] Stout, S. D. and Gehlert, S. J.. "The Relative Accuracy and Reliability of Histological Aging 
Methods," Forensic Sciences International. Vol. 15, 1980, pp. 181-190. 

[12] Frost, H. M.. "Microscopy: Depth of Focus, Optical Sectioning and Integrating Eyepiece Mea- 
surement," Henry Ford Hospital Medical Bullethl. Vol. 10, 1962, pp, 267-285. 

[13] Stout, S. D.. "The Effects of Long-Term Immobilization on the Histomorphology of Human Corti- 
cal Bone," Calcified Tissue International. Vol. 34, 1982, pp. 33%342. 

[14] Sehaffler, M. B. and Burr, D. B., "'Primate Cortical Bone Microstructure: Relationship to Loco- 
motion," American Journal qfPhysieal Anthropology. Vol. 65. 1984. pp. 191-197. 

[15] Bouvier, M. and Ubelaker, D. H., "A Comparison of Two Methods for the Microscopic Determi- 
nation of Age at Death," American Journal ofPhysicalAnthropology. Vol. 46. 1977, pp. 391-394. 

[16] Lanyon, L. E,, Goodship, A. E., Pye, C, J., and Macfie, J. H., "Mechanically Adaptive Bone 
Remodelling," Journal of Biomechanics. Vol. 15, 1982, pp. 141-154. 

[17] Larimore, W. E. and Mehra, R. K., "The Problem of Overfitting Data," BYTE, Oct. 1985. 
[I8] Amprino, R. and Marotti, G., "'A Topographic Quantitative Study of Bone Formation and Recon- 

struction," in Bone and Tooth Symposium, H. J. J. Blackwood, Ed., MacMillan Co., New York, 
1964, pp. 21-33. 

[19] Frost, H. M., "Tetracycline-Based Histological Analysis of Bone Remodeling." Calcified Tissue 
Research. Vol. 3, 1969, pp. 2ll-327. 

[201 Stout, S. D. and Gehlert, S. J., "The Effects of Field Size When Using Kerley's Histological 
Method for Determination of Age at Death," American Journal ofPhysicalAnthropology. Vol. 58, 
1982, pp. 123-125. 

[21] Frost, H. M., "The Regional Aceeleratory Phenomenon: A Review," Henry Ford Hospital Medical 
Bulletin, Vol. 31, 1983, pp. 3-9. 

[22] Martin. D. L.. Goodman, A. H., and Armelagos, G. J., "On the Use of Microstructural Bone for 
Age Determination." Current Anthropology. Vol. 22, 1981, p. 437. 

[23] Stout, S. D. and Simmons, D. J., "'Use of Histology in Ancient Bone Research," Yearbook of 
Physieal Anthropology. Vol. 22, 1979, pp. 228-249. 

[24] Frost, H. M., "'The New Bone: Some Anthropological Potentials," Yearbook of PhysicalAnthro- 
pology. Vol. 28, 1985, pp. 211-226. 

Address requests for reprints or additional information to 
Sam D. Stout, Ph.D. 
Department of Anthropology 
210 Switzler Hall 
University of Missouri 
Columbia, MO 65211 


