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Age Estimation at Death Using Acetabulum: A Review

Pagorn Navic1),  Patcharaporn Srisaikaew1),  Pasuk Mahakkanukrauh1,2,3)

ABSTRACT
Objective: This article aims to explain the overview of understanding of the anatomy of hip bone and acetabulum since its 

developmental processes. And also provide the background information of the estimation of age at death include various age 
estimation methods by using acetabulum and its limitation. Additionally, also give some ideas for the future studies.

Materials and Methods: Numerous sources including specifically books and book chapters. Additionally, scientific journals 
which are literature research databases from PubMed, Google Scholar, Elsevier and Springer Verlag were used to collect the 
published literature.

Results: The acetabulum is one of the most preserved parts and has slow growth process. Therefore, it has a long period of 
changes accompanying increase of age. Recently, researchers had attempted to advance the methodologies to estimate the age at 
death of adult and elderly from the acetabulum such as Rissech method in 2006, Calce method in 2012 and the currently pub-
lished method by San-Millán M. in 2017. Each methodology to be used to analyze will distinguish basing on the morphological 
characteristic. These researches suggest that the acetabulum can be used as an indicator of age estimation by observing the mor-
phological changes which are related to the aging process. 

Conclusion: By using acetabulum, there are many advantages, quite high accuracy and reliability for age estimation in the 
forensic contexts.
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INTRODUCTION

The estimation of age at death is fundamental in the identification 
of human remains and also provides much useful information in several 
work fields such as pathology, trauma, and taphonomic alterations as 
well as being introduced to the field of forensic science1). Typically, the 
estimation of age at death in youth or juvenile is often more accurate in 
assessment because it is based on the development of bone2). In compar-
ison, estimation of age at death in adult or aging skeleton of elderly is 
more difficult because the growth process is different from the child-
hood in both physical and biological factors as different hormonal meta-
bolic changes, lifestyles and nutrition3).

Several methods that estimate the age at death in adult are based on 
the observation of the morphological changes or macroscopic analysis 
by the degenerative such as skull, ribs and hip bone which are consid-
ered to be the most popular bone to be studied and are found that the 
accuracy is quite high4).

The acetabulum is a deep large cup-shaped cavity on the anterolat-
eral aspect of the pelvis. It is articulates with the femoral head to form 
the hip joint, the body's largest joint. The acetabulum head is the most 
preserved part due to its physical characteristic therefore, it is less likely 
to be damaged from the external factors which could significantly affect 
the integrity of the morphology5) and also can be used as indicators to 

identify individual biological profile of skeletal remains6-8). 
The previous study found that acetabulum could be used to estimate 

age at death precisely6). Recently, many researchers have published 
methods for estimate age at death such as Calce method9) and Rissech 
method7,10), which has currently been remodeled by San-Millán M. and 
the colleagues in 201711). Hence, they found that all methods which 
based on the osteological degeneration and morphological changes have 
high accuracy for estimate age at death by using acetabulum.

A precise understanding of age estimation of skeletal remains is 
essential in forensic anthropology. For this reason, it is necessary to 
understand the accuracy and reliability of age estimation of skeletal 
remains to be widely used as a standard method for any populations.

The anatomy and development of hip bone 
In order to understand the acetabulum, the first thing to understand 

is the hip bone. The hip bone (os coxa, innominate bone, pelvic bone, 
coxal bone) is a large flat bone  and is formed by fusion of three bones- 
ilium, ischium and pubis12). The two symmetrical hip bones are parts of 
the pelvic girdle, which is the bone that attaches the axial skeleton to the 
lower limbs. At the age of 15-17, the three parts begin to fuse and their 
fusion forms a cup-shaped socket known as the acetabulum13). 

The acetabulum is an important part of the hip bone. It is located on 
the lateral surface of the hip bone in which the ball-shaped of the head 
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of the femur articulates forming the hip joint. Lunate surface is the 
curved articular surfaces as a horseshoe-shape surround the acetabular 
fossa and apex of lunate surface located on the tip of posterior horn of 
lunate surface14). The floor of the acetabulum is nonarticular area with a 
clover leaf-shape like located at the center of the acetabulum and it is 
called the acetabular fossa. The acetabular notch is a deep notch at the 
bottom of the acetabular fossa. A roughly margin and smooth outline of 
the articular surface, called an acetabular rim as shown in Figure 1. 
Acetabular labrum is a fibrocartilage and connective tissue ring that 
lines on the acetabular rim together with transverse acetabular ligament, 
which cross the acetabular notch. Moreover, transverse acetabular liga-
ment convert into a foramen that allows blood vessels (nutrient vessels) 
to run down into the hip joints15).

The acetabular branch of the posterior branch of the obturator artery 
supplies the acetabulum that goes through the acetabular notch. And the 
acetabular rim is supplied by the deep branches of the superior and infe-
rior gluteal artery15).    

The embryonic development of human hip bone and acetabulum 
was goes through the endochondral ossification (intracartilaginous bone 
formation) which is the major embryonic development process of the 
bone formation, which is begun with the cartilage bone model starting 
from the 5th week. After that, the primary center of ossification called 
perichondrium of acetabulum appears during 8th-12th week and the sec-
ondary center of ossification appear in both ends side of those three 
parts of the hip bone after 34th-38th weeks of gestation12).   

At birth, the acetabulum is immature and hip bones are very small 
and were divided apart by Y-shaped cartilage or triradiate cartilage. The 
formation of the bone is still continually by the primary center of ossifi-
cation, which is rapidly formed in the first three months and slowly until 
puberty. In addition, the secondary ossification center is continued to 
form at the distal ends of the ilium, proximal ends of ischium and proxi-
mal ends of the pubis until become one as the acetabulum of each sides 
at the age of 2312). But there are some differences in gender, in which 
females are usually completely closed at the age between 11-16 years 
which is faster than males that are closed completely in between 14-18 
years16).

Estimation of age at death
The estimation of age at death from human skeletal remains is the 

most important and very useful in forensic anthology by using the skele-
tal  remaining to estimate age at death based on transformative process 
by observing bone morphological changes or macroscopic analysis and 
also determined the chronological age, which is the actual age of the 
person while alive17). Additionally, the biological age as known as physi-
ological age is different for each person and also associated with bone 
maturation. Thus, chronological age is considered to be more useful for 
estimate the age at death.

The estimation of age at death can be classified into two main cate-
gories:

I. To estimate age of the skeleton during childhood or juvenile.
The estimation of age of the skeleton in juvenile including fetal, 

infant, and childhood study by observation the development and growth 
of the bones. 

Franklin D. in 2010 found that the estimation of age by using teeth 
is a common method to use in juvenile2). The tooth sequences and devel-
opment are different in different aging. Therefore, forensic anthropolo-
gist can use the difference of the tooth sequence to estimate the age of 
juvenile. Especially, during the first 20 years has more accuracy in aver-
age than the age over 20 year old since the 3rd molar appear12).

II. To estimate age of the skeleton in adult.
On the other hand, to estimate age of the skeleton remains in adult 

is difficult because of the trajectory effect18) that occurs due to the deteri-
oration and the degenerative process of the bone caused by individual 
factors such as lifestyle, health and nutrition19). The estimation of age at 
death in adult depends on the morphological changes or degenerative 
changes including porosities and osteophyte. There are many parts of 
the bones that had been used for the estimation of age at death in adult 
such as cranium suture closure, sternal rib ends, dental erosion, and the 
degeneration of the spine. The most common parts of the hip bones 
including pubic symphysis20), auricular surface of ilium4) and the acetab-
ulum6-11).

Nevertheless, there are different principles to estimate age of the 
human skeleton during childhood and adult. In childhood, mostly focus-
es on the development and growth of bones because they are still devel-
oping over the years, but for adults, it will be considered in the degener-
ative process of the bone instead.

In the estimation of age of at death in adult by observing the degen-
erative processes upon morphological changes of the bones is called 
macroscopic analysis21), which has two main methods: phase based sys-
tem and component based system. Phase based system is the system that 
focuses on the relationship between the morphological changes and 
aging process9) In contrast, component based system focuses on the vari-

Table 1. Seven variables and score categories observed on the ace-
tabulum by San-Millán M. in 2017.

 Variable Description

Acetabular groove Groove below the acetabular rim appear no groove. 
0-3 With age, the acetabular groove can become more  
 groove surrounds nearly all the acetabular rim. 

Acetabular rim shape Acetabular rim losses its round and smooth and 
0-6 more osteophyte formation surround rim in high  
 crest. 

Acetabular rim porosity Porosity appears around acetabular rim, the acetabu-
0-5 lar rim is smooth and rough. With increased age,  
 having more porosity with micro-macroporosity. 

Apex activity The bone activity appears on the apex of the posteri- 
0-4 or horn of the lunate surface. This apex its rounded  
 form, gradually becoming sharper and finally devel- 
	 oping	osteophyte	formation	(≥	5	mm).

Activity on the outer  Osteophyte formation that grows as small crest (< 5  
edge of acetabular fossa mm) and develop more osteophyte around this por-
0-2 tion and can covered the fossa. 

Texture and bone  This variable emphasizes on texture and bone densi- 
density in the center of  ty on the center of acetabular fossa. The young ace- 
the acetabular fossa tabular fossa appears dense and smooth. Moreover, 
0-3 this area become more destruction of the bone due  
 to fossa does not appear.

Activity in the  Focus on different type of porosity present on ace-
acetabular fossa  tabular fossa. Acetabular fossa change from microp- 
0-4 orosity to associate macroporosity. Furthermore, the  
 pore may be shape and lost bone density or making  
 the fossa fragile.

Figure 1. Lateral view of acetabulum.
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ables that have been changed in morphology of the individual. They, 
then determine the score for each variable in order to estimate the age at 
death by using statistical analysis to analyzed the relationship between 
each age range10) 

History of age estimation based on hip bone
   The hip bone is an important part that can be used to estimate age 

and determine age accurately. There were many studies which found 
that the pubic symphysis and auricular surface of ilium were the most 
popular parts to be used in the study because these two parts are 
changed by age so, they can be used to estimate the age at death in 
adults10). Todd TW.22) was the first person who invented a method of esti-
mating age from the symphyseal surface of pubic symphysis by observ-
ing the difference of aging in four areas on the symphyseal surface of 
pubic symphysis. Then allocate categories by using the characteristics 
of each position and classify into 10 phases of age. 

The auricular surface of ilium can also be used to estimate age. 
Several studies had focused on the change of the surface over time 
including granular texture, transverse organization, present activity on 
auricular surface, changes in apex activity, porosity (micro-macroporos-
ities), billow reduces and replaced by striation4,8)- that could determine 
the range of age into 8 phases and found that Lovejoy method had the 
most accuracy and suitability to be used as an indicator for estimation of 
age at death. However, the study of age at death estimation by using 
pubic symphysis and auricular surfaces in the elderly over 65 years old 
revealed that the accuracy was quite low5). 

It is known that the acetabulum is a better-preserved part than the 
pubic symphysis and auricular surface of ilium, which are easily dam-
aged by antemortem, perimortem and postmortem processer or loss of 
bone density. On the other hand, the acetabulum has slow growth pro-
cess giving it a long period of time for change until older7-11). Thus, there 
is a study that observed the auricular surface of ilium and acetabulum 
together6,8), which are a shared part of the posterior and middle part of 
the hip bone. In the study, they observed in terms of criteria of the ace-
tabulum: acetabular rim, acetabular fossa, porosity of lunate surface and 
apex activity. As a result, this method has more accuracy upon observ-
ing on both two parts. Additionally, Rouge-Maiillart C. proposed that 
the acetabulum is interesting to use to estimate the age at death6,8). So, 
acetabulum is an important part for estimating age at death by observing 
the morphological changes.

Estimation of age at death by using acetabulum
   Rissech C. and colleagues in 2006 had created a method to esti-

mate age at death based on Bayesian approach. This was the first study 
using acetabulum to estimate the age at death, by determining 7 vari-
ables: variable 1 (acetabular groove), variable 2 (acetabular rim shape), 
variable 3 (acetabular rim porosity), variable 4 (apex activity), variable 
5 (activity on the outer edge of the acetabular fossa), variable 6 (activity 
of acetabular fossa) and variable 7 (porosity of the acetabular fossa). All 
variables were considered and rated depending on the age-related 
degenerative changes in the bones, which is followed by the principle of 
component based system7,10). 

Calce SE. and colleagues in 2012 had developed the method by 
using phase based system instead and the variables were determined by 
step-wise multiple regression, which consists of three variables: variable 
1 (acetabular groove), variable 2 (osteophyte development of the acetab-
ular rim) and variable 3 (apex activity). As you can see the variable 2 
(osteophyte development of the acetabular rim) was revised from the 
variable 3 (acetabular rim porosity) from Rissech method in 20067). In 
order to control the resultant compared with the age of skeleton, Calce 
SE. and colleagues were determined the range of age into 3 phases cor-
related with the change of those 3 variables. The 3 phases were com-
prised of; young adult in the age of 17-39 years, middle adult in the age 
of 40-64 years and older adult who were over 65 years. And they also 
revised the description of each variables and developed a qualitative 
observation method to simplify to use9).

San-Millán M. and colleagues in 2017 had developed a method 
based on the Rissech method, which aimed to review and determine the 
variables of Rissech method and to expand the application of this new 
approach to both genders associated with the aging process of the ace-
tabulum. Those seven variables remain the same except the variable 7 
(Porosity of the acetabular fossa) of the Rissech method was removed as 
it was associated with activity in the acetabular and acetabular fossa 
then, replaced with texture and bone density in the center of the acetab-
ular fossa as a variable 6. Since many previous researches described that 
the 5th, 6th and 7th variables of the Rissech method are difficult to rate in 

scores, so in the new method the scores of the 5th variable (activity on 
the outer edge of acetabular fossa) was reduced from 6 to 3 points, and 
the 7th variable (activity in the acetabular fossa) was also reduced from 
6 to 4 points. The new 6th variable, which was the texture and bone 
density in the center of the acetabular fossa contained totally 4 points. 
Moreover, San-Millán M. and colleagues also revised description of 
each variables to be more comprehensive and clearer11). See in Table 1.

The limitation of using the acetabulum to estimate age at 
death

In addition, most authors suggested that when using the acetabulum 
to estimate age at death the pathologies that occurred on the acetabulum 
should be considered because these pathologies can affect the estimation 
error. One of the most pathologies that often found was hip dysplasia6), 
which affected directly on the acetabulum and was an indicator of  
abnormalities of the hip. Hip dysplasia affected on the cartilage sur-
rounding the acetabulum and tore off the acetabular labrum. In addition, 
osteophytes formation appeared on the acetabular fossa and made irreg-
ular and unstable shape of acetabulum; which would lead to persistent 
inflammation causing the femoral head made an abnormal articulation 
with the acetabulum. 

These pathologies affected the acetabular region as porosity, osteo-
phyte, and eburnation23).Therefore, these pathologies are often used as 
indicators for age estimation in human skeletal remains.

Future directions
In forensic anthropology, the improvement of the evaluation meth-

ods is needed continually, the traditional methods of estimating age at 
death may be challenging. The acetabulum is one of an important part 
for identify individuals and can be used to estimate the age at death 
based on phase-based system and component-based system. The com-
parison of the relationship of each variable also needs to be concerned 
in the study and the precision also plays an important role in the 
research's method. The difference of ancestral characteristic leads to the 
different resultant in age estimation. Therefore, to study in many other 
population around the world will give much more advantages in order to 
find the proper method of age estimation which is suitable for each pop-
ulation10). In addition, the geometric morphometric method is one of the 
measurements that make a major impact in the anthropology field. The 
use of Computed Tomography scan (CT)or 3D laser scan, which are rel-
atively new technology that help us to explore more details which could 
not be seen by visual examination. Hence, there are many special instru-
ments that could help the forensic anthropologist to identify the com-
plex characteristics of bones by using image analysis24) and this could be 
very useful in forensic anthropology.

CONCLUSION

Age at death estimation in adult skeletal remains is a challenging 
task for a forensic anthropologist due to the complexity and variability 
of the individuals, who have the difference in aging process and envi-
ronmental factors in each individual. This review article has established 
a guideline to estimate age at death by using acetabulum as it is the 
most preserved parts of the skeletal after death.
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