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ANATOMY

Age-Related Changes in the Vertebral Osteophytes : A Review
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ABSTRACT
Objective: To summarize the previous studies of vertebral osteophytes and develop an age estimation equation using verte-

bral osteophytes for age-at-death estimation that can be useful in the field when dealing with forensic cases.
Conclusion: The goal of the study was met in the development of an age-at-death estimation method using vertebral osteo-

phyte formation.
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INTRODUCTION

Age estimation is considered as one of the primary forensic biologi-
cal identifications. Biological identification consists of 4 parts: age at 
death, sex, stature and race. This information is important for helping to 
narrow the screening process, resulting in a narrower range of data on 
the deceased person, as well as being more economical and less time 
consuming when screening deaths in the event of a massacre or even a 
murder cover-up. 

Previous age estimation studies studied the bones of many adults on 
skeletal degenerative processes1), for example, cranial sutures of the 
skull2), dental wear3), the sternal end of the 1st rib4) and 4th rib5,6), the pubic 
symphysis7) and auricular surfaces8) of the pelvis, and histomorphometry 
of the cortical bone9-11). In this study, the focus was on vertebral osteo-
phytes because vertebral osteophyte formation is related to age and can 
be used to create an age estimation equation12). Also, the vertebral col-
umn is found frequently at the scene, even though the skeleton may 
have been bitten by animals or severe by burned12). However, the credi-
bility of age estimation from vertebral osteophyte research remains 
questionable and needs to be studied further.

The study of degeneration and vertebral osteophyte formation in 
adults have been studied in the past right up to the present, both in 
Thailand and abroad (Table 1). The results of studies on vertebral osteo-
phytes and age have found that there are many consistent research stud-
ies that are related but these relationships had not been used to estimate 
age until Watanabe et al12) and Listi et al19) tried to create an age equation 
using the formation of vertebral osteophytes. Watanabe was able to cre-
ate an equation to evaluate age but could not use this age equation in the 
Thai population. The data obtained from studies in one population 
group cannot be applied to other populations because of differences in 
both biological and physical aspects22,23). 

In 1958, T.D. Stewart14) studied 200 American skeletons from the 
Korean War. He observed the formation of vertebral osteophytes in 
order to study their prevalence and age-related relationship using osteo-
phyte formation in a five-point scale, from - (no lipping) to ++++ (max-
imum lipping), from the cervical to lumbar vertebrae. The results 

showed that most cervical vertebral osteophyte occurrence and osteo-
phyte formation were associated with age, with increasing age came 
increased osteophyte formation.

In 2004, Snodgrass et al.15) conducted a study on a sample from 
Terry Collection, USA and continued to use the same methods as 
Stewart14). The objectives were: 1) to study osteophyte formation on the 
vertebrae in both male and female to note any change in pattern, 2) to 
study the differences between male and female from a total sample of 
394 skeletons using a scoring method from 0 to 4 and the same condi-
tions as Stewart’s study14). Snodgrass explained his method of study: 
"considering at the superior and inferior margins of the vertebral body. 
Osteophytes were scored on the anterior or lateral regions of the verte-
bral body. For each vertebral region a mean score was calculated and a 
total osteophyte score was calculated by combining the scores of the 
thoracic and lumbar regions. These scores were calculated by summing 
the degree of lipping for the superior and inferior margins of the verte-
bral body and dividing by the number of vertebral surfaces present in 
each region (i.e., 24 for the thoracic region and 10 for the lumbar 
region)"15). The study found that both male and female have an osteo-
phyte formation pattern that is related to age, osteophyte formation 
increases with increasing age; but in female, variety of osteophyte for-
mation was seen.

In 2006, Van der Merwe et al.16) conducted a study on a South 
African population and continued to use the same method as Stewart14) 
to explain the pattern and severity of osteophyte formation in the spines 
of South African male and female. Study on all 218 skeletal samples 
were scored from 0 to 4 according to Stewart’s criteria. The study found 
that osteophyte formation was clearly shown in male more than female, 
which was different from Stewart14) and Snodgrass15). But osteophyte 
formation and age were still in the same direction, and osteophyte for-
mation was related to age, when more bone growth occurs.

In 2006, Watanabe et al.12) studied the Japanese population with a 
total of 225 samples. The purpose of this study was to evaluate age esti-
mation from vertebral osteophytes. This study defined a new grading 
score for osteophyte formation. It included four grades: 0, 1, 2 and 3, 
based on the height of spur, lipping, and bridging at the superior and 
inferior margins of the cervical, thoracic, and lumbar vertebral bodies12). 
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Grading was obtained from the inspection and palpation of 225 bodies 
during autopsy. The average maximum values of the cervical, thoracic, 
and lumbar parts, respectively, were defined as the 'osteophyte forma-
tion index' in each individual and statistical analysis of the integrated 
data was used to estimate age12). The results showed that vertebral osteo-
phytes in the cervical, thoracic and lumbar segments were significantly 
correlated with aging and there were significant differences between 
male and female. The highest correlation coefficient was at the lumbar 
spine in male and thoracic spine in female. Watanabe created an age 
estimation equation using vertebral osteophytes as follows: Y = 37.90 + 
12.07X for male, and Y = 36.67 + 18.64X for female.

In 2008, Namking et al.13) performed a study in the Northeast Thai 
population. The objective was to study the prevalence and distribution 
of vertebral osteophytes. They studied, in all, 200 skeletal samples for 
the cervical, thoracic and lumbar vertebrae. The results showed that the 
prevalence of osteophyte formation of Northeast Thai people on the ver-
tebral body, facet joint and vertebral foramen was 85%, 71% and 47%, 
respectively. The occurrence of osteophytes in all positions significantly 
increased with age and occurred in male more than female.

In 2011, Chanapa and Mahakkanukrauh20) studied the distribution 
and length of osteophytes in the cervical vertebrae (C3-C7) of the Thai 
population. By studying the human remains of 200 skeletons, then 
dividing the skeletons according to age into 4 groups: age range 35 - 50 
years, 51 - 65 years, 66 - 80 years and 81 - 95 years, they observed and 
recorded osteophyte formation using vernier calipers at the edge of the 
body, articular facets and transverse foramen. The results showed that 
the vertebral body of C5 had the most osteophyte formation and the 
average length of the longest osteophyte was at C3. The articular facet 
of C5 had the longest length and the length of osteophyte formation was 
related to age, especially at the levels of C4, C5 and C6. Osteophyte 
length correlated significantly with age.

In 2012, Kim et al.18) studied the old Korean population. The pur-
pose was to obtain vertebral osteophyte data on a pre-modern Korean 
population in Joseon skeletons of all 87 bones in the cervical, thoracic 
and lumbar vertebrae, using the scoring method from 0-4 established by 
Snodgrass15) and Van der Merwe16). The results showed that osteophyte 
formation on the edge of the vertebral body at the cervical, thoracic and 
lumbar vertebrae was 82.1%, 97.7% and 90.7%, respectively. 
Osteophyte formation was more significant in male than female, and the 
osteophyte formation was associated with increasing age.

In 2012, Listi and Manhein19) did a study on 104 skeletal samples 
from the William M. Bass Donated Collection housed at the University 
of Tennessee and the Donated Forensic Collection housed in the 
Forensic Anthropology and Computer Enhancement Services 
Laboratory at Louisiana State University focusing on cervical, thoracic 
and lumbar vertebrae. The purpose of this study was to 1) examine the 
association between osteophyte development in the vertebral body mar-
gins and osteoarthritis in the facets, 2) test whether or not the inclusion 
of osteoarthritis can enhance age estimation, 3) assess whether or not 
the relationship to age is strengthened by limiting analyses to areas that 
experience heavier stress loads, 4) if possible, to generate regression 
formulae for age estimation. This study used a scoring method based on 
Stewart's criteria14); 0-4 (five-scale classification) at the superior and 
inferior borders of the vertebra. Listi explained his method of study: 
"mean osteophyte scores were computed for the entire column and for 
each subcategory of vertebrae. These scores were calculated by dividing 
the sum of scores for all surfaces by the total number of surfaces exam-
ined. For example, with two surfaces on each vertebra, the mean thorac-
ic osteophyte score was the sum of all borders divided by 24"19). The 
results showed that 1) mean scores for osteophyte formation and osteo-
arthritis (OA) are significantly different from each other, with the 
exception of thoracic (entire column), and cervical and collective verte-
brae (in heavier stress areas), 2) OA information did not produce a 
stronger relationship, 3) heavier stress is significantly related to age but 
has a low correlation; therefore, these data cannot be used to estimate 
age, 4) when there are low R2 values, it is not sufficient to create an 
equation for age estimation. In conclusion, osteophyte formation and 
OA are significantly correlated with age. But the relationship is not 
strong enough to create an equation for age estimation.

All of the above mentioned corresponding findings related to the 
formation of osteophytes and age showed correlation that was statisti-
cally significant, but there was still no relationship available for use in 
age estimation, except for Watanabe et al.12) in 2006, who created an age 
estimation equation; regression lines were Y = 37.90 + 12.07X (SE; 
12.6 y.o.) in male, and Y = 36.67 + 18.64X (SE; 11.9 y.o.) in female.

ANATOMY  OF  THE  VERTEBRAL  COLUMN 

The vertebral column is the axis of the skeleton, starting from the 
cervical on down to the coccyx, to consist of C1-C7, T1-T12, L1-L5, 5 
Sacrum and 4 Coccyx vertebrae24). Intervertebral discs in between the 
vertebral bodies are for vertebral movement and responsible for helping 
the movement of the body. It also helps protect the internal organs, spi-
nal cord, spinal nerves and support body weight. Each vertebra consists 
of the anterior part, which is the body, and the posterior part, which is 
the vertebral arch25). Each vertebra has different characteristics and 
sizes.

Distinctive characteristics of cervical vertebrae are transverse fora-
men, thoracic vertebrae have heart-shaped bodies and costal facets for 
articulation with the ribs, lumbar vertebrae are large and thick with mas-
sive bodies and do not have both transverse foramen and costal facets 
for ribs25). The sacrum is wedge and triangular shaped, with 5 vertebrae 
connected to one piece, and the coccyx would normally have 4 small 
vertebrae, but may have at least one or more pieces25).

MORPHOLOGICAL  CHANGES  IN  VERTEBRAE

As already mentioned, the intervertebral disc is between the verte-
bral bodies. Age is an important component of osteoarthritis. When 
older, there is movement and use of joints that increase with age, togeth-
er with reduced cell function, reducing the generation of substances 
such as proteoglycan, collagen fibers and fluid in the intervertebral 
disc13,24,26). This makes the intervertebral disc less flexible and less resis-
tant to pressure or impact. From damage caused by the collapse of the 
intervertebral disc and articular cartilage, the instability of the joints 
responds by increasing bone formation. This makes the surface of the 
joints wider and limits the movement of the joints. When calcium is 
masked, it becomes an osteophyte in the area of degeneration, as the 
study of Shapiro24) cited: "This loss is responsible for a fall in osmotic 
pressure and a loss of hydration. The loss of proteoglycan thus has a 
major effect on the disc's load-bearing behavior due to damage caused 
by the collapse of the intervertebral disc and surface cartilage of the 
joint. The instability of the joint responds by increasing bone forma-
tion24). When the calcium mask becomes bone regeneration, osteoarthri-
tis produces vertebral osteophytes. This indicates that degeneration of 
the intervertebral disc is part of the normal aging process24). 

FUTURE  DIRECTION

From the review, it can be seen that the benefits of having vertebral 
columns can be found frequently at the scene. Vertebral osteophytes for 
age estimation have not been investigated in Thai people. Degenerative 
changes of the intervertebral disc and vertebral body are known for their 
morphological changes and osteophyte formation.

In future studies, we will use vertebral columns consisting of the 
cervical (C2-C7), thoracic (T1-T12), and lumbar (L1-L5) vertebrae of 
Thai adults from the Forensic Osteology Research Center (FORC), 
Faculty of Medicine, Chiang Mai University. Thus, we will develop an 
age estimation equation using a new modified score by the length of 
vertebral osteophytes (six-stage classification) running from 0 to 5; the 
score 0 is no osteophyte, scores 1-4 are rugged surfaces prominent by 
less than 2 mm, between lengths of 2 and 4.99 mm, between the length 
of 5 and 8 mm, and more than 8 mm in length, respectively, the score 5 
indicates fused with adjacent vertebrae (Table 2). The new modified 
score measurement is more objective than in previous studies because it 
provides a more frequent scoring range, which is clearer by the length 
of the osteophyte and makes the scoring faster by using a digital vernier 
caliper and measuring tape, which can be seen clearly and more objec-
tively. Also, each vertebra in the cervical, thoracic and lumbar segments 
will be scored for their degree of osteophyte formation according to cri-
teria established by J. Josh Snodgrass15) (five-stage classification) and 
Satoshi Watanabe12) (four-stage classification) to compare all 3 scoring 
methods. The future study is based on the scoring method concept only 
from Snodgrass15) and Watanabe12), but with different methods for data 
collection and data analysis.

Individuals with atypical numbers of vertebrae and evidence of ver-
tebral damage will be excluded.

For each individual, all vertebrae will be evaluated for presence and 
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stage of osteophyte formation; however, the atlas will not be considered 
because the atlas does not have a body. This stage classification system 
will assess the stage of osteophyte formation of the superior and inferior 
margins of the vertebral body by evaluating their scores, ranging from 
no osteophyte to maximum osteophyte. Each vertebra will have record-
ed the maximum expression of osteophyte formation. Composite osteo-
phyte scores will be recorded for the entire column and also for each 
subcategory of vertebrae.

The reasons for choosing the Snodgrass15) and Watanabe12) scoring 
methods in the future study is because these two scoring methods are 
published for use in age estimation and they're easy, fast and inexpen-
sive. 

Previously, Steward14) produced a pattern for osteophyte scoring. 
There are many references to Steward15,16,18,19), including Snodgrass. 
Future study makes reference to Snodgrass15) because they use more 
descriptions and more pictures than the other studies. By including 

Table 1. A summary of studies into vertebral osteophyte formation.
 Author Country Year Level of  Purpose Osteophyte  Relationship with age
    study  classification

Stewart14)  American 1958 C, T, L To present some observations on vertebra  5 categories 
    lipping from the standpoint of age  (-, +, ++, +++,  -
    identification. ++++)

Snodgrass et al.15) American 2004 T, L To examine osteophyte production in a   5 categories 
    large sample of adult females and males . (0, 1, 2, 3, 4) Significantly correlated with aging
    to establish patterns of morphological   - In the thoracic area (r2 =0 .50 in males 
    change and to examine potential   and 0.30 in females)
    differences between the sexes  - Lumbar (r2 = 0.60 in males vs. 0.50 in 
      females)

Van Der Merwe  Black  2006 C, T, L To describe the pattern and severity of  5 categories  Vertebral osteophytes are associated with
et al.16) South    osteophyte development in the vertebral  (0, 1, 2, 3, 4) age
 African   columns of male and female South   
    Africans.

Watanabe et al.12) Japanese 2006 C, T, L To assess age estimation from the degree  4 grades Significantly correlated with aging (r = 
    of osteophyte formation of the vertebral  (0, 1, 2, 3) 0.7; p < 0.01)
    column.

Namking et al.13) Thai 2008 C, T, L To study the prevalence and distribution   Significantly correlated with aging (p < 
    of vertebral osteophyte formation in  - 0.01)
    Northeast Thais.

Kasai Y et al.17) Japanese 2009 L Investigate the direction of the formation  6 categories  
    of anterior lumbar vertebral osteophytes  (A, B, C, D,  
    across the lumbar vertebrae using a  E, F) based on -
    sufficient number of lumbar radiographs. the direction 
     of each pair

Chanapa and  Thai 2011 C To study the distribution and length of   Osteophyte length correlated significantly 
Mahakka-    osteophytes in the cervical vertebrae. - with age (r = 0.377, p < 0.01)
nukrauh20)     

Listi and  American 2012 C, T, L - To examine the association between  5 categories  Significantly correlated with aging (r2 = 
Manhein19)    osteophyte development in the vertebral  (0, 1, 2, 3, 4) 0.393; p < 0.01)
    body margins and osteoarthritis in the  
    facets.
    - Test whether or not the inclusion of 
    osteoarthritis can enhance age estimation.
    - Assess whether or not the relationship 
    to age is strengthened by limiting 
    analyses to areas that experience heavier 
    stress loads.
    - If possible, to generate regression 
    formulae
    for age estimation.

Chanapa et al.21) Thai 2014 L To determine the distribution,  3 types  Osteophyte length significantly correlated 
    classification and length of osteophytes  (traction, claw,  with age (p < 0.01)
    in the lumbar vertebrae. fusion)

Table 2. Degrees of osteophyte formation: modified score by 
Sithee Praneatpolgrang.

Score Description

0 No rugged surface

1 Rugged surface prominent by less than 2 mm in length

2 Rugged surface prominent between length 2 and 4.99 mm

3 Rugged surface prominent between length 5 and 8 mm

4 Rugged surface prominent by more than 8 mm in length

5 Fused of adjacent vertebrae
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Watanabe's method12) we can produce age estimation equations and 
newly defined grading osteophyte scores.

Statistical analysis will be performed to determine the relationship 
between age and osteophyte formation. The following will be calculated 
for both males and females: the correlation coefficient, a regression 
equation, and the standard error of estimate for age and the amount of 
osteophyte for each individual vertebra and vertebral column segment.

CONCLUSION

Future studies will create an age estimation equation for all 3 scor-
ing methods (Snodgrass15), Watanabe12) and Praneatpolgrang's criteria) 
with different methods for data collection and data analysis from the 
original study. The report includes all age equations for each subcatego-
ry (C2-L5) and also for the entire column of vertebrae (composite score 
C2-C7, T1-T12, L1-L5 and all C2-L5) for three criteria of scores to 
determine the degree of osteophyte formation. Each scoring method will 
show all age estimation equations for males, females and combined 
sexes of unknown sex. Also, in comparing the correlation coefficient 
and R2 values of the three scoring methods (Snodgrass, Watanabe and 
Praneatpolgrang), we will try to find out which method is the best. All 
three scoring criteria of different processes from previous studies for 
age estimation equations for males, females and combined sexes are 
simple, easy to use, inexpensive and fast methods for estimating the age 
of a skeleton using vertebral osteophytes, and useful for readers to apply 
in real situations. Also, these findings need to be used in accordance 
with the situations that occur around skeletal remains in order to help 
identity age-at-death estimations in the Thai population.

The future study will be developed for scoring methods and will 
provide a more frequent scoring range using Praneatpolgrang's scoring. 
The new modified score measurement is clearer by using the length of 
the osteophyte. The future study hopes that the results will be useful 
when dealing with forensic cases.

In conclusion, using vertebral osteophytes for age estimation 
involves 3 scoring methods. The equations obtained from the future 
study could be applied to estimate age in the field of forensic medicine 
among Thais.
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