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ABSTRACT
Objective: The age estimation of bone is essential for identification of unknown-identity people in both forensic and anthro-

pological sciences. Previous studies developed adult age estimation in the morphological changes of osteophytes from the lumbar 
vertebrae. Correspondingly, the macroporosity and the resorption of the cortical surface can be used for evaluating age, but no 
previous research is reported. The lumbar vertebrae, is often better preserved than the long bones because they can remain 
intact after severe burning due to the soft tissue covering. This paper studied the age-related changes in the lumbar vertebrae. 

Conclusion: Developing an age estimation method in the osteophyte with a starting point in macroporosity and resorption of 
cortical surface was the goal of this study. 
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INTRODUCTION

Morphological changes in the skeleton of adults can be significant 
indicators of age and have been used widely in forensic anthropology. 
These age estimation techniques have been used as age prediction on 
pubic symphysis1), auricular surface2), skull sutures3) and ribs4). However, 
degenerative changes of osteophytes in lumbar vertebrae have been 
shown to be beneficial indicators of age5-9). On the contrary, no study has 
reported morphological changes in the macroporosity and resorption of 
cortical surfaces. Furthermore, of the fifty-three remains found, the 
skull was found at the highest frequency of 80-100%, pelvis, femur and 
lumbar vertebrae (60-79%)10) were found respectively. The lumbar verte-
brae are the largest vertebrae, loaded by body weight which is related to 
degenerative changes. Recent studies of Snodgrass5) in osteophyte 
development in the thoracic and lumbar regions from the Terry 
Collection found that the degree of the osteophyte formation was scored 
in five grades: 0 to 4 yyfor each of the superior and inferior margins of 
the vertebrae. Stage 0 was no evidence of osteophytosis. Stage 1 was 
minor development of osteophytes; one or two small osteophytic spurs 
but none protruding above the vertebral rim. Stage 2 was more devel-
oped osteophytes; larger or more than two small osteophytes but none 
protruding towards the adjacent vertebra. Stage 3 was enlarged osteo-
phytes that extended towards the center of the vertebral body or the 
adjacent vertebra without bridging. Stage 4 was extensively developed 
osteophytes that extended toward the intervertebral space or the center 
of the vertebral body, partially or completely bridged the adjacent verte-
bra. Osteophytes placed on the anterior or lateral regions of the vertebra 
were scored. He found that females had lower correlation coefficients 
than males for the thoracic, lumbar and combined regions. The thoracic 
region for both sexes was not significantly different but the lumbar 
region was significantly different. Watanabe et al.6) assessed the age 
estimation from the degree of osteophyte formation of the vertebral col-

umn in Japanese people. The degree of the osteophyte formation was 
scored in four grades: 0 to 3 which represented spur, lipping, and bridg-
ing at the superior and inferior margins of the vertebral bodies. Stage 0 
has no rugged surface of osteophyte formation. Stage 1 osteophytes had 
a slightly rugged surface. Stage 2, osteophytes had between stages 1 and 
3 and in stage 3, osteophytes had a rugged surface prominent by more 
than 0.8 cm in height. They found that the osteophytes began to start to 
appear in the age of 30 in both sexes while in the cervical vertebrae no 
osteophyte formation because they did not receive a weight load. Van 
Der Merwe et al.7) studied the pattern and severity of osteophyte devel-
opment in the vertebral columns in South Africa. Osteophyte variation 
was scored from 0 to 4 based on the severity of the projections. Each 
rim of the body was divided into three sections that were scored sepa-
rately. The anterior and posterior aspects of the vertebral body were 
each given score of six. Stage 0 had no signs of lipping and in stage 1, 
an osteophyte was starting to develop. In stage 2, osteophytes started to 
project horizontally from the vertebral body with stage 3 protruding 
bodies curving up or down and stage 4, vertebrae fused together. The 
cervical and lumbar regional osteophyte development was more pro-
nounced in males than females. Thoracic vertebrae had less bony spurs 
due to the attachment of the ribs; therefore, thoracic vertebrae had less 
movement than cervical and lumbar region. Chanapa et al.8) studied the 
classification, distribution and lengths of osteophytes in the lumbar ver-
tebrae of Thai people. The osteophytes were mostly the traction type 
(78.5%), followed by the claw type (17.5%) and the fusion types (4%). 
The osteophytes were mostly found in the superior surfaces of the body 
(39.7%) and inferior surfaces of body (38.4%). The greatest length was 
L5 which was significantly correlated with age (P < 0.01) and in males 
was significantly greater than females (P < 0.05). The incidence of 
osteophytes was greater in L4, L5, L1, L2, and L3, respectively and 
osteophytes in all lumbar columns began to form after 35 years of age. 
Moreover, Kacar et al.9) assessed the osteophyte formation from 
three-dimensional (3D) volume rendered (VR) multidetector computed 
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tomography (MDCT) images of thoracic and lumbar vertebrae with the 
degree of the osteophyte formation scored in four grades, 0 to 4 for each 
vertebra, following the study of Snodgrass et al.5) The osteophyte forma-
tion was highest in the middle thoracic, lower thoracic, lumbar and 
upper thoracic region, respectively. Osteophyte scores were significant-
ly correlated with ages between 40 and 70 years in both sexes.

However, no studies have been reported on the detail of morpholog-
ical changes in macroporosity and resorption of cortical surface in lum-
bar vertebrae. Thus, the purpose of this paper was to explain the over-
view of age-related and morphological changes of the lumbar vertebrae 
and developing methods that can be used for combination with other 
age estimation methods from the human skeleton.

THE  ANATOMICAL  OF  LUMBAR  VERTEBRAE

The human vertebral column is divided into four regions, including 
the cervical vertebrae, thoracic vertebrae, lumbar vertebrae, and sacrum. 
The lumbar vertebrae are the largest segments of the spinal column sup-
porting the lower back and increasing in size from top to bottom. The 
lumbar region consists of L1 to L5 vertebrae which support the load of 
the body and help movement. They are divided into two parts: body and 
arch. The  body of the lumbar vertebra is large, and kidney shaped. The 
superior and inferior areas of the body are named by the end plates. The 
dorsal part of the vertebral arch consists of pedicles and laminae. The 
pedicles are strong and inclined backward from vertebral body and the 
laminae are short, wide, and strong. The lamina connects the pedicles 
with the spinous process which is wide, thick, and projected backward. 
The transverse processes are long, slender and project laterally on both 
sides. The vertebral foramen is triangular. The lumbar vertebrae are 
extremely flexible and providing for actions including flexion, exten-
sion, lateral bending, and rotation11). They consist of primary and sec-
ondary curves. The primary curves that are present are the thoracic and 
sacral curves which are concave anteriorly at birth and the secondary 
curves that are present are lumbar and cervical curves which are con-
cave posteriorly. The vertebral endplate is formed between the interver-
tebral disc and the trabecular bone of the body. Its function distributes 
the load to the vertebral body, transfer water and solutes and prevents 
the loss of proteoglycan from the disc12). 

MORPHOLOGICAL  CHANGES  IN  LUMBAR  
VERTEBRAE 

The morphological changes with aging in the lumbar vertebrae were 
osteophyte, porosity and resorption of cortical surface. The degenerative 
changes of osteophyte commonly occur among the elderly and affects 
the vertebral bodies and disc13). The osteophytes occur around 20 years 
after the vertebral epiphyseal rings have fused14). The most common 
cause of osteophyte formation on lumbar vertebrae associated with 
aging is degeneration of the intervertebral disk15). The discs deteriorate, 
and lose their cushioning ability, increasing the pressure and weakening 
of vertebral column all the time resulting in collapse of the interverte-
bral disc16). Disc thinning causes dehydration, protrusion and ossifica-
tion of the endplate12). The disc degeneration occurs after the second 
decade of life. Intervertebral disc degeneration is initiated in the nucleus 
pulposus reduces proteoglycan content and type II collagen synthesis17) 
and break down of the annulus fibrosus, giving rise to thinning of disc, 
decreasing the disc height18). Schmorl et al. found that with the tearing 
of the annulus fibrosus into the vertebral body, the nucleus bulges with 
the anterior longitudinal ligament. The new subperiosteal bone is stimu-
lated by the increased strain19,20). The osteophytes between adjacent ver-
tebral bodies formed traction spurs and claw osteophytes as a result of 
instability21). Nathan reported that osteophytes respond to compressive 
loads for stabilizing the spine14). The nucleus pulposus losing its osmotic 
properties contributes to fibrosis as it cannot transmit forces well, result-
ing in osteophytic formation to the vertebral body7). Males have higher 
body weight increasing the force on the spine and may take part in 
strenuous activities increasing the level of tension and the growth of 
osteophytes more than in females22). The frequency of the highest score 
of the osteophyte in previous studies was in L4 and L58,9). 

In Thai people the osteophytes begin to form around the age of 35 
in the study of Chanapa et al.8), around 30 years of age in the study of 
Watanabe.6) from Japanese people and around 20 years of age in Kacar 
and et al9). The study of Steel found acceleration of increased osteophyte 

formation and macroporosity after 50 years of age23). One study of 
Coventry et al. reported degenerative changes of the vertebral endplate 
in people 40 years old and older ranged from thinning to complete 
absence of the cartilaginous endplate24). In late adults, osteophyte forma-
tion in males progressed more rapidly than females in one study of Van 
Der Merwe7). These studies displayed lower lumbar vertebrae receiving 
more load by weight than the upper lumbar vertebrae6). In addition, the 
differences in both sexes affected the work load in males and hormones 
in females to degenerative changes6). Moreover, obesity and genetic fac-
tor could also influence osteophyte formation6). Another factor related to 
osteophyte formation regards the amount of pressure to the lumbar col-
umn as a result of the distance of the secondary curvatures to the line of 
gravity. The highest loading occurs the farthest away from the line of 
gravity. Additionally with the influence of the mobility of joint the lum-
bar vertebrae are more mobile and carry more weight than the other seg-
ments of vertebra7).

In addition, the bone mineral density (BMD) is related to the reduc-
tion of vertebral body height due to endplate weakening25). Males and 
females lose in areal bone mineral density (aBMD) slowly at about age 
40 but in late 40s or early 50s women with beginning of menopause lose 
aBMD quicker than men26). The study of Riggs et al.27) described verte-
bral trabecular bone loss starts at 30 years old and bone loss increases in 
middle aged females. In addition, the late onset of cortical bone loss is 
related with sex steroid deficiency28). The changes of bone loss were 
greater in women than men, due to accelerated bone loss in the meno-
pausal stage and may persist for up to 10 years29). During 8-10 years 
after menopause the bone resorption increases by 90%30). Moreover, a 
recent study reported bone loss leading to an increased surface porosity 
and improved between 50 and 130% with advancing age30).

The macroporosity and cortical surface porosity of females may 
lack estrogen which indicates the increasing of bone loss and fracture31) 
giving rise to increased osteoclast activity, cortical porosity, and 
increased the resorption in trabecular bone32). After the fourth decade, in 
both sexes, there are reductions in the formation of periosteal bone and 
increases in endosteal bone resorption. Contributing to changes in the 
cortical thinning, increased cortical porosity, thinning of the trabeculae 
and damage of trabecular connectivity33). Menopause gives rapid bone 
loss in most women because of decreasing ovarian function which is 
attributed to decreased estrogen26). Normally estrogen increases osteo-
protegerin (OPG) production by osteoblastic cells34) and stimulates 
apoptosis of osteoclast cells, and declines osteoclast differentiation by 
hindering the receptor activator of nuclear factor kappa B ligand ( 
RANKL)35) so that the lack of estrogen rises contributing to increased 
osteoclast stimulation and decreased osteoclast apoptosis36). For many 
years, it was supposed that bone loss in men was related to decreased 
serum testosterone but the earliest study found bone loss in aging men 
correlated higher with serum estradiol than testosterone37). A prospective 
study of older men showed a low estradiol level resulting in the fracture 
risks although the testosterone was high. Sex hormone-binding globulin 
(SHBG) is associated with fracture risk when adjusted for estradiol lev-
els38). However, testosterone is important for maintaining bone forma-
tion by increasing periosteal apposition, increasing bone size and reduc-
ing fracture risk39). The periosteal bone formation in men is independent 
of endosteal bone resorption so that the cortical bone loss is more in 
women than in men40). Postmenopausal women lack calcium and vita-
min D which can lead to secondary hyperparathyroidism41). Vitamin D is 
necessary for bone formation and osteoblastogenesis42). The increased 
serum PTH increases osteoclastic activity and bone resorption, contrib-
uting to main cortical bone loss41). PTH secretion in males increases sim-
ilarly to females but gonadal sex steroid levels in aging males may pro-
tect bone against resorption from increasing PTH levels so that it is dif-
ficult for PTH in men to cause bone loss43). Mechanical loading deter-
mines endplate thickness and porosity44). Long-lasting estrogen deficien-
cy leads to an imbalance of chronic calcium deficiency because of 
increasing intestinal calcium absorption and renal tubular calcium reab-
sorption45,46). The reduced mechanical loading exert increased RANKL, 
IL-1, IL-6, IL-11 and TNF-α including, reduced osteoblast secretion of 
OPG. These compounds directly stimulate greater osteoclast formation 
and activity42). The functional loading has enhanced bone mass47) and 
exercise in cooperation premenopausal and postmenopausal women can 
prevent almost 1% of bone loss per year in lumbar spine48). In most adult 
the nucleus pulposus pressure is lower than stress in the annulus49) 
because of loading from nucleus to annulus50). Resisting of high forces 
make the thicker and less porous bone in the peripheral endplate, where-
as the central endplate has more porous bone and thinner51). The superior 
endplates are thinner and supported by less dense trabecular bone so 
they are damaged more than the inferior end plates52). Furthermore, the 
central end plate is often damaged because it is the thinnest and weakest 
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region52,53). 
Besides, the porosity of cortical bone is formed by canals as pores 

or porosity which is lined by the intracortical component of endosteal 
surface. Intracortical remodeling of endosteal trabeculae replacing 
during advancing age and remodeling becomes unbalanced during 
aging. The trabecular bone is lost faster than cortical bone because it is 
more accessible to being remodeled. The cortical bone has high matrix 
volume enveloped with a smaller surface area so there is less surface 
area to start matrix remodeling54). Decreasing of cortical matrix volume 
leads to cortical bone loss and remodeling increases the porosity of cor-
tical bone. The cortical bone is eroded by rapid remodeling upon the 
endocortical surface but intracortical remodeling contributes to loss of 
cortical bone. The surfaces of canals cortex adjacent to the medullary 
canal gives to the canals coming closer together and they coalesce creat-
ing larger irregular pores with bone loss55). 

Moreover, aging is associated with decreasing of growth hormone 
secretion. It declines up to 14% per decade in both sexes which lead to a 
decrease in hepatic production of insulin-like growth factor (IGF)-156) 
and smaller decreases in IGF-257). Therefore, growth factor binding pro-
teins may relate to age-related bone loss and higher serum IGF binding 
protein (IGFBP)-2 predicted lower BMD, and was associated with 
increased bone resorpt ion, body mass, and sex hormones58). 
Furthermore, the glucocorticoids are important extrinsic factors which 
reduce bone formation by obstructing Wnt/β-catenin signaling thus 
weakening osteoblastogenesis, inhibiting function of osteoblastic and 
IGF-I synthesis59). Additionally, the other factors of bone loss and reduc-
ing osteoblast activity relate to smoking, excess alcohol or high-caffeine 
consumption, lifestyle, occupation, posture and body size26,60). 

FUTURE  DIRECTIONS

The information of the degenerative changes of lumbar vertebrae is 
known for the morphological changes of osteophyte formation, the 
porosity in the endplate and the resorption of cortical surfaces. The esti-
mated age in adults of lumbar vertebrae can be evaluated by scoring of 
osteophyte formation in many patterns from the previous studies to 
develop the formula in specific regions. However, no score in quantity 
percentages of osteophyte formation has been reported. In future stud-
ies, we will develop a suitable method. Thus, the degree of osteophyte 
formation will be scored in 8 grades at the superior and inferior margins 
of the vertebral bodies. Osteophytes positioned on the anterior or the 
lateral regions of vertebra will be scored. The score 0 is no osteophyte, 
scores 1-3 are osteophyte formation less than 25%, 25-50% and more 
than 50%, respectively, scores 4-5 are osteophyte formation with pro-
truding less than and more than 50%, scores 6-7 are osteophyte forma-
tion with bridging less than and more than 50%. Additionally, the mac-
roporosity and the resorption of cortical surface are a starting point to 
develop a measurement method for morphological changes. The macro-
porosity is scored in 4 grades at the superior and inferior endplates of 
the vertebral bodies. Score 0 is no macroporosity, score 1-3 are macrop-
orosity less than 25%, 25-50% and more than 50%, respectively. 
Finally, the resorption of cortical surface around the lumbar body is 
scored in 4 grades. The score 0 is no roughness, score 1-3 are roughness 
with porosity less than 25%, 25-50% and more than 50%, respectively. 
The causes of bone loss in lumbar vertebrae such as gonadal sex steroid 
deficiency, secondary hyperparathyroidism, will be exclusion criteria. 
The outcomes of this method may be helpful for both the forensic sci-
ence and anthropology.

CONCLUSION

In both sexes among elderly have the degenerative changes of 
osteophyte, macroporosity and the cortical surface porosity. The osteo-
phytes begin to form at different age in many studies. The intervertebral 
disc degeneration is the major factor of osteophyte formation. Also, obe-
sity and genetic relate to the growth of osteophytes. Besides, the lack of 
sex steroid hormones contributes to the cortical bone loss in the macrop-
orosity on the end plate and the cortical surface porosity which women 
have greater than men because women have accelerated bone loss in the 
menopausal stage. Furthermore, the other factors of reducing osteoblast 
formation are the glucocorticoids, alcohol or smoking or high-caffeine 
consumption and activity in daily life. Overall provides the information 
regarding the morphological changes with aging in the lumbar verte-
brae. Additionally, no studies have been reported about estimating age 

from three traits of the degenerative changes in lumbar vertebrae in 
Thailand so that it is a new method for developing approaches in Thai 
people. Moreover, the advantage of this technique can be used to com-
bine with other age estimation from the other bones in forensic sciences.
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