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ABSTRACT

Background: Senescence is the deterioration of the body's biological and physiological function
throughout later life. Senescent populations are more prone to diseases. However, aside from
osteoporosis, skeletal senescence is a less discussed topic in Indonesia. A global and national in-
crease in the aging population indicates they will be a major group in society, raising the urgency
of reviewing this matter. This study aims to comprehend the physiological and biomechanical
mechanisms of skeletal senescence, as well as senescent variations in certain sex and population
affinities.

Literature Review: Age-related skeletal cellular death and imbalance contributes to bone damage
in elders. Senescence also affects skeletal biomechanics, expressed in increased bone porosity and
brittleness. Stresses in aged bone risks straining above its elastic limit and causing fractures due
to its inability to tolerate such stresses. The loss of sex hormones is related to skeletal senescence,
especially in females, while the effects of testosterone on skeletal senescence are under-researched.
Dietary change, estrogen replacement therapy, and calcitonin consumption are effective measures
in reducing the effects of osteoporosis. Variations were found in the bone aging process in different
populations, especially regarding bone mineral density loss in white, African-American, Asian, and
Hispanic populations.

Conclusion: Specific population-based healthcare services in geriatrics and gerontology are highly
suggested to ensure inclusive healthcare for every aged individual. Due to the minimal data about
bone aging in Indonesia (other than osteoporosis), the authors encourage data procurement from the

local populations to create more suitable medical guidelines for elders in Indonesia.
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INTRODUCTION

Aging is a natural process of growth and development
that occurs in all living beings, including humans.
After a certain age, a person's physical condition be-
gins to decline in function. This process is known as
"senescence." Many intrinsic and extrinsic factors are
related to the acceleration of human senescence, such
as genetics, hormones, skin type, nutrition, lifestyle,
sunlight exposure, comorbid medications, and many
more.'°

Biological aging is closely related to cellu-
lar aging. Cells, as the main structures composing
tissues and organs, slowly experience a loss in num-
ber and function. Cells lose their ability to repair or

remodel themselves effectively, which is why old-
er adults are more prone to illness. However, some
individuals experience a slower aging process and
may appear younger than their chronological age.
The use of anti-aging products, a healthy lifestyle,
and regular physical activity may contribute to this.
However, it is important to note that a younger bi-
ological appearance does not necessarily equate to
better physical fitness in older adults.!”*°

Bone, like any other biological structure
in the human body, is dynamic. At the molecular
level, bone cells—osteoblasts and osteoclasts—
continuously remodel the bone structure. Even
without considering biological aging, human

bone is a constantly dynamic structure. Humans
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typically reach their peak height before gradual-
ly losing it due to changes in posture. Bone se-
nescence plays a significant role in these chang-
es, primarily through mechanisms such as bone
density loss, decreased synovial fluid, and joint
stiffness. All of these factors affect the bone's
function within the musculoskeletal system, in-
cluding its role in movement.'' !>

These changes due to bone aging can be
explicitly demonstrated through its biomechanical
properties. The continuous remodeling of bone,
coupled with senescent cells, leads to an increase in
bone porosity from 4% to 12%. For older individu-
als, this can increase the bone porosity up to almost
50%, along with an approximate 40% reduction in
ultimate strength. Ultimately, these increases affect
an older person's ability to lift heavy objects.!*""?

As mentioned previously, age-related
functional decline can contribute to increased sus-
ceptibility to diseases. Several pathological cases,
like osteoporosis, are considered inevitable for
many elders. Other risks, such as bone fractures,
also frequently occur. Several researchers have
also stated that many diseases are closely related
to senescence.”>?® Therefore, a literature review
on skeletal senescence and age-related patholo-
gies is necessary.

Since hormonal factors play a significant
role in the aging process, it is also important to
discuss how they affect human variations, partic-
ularly between the sexes. Biologically, both sex-
es have their own unique functions that require
unique endocrines to stimulate these processes.
For example, both primary and secondary pu-
berty among males and females is stimulated by
different hormones—males by testosterone and
females by estrogen. It is important to note that
while both sexes produce both hormones, the
quantities differ significantly. This also relates
to their susceptibility to bone loss.>?’ It is both
interesting and important to discuss the sex dif-
ferences in skeletal aging, as understanding how
bone ages in both sexes can provide insights into

ensuring appropriate treatment.

25

Human biological variation does not
only concern sex and age but also population
affinity. The process of skeletal senescence
also varies among populations. Medical guid-
ance and procedures concerning bone diseas-
es in senescent populations should adhere to
this biological variation. Concerns have been
raised about how the "one size fits all" rule is
not pertinent in terms of senescence-related
bone disease treatment. Reviewing the sub-
topic of human biological variations might
give us insight into understanding the aging
process in different population affinities.?**’

The study of human skeletal senescence
has become a much more urgent issue, especial-
ly in Indonesia. According to the United Nations
Department of Economic and Social Affairs
Population Division, Indonesia's life expectancy
is estimated to reach 75 years by 2050.*" Here,
many population censuses have recorded how
the aging population is continuing to increase.
As0f2023, 11.75% of the Indonesian population
is categorized as elderly. This means that begin-
ning now and in the near future, the aging pop-
ulation is and will continue to be a major part of
the human population.’' Considering how prone
they are to physical and psychosocial problems,
a more comprehensive understanding of their
condition is urgently required in Indonesia
since, according to demographic statistics, an
increasing number of elderly individuals will
require healthcare sooner or later. Due to the
multidimensional aspects of aging, this review
can be used as a reference to stimulate further
studies in the fields of medicine (especially
geriatrics, orthopedics, and traumatology), so-
cial sciences (especially social gerontology,
anthropology, and sociology), sports sciences,
and many other fields. All of these aspects will
hopefully contribute to more successful, inclu-
sive, and healthy aging for the elderly.’***

A review of skeletal senescence is high-
ly scarce in Indonesian search engines, hence

the importance of raising this issue. This paper
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aims to analyze how human skeletal elements
age, and how population and sex differences
affect skeletal senescence. This paper discuss-
es how senescence affects the biomechanical
properties and functions of bone. This paper
also aims to describe several bone diseases and
how age, and aging, contributes to them. After
reading this paper, the reader will hopefully
understand how bone ages and how aging af-
fects bone. Hopefully, this paper will contribute
and offer new and integrated perspectives, and
stimulate research on bone biology and phys-
iology, especially related to the aging process
of human bone in various population settings.
With new perspectives and stimulated research,
it is hoped that the awareness of bone aging in
the elderly population will rise and become a
consideration for policymakers to create better
health care in Indonesia. Thus, medical experts
such as orthopedics, traumatologists, and ra-
diologists, among others, can go on to provide
better clinical services to elderly patients.

Just like any other research, this study
has several limitations. The main limitation is
how scarce the study of skeletal senescence
is in Indonesia. Thus, it is difficult to specify
the discussion to the Indonesian elderly popu-
lation, among other undiscussed themes. The
second limitation is the potential bias when it
comes to the selection of articles for review,
especially since this study is a narrative review
that is not equipped with a rigid set of rules,
unlike a systematic review. The third limita-
tion is the bias when choosing the themes.
The biomechanical properties reviewed in
this paper are limited to the factors that af-
fect bone density and the ultimate strength of
the bone. Meanwhile, from the bioanthropo-
logical perspective, this paper will focus on
discussing sex and population differences in
terms of skeletal senescence. This means that
other factors or variables, such as auxology,
bone shape, genetic abnormality, and many

other aspects are not discussed.

LITERATURE REVIEW

Skeletal Senescence and Remodeling
Bone formation and resorption are dynamic and
constant processes, collectively termed bone re-
modeling. Figure 1 illustrates the five steps of this
process. Overall, bone remodeling is complex,
controlled by local and systemic factors, and is
carried out by multiple cell types that interact
through cytokines, cell contacts, and matrix elab-
oration. The bone cells discussed in this review
are osteocytes, osteoblasts, osteoclasts, and bone
marrow mesenchymal stem cells—all of which
contribute to bone remodeling. Like any other
part of the human body, bone structure and bone
cells are affected by aging. Aging bone cells may
incur several changes in characteristics and func-
tion compared to their normal state,!>**3
Osteocytes are the longest-lived bone
cells, with a natural lifespan of approximate-
ly 25 years. Several studies have shown that
osteocytes are still subject to aging. Senes-
cent osteocytes may lead to several malfunc-
tions, such as bone loss, microfractures, and
osteoporosis. Osteocyte death also signifies
a decline in bone strength due to its role in
regulating bone vascularity and hydration. Sex
hormone deficiency, loss of mechanical strain,
and glucocorticoid excess contribute signifi-

cantly to osteocyte death,!2!13:15:34.35.37.38

Quiescent **¥¥¥¥ ¥¥

G*:cﬂcﬁﬁs%m R

Activation

* ¥'¥ ¥' * Osteocyte

* o Dsteaclast

M i
Osteoblast

Resorption **#%q .'*¥ precursor

. Macrophage
B Ostecblast

* ° /f Mineralised bone
Formation ra— *-¥ Ostiid

Miw, mineralized
b

Mineralisation **¥¥¥ *i*

Figure 1. Five stages of bone remodeling.*
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Autophagy failure and nuclear pore leaki-
ness are the most likely causes of age-related osteo-
cyte death. Autophagy, a process conducted by ly-
sosomes, is highly functional in cellular recycling
and defending cells from stressful stimuli. Autoph-
agy failure may lead to the decrease and death of
long-lived postmitotic cells in many organs, such
as the brain, heart, muscles, and kidneys. Autoph-
agy failure is also closely related to degenerative
neurological diseases, cancer, and heart failure.
Therefore, it is very likely that osteocytes may be
affected by autophagy failure as well, resulting in
an increased rate of osteocyte death throughout
senescence. Nuclear pore complexes (NPCs) are
channels of nucleoproteins that serve as a phys-
ical barrier within the nuclear envelope. NPCs
are known for their function in regulating the
movement of cytoplasmic proteins to the DNA
and selectively transporting newly-synthesized
mRNAs from the nucleus to the cytoplasm and
ribosomes. Similar to autophagy, aging also
causes NPCs to decline in postmitotic cells due
to the oxidative damage of nucleoporins. Since
oxidative stress induces osteocyte death, it is
very likely that nuclear pore leakage contributes
to the demise of osteocytes.!>*

Aging also affects osteoblasts, one of
the cells responsible for bone formation and the
mineralization of its matrix. Unlike osteocytes,
osteoblasts only last for a few months, and many
of them (60-80%) die by apoptosis at the site of
resorption. With aging, osteoblasts experience a
significant change in function. A decrease in min-
eralization optimality, differentiation capacity,
and cell activity are commonly observed traits of
senescent osteoblasts. Senescent osteoblasts are
also not as responsive to stimuli from hormones.
In relation to bone pathology, a previous experi-
ment on mice showed that senescent osteoblasts
increase the risk of bone tumor formation and
metastasis. 13,15,35,37,39

Osteoclasts are short-lived, blood-gener-
ating bone cells, existing for approximately 2—4

weeks before dying by apoptosis. Several cellular

27

changes in osteoclast expression are age-related,
namely in the RANKL/RANK/OPG and M-CSF
of bone marrow cells. A previous study showed
that senescent osteoclasts in mice produced scle-
rostin, which might indicate a weakened ability to
remodel in aged bone.?>’

Bone marrow mesenchymal stem cells
(BSMCs) are a group of significantly function-
ing stem cells. Also known for their pluripoten-
cy, BSMCs' abilities include self-renewal and
self-differentiation into osteogenic, adipogenic,
and chondrogenic lineages. Changes caused by
aging include decreasing proliferative capacity
and increasing adipogenesis. Consequently, the
decreasing amount of osteoblasts will create an
imbalance in the bone. The excessive amount of
marrow adipocytes with no osteoblasts to bal-

ance them may result in bone loss.***

Biomechanics of the Aging Bone

Bone is one of the most dynamic tissues in the
human body, existing in a constant state of flux as
both a material and a structure. This dynamic na-
ture affects how bone handles loads. The study of
how bone handles loads can be explained through
the lens of biomechanics. The biomechanical
properties of bone describe the relationship be-
tween the forces (F), or loads, applied to the bone
or bone specimen, and the resulting deformations.
The forces applied to bones have several possi-
ble origins including external forces—such as the
impact of catching a ball or ground reaction force
during running—and internal forces created by
muscle interactions or ligament tensions. Bone
resistance developed in response to applied forc-
es is known as stress (o). It represents local force
intensity with dimensions of force per unit area
(o =F/A) and has the pascal (Pa) as its unit in the
International System of Units (SI): 1 Pa= 1 N/m?.
The deformation of bone due to stress is usually
represented as strain (g), defined as the ratio of the
change in a specific dimension (such as length) of
the bone to the original value of that dimension (g

= Al/l) and is non-dimensional.**~*
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Figure 2. Stress-strain curve of a bone under tension.
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To define the mechanical or material prop-
erties of bone, the shape and size of the bone must
be accounted for by establishing these properties.
This allows for a true understanding of bone purely
as a material, independent of any particular shape
or length. The material properties are also defined
as "stress-strain properties" because they can be
observed from the stress-strain curve. Considering
the definitions of "stress" and "strain," the stress-
strain curves of a material will be the same for
different shapes and sizes of said material. Figure
2 shows a stress-strain curve for a bone specimen
under compression and tension in longitudinal and
transverse orientations.**4**/

Figure 2 shows a linear region in the stress-
strain curve. The slope of this linear region defines
the "elastic" or "Young's modulus" of the bone.
When the bone begins to yield, it reaches its elastic
limit. At the point where the slope becomes con-
stant again, the bone attains its yield strength. With
the further application of stress, the curve extends
into the post-yield or plastic region until the fracture
point is reached. The term "ultimate strength of the
bone" is used to define the maximum stress a bone
can handle before fracturing.****

Age-related degradation in bone me-
chanical properties is accompanied by subtle but
significant changes in porosity.*® The porosity in
cortical bone increases from about 4% in young,
healthy bone to around 12% at age 60. In elder-
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Figure 3. Stress-strain curve comparison between
young and aged individuals.!

ly individuals, bone porosity can reach almost
50%. The increased surface area of cortical bone
provides more surface area for receiving signals
to initiate remodeling, further accelerating corti-
cal bone loss with age.'®

Increases in intracortical porosity result
in higher strains, which are directly related to
decreases in Young's modulus throughout hu-

man bone aging.'’*

952 The Young's modulus
of human bone decreases by about 2% per de-
cade.'® An example of such decreases is shown
in Figure 3, where the constant slope of a young
person is steeper than that of an aged person,
and the steeper slope indicates a higher Young's
modulus.**>

An elderly person has more senescent
cells, and they begin to accumulate in their tis-
sues, including bones. Cellular senescence dam-
ages the bone remodeling ability by impairing
bone formation. This is shown by current stud-
ies, which demonstrate a decrease in bone load
strength due to aging correlated with cell senes-
cence.'>** Senescent cells in bone tissue cause a
higher rate of bone resorption than bone forma-
tion, which leads to lower bone mineral density.
However, the occupied volume or space of the
bone remains the same. Hence, bone formation
leaves small spaces between the bone tissues.
These small spaces make the bone porous, in-

creasing bone porosity.”>>¢ As the bone becomes
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more porous, the bonding strength of the bone
material decreases due to the empty spaces.
Weaker bonding means easier breakage, result-
ing in the weaker ultimate strength of the bone
and lower Young's modulus.’’*

Another effect of bone aging is bone
brittleness. A material is called brittle if, when
subjected to stress, it fractures with little elastic
deformation and without significant plastic de-
formation.” The increased brittleness that occurs
with age is related to changes in the collagen and
collagen-mineral interface. Non-enzymatic glyca-
tion forms intra-molecular collagen bonds known
as advanced glycation end-products (AGEs).
Because AGEs are formed in the presence of
sugars, they accumulate in the collagenous tis-
sues of people with diabetes and are considered
to be one cause of skeletal fragility found in this
condition. AGEs are also produced by oxidation
reactions and form naturally as collagen ages.
Proteins with long half-lives, such as collagen,
can accumulate substantial amounts of AGE:s.
Therefore, unlike enzymatically mediated cross-
links, AGEs accumulate naturally in bone with
age. AGE accumulation may decrease collagen's
ability to deform by as much as 25% and cause
increased brittleness. It reduces the capacity of
aged bone to resist fracture. The brittleness of
bone affects its ultimate strength, which can be
observed in Figure 3. The ultimate strength of
a young person lies in the 200-250 MPa range,
while an aged person's ultimate strength lies in
the 150-200 MPa range, representing a 20—40%

reduction in ultimate strength.'”"?

Senescence, Sex Hormones, and Osteoporosis

Osteoporosis is a bone pathology caused by a
disruption in the bone resorption and formation
process. Bone mass loss occurs in individuals as
they age and can be measured by T-score—an
individual with a T-score less than -2.5 indicates
a higher rate of bone fragility, which is diagnos-
able as osteoporosis.”” This disruption continues
throughout life, making older adults—especially

29

older females—more susceptible to osteoporo-
sis-related fractures. The cause of osteoporosis
depends on its type: type 1 osteoporosis is caused
by hormonal changes, especially post-menopause,
and type 2 osteoporosis is caused by the body's
misuse of vitamin D. Secondary osteoporosis is
mostly caused by steroid medication, myeloma,
bone metastasis, hormonal changes, alcohol con-
sumption, cigarette smoking, hypogonadism, and
many other extraskeletal factors.'>¢!

In Indonesia, around 22-55% of elderly
females are diagnosed with osteoporosis. Ap-
proximately 30% of 60-70-year-old females
currently live with osteoporosis.* In females,
osteoporosis is worsened not only by hormon-
al changes but also by senescence. Males, on
the other hand, usually suffer from osteoporosis
due to senescence alone. This relates to females
experiencing menopause, while males continue
to produce their sex hormones—proving once
again that changes in sex hormones are a signifi-
cant factor in osteoporosis.’**"6?

The significance of both male and female
sex hormones in relation to aging has been prov-
en in many previous studies. Even though they
are called "female" or "male" sex hormones, both
hormones are present in each sex. The difference
is observable in their amounts, where testosterone
values are significantly higher in males, and es-
trogen values are significantly higher in females.
The loss of estrogen and testosterone does occur
in aging males and females, and both affect bone
in similar yet different ways. Estrogen loss is more
rapid in females, while testosterone loss in males is
not as rapid. It is important to note that bone loss in
males is not as commonly researched compared to
females. The relationship between testosterone and
its relation to bone remodeling should be examined
in further studies.'!?! 244262

Estrogen is a hormone that is substantial
in the bone remodeling process. Due to its role
in bone resorption, estrogen has been proven to
slow bone mass loss, protecting the matrix from

fractures. During and after menopause, females
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lose much of their ability to produce estrogen.
Pregnancy and breastfeeding might also decrease
the amount of estrogen stored in the female body.
Fetuses require their mother's calcium to stimulate
bone formation, explaining the increase in cal-
cium loss in female bone. The impact of such a
phenomenon is an increase in bone resorption,
which ultimately decreases bone quality. This is
proven by the disproportionate rate of osteopo-
rosis in females.?*?!-244262 A previous study also
discovered that greater hip fractures are more
common in females than males.? ¢3¢
Osteoporosis can be considered a "silent
killer" due to its lack of pre-fracture detection.
There are several ways to prevent osteoporo-
sis—or at least reduce its detrimental effects.
Regulating one's diet and nutritional intake is one
way to do it. The consumption of calcium and a
vegetarian diet is proven to be more effective at
preventing osteoporosis, especially in females.
Since calcium is essential in bone remodeling,
it is recommended to avoid alcohol consump-
tion and smoking. Another way is to consis-
tently stimulate the musculoskeletal system. A
previous study stated that the musculoskeletal
system of older adults who actively exercise is
significantly healthier than those of the same age
who do not exercise. The use of medication and
therapy is also recommended in some cases, but
this should be done under the supervision of a
doctor or therapist. These methods might include
estrogen replacement therapy (ERT), vitamin D
therapy, and calcitonin consumption,?!:34:61:65-67
Population Differences in Bone Aging
Variations in bone growth and bone aging exist
across populations. As a result, incidences of
bone fracture, osteoporosis, and other diseases
related to bone growth in old age may vary from
one population to another. Many studies have
shown that the "one size fits all" approach is ir-
relevant in terms of bone health assessment and
treatment. This notion demonstrates that varia-
tions in bone aging should be evaluated within

populations as a means of adjusting for better

healthcare services, especially for older patients
who are more prone to bone diseases.”®

One study compared bone mineral
density in 65-78-year-old males from various
populations, namely white, African American,
Asian, Hispanic, Afro-Caribbean, Hong Kong
Chinese, and South Korean males. After adjust-
ing for age, this study found several interesting
things. Afro-Caribbean and African-American
males have higher whole-body bone mineral
density levels compared to white Americans.
The Asian populations (South Korean, Hong
Kong Chinese, and Asian American) have rela-
tively lower bone mineral density compared to
white and African populations in nearly all bone
sites. White American and Hispanic males are
quite similar in terms of bone density.*

Another study explored bone density in
males and females from Black and white popu-
lations. They confirmed that Black males tend
to have denser bones compared to white males.
On the other hand, white and Black females have
generally lower bone density.* The lower amount
of bone mineral content in females, especially
older females, is correlated with the higher ener-
gy expended for the reproductive stages, such as
gestation and menstruation.®>”

The previous observation is further con-
firmed in another study. This study involved 80
Black males and females, and 80 white males and
females. The variables of the participants were
controlled for sex, age, bone age, pubertal stage,
height, and weight. The study found that Black
males and females have higher volumetric appar-
ent bone mineral density in the trabecular bone of
the vertebral body. No significant differences in
bone mineral density were found in the femoral
midshaft.”!

In 2005, a scientist researched the cor-
relation between type 2 diabetes and pelvic bone
loss in 70-79-year-olds. Increased femoral neck
bone loss was most prevalent in older, diabetic,
white females compared to white males, Black

males, and Black females. Significant changes in
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bone loss were not observed in males and Black
females with diabetes and normal glucose homeo-
stasis. This explains the increased risk of bone
fracture among older diabetic females, especially
white females.”

A previous study compared the skeletal
mass and bone mineral content of the radius in Black
and white American females. This study reaffirmed
previous studies that Black females experienced
lower rates of bone fracture and osteoporosis. Due
to having denser bones, the biomechanical integrity
of Black females is maintained for a longer period.
The larger muscle mass of Black females is attrib-
utable to this increased bone mass and resistance to
osteoporosis and fracture.”

Another study explored how Black
and white females differ in terms of bone loss
rate during their menopausal stages. The study
extracted data from 122 white and 121 Afri-
can-American females. All females were mea-
sured at 6-month intervals over 3—4 years using
single and dual photon absorptiometry of the
upper extremity (compact bone) and vertebrae
(spongy bone). Premenopausal females from
both populations did not show significant dif-
ferences in bone loss rate. However, bone loss
speed variation was observed during the early
menopausal stage. White females are more like-
ly to lose bone mass during this stage compared
to African-American females. After 5 years of
the postmenopausal stage, the bone loss rate re-
turned to being insignificantly different in tissue
composition.”

According to the Third National Health
and Nutrition Examination Survey (NHANES
III), postmenopausal white females are more
prone to osteoporosis (20%) compared to His-
panic females (10%) and African-American
females (5%). For the male samples, the same
conclusion can be drawn due to the relative-
ly higher prevalence of osteoporosis in white
males (4%) compared to Hispanic (2%) and
African-American (3%) males.”” Greater bone

density in African-American people compared

to white people might cause these discrepancies
in osteoporosis prevalence. By calculating bone
mineral apparent density, the bone size variable
is adjusted, thus controlling for sex. By adjust-
ing for bone size and sex, this study has proven
that African-American people, on average, have
higher bone density compared to white and Asian
people.”

Other than research on Black and white
populations, aging studies on the Hispanic popula-
tion are also popular in the United States. Prior re-
search has shown that the bone density of healthy,
non-obese, Mexican-American older females is
relatively higher than that of non-Hispanic whites.
This might explain the lower rate of hip fractures in
the Mexican-American population. This study also
found that bone density variations between the two
populations are independent variables, as they did

not correlate to lean mass and fat mass.”’

CONCLUSION

This review covered many aspects of how hu-
man bones age across different human charac-
teristics, with the most common study topics
concerning osteoporosis, bone loss, and bone
fracture in white populations. This paper also
discussed the dynamics of biomechanical prop-
erties, such as the decrease in bone density and
ultimate strength, and their significant role in
skeletal senescence mechanisms. After under-
standing how skeletal senescence mechanisms
work differently in each human population, it is
important that adjusted medical guidelines are
provided to include a variety of treatments that
work best for certain biological characteristics.
Specific sex- and population-based healthcare
services in geriatrics and gerontology are high-
ly suggested to ensure inclusive healthcare for
older adults from every population and sex. Due
to the minimal data and research about bone ag-
ing in Indonesia (other than osteoporosis), the
authors encourage data procurement on local

populations to create or modify more suitable

This is an open access article under the CC BY-NC-SA license Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License


https://creativecommons.org/licenses/by-nc-sa/4.0/

32 Alaydrus and Jauhari/ JOINTS (Journal Orthopaedi and Traumatology Surabaya) April 2024; 13(1): 24-34

medical guidelines for older adults and eldercare

in Indonesia.

ACKNOWLEDGMENTS

The authors would like to thank Prof. Myrtati
Dyah Artaria, Dra., M.A., Ph.D., for reviewing
and proofreading the manuscript draft and for
providing valuable suggestions.

FUNDING

This research did not receive any specific grant
from funding agencies in the public, commercial,
or not-for-profit sectors.

CONFLICTS OF INTEREST

The authors declare that there are no conflicts of

interest.

REFERENCES

1. Chalise HN. Aging: Basic concept. Am J Biomed
Sci Res 2019;1(1):8-10.

2. Nanzadsuren T, Myatav T, Dorjkhuu A, Gan-
bat M, Batbold C, Batsuuri B, et al. Skin aging
risk factors: A nationwide population study in
Mongolia risk factors of skin aging. PLoS One
2022;17(1):¢0249506.

3. Anwar SS, Smith SD, Pongprutthipan M, Kim
JY, Yuan C, van Steensel M. Preageing of the
skin among Asian populations. J Eur Acad Der-
matol Venereol Clin Pract 2022;1(1):88-95.

4. Nouveau-Richard S, Yang Z, Mac-Mary S, Li L,
Bastien P, Tardy I, et al. Skin ageing: A compari-
son between Chinese and European populations:
A pilot study. J Dermatol Sci 2005;40(3):187-93.

5. Guyuron B, Rowe DJ, Weinfeld AB, Eshraghi Y,
Fathi A, lamphongsai S. Factors contributing to
the facial aging of identical twins. Plast Reconstr
Surg 2009;123(4):1321-31.

6. Keaney TC. Aging in the male face: Intrin-
sic and extrinsic factors. Dermatologic Surg
2016;42(7):797-803.

7. McCallion R, Li A, Po W. Dry and photo-aged
skin: manifestations and management. J Clin
Pharm Ther 1993;18(1):15-32.

8. Janovska J and Voicehovska J. Lifestyle and
nutrition peculiarities as risk factors for precan-
cerous skin lesions and premature skin ageing in

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Latvian citizens. J Mens Health 2011;8(3):233.
Bulpitt CJ, Markowe HLJ, Shipley MJ. Why do
some people look older than they should? Post-
grad Med J 2001;77(911):578-81.

Wilmore JH. The aging of bone and muscle. Clin
Sports Med 1991;10(2):231-44.

Martin B. Aging and strength of bone as a struc-
tural material. Calcif Tissue Int 1993;53(Suppl
1):34-40.

Wei Y, Sun Y. Aging of the Bone. In: Advances
in Experimental Medicine and Biology. 2018. p.
189-97.

Almeida M. Aging mechanisms
Bonekey Rep 2012;1(7):1-7.

Trotter M and Gleser G. The effect of ageing on
stature. Am J Phys Anthropol 1951;9(3):311-24.
Pignolo RJ, Law SF, Chandra A. Bone Aging,
Cellular Senescence, and Osteoporosis. J Am
Soc Bone Miner Res Plus 2021;5(4):¢10488.
Osterhoff G, Morgan EF, Shefelbine SJ, Karim
L, McNamara LM, Augat P. Bone mechanical
properties and changes with osteoporosis. Injury
2016;47:S11-20.

Zimmermann EA, Schaible E, Bale H, Barth
HD, Tang SY, Reichert P, et al. Correction for
Zimmermann et al., Age-related changes in the
plasticity and toughness of human cortical bone
at multiple length scales. Proc Natl Acad Sci
2012;109(29):11890.

Burr DB. Changes in bone matrix properties with
aging. Bone 2019;120:85-93.

Viguet-Carrin S, Garnero P, Delmas PD. The
role of collagen in bone strength. Osteoporos Int
2006;17(3):319-36.

Ramadani M. Faktor-Faktor Resiko Osteoporo-
sis dan Upaya Pencegahannya [The risk factors
of osteoporosis and preventive measures]. J Kes-
chat Masy Andalas 2010;4(2):111-5.

Sihombing I, Wangko S, Kalangi SJR. Per-
an Estrogen pada remodeling tulang [The role
of estrogen in bone remodeling]. J Biomedik
2013;4(3):S18-28.

Syam Y, Noersasongko D, Sunaryo H. Fraktur
akibat osteoporosis [Fracture due to osteoporo-
sis.]. e-CliniC 2014;2(2).

Beck TJ, Ruff CB, Scott WW, Plato CC, To-
bin JD, Quan CA. Sex differences in geometry
of the femoral neck with aging: A structural
analysis of bone mineral data. Calcif Tissue Int
1992;50(1):24-9.

Brown M. Skeletal muscle and bone: effect of
sex steroids and aging. Adv Physiol Educ 2008
Jun;32(2):120-6.

Russo CR, Lauretani F, Bandinelli S, Bartali B,
Di lorio A, Volpato S, et al. Aging bone in men
and women: beyond changes in bone mineral
density. Osteoporos Int 2003 24;14(7):531-8.
Seeman E. During aging, men lose less bone than

in bone.

This is an open access article under the CC BY-NC-SA license Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License


https://creativecommons.org/licenses/by-nc-sa/4.0/
http://dx.doi.org/10.34297/AJBSR.2019.01.000503
http://dx.doi.org/10.34297/AJBSR.2019.01.000503
http://dx.doi.org/10.1371/journal.pone.0249506
http://dx.doi.org/10.1371/journal.pone.0249506
http://dx.doi.org/10.1371/journal.pone.0249506
http://dx.doi.org/10.1371/journal.pone.0249506
http://dx.doi.org/10.1371/journal.pone.0249506
https://onlinelibrary.wiley.com/doi/pdf/10.1002/jvc2.22
https://onlinelibrary.wiley.com/doi/pdf/10.1002/jvc2.22
https://onlinelibrary.wiley.com/doi/pdf/10.1002/jvc2.22
https://onlinelibrary.wiley.com/doi/pdf/10.1002/jvc2.22
https://doi.org/10.1016/j.jdermsci.2005.06.006
https://doi.org/10.1016/j.jdermsci.2005.06.006
https://doi.org/10.1016/j.jdermsci.2005.06.006
https://doi.org/10.1016/j.jdermsci.2005.06.006
https://doi.org/10.1097/prs.0b013e31819c4d42
https://doi.org/10.1097/prs.0b013e31819c4d42
https://doi.org/10.1097/prs.0b013e31819c4d42
https://doi.org/10.1097/prs.0b013e31819c4d42
https://doi.org/10.1097/dss.0000000000000505
https://doi.org/10.1097/dss.0000000000000505
https://doi.org/10.1097/dss.0000000000000505
https://doi.org/10.1111/j.1365-2710.1993.tb00562.x
https://doi.org/10.1111/j.1365-2710.1993.tb00562.x
https://doi.org/10.1111/j.1365-2710.1993.tb00562.x
http://online.liebertpub.com/doi/10.1016/j.jomh.2011.08.077
http://online.liebertpub.com/doi/10.1016/j.jomh.2011.08.077
http://online.liebertpub.com/doi/10.1016/j.jomh.2011.08.077
http://online.liebertpub.com/doi/10.1016/j.jomh.2011.08.077
https://doi.org/10.1136/pmj.77.911.578
https://doi.org/10.1136/pmj.77.911.578
https://doi.org/10.1136/pmj.77.911.578
https://pubmed.ncbi.nlm.nih.gov/1855258/
https://pubmed.ncbi.nlm.nih.gov/1855258/
https://doi.org/10.1007/bf01673400
https://doi.org/10.1007/bf01673400
https://doi.org/10.1007/bf01673400
http://link.springer.com/10.1007/978-981-13-1117-8_12
http://link.springer.com/10.1007/978-981-13-1117-8_12
http://link.springer.com/10.1007/978-981-13-1117-8_12
http://dx.doi.org/10.1038/bonekey.2012.102

http://dx.doi.org/10.1038/bonekey.2012.102

https://onlinelibrary.wiley.com/doi/10.1002/ajpa.1330090307

https://onlinelibrary.wiley.com/doi/10.1002/ajpa.1330090307

https://doi.org/10.1002%2Fjbm4.10488
https://doi.org/10.1002%2Fjbm4.10488
https://doi.org/10.1002%2Fjbm4.10488
https://doi.org/10.1016%2FS0020-1383(16)47003-8
https://doi.org/10.1016%2FS0020-1383(16)47003-8
https://doi.org/10.1016%2FS0020-1383(16)47003-8
https://doi.org/10.1016%2FS0020-1383(16)47003-8
https://pnas.org/doi/full/10.1073/pnas.1209596109

https://pnas.org/doi/full/10.1073/pnas.1209596109

https://pnas.org/doi/full/10.1073/pnas.1209596109

https://pnas.org/doi/full/10.1073/pnas.1209596109

https://pnas.org/doi/full/10.1073/pnas.1209596109

https://pnas.org/doi/full/10.1073/pnas.1209596109

https://linkinghub.elsevier.com/retrieve/pii/S875632821830382X
https://linkinghub.elsevier.com/retrieve/pii/S875632821830382X
http://link.springer.com/10.1007/s00198-005-2035-9
http://link.springer.com/10.1007/s00198-005-2035-9
http://link.springer.com/10.1007/s00198-005-2035-9
http://jurnal.fkm.unand.ac.id/index.php/jkma/article/view/78#:~:text=Karena inilah osteoporosis sering disebut,%2C riwayat keluarga%2C menopause%2C penggunaan
http://jurnal.fkm.unand.ac.id/index.php/jkma/article/view/78#:~:text=Karena inilah osteoporosis sering disebut,%2C riwayat keluarga%2C menopause%2C penggunaan
http://jurnal.fkm.unand.ac.id/index.php/jkma/article/view/78#:~:text=Karena inilah osteoporosis sering disebut,%2C riwayat keluarga%2C menopause%2C penggunaan
http://jurnal.fkm.unand.ac.id/index.php/jkma/article/view/78#:~:text=Karena inilah osteoporosis sering disebut,%2C riwayat keluarga%2C menopause%2C penggunaan
https://doi.org/10.35790/jbm.4.3.2012.1210
https://doi.org/10.35790/jbm.4.3.2012.1210
https://doi.org/10.35790/jbm.4.3.2012.1210
https://doi.org/10.35790/jbm.4.3.2012.1210
https://ejournal.unsrat.ac.id/index.php/eclinic/article/view/4885
https://ejournal.unsrat.ac.id/index.php/eclinic/article/view/4885
https://ejournal.unsrat.ac.id/index.php/eclinic/article/view/4885
https://doi.org/10.1007/bf00297293
https://doi.org/10.1007/bf00297293
https://doi.org/10.1007/bf00297293
https://doi.org/10.1007/bf00297293
https://doi.org/10.1007/bf00297293
https://www.physiology.org/doi/10.1152/advan.90111.2008
https://www.physiology.org/doi/10.1152/advan.90111.2008
https://www.physiology.org/doi/10.1152/advan.90111.2008
http://link.springer.com/10.1007/s00198-002-1322-y
http://link.springer.com/10.1007/s00198-002-1322-y
http://link.springer.com/10.1007/s00198-002-1322-y
http://link.springer.com/10.1007/s00198-002-1322-y
https://doi.org/10.1007/s00223-001-1040-z

Alaydrus and Jauhari/ JOINTS (Journal Orthopaedi and Traumatology Surabaya) April 2024; 13(1): 24-34

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

women because they gain more periosteal bone,
not because they resorb less endosteal bone. Cal-
cif Tissue Int 2001;69(4):205-8.

Mazess RB. On aging bone loss. Clin Orthop
Relat Res 1982;165(2):239-52.

Zengin A, Prentice A, Ward KA. Ethnic differ-
ences in bone health. Front Endocrinol (Laus-
anne) 2015;6(March):1-6.

Tschachler E, Morizot F. Ethnic Differences in
Skin Aging. In: Gilchrest BA, Krutmann J, ed-
itors. Skin Aging. Springer, Berlin, Heidelberg;
2006. p. 23-31.

United Nations Department of Economic and
Social Affairs Population Division. World popu-
lation prospects 2022. 2022.

Sari NR, Yulianto KT, Agustina R, Wilson H,
Nugroho SW, Anggraeni G. Statistik penduduk
lanjut usia [Senior population statistics] 2023.
Jakarta; 2023.

Tanaya ARR, Yasa IGWM. Kesejahteraan lansia
dan beberapa faktor yang mempengaruhi di desa
Dangin Puri Kauh [Welfare of the elderly and
several influencing factors in Dangin Puri Kauh
village]. Piramida. 2015;11(1):8-12.

Cicih LHM, Agung DN. Lansia di era bonus de-
mografi. J Kependud Indones 2022;17(1):1.
Rodan GA. Introduction to bone biology. Bone
1992;13:S3-6.

Manolagas SC, Parfitt AM. What old means to
bone. Trends Endocrinol Metab 2010;21(6):369—
74.

Owen R, Reilly GC. In vitro models of bone re-
modelling and associated disorders. Front Bio-
eng Biotechnol 2018;6(October):1-22.
Grzibovskis M, Pilmane M, Urtane 1. Today’s
understanding about bone aging. Stomatol Balt
Dent Maxillofac J 2010;12(4):99-104.
Dominguez LJ, Bella G Di, Belvedere M, Barba-
gallo M. Physiology of the aging bone and mech-
anisms of action of bisphosphonates. Biogeron-
tology 2011;12(5):397—408.

Hoffman CM, Han J, Calvi LM. Impact of ag-
ing on bone, marrow and their interactions. Bone
2019;119(July):1-7.

Kloss FR, Gassner R. Bone and aging: Effects
on the maxillofacial skeleton. Exp Gerontol
2006;41(2):123-9.

Stenderup K, Justesen J, Clausen C, Kassem M.
Aging is associated with decreased maximal life
span and accelerated senescence of bone marrow
stromal cells. Bone 2003;33(6):919-26.
Demontiero O, Vidal C, Duque G. Aging and
bone loss: new insights for the clinician. Ther
Adv Musculoskelet Dis 2012;4(2):61-76.
Okuno E, Fratin L. Biomechanics of the Human
Body. Ashby N, Brantley W, Fowler M, Inglis
M, Sassi E, Sherif H, editors. New York, NY:
Springer New York; 2014. p. 176.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

33

Gomez MA, Nahum AM. Biomechanics of Bone.
In: Accidental Injury. New York, NY: Springer
New York; 2002. p. 206-27.

Bartlett R. Sports Biomechanics: Reducing Inju-
ry and Improving Performance. New York: Rout-
ledge; 1999.

Morgan EF, Bouxsein ML. Biomechanics of
Bone and Age-Related Fractures. In: Principles
of Bone Biology. Elsevier; 2008. p. 29-51.
Ozkaya N, Nordin M, Goldsheyder D, Leger D.
Fundamentals of Biomechanics. 3rd ed. York N,
editor. New York, NY: Springer New York; 2012.
p. 1-449.

Keaveny TM, Hayes WC. A 20-Year Perspec-
tive on the Mechanical Properties of Trabecular
Bone. J Biomech Eng 1993 Nov 1;115(4B):534—
42,

Schaffler MB, Burr DB. Stiffness of compact
bone: Effects of porosity and density. J Biomech
1988;21(1):13-6.

Ur Rahman W. Effect of Age on the Elas-
tic Modulus of Bone. J Bioeng Biomed Sci
2017;7(1):1-4.

Hart NH, Nimphius S, Rantalainen T, Ireland A,
Siafarikas A, Newton RU. Mechanical basis of
bone strength: Influence of bone material, bone
structure and muscle action. J Musculoskelet
Neuronal Interact 2017;17(3):114-39.

Granke M, Makowski AJ, Uppuganti S, Nyman
JS. Prevalent role of porosity and osteonal arca
over mineralization heterogeneity in the fracture
toughness of human cortical bone. J Biomech
2016;49(13):2748-55.

Zioupos P. Ageing human bone: Factors affect-
ing its biomechanical properties and the role of
collagen. J Biomater Appl 2001;15(3):187-229.
Wang D, Wang H. Cellular Senescence in Bone.
In: Heshmati HM, Brzozowski T, editors. Mech-
anisms and Management of Senescence. Inte-
chOpen; 2022. p. 1-18.

Porrelli D, Abrami M, Pelizzo P, Formentin C,
Ratti C, Turco G, et al. Trabecular bone porosity
and pore size distribution in osteoporotic patients
— A low field nuclear magnetic resonance and mi-
crocomputed tomography investigation. J] Mech
Behav Biomed Mater 2022;125(104933).
Cooper DML, Kawalilak CE, Harrison K, John-
ston BD, Johnston JD. Cortical Bone Porosity:
What Is It, Why Is It Important, and How Can We
Detect It? Curr Osteoporos Rep 2016;14(5):187—
98.

Sharir A, Barak MM, Shahar R. Whole bone
mechanics and mechanical testing. Vet J
2008;177(1):8-17.

Kovacik J. Correlation between Young’s modu-
lus and porosity in porous materials. J Mater Sci
Lett 1999;18(13):1007-10.

Callister WD. Fundamentals of materials science

This is an open access article under the CC BY-NC-SA license Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License


https://creativecommons.org/licenses/by-nc-sa/4.0/
https://doi.org/10.1007/s00223-001-1040-z
https://doi.org/10.1007/s00223-001-1040-z
https://doi.org/10.1007/s00223-001-1040-z
https://pubmed.ncbi.nlm.nih.gov/7075066/
https://pubmed.ncbi.nlm.nih.gov/7075066/
http://www.frontiersin.org/Bone_Research/10.3389/fendo.2015.00024/abstract
http://www.frontiersin.org/Bone_Research/10.3389/fendo.2015.00024/abstract
http://www.frontiersin.org/Bone_Research/10.3389/fendo.2015.00024/abstract
https://link.springer.com/chapter/10.1007/3-540-32953-6_3
https://link.springer.com/chapter/10.1007/3-540-32953-6_3
https://link.springer.com/chapter/10.1007/3-540-32953-6_3
https://link.springer.com/chapter/10.1007/3-540-32953-6_3
https://population.un.org/wpp/Publications/Files/WPP2022_Data_Sources.pdf
https://population.un.org/wpp/Publications/Files/WPP2022_Data_Sources.pdf
https://population.un.org/wpp/Publications/Files/WPP2022_Data_Sources.pdf
https://webapi.bps.go.id/download.php?f=ujNS4ev+vfiMEaan1TfkykQGKpKKa5FxxaklRT64LE2XLihP86hpMI94QbsxwmRgoMDdGoY66mDlPOs5axhsaNi6NdjbUVDXg5Y/nev3vui83vFxra7RRkiQ+Tq840EdpujkibysVkTfQn1aLTAAT42XQL6jY2PrqbrcjWYVeJcFYv2a56sSrp73WdUF5ux1jfp2lURq693fy4W0TQnxO+1wBH8e/8+D8mRTLi/VjD6vT5ex5nPEzFUDlmnQKyChNe/q0UErhIHgP2IMV83hUQ==

https://webapi.bps.go.id/download.php?f=ujNS4ev+vfiMEaan1TfkykQGKpKKa5FxxaklRT64LE2XLihP86hpMI94QbsxwmRgoMDdGoY66mDlPOs5axhsaNi6NdjbUVDXg5Y/nev3vui83vFxra7RRkiQ+Tq840EdpujkibysVkTfQn1aLTAAT42XQL6jY2PrqbrcjWYVeJcFYv2a56sSrp73WdUF5ux1jfp2lURq693fy4W0TQnxO+1wBH8e/8+D8mRTLi/VjD6vT5ex5nPEzFUDlmnQKyChNe/q0UErhIHgP2IMV83hUQ==

https://webapi.bps.go.id/download.php?f=ujNS4ev+vfiMEaan1TfkykQGKpKKa5FxxaklRT64LE2XLihP86hpMI94QbsxwmRgoMDdGoY66mDlPOs5axhsaNi6NdjbUVDXg5Y/nev3vui83vFxra7RRkiQ+Tq840EdpujkibysVkTfQn1aLTAAT42XQL6jY2PrqbrcjWYVeJcFYv2a56sSrp73WdUF5ux1jfp2lURq693fy4W0TQnxO+1wBH8e/8+D8mRTLi/VjD6vT5ex5nPEzFUDlmnQKyChNe/q0UErhIHgP2IMV83hUQ==

https://webapi.bps.go.id/download.php?f=ujNS4ev+vfiMEaan1TfkykQGKpKKa5FxxaklRT64LE2XLihP86hpMI94QbsxwmRgoMDdGoY66mDlPOs5axhsaNi6NdjbUVDXg5Y/nev3vui83vFxra7RRkiQ+Tq840EdpujkibysVkTfQn1aLTAAT42XQL6jY2PrqbrcjWYVeJcFYv2a56sSrp73WdUF5ux1jfp2lURq693fy4W0TQnxO+1wBH8e/8+D8mRTLi/VjD6vT5ex5nPEzFUDlmnQKyChNe/q0UErhIHgP2IMV83hUQ==

https://jurnal.harianregional.com/piramida/id-18708
https://jurnal.harianregional.com/piramida/id-18708
https://jurnal.harianregional.com/piramida/id-18708
https://jurnal.harianregional.com/piramida/id-18708
https://jurnal.harianregional.com/piramida/id-18708
https://ejurnal.kependudukan.lipi.go.id/index.php/jki/article/view/636
https://ejurnal.kependudukan.lipi.go.id/index.php/jki/article/view/636
http://dx.doi.org/10.1016/S8756-3282(09)80003-3
http://dx.doi.org/10.1016/S8756-3282(09)80003-3
https://linkinghub.elsevier.com/retrieve/pii/S104327601000024X
https://linkinghub.elsevier.com/retrieve/pii/S104327601000024X
https://linkinghub.elsevier.com/retrieve/pii/S104327601000024X
https://www.frontiersin.org/article/10.3389/fbioe.2018.00134/full
https://www.frontiersin.org/article/10.3389/fbioe.2018.00134/full
https://www.frontiersin.org/article/10.3389/fbioe.2018.00134/full
https://pubmed.ncbi.nlm.nih.gov/21266833/
https://pubmed.ncbi.nlm.nih.gov/21266833/
https://pubmed.ncbi.nlm.nih.gov/21266833/
https://link.springer.com/article/10.1007/s10522-011-9344-5
https://link.springer.com/article/10.1007/s10522-011-9344-5
https://link.springer.com/article/10.1007/s10522-011-9344-5
https://link.springer.com/article/10.1007/s10522-011-9344-5
https://doi.org/10.1016/j.bone.2018.07.012
https://doi.org/10.1016/j.bone.2018.07.012
https://doi.org/10.1016/j.bone.2018.07.012
https://www.sciencedirect.com/science/article/abs/pii/S053155650500286X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S053155650500286X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S053155650500286X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S8756328203002679
https://www.sciencedirect.com/science/article/abs/pii/S8756328203002679
https://www.sciencedirect.com/science/article/abs/pii/S8756328203002679
https://www.sciencedirect.com/science/article/abs/pii/S8756328203002679
http://journals.sagepub.com/doi/10.1177/1759720X11430858
http://journals.sagepub.com/doi/10.1177/1759720X11430858
http://journals.sagepub.com/doi/10.1177/1759720X11430858
http://link.springer.com/10.1007/978-1-4614-8576-6
http://link.springer.com/10.1007/978-1-4614-8576-6
http://link.springer.com/10.1007/978-1-4614-8576-6
http://link.springer.com/10.1007/978-1-4614-8576-6
http://link.springer.com/10.1007/978-0-387-21787-1_10
http://link.springer.com/10.1007/978-0-387-21787-1_10
http://link.springer.com/10.1007/978-0-387-21787-1_10
https://www.routledge.com/Sports-Biomechanics-Reducing-Injury-Risk-and-Improving-Sports-Performance/Bartlett-Bussey/p/book/9780415558389
https://www.routledge.com/Sports-Biomechanics-Reducing-Injury-Risk-and-Improving-Sports-Performance/Bartlett-Bussey/p/book/9780415558389
https://www.routledge.com/Sports-Biomechanics-Reducing-Injury-Risk-and-Improving-Sports-Performance/Bartlett-Bussey/p/book/9780415558389
https://linkinghub.elsevier.com/retrieve/pii/B9780123738844000240
https://linkinghub.elsevier.com/retrieve/pii/B9780123738844000240
https://linkinghub.elsevier.com/retrieve/pii/B9780123738844000240
http://link.springer.com/10.1007/978-1-4614-1150-5
http://link.springer.com/10.1007/978-1-4614-1150-5
http://link.springer.com/10.1007/978-1-4614-1150-5
http://link.springer.com/10.1007/978-1-4614-1150-5
https://asmedigitalcollection.asme.org/biomechanical/article/115/4B/534/399577/A-20Year-Perspective-on-the-Mechanical-Properties
https://asmedigitalcollection.asme.org/biomechanical/article/115/4B/534/399577/A-20Year-Perspective-on-the-Mechanical-Properties
https://asmedigitalcollection.asme.org/biomechanical/article/115/4B/534/399577/A-20Year-Perspective-on-the-Mechanical-Properties
https://asmedigitalcollection.asme.org/biomechanical/article/115/4B/534/399577/A-20Year-Perspective-on-the-Mechanical-Properties
https://linkinghub.elsevier.com/retrieve/pii/0021929088901868
https://linkinghub.elsevier.com/retrieve/pii/0021929088901868
https://linkinghub.elsevier.com/retrieve/pii/0021929088901868
https://www.omicsonline.org/open-access/effect-of-age-on-the-elastic-modulus-of-bone-2155-9538-1000219.php?aid=86918
https://www.omicsonline.org/open-access/effect-of-age-on-the-elastic-modulus-of-bone-2155-9538-1000219.php?aid=86918
https://www.omicsonline.org/open-access/effect-of-age-on-the-elastic-modulus-of-bone-2155-9538-1000219.php?aid=86918
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5601257/pdf/JMNI-17-114.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5601257/pdf/JMNI-17-114.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5601257/pdf/JMNI-17-114.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5601257/pdf/JMNI-17-114.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5601257/pdf/JMNI-17-114.pdf
http://dx.doi.org/10.1016/j.jbiomech.2016.06.009
http://dx.doi.org/10.1016/j.jbiomech.2016.06.009
http://dx.doi.org/10.1016/j.jbiomech.2016.06.009
http://dx.doi.org/10.1016/j.jbiomech.2016.06.009
http://dx.doi.org/10.1016/j.jbiomech.2016.06.009
http://journals.sagepub.com/doi/10.1106/5JUJ-TFJ3-JVVA-3RJ0
http://journals.sagepub.com/doi/10.1106/5JUJ-TFJ3-JVVA-3RJ0
http://journals.sagepub.com/doi/10.1106/5JUJ-TFJ3-JVVA-3RJ0
https://www.intechopen.com/chapters/79828
https://www.intechopen.com/chapters/79828
https://www.intechopen.com/chapters/79828
https://www.intechopen.com/chapters/79828
https://linkinghub.elsevier.com/retrieve/pii/S1751616121005646
https://linkinghub.elsevier.com/retrieve/pii/S1751616121005646
https://linkinghub.elsevier.com/retrieve/pii/S1751616121005646
https://linkinghub.elsevier.com/retrieve/pii/S1751616121005646
https://linkinghub.elsevier.com/retrieve/pii/S1751616121005646
https://linkinghub.elsevier.com/retrieve/pii/S1751616121005646
http://link.springer.com/10.1007/s11914-016-0319-y
http://link.springer.com/10.1007/s11914-016-0319-y
http://link.springer.com/10.1007/s11914-016-0319-y
http://link.springer.com/10.1007/s11914-016-0319-y
http://link.springer.com/10.1007/s11914-016-0319-y
https://linkinghub.elsevier.com/retrieve/pii/S1090023307003292
https://linkinghub.elsevier.com/retrieve/pii/S1090023307003292
https://linkinghub.elsevier.com/retrieve/pii/S1090023307003292
https://link.springer.com/article/10.1023/A:1006669914946
https://link.springer.com/article/10.1023/A:1006669914946
https://link.springer.com/article/10.1023/A:1006669914946
https://www.wiley.com/en-us/Fundamentals+of+Materials+Science+and+Engineering%3A+An+Integrated+Approach%2C+5th+Edition-p-9781119175506R150

34

60.

61.

62.

63.

64.

65.

66.

67.

68.

Alaydrus and Jauhari/ JOINTS (Journal Orthopaedi and Traumatology Surabaya) April 2024; 13(1): 24-34

and engineering: an interactive e-text. 5th ed.
New York, NY: John Wiley and Sons, Inc.; 2015.
p. 324-346.

WHO Scientific Group on the Prevention and
Management of Osteoporosis. Prevention and
Management of Osteoporosis: Report of a WHO
Scientific Group. Vol. 921, WHO Technical Re-
port Series. Geneva; 2003.

Tucker K. Dietary Intake and Bone Status with
Aging. Curr Pharm Des 2005;9(32):2687-704.
Kusdhany L, Mulyono G, Baskara ES, Oemardi
M, Rahardjo TBW. Kualitas tulang mandibula
pada wanita pasca menopause [Mandibular bone
quality in post-menopausal women]. J Kedokt
Gigi Univ Indones 2000;7(Edisi Khusus):673-8.
Curtis E, Litwic A, Cooper C, Dennison E. De-
terminants of Muscle and Bone Aging. J Cell
Physiol 2015;230(11):2618-25.

Thadius TGL, Lengkong AC, Wagiu AMJ. Gam-
baran Waktu Tunggu Operasi Hip Replacement
pada Pasien Manula dengan Patah Tulang Ping-
gul Periode November 2017-Desember 2018
di RSUP Prof. Dr. R. D. Kandou Manado [De-
scription of waiting time for hip replacement
surgery in elderly patients with hip fractures for
the period November 2017-December 2018 at
RSUP Prof. Dr. R. D. Kandou Manado]. e-CliniC
2019:;8(1):67-72.

Schulman RC, Weiss AJ, Mechanick JI. Nutri-
tion, bone, and aging: An integrative physiology
approach. Curr Osteoporos Rep 2011;9(4):184—
95s.

Boskey AL, Imbert L. Bone quality changes as-
sociated with aging and disease: a review. Ann N
Y Acad Sci 2017;1410(1):93-106.

Boskey AL, Coleman R. Critical reviews in oral
biology & medicine: Aging and bone. J Dent Res
2010;89(12):1333-48.

Nam H-S, Shin M-H, Zmuda JM, Leung PC,
Barrett-Connor E, Orwoll ES, et al. Race/ethnic
differences in bone mineral densities in older
men. Osteoporos Int 2010;21(12):2115-23.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Baker PT, Angel JL. Old age changes in bone
density: sex, and race factors in the united states.
Hum Biol 1965;37(2):104-21.

Windhager S, Mitteroecker P, Rupi¢ I, Lauc T,
Polasek O, Schaefer K. Facial aging trajectories:
A common shape pattern in male and female fac-
es is disrupted after menopause. Am J Phys An-
thropol 2019;169(4):678-88.

Seeman E. Growth in bone mass and size—Are
racial and gender differences in bone Mineral
density more apparent than real? J Clin Endocri-
nol Metab 1998;83(5):1414-9.

Schwartz A V, Sellmeyer DE, Strotmeyer ES,
Tylavsky FA, Feingold KR, Resnick HE, et
al. Diabetes and bone loss at the hip in old-
er black and white adults. ] Bone Miner Res
2005;20(4):596-603.

Cohn SH, Abesamis C, Yasumura S, Aloia JF,
Zanzi 1, Ellis KJ. Comparative skeletal mass and
radial bone mineral content in black and white
women. Metabolism 1977;26(2):171-8.

Luckey MM, Wallenstein S, Lapinski R, Mei-
er DE. A prospective study of bone loss in Af-
rican-American and white women--a clinical
research center study. J Clin Endocrinol Metab
1996:81(8):2948-56.

Looker AC, Melton LJ, Harris TB, Borrud LG,
Shepherd JA. Prevalence and trends in low femur
bone density among older US adults: NHANES
2005-2006 compared with NHANES III. J Bone
Miner Res 2010;25(1):64-71.

Melton LJ. The Prevalence of osteoporosis:
gender and racial comparison. Calcif Tissue Int
2001;69(4):179-81.

Taaffe DR, Villa ML, Holloway L, Marcus R.
Bone mineral density in older non-hispanic
Caucasian and Mexican-American women: re-
lationship to lean and fat mass. Ann Hum Biol
2000;27(4):331-44.

This is an open access article under the CC BY-NC-SA license Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License


https://creativecommons.org/licenses/by-nc-sa/4.0/
https://www.wiley.com/en-us/Fundamentals+of+Materials+Science+and+Engineering%3A+An+Integrated+Approach%2C+5th+Edition-p-9781119175506R150
https://www.wiley.com/en-us/Fundamentals+of+Materials+Science+and+Engineering%3A+An+Integrated+Approach%2C+5th+Edition-p-9781119175506R150
https://www.wiley.com/en-us/Fundamentals+of+Materials+Science+and+Engineering%3A+An+Integrated+Approach%2C+5th+Edition-p-9781119175506R150
https://apps.who.int/iris/bitstream/handle/10665/42841/WHO_TRS_921.pdf;jsessionid=F3E82E08F14075113F731C81E5866CEA?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/42841/WHO_TRS_921.pdf;jsessionid=F3E82E08F14075113F731C81E5866CEA?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/42841/WHO_TRS_921.pdf;jsessionid=F3E82E08F14075113F731C81E5866CEA?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/42841/WHO_TRS_921.pdf;jsessionid=F3E82E08F14075113F731C81E5866CEA?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/42841/WHO_TRS_921.pdf;jsessionid=F3E82E08F14075113F731C81E5866CEA?sequence=1
https://benthamscience.com/article/8602
https://benthamscience.com/article/8602
https://lib.ui.ac.id/detail?id=20437120&lokasi=lokal
https://lib.ui.ac.id/detail?id=20437120&lokasi=lokal
https://lib.ui.ac.id/detail?id=20437120&lokasi=lokal
https://lib.ui.ac.id/detail?id=20437120&lokasi=lokal
https://lib.ui.ac.id/detail?id=20437120&lokasi=lokal
https://doi.org/10.1002/jcp.25001
https://doi.org/10.1002/jcp.25001
https://doi.org/10.1002/jcp.25001
https://doi.org/10.35790/ecl.v8i1.27136
https://doi.org/10.35790/ecl.v8i1.27136
https://doi.org/10.35790/ecl.v8i1.27136
https://doi.org/10.35790/ecl.v8i1.27136
https://doi.org/10.35790/ecl.v8i1.27136
https://doi.org/10.35790/ecl.v8i1.27136
https://doi.org/10.35790/ecl.v8i1.27136
https://doi.org/10.35790/ecl.v8i1.27136
https://doi.org/10.35790/ecl.v8i1.27136
https://doi.org/10.35790/ecl.v8i1.27136
https://doi.org/10.1007/s11914-011-0079-7
https://doi.org/10.1007/s11914-011-0079-7
https://doi.org/10.1007/s11914-011-0079-7
https://doi.org/10.1007/s11914-011-0079-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5774017/pdf/nihms920779.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5774017/pdf/nihms920779.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5774017/pdf/nihms920779.pdf
https://www.researchgate.net/publication/254113878_Critical_Reviews_in_Oral_Biology_Medicine_Aging_and_Bone
https://www.researchgate.net/publication/254113878_Critical_Reviews_in_Oral_Biology_Medicine_Aging_and_Bone
https://www.researchgate.net/publication/254113878_Critical_Reviews_in_Oral_Biology_Medicine_Aging_and_Bone
http://link.springer.com/10.1007/s00198-010-1188-3
http://link.springer.com/10.1007/s00198-010-1188-3
http://link.springer.com/10.1007/s00198-010-1188-3
http://link.springer.com/10.1007/s00198-010-1188-3
http://www.ncbi.nlm.nih.gov/pubmed/14325444
http://www.ncbi.nlm.nih.gov/pubmed/14325444
http://www.ncbi.nlm.nih.gov/pubmed/14325444
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6771603/pdf/AJPA-169-678.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6771603/pdf/AJPA-169-678.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6771603/pdf/AJPA-169-678.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6771603/pdf/AJPA-169-678.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6771603/pdf/AJPA-169-678.pdf
https://academic.oup.com/jcem/article/83/5/1414/2865107
https://academic.oup.com/jcem/article/83/5/1414/2865107
https://academic.oup.com/jcem/article/83/5/1414/2865107
https://academic.oup.com/jcem/article/83/5/1414/2865107
https://asbmr.onlinelibrary.wiley.com/doi/10.1359/JBMR.041219
https://asbmr.onlinelibrary.wiley.com/doi/10.1359/JBMR.041219
https://asbmr.onlinelibrary.wiley.com/doi/10.1359/JBMR.041219
https://asbmr.onlinelibrary.wiley.com/doi/10.1359/JBMR.041219
https://asbmr.onlinelibrary.wiley.com/doi/10.1359/JBMR.041219
https://linkinghub.elsevier.com/retrieve/pii/002604957790052X
https://linkinghub.elsevier.com/retrieve/pii/002604957790052X
https://linkinghub.elsevier.com/retrieve/pii/002604957790052X
https://linkinghub.elsevier.com/retrieve/pii/002604957790052X
https://academic.oup.com/jcem/article-lookup/doi/10.1210/jcem.81.8.8768857
https://academic.oup.com/jcem/article-lookup/doi/10.1210/jcem.81.8.8768857
https://academic.oup.com/jcem/article-lookup/doi/10.1210/jcem.81.8.8768857
https://academic.oup.com/jcem/article-lookup/doi/10.1210/jcem.81.8.8768857
https://academic.oup.com/jcem/article-lookup/doi/10.1210/jcem.81.8.8768857
https://doi.org/10.1359/jbmr.090706
https://doi.org/10.1359/jbmr.090706
https://doi.org/10.1359/jbmr.090706
https://doi.org/10.1359/jbmr.090706
https://doi.org/10.1359/jbmr.090706
http://link.springer.com/10.1007/s00223-001-1043-9
http://link.springer.com/10.1007/s00223-001-1043-9
http://link.springer.com/10.1007/s00223-001-1043-9
http://www.tandfonline.com/doi/full/10.1080/03014460050044829
http://www.tandfonline.com/doi/full/10.1080/03014460050044829
http://www.tandfonline.com/doi/full/10.1080/03014460050044829
http://www.tandfonline.com/doi/full/10.1080/03014460050044829
http://www.tandfonline.com/doi/full/10.1080/03014460050044829

