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Abstract
Human skeleton represents a living tissue which carries out both structural as well as metabolic functions. Besides being the larg-

est preservation house for calcium as well as rest of the essential ions but further works as a depot for toxic chemicals challenges re-

ceived by body right through life. Modeling of skeleton gets initiated right at conception, followed by throughout life with continuous

modeling for adopting its shape as well as strength based on bodily requirements. As human being grows, just like rest of the bodily
tissues, bones as well get affected secondary to aging with this life long event loses both strength along with viability. Lot of genetic

along with environmental factors participate in its development strength as well as decline, besides hormonal factors, and certain
RNA’s. Earlier we had reviewed how to prevent osteoporotic fracture in perimenopausal women. Here we conducted a systematic

review on advances in our knowledge of bone development, regeneration utilizing pubmed, google scholar, web of science, embase

utilizing MeSH terms like Human skeleton; development; regeneration; Modeling; bones; osteoblast; osteocytes; chondrocytes; min-

erals; nutrition; miRNA from 1995 - 2020 till date in October. We found a total of 6700 articles, out of which we utilized 66 articles for
this review. No meta-analysis was performed. Here we describe the anatomy and development of bone right through life at different
stages of life in both sexes.
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Introduction
Our capacity to walk, stand as well as lift any things is based on the strength of our skeleton. The organization of this skeleton in our

body aids us in being able to breathe as well as protect our vital organs from external forces.
Skeletal physiology

Human skeleton represents a dynamic, viable tissue which receives good blood supply with an overall blood flow of 200 - 400 ml/min

in adult humans [1]. Both structural as well as metabolic functions are performed by it.
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Structural functions are key regards to locomotion, respiration, as well as shielding of internal organs whereas the metabolic function

is mainly acting as a preservation or storehouse for calcium phosphate as well as carbonate along with acting as a depot for toxic chemi-

cals such as lead. Its subdivision is into an axial as well as an appendicular part. i) Axial part is made up of skull, spine, sternum as well as
the ribs. ii) Appendicular part-made of long bones as well as their appendices.
Bone types

2 main type of bones exist in adult skeleton
1.

2.

Cortical alias compact bone is the one that constitutes shafts of long bones as well as outer envelope of all bones (appendicular
skeleton)-constitutes around 80% of skeleton, however only about 20% of the surface area.

Cancellous or trabecular bone constitutes the inner areas of the bones of the axial skeleton. It occupies the remaining 20% of
skeleton although makes up the rest 80% of the surface area. Further this has greater metabolic activity as compared to Cortical
bone and gives the initial stores of mineral in case of acute deficiency times [2] (see figure 1) [3].

Figure 1: Courtesy ref no-3-Skeleton of a human being.

Bone composition
i) Bone is comprised of specialized bone cells mineralized as well as unmineralized connective tissue matrix, as well as spaces which

are bone marrow cavity. ii) vascular canals, canaliculi as well as lacunae containing osteocytes (Figure 2). Bone further possesses water,
that constitutes a minimum of 25% of its wet weight that adds to its special strength as well as resilience [4]. Its matrix is 90% collagen
(type 1 collagen possessing crosslink of N-telopeptides, C-telopeptides as well as deoxy pyridinolines) as well as 10% of rest of proteins
(osteocalcin, osteonectin as well as osteopontin). These form the basis of the commercial assays we utilize as well as regards to bone
turnover markers. Bone mineral is hydroxyapatite (calcium as well as phosphate) [5].
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Figure 2: Courtesy ref no-3-Normal bone composition.

Lineages of bone as well as cartilage cell
Flat bones of face as well as skull are made by intramembranous ossification, that does not need cartilage scaffold whereas long Bones

are made up of endochondral ossifications as well as need a cartilage scaffold [6] (Figure 3). Four crucial cell kinds get implicated in the
formation of the skeleton as well as maintenance of the skeleton right through life.

Figure 3: Courtesy ref no-3-Remodeling cycle involved in bone.
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They are the 1st cell kind that appears at the time of formation. During initial embryogenesis, mesenchyme precursors condense as well

as define a template for the later skeleton [7]. Such cells differentiate into Chondrocytes Which proliferate as well as liberate matrix possessing elastin as well as type II collagen for developing a cartilage analogue [8]. Cells present in the centre of this anlage halt proliferation

as well as differentiation into hypertrophic chondrocytes, enhance rapidly in size, generate matrix rich in X collagen as well as stimulate
generation of calcified cartilage prior to ultimately going through apoptosis [9].
Osteoblasts

Bone generating osteoblasts
Constitute 4 - 6% of the bone cells formed via bone cells obtained via multipotent mesenchymal stem cells which can differentiate into

chondrocytes, osteoblasts or adipocytes [10]. Osteoblasts life span is about 2 weeks until they become bone lining cells or osteocytes [11].
Main function of osteoblasts is to generate organic parts of the bone extracellular matrix (ECM) which promotes its mineralization by

in organic parts.

During nor physiological conditions, ostesteoblast generate type 1 collagen fibres (90% of organic bone matrix) In a markedly or-

ganized manner to develop lamellar bone. Osteoblasts generate proteins, bone particular alkaline phosphatase, gamma carboxylated

glutamic acids, osteocalcin/bone glia proteins, matrix glia proteins organic multiple cytokines as well as hormones that regulate the assembling of collagen fibres, timing as well as degree of mineralization [12].

Rest of functions of Osteoblasts are differentiation of Osteoclasts through expression of receptor activator of nuclear kappa B ligand

(RANKL) as well as monocyte colony stimulating factor, as well as generation of decoy receptor of RANKL, known as osteoprotegerin

(OPG). Osteoblasts that line the bone surface further produce an extracellular environment which supports non-skeletal haematopoietic

cells. Osteoblasts further generate hormones that enter circulation as well as influence distant tissues -such as osteocalcin as well as
phosphaturic hormone FGF23 [13].
Osteocytes

Osteocytes constitute 90 - 95% of bone cells obtained from Osteoblasts which have managed to get deep in the bone matrix [14]. Os-

teocytic dendritic processes branch via the networks made up of the canaliculi as well as sense fluid shear stresses, interacting through
gap junctions [15]. Osteocytes are mechanosensors which bring about the bone refashioning as well as modelling via their control of os-

teoclasts through the RANKL/RANK pathway as well as osteoblasts through the manipulation of the wnt signalling. Rest of the functions
of osteocytes are control of phosphate homeostasis [16].
Osteoclasts

Osteoclasts constitute just 1 - 2% of bone cells obtained from fusing of mononuclear-myeloid precursors which absorb bone matrix as

well as mineral [17]. They stick themselves to the bone surface which requires resorption as well as develop a sealing area with polariza-
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tion of the osteoclasts into ragged borders as well as basolateral areas. Carbonic anhydrase II, an Osteoclasts particular pump, as well as

chloride channel develop an acidic surroundings within the resorption lacuna resulting in the hydroxyapatite getting dissolved to liberate
calcium as well as hydrogen phosphate, while a liberated cystine protease. Cathepsin K digests the organic bone matrix [18].
Modeling as well as remodeling of bone

Bone development takes place secondary to modeling with renewal of bone constituents as well as changes in the size as well as shape

of bone, whereas bone health is sustained by remodeling i.e. replacing old bone with new one.

A continuous event of repair sustains both functional integrity as well as strength of the adult skeleton. The basic multicellular unit

(BMU) of bone remodeling is made up of osteoclasts as well as osteoblasts whose actions get controlled by osteocytes (Figure 4). At any

particular moment, 1 million BMU are active in the adult skeleton although 95% of the surface of the adult skeleton is usually quiet in
view of osteocytes resulting in resting inhibition of both osteoclastic bone resorption as well as osteoblastic bone generation [19]. In basal
situations osteocytes liberate transforming growth factor β (TGFβ) as well as sclerostin that inhibits Osteoclastogenesis as well as wnt

stimulated Osteoblastic bone generation [20]. Escalated load or local microinjury causes a fall in local TGFβ amounts as well as stimulation of bone lining resulting in osteoclast progenitors getting recruited [21]. Osteocytes as well as bone lining cells express macrophage
colony stimulating factor (MCSF) as well as RANKL, the 2 cytokines needed for Osteoclastogenesis. RANKL stimulates alterations in osteo-

clast migration, survival, its binding to bone surface as well as the generation of sealing area. Osteoblasts along with bone marrow (BM)
stromal cells express osteoprotegrin (OPG). This OPG representing a decoy receptor for RANKL as well as working as a physiological in-

hibitor of RANKL-RANKL signalling. The ratio of RANKL: OPG decides the osteoclast differentiation as well as action [22]. Local cytokines

as well as systemic hormones which regulate bone remodeling are tumor necrosis factor α (TNF-α), interleukin 1 (IL-1), prostaglandin F

2α (PGF2α), parathyroid hormone along with glucocorticoids control this ratio [23]. The resorption phase extends for 30 - 40 days Followed by reversal cells which delete the undigested matrix fragments from the bone surface, as well as paracrine signals obliterated from

broken down matrix which recruits osteoblasts which start generation of bone for the subsequent 150 days [24]. Osteoblasts liberate as
well as mineralize the new bone matrix (osteoid) to occupy the resorption cavity. In the event of generation of bone, certain osteoclasts

get embedded in the newly developed bone as well as undergo terminal differentiation to osteocytes [25]. Liberation of sclerostin as well

as rest of inhibitors by these osteocytes results in halting of generation of bone, as well as return of the quiet state, where osteoblasts
resume the function of bone lining cells [26].
Remodeling as well as growth of bone

Peak bone mass refers to the maximum bone mass/density that gets attained throughout life. Attainment occurs in time when the bone

size growth as well as bone mineral has got stable alias consolidation. Peak Bone mass is determined by 1) hereditary factors 2) sex race
(70 - 80%) 3) lifestyle factors -like calcium, vitamin D, exercise, smoking utilization of steroids (20 - 30%).

Variety of skeletal sites achieve maturity at different time periods: i) trochanter-mid-teens, ii) femoral neck -late teens, iii) spine-early

20s [27]. A lot of factors have an impact on growth of bone as well as remodeling at separate human stages of formation.
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Figure 4: Courtesy ref no-3-Crosstalk between RANKL, RANK and OPG.
Abbreviations: RANKL: Receptor Activator of Nuclear Kappa B Ligand; OPG: Osteoprotegrin.

Factors impacting growth of bone
Fetal as well as neonatal stages
This bone modeling as well as remodeling event initiates at the time of fetal period as well as becomes heightened at the 4th - 5th months

of pregnancy [28]. Main aim of formation of bone at fetal stage occurs at a very rapid pace for growth as well as patterning of human
skeleton as well as is decided in the fetus by 8 weeks following fertilization [29]. Ossification centres are seen in fetal bones during the

6th week for coordination of this fast growth. For getting used to this fast growth as well as ossification, a fetus needs large amount of

proteins as well as minerals. Any kind of maternal problem like uncontrolled DM, as well as placental insufficiency can interfere with this
need as well as supply along with can cause abnormality or inefficient growth of the fetal skeleton like placental dysfunction, vitamin D
deficiency. Epigenetic control has further significant part in fetal skeleton formation since its abnormalities are associated with placental
dysfunction [30,31].

Genetic mutations further influence as well as have a significant impact on bone formation. Deficits in bone matrix generation can

cause osteogenesis imperfect [32] whereas inactivating mutations of ca sensing receptor gene are the etiologies of neonatal severe pri-
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mary hyperparathyroidism resulting in skeletal deficits [33]. Rest of egs are perinatal as well as infantile hypophosphatasia resulting in
robust hypo mineralization [34].

Childhood as well as adolescence
At the time of childhood as well as adolescence, bone linear growth as well as bone mineral deposition moves in separate ways as well

as velocities in different skeletal areas. Specifically, the growth of appendicular skeleton is present prior to puberty, while spine growth

mainly takes place at a later time [35]. At peripuberty, the bone mineral amount as well as bone mineral density (BMD) in the lumbar
spine as well as proximal femur escalate 4 - 6 times. Simultaneously, the diaphysis of the long bone enhance 2 times [36].
Puberty

A period of main gender variations in bone growth, specifically regards to bone size as well as mass amount is puberty [37]. Thus,

bone mass deposition rate mostly use sex-particular patterns which are such as those of height velocity but get delayed by around 6 - 12

months [38]. Hence relative under mineralization of bones as well as higher chances of fractures are the properties of peri pubertal time
till peak bone mass gets attained [39]. Actually, the escalation of bone mass as well as density keeps continuing for lot of years following

osteocytes the end of linear growth [40]. Precise point when bone deposition stops is not clear but is has been calculated to be during the

young age. It is particular for various areas. It varies from 16 - 18 years regards to spine as well as femoral neck as well as up till 35 years
regards to the skull [41].

Summarizing, of the many factors which stimulate skeletal growth, the genetic factors have a crucial part in the variations of peak bone

mass. Gene wide association studies (GWAS) have found different genes implicated in this event. Polymorphisms in the genes encoding

the vitamin D receptor, E2 receptor, IGF1, type 1 collagen, TGFβ as well as IL-6, have been maximum evaluated, but recently certain genes
which also impact BMD in children as well as osteoporosis in adults have been identified [42]. Besides genetic factors, environmental
factors such as diet, physical activity as well as hormonal status, modify the complicated mode of cellular crosstalk resulting in bone
deposition [43].

Remodeling of bone
On final consolidation of human skeleton, it sustains both quality as well as quantity by continued remodeling all through life. Lot of

hormonal signals control this remodeling of bone via a complicated event. Besides parathyroid hormone, calcitonin, as well as growth fac-

tors with endocrine, paracrine as well as autocrine events play a significant role in remodeling of bone [43]. Bone cells as well as skeletal

matrix itself further generates bone growth, moreover neighbouring muscle as well as adipose tissue (AT) volume get correlated with the

skeleton adding significance to the final adult bone density [44]. Specifically, with recent studies, a greater muscle mass as well as greater
brown adipose tissue (BAT) volume are correlated with a greater cortical Bone density as well as thickness [45].
Factors that can be modified
Nutrition/exercise
Over a century back a posit was given by Roux regarding loading of bone causing cell mediated bone structure getting used to, that

aided in optimum ability of load bearing [46]. Over 20 years later Nijwide as well as Burger [47] affirmed that osteocytes represent the
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main mechanosensing cells in bone. Stimulation of osteocytes signaling via exercise, hence yields a method of avoiding osteoporosis by
sustaining or even escalating, bone mass. Apart from physical activity every day, a healthy food intake is one of the maximum recommended lifestyles for enhancing skeletal health. The national osteoporosis foundation gave a position statement on peak bone mass formation.

Maximum proof (grade A) is present for positive influence of calcium intake as well as physical activity, specifically in childhood as well as
peri pubertal years-i.e. a key time for bone deposition [48]. As far as European recommendation regarding diagnosis as well as management of osteoporosis in postmenopausal women is a per day consumption of a minimum of 1000 mg of calcium, 800 IU of vitamin D, as
well as 1 g/kg body weight of protein for all women of ≥ 50yrs [49].

During adulthood a healthy diet style has the properties of higher intake of low fat milk as well as yogurts, whole grain bread as well

as breakfast cereals, fruits as well as vegetables, along with lower consumption of sugars, sweets, processed foods along with animal fats
[50]. This kind of bone health has been demonstrated to have correlation with better bone health in women, although no correlation

observed with men [51]. Particularly calcium intake has been significantly correlated with Bone health right through life, with rest of vita-

mins (K as well as E) have further been implicated in Bone health [52]. Healthier diet in later life has a correlation with lesser decrease in
physical performance in latter life. Studying a cohort of older UK women, better diet quality at the age of 60 - 64 got correlated with rapid
chair rise as well as with greater balance time [53].

As far as physical activity is concerned, peak bone mass attained in youth is the most robust anticipator of skeletal health in later part

of life [54]. Those that are sedentary have been correlated with negative influence on bone health, although the frequency of osteogenic
activities instead of volume of physical activity seems to have more significant [54]. High impact sporting activities have a higher rate

of bone turnover in females [55]. Cortical bone seems to have greater sensitivity to as compared to cancellous or trabecular bone in the
peripheral skeleton [56]. The harmful action of sedentary behaviour on bone health might occur secondary to m activation as well as
unloading of bone structures. Type as well as intensity of physical activity seem significant, with vertical escalation as well as moderate -

severe physical activity by itself anticipates bone characteristics, particularly at wt-bearing areas like tibia in older men as well as women
[54-56].

Scientists have shown a correlation with amount of circulating 25-hydroxy vitamin D as well as moderate - severe physical activity

[57]. On supplementation of vitamin D with the exercise programs marked enhancement in timed up as well as go test occurred [58]. This

was as compared to supplementing with green tea, magnesium oxide, milk fat globule membrane, soy isoflavones, dairy as well as fruit

products escalated with vitamins a as well as minerals, along with tea catechins yielded no extra advantage with regard to their influence
on muscle mass as well as/or strength as compared to rest of studies [59]. It has been seen through observational outcomes from cohort

studies that life style factors, like physical activity as well as judicious diet score, might influence bone health [60]. In a cross-sectional

study of 498 women as well as 498 men among ages 59 - 72 years, with knowledge regards to physical activity, diet quality, history of
previous fracture, family history of fracture as well as cigarette along with alcohol intake were got via a questionnaire in the Hertfordshire
cohort study [61]. A graded correlation among the number of risk factors as well as bone density at the lumbar spine as well as total femur was observed among the women, having the maximum correlation observed in those with 3 or more risk factors as well as incident
fracture.

Secondary factors as well as influence of various diseases
Multiple factors that implicated each human system as well as many medicines can influence skeletal health. All these events can

negatively influence the delivery of essential nutrients to bones or by enhancing the activity of BMU leading to poor skeletal quality. See
table 1 for these factors.
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Endocrine

Pulmonary Disorders

Acromegaly

Chr Obstructive Pul Dis

Amenorrhea

Renal Problems

Anorexia/bulimia

Cushing’s Syndrome

Diabetes Mellitus (T1D, T2D)

Chronic Kidney Dis
Hyper calciuria

Renal tubular Acidosis

Hyperprolactinemia

Rheumatologic/Immunologic Dis

Gastrointestinal/hepatic

Systemic Lupus Erythematosus

Hyperthyroidism
Hypopituitarism
Celiac Disease

Ankylosing Spondylitis
Rheumatoid Arthritis
Medicines

Chr Cholestatic Liver Disease

Anticonvulsants (dilantin, phenobarb)

Gastric bypass

Glucocorticoids

Chr malabsorption state
Cirrhosis

Aromatase Inhibitor
Cyclosporine

Infl Bowel Disease

GnRH Agonists (Lupride depot)

Leukemia/Lymphoma

Protease Inhibitor

Haematological Disorders
Amyloidosis

Mastocytosis

Multiple myeloma

Infectious Diseases
HIV/AIDS

Metabolic/nutritional disorders
Alcoholism

Heparin (prolonged use)
Methotrexate

Thiazolidinediones

Neurologic disorders
Muscular dystrophy
Spinal Cord Injury

Malnutrition
Smoking

Vitamin D Deficiency

Table 1: Factors affecting bone health.

Role of micro RNA
Circular RNA (circRNA) is a novel class of non-coding RNA produced by pre-mRNA back splicing, which has the properties of a closed-

loop structure. Although circRNAs were firstly reported decades ago, their controlling part have not been found until recently. Zhang., et
al. reviewed, the putative biogenesis pathways and controlling y functions of circRNAs. Recent studies showed that circRNAs are abun-
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dant in skeletal muscle tissue, and their expression levels are regulated during muscle formation and aging. Thus, they characterized the

expression profile of circRNAs in skeletal muscle and discussed regulatory functions and mechanism-of-action of specific circRNAs in
myogenesis. The future investigation into the roles of circRNAs in both physiological and pathological conditions might yield innovative
insights in skeletal muscle formation and provide new therapeutic strategies for muscular diseases [62].

Conclusion

The human skeleton represents a dynamic tissue having both structural as well as metabolic functions performed by it. Further its

growth gets regulated by genetic composition, race, gender away nutritional factors. Further it has been found that GH influences its role
at the time of puberty via the insulin like growth factor type 1 [63]. It sustains quantity away quality by a complicated event of bone re-

modeling right through life. Just like other tissues in body, human skeleton is influenced by a lot of factors which might affect positively or
negatively the bone homeostasis like RNA’s [63-66].
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