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Introduction

Bone is important for maintaining the skeletal system. Bone 
has a multifaceted role such as providing mechanical support to 
the body, aiding in the locomotion, maintaining mineral homeo-
stasis, producing blood cells and protecting the organs [1]. Bone 
matrix is made up of cells (10%), inorganic (60%) component 
hydroxyapatite also represented as Ca10 (PO4)6(OH)2 and or-
ganic (30%) components majorly collagen type 1 protein. Apart 
from cells, minerals and proteins bone matrix also comprises 
of macromolecules and blood vessels. Human body’s 85% of 
phosphate and 99% of calcium is stored within the bone as hy-
droxyapatite. In a year, around 5-10% of individual’s skeleton is 
replaced as a continuous process [1,2].

Bone cells play an important role in maintaining bone ma-
trix. There is a balanced interplay between bone cells namely 
osteoblasts and osteoclasts. Osteoblasts are bone-forming cells 
and osteoclast are bone-resorbing cells. Upon maturation, os-

teoblast is trapped into bone matrix and now these cells are 
known as osteocytes which acts as signal transducers of me-
chanical stimuli. Signals from osteocytes reaches to osteoblast 
cells to secrete collagen and other proteins to form the bone 
and osteoclast to secrete proteases (to remove old or damaged 
bone). This interplay of cells is a physiological process known 
as bone remodeling. This process ensures that the amount of 
bone resorbed by osteoclasts equals to the amount of new 
bone formed by osteoblasts, which in turn leads to the mainte-
nance of proper bone mass. Remodeling process is regulated by 
a number of factors such as hormones, growth factors, nutrition 
and lifestyle. An imbalance in these factors negatively influence 
bone formation and resorption, which may lead to abnormal 
bone remodeling thereby resulting in various bone disorders 
[1,3-5]. This review focuses on pathophysiology of bone and 
the various bone related disorders. Special emphasis is given on 
one of the most common bone related disorders “osteoporosis” 
and its multifaceted therapeutic approaches.

Abstract

Bone is a dynamic organ and plays crucial role in maintaining skel-
etal functions. The maintenance of bone is a continuous process also 
known as remodeling. There is a well regulated interplay between 
bone cells and physiological system to maintain healthy bones. This 
remodeling process gets disturbed because of multiple factors such as 
hormonal imbalance, ageing, secondary diseases, lifestyle modifica-
tions and genetic disorders. In this review, we will focus on pathophysi-
ology of bone disorders and its therapeutic approaches. Special focus 
is given to the most common bone disorder namely “osteoporosis”. 
Review also highlights available therapeutics used in pharmacological 
and non-pharmacological fields, in the treatment or prevention of os-
teoporosis.
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Pathophysiology of bone disorders

Osteoporosis

Osteoporosis is one of the most common remodeling relat-
ed bone disorder which is characterized by low bone mass (os-
teopenia) and deterioration of bone microarchitecture. In this 
condition, osteoclast induced bone resorption surpasses osteo-
blastic bone formation. As a result, bone becomes fragile and 
increase the risk of fracture [1,3,8]. According to the Interna-
tional Osteoporotic Foundation (IFO) statistics, worldwide 1 in 3 
women and 1 in 5 men whose age is over 50 years are prone to 
osteoporosis related fractures [8,9]. Evidences suggests globally 
there were 178 million cases of new fractures in 2019 and the 
prevalent cases of acute symptoms of fracture is 455 million. 
These numbers shows around 70.1% increase since 1990 [10]. 

Pathophysiology of osteoporosis is a multifactorial in nature 
and are influenced by genetic, intrinsic, extrinsic and lifestyle 
factors [3]. Further, osteoporosis is classified into two major 
types namely primary and secondary. Primary has two sub-
types- Type 1 and Type 2. Type 1 osteoporosis is mainly because 
of estrogen deficiency in postmenopausal women. Type 2 os-
teoporosis is due to ageing affecting both men and women. On 
the contrary secondary osteoporosis is mainly due to the un-
derlying diseases or treatments to such diseases. The diseases, 
which are responsible for secondary osteoporosis are broadly 
categorised as genetic diseases (cystic fibrosis, osteogenesis im-
perfecta, hypophosphatasia, hemochromatosis etc.) Endocrine 
disorders (Central obesity, Cushing’s syndrome, hyperparathy-
roidism, Thyrotoxicosis etc.) lifestyle change related disorders 
(vitamin D deficiency, low calcium intake, high salt intake, al-
cohol abuse, inadequate physical activity etc.), gastrointestinal 
disorders (malabsorption, irritable bowel syndrome etc.). He-
matological disorders (hemophilia, leukemia, lymphomas etc.), 
neurological and musculoskeletal disorders (epilepsy, muscular 
dystrophy etc.), rheumatologic diseases (rheumatoid arthritis) 
and others (AIDS/HIV, chronic metabolic acidosis, depression, 
weight loss etc.). Chronic use of glucocorticoids is also one of the 
factors responsible for secondary osteoporosis [1,6,7,11,12]. All 
of these factors give rise to cascade of events, which result in 
improper bone mass, increase in bone loss and abnormal bone 
mineral homeostasis. These series of changes leads to attain 
lower bone density which in turn lead to bone fragility to be-
come more fragile and increase in vulnerably of fracture. 

Therapeutic approaches for osteoporosis 

There are multiple approaches available for osteoporosis 
treatment. This multifaceted treatment options ranges from 
simple micronutrient supplements to various pharmacological 
drug interventions. Besides, various ethnic groups have their 
own respective alternative medicines for treatment and pre-
vention of osteoporosis.

Pharmacological approaches for osteoporosis

The pharmacological approaches are subdivided as antire-
sorptive and anabolic treatments. Antiresorptive medications 
helps in the reduction of osteoclast mediated bone resorption 
whereas anabolic treatment helps in enhancing osteoblast me-
diated bone formation. Some of the prime antiresorptive group 
of medications are Bisphophonates (alendronate, risedronate, 
and zoledronic acid) - which binds to bone matrix with high af-

finity and inactivate osteoclasts thereby helping in increasing 
the bone mineral density. Selective estrogen receptor modula-
tors (Raloxifene) which acts as estrogen receptor agonist and 
inhibits osteoclasts. Hormone replacement therapy (estrogen-
progestin and calcitonin treatment) directly inhibits osteoclast 
and help in osteoporosis. Denosumab – is an inhibitor of recep-
tor activator of nuclear factor kappa B ligand (RANκL). Inhibition 
of RANK would inactivate osteoclast mediated bone resorption. 
Teriparatide is used for anabolic treatment. It was the first ap-
proved parathyroid hormone analogue for treating osteoporo-
sis. It stimulates osteoblast cells and helps in the bone forma-
tion. There are also some emerging therapies for osteoporosis 
such as cathepsin-K inhibitors (Odanacatib) and anti-sclerostin 
antibodies as anabolic treatment. Clinical studies on these med-
ications have shown promising results in enhancing bone min-
eral density in osteoporotic conditions [2,3,8,13]. 

Alternative medicines for osteoporosis

Homeopathy for bone health

Homeopathy is an alternative medicine and it stimulates a 
self-regulatory healing response in the patients [14]. There are 
different forms of homeopathy especially individualized home-
opathy, clinical homeopathy and isopathy. Homeopathy treats 
many chronic or recurrent conditions such as eczema, rheuma-
toid arthritis, fatigue disorders, asthma, migraine, dysmenor-
rhoea, irritable bowel syndrome, recurrent upper respiratory, 
urinary tract infections, and mood disorders [15]. Clinical study 
with homeopathic calcium (medium-potency calcium) showed 
increase in bone density in post-menopausal women [16]. Clini-
cal studies with homeopathic formulations composed of Rhus 
toxicodendron showed positive trend towards the effectiveness 
on osteoarthritis patients [17]. Another clinical study reported in 
the homeopathy treatment showed significant improvement in 
fracture line, fracture edge and fracture union [18]. In addition, 
there were lower use of analgesics and less self-reported pain 
in the homeopathy treated groups [18]. Animal study also dem-
onstrated that homeopathic formulation with Plumbum metal-
licum increased repair on surgical defect in mandibular bone, 
which indicate that homeopathic treatment enhanced the bone 
regeneration in rat model [19]. Similarly, another animal study 
also demonstrated that homeopathy formulation composed of 
Calcarea phosphorica 6CH changed from trabecular to a lamel-
lar bone while Risedronate (allopathy medicine) increased the 
bone quality, however it displayed a resistance to resorption 
keeping trabecular bone [20]. This study clearly indicated that 
allopathic and homeopathic treatments led to different bone 
formation outcomes regarding remodeling and maturation as-
pects. However, currently there are very few clinical and animal 
studies explored for the homeopathic treatments on bone re-
lated effects. Therefore, further research is necessary to assess 
the mechanistic understanding in bone remodeling and other 
bone related diseases.

Siddha for bone health

Siddha medicine is a traditional system Indian medicine of 
healing and is believed to be one considered one of India’s old-
est systems of medicine. It is practiced in South India, Sri Lanka, 
Malaysia, Singapore, Mauritius and some of the South-East 
Asian countries. Siddha medicine plays a vital role in chronic 
inflammatory disease, degenerative conditions and metabolic 
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diseases like diabetes, hypertension, musculoskeletal disorders, 
psychiatric disorders and urinary problems. Despite the devel-
opments in modern medical practice, Siddha is one of the best 
treatment for bone setting. Most of the bone fracture patients 
in south India are treated successfully by cost effective Siddha 
treatment. Traditional medicated cloth bandages are used for 
the bone setting treatment. The bandages are prepared by 
using egg white, black gram powder, pounded rice, tamarind 
seeds, Shorea robusta Gaertn and Senna occidentalis. Specific 
medicated oils for external use such as Kayathirumeni tailam, 
Kaya carvankat tailam and Vacavenney to reduce pain, swelling 
and facilitate rapid union of fractured bones [21]. Similarly, in-
ternal medicines like Varmani kulikai, Kayathirumeni tailam and 
Varma ney are prescribed with above mentioned procedures. 
Cissus quadrangularis powder is commonly used for Siddha 
medicines and it is proven in rapid union of bone fractures [21]. 
In addition, many herbs such as Vitex negundo, Ricinus com-
munis, Delonix verrucusa, Cissampelos pareira, Cardiospermum 
halicacabum, Clerodendron phlomides, Pavetta indica, Calotro-
pis gigantean, Piper nigram, Eclipta prostate and Barringtonia 
acutangula are used for joint and bone health in Siddha medi-
cine [22]. Future research is essential on Siddha herbs and their 
efficacy with mechanistic understanding in bone remodeling 
and other bone related disorders.

Ayurveda for bone health

 It is a traditional medicine native to India. Evidences sug-
gests that plants and their respective extracts (leaves, roots, 
stem etc.) are used in bone healing process. Some of the poten-
tial plants or extracts are namely, Bambusa arundinacea, Coelo-
gyne cristata Lin., Symphytum officinale, Salvia miltiorrhiza, Ter-
minalia arjuna, Ehretia cymosa, Griffonia simplicifolia, Cicuta 
maculate, Curcuma domestica, Cedrus deodara, Mesua ferrea, 
Commiphora weightu and Piper longum. These herbals possess 
very good anti-inflammatory efficacy, some also have natural 
calcium content and others are efficacious in bone formation. 
Because of these potentials, the above mentioned herbals 
are believed to be useful in bone fracture healing, joint heal-
ing and pain reduction [23,24]. Furthermore, ayurvedic herbals 
like Ficus religiosa, Withania somnifera, Cissus Quadrangularis, 
Tinospora Cordifolia, Chenopodium ambrosioides and Dalber-
gia sissoo are widely used for its bone healing properties. Herb-
als have different mechanisms to protect the bone or enhance 
the bone healing. Bioactives may target catabolic or anabolic 
pathways such as estrogen signaling, mitogen-activated protein 
kinase (MAPK) signaling, wingless-related integration site)/β-
catenin signaling (Wnt/β-catenin), transforming growth factor-
beta /bone morphogenic protein (TGF-β/BMP) signaling and 
calcium signaling. Cissus quadrangularis acts through regula-
tion of genes responsible for osteoblastogenesis (bone forma-
tion) and osteoclastogenis that is Wnt/β-catenin signaling and 
MAPK signaling respectively. Some studies also suggests that 
Cissus quadrangularis helps in the stimulation of osteoblasts 
through upregulation of genes like runt-related transcription 
factor 2 (Runx2) , collagen type I alpha 1 chain (COL1A1), bone 
gamma-carboxyglutamate protein (BGLP2) and activity of alka-
line phosphatase (ALP) which are integral part of bone forma-
tion process [25]. In addition, downregulation of osteoclastic 
gene tartrate-resistant acid phosphatase-5b (TRAP) which is im-
portant for bone resorption. Withania somnifera acts through 
inhibition of osteoclasts by downregulating nuclear factor kap-
pa B (NFκB) thereby increasing Runx2 levels. However, in the 
case of Tinospora cordifolia research shows that because of 
pharma like activity, shows inhibition of osteoclasts and helps in 

up-regulation of bone formation related genes [25,26]. Future 
research on these herbals are warranted to understand the de-
tails of mechanisms in bone remodeling and other bone related 
disorders.

Unani (Greek-o-Arabic) for bone health

According to the Unani system, osteoporosis can be prevent-
ed by living in ventilated space, eating healthy diet containing 
vitamins and minerals in adequate quantitates and taking Unani 
based calcium preparations [27]. Unani system also has some 
preparations for osteoarthritis condition. Some of the herbs 
that are used to treat this condition are Boswellia serrata, Cur-
cuma longa linn, Withania somnifera, Zingiber officinale, Ter-
minalia chebula, Terminalia belerica, Emblica myroblan, Com-
miphora wightii and Asparagus racemose [28]. This beneficial 
effect could be due to reduction of pro-inflammatory levels of 
the causal markers. Future research and clinical studies are nec-
essary to evaluate the mechanisms involved in Unani medica-
tions for bone health benefits.

Chinese traditional (herbal) medicines for bone health

Chinese traditional medicines are used in the treatment of 
osteoporosis and studied extensively for their bone formation 
and improving bone mineral density. Some of them are Gyn-
ochthodes officinalis, Morinda officinalis, Curculigo orchioides 
Gaertn, Psoralea corylifolia, Medik Eucommia ulmoides Oliv, 
Dipsacus inermis Wall. Cibotium barometz, Cistanche deser-
ticola Ma, Cuscuta chinensis Lam., Cnidium monnieri, Cusson, 
Epimedium brevicornum Maxim, Pueraria montana Merr. and 
Salvia miltiorrhiza Bunge [29]. Gynochthodes officinalis and 
Morinda officinalis are few of the famous Chinese medicine 
which contains many bioactive molecules like oligosaccharides, 
iridoid glycosides and bajijiasu. Study of these root extracts 
showed to enhance the bone mineral density of tibia bone in 
ovariectomized rats [30-32]. Fructus Ligustri Lucidi is another 
Chinese herbal medicine that increased bone mineral density 
and bone mineral content at both tibial and femoral diaphysis 
and lumbar vertebra in ovariectomized rats with induced bone 
loss [33]. Curculigo orchioides Gaertn (CO) is another Chinese 
herbal medicine used to treat the postmenopausal osteopo-
rosis in vivo [34]. CO when administered, was able to prevent 
trabecular bone loss in tibia of ovariectomized rats through in-
hibition of bone resorption and increasing the levels of serum 
phosphorus and calcium [34]. CO is also used to treat limb weak-
ness and knee joint arthritis [35]. In similar ways, all the above 
mentioned herbal Chinese medicines have been reported to 
decrease the osteoporosis acting through various pathways of 
biological system. Some of the mechanisms are increasing ALP 
activity, upregulation of bone specific matrix proteins like col-
lagen, improving the osteocalcin levels and thereby improving 
bone strength, preventing trabecular microstructural damages 
and upregulating the bone formation markers in many animal 
studies [29].

African traditional (herbal) medicines for bone health

The African traditional medicine believed to be the holistic 
approach, which includes use of herbs in combination with spir-
itualism and divination [36]. Many parts across Africa known 
to use their local herbarium for treatments of ailments out of 
which the southern Ghana region was found to be having many 
such herbal medicines. Out of 28 plant families of Ghana known 
for providing cure for various ailments, Sapindaceae is one such 
family having bone repair effect [37]. Currently very few clinical 
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and animal studies are available in African traditional medicine 
for its benefits on bone health. Hence, it’s important that future 
studies focuses on details of molecular mechanisms which in-
volves bone remodeling. 

Non-pharmacological approaches for osteoporosis

Micronutrients for bone health 

Adequate nutrition plays an important role in the prevention 
and treatment of bone related disorders. Enough evidences 
suggest micronutrients such as calcium and vitamin D are ben-
eficial for bone health at all ages [38] and recommended for 
postmenopausal women to reduce the risk of bone fracture 
[39]. Studies have revealed that there is an increasing trend in 
dietary vitamin D and calcium deficiencies in modern society 
[40]. Many clinical studies have reported that Vitamin D is im-
portant for bone mineral density and bone turnover. Supple-
mentation of vitamin D decreases bone turnover and increases 
bone mineral density and combination of vitamin D along with 
calcium showed a significant decrease in bone fracture inci-
dence [41]. There is enough scientific evidences, to prove that 
calcium supplementation reduces bone loss and prevent risk 
of fracture [42]. Moreover, it is important to be aware that di-
etary magnesium, silicon, vitamin K, boron, vitamin C, copper, 
zinc and manganese are also essential nutrients for bone health 
[40]. Clinical study on women with osteoporosis reported that 
magnesium supplementation significantly increased the bone 
mineral density [43]. Silicon is another vital contributor for bone 
health. Electron probe microanalysis study clearly revealed that 
silicon plays a role in the initiation of the mineralization process 
[44]. Vitamin K is another lesser-known micronutrient that has 
vital role on bone health. Supplementation of vitamin K has the 
regulation on carboxylation of osteocalcin, thereby reducing os-
teopenia, bone fracture and improves bone strength [45]. Bo-
ron supplementation improved calcium and magnesium reten-
tion in post-menopausal women and increased bone strength 
[46,47]. 

Figure 1: Schematic Representation of Pharmacological and Non-
pharmacological Mechanisms Intervening in Osteoporosis.

In addition, other essential micronutrients vitamin C, L-ar-
ginine and inositol were found to be beneficial for their role in 
enhancing bone mineral density and improved bone strength. 
Supplementation of micronutrients are important for bone 
health and it is to be noted that excessive supplementation may 
be harmful [48-50]. Interestingly, we have studied the effect 
of herbal with micronutrient combination in bone formation, 
which showed positive effects towards improving bone turn-
over markers [51].

Conclusions and future directions

Bone related disorders especially osteoporosis poses global 
burden because of increased prevalence of fracture. Osteopo-
rotic conditions negatively influences the bone formation and 
resorption. Currently there are many therapeutic approaches 
available for the treatment of osteoporosis. Allopathic ap-
proaches are relatively well studied, clinically proven and have 
specific mechanism of action. On the contrary, its benefits 
comes with several side effects. Therefore, it is imperative to 
identify alternative medicines that are safe, efficacious and cost 
effective. Worldwide, many alternative medicinal plants have 
been used in different traditions/cultures such as Ayurveda, 
Siddha, Unani, Chinese and African. Some of the plants such 
as Withania somnifera and Cissus Quadrangularis etc. have 
proven very effective in treating osteoporosis. It is also vital to 
note that some of the bioactives from these plants are clinically 
proven and there is a clear understating of their mode of action. 
In addition, the non-pharmacological approaches like micronu-
trients such as calcium, vitamin D, vitamin k etc. are also gain-
ing importance because of their role in enhancing bone mineral 
density. Despite its effectiveness in bone healing, many of the 
potential medicinal plant’s mechanism of action is not clearly 
understood. Hence more work on molecular mechanisms and 
supporting clinical studies to substantiate these effects of the 
bioactives are warranted. We have conducted a clinical study 
to evaluate the effect of polyherbal formulation on improving 
low bone mass in elderly subjects. The outcome was promis-
ing and showed a significant improvement in bone mineral 
density and other bone turnover markers [52]. We also believe 
that medicinal plants in conjunction with micronutrients may 
prove to be better alternative therapy for bone related disor-
ders especially in osteoporosis. Furthermore, to evaluate the 
mechanistic understanding of traditional medicines we suggest 
using 3D scaffold models which mimic bone microenvironment. 
It is to be noted that bone diseases unlike others, goes unno-
ticed until and unless there is a clinical manifestations. In this 
regard, development of a predictive method, which serves as 
a cue for bone health would prove very useful. For instance, 
studying the nail components, which may serve as predictive 
tool for measuring bone health. In addition, Cathepsin Z mRNA 
as a biomarker to detect osteoporosis aiding in prevention of 
fragility fracture can also be explored [53].
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