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Abstract: Osteoporosis is a metabolic bone disease that, on a cellular level, results from osteoclastic bone resorption 
not compensated by osteoblastic bone formation. This causes bones to become weak and fragile, thus increasing the 
risk of fractures. Traditional pathophysiological concepts of osteoporosis focused on endocrine mechanisms such as 
estrogen or vitamin D deficiency as well as secondary hyperparathyroidism. However, research over the last decades 
provided exiting new insights into mechanisms contributing to the onset of osteoporosis, which go far beyond this. 
Bisphosphonates and parathyroid hormone (PTH) represent the antiresorptive and anabolic classes of drugs for 
osteoporosis treatment. Bone mineral density (BMD) is an essential parameter for the evaluation of anti-osteoporotic 
drugs. The aim of this study was to evaluate the effects of PTH versus bisphosphonates on BMD for the treatment of 
osteoporosis. 
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Introduction: 

Osteoporosis is a metabolic bone disease characterized 

by low bone mass and structural deterioration of bone 

tissue. It results from failure of osteoblasts to form 

sufficient new bone, from an excessive rate of 

osteoclastic bone resorption, or from the combination 

of both processes. The resultant bone fragility leads to 

an increased susceptibility to fractures, especially of the 

hip, spine and wrist. There is an increased mortality rate 

following both hip and vertebral fractures, and the 

presence of one fracture is a potent risk factor for future 

fractures. This leads to a decline in the quality of life 

and an associated loss of independence among the 

millions of individuals in the worldwide afflicted with 

the disease. There is an additional population at an 

increased risk for fractures due to a less severe loss of 

bone mass, known as osteopenia (1). 

Antiresorptive agents, such as bisphosphonates, are the 

most widely used group of drugs for osteoporosis 

treatment [2,3,4] Bisphosphonates directly reduce the 

number of active osteoclasts by inhibiting their 

recruitment and also by inhibiting the osteoclast-

stimulating activity of osteoblasts. bisphosphonate 

therapy normalizes bone turnover, reduces the number 

of bone remodeling units, restores the balance of bone 

remodeling, prevents bone loss and deterioration of 
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bone structure and reduces fracture risk in patients with 

osteoporosis [5]. 

Parathyroid hormone (PTH) is used clinically as an 

anabolic agent [6,], Two forms of recombinant human 

PTH have been evaluated: teriparatide, the 34-residue 

amino-terminal fragment of human PTH (1–34) and the 

intact 84-amino acid form of PTH (1–84), which is 

marketed as Protect. PTH directly increases osteoblast 

production rate and inhibits apoptosis of osteoblasts, 

thereby leading to a rapid increase in skeletal mass as 

well as improvement of bone micro-architecture and 

strength [7]. 

The combination therapy with antiresorptive and 

osteoanabolic drugs is based upon the hypothesis that if 

bone formation is stimulated by an osteoanabolic agent 

while bone resorption is inhibited by an antiresorptive 

agent (such as bisphosphonate), the combination might 

lead to better results than monotherapy with either 

agent alone. Several studies [8,9] have been designed 

to investigate the combination therapy with PTH 

analogues and bisphosphonates. Some studies [10] 

found combination therapy could improve the level of 

bone mineral density (BMD) than single therapy 

whereas others studies [11,12]] reported no differences 

between combination therapy and single therapy. To 

date, the conclusions among studies are still 

controversial. 

 

Pathophysiology of Osteoporosis 

Osteoporosis is a classic example of a multifactorial 

disease with a complex interplay of genetic, intrinsic, 

exogenous, and life style factors contributing to an 

individual's risk of the disease. Traditional 

pathophysiologic models frequently emphasized 

endocrine mechanisms, e.g. estrogen deficiency and 

secondary hyperparathyroidism in elderly due to 

estrogen deficiency, reduced dietary intake, and widely 

prevalent vitamin D deficiency, as the key determinants 

of postmenopausal osteoporosis (13). However, it has 

become clear in the last years that pathophysiological 

mechanisms contributing to the onset of osteoporosis 

go far beyond this. Selected mechanisms will be 

discussed in the following paragraphs 

 
Biological causes of osteoporosis 

In adults, the daily removal of small amounts of bone 

mineral, a process called resorption, is balanced by an 

equal deposition of new mineral in order to maintain 

bone strength. When this balance tips toward excessive 

resorption, bones weaken and over time can become 

brittle and prone to fracture (osteoporosis). This 

continual resorption and re-deposition of bone mineral, 

or bone remodeling, is intimately tied to the 

pathophysiology of osteoporosis. Understanding how 

bone remodeling is regulated is the key to the effective 

prevention and treatment of osteoporosis. Bones have 

evolved to be light yet strong. These properties are 

conferred to a large degree by architecture and 

geometry [14]. The long bones are tubular in shape, 

with a strong outer shell, or cortical layer, surrounding 

a spongier core called trabecular bone [15]. The 

combination makes these bones strong and light, but 

flexible enough to absorb the stress from high impact 

exercises without breaking. The vertebrae are similarly 

constructed, with a thick cortical layer surrounding 

sheet of trabecular bone. As a unit, each vertebra can 

compress when temporarily loaded and then return to 

their original size. 
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However, a skeleton is alive and must be able to grow, 

heal, and respond to its environment. This is where 

bone remodeling plays a crucial role. However, as we 

age, daily remodeling leads to a gradual resorption of 

the minerals on the inside of the cortical layer and in 

the bone cavity itself leads to an inexorable loss of 

trabecular bone and a widening of the bone cavity. This 

is partly compensated for by the gradual addition of 

extra layers of mineral to the outside of the cortical 

layer [16]. Continual remodeling, and its effect on bone 

microarchitecture have a huge impact on the 

pathophysiology of osteoporosis. For example, young 

adults with wider femurs might be at higher risk for hip 

fractures late in life because, on average, wider bones 

tend to have thinner cortical layers. The thinner this 

layer is, the more susceptible it will be to resorption 

later in life [17]. 

Factors influencing osteoclasts and osteoblasts 

Hormones are possibly the most crucial modulators of 

bone formation. It is well established that 

oestrogen [18]. parathyroid hormone [19]. and to a 

lesser extent testosterone directly or indirectly via the 

conversion into oestrogen [20,21]. are essential for 

optimal bone development and maintenance. Of these, 

oestrogen is now believed to have the most direct effect 

on bone cells, interacting with specific proteins, or 

receptors, on the surface of osteoblasts and 

osteoclasts [22]. 

This interaction sets off a complex chain of events 

within the cells, increasing osteoblast activity while at 

the same time interfering with osteoblast-osteoclast 

communication – one of the ironies of bone 

remodelling is that the osteoblasts release factors that 

stimulate osteoclasts and drive bone resorption, as we 

shall see below. 

Oestrogen effects are mediated through one specific 

type of cell surface receptor called the oestrogen 

receptor alpha (ERα), which binds and transports the 

hormone into the nucleus of the cell where the receptor-

hormone complex acts as a switch to turn on specific 

genes. ERα receptors are found on the surface of 

osteoblasts, as is oestrogen receptor-related receptor 

alpha (ERRα), which may play an auxiliary role in 

regulating bone cells [23]. Recent studies also suggest 

that sex hormone binding globulin (SHBG), which 

facilitates entry of oestrogen into cells, may also play a 

supportive role [24]. 

Oestrogen, of course, is made and secreted into the 

bloodstream some distance from bone and it also has 

profound effects on other tissues, such as the uterus and 

breast. But there are other, locally produced signalling 

molecules that have profound effects on bone 

physiology. 

 
Cytokine production under the control of estrogen in 

bone and bone remodeling 

Role of Bisphosphonates in osteoporosis  

Biological actions: The bisphosphonates have been 

shown to have various physicochemical effects on bone 

salt crystals and biological effects on bone 

mineralization and bone resorption. 

Physicochemical effects: Bisphosphonates inhibit the 

formation and aggregation and slow down the 

dissolution of calcium phosphate crystals. These effects 

are related to the marked affinity of these compounds 

for solid-phase calcium phosphate, on the surface of 
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which they bind strongly. This property is the basis for 

the use of these compounds as skeletal markers in 

nuclear medicine and the basis for their selective 

pharmacological effects [ 26]. 

Mechanisms of action: While the effect on 

mineralization is due to the physicochemical inhibition 

of crystal growth, the action on bone resorption is 

mediated through mechanisms other than the 

physicochemical inhibition of crystal dissolution, as 

was initially postulated, namely by acting on the 

osteoclast. Four mechanisms appear to be probably 

involved: inhibition of osteoclast recruitment, 

inhibition of osteoclastic adhesion, shortening of the 

life span of osteoclasts due to earlier apoptosis, and 

inhibition of osteoclast activity. Very recently the 

cellular mechanism has been partially unraveled. It was 

found that nitrogen containing bisphosphonates can, by 

inhibiting farnesyl pyrophosphate synthase, decrease 

the formation of some compounds important for many 

cell functions, including cytoskeletal assembly and 

intracellular signaling, which leads eventually to 

apoptosis and death. In contrast, some non-nitrogen-

containing bisphosphonates, such as clodronate, and 

etidronate, can be incorporated into the phosphate chain 

of ATP-containing compounds, which also impair cell 

function, leading to apoptosis and cell death. Thus, the 

bisphosphonates can be classified into two major 

groups with different modes of action but the same final 

effect [27]. 

Pharmacokinetics: The bisphosphonates appear to be 

absorbed, stored, and excreted unaltered in the body. 

Therefore, the bisphosphonates seem to be 

nonbiodegradable, at least with respect to their P-C-P 

bond. The bioavailability of an oral dose of a 

bisphosphonate both in animals and in humans lies 

between less than 1% and 10%. Absorption is 

substantially diminished when the drug is given with 

meals, especially in the presence of calcium and iron. 

Therefore, bisphosphonates should never be given at 

mealtimes and never together with milk or dairy 

products. Between 20% and 80% of the absorbed 

bisphosphonate is taken up very rapidly by bone, the 

remainder being rapidly excreted in the urine. This 

rapid uptake by bone means that the soft tissues are 

exposed to bisphosphonates for only short periods, 

explaining why practically only bone is affected in 

vivo. The areas of deposition are mostly those of bone 

formation and destruction. Once deposited in the 

skeleton and covered under new layers of bone, the 

bisphosphonates are released to a large extent only 

when the bone in which they were deposited is 

resorbed. The half-life in bone bisphosphonates is 

therefore very long, for humans it can be over 10 years. 

The renal clearance of bisphosphonates is high, at least 

in animals higher than that of inulin, indicating active 

secretion.[26] 

Clinical use in osteoporosis: Bisphosphonates are 

today the most frequently used drug in metabolic bone 

disease. About ten are commercially available in the 

world, the conditions treated most frequently with these 

compounds being osteoporosis, Paget's disease and 

metastatic bone disease. This review deals only with 

osteoporosis. A more extended clinical and clinical 

information can be found in a book written for the 

practicing physician [27]. Role of PTH in osteoporosis  

Physicochemical effects: Parathyroid hormone is an 

84-amino acid polypeptide which is secreted by the 

parathyroid glands in response to decreases in calcium 

concentration. Its main actions are to increase renal 

tubular calcium reabsorption, to stimulate renal 

calcitriol, or 1,25 dihydroxy vitamin D, production 

thereby indirectly increasing intestinal calcium 

absorption, and to regulate bone remodeling [28]. Its 

ligand is the PTH - 1 receptor, a G protein-coupled 
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receptor expressed primarily in kidney and bone [29]. 

PTH results in an increase in the number of bone-

forming cells by promoting osteoblast growth and 

decreasing osteoblast cell death or apoptosis [30]. 

Interestingly, PTH also stimulates osteoclast genesis. 

Mice that do not have osteoclasts do not respond to 

PTH, suggesting that osteoclast activity is required for 

PTH to have its full anabolic action [31]. Additionally, 

PTH regulates certain skeletal growth factors (such as 

IGF-1) and growth factor antagonists (such as 

sclerostin) to further promote the building of bone. 

Parathyroid hormone stimulates both osteoclast-

mediated bone resorption and osteoblast-mediated 

bone formation. This increased bone turnover is 

evidenced by marked increases in biochemical markers 

of both bone formation and resorption beginning soon 

after administration [32]. The predominant skeletal 

action of PTH depends on the pattern of administration 

[33]. Short-term or intermittent exposure to PTH, as 

occurs after a single subcutaneous injection, leads to a 

predominance of osteoblast-mediated bone formation. 

This bone formation occurs in cortical bone and to a 

lesser extent trabecular bone [34]. In contrast, 

continuous administration of PTH or persistently high 

PTH levels, as occurs in primary hyperparathyroidism, 

results in predominance of osteoclast-mediated bone 

resorption and consequent net bone loss [35,36]. The 

anabolic response to daily transient peak levels of PTH 

is the greatest during the first 6–12 months of therapy, 

the anabolic window, and subsequently tends to wane 

as bone resorption increases to match the increased 

bone formation [37]. The mechanisms determining 

whether PTH has anabolic or catabolic actions are not 

known as the skeletal effects of PTH are complex and 

not yet completely understood. 

Parathyroid hormone related protein (PTHrP) is widely 

expressed in normal tissues throughout development, 

though it does not normally appear in the circulation 

except during lactation. PTH and PTHrP have 

significant homology in the N-terminal region, 

allowing them to bind to the same PTH - 1 receptor, 

though each protein favors a different conformational 

state, resulting in somewhat different downstream 

effects on calcium metabolism [38]. PTHrP acts as a 

paracrine and autocrine factor to regulate cellular 

growth, differentiation, development and cell death as 

well as epithelial calcium transport in cartilage, bone, 

mammary glands, and a variety of other tissues [39]. 

Studies in mice have demonstrated that PTHrP is 

required for normal bone development [40]. PTHrP 

also plays a role in mobilizing calcium during lactation 

[41]. 

Similar to PTH, continuous secretion of PTHrP causes 

a pathological state, humoral hypercalcemia of 

malignancy, which is characterized by hypercalcemia 

and increased bone resorption. Continuous infusion of 

both PTHrP and PTH result in elevated serum calcium 

levels, decreased renal calcium excretion, an increase 

in markers of bone resorption and a decrease in markers 

of bone formation . In contrast, intermittent 

administration of PTHrP has been found to increase 

bone mass in rodents [42] and in humans [43], and 

some data suggest that intermittent PTHrP may be more 

purely anabolic than PTH [44.]. 

Bisphosphonates versus PTH Analogs: After the 

introduction of PTH analogs researchers performed 

studies comparing bisphosphonates with PTH analogs 

to develop better treatment algorithms for enhancing 

osseous union in osteoporotic patients.[45] some of the 

studies compared the use of teriparatide versus 

bisphosphonates in osteoporotic patient [46]. Overall, 

there is supportive evidence that teriparatide use alone 

is associated with higher osseous fusion rates compared 

with the use of bisphosphonates alone 
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Combined Use of Bisphosphonates and PTH Analogs: 

To obtain superior effects on the skeleton, combined 

use of an antiresorptive bisphosphonate with a bone-

forming PTH analog was put forward as an appealing 

hypothesis. [47,48] Although evidence suggests 

potential advantages of using simultaneous 

combination therapies on hip BMD (Bone Mineral 

Density) over monotherapy alone, the effect of 

combination therapies on spine BMD, osteoporotic 

fracture incidence, and postoperative spinal fusion 

needs to be further studied. 

Summary: 

 Osteoporosis presents a unique challenge for surgeons. 

Antiresorptive bisphosphonates and bone forming PTH 

analogs are two commonly used pharmacotherapeutics 

to minimize the risk of postoperative complications due 

to reduced bone quality in elderly osteoporotic patients. 

The use of bisphosphonates or PTH analogs alone has 

been shown to improve bone quality in osteoporosis. 

There is evidence that using PTH analogs alone is 

associated with higher osseous-union rates than the use 

of bisphosphonates. Although simultaneously 

inhibiting osteoclasts and stimulating osteoblasts may 

sound sensible, concurrent use of bisphosphonates and 

PTH analogs has not been proven to be more 

efficacious for treatment of osteoporosis than using 

either therapy alone. However, there may be potential 

benefits in sequential use of PTH analogs and 

bisphosphonates. We suggest that, unless there is any 

contraindication, every elderly osteoporotic patient 

should start PTH analogs at least four to six weeks and 

continue for a minimum of five months after surgery. It 

is advisable to switch to an antiresorptive 

bisphosphonate after discontinuation of PTH analogs to 

preserve the gain in BMD. Decisions on the extension 

of PTH analog treatment at six months after operation, 

the type of bisphosphonate to be initiated, and duration 

of treatment, must be taken on a case-by-case basis. 

CONCLUSION: 

Combination therapy in different conditions of naive or 

previous bisphosphonate treatment might have 

different outcomes. The use of combination therapy, 

however, may be an alternative option among 

osteoporotic patients with a history of bisphosphonate 

use. Combined teriparatide with denosumab appear to 

show the most substantial and clinically relevant 

skeletal benefits to osteoporotic patients. Although 

addition of PTH appears to be advantage than switching 

to PTH, any possible benefits of combination therapy 

must be weighed in relation to costs and inconveniency 

caused by taking two drugs as opposed to one. Finally, 

additional research is necessary to define optimal 

methods of developing sequential and/or cyclical 

combinations of PTH and antiresorptive agents. Long-

term safety and efficacy of such combinations remain 

to be determined. 
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