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1. Introduction

As the world enters an aging society, osteoporosis in the elderly is a bone health problem that is becoming more and
more prominent, and its prevalence is increasing year by year, which has a significant impact on the quality of daily
life of the elderly and the overall healthcare expenditure of the society [1, 2]. Therefore, the improvement of clinical
diagnostic techniques and the exploration of pharmacological treatments for osteoporosis in the elderly has become
more and more urgent and significant.

2. Clinical Diagnosis of Osteoporosis in the Elderly
2.1 Clinical manifestations and signs

Bone health has become a major concern in middle and old age, and osteoporosis is particularly common in the
elderly, with diverse clinical manifestations and signs that should not be ignored [2]. Pain, especially bone pain,
becomes the most intuitive feeling of this disease, which mostly occurs in the lumbar back, rib area, and iliac bone
area, especially when bearing body loads, the pain will be significantly aggravated, and in serious cases, even the
basic turning over, getting up and sitting down, and even walking movements become difficult.

In addition, fractures, an important hallmark of osteoporosis in the elderly, often occur inadvertently. Even minor
falls or small accidents during daily activities can lead to so-called fragility fractures, with the thoracic, lumbar, and
hip bones being particularly vulnerable [3]. With the gradual deterioration of osteoporosis, the patient's height may
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also inadvertently decline. This is due to the thinning of the intervertebral discs due to loss of collagen and water, and
compressive deformation caused by osteoporosis of the vertebral bodies themselves.

2.2 Diagnostic methods and criteria

In today's medicine, the most widely used method for diagnosing osteoporosis is bone densitometry [3-5], specifically,
Dual Energy X-ray Absorptiometry (DXA), which is known as the “Golden Rule of osteoporosis diagnosis”. This
technique evaluates an individual's bone quality by precisely measuring the density of specific areas of bone in the
body and comparing it to the peak bone density of a healthy young person of the same age and sex. The results of the
DXA test are converted into a parameter called the T-value, which is a key indicator of the degree of osteoporosis.
Generally, a T-value of less than or equal to -2.5 standard deviations (-2.5 SD) is considered a definitive diagnosis of
osteoporosis, while a T-value between -1.0 SD and -2.5 SD indicates that the individual has low bone mass, an im-
portant warning sign of pre-osteoporosis.

In addition to DXA, testing of biochemical indicators of bone metabolism is also an important diagnostic tool,
including serum calcium, phosphorus, alkaline phosphatase, urinary calcium, and other indicators, as well as testing
of bone markers such as dehydroosteoglobin and pre-collagen peptide, which can reflect bone resorption and bone
formation and help determine the severity and type of osteoporosis [4].

2.3 Differential diagnosis

Among the many disorders in the differential diagnosis, degenerative osteoarthropathy takes its place as a chronic
joint condition characterized by degenerative changes in the articular cartilage and the ensuing secondary osteophytes.
The condition is characterized by a series of symptoms, such as pain in the joints, stiffness in joint movements, and
impaired joint function, which become more pronounced and intense when the patient moves or bears weight. De-
generative osteoarthropathy differs significantly from osteoporosis in that the former focuses on the joint tissues
rather than the entire skeletal system [5]. The narrowing of the joint space, osteophytes at the joint margins, and the
formation of bone capillaries can be clearly observed by means of X-ray imaging, and these characteristic changes
provide an important basis for the diagnosis of the disease.

Another condition that needs to be differentiated is post-fracture nonunion, in which the fracture ends have not
connected and healed after reasonable treatment beyond the maximum period normally required for healing (usually
3 months after fracture). Bone nonunion may result in localized pain, deformity, and dysfunction, and is distinct from
fragility fractures due to osteoporosis in the elderly. The key point of differentiation is that bone nonunion has a clear
history of trauma and treatment of the fracture, whereas fractures in osteoporosis in the elderly often occur in response
to minor external forces.

3. Progress in Drug Research for the Treatment of Osteoporosis in the Elderly
3.1 Classification of drugs for osteoporosis treatment in the elderly

3.1.1 Basic therapeutic drugs

Calcium supplements keep bone mass stable and effectively slow down the natural rate of bone loss by providing the
body with sufficient calcium. This process, in turn, promotes the hardening of new bone and significantly reduces the
risk of fracture [6]. In addition, calcium supplements can significantly improve the efficiency of bone resorption,
optimize the metabolic balance of bones, and effectively make up for the lost bone mass, which is especially crucial
for alleviating the symptoms of back pain and deformity that are common among the elderly.

Vitamin D plays multiple key roles in the human body, which cover promoting effective calcium utilization, en-
hancing bone density, optimizing bone structure, reducing the likelihood of bone fractures, and balancing immune
system function. It helps to enhance the penetration of calcium into the cells of the small intestinal mucosa, thereby
accelerating the process of calcium absorption, and, by finely regulating the metabolic balance between calcium and
phosphorus, ensures strong bones. In order to effectively supplement this nutrient, proper exposure to sunlight, fol-
lowed by modification of the daily diet, and finally, the option of oral or injectable administration when necessary.

3.1.2 Anti-osteoporosis drugs
Estrogen plays a critical role in bone health, not only by promoting bone formation and stability but also by inhibiting
the process of bone resorption, which optimizes bone condition. However, prolonged and heavy use of estrogen can
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lead to a number of side effects, including breast tenderness, vaginal bleeding, and even an increased risk of breast
and endometrial cancer [6, 7]. To combat this problem, scientists have developed selective estrogen receptor modu-
lators, such as raloxifene, as new osteoporosis therapeutic agents that target estrogen receptor activation in bone.

Bisphosphonates, on the other hand, inhibit the activity of osteoclasts by specifically binding to hydroxyphospha-
tidylcholine in bone, thereby slowing down the process of bone resorption. Currently, bisphosphonates, such as alen-
dronate and zoledronic acid, which are widely used in the clinic, are able to significantly increase bone density and
reduce the risk of fracture. However, they may also bring side effects such as gastrointestinal reactions and renal
impairment and should be used with caution.

Calcitonin, on the other hand, effectively reduces bone calcium loss by inhibiting osteoclast activity, while pro-
moting calcium balance and maintaining bone health. It is widely used in clinical practice, including injections, nasal
aspirates, and other forms, and can rapidly relieve bone pain and prevent fractures [6, 9]. However, prolonged use of
calcitonin may lead to the production of antibodies, thus reducing the efficacy of the drug, and at the same time, it
may also trigger adverse reactions such as nausea, vomiting, and hyponatremia.

3.2 Progress in research on novel therapeutic drugs

3.2.1 Anti-Rankl antibodies

Activator ligand (RANKL), a target critical for osteoclast activation and differentiation, accelerates bone destruction
and resorption through the RANKL/RANK/OPG signaling pathway, leading to osteolytic destruction of bone tissue
[7]. Anti-RANKL antibody inhibits osteoclast activation and differentiation by effectively blocking the binding of
RANKL to its receptor RANK, thus slowing down the rate of bone loss.

In clinical practice, anti-RANKL antibodies have demonstrated extraordinary efficacy. For example, two antibody
drugs, desutumumab and narusobayumab (JMT103), have both achieved remarkable results in clinical trials. In par-
ticular, naluzobayumab has achieved a tumor response rate of 93.5% in the treatment of giant cell tumors of bone
that cannot be surgically removed or may cause severe functional impairment after removal, and the drug has shown
good safety and tolerability.

3.2.2 Strontium salt drugs

Strontium salt drugs, especially strontium ranelate, have demonstrated extraordinary therapeutic potential and clinical
importance in the treatment of osteoporosis in the elderly [8, 9]. This drug possesses a unique dual mechanism of
action, which not only promotes bone formation, but also effectively inhibits bone resorption, and such properties
make it a preferred option for the treatment of osteoporosis in the elderly.

From the perspective of representative research, strontium ranelate has achieved impressive results in several ani-
mal experiments and clinical studies. In animal experiments, it accelerated the rate of new bone formation while
slowing down the resorption process of old bone, significantly enhancing bone toughness. In clinical studies, it further
validated its excellent effect in the treatment of postmenopausal osteoporosis, effectively reducing the risk of verte-
bral and hip fractures and significantly increasing bone density and strength.

At the application level, strontium ranelate has been marketed in several countries in the EU as well as in China,
and its scope of application mainly includes the treatment of severe osteoporosis in postmenopausal women, as well
as in male patients at high risk of fracture who are unable to use other approved medicines due to contraindications
or intolerance, among other reasons. However, there are some limitations to its use, particularly in those patients with
a history of cardiac and circulatory problems, which require caution and regular monitoring.

3.2.3 New active vitamin D

Within the therapeutic field of osteoporosis in the elderly, the new active vitamin D has made breakthrough research
progress, and its unique mechanism of action, pharmacokinetic properties, and abundant clinical research and appli-
cation suggestions have opened up a brand-new path for the treatment of this disease.

When it comes to the mechanism of action, the new active vitamin D not only promotes the effective intestinal
absorption of calcium and phosphorus but also realizes the dual balance between bone formation and bone resorption
by delicately regulating the activity of osteoblasts and osteoclasts, which is crucial for maintaining bone homeostasis,
enhancing bone density and strengthening bone [9].

At the pharmacokinetic level, the representative drug of the new active vitamin D, Edifenacoumol, has demon-
strated excellent performance. Its plasma half-life is significantly prolonged, and the affinity of vitamin D binding
protein is greatly improved, which not only enhances the stability of the drug in the blood but also ensures that it can
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exert its effect on target organs more persistently. What's more, Edifenacoumol can also effectively inhibit the activity
of certain metabolic enzymes, reducing their metabolic inactivation in vivo, which in turn enhances the bioavailability
of the drug.

In terms of clinical studies and application recommendations, the new active vitamin D has demonstrated impres-
sive efficacy in several clinical trials, especially in enhancing bone density and reducing fracture risk. For elderly
patients with osteoporosis, especially those with hepatic and renal insufficiency, the new active vitamin D offers a
safer and more effective treatment option.

4. Challenges and Future Directions of Drug Therapy
4.1 Drug tolerance and adverse reaction management

As patients age, their liver and kidney functions may gradually weaken, which in turn affects the efficiency of their
metabolism and excretion of drugs, making it easier for drugs to accumulate in the body, thus potentially increasing
the risk of adverse reactions [9, 10]. In addition, elderly patients are often accompanied by multiple chronic diseases,
which means that they need to take multiple medications at the same time, which undoubtedly increases the likelihood
of drug-drug interactions and further amplifies the risk of adverse reactions.

In the course of treating osteoporosis in the elderly, great attention must be paid to patients' drug tolerance. In order
to ensure the safety and efficacy of the treatment, patients' liver and kidney functions as well as drug concentrations
need to be monitored regularly so that the drug regimen can be detected and adjusted in a timely manner, thus avoiding
or mitigating the occurrence of adverse reactions.

4.2 Progress in R&D and clinical trials of novel drugs

As the global population continues to age, the need for highly effective drugs with fewer side effects is becoming
more pressing. Currently, research and development of new drugs is focusing on a variety of areas such as increasing
bone density, slowing the rate of bone resorption, and promoting bone formation. For example, bisphosphonates,
monoclonal antibodies, and parathyroid hormone analogs are current research hotspots.

However, these drugs still face many difficulties and challenges in the clinical trial stage. Individual differences
between patients, as well as the safety and efficacy assessment of long-term use of drugs and other issues require
researchers to invest more energy to study and solve. Therefore, future research and development should focus on
accelerating the R&D process of new drugs, improving the scientific and standardized nature of clinical trials, and
striving to explore more precise and personalized treatment options, so as to better meet the urgent needs of elderly
osteoporosis patients for effective treatments.

4.3 Exploration of cutting-edge technologies such as biological agents and gene therapy

Although traditional drugs can inhibit bone resorption to a certain extent, their long-term use is often accompanied
by adverse effects, which has led to the search for more ideal solutions [10]. Biological agents, as an emerging ther-
apeutic tool, have gradually come into people's view by virtue of their high efficiency, high selectivity, and low
toxicity. By precisely targeting specific regulatory factors, they skillfully affect the balance between osteolysis and
bone production, bringing new hope for osteoporosis treatment.

Meanwhile, gene therapy, as another cutting-edge technology, is dedicated to solving the osteoporosis problem
from the root. By altering the expression of specific genes in the body, it attempts to reverse the course of the disease
at its source. However, although these cutting-edge technologies show great potential, they are still in the exploratory
stage and face many challenges, such as high costs and insufficient evaluation of long-term safety and efficacy.

5. Conclusion

In summary, we provide an important basis for the early recognition of the disease by detailing the clinical manifes-
tations, diagnostic criteria, and differential diagnosis. In terms of therapeutic drugs, we have sorted out the classifi-
cation of existing drugs and the research progress of novel therapeutic drugs, pointing out the potential of drug therapy
in improving patients' quality of life. However, drug tolerance, management of adverse reactions, and research and
development of novel drugs are still the main challenges currently faced. In the future, with the continuous explora-
tion of cutting-edge technologies such as biologics and gene therapy, the treatment of osteoporosis in the elderly will
be more personalized and precise. This study provides a theoretical reference for the clinical practice of osteoporosis
in the elderly as well as new ideas for future research directions.
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