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Abstract

Background: Osteoporosis is a prevalent metabolic disorder frequently managed with
bisphosphonates, which reduce fracture risk but, with prolonged use, may predispose
to atypical femoral fractures (AFFs). These rare but serious complications highlight the
need for individualized treatment strategies within the framework of precision medicine.
Methods: We retrospectively analyzed six female patients (mean age around 70 years)
with AFFs surgically treated at the University of Catania between September 2022 and
March 2023. All patients had received bisphosphonate therapy for more than seven years.
Demographic, clinical, and radiographic data were collected according to ASBMR crite-
ria. Outcomes included fracture healing, hip and knee range of motion, quality of life
(SF-36), and residual pain (VAS) at 12 months. Results: Fractures were subtrochanteric
in two cases and mid-diaphyseal in four. All patients underwent intramedullary nailing.
Mean radiographic union occurred at 5 ± 1.5 months, and functional recovery occurred at
4.5 ± 1.2 months. Quality of life declined from a pre-fracture SF-36 score of 77 to 57 at one
year. Residual pain was minimal (VAS 2). Conclusions: Prolonged bisphosphonate therapy
was strongly associated with AFFs, longer healing times, and reduced quality of life. These
findings emphasize the importance of personalized management of osteoporosis, includ-
ing risk-based treatment duration, tailored monitoring protocols, and early therapeutic
adjustments to balance efficacy and safety in long-term care.

Keywords: osteoporosis; bisphosphonates; atypical femoral fractures (AFF); clinical
outcomes; radiographic outcomes

1. Introduction
Osteoporosis, affecting around 200 million women globally, is marked by reduced

bone mass and deteriorated bone microarchitecture, leading to increased fracture risk.
Predominantly seen in postmenopausal women due to estrogen decline, it also affects
men and younger individuals with certain medical conditions or medications impacting
bone health [1,2].

The primary treatment involves antiresorptive drugs like bisphosphonates (alen-
dronate, risedronate, ibandronate, and zoledronic acid) and denosumab. These drugs
inhibit osteoclast-mediated bone resorption, enhancing bone mineral density and reduc-
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ing fracture risk. Denosumab, a monoclonal antibody, neutralizes RANKL, crucial for
osteoclast formation and function.

Over the past two decades, there has been a notable increase in the incidence of
osteoporosis and associated fragility fractures. This trend is largely attributed to the aging
population, as the risk of osteoporosis and fractures increases with age. Concurrently, the
use of bisphosphonates for both the prevention and treatment of osteoporosis has surged,
making them the most prescribed medications for this condition.

Despite their proven efficacy in reducing the risk of vertebral, non-vertebral, and hip
fractures, long-term bisphosphonate therapy has been associated with the occurrence of
atypical femoral fractures (AFFs). AFFs are rare but serious complications that can occur
with prolonged bisphosphonate use. These fractures typically occur in the subtrochanteric
region or the diaphysis of the femur and are characterized by a transverse or short oblique
configuration with minimal comminution.

The exact pathophysiological mechanisms underlying AFFs are not yet fully under-
stood. However, current research suggests that prolonged bisphosphonate use leads to the
inhibition of bone resorption and induces osteoclast apoptosis, resulting in the accumula-
tion of microdamage and reduced bone remodeling. This, in turn, may contribute to the
development of AFFs [3]. Although the absolute risk of AFFs remains low, these fractures
have a significant negative impact on both short-term and long-term quality of life.

Patients with AFFs may experience loss of limb function, delayed healing, and in-
creased mortality rates compared to those with typical femoral fractures. The clinical
presentation of AFFs often includes prodromal symptoms such as thigh or groin pain,
which can precede the fracture by weeks or months. Early recognition and intervention are
crucial to prevent complete fractures and improve patient outcomes [4].

While bisphosphonates remain a cornerstone of osteoporosis therapy, emerging evi-
dence indicates that the balance between benefits and risks varies according to treatment
duration, comorbidities, and individual patient susceptibility [5]. These considerations
underscore the importance of moving beyond a uniform approach and adopting person-
alized treatment strategies. In this context, integrating patient-specific risk profiles, early
detection of prodromal symptoms, and stratified monitoring can help optimize therapy
duration and reduce the likelihood of atypical complications.

The primary objective of this study is to evaluate the clinical and radiographic out-
comes of patients with atypical bisphosphonate femoral fractures who were treated sur-
gically in our Orthopedic Unit. By analyzing these outcomes, we aim to gain a better
understanding of the impact of AFFs on patients’ quality of life and recovery process, and
to identify potential strategies for improving the management and prevention of these
fractures. Additionally, this study seeks to contribute to the growing body of literature on
AFFs and provide insights into the long-term safety and efficacy of bisphosphonate therapy.

2. Materials and Methods
2.1. Declarations

This study was conducted in accordance with the Declaration of Helsinki and ap-
proved by the institutional review board of the University of Catania (approval code:
Nr 25/2025/PO).

Informed consent was obtained from all patients for the publication of all their data
and images. This comparative retrospective cohort study involved six female patients who
underwent surgery for AFFs from bisphosphonates at the Department of Orthopedics and
Traumatology of the University of Catania. We included all patients who underwent surgi-
cal treatment for femoral fractures classified as atypical, based on the criteria established
by the American Society for Bone and Mineral Research (ASBMR).
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2.2. Research Participants and Data Collection

These patients had a documented history of ongoing bisphosphonate therapy and
were operated on between September 2022 and September 2023. To classify a fracture
as atypical, we followed the ASBMR’s guidelines, which include both major and minor
criteria [4]. For a fracture to be considered atypical, it had to meet at least four of the major
criteria. These criteria include a transverse configuration at the lateral cortex of the femur,
minimal or no comminution (fragmentation) of the fracture, the presence of a complete
fracture or an incomplete fracture involving only the lateral cortex, periosteal or endosteal
thickening at the fracture site, and the occurrence of the fracture with no or minimal trauma.

In addition to these major criteria, several minor criteria were considered, although
they were not necessary for diagnosis. These minor criteria include generalized cortical
thickening of the femoral shaft, bilateral fractures (fractures occurring in both femurs),
a history of prodromal pain (pain preceding the fracture), and delayed healing of the
fracture [4–6]. All patients were receiving pharmacological treatment with Alendronate.

The medical staff of the complex operative unit of Orthopedics of the A.O.U. Policlinico
Rodolico-San Marco, University of Catania, examined various patient parameters, including
gender, average age, the side of the femur affected (right or left), the specific location of
the fracture (subtrochanteric or mid-diaphyseal), BMI, ASA score (American Society of
Anesthesiologists), and time of surgery. (Table 1)

Table 1. Demographic data.

SEX BMI Fracture Type Side Fracture Time of Surgery ASA Score

Patient 1 F 20 Subtrochanteric Left 48 h 2
Patient 2 F 23 Mid-third diaphysis Right 48 h 2
Patient 3 F 31 Subtrochanteric Left 24 h 2
Patient 4 F 22 Mid-third diaphysis Right 48 h 3
Patient 5 F 26 Mid-third diaphysis Right 72 h 2
Patient 6 F 18.5 Mid-third diaphysis Right 48 h 3

2.3. Surgical Treatment

All patients were treated surgically with a long intramedullary nail. The two patients
with subtrochanteric fractures were also treated with a long intramedullary nail. All
surgical procedures were performed by percutaneous procedures, without direct exposure
to the fracture, using fluoroscopy for correct placement of the implant. No patient has
developed post-operative infections. Following the diagnosis and surgical stabilization of
the atypical femoral fracture, bisphosphonate therapy was discontinued for all patients in
accordance with clinical guidelines.

2.4. Outcomes

Radiographic outcomes were assessed at 3, 6, 9, and 12 months post-surgery to monitor
the healing process. Clinical outcomes were evaluated at 6 and 12 months post-surgery.
The range of motion (ROM) of the knee and hip in flexion was also assessed during the
immediate postoperative follow-up and at 6–12 months after surgery, to monitor recovery
and evaluate the patient’s progress (Tables 2 and 3, Figure 1).
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Table 2. Knee ROM in flexion follow-up.

Post-Surgery 6 Months 12 Months

Patient 1 0–40◦ 0–110◦ 0–130◦

Patient 2 0–30◦ 0–109◦ 0–120◦

Patient 3 0–40◦ 0–120◦ 0–140◦

Patient 4 0–40◦ 0–110◦ 0–140◦

Patient 5 0–20◦ 0–100◦ 0–110◦

Patient 6 0–40◦ 0–110◦ 0–130◦

Table 3. Hip ROM in flexion follow-up.

Post-Surgery 6 Months 12 Months

Patient 1 0–30◦ 0–80◦ 0–120◦

Patient 2 0–20◦ 0–80◦ 0–110◦

Patient 3 0–40◦ 0–90◦ 0–140◦

Patient 4 0–30◦ 0–80◦ 0–110◦

Patient 5 0–20◦ 0–90◦ 0–110◦

Patient 6 0–30◦ 0–85◦ 0–110◦

 
Figure 1. Radiographs of Patient 3, who sustained a subtrochanteric atypical femoral fracture. (a) The
pre-operative X-ray explicitly shows the key diagnostic features of an AFF: the fracture originates
from the lateral cortex, has a transverse configuration with minimal comminution, and displays
localized periosteal thickening of the lateral cortex (beaking). (b) The post-operative image shows
fracture stabilization with a long intramedullary nail.

To assess health-related quality of life, we administered the Short Form Health Survey
(SF-36) questionnaire. This questionnaire consists of 36 items that measure both the physical
and mental dimensions of the individual’s health, and it was used to compare the pre- and
post-intervention states [7]. Residual pain at 12 months post-surgery was assessed using
the pain visual analog scale (VAS), which provides a quantitative measure of pain intensity.

2.5. Statistical Analyses

Continuous data were expressed as mean ± standard deviation (SD). Due to the small
sample size (n = 6), non-parametric tests were chosen for statistical comparisons. The
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Wilcoxon signed-rank test for paired data was used to compare pre- and post-operative
SF-36 scores. A one-sample Wilcoxon signed-rank test was used to compare the mean
healing times and VAS scores of our cohort against standard reference values. The threshold
for statistical significance was set at p < 0.05. All analyses were performed using RStudio
version 4.1.2 (RStudio Inc., Boston, MA, USA).

3. Results
3.1. Patient Demographics and Fracture Characteristics

The study involved six female patients, all around the age of 70. This is consistent
with the higher incidence of osteoporosis in older women. The fractures were found in
the right femur of four patients and the left femur of the remaining two. Specifically, two
fractures were in the subtrochanteric region, while the other four were mid-diaphyseal. All
fractures were complete and occurred on one side only.

3.2. Treatment and Healing Process

These patients had been on bisphosphonate therapy for an average of over seven
years, which is significant since long-term use of these medications is linked to AFFs. Each
fracture was surgically treated using a long intramedullary nail, a standard and effective
method for such injuries. The table also indicates that no patient developed pseudoarthrosis
(0%) (Table 4).

Table 4. Patient and fracture characteristics.

Mean Age Involved Side Localization Time of Use of
Bisphosphonates Surgical Treatment Pseudoarthrosis

70.3 ± 6.5 y 4 Right, 2 Left 2 subtrochanteric 4
mid-diaphyseal 7.3 ± 1.5 y long intramedullary nail 0%

3.3. Quality of Life and Recovery

Before surgery (pre), 5 out of 6 of the patients reported a medium to high quality
of life, with an SF-36 score of 77. However, a year after surgery (post), this percentage
dropped to 70%, with an SF-36 score of 57, a statistically significant difference (p = 0.03).
This decline indicates that the surgery and recovery period had a noticeable impact on their
overall well-being.

Some patients even needed walking aids to improve their mobility; the clinical records
noted that several patients required walking aids to improve their mobility, although the
exact number of patients and duration of use were not systematically documented. The
average time to regain hip and knee range of motion was 4.5 ± 1.2 months, which represents
a significant delay compared to the 2–3 months typically required for functional recovery
in standard femoral fractures (p = 0.04). On average, radiographic healing was achieved
in 5 ± 1.5 months, a significantly longer period compared to the 3–4 months typically
expected for standard femoral fractures (p = 0.03). Despite this, the residual pain reported
after a year was very mild, with a VAS score of 2. Although this finding is statistically
significant compared to a norm of zero pain (p < 0.0001), it represents a clinically minimal
level of discomfort. (Table 5).
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Table 5. Bone healing, quality of life, and residual pain after surgery.

Radiographic Healing Time Quality of Life ROM Average Recovery Time Residual Pain at 12 Months

5 ± 1.5 months

SF36 of 77 ± 15.4 pre
(before surgery)

SF36 of 57 ± 12.5 post
(a year after surgery)

4.5 ± 1.2 months VAS of 2 ± 1

4. Discussion
Long-term use of bisphosphonates, a class of drugs commonly prescribed for the

prevention and treatment of osteoporosis, is strongly associated with the development
of AFFs [7–9].

In our study, we evaluated the impact of AFFs on patients’ quality of life using the
SF-36 questionnaire. Quality of life is often overlooked in studies of atypical fractures, but it
is essential to understand the real impact of these fractures on patients. Numerous studies
support the association between prolonged bisphosphonate use and the development of
atypical femoral fractures (AFF). For instance, Capeci et al. documented cases of bilateral
low-energy femoral fractures in patients on long-term alendronate therapy [10]. Koh et al.
discussed the challenges and controversies in the surgical management of AFFs related to
bisphosphonate treatment [11].

The impact on quality of life, often overlooked, is crucial. Twelve months post-surgery,
despite bone healing, a moderate reduction in quality of life is observed, aligning with
other studies indicating long-term negative effects on patient functionality and well-being.
Shkolnikova et al. highlighted how bisphosphonate-associated fractures significantly affect
quality of life [12,13].

Our finding of prolonged healing times (five months for radiographic union and
4.5 months for functional recovery) is consistent with the hypothesis, supported by existing
literature, that long-term bisphosphonate use alters bone metabolism. Studies suggest
that the profound suppression of bone remodeling can interfere with the normal fracture
healing process. While these drugs reduce osteoporotic fracture risk, they can interfere
with normal bone remodeling and slow fracture healing. Komatsubara et al. observed
microdamage accumulation in bone tissue following long-term bisphosphonate treatment,
suggesting a mechanism for prolonged healing times [14].

Mashiba et al. noted that bisphosphonate-induced suppression of bone turnover
increases microdamage accumulation and reduces certain biomechanical properties of
bone [15]. Additionally, Park et al. reported a case of sequential subtrochanteric femoral
fracture following an atypical diaphyseal fracture in a long-term bisphosphonate-treated
patient, underscoring these patients’ vulnerability to further fractures [16].

Bisphosphonates, including alendronate, risedronate, ibandronate, and zoledronic
acid, inhibit osteoclast-mediated bone resorption, effectively reducing typical fracture risk.
However, prolonged use may increase susceptibility to atypical femoral fractures (AFFs).
Studies indicate that extended suppression of bone remodeling by bisphosphonates can
lead to microdamage accumulation, weakening bone and increasing fracture risk, even
with minimal trauma [11–16].

The study found prolonged healing times, with an average of 5 months for radio-
graphic union and 4.5 months for recovery of range of motion (ROM). This finding is
notable as a clear consensus on healing times for AFFs is lacking in the literature; for
instance, studies by Weil et al. [17] report variable outcomes, while others by Koh et al. and
Savaridas et al. do not specify precise timelines [11,18]. While this delay—likely due to
altered bone metabolism from bisphosphonates—did not result in pseudoarthrosis, it was
associated with persistent mild pain (VAS 2 at 12 months) and a 20% reduction in quality of
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life (SF-36). The need for walking aids further underscores patients’ difficulty in achieving
complete functional recovery (Table 6).

Table 6. Comparative table of healing time.

Study Radiographic Healing Recovery of ROM

Our Study 5 months 4.5 months

Weil et al. [17] Variable Variable

Koh et al. [11] Not specific Not specific

Savaridas et al. [18] Not specific Not specific

Our study found an average radiographic healing time of five months. Although
we did not have a direct control group, this is longer than the three to four months typi-
cally reported in the literature for standard osteoporotic fractures treated with the same
surgical method [13–18]. This finding supports the hypothesis that the altered bone re-
modeling caused by long-term bisphosphonate use contributes to a delay in the healing of
atypical fractures.

As observed, there is no unanimous consensus on the healing times of AFF in the
literature. Some studies, like that of Weil et al., do not report specific healing times, while
others, such as Koh et al. and Savaridas et al., focus on other aspects of treatment and
prognosis of AFF [11,17,18].

In diagnosis, the use of known diagnostic criteria is essential; the most important
are those established by the ASBMR, which include distinctive radiographic features
such as fracture origin from the lateral cortex, transverse course, poor comminution, and
periosteal thickening [19]. Capeci et al., Goh et al., and Shkolnikova et al. highlight specific
radiographic configurations that can also be seen in our study, namely lateral cortical
thickening, transverse fracture, and medial cortical beak [10,13,20].

The combination of these radiographic features is highly suggestive of AFFs. Recog-
nition of these signs is essential for early diagnosis and appropriate treatment. Early
diagnosis of AFFs is critical to prevent progression to a complete fracture and to reduce the
risk of complications. It is important to carefully evaluate radiographs to detect signs of
stress or incomplete fracture in the contralateral femur. Bilaterality is a common feature in
AFFs, and early identification of radiographic changes in the other femur may allow for
preventive measures to be taken to reduce the risk of contralateral fractures.

A key concept that emerges from several studies is that the accumulation of micro-
damage at the bone level is caused by the prolonged use of bisphosphonates, which, by
inhibiting the activity of osteoclasts, slow down the process of resorption and remodeling
of bone tissue [12–14]. An important aspect in the inhibition of remodeling is that this
mechanism can lead to an increase in bone mineralization, making the bone more rigid and
less resistant to stress [11,12,14,15].

There are other factors, such as genetic predisposition, advanced age, and the presence
of other pathologies, which could contribute to the development of these fractures [11–13].
Although the causal relationship between the prolonged use of bisphosphonates and AFFs
is still not well defined, our study, like others in the literature, highlights the importance of
an accurate risk-benefit assessment before starting long-term therapy with bisphosphonates,
and of careful monitoring of patients during treatment.

For the treatment of AFFs, withdrawal of bisphosphonate therapy is generally recom-
mended, although the impact of this measure on fracture healing is still debated [11–16].
Surgical treatment, particularly intramedullary nailing, is considered the gold standard for
complete fractures.
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However, the literature shows a high incidence of postoperative complications in
AFFs, including non-union, which often requires revision surgery. Koh et al. showed that
intramedullary nailing was the predominant treatment choice for complete AFFs, noting
that intramedullary nailing was preferred over plate fixation due to its better load-sharing
ability and less flexural motion across the fracture site [11].

Savaridas et al. conducted a study in rat models of direct fracture healing and reported
that bisphosphonates had an inhibitory effect on direct healing [18].

Weil et al. described a series of 15 patients with 17 AFFs associated with long-term
bisphosphonate use. Seven of these fractures were treated with intramedullary nailing but
required revision surgery. These authors attributed the high failure rate to impaired bone
healing due to prolonged bisphosphonate therapy. However, the study did not find that
healing time was different in those who had been treated with bisphosphonates for more
than 5 years compared with those who had been treated for less than 5 years [17].

Therefore, Weil et al. recommend that the choice between nailing and plate fixation
for AFFs should be guided by the specific characteristics of the patient and the fracture [17].
This matches the findings of our study and the conclusions of many other studies empha-
sizing the need for an individualized approach in the management of AFFs. Some studies
in the literature have examined the efficacy of teriparatide (TPTD) in treating fractures in
these patients. Previous results suggest that TPTD could promote better healing of fractures
by reducing delayed and non-union rates and shortening overall recovery times.

In their meta-analysis, Byun et al. examined the effect of treatment with TPTD on
AFFs, comparing delayed union, non-union, and fracture healing rates between patients
treated or not treated with TPTD. The results showed that patients who did not receive
TPTD had a higher incidence of delayed union and non-union, as well as longer healing
times than those treated with TPTD [21].

Kendler et al. compared the effectiveness of TPTD with risedronate in preventing new
fractures in patients with severe osteoporosis. In their randomized, double-blind clinical
trial, postmenopausal women with vertebral fractures and low bone mineral density were
assigned to receive TPTD or risedronate for 24 months. The results revealed that the TPTD
group had a significantly lower incidence of new vertebral fractures than the risedronate
group. The number of clinical and non-vertebral fractures was also lower in the TPTD
group, indicating that TPTD is more effective than risedronate [22]. The management of
incomplete fractures, particularly those associated with long-term bisphosphonate use,
presents a significant challenge. The presence or absence of a radiolucent line in the
incomplete fracture is a critical factor in treatment decision-making.

The radiolucent line is a radiographic sign that indicates a high likelihood of progres-
sion to a complete fracture. This distinguishing feature helps distinguish between stable
incomplete fractures that can be managed conservatively and those at risk of complete
fracture that may require prophylactic surgery. Koh et al. demonstrated that many patients
with a radiographically visible radiolucent line had a complete fracture, whereas those
without such a sign had uneventful healing with a conservative approach [11].

This observation is also supported by research by Saleh et al., who found a clear
difference in the clinical outcome of incomplete fractures based on the presence or absence
of the radiolucent line. Patients without the line showed complete healing with conservative
treatment, while those with the line had a high likelihood of progression to a complete
fracture, often requiring surgery [22–24]. Our study, in line with the literature, highlights
the importance of the radiolucent line as a decision factor in the treatment of incomplete
femoral fractures associated with the use of bisphosphonates.
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The presence of this line, visible on radiography, indicates a significantly higher risk of
progression to a complete fracture, requiring a different management approach compared
to incomplete fractures without this sign.

All patients were treated for complete fractures. However, a review of prior radio-
graphs revealed that three of the six patients (50%) had evidence of an incomplete stress
fracture with a visible radiolucent line before it progressed to a complete fracture. All
fractures occurred on one side only.

This finding is significant because patients with this feature showed a worrying trend:
a high incidence of progression to a complete fracture, despite a period of conservative
treatment. This highlights the fragility of these fractures and the insufficiency of the
conservative approach alone in many cases. The present study also found a considerable
mean duration of treatment with bisphosphonates (7.3 years). This result is important
because literature suggests an increased risk of atypical fractures with prolonged use of
bisphosphonates, particularly after 5 years. The analysis of the duration of treatment
supports a possible correlation between the prolonged use of bisphosphonates and the
onset of these fractures. By using the ASBMR criteria for the diagnosis of atypical fractures,
we aimed to achieve greater accuracy in the classification of cases.

These criteria, which are widely accepted by the scientific community, allow us to
distinguish atypical fractures from typical fractures, thus contributing to the validity of
the study.

When interpreting our findings—such as the prolonged healing times and impact on
quality of life—it is crucial to consider the context of our study’s limitations. With only six
patients, it is not possible to determine the specific influence of individual clinical variables
like BMI, comorbidities (as indicated by ASA scores), or previous fracture history on the
outcomes. Therefore, our results should be viewed as a descriptive overview of the clinical
journey in this small cohort, rather than a definitive analysis of prognostic factors. Future,
larger studies are needed to parse the effects of these co-factors from the effects of the
AFF itself.

The study has some important limitations to consider. The primary and most sig-
nificant limitation of this study is its very small sample size. With only six patients, the
statistical power of our analyses is low, which severely restricts the generalizability of our
findings to a broader population. Therefore, the conclusions presented here should be
considered preliminary and require validation through larger, prospective, multi-center
studies. Furthermore, the absence of a contemporaneous control group of patients with
typical osteoporotic fractures prevents a direct comparison of healing outcomes within
our institution. The retrospective design introduces a potential for selection bias and
inconsistent data recording, which may have influenced the outcomes.

Beyond the general association between prolonged bisphosphonate therapy and AFFs,
our findings underscore the need for a personalized approach in osteoporosis management.
Specifically, the average treatment duration of over seven years in our cohort reinforces the
importance of tailoring therapy length to the individual patient’s risk profile. Monitoring
strategies such as periodic imaging for early signs of incomplete fractures, careful evalua-
tion of prodromal pain, and stratification by clinical risk factors (age, BMI, comorbidities,
previous fractures) may allow for earlier detection and intervention. Personalized treat-
ment adjustments—such as considering a “drug holiday,” switching to anabolic agents like
teriparatide in selected patients, or intensifying monitoring in those at higher risk—could
minimize complications while preserving anti-fracture benefits. Thus, our study supports
the integration of risk-based monitoring and individualized treatment duration into clinical
decision-making for patients on long-term bisphosphonates.



J. Pers. Med. 2025, 15, 565 10 of 11

5. Conclusions
This study highlights a strong correlation between prolonged bisphosphonate use and

the development of atypical femoral fractures (AFFs). It emphasizes the need for careful
risk-benefit assessment before initiating long-term therapies.

Atypical fractures exhibit longer healing times and negatively impact post-surgery
quality of life. Radiolucent lines are identified as a key prognostic factor, and the ASBMR
criteria improve diagnostic accuracy. This study calls for further research to improve
treatment and prevention strategies.

In line with the principles of precision medicine, our results suggest that prolonged
bisphosphonate therapy should not follow a “one-size-fits-all” model. Instead, treatment
duration, monitoring frequency, and therapeutic adjustments should be individualized
according to patient-specific factors, including fracture risk, comorbidities, and early ra-
diographic changes. Personalized strategies—such as identifying those most likely to
benefit from continued therapy versus those who may require alternative treatment or
earlier intervention—represent a crucial step toward improving outcomes and reducing
the burden of atypical fractures in osteoporosis care.
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