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Current pharmacological agents primarily work by 
either reducing bone resorption through osteoclast inhibi-
tion, stimulating bone formation via osteoblast activation, 
or both. Common Anti-Resorptive medications include 
Bisphosphonates (BPs) and denosumab [4]. They act by 
suppressing osteoclast formation, survival, and activity, 
thereby reducing bone resorption and lowering the risk of 
hip and vertebral fractures [5, 6]. Notably, long-term Anti-
Resorptive therapy may be associated with rare but serious 
adverse effects including Osteonecrosis of the Jaw (ONJ) 
and Atypical Femoral Fractures (AFFs). Although ONJ 
occurs most frequently in oncology patients receiving high-
dose therapy, its incidence is substantially lower in standard 
OP treatment cohorts [7].

AFFs are defined as rare fractures resulting from low-
energy trauma (e.g., standing-level falls), predominantly 
located in the subtrochanteric or diaphyseal femur (Fig. 
1). According to the 2013 American Society for Bone and 
Mineral Research (ASBMR) Task Force criteria (Table 1), 
a definitive diagnosis requires at least four of the five major 
features to be present, with confounding factors excluded. 

Introduction

Osteoporosis (OP), is a prevalent metabolic bone disease in 
the elderly, characterized by reduced bone mass, microar-
chitectural deterioration, and heightened fracture risk [1, 2]. 
Fractures are the most serious complication, substantially 
compromising patients' quality of life and survival [3].
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Abstract
Purpose of Review  This review evaluates established risk factors, examines pathogenic mechanisms, determines optimal 
treatment durations, and proposes evidence-based management strategies for Osteoporosis to enhance clinical practice.
Recent Findings  Key risk factors include advanced age, Asian descent, prolonged Bisphosphonates therapy (exceeding 
5 years for alendronate or 3 years for zoledronic acid) without drug holidays, and distinct femoral geometry. The underly-
ing pathophysiology is primarily linked to excessive suppression of bone turnover, resulting in progressive microdamage 
accumulation. Current clinical guidelines suggest implementing Bisphosphonates treatment interruptions (1–3 years for oral 
regimens; 3–5 years for intravenous administration) in patients with moderate fracture risk (femoral neck T-score > -2.5). 
Importantly, denosumab withdrawal necessitates a transition to alternative therapies—typically Bisphosphonates or terip-
aratide—to mitigate rebound bone loss. For managing Atypical Femoral Fractures, teriparatide demonstrates efficacy in 
promoting healing of active lesions, whereas intramedullary nailing represents the gold standard for complete fractures or 
high-risk incomplete fractures.
Summary  Atypical Femoral Fractures management requires balancing Anti-Resorptive benefits against risks via individu-
alized treatment, timely drug holidays, and rapid transition to bone-forming agents post-denosumab. Prophylactic surgery 
benefits high-risk fractures. Future research should elucidate denosumab's mechanisms and develop targeted therapies.

Keywords  Atypical Femoral Fractures · Anti-Resorptive medications · Osteoporosis · Drug holidays

Received: 30 May 2025 / Accepted: 8 December 2025
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2026

Atypical Femoral Fractures Induced by Anti-Resorptive Medications

Yanyan Li1 · Yueqing Shi1 · Zhifeng Sheng1 · Xiaoli Qu1

1 3

https://doi.org/10.1007/s11914-025-00948-9
http://crossmark.crossref.org/dialog/?doi=10.1007/s11914-025-00948-9&domain=pdf&date_stamp=2026-1-8


Current Osteoporosis Reports            (2026) 24:2 

Minor features, while often present, are not diagnostic pre-
requisites [8].

AFFs are distinguished from typical osteoporotic frac-
tures by their etiology and anatomical distribution. Unlike 
common fragility fractures of the spine, hip, wrist, and 
proximal humerus, AFFs localize specifically to the sub-
trochanteric region and proximal femoral shaft. Compared 
to typical Osteoporotic femoral fractures (50–130 cases per 
100,000 annually) [9], the absolute risk of AFFs remains 
low, with an annual incidence of 3.0–9.8 per 100,000 in 
patients aged ≥ 65 years, comparable to homicide (1.62 per 

100,000) and fatal motor vehicle accidents (8.4 per 100,000) 
[10].

Femoral shaft fractures with Atypical Features were first 
documented in the 1950 s, preceding the use of bone-active 
medications. Rizzoli et al. found comparable mortality rates 
between these fracture patients and the general popula-
tion [11]. The association with BPs emerged in 2005 when 
Odvina described nine patients on long-term alendronate 
(3–8 years) who developed spontaneous femoral fractures 
with delayed or non-union [12]. Importantly, AFFs also 
occur in individuals without BPs exposure, as evidenced 
by a study identifying 29 cases among 900,000 untreated 
women [13]. Emerging datas suggest a potential associa-
tion with denosumab, with the FREEDOM Extension study 
reporting two cases (0.8 cases per 100,000 annually) [14].

Despite their low incidence, AFFs pose a significant 
clinical concern due to the widespread use of Anti-Resorp-
tive medications. These fractures complicate management, 
worsen clinical outcomes, and substantially impair quality 
of life, prompting rigorous investigation into their pathogen-
esis and risk factors to guide optimal treatment strategies.

What are the Risk Factors for Atypical 
Femoral Fractures?

Previous studies have identified advanced age, Asian eth-
nicity, female, long-term use of BPs without drug holidays, 
high body mass index (BMI), the use of glucocorticoids and 
proton pump inhibitors (PPIs) and some Skeletal morphol-
ogy as major risk factors for AFFs (Table 2) [15, 16]. Addi-
tionally, specific genetic variants and certain autoimmune 
diseases, hypertension and Low serum vitamin D levels 
may require further investigation.

Table 1  2013 revised case definition of Atypical Femoral Fractures by 
the ASBMR task force
Major Criteria Minor Criteria
• The fracture is associated with minimal or no 
trauma, as in a fall from a standing height or less
• The fracture line originates at the lateral cortex 
and is substantially transverse in its orientation, 
although it may become oblique as it progresses 
medially across the femur
• Complete fractures extend through both cortices 
and may be associated with a medial spike; incom-
plete fractures involve only the lateral cortex
• The fracture is noncomminuted or minimally 
comminuted
• Localized periosteal or endosteal thickening 
of the lateral cortex is present at the fracture site 
(“beaking” or “flaring”)

• Generalized 
increase in cor-
tical thickness 
of the femoral 
diaphyses
• Unilateral 
or bilateral 
prodromal 
symptoms such 
as dull or ach-
ing pain in the 
groin or thigh
• Bilat-
eral incomplete 
or complete 
femoral diaph-
ysis fractures
• Delayed frac-
ture healing

ASBMR, American Society for Bone and Mineral Research; AFFs, 
Atypical Femoral Fractures
Adapted from References [8]

Table 2  Risk factors for Atypical Femoral Fractures
Risk Factors for Atypical Femoral Fractures
Uncontrollable Factors Controllable Factors
Established Unestablished Established Unestablished
• Advanced age
• Female
• Asian 
ethnicity
• Skeletal 
morphology 
(e.g., shorter 
hip axis, greater 
varus angle, 
and increased 
curvature)
• Lower BMD

• Genetic pre-
disposition (e.g., 
LOXL4 gene 
mutations)

• Use of Anti-
Resorptive 
medications
• History of 
other medica-
tion use (e.g., 
long-term use 
of antihy-
pertensives, 
proton pump 
inhibitors, 
and glucocor-
ticoids)
• Higher BMI

• Other dis-
eases (e.g., 
autoimmune 
diseases, 
hypertension)
• Low serum 
vitamin D 
levels

BMD, Bone Mineral Density; BMI, Body Mass Index; LOXL4, Lysyl 
Oxidase-Like 4

Fig. 1  Common sites of Atypical Femoral Fractures 
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Age

An epidemiological analysis of 196,129 women identi-
fied 277 cases of AFFs, with an incidence of 1.74 cases 
per 10,000 annually. By age group, the incidence was 0.83 
cases per 10,000 for women aged 50–64, 2.24 for those aged 
65–74, 2.35 for those aged 75–84, and 0.99 for those aged 
85 and older [17]. Overall, the risk of AFFs increased with 
age among BPs users but declined slightly after age 85, 
likely reflecting higher competing mortality [18]. Although 
the absolute incidence remains low, women aged 65–84 
face a comparatively higher risk of AFFs than other fracture 
types in the same age group.

Ethnicity

Epidemiological evidence consistently demonstrates that 
Asian women face a substantially higher risk AFFs [8], 
with studies reporting an annual incidence of 5.95 cases 
per 10,000 annually among BPs users compared to 1.09 per 
10,000 in White women [19, 20]. After adjusting for age 
and treatment duration, Asian women maintain a 5–sixfold 
elevated risk relative to other ethnic groups [21]. These find-
ings underscore the need to incorporate ethnic-specific risk 
assessment into clinical practice and highlight the impor-
tance of optimizing BPs therapy duration and drug holiday 
strategies in this population.

Sex

Schilcher et al. reviewed radiographs of 5,342 Swedish 
women and men aged 55 years or more who had had a frac-
ture of the femoral shaft in the 3-year period 2008–2010 
(97% of those eligible), and found 172 patients with AFFs 
(93% of them women). Women have a higher risk of AFFs 
than men, potentially due to higher prevalence of BPs use 
and distinct skeletal biomechanics. Specifically, women 
generally have narrower femoral dimensions and wider pel-
vises, resulting in increased mechanical stress on the lateral 
femoral cortex and consequently a greater susceptibility to 
fracture [22].

Gene

Genetic studies have identified several gene variants asso-
ciated with AFFs susceptibility. Roca-Ayats et al. identi-
fied mutations through exome sequencing that impair the 
enzymatic functions of the mevalonate pathway (MVD, 
GGPS1, and CYP1A1), which is targeted by BPs to inhibit 
bone resorption. These mutations may amplify or mimic 
the effects of BPs, increasing AFFs risk, necessitating fur-
ther research into their prevalence and association with 

AFFs [8]. Zhou W et al. discovered a LOXL4 gene variant 
(c.G1063A, p.Gly355Ser) associated with AFFs in a white 
family with Osteoporosis, suggesting that LOXL4 variants 
may increase susceptibility to AFFs by promoting abnormal 
collagen metabolism, leading to increased microdamage or 
impaired microcrack repair in the femur [23].

Pharmacological Factors

The association between diabetes and AFFs risk remains incon-
sistent and is likely not a major contributing factor. Glucocor-
ticoid use has been linked to AFFs in most studies, though its 
effect is modulated by dosage, treatment duration, and under-
lying comorbidities [24]. Long-term or high-dose PPIs use 
may elevate AFFs risk, potentially through reduced intestinal 
calcium absorption and direct inhibition of osteoclastic H⁺/
K⁺-ATPase activity. Animal studies support this mechanism, 
showing that PPIs lower serum calcium, osteocalcin, and bone 
resorption markers, suggesting that PPIs contribute to AFF risk 
primarily through suppression of bone turnover [25].

A 2017 retrospective analysis by Koh showed that among 
patients using BPs for over one year, each 1 kg/m2 increase 
in BMI, long-term glucocorticoid use, and prolonged BPs 
use without drug holidays increased the risk of AFFs by 
1.2, 3.0, and 5.2 times respectively [26]. AFFs pathogen-
esis is multifactorial, involving age, sex, ethnicity, medica-
tion exposure, genetic background, and skeletal geometry. 
Future studies should focus on elucidating the interactions 
among these variables to enable more targeted prevention 
and management strategies, particularly in high-risk popu-
lations such as Asian women and long-term BPs users.

What are the Mechanisms of Atypical 
Femoral Fractures Induced by Anti-
Resorptive Medications?

Excessive suppression of bone remodeling represents the 
principal mechanism underlying Anti-Resorptive medica-
tions-induced AFFs, with ethnic disparities in prevalence 
partly explained by variations in lower limb geometry. 
Emerging evidence indicates a multifactorial pathogen-
esis involving alterations in bone microstructure, cytokine 
networks, vascular supply, and collagen cross-linking. 
While current understanding of BPs mechanisms is more 
established, denosumab-associated AFFs are attributed to 
sustained RANKL inhibition and impaired microdamage 
repair—predominantly resulting from prolonged low bone 
turnover rather than rebound effects post-discontinuation. 
Further research is needed to elucidate the integrated effects 
of Anti-Resorptive medications across bone cell popula-
tions and their long-term role in AFFs development [27].
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The frequent bilateral and site-symmetric presentation of 
AFFs further suggests a strong relationship with overall 
lower limb alignment and mechanical axis. Thus, lower 
limb geometry serves as a key modulator of mechanical 
stress, interacting with other risk factors to promote AFFs 
development.

Bone strength depends on both structural and material 
properties. The lateral femoral cortex, being the primary 
tension-bearing surface, sustains the highest tensile stresses, 
thereby increasing fracture susceptibility [34]. Femoral bio-
mechanical alignment—particularly the lateral bending 
angle—strongly influences AFFs location, with greater cur-
vature substantially elevating shaft fracture risk [35]. Clini-
cal evidence from a Japanese case–control study confirmed 
that AFFs patients exhibit significantly increased femoral 
bowing, supporting the direct role of femoral curvature in 
AFFs pathogenesis [36].

Comparative anatomical studies show that Asian women 
typically exhibit shorter femoral necks, smaller neck-shaft 
angles, and greater femoral curvature than Caucasian 
women (Fig.  2), providing an anatomical basis for their 
higher AFFs incidence [37]. Bone architecture adapts to 
mechanical loads according to Wolff's law: trabeculae align 
along stress trajectories, with vertically oriented columns 
resisting compression and horizontal ones managing ten-
sion. This adaptive capacity implies that physical activity 
enhances bone strength, whereas disuse accelerates bone 
loss. The femoral varus angle theory further posits that the 
distinct femoral geometry in Asian populations increases 
mechanical stress concentration, thereby predisposing to 
AFFs development [38].

The unique femoral geometry in Asian women—charac-
terized by a shorter hip axis length, greater varus angle, and 
increased curvature—concentrates mechanical stress on the 
lateral femoral cortex, thereby establishing it as a significant 
anatomical risk factor for atypical femoral fractures.

What are the Optimal Treatment Durations 
for Different Anti-Resorptive Medications?

BPs represent the most widely used Anti-Resorptive medi-
cations in OP, with established therapeutic durations guiding 
clinical practice. Current guidelines recommend evaluating 
the risk–benefit profile, bone mineral density (BMD), and 
bone turnover markers (BTMs) in patients receiving alen-
dronate beyond five years or zoledronic acid beyond three 
years to determine the appropriateness of a drug holiday. In 
contrast, drug holidays are generally not advised for shorter-
acting Anti-Resorptive medications such as denosumab; 
discontinuation instead necessitates sequential therapy to 
preserve treatment gains.

Suppression of Bone Remodeling

The repair of stress fractures involves two phases: initial cal-
lus bridging between endosteal and periosteal surfaces pro-
vides mechanical stability, followed by bone remodeling to 
eliminate microdamage. BPs bind to bone hydroxyapatite and 
suppress osteoclast activity, thereby inhibiting the remodeling 
phase. Although BPs do not impair callus formation, their sup-
pression of bone turnover permits the accumulation and prop-
agation of microcracks. Once these cracks reach a critical size, 
low-energy trauma may result in complete fractures. This is 
evident in both animal and human studies. Furthermore, BPs 
therapy can elevate bone mineralization and reduce tough-
ness, collectively exacerbating fracture susceptibility [13, 28].

Animal model evidence  from  beagle dogs  by Mashiba 
et al. demonstrated that BPs suppress osteoclast activity, 
thereby reducing bone resorption and the activation fre-
quency of remodeling units. This leads to decreased bone 
formation and impaired repair of physiological micro-
damage, resulting in a 2- to 7-fold increase in microcrack 
accumulation compared to untreated individuals [29, 30]. 
Prolonged treatment also promotes secondary mineraliza-
tion, increasing bone hardness at the expense of toughness—
which declines by approximately 20% without changes in 
bone mass. It is a consistent finding in beagle dog model. 
Mechanically, these changes manifest as elevated Young’s 
modulus, reduced ultimate tensile strength, and a diminished 
area under the stress–strain curve, collectively indicating 
severely compromised fracture resistance [31].

BPs exert dual suppression on bone remodeling: beyond 
inhibiting osteoclast activity, they directly impair osteo-
blast function by reducing osteoprogenitor recruitment and 
lowering bone formation frequency [32]. In vitro studies 
indicated that while low concentrations (10⁻⁹–10⁻⁶ M) may 
transiently stimulate osteoblasts, higher levels (> 10⁻5 M) 
inhibit differentiation and mineralization [33]. This com-
bined suppression of resorption and formation disrupts 
remodeling balance, leading to progressive microdamage 
accumulation in high-stress regions like the lateral femoral 
cortex. The resulting decline in bone toughness and repair 
capacity synergistically elevates the risk of AFFs [32, 33].

In summary, while BPs effectively reduce bone resorp-
tion and increase density, excessive suppression of remod-
eling promotes microcrack accumulation, enhances bone 
brittleness, and elevates fracture risk. Thus, AFFs arise 
from the synergistic interaction of prolonged BPs-induced 
low bone turnover and compromised microdamage repair.

Lower Limb Geometry

The geometric morphology of the hip and proximal femur 
governs stress distribution across the lateral femoral cortex. 
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medications (e.g., benzodiazepines [43]), short stature, 
Asian ethnicity [41], rheumatoid arthritis, or prolonged 
PPIs/corticosteroid use should be incorporated into a per-
sonalized risk–benefit assessment to optimize the timing 
and duration of treatment interruption.

Prior to initiating a drug holiday, clinicians should assess 
cumulative BPs exposure by reviewing treatment duration 
and adherence. As sustained administration is necessary to 
maintain osteoclast suppression during the treatment pause, 
patients with documented poor adherence and consequently 
lower drug exposure should generally defer the start of a 
holiday [44].

Duration and Discontinuation of Drug Holidays

To balance AFFs risk against fracture protection, a drug 
holiday of 1–3 years is recommended for oral BPs, while 
a longer period (e.g., 3–5 years) is advised for intravenous 
formulations due to their extended half-life [45]. Holiday 
duration should be adjusted based on regular monitoring or 
the occurrence of new fractures.

BTMs and BMD are key indicators for deciding whether 
to continue a drug holiday.

BTMs are functionally divided into two categories: bone 
resorption markers, primarily serum C-terminal telopeptide 

Drug Holiday of Bisphosphonates

Timing for Initiating a Drug Holiday

The decision to initiate a BPs drug holiday should be based 
on a comprehensive assessment of fracture risk, includ-
ing factors such as age, fracture history, ethnicity, fall risk, 
comorbidities, and concomitant medications (e.g., gluco-
corticoids or aromatase inhibitors). A femoral neck BMD 
T-score greater than −2.5 is widely used as a key criterion, 
reflecting sufficiently low fracture risk to justify temporary 
treatment discontinuation [39].

Suitable candidates for a BPs drug holiday gener-
ally include patients with no history of fragility frac-
tures, low fracture risk (femoral neck T-score ≥ −2.5 [40]), 
age < 70 years, absence of Osteoporosis-related comorbidi-
ties or medications, and completion of the recommended 
treatment course (e.g., > 5 years of alendronate or > 3 years 
of zoledronic acid) [39]. Conversely, drug holidays should 
be avoided in patients with very high fracture risk, such 
as those with a recent fragility fracture, T-score ≤ −3.0, 
age > 70 years, or long-term glucocorticoid use; such indi-
viduals may require up to ten years of BPs therapy before 
transitioning to bone-forming medications [41]. Addi-
tional factors such as prior fracture history [42], fall-risk 

Fig. 2  Schematic diagram of femoral geometry in Asians and Caucasians
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therefore recommended in the first year, including repeated 
BMD assessment, with prompt initiation of sequential ther-
apy such as BPs or teriparatide to maintain bone health [49] 
(Table 3).

When Does the Risk Return to a Safe Level 
After Drug Discontinuation?

 Discontinuation of BPs is a critical factor in reducing the risk 
of AFFs.

Even among individuals who have never used BPs, 
the absolute risk of AFFs is 0.03 to 0.07 cases per 10,000 
annually. Among prior BP users, AFF risk varies with treat-
ment duration. After < 5  years of use, incidence falls to 
0.1 per 10,000 annually after > 4 years off treatment, near-
ing baseline levels and permitting retreatment if needed. 
After ≥ 5 years of use, incidence declines to a nadir of 1.91 
per 10,000 annually at 1.25–4 years post-cessation, remain-
ing elevated above non-users with no further decline there-
after (Fig. 3). Thus, in this group, reinitiation of therapy may 
be considered within 1.25–4 years after stopping, based on 
clinical indication [50].

Upon diagnosis of AFFs, BPs therapy should be discon-
tinued immediately while maintaining calcium and vitamin D 
supplementation. Analgesia and assisted weight-bearing are 
recommended to relieve pain and support healing. Teripara-
tide may be initiated in the perioperative period as an adjuvant 
pharmacological treatment to enhance fracture repair [50, 51].

A previous study of 51 postmenopausal women (≥ 5 years 
postmenopause) with OP and recent lumbar fractures found 
that an average of 19 months of teriparatide treatment signifi-
cantly reduced fracture rates, increased BMD, improved tra-
becular microstructure, and thickened cortical bone compared 
to controls [52]. These results support the efficacy of teripara-
tide in preventing subsequent fractures in high-risk patients.

Intramedullary nailing is the preferred surgical treatment 
for AFFs, offering both therapeutic and prophylactic bene-
fits. For incomplete fractures, it can relieve pain and prevent 
progression to complete fractures. The decision between 
prophylactic nailing and close observation should be guided 
by a structured risk assessment. Patients with a score below 
7 may be managed with observation, while those scoring 
above 8 are candidates for prophylactic fixation due to their 
high risk of fracture progression [53] (Table 4).

For complete AFFs, a radiolucent lateral cortical line 
confirms fracture completion, and intramedullary nailing 
remains the primary surgical recommendation. However, in 
cases with significant femoral bowing, narrow canals, exist-
ing implants, or prominent endosteal callus, nail insertion 
may be challenging, and plate fixation serves as an effective 
alternative.

(CTX) and N-terminal telopeptide (NTX) of type I colla-
gen, and bone formation markers, notably the N-terminal 
propeptide of type I collagen (PINP). CTX and PINP have 
been established as reference standards for assessing bone 
resorption and formation by The National Bone Health 
Alliance, in conjunction with the American Association for 
Clinical Chemistry. Monitoring their longitudinal changes 
facilitates detection of treatment-related bone density modi-
fications and supports evidence-based treatment decisions.

In clinical practice, elevated serum CTX levels during 
treatment may indicate poor adherence or reduced drug bio-
availability, necessitating therapy reassessment. Guidelines 
recommend resuming treatment if CTX normalizes during 
a drug holiday. Conversely, rising PINP levels reflect recov-
ering osteoblast function, whereas persistently suppressed 
PINP suggests inadequate bone formation recovery and 
warrants drug holiday reevaluation [46]. Currently, stan-
dardized PINP thresholds for guiding drug holidays remain 
undefined, representing a significant evidence gap for future 
studies.

BTMs help predict BMD trends, with elevated lev-
els often preceding BMD loss and increased fracture risk. 
BTMs comprise resorption markers (e.g., CTX, NTX) and 
formation markers (e.g., P1NP), which reflect bone turnover 
activity. During a drug holiday, persistently low BTMs with 
stable BMD suggest continued treatment effect, supporting 
holiday extension. Declining BMD despite stable BTMs 
may indicate impaired bone formation, warranting con-
sideration of anabolic medications like teriparatide. A con-
current rise in BTMs and decline in BMD signal renewed 
bone resorption and weakening of BPs suppression, indicat-
ing treatment should be resumed [40]. Given the sustained 
effect of BPs, frequent BMD monitoring is unnecessary. 
For less potent medications (e.g., risedronate), BMD may 
be reassessed one year after discontinuation, whereas for 
potent medications (e.g., alendronate, zoledronic acid), a 
2–3 year interval is appropriate [47].

In clinical practice, symptoms such as height loss or 
thigh/back pain warrant imaging to assess fracture risk and 
determine whether to end a drug holiday.

Sequential Treatment After Discontinuation of 
denosumab

The optimal management of denosumab discontinuation 
focuses on sequential therapy to prevent rapid bone loss. 
Although treatment cessation may be considered in low-
risk patients, this carries a risk of rebound vertebral frac-
tures. Evidence shows that lumbar spine and total hip BMD 
decline by 6.6% and 5.3%, respectively, within the first 
year after discontinuation, with stabilization near baseline 
levels during the second year [48]. Intensive monitoring is 
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Conclusion

Although Anti-Resorptive medications are first-line OP treat-
ments, prolonged BPs use increases AFFs risk, particularly 
in older Asian women receiving continuous therapy. Opti-
mal management involves personalized risk–benefit evalua-
tion, controlled treatment duration, and timely drug holidays. 
Evidence-based strategies include selecting appropriate 

Nonunion and implant failure represent common com-
plications following surgical repair of AFFs, frequently 
requiring revision procedures. A systematic review of 348 
complete AFFs cases revealed a revision rate of 6.45% for 
patients managed with full-length intramedullary nailing, 
compared to 31.3% for those receiving plate fixation [50].

These findings support the development of a standard-
ized treatment protocol for AFFs (Fig. 4).

Categories of 
Anti-Resorptive 
Agents

Optimal Duration 
of Use

Influencing Factors Post-Cessation Evaluation 
Timeline

Assessment 
Metrics

Bisphosphonates • Consider a 
drug holiday for 
patients who have 
used alendronate 
for five years or 
zoledronic acid 
for three years
• The drug holi-
day typically lasts 
3–5 years, with 
the exact duration 
determined by 
reassessment of 
BMD and BTMs 
to decide whether 
to end the holiday
• A drug holiday 
may be postponed 
when the risk of 
fracture is high 
[40]

•Vertebral Imaging 
Assessment
•Height
•History of 
Fractures
•Ethnicity
•Age
•Risk of Falls
•Other Chronic 
Conditions
•Long-term Medica-
tion Use [49]

• Patients who have taken 
risedronate should undergo 
BMD and BTMs reas-
sessment one year after 
discontinuation
• Patients who have taken 
zoledronic acid or alendro-
nate should undergo BMD 
and BTMs reassessment 
within 2–3 years after 
discontinuation [47]

• Continue the 
drug holiday 
when BTMs 
decreases and 
BMD remains 
stable
• Consider 
terminat-
ing the drug 
holiday 
when BTMs 
increase 
and BMD 
decreases
• Consider 
using bone-
forming 
agents such 
as teriparatide 
when BTMs 
are stable 
but BMD 
decreases [40]

Denosumab • Consider 
discontinuing 
Denosumab when 
the risk of frac-
ture is low; utilize 
BPs to consoli-
date outcomes 
12 months after 
cessation [48]

• There is no 
significant cor-
relation between the 
incidence of AFFs 
and the duration of 
denosumab use
• Rebound after 
discontinuation 
of denosumab is 
related to the dura-
tion of treatment: 
if used for more 
than 2.5 years, 
bone loss is more 
severe and requires 
a longer subsequent 
treatment period; if 
used for less than 
2.5 years, BMD is 
consolidated with 
subsequent treat-
ment [49]

Short-term Treatment:
•Medication duration is 
one year post-discontinua-
tion; utilize zoledronic acid 
or alendronate; conduct 
DXA scan and measure 
CTX 6 months after dis-
continuation [51]
Long-term Treatment:
•Medication duration 
is one year; administer 
zoledronic acid injec-
tions at 6-month intervals; 
perform DXA scans at 3 
and 6 months post-discon-
tinuation; measure CTX 
6 months after initiating 
alendronate or zoledronic 
acid [49]
• Monitor patients regu-
larly with BTMs and DXA 
in the years following 
denosumab discontinua-
tion [51]

• If CTX 
levels rise 
above the 
average pre-
menopausal 
reference 
range, the 
patient should 
be switched 
to zoledronic 
acid
• If the 
response to 
the medica-
tion is insuf-
ficient upon 
reassessment, 
additional 
treatment 
should be 
considered 
[49]

Table 3  Recommendations for 
discontinuation of Anti-Resorp-
tive medications

AFFs, Atypical Femoral Fractures; BPs, Bisphosphonates; BMD, Bone Mineral Density; BTMs, Bone Turn-
over Markers; CTX, C-terminal telopeptide of type I collagen; DXA, Dual-energy X-ray Absorptiometry
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This review synthesizes current evidence on Anti-Resorp-
tive medications-related AFFs, addressing risk factors, patho-
genic mechanisms, and clinical risk–benefit balance. We 
integrate established risks (e.g., advanced age, Asian ethnic-
ity, female sex, prolonged BPs use) with emerging predictors 
(e.g., genetic susceptibility) into a cohesive risk-assessment 
framework. Evidence-based recommendations are provided 
for personalizing treatment duration across Anti-Resorptive 
medications and managing post-discontinuation risks. The 
review further translates recent evidence into actionable clini-
cal strategies for AFFs prevention and management, aiming 
to bridge research insights with practical patient care.

Future studies should clarify the precise mechanisms of 
BPs action to enable development of safer, more effective 

medications, adhering to recommended durations, avoiding 
excessive dosing, and regularly monitoring BMD and BTMs. 
These pharmacologic approaches should be combined with 
balanced nutrition, weight-bearing exercise, and adequate 
vitamin D exposure for comprehensive fracture prevention.

Table 4  Risk assessment tool for evaluating the progression of incom-
plete AFFs to complete AFFs in patients

Score
Variable 1 2 3
Site Others Diaphyseal Subtrochanteric
Pain None Mild Functional
Contralateral Complete Incomplete Intact
Radiolucent line Focal change  < 1/2  > 1/2
Adapted from References [53]

Fig. 4  Treatment protocol for Atypical Femoral Fractures. AFFs, Atypical Femoral Fractures

 

Fig. 3  Incidence of Atypical 
Femoral Fractures per 10,000 
individuals stratified by duration 
of Bisphosphonates use and time 
since discontinuation (Adapted 
from References [51])
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proton pump inhibitors, which are key points in the 
manuscript’s risk factor analysis.

	● Khan TS, Sinha P, Rosen H. To repeat or not to re-
peat? Measuring bone mineral density during anti-re-
sorptive therapy or a drug holiday. Cleve Clin J Med. 
2023;90(3):173–80. doi: 10.3949/ccjm.90a.22071.

The study discusses BMD monitoring during Anti-
Resorptive therapy or drug holidays, providing ev-
idence-based guidance for the manuscript’s recom-
mendations on optimizing treatment durations.

	● Sølling AS, Tsourdi E, Harsløf T, Langdahl BL. de-
nosumab Discontinuation. Curr Osteoporos Rep. 
2023;21(1):95–103. doi: 10.1007/s11914-022-00771-6.

Focused on denosumab discontinuation, this paper 
highlights the necessity of sequential therapy (e.g., 
Bisphosphonates or teriparatide) to prevent rapid 
bone loss, directly supporting the manuscript’s ad-
vice on post-denosumab management.

	● Veronese N, Briot K, Guañabens N, Albergaria BH, Alokail 
M, Al-Daghri N, et al. Recommendations for the optimal 
use of bone forming agents in osteoporosis. Aging Clin Exp 
Res. 2024;36(1):167. doi: 10.1007/s40520-024–02826-3.

This work provides recommendations for the optimal 
use of bone-forming agents after Bisphosphonate 
therapy, aligning with the manuscript’s emphasis on 
individualized treatment plans and timely transitions 
to anabolic therapies to reduce AFFs risks.
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alternatives. While BPs-related AFFs are well character-
ized, denosumab-associated cases require further investiga-
tion into their mechanisms, optimal treatment duration, and 
drug holiday strategies. Although femoral fractures remain 
the primary focus, reports of atypical fractures at other sites 
(e.g., ulna, tibia, vertebrae) warrant systematic evaluation. 
Critical priorities include developing targeted therapies and 
establishing evidence-based diagnostic and management 
protocols to improve outcomes for affected patients.
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