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A pproximately 2 hip fractures occur every minute in the
US, and approximately 27 per minute worldwide.
Most hip fractures occur among older adults with acci-

dental falls.1 Lifetime risks of hip fracture are 22.9% in women
and 10.7% in men at age 50 years and 19.3% and 9.1%, respec-
tively, at age 80 years.2 Among 66 746 patients with hip fracture,
11 899 (20%) died during 12-month follow-up. Hip fractures cause
impaired mobility, pain, and substantial health care costs.3,4 This
review summarizes current evidence regarding the epidemiology,
pathophysiology, diagnosis, treatment, and prevention of hip
fractures.

Methods

We searched PubMed for English-language studies published be-
tween January 1995 and November 2025, using the search terms
hip fracture, falls, fall risk, fracture rehabilitation, and fracture liaison
service for clinical trials, observational studies, practice guidelines,
meta-analyses, and systematic reviews. Additional articles were iden-
tified from references of articles identified in the search. Of 5454
identified articles, 101 were included, consisting of 11 randomized
clinical trials, 21 meta-analyses, 15 reviews, 13 clinical guidelines or

IMPORTANCE More than 14.2 million people worldwide and 280 000 in the US experience
a hip fracture each year. The median 1-year mortality rate after a hip fracture is 22% and
approximately 42% to 71% of patients regain their prefracture level of basic activities of daily
living within 6 months.

OBSERVATIONS Hip fractures are classified as intracapsular or extracapsular and most com-
monly occur after a fall. Intracapsular hip fractures include femoral neck (34%) and femoral
head (rare). Extracapsular fractures consist of intertrochanteric (48%) and subtrochanteric
fractures (5.8%). In the US, between 2008 and 2017, hip fractures were associated with
1-year mortality rates of 26.9% among men and 18.5% among women. Older age is a major
risk factor for hip fracture, with a hazard ratio of 1.35 (95% CI, 1.25-1.47) per 5-year increase in
age. Women have higher incidence of hip fractures than men due to accelerated bone loss
after menopause and higher incidence of falls. Other risk factors for hip fractures include low
bone mineral density (bone density of 1 SD or below that of healthy young adults measured
by dual-energy x-ray absorptiometry), prior fracture, and factors contributing to falls, such as
weak muscles, poor visual acuity, and smoking. Surgery for hip fracture typically consists of
hip joint replacement or hip joint stabilization, using embedded hardware (open reduction
and internal fixation). Patients with hip fracture benefit from physical therapy and fall
reduction strategies, such as muscle-strengthening exercises and modifying medications
associated with increased fall risk, such as antidepressants, and should be treated with
antiresorptive medications, such as bisphosphonates (alendronate, zoledronic acid) or
denosumab to prevent subsequent fracture. To prevent a hip fracture, patients with
vertebral osteoporosis at the spine may require anabolic therapy, such as teriparatide,
abaloparatide, or romosozumab, before starting an antiresorptive. Hip fractures may lead to
mobility limitations; declines in physical, emotional, and social functioning; and reduced
health-related quality of life.

CONCLUSIONS AND RELEVANCE Hip fractures are common among older people and are
associated with a 1-year mortality rate of 22% and with reduced mobility and quality of life.
Surgical repair for hip fracture typically consists of joint replacement or open reduction and
internal fixation. Hip fracture treatment also includes physical therapy, fall reduction
strategies, and medications to protect against fracture, such as bisphosphonates;
denosumab; or anabolic drugs, such as parathyroid hormone analogues or
romosozumab.
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position statements, 10 epidemiologic studies, and 16 retrospec-
tive observational and 15 prospective observational studies.

Epidemiology
In 2019, approximately 14.2 million people experienced hip frac-
tures and 23.6 million people had a history of hip fracture worldwide.1

A meta-analysis of 9 US observational studies between 2001 and
2018 among adults 60 years and older found that the mean age at
the time of hip fracture was 81 years.3 The global incidence of hip
fractures among adults 55 years and older in 2019 was higher in
women (833.9 per 100 000) than in men (510.0 per 100 000).5

Between 2005 and 2018, the median 1-year mortality rate af-
ter hip fracture was 22% worldwide.5 In the US, from 2008 to 2017,
the 1-year mortality rate after hip fracture was 26.9% among men
and 18.5% among women.3,5 The most common causes of mortal-
ity after hip fracture include pneumonia, sepsis, myocardial infarc-
tion, pulmonary embolism, and cancer.6

After a hip fracture, approximately 20.1% of patients require
long-term nursing facility care and 6.6% become newly eligible for
Medicaid or for a low-income subsidy under Medicare Part D.4 Ap-
proximately 25.5% of adults who experience a hip fracture have an-
other fracture within the subsequent year.7 In 3 observational stud-
ies from the US and Canada that included 1443 patients with hip
fracture, 42% to 71% of patients regained their prefracture level of
basic activities of daily living, defined using the Modified Barthel In-
dex or the Katz Activities of Daily Living Scale, by 6 months.8 Hip
fractures in adults 65 years and older are often associated with de-
clines in physical, emotional, and social functioning, along with re-
duced health-related quality of life.9

Pathophysiology of Hip Fracture
Thinning of cortical bone and loss of trabecular bone with aging are
associated with osteoporosis and increased susceptibility to hip
fracture.10 Osteoporosis is characterized by low bone mineral den-
sity (BMD) and abnormal microarchitecture, with porous cortical
bone thinning and a loss and thinning of trabeculae leading to in-
creased susceptibility to fractures.11 Hip fracture occurs when the
force applied to the hip exceeds its strength. Therefore, the key de-
terminants of hip fracture risk are bone strength and excessive forces
exerted on the hip during a fall. Some risk factors for hip fracture,
such as older age, low level of physical activity, and poor nutrition,
contribute to both low bone strength and high fall risk (Figure 1).12

Clinical Presentation and Diagnosis
More than 95% of hip fractures occur after a fall13 and present with
hip pain and an externally rotated leg. Plain radiographs are at least
90% sensitive for hip fractures.14 Only approximately 1% of pa-
tients with a likely hip fracture who do not have a fracture on radio-
graph but for whom the clinician suspects a fracture based on pain
and immobility should undergo computed tomography or mag-
netic resonance imaging.15 Hip fractures are classified as either in-
tracapsular or extracapsular, depending on whether the fracture is

within or outside of the fibrous capsule that surrounds the hip joint.
Intracapsular hip fractures include femoral neck fractures (34% of
all hip fractures) and femoral head fractures (rare), whereas extra-
capsular fractures include intertrochanteric (48% of all hip frac-
tures) and subtrochanteric fractures (5.8% of all hip fractures); 11.8%
of hip fractures could not be classified (Figure 1).16

Risk Factors for Hip Fracture
Hip fractures are uncommon before age 70 years, but the inci-
dence progressively increases after age 70 years.17 In a global study
of 9 578 000 hip fractures in men and women, 1 189 000 hip frac-
tures occurred in people aged 70 to 74 years and 4 111 000 oc-
curred in people 80 years and older.18 In men and women with BMD
T-scores of less than −2.5 SD, the 10-year probability of hip fracture
increased from 5.2% in men and 2.9% in women at age 50 years to
21.2% and 23.8%, respectively, at age 80 years.19 Female sex is as-
sociated with higher rates of hip fracture because of accelerated bone
loss after menopause and because older women have higher rates
of falling than older men.20 Based on self-reported race in a large
study of women, the highest age-standardized hip fracture inci-
dence rates per 10 000 person-years occurred in women who were
White (38% [95% CI, 37%-39%]) compared with women who were
Asian (17% [95% CI, 14%-22%]) or Black (9% [95% CI, 8%-11%]).21

Reasons for racial differences in hip fracture incidence are unclear
but may be due to variation in BMD, life expectancy, hip axis length
and femoral geometry, skeletal microarchitecture, or genetic fac-
tors (Box).22,23

Certain lifestyle factors have been associated with an increased
risk of hip fractures. A meta-analysis of 18 prospective cohorts in men
and 23 prospective cohorts in women reported that current smok-
ing was associated with a 1.7-fold increased risk of hip fracture (men,
95% CI, 1.5-2.1; women, 95% CI, 1.5-1.8) compared with people who
never smoked, after adjusting for age and time since baseline (abso-
lute rates not available).24 In 3 longitudinal observational cohorts that
included 17 379 men and 13 393 women 20 years or older, men who
currently smoked cigarettes had a hip fracture incidence of 1.7 per
1000 person-years vs 0.8 per 1000 person-years in men who had
never smoked cigarettes. Among women, hip fracture incidence rates
were 3.1 per 1000 person-years for those who smoked cigarettes and
3.5 per 1000 person-years for women who never smoked cigarettes.25

In a meta-analysis of 8 cohort studies involving 240 871 individuals
(64% women), daily alcohol consumption of 3 and 4 standard drinks
(1 beer, wine, or mixed drink) was associated with an increased hip frac-
ture risk (risk ratio [RR], 1.33 [95% CI, 1.04-1.69]; RR, 1.59 [95% CI, 1.23-
2.05], respectively) compared with people who did not drink any al-
cohol (absolute rates not available).26 In pooled data from 3
longitudinal observational cohorts of 17 868 men and 13 917 women,
men who consumed 42 to 69 drinks per week had a hip fracture rate
of 2.05 per 1000 compared with men who consumed less than 1 drink
per week, who had a hip fracture rate of 1.90 per 1000. For women,
the rates of hip fracture were not higher with greater alcohol intake,
but fewer women consumed as much alcohol as men.27 In the Swed-
ish National March Cohort, a longitudinal observational cohort of
23 881 participants 50 years and older who were followed up for a
mean of 12.2 years, participants in the lowest range of physical activ-
ity (<30.8 metabolic equivalent task h/wk) had a hip fracture rate of
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3.5 per 1000 person-years compared with those with physical activ-
ity of more than 44.4 metabolic equivalent task h/wk (2.5 per 1000
person-years).28

In a 6-year longitudinal study of 1746 older men and women,
low dietary protein intake (63 g/d median intake in the lowest quar-
tile) was associated with greater muscle strength decline (0.17%-
0.27% loss per year) in the lowest quartile of protein intake com-
pared with gains of 0.52% to 0.60% per year in the highest
quartile.29 In a cluster randomized trial, 60 accredited residential
aged care facilities in Australia (including 7195 predominantly am-
bulatory residents) were randomized to receive either an interven-
tion that provided additional milk, yogurt, and cheese to increase
calcium and protein intake or a control group that received no supple-
mentation. At 2-year follow-up, the intervention reduced hip frac-
ture rates by 46% (1.3% vs 2.4%; P = .005) and lowered fall rates
by 11% (cumulative incidence, 57% [n = 1879] vs 62% [n = 2423];
P = .04).30

Although childhood rickets due to severe vitamin D deficiency
produces clinically observed muscle weakness, the role of vitamin D
deficiency on muscle function in adults is unclear. A systematic re-
view and meta-analysis of 54 randomized clinical trials involving 8747
individuals showed no effect of vitamin D supplementation on mea-
sures of muscle function, such as strength and physical performance
measures, compared with placebo.31 In the Vitamin D and Omega-3
Trial (VITAL) of 25 871 participants (men aged �50 years and women
aged �55 years), compared with placebo, vitamin D supplementa-
tion did not significantly reduce falls.32 However, in a clinical trial in
which 124 nursing home residents were randomized to receive vita-
min D supplementation (200 IU, 400 IU, 600 IU, or 800 IU) or pla-
cebo daily for 5 months, compared with placebo, 800-IU vitamin D
significantly reduced falls (9 falls among 23 individuals in the 800-IU
group vs 31 falls among 25 in the placebo group; P < .05).33

Medical conditions such as Parkinson disease, chronic liver dis-
ease, and diabetes are associated with higher rates of hip fractures,

Figure 1. Illustration of Hip Fracture Classifications and Risk Factors for Hip Fracture in Older Adults
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The key determinants of hip fracture risk are the likelihood of falling and bone
strength. Risk factors for falls and bone strength are shown, with determinants
influencing the risk of hip fracture through falls and bone strength. The most
widely adopted and studied risk assessment tool is the Fracture Risk
Assessment Tool, which provides a country-specific estimate of 10-year
probability of hip fracture and considers the competing risk of mortality based
on various clinical risk factors, including age, sex, height, weight, previous

fracture, parent fractured hip, current smoking, glucocorticoid use, rheumatoid
arthritis, secondary osteoporosis, and alcohol use, with or without femoral neck
bone mineral density.12

BMI indicates body mass index (calculated as weight in kilograms divided by
height in meters squared).
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likely because they are associated with increased rates of falling or
reduced bone strength (Table 1).34-39 Medications such as gluco-
corticoids, aromatase inhibitors (letrozole or anastrozole), and an-
tidepressants (amitriptyline or fluoxetine) have also been associ-
ated with an increased risk of hip fractures, most likely due to bone
loss or increased risk of falls (Table 1).39-44

Risk Factors for Reduced Bone Strength
In a meta-analysis of 53 cohorts including 307 205 people followed
up for 2.7 million person-years, the hazard ratio (HR) for incident hip
fracture per SD-lower BMD was 2.31 (95% CI, 2.18-2.46) in men and
2.03 (95% CI, 1.91-2.16) in women, with adjustment for age and time
since baseline (absolute rates not available).45 In a meta-analysis of
64 prospective cohorts including 39 358 hip fracture cases, any prior
fracture was associated with a 1.43-fold (95% CI, 1.30-1.56) in-
creased risk of hip fracture, even after adjustment for age, time since
baseline, and femoral neck BMD.45 In a longitudinal observational
study of community-dwelling individuals (1760 men, 2245 wom-
en) followed up for up to 16 years, rates of subsequent fractures af-
ter an initial hip fracture were 81 and 89 per 1000 person-years for
men and women, respectively.46 More than 55% of patients with a
hip fracture within the past 6 months have an existing vertebral
fracture.47

Among 796 081 postmenopausal women followed up for 8
years, 5734 (0.7%) sustained a femoral neck fracture, and taller
women had a greater adjusted risk (RR, 1.48 [95% CI, 1.39-1.57] per
10-cm increase) (absolute rates not available).48 The incidence of
femoral neck fracture was 730 per 1 111 000 woman-years in the
shortest height group (<155 cm) and 1273 per 1 031 000 woman-

years in the tallest group (�170 cm).48 In contrast, lower body mass
index (BMI; calculated as weight in kilograms divided by height in
meters squared) is associated with higher hip fracture risk. A meta-
analysis of 1 667 922 men and women identified in 32 countries and
followed up longitudinally reported that underweight (BMI <18.5)
was associated with an increased adjusted risk of hip fracture in both
women and men compared with BMI in the normal range (absolute
rates not available; HR, 1.69 [95% CI, 1.47-1.69]; HR, 1.46 [95% CI,
1.00-2.13]).49 Class II or higher obesity (BMI �35) was associated with

Box. Frequently Asked Questions About Hip Fracture

How should patients be evaluated for risk of hip fracture?
The risk for hip and other fragility fractures can be evaluated using
online risk calculators, such as the Fracture Risk Assessment Tool
(FRAX), which offers several versions based on availability of bone
mineral density, the patient’s country, and self-reported race and
ethnicity. Low bone mineral density of the hip measured using
dual-energy x-ray absorptiometry is associated with risk for hip
fracture.

What are primary prevention measures for patients at high risk of
hip fracture?
Patients at high risk of fracture should take calcium and vitamin D
supplements if their dietary intake does not meet the
recommended daily allowance for calcium (1000 to 1200 mg/d)
and vitamin D (600/800-1000 IU/d). Multidimensional fall risk
assessment followed by multifactorial interventions reduce falls.
High-risk patients should also be treated with an antiresorptive
medication, such as bisphosphonates or denosumab, or anabolic
drugs, such as parathyroid hormone analogues and sclerostin
inhibitors, to decrease the risk of hip fracture.

What are secondary prevention measures for patients
with hip fracture?
Secondary fracture prevention includes medications
(bisphosphonates [intravenous infusion of zoledronic acid during
hospitalization], denosumab, teriparatide, abaloparatide,
romosozumab) and fall prevention interventions, such as muscle
strengthening of the lower extremities and improving balance.

Table 1. Medical Conditions and Medications Associated With Increased
Hip Fracture Risk34-44

Disease or medication Association with bone strength and fall risk
Endocrine disorders

Types 1 and 2 diabetes Poor bone quality and increased fall risk due to
diabetic neuropathy, diabetic retinopathy,
hypoglycemic events, and sarcopenia

Hyperthyroidism Reduced bone density and muscle weakness

Metabolic disorders

Chronic kidney disease Reduced bone density and muscle weakness

Chronic liver disease Reduced bone density and muscle weakness

Alcohol use disorder Reduced bone density and increased fall risk
due to intoxication

Parkinson disease Increased fall risk due to postural instability
and impaired balance and gait and potentially
reduced bone densitya

Dementia Increased fall risk due to impaired balance,
confusion, muscle weakness, and medication
use

Rheumatologic disorder

Rheumatoid arthritis Reduced bone density due to chronic
inflammation and medication use, such as
glucocorticoids, and increased fall risk due to
pain and functional impairment

Nutritional/gastrointestinal disorders

Chronic malnutrition,
chronic malabsorption
(eg, celiac disease,
inflammatory bowel
disease)

Reduced bone density and sarcopenia

Medications

Glucocorticoids
(hydrocortisone,
prednisone)

Reduced bone density and muscle weakness

Aromatase inhibitors
(anastrozole)

Reduced bone density

Androgen deprivation
(leuprolide)

Reduced bone density and sarcopenia

Thiazolidinediones
(pioglitazone, rosiglitazone)

Reduced bone density

Vasodilators (nitroglycerin,
hydralazine)

Increased fall risk due to orthostatic
hypotension or fainting

Benzodiazepines (diazepam,
clonazepam)

Increased fall risk due to dizziness and sedation

Antidepressants (SSRIs,
TCAs)

Increased fall risk due to dizziness, orthostatic
hypotension, and sedation; SSRIs reduce bone
densityb

Antipsychotics (haloperidol,
quetiapine)

Increased fall risk due to dizziness and sedation

Abbreviations: SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic
antidepressant.
a Parkinson disease potentially reduces bone density due to reduced

weight-bearing physical activity and by the direct effect of dopamine
depletion on the skeleton.

b SSRIs increase bone turnover, resulting in bone loss and increased risk for
fracture.
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higher hip fracture risk compared with normal BMI after adjusting
for BMD (HR for women, 1.24 [95% CI, 0.97-1.58]; HR for men, 1.70
[95% CI, 1.06-2.75]).49 In a prospective study of 6785 White women
65 years and older, weight loss of 5% or more was associated with
a 79% higher hip fracture risk compared with those with stable or
increasing weight, after adjusting for baseline weight, BMD, and mul-
tiple clinical risk factors (absolute rates not available).50

Genetic factors are associated with risk for hip fracture. In a
meta-analysis of 350 542 men and women from 42 cohorts in 29
countries followed up for 2.8 million person-years, history of hip frac-
ture in a parent was associated with an HR of 1.37 (95% CI, 1.23-
1.52) for hip fracture independent of BMD (absolute rates not
available).51 In a cohort of 33 432 Swedish twins, the genetic asso-
ciation (heritability: range, 0-1.0, where 1.0 = all the variation in the
likelihood of hip fracture within a given population is caused by ge-
netic differences, with no contribution from environmental fac-
tors) for hip fractures was higher before age 69 years (heritability,
0.68 [95% CI, 0.41-0.78]) than for hip fractures after age 79 years
(heritability, 0.03 [95% CI, 0-0.26]).52 In a genome-wide associa-
tion study meta-analysis (5 cohorts from European biobanks that
included 11 516 hip fracture cases and 723 838 controls), 5 genome-
wide significant loci were associated with increased risk for hip frac-
ture, 4 of which were also associated with lower BMD, and 1 with
falls (APOE locus on chromosome 19q13.32).53 Another combined
genome-wide association study and mendelian randomization analy-
sis (N = 43 485) identified that a more obtuse femoral neck-shaft
angle and a wider femoral neck may be associated with higher risk
of hip fracture (odds ratio, 1.27 [95% CI, 1.12-1.44] vs 0.74 [95% CI,
0.65-0.84]) (absolute rates not available).54

Risk Factors for Falling
History of previous falls, poor vision, poor balance, low muscle mass,
and decreased muscle strength are associated with increased risk
of falling. A meta-analysis of 906 359 women and men from 46 pro-
spective cohorts followed up for 9 102 207 person-years reported
that history of previous falls was associated with a 36% increased
risk of hip fracture (HR, 1.36 [95% CI, 1.23-1.50]) in women and a 59%
increased risk of hip fracture (HR, 1.59 [95% CI, 1.38-1.84]) in men
(absolute rates not available).55 In a prospective cohort of 7575
women 75 years or older (follow-up of 1.9 years, 154 hip fractures),
poorer visual acuity was associated with increased risk of hip frac-
ture after adjusting for age, BMD, and additional fall-related risk fac-
tors (RR, 2.0 [95% CI, 1.1-3.7] for acuity �2/10 vs 7/10; absolute rates
not available).56

Sarcopenia is typically defined by loss of muscle strength, mass,
and function. A meta-analysis of 3 longitudinal studies in older men
(mean age, 72-75 years; N = 10 411) reported that associations be-
tween sarcopenia and incident hip fracture varied by the criteria used
to define sarcopenia and that sarcopenia was significantly associ-
ated with hip fracture, even when BMD was included in the statis-
tical model, with the highest estimate being an HR of 2.36 (95% CI,
1.57-3.56) (absolute rates not available).57

Assessment of Hip Fracture Risk
Risk assessment tools include the Fracture Risk Assessment Tool
(FRAX),12 Garvan Fracture Risk Calculator,58 and QFracture59

(Table 2).60-66 Additionally, the Fracture Risk Assessment in
Long-Term Care (FRAiL) tool can assess 2-year hip fracture risk in
nursing home residents.67 FRAX, the most commonly used and
studied tool, provides the 10-year probability of hip fracture for
individuals aged 40 to 90 years based on clinical risk factors, such
as age, sex, BMI, past history of fracture, and family history of
fracture with or without femoral neck BMD (Figure 1). In a clinical
trial of 12 483 women aged 70 to 85 years randomized to
undergo community-based FRAX screening (n = 6233) or usual
care (n = 6250), women randomized to undergo FRAX screening
had higher use of osteoporosis medication at the end of year 1
compared with usual care (15% vs 4%) and a significantly reduced
hip fracture rate (2.6% vs 3.5%) after 5 years (HR, 0.72 [95% CI,
0.59-0.89]).68 Some bone density devices include software to
estimate the texture of gray-level variations of the vertebral spine
bone, which provides additional fracture risk information that has
been added to FRAX.69 Where available, existing computed
tomography of the hip or spine can be analyzed for bone density
using a US Food and Drug Administration–approved biomechani-
cal computed tomography analysis that predicts fracture risk
similarly to dual-energy x-ray absorptiometry.66

Although falling is a major risk factor for hip fracture, stan-
dard diagnostic tests to assess the risk of falling are not available.
Fall risk assessment by primary care clinicians is recommended
annually for adults 65 years and older or whenever a patient
experiences an acute fall, according to the American Geriatrics
Society and British Geriatrics Society (AGS/BGS) guideline.70 The
US Centers for Disease Control and Prevention initiated the Stop-
ping Elderly Accidents, Deaths, and Injuries program to help clini-
cians follow the AGS/BGS guideline.71 It consists of 2 screening
tools: (1) the self-administered and -validated Stay Independent
12-question tool (score ranges from 0-14, with a score of �4 indi-
cating significantly increased risk for sustaining a fall) and (2) 3
questions asked by a clinician: “do you feel unsteady when stand-
ing or walking?”, “do you worry about falling?”, and “have you
fallen in the past year?”71 An affirmative response to any of these
questions indicates an increased risk of falling. If screening tools
suggest an increased risk of falling, further assessment of gait,
strength, and balance is needed (Figure 2).71,72 The following
tests that objectively evaluate fall risk can be used: Timed Up and
Go, 30-Second Chair Stand, and 4-Stage Balance Test (3 tandem
stands and a 1-legged stance). An alternative fall risk assessment
tool by the World Falls Guidelines Task Force72 divides assess-
ment into preventive (eg, administered at a visit not related to a
fall) encounters vs presentation to a clinician with a fall or fall
injury and depends on identifying gait and balance impairment.
Identifying abnormalities in strength, balance, and gait provides
clinicians with characteristics to target for fall prevention. Multidi-
mensional fall risk assessment followed by multifactorial interven-
tions, some of which are administered by a physical therapist,
reduce subsequent falls.73

Surgical Management
Most hip fractures require hospitalization and surgical interven-
tion. In a systematic review of 28 prospective observational stud-
ies involving 31 242 patients, surgery within the first 48 hours
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after hip fracture was associated with 20% lower mortality (RR,
0.80 [95% CI, 0.66-0.97]) (absolute rates not available).74 For
example, 1 study reported 5 deaths of 51 (10.6%) for patients who
underwent surgery within 48 hours, compared with 9 of 33
deaths (27.3%) in patients whose surgery was performed more
than 48 hours after the fracture; however, adjustment for patient
factors was not performed.75 Surgery for hip fracture typically
consists of hip joint replacement or hip joint stabilization using
embedded hardware (open reduction and internal fixation
[ORIF]). ORIF stabilizes the fracture by applying screws, plates,
rods, and pins to connect fractured bones. Hip fractures involving
the intertrochanteric region of the hip are more commonly
treated with ORIF. Hip fractures involving the femoral neck
undergo replacement of the proximal femur and the acetabulum
(bipolar hip arthroplasty) or replacement of the proximal femur

(unipolar hip arthroplasty). In a systematic review of surgical
options for 3727 patients with a femoral neck fracture, addition of
cement to the hip replacement, compared with no cement, was
associated with lower mortality (455 deaths of 1862 patients
whose hip arthroplasty involved cement vs 528 deaths of 1865
patients with noncemented hip arthroplasty; RR, 0.86 [95% CI,
0.78-0.96]; 15 studies, 3727 participants), and improved health-
related quality of life measured by the EuroQol 5 Dimensions or
12-item Short-Form Survey (standardized mean difference, 0.20
[95% CI, 0.07-0.34]; 3 studies, 1122 participants).76 Cemented
hip arthroplasty is recommended in clinical guidelines to reduce
loosening and failure of inserted hardware.77

Among 3083 nursing home residents with severe dementia and
hip fracture, 6-month mortality rates were 32% among the 85% who
underwent surgical repair vs 54% among those who did not undergo

Table 2. Screening for Hip Fracture Riska,b

Description Indicated patient population Test interpretation
Imaging

BMD testing by DXA Areal BMD (g/cm2) of the hip,
which is more strongly associated
with hip fracture than BMD at the
spine; also reported as T-score,
SD above or below bone peak mass;
may also be used for monitoring
effects therapy

Postmenopausal women aged ≥65 or
≥50 y with risk factors such as
parental hip fracture or personal
history of low-trauma fracture; men
aged ≥70 y

T-score
Normal: greater than or equal to −1
Osteopenia: less than −1 but greater than −2.5
Osteoporosis: −2.5 or less is an indication for
pharmacologic treatment

Vertebral fracture
assessment60

Performed with DXA to identify
asymptomatic vertebral fractures

T-score less than −1.0 with any of
the following:
Women aged >70 y, men aged >80 y
Height loss
Glucocorticoid use
Self-reported vertebral fracture

Presence of a vertebral fracture is associated with
increased risk of future hip fracture

BMD testing from
existing abdominal or
pelvic CT scans
performed for
indications other than
bone health61

CT-derived hip BMD and T-score
comparable to standard DXA
measurements
CT-derived trabecular BMD
(3-dimensional) of the lumbar spine
(L1-L3)
BMD is classified using the American
College of Radiology thresholds,
which yield diagnostic category
distributions similar to those for
WHO DXA T-scores

When a hip CT scan is already
available for the populations
recommended for DXA testing
When a spine CT scan without
contrast is already available for the
populations recommended for DXA
testing

Hip T-score same threshold as for DXA
CT-derived trabecular spine BMD
Normal bone mass ≥120 mg/cm3

Low bone mass (osteopenia) 80 mg/cm3,
BMD <120 mg/cm3

Osteoporosis BMD ≤80 mg/cm3 is an indication for
pharmacological treatment

Fracture risk assessment tools

FRAX12 Calculates 10-y hip and major
osteoporotic fracture risk based on
clinical risk factors with or without
femoral neck BMD based on more
than 40 cohorts in nearly 30
countries

Adults aged 40-90 y Hip FRAX score ≥3% is an indication for pharmacologic
treatment

Garvan Fracture Risk
Calculator62

Calculates 5- and 10-y hip and major
osteoporotic fracture risk based on
age, sex, prior fracture since the age
of 50 y, falls in past year with BMD,
or with weight instead of BMD;
developed using data from the
Dubbo Osteoporosis Epidemiology
Study in Australia

Adults aged 50-96 y Hip score 5-y risk ≥2% or hip score 10-y risk ≥3% is an
indication for pharmacologic treatment

QFracture59,63 Calculates 1- to 10-y hip and major
osteoporotic fracture risk based on
various clinical risk factors; BMD is
not included; UK-based model
developed using a large database of
general practice data

UK population aged 30-99 y 10-y Risk for women: threshold for the top 10%
at highest risk is 11.1%
10-y Risk for men: threshold for the top 10% at highest
risk is 2.6%

Abbreviations: BMD, bone mineral density; CT, computed tomography;
DXA, dual-energy x-ray absorptiometry; FRAX, Fracture Risk Assessment Tool;
WHO, World Health Organization.
a Clinically, testing BMD by DXA is sufficiently precise for interval assessment for

screening. Frequency of rescreening is dependent on individual baseline

results because patients closer to a treatment threshold warrant screening at
shorter intervals.64,65

b Existing CT scans of the hip or spine can be analyzed for bone density using
a US Food and Drug Administration–approved biomechanical CT analysis that
predicts fracture risk as well as DXA.66
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surgery, after adjustment for age, race, dementia severity, and a score
associated with death (adjusted HR, 0.88 [95% CI, 0.79-0.98]).78

Residents who underwent surgery reported less pain (465 of 1603
[29.0%] vs 59 of 191 [30.9%]; adjusted HR, 0.78 [95% CI, 0.61-
0.99]) and developed fewer pressure ulcers (200 pressure ulcers
in 1603 residents who underwent surgical repair vs 41 in 91 resi-
dents who did not undergo surgical repair; adjusted HR, 0.64
[95% CI, 0.47-0.86]).

Thromboprophylaxis
Asymptomatic deep vein thrombosis occurs in up to 50% and fatal
pulmonary embolus in 10% of patients within 3 months after hip frac-
ture, which has led to guideline recommendations for thrombopro-
phylaxis among patients after hip fracture, regardless of whether the
patient undergoes surgery.79 Low-molecular-weight heparin, such
as enoxaparin 30 to 40 mg subcutaneously every 24 hours, is typi-
cally prescribed preoperatively upon hospital admission. Heparin is
discontinued within 4 hours of surgery and resumed at least 12 hours
postoperatively. Direct oral anticoagulants, such as apixaban, riva-
roxaban, and dabigatran, have comparable efficacy and safety to low-
molecular-weight heparin.80 Anticoagulation typically continues for
up to 35 days after the procedure.81 Other aspects of recom-
mended postoperative management include early mobilization to
reduce loss of muscle tone and mobility and adequate pain control
with nonopioid analgesics or opioid pain medications when neces-
sary to facilitate early mobilization and rehabilitation.77

Rehabilitation
After a hip fracture, patients should be evaluated by physical thera-
pists for rehabilitation. Most patients can bear weight on a surgi-
cally repaired hip within 1 to 2 days after surgery. Physical therapy
sessions to improve mobility may be initiated in the hospital but typi-
cally begin in a rehabilitation or skilled nursing facility. Physical thera-
pists tailor therapy according to baseline physical function and co-
morbid conditions that affect mobility and safety (eg, obesity,
sarcopenia, and cognitive impairment).

Interventions focused on improving mobility (ie, balance, walk-
ing, and functional tasks [climbing steps]) are associated with greater
improvement in walking and mobility in the first 4 weeks after a hip
fracture, whether implemented in the hospital or after discharge.82

Studies that included gait training were associated with a modest
improvement in mobility (standardized mean difference, 0.20
[95% CI, 0.05-0.36]; 5 studies, 621 participants). In the largest of 5
studies, the mobility score among the 100 patients randomized to
receive gait training was 7.2 compared with the control group of 95
who achieved a mobility score of 6.2.83 Additionally, when mul-
tiple types of exercise, including gait, balance, strength, and func-
tional training, were tested in rehabilitation, there was a substan-
tial, clinically meaningful improvement in mobility (standardized
mean difference, 0.94 [95% CI, 0.53-1.34]; 2 studies, 104 partici-
pants). In the larger of the 2 studies of multiple exercises, the inter-
vention group (n = 37) achieved a mobility score of 29 out of a maxi-
mum of 36 after 6 months vs the control group (n = 43) who
achieved a mobility score of 23.3.84

Lifestyle Interventions After Hip Fracture

After patients with hip fracture complete physical therapy, long-
term goals include maintenance of walking ability, restoring ability
to climb steps and carry out activities of daily living, and preventing
further falls.73 Hip protectors that pad the trochanter and reduce the
risk of hip fracture during a sideways fall have been associated with
mixed outcomes in clinical trials.85 Some of the effects of hip pro-
tectors may be due to enhanced institutional safety measures, such
as bed alarms, moving residents closer to the nurses’ station, and
training staff about fall prevention, accompanying their use.86 Af-
ter a hip fracture, clinicians should evaluate the patient’s medica-
tion list and consider reducing or discontinuing medications that may
increase fall risk.87

Although supplemental calcium and vitamin D alone or in
combination have not reduced fractures in randomized clinical

Figure 2. Algorithm for the Assessment of Fall Risk

Fall risk assessment

Annually for adults aged ≥65 y
or
After fall-related health care visit

Self-screening: CDC STEADI Stay Independent 12-question toola

Score range, 0-14 points
“Yes” responses score 1-2 points
Score ≥4 out of 14: increased risk of falling 

Clinician screening: 3 key questions
“Have you fallen in the past year?” 
  If yes, “How many times did you fall?” and “Were you injured?”
“Do you feel unsteady when standing or walking?”
“Do you worry about falling?”

• Dizziness or postural hypotension
• Medication use (eg, antidepressants or loop diuretics)
• Comorbidities (eg, obesity, sarcopenia, or cognitive impairment)
• Structural foot abnormalities (eg, long toenails) and fall-
   promoting footwear (eg, slip-on shoes or shoes with high heels)
• Use of assistive device when walking
• Visual acuity
• Intake of vitamin D ± calcium

Review modifiable risk factors to reduce fall risk

At risk High risk

Assess gait and balance
Gait speed test
Timed Up and Go test

Score ≥4 on CDC STEADI 12-question tool
or
Yes to any of the 3 key questions

1 Fall with injury within last year
or
≥2 Falls within last year

Gait speed ≤0.8 m/s
or
Timed Up and Go test ≥12 s

Moderate to high risk

Adapted from the CDC and Montero-Odasso M et al.71,72 This algorithm has not
been evaluated in randomized clinical trials.
aThe CDC initiated the STEADI Stay Independent 12-question tool, which is
accessible on the CDC website, along with instructions on how to administer the
gait and balance impairment tests.

CDC indicates US Centers for Disease Control and Prevention; STEADI, Stopping
Elderly Accidents, Deaths, and Injuries.
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trials,88 multiple professional guidelines recommend a minimum
intake of calcium (1000 to 1200 mg/d) and vitamin D (600/800-
1000 IU/d) for all individuals older than 50 years.89 High-quality
evidence is not available regarding optimal nutrition, such as
intake of protein, for maintaining muscle strength to prevent hip
fractures.90,91

Medications for Osteoporosis
Osteoporosis medications are categorized as antiresorptive (de-
creasing bone resorption), including bisphosphonates, such as alen-
dronate or zoledronic acid, denosumab, or selective estrogen re-
ceptor modulators (raloxifene); anabolic medications (medications
that stimulate bone formation), such as parathyroid hormone
analogues (teriparatide and abaloparatide); or those with both an-
tiresorptive and anabolic properties, such as romosozumab
(Table 3).92,93

Antiresorptive Medications
Bisphosphonates may be administered orally in weekly doses (alen-
dronate) or monthly doses (risedronate) or intravenously annually
(zoledronic acid). Because bisphosphonates are associated with hy-
pocalcemia, a calcium level, 25-hydroxy vitamin D level, and kid-
ney function should be checked prior to administration. Although
there is no minimum 25-hydroxy vitamin D level that has been de-
fined by high-quality evidence prior to bisphosphonate initiation,

ruling out vitamin D deficiency or insufficiency is standard practice
before initiation of a bisphosphonate medication. Bisphospho-
nates are contraindicated in patients with creatinine clearance less
than 35 mL/min. Common adverse effects of oral bisphosphonates
include gastrointestinal symptoms, such as acid reflux, an adverse
effect that may be minimized by taking the medication with plain
water upon rising in the morning; at least 30 minutes before food,
beverage, or medication of the day; and staying upright for at least
30 minutes. Alternatively, gastrointestinal symptoms can be pre-
vented by receiving an intravenous bisphosphonate. After hip frac-
ture, these medications can prevent future fractures. Intravenous
bisphosphonates also improve survival in patients with hip
fracture.94,95 In a randomized, double-blind trial of 2127 people with
hip fracture, compared with placebo, intravenous zoledronate ad-
ministered within 90 days of hip fracture reduced new clinical frac-
ture by 35% (139 of 1062 [13%] vs 92 of 1065 [8.9%]; P = .001) at a
median follow-up of 1.9 years.94 Fewer deaths occurred in the zole-
dronic acid group (101 of 1054 [9.6%]) compared with the placebo
group (141 of 1057 [13.3%]; P = .01).

In an observational study of patients hospitalized for acute hip
fracture, 652 people treated with zoledronic acid were matched with
6877 control patients for whom antiosteoporosis treatment was in-
dicated but not initiated. Zoledronic acid was associated with lower
mortality rates (12.3% vs 20.7%; HR, 0.62 [95% CI, 0.49-0.78]) and
lower rates of vertebral fractures (2.0% vs 5.4%; HR, 0.4 [95% CI,
0.22-0.71]) over 2 years.95 However, zoledronic acid was not asso-
ciated with significantly lower rates of hip fracture compared with

Table 3. Medications for Primary Prevention of Hip Fracture

Medication Dosing
Mechanism of
action

Who should receive the
medication

Rate difference in hip
fracturea Adverse effects

Antiresorptive medications

Bisphosphonates Alendronate 70 mg orally
weekly
Risedronate 35 mg weekly
or 150 mg monthly
Ibandronate 150 mg orally
monthly or 3 mg IV every
3 mo
Zoledronic acid 5 mg IV
annually

Inhibits
osteoclast
activity

Oral or IV may be initiated
during hospitalization for
hip fracture or oral
formulations prescribed on
discharge
Contraindicated for those
with creatinine clearance
<35

6 Fewer per 1000
individuals (−11 to −1)
in >36 mo
bisphosphonates vs
placebo (5 trials,
16 634 participants)

Gastrointestinal symptoms, such as
acid reflux or indigestion (20%-30%
of patients; oral only), myalgias
(5% of patients), acute phase
reaction with flulike symptoms
(25% of patients; IV only),
osteonecrosis of the jaw (<0.1% of
patients), atypical femur fracture
(approximately 0.2% of patients)

Denosumab 60-mg Subcutaneous
injection every 6 mo

Monoclonal
antibody to
RANK ligand

May be initiated during
hospitalization for hip
fracture, with outpatient
follow-up confirmed

4 Fewer per 1000
individuals (−8 to 0) in
36 mo denosumab vs
placebo (1 trial, 7808
participants)

Eczema (10% of patients), cellulitis
(0.4% of patients), osteonecrosis of
the jaw (<0.1% of patients), atypical
femur fracture (approximately 0.2%
of patients); increased risk of
multiple vertebral fractures if dose
is delayed

Anabolic medications

Teriparatide 20-μg Subcutaneous daily
self-injection

Parathyroid
hormone
analogue

May be considered for
patients with known low
BMD; typically initiated in
outpatient setting

4 Fewer per 1000
individuals (−12 to 4)
vs placebo in 21 mo
(median time) of
teriparatide (1 trial,
1637 participants)

Arthralgia (10% of patients), nausea
(9%-14% of patients), dizziness
(8% of patients)

Romosozumab 210-mg Subcutaneous
monthly injection

Monoclonal
antibody to
sclerostin

May be considered for
patients with known low
BMD; typically initiated in
outpatient setting

12 Fewer per 1000
individuals (−22 to −2)
in romosozumab (1 y)
followed by
alendronate (1 y) vs
alendronate (2 y) (1
trial, 4093
participants)

Arthralgia (8%-13% of patients),
headache (5%-7% of patients),
osteonecrosis of the jaw (rare),
atypical femur fracture (rare), major
adverse cardiac events (2.5% of
patients treated with romosozumab
vs 1.9% treated with alendronate)b

Abbreviations: BMD, bone mineral density; IV, intravenous.
a Data from the meta-analysis by Ayers et al.92

b Two cases of osteonecrosis of the jaw and 1 atypical femur fracture were observed in a placebo-controlled trial of 3589 women who received romosozumab.93

Clinical Review & Education Review A Review of Hip Fractures

E8 JAMA Published online July 16, 2026 (Reprinted) jama.com

© 2026 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.

Downloaded from jamanetwork.com by Dominican Republic | Access Provided by JAMA, Rui Costa on 07/17/2026

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2026.11895


the control in patients with a history of hip fracture (absolute rates
not available).95

Denosumab, an antiresorptive medication, is a monoclonal an-
tibody against RANK ligand that is administered subcutaneously ev-
ery 6 months. Hypocalcemia is a possible adverse effect of deno-
sumab and requires measurement of calcium and 25-hydroxy vitamin
D levels prior to administration. In contrast to bisphosphonates, de-
nosumab is not eliminated by the kidneys, and patients with ad-
vanced chronic kidney disease may take these medications. How-
ever, severe, life-threatening hypocalcemia may occur in patients
with advanced chronic kidney disease (estimated glomerular filtra-
tion rate <30 mL/min/1.73 m2). Patients should be counseled that
discontinuing or delaying administration of denosumab by even 1
month can cause rapid bone loss due to high bone turnover and mul-
tiple vertebral fractures. Therefore, denosumab should be contin-
ued indefinitely or an alternative antiresorptive medication should
be prescribed to mitigate bone loss if it is necessary to discontinue
denosumab.96

Although menopausal hormone therapy with estrogen-
progestin reduces hip fracture rates,97 menopausal hormone therapy
is not typically prescribed after hip fracture because risks such as
coronary heart disease and breast cancer outweigh benefits in older
patients. Raloxifene, a selective estrogen receptor modulator, does
not reduce rates of nonvertebral fractures98 and therefore raloxi-
fene is not a first-line therapy for patients with hip fracture.

Anabolic Medications
Anabolic medications include parathyroid hormone analogues
(teriparatide or abaloparatide administered as daily subcutaneous
injections) and romosozumab (administered as monthly subcuta-
neous injections). Romosozumab, a sclerostin monoclonal anti-
body, is the only US Food and Drug Administration–approved medi-
cation that has both anabolic and antiresorptive properties.93 In the
inpatient setting, antiresorptive agents, such as bisphosphonates
and denosumab, are more commonly selected as first-line therapy
after a hip fracture because anabolic therapy may be difficult to pre-
scribe after hospital discharge in part due to patient preference for
noninjectable medications and possibly due to insurance coverage.

Repeating dual-energy x-ray absorptiometry scans 1 or 2 years
after hip fracture may help guide decisions regarding type of treat-
ment for osteoporosis to assess BMD response and determine op-
timal therapy duration. However, patients with hip fracture should
be treated with medications to prevent subsequent hip fractures,
regardless of dual-energy x-ray absorptiometry results. If an ana-
bolic therapy is selected first, this must be followed by antiresorp-
tive therapy (such as bisphosphonates or denosumab) because ana-
bolic therapies are prescribed for a limited duration (24 months for
teriparatide, 18 months for abaloparatide, and 12 months for ro-
mosozumab) because their anabolic effect diminishes over time.
Greater and faster BMD gains at the hip and spine are observed when
anabolic therapy is followed by antiresorptive therapy compared with

when treatment begins with antiresorptive therapy and is fol-
lowed by anabolic therapy. Anabolic therapy may be considered in
those with known low BMD, such as total hip T-scores less than −2.8
or spine T-score less than −3.0.99

Practical Considerations
Orthogeriatric services, consisting of collaborative care involving or-
thopedic surgeons and geriatricians with expertise treating older pa-
tients with fracture, perform preoperative assessment and postop-
erative management of pain, anticoagulation, and delirium
prevention. A meta-analysis of 2 randomized clinical trials of 726 pa-
tients randomized to receive comprehensive orthogeriatric care or
usual care reported that the primary outcome of change in instru-
mental activities of daily living at 4 months was improved in the com-
prehensive orthogeriatric care group, with a between-group differ-
ence of 3.56 points (mean [SE], 30.34 [0.95] in comprehensive
geriatric care vs 26.77 [0.95] in orthopedic care [95% CI, 0.93-
6.20]; P = .008).100

A fracture liaison service involves a coordinator who collabo-
rates with the orthopedics surgery team and primary care clini-
cians to facilitate the transition between acute fracture care in the
inpatient setting and the ambulatory long-term management of os-
teoporosis. One systematic review that included 37 randomized or
observational studies with 111 381 participants diagnosed with low-
trauma fragility fractures and treated with medications for osteo-
porosis reported that fracture liaison services were associated with
lower rates of secondary fragility fracture after 2 years (fracture rate,
67 per 1000 for fracture liaison service vs 121 per 1000 for no frac-
ture liaison service; RR, 0.68 [95% CI, 0.55-0.83]; 13 pooled stud-
ies, 33 811 participants).101

Limitations
This review has limitations. First, non–English-language articles were
not included. Second, some relevant publications may have been
missed. Third, not all aspects of hip fractures were discussed. Fourth,
the quality of included manuscripts was not evaluated.

Conclusions
Hip fractures are common among older people and are associated
with a 1-year mortality rate of 22% and with reduced mobility and
quality of life. Surgical repair for hip fracture typically consists of joint
replacement or ORIF. Hip fracture treatment also includes physical
therapy, fall reduction strategies, and medications to protect against
fracture, such as bisphosphonates, denosumab, romosozumab, or
parathyroid hormone analogues.
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