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Abstract
Summary  Upper extremity (UE) fractures are prevalent age-related fractures, and stair-associated falls are a common 
mechanism for these injuries. Our study has identified an increasing incidence of stair-related UE fractures and associated 
hospitalization rates among the older United States population between 2012–2021. Targeted prevention efforts should be 
implemented by health systems.
Introduction  To analyze United States (US) emergency department trends in upper extremity stair-related fractures among 
older adults and investigate risk factors associated with hospitalization.
Methods  We queried the National Electronic Injury Surveillance System (NEISS) for all stair-related fracture injuries 
between 2012 and 2021 among adults 65 years or older. The US Census Bureau International Database (IDB) was analyzed 
to calculate incidence rates. Descriptive analysis, linear regression analysis, and multivariate regression analysis were used 
to interpret the collected data.
Results  Our analysis estimated 251,041 (95% CI: 211,678–290,404) upper extremity stair-related fractures among older 
adults occurred between 2012 and 2021. The primary anatomical locations were the humeral shaft (27%), wrist (26%), and 
proximal humerus (18%). We found a 56% increase in injuries (R2 = 0.77, p < 0.001), 7% increase in incidence per 100,000 
persons (R2 = 0.42, p < 0.05), and an 38% increase in hospitalization rate (R2 = 0.61, p < 0.01) during the 10-year study period. 
Women sustained the majority of fractures (76%) and most injuries occurred in homes (89%). Advanced age (p < 0.0001), 
males (p < 0.0001), proximal humerus fractures (p < 0.0001), humeral shaft fractures (p < 0.0001), and elbow fractures 
(p < 0.0001) were associated with increased odds of hospitalization after injury.
Conclusion  Stair-related UE fracture injuries, incidence, and hospitalization rates among older adults are increasing signifi-
cantly, particularly among older females. Improving bone health, optimizing functional muscle mass, and “fall-proofing” 
homes of older age groups may help mitigate the rising incidence of these injuries.
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Introduction

Falls among patients 65 years and older are associated with 
a marked increase in hospitalization, morbidity, mortality, 
and healthcare costs [1, 2]. Nearly one-third of adults among 
this age group experience a fall at least once per year, and 
half of these adults will experience a second fall [3]. This 
patient population is especially prone to fragility fractures 
– fractures that result from mechanical forces that would 
not ordinarily cause fractures. Each year, fragility fractures 
occur in the older United States (US) population at a higher 
rate than heart attacks, breast cancer, and strokes combined 
[4]. Upper extremity (UE) fractures are among the most 
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prevalent age-related fractures, and stair-associated falls 
are a common mechanism [5, 6]. UE fractures, particularly 
among older adults, can lead to decreased quality of life, 
impairment in activities of daily living, and an increased risk 
of future falls and fractures [7].

As the US older adult population continues to grow, 
age-related fractures are likely to increase, mainly due to 
increased fall risk and decreased bone density in older age 
groups. While there is significant literature regarding the 
epidemiology and disease burden of hip and vertebral frac-
tures in the United States, few studies explore trends in upper 
extremity trauma, and few examine injury characteristics 
and epidemiology of UE fractures in stair falls. The lack of 
literature in this area makes it challenging to develop and 
implement evidence-based prevention and management 
strategies for UE injuries [8–11].

Our study aimed to quantify US emergency department 
(ED) trends in UE stair-related fractures among older adults 
(≥ 65 years of age) between 2012 and 2021 and to under-
stand key risk factors associated with these traumatic inju-
ries and associated hospitalization. Additionally, we com-
pared injury trends to older adult population trends between 
2012 and 2021 to identify trends in the incidence of UE 
stair-related fractures in older age groups. We hypothesized 
that the total cases and incidence of UE stair-related frac-
tures among older adults have been increasing over time, 
given the increased age of the United States population.

Methods

Study design

We queried the National Electronic Injury Surveillance Sys-
tem (NEISS) of the United States Consumer Product Safety 
Commission (CPSC) for all stair-related fracture injuries 
between 2012 and 2021 among patients 65 years or older. 
The NEISS database provides a nationally representative 
sample of US hospital emergency departments. The sample 
includes 100 hospital EDs nationwide stratified by hospital 
size and geographic location. Stratification of the sample by 
total ED visits allows for weighted sampling so that national 
estimates with sampling errors can be derived for docu-
mented injuries [12]. We also assessed population changes 
within our age cohort during the study period using the US 
Census Bureau International Database (IDB).

ED visits for stair-related fractures in older adults were 
identified using NEISS injury mechanism code (1842: Stairs 
Or Steps), diagnosis codes (57: Fracture), body part codes 
(30: Shoulder, 32: Elbow, 33: Lower Arm, 34: Wrist, 80: 
Upper Arm, 82: Hand, 92: Finger), and age (≥ 65). The 
included upper extremity fracture injuries were the primary 
injury sustained by each patient as reported in the NEISS 

database. Patient demographics that were collected included 
patient age, sex, and year of admission. Data regarding the 
injury that was collected included anatomic injury location, 
diagnosis, location of incident, and disposition. The loca-
tion of incident was classified into one of three categories: 
home, public area, or other. "Home” included houses, pri-
vate areas surrounding houses, apartments, and condomini-
ums [12]. “Public areas” included public infrastructure, such 
as stores, office buildings, and residential treatment facilities 
(assisted living, nursing home, and extended care). “Other” 
was defined as an injury incident at a school, recreational 
area, or street.

Statistical analysis

National estimates with 95% confidence intervals were calcu-
lated by summing up sample weights and using sampling error 
coefficients provided by the CPSC [12]. Injury characteristics 
were analyzed using descriptive statistics. Linear regression 
analysis was performed to identify trends in upper extremity 
fracture, incidence per 100,000 persons, and hospitalization rates 
by year of injury. A multivariate regression analysis was per-
formed to identify odds for hospitalization after upper extrem-
ity fracture injuries based on the patient age, sex, and location 
of injury. All statistical analyses were performed using STATA 
Version 17 software (StataCorp, College Station, TX, USA). 
Statistical significance was set at p < 0.05.

Results

Analysis of the NEISS database resulted in an estimate of 
2,515,245 (95% CI: 2,125,841–2,904,648) stair-related injuries 
in individuals aged 65 and older between 2012 to 2021. The 
most common location of injuries were of the head (27%), lower 
extremity (24%), and upper extremity (19%). The most com-
mon diagnoses of injuries were fractures (34%), contusions or 
abrasions (18%), and visceral injuries (16%). The most com-
mon fracture location was the upper extremity with a national 
estimate of 251,041 patients (95%CI: 211,678–290,404) affected 
between 2012 to 2021. The majority of the fractures were identi-
fied in women (76%). Among patients with UE fractures where 
the physical location of the injury incident was recorded, 89% 
occurred at home. Demographics of the older adult population 
sustaining stair-related upper extremity fractures are summa-
rized in Table 1.

We found a significant increase in the number of reported 
stair-related upper extremity fractures in older adults 
(R2 = 0.77, p < 0.001), with an overall 56% increase in UE 
fractures between 2012 and 2021 (Fig. 1). Using the national 
estimates of UE stair-related fractures in older adults and the 
population data from the US Census Bureau IDB, the inci-
dence of these injuries per 100,000 persons aged 65 years 
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and older was also found to significantly increase by 7% 
in our study period (R2 = 0.42, p < 0.05) (Table 2, Fig. 2). 
Fractures of the humeral shaft accounted for the majority of 
UE fractures (27%), followed by the wrist (26%), proximal 
humerus (18%), forearm (13%), elbow (7%), finger (5%), 
and hand (4%) (Fig. 3).

We found a significant increase (38%) in the hospitalization 
rate (R2 = 0.61, p < 0.01) between 2012 and 2021 (Fig. 4). Mul-
tivariable analysis was used to identify variables associated with 
increased odds for hospitalization from stair-related UE frac-
ture injuries among older adults (Table 3). Males had increased 
odds of being hospitalized from stair-related UE fractures (OR: 

Table 1   Characteristics of 
Stair-Related Upper Extremity 
Fracture Injuries Among 
Older Adults ≥ 65 Years Old 
Presenting to Emergency 
Departments, 2012–2021

Characteristics Number of 
Actual Cases

Weighted National 
Estimate

% of Weighted 
Cases

95% CI

Total Injuries 5,633 251,041 100.0% 211,678 – 290,404
Age, yrs

  65–74 2,678 117,774 46.9% 99,307 – 136,241
  75–84 2,004 90,805 36.2% 74,787 – 106,823
  85–94 885 39,838 15.9% 31,429 – 48,427
   ≥ 95 66 2,623 1.0% 1,492 – 3,754

Sex
  Male 1,348 58,717 23.4% 48,359 – 69,075
  Female 4,285 192,324 76.6% 162,168 – 222,480

Anatomic Location
  Proximal humerus 986 43,793 17.4% 34,351 – 53,235
  Humeral shaft 1,542 68,002 27.1% 56,006 – 79,998
  Elbow 383 16,850 6.7% 12,557 – 21,143
  Forearm 732 36,083 14.4% 28,304 – 43,862
  Wrist 1,489 63,888 25.4% 52,618 – 75,158
  Proximal hand 233 10,246 4.1% 7,635 – 12,857
  Finger 268 12,179 4.9% 9,076 – 15,282

Incident Location
  Home 3,558 160,436 63.9% 135,280 – 185,592
  Public Area 448 19,569 7.8% 14,583 – 24,555
  Other 1,627 71,035 28.3% 58,504 – 83,566

Disposition
  Hospitalized 1,416 58,401 23.3% 48,099 – 68,703

Fig. 1   Weighted National Esti-
mates of Stair-Related Upper 
Extremity Fractures in Older 
Adults of the United States from 
2012–2021
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1.36) compared to females. Older age was also associated with 
increased odds of hospitalization after injury (p < 0.0001). Frac-
tures at specific locations of the upper extremity were associ-
ated with increased odds of hospitalization. In comparison to 
individuals with forearm fractures, individuals with proximal 
humerus (OR: 1.74), humeral shaft (OR: 1.59), and elbow (OR: 
1.67) fractures had increased odds of hospitalization, while indi-
viduals with hand (OR: 0.51) and finger (OR: 0.33) fractures had 
decreased odds of hospitalization.

Discussion

In our study, we sought to determine the incidence and 
characteristic trends of upper extremity stair-related 
fractures in the older adult United States population. We 

found that the upper extremity is the most common frac-
ture site in stair-related injuries and our analysis estimated 
that there were 251,041 stair-related UE fractures among 
older adults in the United States between 2012 and 2021. 
These findings emphasize the importance of developing 
and implementing effective strategies for the prevention 
of upper extremity fractures in older adults.

As hypothesized, stair-related UE fracture cases and inci-
dence in older adults are increasing at a significant rate, as 
we found an overall 56% increase in cases and a 7% increase 
in incidence per 100,000 persons between 2012 and 2021. 
Moreover, the associated severity of injury requiring hos-
pitalization is also increasing, with a 38% increase in hos-
pitalization rate over our study period. This increase in the 
incidence and severity of UE fracture injuries is consistent 
with existing literature pertaining to the overall incidence 
of both fragility fractures and stair-related injuries in the 
United States and other developed countries over the past 
several decades [5, 9, 13, 14]. A 2018 study by Blazewick 
et al. found that stair-related injuries across all age catego-
ries increased by 24% in the US from 1996 to 2012 [15]. 
Among these injuries, the stair-related injury rate was high-
est in adults over the age of 60 years. The cost burden of 
these fragility fractures highlights the need for improved 
interventions and clinical care. The overall annual cost of 
osteoporosis-related fractures in US older adult populations 
is projected to be $21 billion in 2025, a 48% increase from 
2005 [13]. Most research on fragility fractures has focused 
on hip and vertebral fractures, likely due to the higher rela-
tive cost and disability burden of these fractures. However, 
the significant rise in UE fractures among older adults poses 
a high cost and disability burden that must be mitigated.

Table 2   Incidence of Stair-Related Upper Extremity Fractures in 
Older Adults from 2012–2021

Year Estimated Injuries Age ≥ 65 Population Incidence 
per 100,000

2012 22,191 43,130,363 51.45
2013 20,260 44,629,455 45.40
2014 20,297 46,157,016 43.97
2015 21,701 47,650,770 45.54
2016 22,564 49,202,071 45.86
2017 25,391 50,753,404 50.03
2018 26,018 52,369,339 49.68
2019 31,725 54,058,263 58.69
2020 28,908 56,051,566 51.57
2021 31,985 57,842,422 55.30

Fig. 2   Incidence Per 100,000 
Persons of Stair-Related Upper 
Extremity Fractures in Older 
Adults of the United States from 
2012–2021
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There are multiple possible explanations for the 
increased incidence and hospitalization rates of stair-
related UE fractures among older adults. For the older 
adult population, bone fragility and the likelihood of fall-
ing are the two major risk factors predisposing them to 
stair-related UE fractures [9]. Many reports indicate that 
frailty, which is generally described as “a clinical state of 
increased vulnerability after a stressor event,” has been 
steadily increasing within the older adult US popula-
tion, thereby increasing fragility fracture risk [16]. This 
increase in frailty is due in part to the increasing median 
age of those in the older adult population (65 + age cat-
egory) [17]. Osteoporosis, a contributor to frailty and a 
major risk factor for fragility fractures, has also been on 
the rise among older adults [9, 18, 19]. While an increase 
in severity of fracture may explain the increased rates of 

hospitalization from UE fractures, changing trends in oper-
ative management of these injuries may also be a contrib-
uting factor. Significant increases have been observed in 
operative fixation of distal upper extremity fractures over 
the past several decades [20]. For distal radius fractures, 
open surgical treatment has been associated with lower 
complication rates and greater function in comparison to 
nonoperative treatment modalities [21]. However, closed 
fixation of stable fractures among older adults remains 
the consensus for the majority of upper extremity fracture 
management, including distal upper extremity fractures.

We found proximal upper extremity fractures, particularly 
those of the proximal humerus, humeral shaft, and elbow, to 
be at increased odds for hospitalization compared to fore-
arm fractures. Distal upper extremity fractures of the hand 
and finger were less likely to require hospitalization. The 

Fig. 3   Distribution of Stair-
Related Upper Extremity 
Fractures in Older Adults from 
2012–2021 by Fracture Type

Fig. 4   Hospitalization Rate 
from Stair-Related Upper 
Extremity Fractures in Older 
Adults by Year
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increase in hospitalization associated with proximal upper 
extremity fractures is likely due to the higher energy needed 
to create these fractures, therefore, it may also be a marker 
for concomitant injuries, such as rib fractures. Additionally, 
hospitalization may be needed after proximal upper extrem-
ity fractures to perform acute medical and surgical interven-
tions rather than conservative management. Nonoperative 
treatment is the preferred treatment modality for moderately 
displaced humeral fractures and stable radius fractures [21, 
22]. However, operative treatment is a beneficial option for 
the management of more complex humeral fractures, as 
Sabharwal et al. found that patients treated operatively for 
these fractures have a higher quality of life [23]. Similarly, 
Mackenney et al. reported malunion rates up to 50% among 
older adult patients treated nonoperatively for unstable distal 
radius fractures [24]. Hospitalization is generally required 
for more complex fractures and may indicate an increasing 
trend in the severity of UE fractures among older adults.

Our results indicate that females sustain the vast major-
ity (76%) of stair-related UE fractures. This, too, is consist-
ent with countless fracture-related studies, which indicate 
a higher fracture incidence for females [4, 5, 7, 10]. It is 
well-established that women, particularly post-menopausal 
women, are more susceptible to frailty and osteoporosis 
[25]. However, we observed that males experiencing stair-
related UE fractures were 1.36 times more likely to be hospi-
talized. It is worth noting that despite having a lower fracture 
incidence, men tend to have higher mortality associated with 
fragility fractures [26]. It is, therefore, possible that men 
sustain more severe stair-related injuries which then war-
rants hospitalization.

It is also worth noting that 89% of stair-related UE frac-
tures occurred at home in our study. This is consistent with 
existing literature indicating that most falls among older 
adults and most fragility fractures occur at home [3]. The 
majority of stair-related injuries across all age groups also 
occur at home, according to Blazewick et al., who postulated 
that women are more likely to sustain stair-related injuries 
because they statistically spend more time at home [15]. 
Additionally, as more people stayed in their homes during 
the COVID-19 pandemic, this may contribute to the rising 
incidence of UE stair-related fractures seen near the end of 
the study period. This finding regarding the primary incident 
location of UE stair-related fractures has important implica-
tions for fall-prevention strategies, as one-half of US house-
holds contain stairs [27].

The NEISS database is a very useful tool for identify-
ing injuries that present to US emergency departments. 
As is the case with all database studies, our analysis has 
many limitations. The NEISS database does not account for 
injuries addressed outside of EDs, such as in urgent care 
or outpatient clinics, leading to potential underestimates of 
UE fracture incidence. The database relies on estimates for 
incidence rates, thus reducing accuracy. The data may also 
be impacted by incorrect or incomplete documentation by 
ED personnel. Additionally, the results may be confounded 
by associated concomitant injuries that are not recorded in 
the database. Lastly, it is assumed that most fractures in 
this study are fragility fractures based on the sample age 
and stair-related mechanism of injury, however, the data-
base does not categorize fragility and non-fragility fractures 
separately. Despite these limitations, the NEISS database has 
significant external validity, and this study contributes key 
findings to a scarce body of literature on upper extremity 
fractures among older adults.

As the majority of upper-extremity fractures are caused 
by falls, fall prevention strategies are a critical next step 
[28]. A large body of literature already exists regarding 
fall and fracture prevention for older adults [29]. These 
measures range from behavioral changes and promotion 
of better bone health to improved lighting and alterations 
to the home environment. This study indicates the need 
for enhanced prevention efforts related to stair design and 
construction. The biomechanics of falling varies signifi-
cantly between fracture types [28]. According to Ensrud 
et al., patients with hip fractures are more likely to report 
falling sideways, while patients with UE fractures more 
often report falling backward or forward (and using their 
arms to break the fall) [9]. People tend to not fall side-
ways on stairs as the typical movement pattern required is 
forwards with side walls or railings preventing sideways 
falls. Evidence-based strategies to improve stair safety 
include installing handrails that allow the hand to grip 
all the way around the railing, maintaining uniform stair 

Table 3   Multivariate Analysis of Odds for Hospitalization from Stair-
Related Upper Extremity Fractures in Older Adults

Variable Odds Ratio 95% CI p-value

Age
  65–74 Referent Referent
  75–84 1.38 1.20–1.58  < 0.0001
  85–94 2.07 1.75–2.45  < 0.0001

   ≥ 95 3.13 1.90–5.18  < 0.0001
Sex

  Female Referent Referent
  Male 1.36 1.18–1.56  < 0.0001

Fracture 
  Forearm Referent Referent
  Proximal humerus 1.74 1.39–2.19  < 0.0001
  Humeral shaft 1.59 1.29–1.96  < 0.0001
  Elbow 1.67 1.26–2.22  < 0.0001
  Wrist 0.91 0.73–1.14 0.427
  Hand 0.51 0.34–0.79 0.002
  Finger 0.33 0.21–0.52  < 0.0001
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pattern and geometry, increasing the length of the hori-
zontal surfaces between stair ledges, improving the light-
ing around stairs, and removing stairway clutter [15]. In 
addition, policymakers should consider revising home and 
building codes to maximize compliance with stair-safety 
recommendations.

Healthcare providers should also direct increased 
attention toward maintaining optimal functional muscle 
mass, bone health, balance, and senses among older adult 
patients. By the age of 40–50 years, notable loss of muscle 
mass and strength begins to take place, which becomes 
more significant as one ages. Individuals of older age are 
at increased likelihood of sustaining subsequent fragil-
ity fractures after their first fracture. Resistance exercise 
training at high intensity has been shown to improve mus-
cle mass and reverse frailty [30]. Diagnosing decreased 
bone strength and recommending nutritional support or, 
if needed, pharmacologic agents to prevent further bone 
loss among those with osteoporosis is also indicated for 
fragility fracture prevention. Patients older than 60 years 
are at increased likelihood of sustaining subsequent fra-
gility fractures after their first fracture, making preven-
tion of any initial fracture of the utmost importance [31]. 
While UE fractures may not appear to have as significant 
consequences as hip or vertebral fractures, such fractures 
may be a harbinger of bone weakness and underlying bal-
ance, mobility, and gait impairments that should not be 
overlooked in the clinical setting [7]. Furthermore, older 
adults may present with a fear of falling after sustaining 
a fracture that may hinder their daily life. Edwards et al. 
reported that clinically important functional decline fol-
lowing wrist fractures is similar in magnitude to that asso-
ciated with diabetes, stroke, and arthritis [32]. Older adults 
with upper extremity fractures should receive an evalua-
tion for fall risk and treatment for decreased strength, gait 
impairment, and the fear of falling as needed to prevent 
subsequent falls and functional decline.

While several studies on fragility fractures have focused 
on hip and vertebral fractures, the rapidly rising prevalence 
of UE fractures renders the need for future prospective 
studies investigating epidemiological trends in UE fractures 
among older adults. Particular attention should be placed 
on investigating additional demographics, injury character-
istics, risk factors, and efficacy of preventative measures.

Data Availability  The data that supports the findings of this study are 
publicly available from the United States Consumer Product Safety 
Commission through the National Electronic Injury Surveillance Sys-
tem database.
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