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Abstract
Background  The coronavirus disease 2019 (COVID-19) pandemic introduced unprecedented social distancing measures 
that drastically altered daily activities for older individuals.
Aims  To investigate whether the proportion of indoor falls changed during the coronavirus disease 2019 (COVID-19) social 
distancing period in South Korea compared to the pre-COVID-19 period.
Methods  We conducted a retrospective cohort study at a single tertiary care academic hospital in South Korea of older adult 
patients who presented to the emergency department and were diagnosed with hip or femur-related fractures during the 
pre-COVID-19 period (January 2011 to December 2019) or the social distancing period (March 2020 to March 2022). We 
performed 1:1 propensity score matching. We compared the proportion of indoor and outdoor falls between the two groups.
Results  A total of 2,433 patients diagnosed with hip or femur-related fractures were included (1,941 before COVID-19 and 
492 during the social distancing period). After matching, the proportion of indoor falls was 61.1% in the social distancing 
group and 67.7% in the pre-COVID-19 group among 316 matched patients in each group (p = 0.02).
Conclusions  During the COVID-19 social distancing period in South Korea, the proportion of indoor falls decreased sig-
nificantly compared to the pre-COVID-19 period among older adults with hip or femur-related fractures, suggesting a 
pandemic-related shift in fall patterns that highlights how lifestyle changes can impact injury patterns and inform fall pre-
vention strategies. However, absence of data on household composition, cognitive status, and medication use, along with 
tertiary-center selection bias (higher comorbidity burden), limits generalizability.
Trial registration number  Not applicable.
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Introduction

Falls in older adults are a major public health concern world-
wide, with approximately 25% experiencing falls annually, 
often leading to serious consequences including fractures, 
head injuries, and loss of independence [1, 2]. Hip frac-
tures, occurring predominantly due to falls and accounting 
for approximately 90% of cases, are especially concerning 
in this population [3, 4]. Indoor falls, which comprise most 
incidents, carry higher mortality rates than outdoor falls [5]. 
This higher indoor fall mortality might reflect the greater 
frailty and comorbidity burden of those who predominantly 
remain indoors, and this setting is a traditional focus for pre-
vention efforts [6, 7].

The coronavirus disease 2019 (COVID-19) pandemic, 
which emerged in early 2020, led to unprecedented behav-
ioral changes worldwide, particularly affecting older pop-
ulations [8, 9]. In South Korea, social distancing policies 
were introduced in March 2020, and continued in various 
phases through 2021 [10]. While many countries imple-
mented strict lockdowns during the COVID-19 pandemic, 
South Korea adopted a more moderate approach that, 
although impactful, did not impose a complete restriction 
on outdoor mobility [11]. These measures included public 
health guidelines advising older adults to remain at home, 
minimize social contacts, and reduce non-essential outdoor 
activities.

As a result, many older adults significantly reduced their 
time spent outdoors, avoiding parks, markets, and social 
venues, and remained inside their homes or care facilities 
for extended periods [12, 13]. These conditions can have 
contradictory effects on fall risk. Increased time spent at 
home, potentially with greater family supervision, could 
lead to fewer opportunities for outdoor falls and improved 
indoor safety oversight [14]. Conversely, prolonged stay-at-
home orders could lead to physical deconditioning, muscle 
weakness, and balance deterioration due to inactivity, which 
might increase the risk of falls when performing basic activ-
ities [15, 16]. Previous studies provided mixed evidence, 
with most focusing on reduced hip fracture incidence [8, 
17–19] or changed patient characteristics [20, 21], but few 
examined shifts in fall locations among fracture patients. 
Understanding whether indoor versus outdoor fall propor-
tions changed—rather than just overall volumes—can reveal 
how pandemic behaviors affected injury circumstances and 
inform targeted prevention strategies.

We investigated changes in fall location patterns among 
hip and femur fracture patients during South Korea’s 
COVID-19 social distancing period. Given these compet-
ing mechanisms—deconditioning increasing fall risk versus 
reduced activity and increased supervision decreasing expo-
sure—we hypothesized that the proportion of indoor versus 

outdoor falls would shift during the social distancing period. 
We anticipated that these opposing forces would alter fall 
distribution patterns among those presenting with fractures, 
rather than simply increasing absolute numbers.

Materials and methods

Study design and setting

This was a single-center retrospective cohort study per-
formed at a large tertiary care academic hospital. The study 
was approved by the hospital’s institutional review board 
(9-2025-0054), and informed consent was waived due to 
the retrospective use of de-identified data. Our study find-
ings are reported in accordance with the Strengthening 
the Reporting of Observational Studies in Epidemiology 
guidelines.

Study population

Inclusion criteria were patients aged 65 years or older 
who sustained a hip or femur-related fracture due to a fall, 
regardless of fall location (community or institution), pro-
vided they presented to our emergency department for eval-
uation or treatment (Fig. 1). We included patients who met 
these criteria during one of two distinct time periods: the 
pre-COVID-19 period (January 2011 to December 2019) 
and the COVID-19 social distancing period (March 2020 
to March 2022), during which South Korea implemented 
varying levels of social distancing measures without strict 
lockdowns. These ranged from Level 1 (least restrictive) to 
Level 4 (most restrictive), with the majority of the period 
under Level 2–3 restrictions that advised but did not man-
date staying at home. We chose these time frames to cap-
ture the periods before and during the pandemic, allowing 
comparison between normal circumstances and the social 
distancing measures implemented during COVID-19. A 
“fall” was defined as an event where the patient inadver-
tently came to rest on the ground or lower level, consistent 
with the World Health Organization definition [5]. Exclu-
sion criteria were as follows: (1) patients younger than 65 
years, (2) cases involving high-energy trauma such as motor 
vehicle accidents, (3) falls associated with major cardiovas-
cular or cerebrovascular events, and (4) cases in which the 
fall location could not be determined. If a patient had mul-
tiple fracture incidents in the study period, each event was 
counted separately if it led to a separate hospital visit (77 
cases, 3.2%).
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Data collection and outcome measures

Data on baseline characteristics and outcomes were 
extracted from the hospital’s electronic medical records and 
injury registry. Collected variables were age at the time of 
fracture; sex; body mass index (BMI); Charlson Comorbid-
ity Index (CCI); bone mineral density (BMD) T-score; and 
fall details of location (indoor vs. outdoor), type of frac-
ture, type of surgical management, and month of visit as 
confirmed through institutional medical records. Indoor 
falls included those occurring inside a building (such as the 
patient’s home, a relative’s home, or any indoor facility like 
a bathroom, kitchen, living room, or indoor public space). 
Outdoor falls were defined as falls occurring outside build-
ings—for example, on sidewalks, streets, yards, or outdoor 
public areas [5]. Bone mineral density T-scores were avail-
able for 1,898 patients (78.0%) from dual-energy X-ray 
absorptiometry performed within 6 months of the fracture 
event.

The primary outcome of interest was whether the fall 
occurred indoors or outdoors, comparing the two time peri-
ods. Secondary outcomes included 1-year mortality, which 
was determined based on hospital records and corroborated 
using the date of national health insurance disenrollment as 
a surrogate marker for death.

Statistical analysis

Continuous variables were summarized as means with 
standard deviations and compared using Student’s t-test if 
normally distributed. Categorical variables were summa-
rized as counts and percentages and compared using the 
chi-square test or Fisher’s exact test when expected cell 
counts were small. A two-tailed p < 0.05 was considered 
statistically significant for all comparisons. To address con-
founding effects due to baseline differences between the 
pre-COVID-19 and social distancing cohorts, we employed 
propensity score matching (PSM). We calculated propensity 
scores using a multivariable logistic regression model, with 

Fig. 1  Study flow diagram of patient selection
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in the pre-COVID group and 79.4 ± 8.5 years in the social 
distancing group, a significant difference (p < 0.001). There 
was female predominance in both groups: 70.4% of the pre-
COVID fractures and 71.6% of the social distancing period 
fractures occurred in women, but this difference was not 
significant (p = 0.63). Notably, mean CCI was nearly three 
times higher in the social distancing group (5.0 ± 1.9) than 
the pre-COVID-19 group (1.7 ± 2.4, p < 0.001), indicating 
a substantially greater comorbidity burden during the pan-
demic and suggesting selection bias in patients presenting 
during this period. Mean BMD T-score was slightly lower 
in the pre-COVID-19 group (–2.9 ± 1.1) than in the social 
distancing group (–2.6 ± 0.9), but this difference was not sig-
nificant (p = 0.08).

The distributions of fracture types and surgical manage-
ment were comparable between the groups (p = 0.76 and 
p = 0.71, respectively), as detailed in Supplementary Table 
1. Distribution of emergency department visits for fractures 
by month differed significantly between the pre-COVID-19 
and social distancing periods (p < 0.001). A higher propor-
tion of visits occurred from March to August during the 
social distancing period, whereas more cases were concen-
trated in October to December before the pandemic. After 
propensity score matching, 316 patients were selected from 
each period, resulting in a total of 632 patients included in 
the matched analysis. Distributions of baseline variables 
were well balanced, with no significant differences observed 
between the two groups (Table  2). Supplementary Fig.  1 

the time period (pre-COVID-19 vs. social distancing) as the 
dependent variable and the following covariates: age, sex, 
BMI, CCI, BMD, type of fracture, type or surgical manage-
ment, and month of presentation to the emergency depart-
ment. Using the estimated propensity scores, we performed 
1:1 nearest-neighbor matching without replacement, apply-
ing a caliper width of 0.2 standard deviations of the logit of 
the propensity score to ensure matches of reasonable close-
ness. Covariate balance after matching was assessed using 
standardized mean differences (SMDs), with values < 0.1 
indicating adequate balance. Visual assessment was per-
formed using density plots of propensity score distributions. 
Additional baseline characteristics not included in the pro-
pensity score model (osteoporosis diagnosis, preoperative 
ambulatory status, and length of stay) were also evaluated 
post-matching to assess overall cohort comparability. After 
matching, outcomes were compared between the two groups 
using the matched cohort, and McNemar’s test was applied 
to evaluate differences in the proportion of indoor falls as 
the primary outcome.

Results

A total of 2,433 patients with hip and femur-related frac-
tures met the inclusion criteria, with 1,941 occurring in the 
pre-COVID-19 period and 492 during the COVID-19 social 
distancing period (Table 1). Mean age was 77.1 ± 8.7 years 

Table 1  Baseline characteristics of the full cohort before and after propensity score matching between the pre-COVID-19 and social distancing 
periods

Before propensity score matching After propensity score matching
Pre-COVID-19 
period

Social 
distancing 
period

Total p Pre-
COVID-19 
period

Social 
distancing 
period

Total p

n, hips 1941 492 2433 316 316 632
Age (years) 77.1 ± 9.5 79.4 ± 9.5 77.5 ± 9.6 < 0.001 77.7 ± 9.1 77.8 ± 9.1 77.7 ± 9.1 0.87
Female 1,366 (70.4%) 260 (71.6%) 1,626 

(70.6%)
0.68 221 (69.9%) 221 (69.9%) 442 (69.9%) 1.00

Body mass index (kg/m2) 22.1 ± 3.4 22.2 ± 3.9 22.1 ± 3.5 0.64 22.3 ± 3.9 22.4 ± 3.8 22.3 ± 3.9 0.7
CCI 1.7 ± 2.4 5.0 ± 1.9 2.2 ± 2.6 < 0.001 4.0 ± 2.8 3.8 ± 1.8 3.9 ± 2.4 0.53
Bone mineral density, T-score* − 2.9 ± 1.1 − 2.6 ± 0.9 − 2.9 ± 1.1 0.08 − 2.7 ± 0.8 − 2.6 ± 0.4 − 2.7 ± 0.6 0.54
Osteoporosis diagnosis 0.12 0.89
 Normal 187 (9.6%) 39 (7.9%) 226 (9.3%) 28 (8.9%) 26 (8.2%) 54 (8.5%)
 Osteopenia 628 (32.4%) 183 (37.2%) 811 (33.3%) 106 (33.5%) 109 (34.5%) 215 (34.1%)
 Osteoporosis 1126 (58.0%) 270 (54.9%) 1396 

(57.4%)
182 (57.6%) 181 (57.3%) 363 (57.4%)

Preoperative ambulatory status 0.21 0.92
 Independent ambulation 1068 (55.0%) 246 (50.0%) 1314 

(54.0%)
168 (53.2%) 165 (52.2%) 333 (52.7%)

 Ambulation with aid 679 (35.0%) 187 (38.0%) 866 (35.6%) 113 (35.8%) 116 (36.7%) 229 (36.2%)
 Wheelchair / bedridden 194 (10.0%) 59 (12.0%) 253 (10.4%) 35 (11.0%) 35 (11.1%) 70 (11.1%)
Length of stay (days) 5.8 ± 2.1 4.9 ± 1.8 5.6 ± 2.0 0.09 5.7 ± 2.0 5.1 ± 1.7 5.4 ± 1.9 0.21
CCI, Charlson Comorbidity Index
*Available in 1,514/1,941 (78.0%) and 384/492 (78.0%) patients, respectively
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Prior to matching, 1-yr mortality was similar between 
groups, at 18.1% in the pre-COVID group and 19.3% in 
the social distancing group (p = 0.59). After matching, 1-yr 
mortality was 18.4% in the pre-COVID group and 19.6% in 
the social distancing group, with no significant difference 
(p = 0.76).

Discussion

This retrospective cohort study revealed a notable change in 
the pattern of falls among older adults during the COVID-
19 social distancing period in South Korea. After PSM, we 
found a significant shift in fall location distribution: indoor 
falls decreased from 67.7% to 61.1%, while outdoor falls 
increased from 32.3% to 38.9% during the pandemic social 
distancing period (p = 0.02). Our single-center data showed 
that among patients presenting with hip and femur fractures 

shows the density plots of propensity scores before and 
after matching, demonstrating substantial improvement in 
the overlap of distributions between groups. All covariates 
achieved SMDs < 0.1 after matching, confirming excellent 
balance (Supplementary Table 2).

In the unmatched analysis, 67.2% of fractures in the pre-
COVID period and 64.1% in the social distancing period 
resulted from indoor falls, with no significant difference 
(p = 0.37), as shown in Table  3. However, after matching 
for confounding factors, the difference became more pro-
nounced and significant. In the propensity-matched cohort, 
indoor falls decreased from 67.7% (214 of 316) in the pre-
COVID group to 61.1% (193 of 316) in the social distancing 
group, while outdoor falls correspondingly increased from 
32.3% (102 of 316) to 38.9% (123 of 316). This represented 
a significant shift in fall location distribution (absolute risk 
difference − 6.6% points, 95% CI -14.0 to 0.8; paired odds 
ratio 1.82, 95% CI 1.09–3.07; p = 0.02).

Table 3  Distribution of fall location (indoor vs. outdoor) and 1-year mortality before and after propensity score matching between pre-COVID-19 
and social distancing cohorts

Before propensity score matching After propensity score matching
Pre-COVID-19 period Social distancing period p Pre-COVID-19 period Social distancing period p

N, hips 1941 492 316 316
Location of fall 0.37 0.02
 Indoors 1305 (67.2%) 315 (64.1%) 214 (67.7%) 193 (61.1%)
 Outdoors 636 (32.8%) 177 (35.9%) 102 (32.3%) 123 (38.9%)
1-yr mortality 352 (18.1%) 95 (19.3%) 0.59 58 (18.4%) 62 (19.6%) 0.76

After propensity score matching
Pre-COVID-19 period Social distancing period Total p

n, hips 316 316 632
Type of fracture 1.00
 Femur neck 124 (39.2%) 122 (38.6%) 246 (38.9%)
 Intertrochanteric 113 (35.8%) 114 (36.1%) 227 (35.9%)
 Femur shaft 47 (14.9%) 48 (15.2%) 95 (15.0%)
 Subtrochanteric 15 (4.7%) 16 (5.1%) 31 (4.9%)
 Periprosthetic 17 (5.4%) 16 (5.1%) 33 (5.2%)
Type of surgical management 0.84
 Arthroplasty 135 (42.7%) 130 (41.1%) 265 (41.9%)
 Internal fixation 173 (54.8%) 176 (55.7%) 349 (55.2%)
 Conservative 8 (2.5%) 10 (3.2%) 18 (2.9%)
Month of visit 0.70
 January 25 (7.9%) 19 (6.0%) 44 (7.0%)
 February 25 (7.9%) 25 (7.9%) 50 (7.8%)
 March 28 (8.9%) 28 (8.9%) 56 (8.9%)
 April 35 (11.1%) 33 (10.3%) 68 (10.8%)
 May 25 (7.9%) 31 (9.8%) 56 (8.9%)
 June 22 (6.9%) 28 (8.9%) 50 (7.8%)
 July 28 (8.9%) 28 (8.9%) 56 (8.9%)
 August 34 (10.8%) 31 (9.8%) 65 (10.3%)
 September 28 (8.9%) 28 (8.9%) 56 (8.9%)
 October 25 (7.9%) 21 (6.6%) 46 (7.3%)
 November 16 (5.0%) 22 (7.0%) 38 (6.0%)
 December 25 (7.9%) 22 (7.0%) 47 (7.4%)

Table 2  Comparison of fracture 
type, surgical management, and 
month of visit between pre-
COVID-19 and social distancing 
periods after propensity score 
matching
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going out for essential errands [19, 25]. These individuals, 
being more mobile, are typically at greater risk for outdoor 
falls under normal circumstances [5]. During social distanc-
ing, there were far fewer casual outdoor trips, but those who 
did go out might have encountered hazards such as uneven 
sidewalks or lack of usual support [13]. Additionally, the 
pandemic may have created unique outdoor risks: reduced 
street maintenance, empty sidewalks with less immediate 
assistance available, and the absence of usual community 
support structures. This shift suggests that while frail older 
adults who typically fall indoors may have benefited from 
increased family supervision, the active subgroup who 
maintained outdoor activities faced heightened risks in 
altered environmental conditions.

This phenomenon aligns with prior knowledge that 
indoor and outdoor falls often involve different subpopula-
tions of older adults [5, 26]. Indoor falls disproportionately 
involve the frailest individuals who tend to fall while per-
forming activities of daily living at home, whereas outdoor 
falls involve relatively robust seniors who are engaged in 
community or leisure activities outside [21]. Our matched 
analysis finding of a lower proportion of indoor falls dur-
ing the pandemic suggests that individuals of greater frailty, 
who are prone to indoor falls, might have experienced fewer 
falls or not have presented to the hospital. In contrast, active 
older adults, who are more likely to fall outdoors, continued 
to experience falls and sought hospital care even during the 
social distancing period [17]. To synthesize these competing 
mechanisms, Table 4 presents the factors that could explain 
the observed decrease in indoor falls alongside theoretical 
factors that might have increased indoor falls during the 
pandemic. Our findings support the dominance of protec-
tive factors (increased supervision, behavioral caution, and 
multigenerational support) over risk factors (deconditioning 
and reduced mobility) in determining indoor fall patterns 
during social distancing.

  
The most striking finding from our study was the nearly 

three-fold higher CCI in patients presenting during the 
COVID-19 period (5.0 ± 1.9 vs. 1.7 ± 2.4, p < 0.001), 

to our tertiary care hospital, the proportion resulting from 
indoor falls was lower during the social distancing period. 
However, this observation should be interpreted cautiously 
given the retrospective design and potential selection biases 
inherent in single-center studies. This finding contrasts with 
what might have been expected given that older adults were 
spending more time at home during the pandemic.

There are several potential explanations for the decrease 
in incidence of indoor falls observed during the social dis-
tancing period. One potential mechanism that may explain 
our findings is increased supervision and caution [14, 19, 
22]. With many family members working from home or 
refraining from outside activities during the pandemic, vul-
nerable seniors who live with family could have had more 
supervision and assistance in daily tasks [23]. This might 
have reduced high-risk activities that often lead to indoor 
falls. Even for those living alone, heightened awareness of 
the risks associated with hospitalization during the COVID-
19 pandemic might have influenced behavior. Older adults 
also could have become more cautious in their homes, 
knowing that an injury would likely necessitate a hospital 
visit.

We hypothesize that South Korea’s multigenerational 
household structure, where approximately 20–30% of older 
adults live with their adult children [24], might have played 
a protective role, though our study cannot directly con-
firm this mechanism. Adult children or grandchildren who 
were working or studying from home could have provided 
oversight for older family members, potentially preventing 
falls that might have otherwise occurred when seniors were 
alone at home [15]. This cultural context can partly explain 
our findings and differentiates the South Korean experience 
from countries where older adults more commonly live 
alone.

Conversely, the relative increase in the proportion of out-
door falls during the same period (from 32.3% to 38.9%) 
represents a striking and counterintuitive finding that war-
rants careful interpretation. It is likely that those who ven-
tured outdoors were relatively healthier or more active, 
engaging in physical activity such as walking for exercise or 

Table 4  Competing hypotheses for indoor fall patterns during COVID-19 social distancing period
Factors decreasing indoor falls References Factors potentially increasing indoor 

falls
Refer-
ences

Increased family supervision - Family members working from home 
providing oversight and assistance for older adults

 [14, 18, 22, 23] Reduced outdoor exposure - More 
time at home leading to fewer outdoor 
fall opportunities

[12, 
13]

Heightened caution - Awareness of hospitalization risks during pan-
demic leading to more careful behavior

 [14] Physical deconditioning - Prolonged 
inactivity causing muscle weakness and 
balance deterioration

[15, 
16]

Multigenerational household structure - Adult children/grandchildren 
providing protective oversight in Korean families

 [15]

Selection effect - Healthier individuals continuing outdoor activities, 
shifting fall proportions

 [5, 18, 24]
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the proportion of indoor falls during the pandemic as it rep-
resents a deviation from the expected pattern. When contex-
tualizing our findings within the broader pandemic literature, 
an interesting paradox emerges. While several international 
studies and a nationwide Korean cohort study by Jang et 
al. reported significant reductions in hip fracture incidence 
during the COVID-19 period [10, 18, 35], our single ter-
tiary care center observed relatively stable monthly admis-
sion rates (18.0 vs. 19.7 cases per month). This discrepancy 
may reflect the unique characteristics of the Korean health-
care system and referral patterns to tertiary centers. During 
the pandemic, patients with significant comorbidities—as 
evidenced by the higher CCI in our cohort (5.0 vs. 1.7, p 
< 0.001)—may have preferentially sought care at tertiary 
hospitals, while those with less severe conditions deferred 
treatment or visited local hospitals. Additionally, the con-
centration of complex cases at our tertiary center may have 
maintained admission volumes despite an overall popu-
lation-level decline in hip fractures. This highlights the 
importance of considering healthcare system-specific fac-
tors when interpreting pandemic-related changes in fracture 
epidemiology.

Other international studies have reported diverse find-
ings. Slullitel et al. reported a 53.7% reduction in hip frac-
ture admissions during Argentina’s lockdown [35], while 
Steinfeld et al. found that hospital admissions for hip frac-
tures following a fall among older adults in Israel decreased 
significantly during the first lockdown period [36]. How-
ever, these studies focused on overall admission volumes 
during pandemic restrictions and did not analyze the pro-
portion of indoor versus outdoor falls among patients who 
presented with fractures. Our study uniquely examines fall 
location patterns within the fracture population, revealing 
how the pandemic altered not the volume but the circum-
stances of falls. This methodological difference limits direct 
comparison of fall location patterns across different pan-
demic response strategies, highlighting the need for stan-
dardized approaches in future multi-national studies.

Some studies have reported increases in falls over lon-
ger pandemic periods. For example, Minato et al. noted 
that, while the total number of patients with major fragility 
fractures decreased during the first wave of the COVID-19 
epidemic in Japan, patterns changed in subsequent waves 
[23]. This suggests that the initial behavioral adaptations we 
observed evolve over a longer timeframe [1], as captured 
given our extended observation period.

This study also has several limitations that should be 
acknowledged. First, it was a single-center study, and the 
experience of our hospital and region might not be gener-
alizable to all settings. Second, as an observational study, 
it could not establish causality because unmeasured con-
founders might have influenced the results. However, we 

representing a fundamental shift in the characteristics of hip 
fracture patients. This finding suggests that patients with 
more serious comorbidities made up a greater proportion of 
those seeking care for falls during the pandemic [27]. How-
ever, this dramatic increase in comorbidity burden consti-
tutes a critical selection bias that must be considered when 
interpreting all our results. Several studies have reported 
similar findings. Zhong et al. found that hip fracture patients 
during COVID-19 had higher comorbidity burdens, which 
might reflect a selection effect where only those with more 
severe health conditions sought hospital care during the 
pandemic [21]. Others have suggested that the stress and 
disruption of the pandemic exacerbated chronic conditions 
in vulnerable populations [28, 29].

In South Korea, particularly among tertiary referral 
centers such as the hospital in which this study was con-
ducted, access to emergency departments was significantly 
restricted due to rigorous pre-triage protocols, infection 
control measures, and periodic closures following in-hospi-
tal COVID-19 exposures [30]. These institutions prioritized 
critically ill patients and limited admission of non-urgent 
cases, effectively creating a higher threshold for hospital 
presentation [31]. Consequently, patients with fewer comor-
bidities might have deferred or avoided hospital visits dur-
ing this period, while those with a higher disease burden 
were more likely to present for urgent care, contributing 
to the elevated comorbidity profile observed in our cohort. 
This selection bias also could have been compounded by 
pandemic-related disruptions in the management of chronic 
diseases, further exacerbating baseline health status in the 
presenting population.

We also observed significant differences in the sea-
sonal distribution of fractures between the pre-COVID-19 
and social distancing periods. During the social distanc-
ing period, a higher proportion of fractures occurred from 
March to August, whereas in the pre-COVID-19 period, 
cases were more concentrated in October to December. This 
shift might reflect changing activity patterns during the pan-
demic, with older adults potentially avoiding outdoor activi-
ties during winter months due to both seasonal hazards and 
heightened pandemic concerns [11, 32]. However, as our 
matching procedure accounted for month of presentation, 
the observed differences in indoor versus outdoor fall pro-
portions are independent of these seasonal variations [17].

Under normal circumstances, studies have shown that 
indoor falls account for approximately 50–80% of all falls 
among older adults, with variation depending on the popula-
tion studied [33]. In several studies of community-dwelling 
older adults, indoor falls represented 60–70% of all falls, 
with a higher proportion of indoor falls being associated 
with advancing age, frailty, and reduced functional capacity 
[34]. This pattern highlights the importance of decreasing 
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our study period ended in March 2022, precluding analysis 
of fall patterns during the post-COVID-19 recovery phase 
when social activities resumed and family supervision pat-
terns changed, which represents an important area for future 
investigation.

Conclusions

In our single-center retrospective cohort, the propor-
tion of indoor falls among hip and femur fracture patients 
decreased during COVID-19 social distancing. However, 
significant selection bias evidenced by markedly higher 
comorbidity burden (CCI 5.0 vs. 1.7) limits generalizabil-
ity. Despite older adults spending more time at home during 
the pandemic, the proportion of fractures from indoor falls 
decreased while outdoor fall proportions increased, suggest-
ing a shift in fall patterns. Patients who sought care during 
this period also exhibited significantly higher comorbidity 
burdens, reflecting changes in healthcare-seeking behavior. 
Despite these limitations, our findings suggest that pan-
demic-related behavioral changes may alter fall patterns in 
older adults, highlighting the need for adaptive fall preven-
tion strategies during public health emergencies.
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utilized a rigorous PSM methodology to address potential 
confounding effects and selection bias, allowing more valid 
comparisons between the pre-COVID-19 and social dis-
tancing periods. Our matching procedure included not only 
demographic and clinical factors but also fracture type, sur-
gical management, and month of presentation, which helped 
to control for potential seasonal and injury-specific varia-
tions. Third, the reduction in hospital-fracture cases during 
the pandemic means that we might have missed information 
on falls that did happen but were not treated at a hospital. We 
tried to mitigate this by focusing on matched comparisons, 
but it remains a concern. Fourth, we lacked detailed infor-
mation on the exact circumstances of falls, including spe-
cific activities being performed at the time of the fall, which 
would have provided deeper insight into fall mechanisms 
during the pandemic. However, we had detailed clinical 
information on each fall case, including the specific loca-
tion of the fall, which enabled us to analyze this important 
aspect of fall epidemiology during the pandemic. Fifth, the 
extended pre-COVID-19 period (2011–2019) compared to 
the COVID-19 period (2020–2022) might have introduced 
historical biases, although our matching procedure should 
have minimized the impact of this on our primary findings. 
Nevertheless, inclusion of a relatively long observation 
period both before and during the pandemic allowed us to 
assess long-term trends and seasonal variations in fall pat-
terns, strengthening the validity of our conclusions. Sixth, 
we lacked information about patients’ living arrangements, 
preventing analysis of whether family supervision effects 
differed between those living with family versus alone. 
Future studies should collect data on household composi-
tion to understand its influence on fall patterns during social 
restrictions. Seventh, our propensity score matching could 
not include important covariates such as living arrangement, 
cognitive status, prior fracture history, and anti-osteoporotic 
medication use, as these were not systematically documented 
in emergency department records. This may have resulted in 
residual confounding. Eighth, we lacked detailed informa-
tion about specific fall locations (private homes versus insti-
tutions, or specific areas like bathrooms or stairs), which 
critically limits our ability to interpret the role of household 
structure or institutional factors in the observed fall pattern 
changes. Without this stratification, our discussion of mul-
tigenerational household effects remains speculative. Ninth, 
significant selection bias likely influenced our results. As a 
tertiary care center during the pandemic, we predominantly 
received patients with higher comorbidity burden (CCI 5.0 
vs. 1.7), while those with fewer comorbidities may have 
sought care elsewhere or deferred treatment. This selec-
tion bias, compounded by pandemic-related disruptions in 
chronic disease management, limits the generalizability of 
our findings to the broader hip fracture population. Finally, 
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