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Abstract

Background and Objectives: Ankle fractures represent one of the most common injuries to the
lower limb, particularly impacting women and the elderly. The coronavirus disease 2019
(COVID-19) pandemic greatly disrupted both the incidence of these fractures and their
treatment patterns globally. This retrospective epidemiological study analyzed 1010 cases of
ankle fractures treated at the Orthopedics Department of Policlinico University Hospital in
Catania from 2018 to 2023. The study aimed to evaluate trends in incidence, patient demo-
graphics, fracture types, treatment modalities, and hospital stay across the pre-COVID-19,
COVID-19, and post-COVID-19 periods. Materials and Methods: A retrospective observa-
tional study was conducted including all patients diagnosed with ankle fractures from 1
January 2018 to 31 December 2023. Data were collected from hospital medical records using
ICD-9-CM codes and radiographic classification systems (Danis–Weber, Lauge-Hansen, and
AO/OTA). Variables analyzed included demographics, fracture type and side, treatment
modality, and hospitalization details. Statistical analyses were performed using t-tests,
chi-square tests, and linear regression, with significance set at p < 0.05. Results: In 2020,
there was a 31.7% decrease in fracture incidence. Although overall fracture rates rebounded
after COVID-19, they did not reach pre-pandemic levels. During the pandemic, trimalleolar
fractures increased significantly, occurring more frequently in older women, likely due to
bone fragility. The rate of surgical treatments rose during and after the pandemic, with
a distinct shift from ORIF to external fixation. Hospital stays were longer, especially for
patients with cardiovascular risk factors. Conclusions: The pandemic significantly altered
the epidemiology, treatment strategies, and outcomes of ankle fractures. These findings
highlight the necessity for adaptable care models and preventive strategies, particularly for
vulnerable populations such as older women.
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1. Introduction
Ankle fractures are among the most common fractures in adults, with an incidence

rate of 174 per 100,000 person-years [1]. They account for approximately 10% of all adult
fractures, ranking second only to hip fractures among lower limb injuries. The incidence
rates range from 71 to 187 per 100,000 person-years and are predominantly observed in
adults under the age of 60. However, there is an increased fracture risk in postmenopausal
women [2,3]. Studies indicate a significant rise in incidence among females, particularly
those over 65 years of age. Notably, the age-adjusted rates in Finland doubled from 1970 to
2000 [4].

The incidence of ankle fractures in women typically peaks between the ages of 60
and 70, after which it either stabilizes or declines. These fractures, frequently resulting
from low-energy trauma, become more common with advancing age and predominantly
affect women. There is a noticeable peak in incidence for women between the ages of 30
and 60, whereas men experience these fractures more uniformly across different ages [5].
Among adolescents, fracture rates are highest, with males experiencing 9.5 fractures per
10,000 person-years and females experiencing 5.5. In subsequent decades, the incidence for
males declines. In contrast, women demonstrate a bimodal distribution, with a secondary
peak occurring after age 80. This later peak is likely associated with osteoporosis and
reduced bone density, commonly observed in older age [6–8].

In a decade-long study involving over 50,000 cases, most ankle fractures in women
were caused by low-energy trauma. In contrast, men more frequently sustained fractures
from high-energy trauma. These findings suggest that ankle fractures in elderly women,
linked to factors such as reduced muscle mass and increased body mass index (BMI),
particularly from simple falls, may be considered osteoporotic [9,10]. Seasonal conditions,
such as snow and ice, significantly influence fracture rates, which peak from November to
March. This pattern is consistent with studies from Nordic countries that report similar
seasonal variations in humerus, femur, and ankle fractures [11].

The management of ankle fractures typically involves interventions such as surgery,
immobilization, and rehabilitation. The coronavirus disease 2019 (COVID-19) pandemic
posed significant challenges to fracture treatment, leading to a notable decrease in the
incidence of ankle fractures. This decline was likely due to government restrictions, re-
duced physical activity, and patients’ reluctance to visit hospitals out of fear of COVID-19
exposure [12,13]. The reduction was particularly pronounced during the first 30 days of
the pandemic, with higher adherence to restrictions noted among women and individuals
over 70 [14].

The pandemic adversely affected ankle fracture management outcomes, leading to
increased surgical delays, extended hospital stays, and higher rates of complications such as
pneumonia, deep vein thrombosis, and sepsis. Mortality rates among fracture patients were
reported to be up to twice as high as pre-pandemic levels. This increase was particularly
pronounced among elderly patients, whose physical frailty and pre-existing comorbidities
placed them at a higher risk of adverse outcomes [12,15].
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During the pandemic, injury patterns changed significantly. Sports-related trauma
dropped markedly due to the suspension of sports and outdoor activities, while motor
vehicle accidents constituted the largest percentage of trauma cases before COVID-19. In
contrast, work-related injuries and high-energy falls increased as people spent more time at
home, leading to a rise in domestic accidents. Among the elderly, falls from lower heights
became common, resulting in an increase in fragility fractures. Injuries sustained in public
spaces, schools, daycare centers, residential care facilities, and sports areas decreased, while
injuries at home increased nearly fourfold. This increase is likely attributable to extended
periods spent indoors [15].

During the pandemic, orthopedic practice routines adapted by postponing many
elective surgeries and utilizing telemedicine whenever feasible [16–19]. While urgent
fracture care remained ongoing, there was a notable shift in both injury mechanisms and
the timing of patient presentations. Some patients opted for telemedicine consultations, a
trend that grew following the implementation of shelter-in-place mandates. Consequently,
the pandemic resulted in a significant shift in the types of injuries managed in orthopedic
foot and ankle clinics, mirroring changes in activity levels and patients’ reluctance to seek
in-person medical care for non-urgent injuries [20,21].

The primary objectives of this study are to analyze the epidemiological trends of ankle
fractures across three distinct periods: pre-COVID-19, during COVID-19, and post-COVID-
19. By examining variations in incidence, treatment methods, and patient demographics,
the study seeks to provide insights into how these factors influence fracture patterns and
management strategies.

2. Materials and Methods
2.1. Study Design

This study is a retrospective observational epidemiological analysis focusing on ankle
fractures treated at the Orthopedics Department of Policlinico University Hospital, “G.
Rodolico—San Marco,” from 1 January 2018 to 31 December 2023. The primary objective
was to evaluate the epidemiological trends of ankle fractures across three distinct periods:
pre-COVID-19 (1 January 2018–31 December 2019), during COVID-19 (1 January 2020–31
December 2021), and post-COVID-19 (1 January 2022–31 December 2023).

2.2. Inclusion and Exclusion Criteria

Inclusion criteria specify that patients of any age diagnosed with an ankle fracture
requiring orthopedic treatment between 1 January 2018 and 31 December 2023 are eligible
for the study. The exclusion criteria disqualify patients with additional fractures involving
bones outside the ankle.

2.3. Data Collection

Data for this study were retrieved from the hospital’s medical records database using
the International Classification of Diseases, 9th Revision–Clinical Modification (ICD-9-CM)
codes [22]. The dataset included all patients admitted and treated for ankle fractures in
the Orthopedic Unit during the study period. Information obtained from the electronic
hospital admission system included demographic details (sex and age), diagnostic codes,
comorbidities, length of hospital stay, and other relevant clinical variables. Radiographic
data were accessed through the Carestream® imaging system, a certified medical imaging
archive adopted by the institution. Fractures were assessed and classified according to
the Danis–Weber, Lauge-Hansen, and AO/OTA classification systems [23]. Radiographic
evaluations were independently conducted by two orthopedic surgeons experienced in
trauma care. Any discrepancies between reviewers were resolved by consensus through
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joint review. To ensure accuracy and consistency, data entries were cross-verified by a
third reviewer. All information was anonymized prior to analysis in compliance with
institutional data protection standards. The variables collected included demographics (sex
and age), fracture details (type of fracture and affected side), clinical data (date of injury
and medical history), and treatment details (type of treatment (surgical or non-surgical),
length of hospital stay, date of surgery, and type of fixation used (if applicable)).

2.4. Statistical Analysis

Descriptive statistics for categorical data were presented as counts and proportions
(%). Continuous data were summarized using the mean and standard deviation (SD), as
well as the median and range.

Statistical comparisons employed various methods. T-tests evaluated differences in
continuous variables, such as the length of hospital stay. Linear regression analyzed the re-
lationship between fracture type and variables like sex or gender. Chi-square tests explored
associations between categorical variables, including fracture type and treatment method.
Statistical significance was defined as p < 0.05. To identify trends, we cross-referenced data
on the type of malleolus involved with the management approach, highlighting preferences
for surgical versus non-surgical treatment.

3. Results
3.1. Study Sample

The study included 1010 patients with malleolar fractures, comprising 534 women
(52.87%) and 476 men (47.13%), yielding a male-to-female ratio (M:F) of 1:1.14. The mean
age of the sample was 47.80 ± 20.37 years, with a range from 4 to 93 years.

The distribution of fractures over the years is as follows: 172 in 2018, 224 in 2019,
153 in 2020, 149 in 2021, 168 in 2022, and 144 in 2023. When categorizing the fractures
into three reporting periods, we identified 396 fractures during the pre-COVID-19 period
(2018–2019), 302 fractures during the COVID-19 period (2020–2021), and 312 fractures
during the post-COVID-19 period (2022–2023) (Table 1).

Table 1. Number of fractures divided by period (Pre-COVID-19, COVID-19, and Post-COVID-19)
and year.

Period Total Year Total

Pre-COVID-19 396
2018 172

2019 224

COVID-19 302
2020 153

2021 149

Post-COVID-19 312
2022 168

2023 144

Total 1010 Total 1010

The average incidence of these fractures is 56 ± 9.78 per 100,000 population per year,
ranging from 50 to 75, during the period from 2018 to 2023 (Table 2).



Medicina 2025, 61, 1439 5 of 15

Table 2. Annual incidence of ankle fractures per 100,000 population/year during 2018–2023 in
Catania. Population data were obtained from Italian government statistics.

Population

Year Total Male Female

2018 311.620 150.037 161.583
2019 297.752 142.792 154.960
2020 296.266 142.230 154.036
2021 300.356 143.635 156.721
2022 301.104 144.999 156.105
2023 299.730 144.256 155.474

Incidence

Total Male Female

55 63 48
75 69 77
52 46 56
50 44 55
56 59 53
48 44 51

3.2. Gender and Age

For men, the average annual incidence is 54 ± 10.91 (range: 44–69) per 100,000 popula-
tion per year. For women, it is 57 ± 10.37, ranging from 48 to 77 per 100,000 population per
year. This gender distribution is consistent with the described trend and does not exhibit
significant differences across the compared time periods (p > 0.05) (Table 3).

Table 3. Annual fracture distribution by gender and male–female ratio.

Fractures Ratio

Year Total Male Female M:F

2018 172 94 78 1.21:1
2019 224 104 120 1:1.15
2020 153 66 87 1:1.34
2021 149 63 86 1:1.37
2022 168 85 83 1.02:1
2023 144 64 80 1:1.25

Total 1010 476 534 1:1.14

The study found that men were generally younger at the time of injury, with a mean
age of 44.66 ± 19.64 years (range: 6–92 years), compared to women, whose mean age was
higher at 52.30 ± 19.90 years (range: 4–93 years) (Figure 1).

In the 15–19 age group, fractures predominantly occur in males, who account for
73.49% (61 patients) of the total fractures within this group. In contrast, beginning with the
50–54 age group, there is a gradual decline in fracture incidence among males, accompanied
by a steady increase among females. This trend progresses until it peaks in the 60–64 age
group, where females represent 59.55% (53 patients) of total fractures. In the younger
age groups, the 0–4 age group shows a fracture incidence of 0.10% (1 patient), and the
5–9 age group accounts for 0.89% (9 patients). Similarly, in the older age groups, the
85–89 age group accounts for 1.88% (19 patients), and the 90–94 age group represents 0.99%
(10 patients) of the total fractures (Figure 2).
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Figure 1. Number of patients with ankle fractures in 5-year age groups divided into male and female.

Figure 2. Number of patients with ankle fracture in 5-year age group distributed by period.
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3.3. Type of Fractures and Affected Side

The identified fracture types include 130 trimalleolar, 144 bimalleolar, 147 tibial malle-
olus, and 589 peroneal malleolus. Closed fractures comprised 991 cases (98.12%), while
open fractures accounted for 19 cases (1.88%). The right side was involved in 507 patients
(51.87%), while the left side was affected in 474 patients (48.13%) (Figure 3).

Figure 3. Distribution by side based on the number and type of malleolus involved.

Trimalleolar fractures are more common in older females, with 63.85% (83 cases)
occurring in the 50–79 age group. Conversely, tibial fractures are more prevalent among
younger males, with 18.94% (25 cases) found in the 20–29 age group (Table 4).

Table 4. Number of patients with ankle fractures divided by type of malleolus involved. Distribution
by gender and mean age of male and female.

Number Mean Age

Type of Fracture M F M:F M F

Trimalleolar 36 94 1:2.61 48.96 ± 19.34 (16–83) 60.21 ± 15.36 (20–90)
Bimalleolar 65 79 1:1.20 46.70 ± 19.34 (16–92) 60.60 ± 19.12 (17–93)

Tibial malleolus 95 52 1.93:1 40.00 ± 17.78 (11–78) 44.40 ± 20.86 (5–77)
Peroneal malleolus 280 309 1:1.12 41.48 ± 20.21 (6–89) 46.50 ± 19.85 (4–89)

3.4. Seasonality

An analysis of seasonality reveals distinct differences in the monthly distribution of
incidents throughout the year. Specifically, 26.24% (265) of the total incidents occurred
during winter, 24.26% (245) in spring, 25.75% (260) in summer, and 23.76% (240) in au-
tumn. This distribution illustrates a relatively uniform pattern (Figure 4). Notably, signifi-
cant differences were identified in the seasonal distribution of fractures (p < 0.05). Tibial
malleolus fractures increased markedly in spring (28.57%, 42), likely due to the rise in
physical activity during this time. Meanwhile, trimalleolar fractures peaked in autumn
(31.54%, 41).
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Figure 4. Number of ankle fractures distributed by season.

3.5. Mechanism of Injury and Associated Trauma

Out of 1010 fractures analyzed, 33.86% (342) were associated with additional traumas.
Trimalleolar and bimalleolar fractures exhibited a higher incidence of dislocations. Peroneal
and tibial fractures were more frequently associated with distortive trauma and foot
fractures: trimalleolar (n = 64) 49.23%, bimalleolar (n = 58) 40.28%, tibial malleolus (n = 57)
38.78%, and peroneal malleolus (n = 163) 27.67%.

Trauma occurred in 31.97% (196 cases) of non-surgically treated fractures. The most
common types were distortive trauma (n = 108) 55.10%, foot fractures (n = 54) 27.55%,
dislocation (n = 1) 0.51%, and others (n = 33) 16.83%.

In cases of bimalleolar fractures, associated trauma was present in 22.58% (7) of in-
stances. The most prevalent complication in these cases was distortive trauma, occurring in
71.43% (5) of instances. For tibial fractures, associated trauma was observed in 40.68% (118)
of cases, with 15.25% (18) involving distortive trauma. In the context of peroneal fractures,
associated trauma occurred in 37.90% (174) of cases. The predominant complication for
non-surgically treated peroneal fractures was distortive trauma, representing 48.85% (85),
followed by foot fractures at 22.41% (39). Associated traumas were noted in 36.78% (146) of
surgically treated fractures.

In trimalleolar fractures, associated traumas were observed in 51.20% (64) of cases,
with dislocation being the most frequent, occurring in 40.77% (53 cases). For bimalleolar
fractures, associated traumas were present in 45.13% (51 cases). Notably, surgically treated
bimalleolar fractures exhibited a high incidence of dislocations, accounting for 23.40%
(33 cases). Surgically managed tibial fractures showed a lower incidence of associated
trauma, at 31.03% (9 cases). For peroneal fractures, associated traumas were found in 16.92%
(22 cases), with dislocation and distortive trauma being the most common, occurring in
10.77% (14 cases).

3.6. Comorbidities

Among the 397 patients who received surgical treatment for ankle fractures, 41.81%
(166 patients) had comorbidities. Of these, 34.34% (57 patients) were men, while 65.66%
(109 patients) were women (Table 5). A chi-square test was performed to assess the asso-
ciation between comorbidities and both hospital stay duration and treatment modality.
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Hospital stay was categorized as short (<10 days) or long (≥10 days). No statistically
significant association was found between the presence of comorbidities and treatment
choice (p > 0.05). Similarly, most comorbidities did not show a significant relationship with
hospital stay duration. However, a significant association was identified for patients with
diabetes, who were more likely to experience hospital stays longer than 10 days (p < 0.05).

Table 5. Number and percentage of comorbidities occurring in surgically treated fractures divided by
gender (others include Chron’s disease, eye disease, celiac disease, gastritis, and Lupus).

Total Percentage

Comorbidities M F M F

Hypertension 89 34 55 53.61% 38.20% 61.80%
Diabetes 31 14 17 18.67% 45.16% 54.84%

Cardiological disease 26 11 15 15.66% 42.31% 57.69%
Dyslipidemia 22 8 14 13.25% 36.36% 63.64%

Psychiatric disorders 14 3 11 8.43% 21.43% 78.57%
Urological disorders 10 5 5 6.02% 50.00% 50.00%

Hematological disorders 9 2 7 5.42% 22.22% 77.78%
Respiratory disorders 9 4 5 5.42% 44.44% 55.56%

Obesity 8 1 7 4.82% 12.50% 87.50%
Oncology 8 1 7 4.82% 12.50% 87.50%

Thyroid disorders 7 0 7 4.22% 0% 100%
Neurological disorders 7 2 5 4.22% 28.57% 71.43%

Dermatological disorders 4 0 4 2.41% 0% 100%
Hepatic disorders 3 2 1 1.81% 66.67% 33.33%

Others 13 6 7 7.83% 46.15% 53.58%

3.7. Treatment

Between 2018 and 2023, a total of 613 fractures were treated non-surgically. The
majority were peroneal fractures, accounting for 459 cases (74.88%), followed by 118 tibial
fractures (19.25%), 31 bimalleolar fractures (5.06%), and 5 trimalleolar fractures (0.82%).
The most prevalent form of conservative management was casting, as detailed in Table 6.

Table 6. Ankle fractures classified by conservative treatment: number of fractures and percentage.

Treatment Percentage

Type of
Fracture Splint Cast

Brace
Cast

Valve
Bivalve
Brace

Walker
Brace Splint Cast

Brace
Cast

Valve
Bivalve
Brace

Walker
Brace

Trimalleolar 5 0 0 0 0 100% 0% 0% 0% 0%
Bimalleolar 19 77 0 0 5 18.81% 76.24% 0% 0% 4.95%

Tibial
malleolus 62 21 17 3 15 52.54% 17.80% 14.41% 2.54% 12.71%

Peroneal
malleolus 305 63 53 5 33 66.45% 13.73% 11.55% 1.09% 7.19%

The distribution of treatments included cast splints in 391 cases (63.78%), casting
braces in 93 cases (15.16%), cast valves in 76 cases (12.40%), walker braces in 47 cases
(7.67%), and bivalve braces in eight cases (1.31%).

A total of 397 fractures were surgically treated, with 45.59% (181) in males and 54.41%
(216) in females. The types of fractures treated included 125 trimalleolar fractures (31.49%),
113 bimalleolar fractures (28.46%), 29 tibial fractures (7.3%), and 130 peroneal fractures
(32.75%). The most common surgical treatment was an open reduction with internal
fixation (ORIF), applied in 316 cases (80.05%). Additional treatment methods included
closed reduction with internal fixation (CRIF) in 24 cases (6.05%), external fixation (EF)
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in 14 cases (3.53%), and external fixation followed by osteosynthesis in 40 cases (10.01%).
There was also one instance of arthrodesis (0.25%) and one case of closed reduction without
internal fixation (0.25%) (Table 7).

Table 7. Types of ankle fractures classified by surgical treatment: number of fractures and percentage.
Legend: ORIF (open reduction with internal fixation); CRIF (closed reduction with internal fixation);
EF (external fixation); EF + ORIF (external fixation with subsequent ORIF); A (arthrodesis); CR (closed
reduction without internal fixation).

Treatment Percentage

Type of
Fracture ORIF IRIF EF EF + O Arthrodesis CR ORIF IRIF EF EF + O Arthrodesis CR

Trimalleolar 78 5 9 32 1 0 62.40% 4% 7.20% 25.60% 0.80% 0%
Bimalleolar 93 8 5 8 0 0 81.42% 7.08% 4.24% 6.40% 0% 0%

Tibial
malleolus 22 6 0 0 0 1 75.86% 20.69% 0% 0% 0% 3.45%

Peroneal
malleolus 124 5 1 0 0 0 95.38% 3.85% 0.77% 0% 0% 0%

The data regarding the treatment of open fractures reveals that all 19 cases (100%)
underwent surgical intervention. According to the Gustilo–Anderson classification, eight
cases were classified as Type I, seven as Type II, and four as Type IIIA. Specifically, seven
cases were managed with ORIF, accounting for 36.84%, while an equal number were treated
with EF (36.84%). The remaining five cases, representing 26.32%, required EF followed by
osteosynthesis. No cases of deep postoperative infection were recorded in this subgroup
during the hospitalization period.

In the context of trimalleolar fractures, fixation was performed on the posterior malle-
olus in 30 instances (26.32%), on the medial malleolus in 98 instances (86.84%), and on the
lateral malleolus in all 115 cases (100%). Furthermore, 13 cases (11.30%) necessitated the
installation of a transsyndesmotic screw.

For bimalleolar fractures, the lateral malleolus was fixed in all 109 cases (100%), while
fixation of the medial malleolus was necessary in 69 cases (63.30%). Additionally, 19 cases
(17.43%) required the use of a transsyndesmotic screw. Finally, among peroneal fractures,
14 cases (10.85%) required the insertion of a transsyndesmotic screw.

3.8. Hospital Stay

The average hospital stay for patients who underwent surgical treatment between
2018 and 2023 was 9.69 ± 6.17 days, with a range of 1 to 56 days. Patients hospitalized for
open fractures had an average stay of 18.29 ± 15.20 days, ranging from 5 to 56 days. In
contrast, those with closed fractures averaged a stay of 9.29 ± 5.13 days, with a range of 1
to 45 days. Mean hospital stay: trimalleolar 12.62 ± 7.42 (1–56), bimalleolar 9–81 ± 6.30
(2–45), tibial malleolus 8 ± 4.47 (3–24), and peroneal malleolus 6.98 ± 2.90 (1–18).

4. Discussion
This study offers a comprehensive evaluation of the epidemiological and clinical

characteristics of ankle fractures treated at a tertiary hospital over 6 years. The periods
covered include pre-COVID-19 (2018–2019), COVID-19 (2020–2021), and post-COVID-19
(2022–2023). The analysis confirms that the COVID-19 pandemic significantly impacted the
incidence of ankle fractures, the management strategies employed, and patient outcomes.

The total number of ankle fractures decreased significantly in 2020, with a 31.70%
drop compared to 2019. This finding aligns with international reports indicating a general
decrease in orthopedic and trauma cases, attributed to lockdown measures, restrictions
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on outdoor and sports activities, and the public’s fear of hospital exposure to COVID-19,
as reflected in the study by Wong et al., which documented a 41.2% reduction in hospital
admission [24]. Notably, the majority of unstable injuries occurred indoors, with 72%
indoors compared to 38% outdoors [25,26]. This reduction was particularly pronounced
among young individuals in the 10–14 and 25–29 age groups, as well as older adults aged 60–
69. These trends reflect the impact of school closures, the shift to remote work, and increased
risk aversion among the elderly [27]. The reduction in ankle fractures during 2020 is likely
multifactorial. Shelter-in-place mandates and reduced outdoor activities directly limited
exposure to traffic, sports, and work-related trauma. Additionally, patient reluctance to
seek medical attention during the early pandemic likely contributed to underreporting
of low-energy fractures. Age and sex distributions suggest that younger and more active
populations experienced the most pronounced decline, while older women continued to
sustain fragility fractures indoors.

Following the acute phases of the pandemic, ankle fracture rates gradually recovered
during the post-COVID-19 period. However, they did not reach pre-pandemic levels,
showing no rebound effect, similar to findings of Stringer et al., who reported rates of 15.20%
before the lockdown, 8.81% during the lockdown, and 13.17% after the lockdown [28].
Notably, in 2020, the average age of fracture patients dropped to its lowest, at 45.07 years,
according to findings reported by Nath et al. who observed a mean age of 47.73 during
the pandemic [29]. This finding contrasts with trends in the literature, which report an
increased proportion of elderly patients experiencing fractures during the pandemic due to
frailty and domestic accidents [30].

Regarding gender distribution, no significant differences were observed across the
three periods, although there was a slight female predominance; these data are consistent
with the literature as reported by Mo et al., who recorded an increase of 1.3% (2020) and
1.1% (2021) [31], with 2.4× more female patients compared to male patients reported by
Shah et al. [26]. However, trimalleolar fractures demonstrated a significant female bias,
particularly among those aged 60–74, consistent with known trends in fragility fractures
and a possible osteoporotic etiology [32]. This finding aligns with the literature, which
suggests that elderly women are more susceptible to complex ankle fractures due to factors
such as reduced bone density, impaired balance, and increased fall risk [1].

Regarding treatment strategies, international guidelines recommended prioritizing
conservative management to minimize surgical burden and hospital stays during the
pandemic [33]. However, our data show a paradoxical increase in surgical interventions
during the COVID-19 period. This trend may indicate a selection bias towards addressing
more complex fractures, as simpler cases could have gone unreported or been managed
conservatively at home. These findings closely parallel the trends observed by Mascio et al.,
who reported an increase in surgical interventions from 5.6% to 10.4% during COVID-19,
reflecting the severity of the injuries [34]. Additionally, the use of EF rose significantly
during COVID-19, probably due to its benefits of reduced operative time and decreased
hospital resource demands [35].

Post-pandemic, there was a shift back to pre-COVID-19 surgical preferences, especially
regarding ORIF, which rose to account for 81.68% of surgical cases.

During the pandemic, hospital length of stay (LOS) increased and remained elevated
after COVID-19, with statistically significant differences observed across the different
periods. This increase may be attributed to the higher complexity of fractures and the
presence of comorbidities. Although a trend toward longer hospitalizations was observed
across the study periods, no statistically significant differences were found between most
comorbidities and extended LOS, with the exception of diabetes, which was significantly
associated with hospital stays longer than 10 days (p < 0.05). This finding suggests that
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diabetic patients may require more complex perioperative management or longer recovery
times. Other cardiovascular risk factors, including hypertension, dyslipidemia, heart
disease, and obesity, did not show a statistically significant impact on LOS in this cohort [36].

In non-surgical management, clinicians have increasingly adopted functional braces
instead of traditional plaster casts. This shift reflects growing evidence that supports the
efficacy and enhanced patient comfort associated with removable braces [37].

The seasonal variation in fracture incidence was statistically significant. Tibial malleo-
lus fractures reached their peak in spring, coinciding with increased outdoor activity. In
contrast, trimalleolar fractures peaked in autumn, likely because adverse weather con-
ditions elevated the risk of falls. Similarly, Rydemalm et al. reported that 10–12% of all
ankle fractures occurred during the winter months (December to February), highlighting a
clear seasonal trend in colder climates [9]. However, it is important to note that the Nordic
countries experience long, harsh winters with frequent snow and ice, which significantly
increases the risk of slipping-related injuries. In contrast, Italy is characterized by milder
winters, with minimal exposure to ice or snow. Therefore, while our data also revealed
seasonal peaks, particularly in winter and spring, the underlying mechanisms may differ—
potentially reflecting changes in physical activity patterns, indoor falls among older adults,
or post-pandemic behavioral shifts rather than direct environmental hazards.

Laterality analysis indicated that more complex fractures, such as the trimalleolar and
bimalleolar fractures often linked to ankle instability, were slightly more prevalent on the
left side. In contrast, simpler fractures, involving the tibial and peroneal malleolus, were
slightly more common on the right side. This pattern may be attributed to limb dominance
and the biomechanics of falls, as previously suggested in the literature [38].

Fracture complexity influenced the choice of treatment modality. The majority of
trimalleolar and bimalleolar fractures (87%) required surgical fixation, while peroneal and
tibial fractures were most often managed conservatively (78%). This correlation aligns with
fracture severity and patient age, as older individuals are more likely to undergo surgery
due to the complexity of their fractures [39].

Dislocations were most frequently associated with trimalleolar fractures, and nearly
all cases required surgical intervention. However, no significant difference was found in
hospital stay duration for these patients. Although rare, open fractures were universally
treated with surgical fixation. The method of fixation—whether through ORIF, EF, or a
staged approach—depended on the severity of the fracture and the extent of soft tissue
involvement [40].

This study has several limitations. Its retrospective design and single-center setting
may impact the external validity of the findings. However, during the COVID-19 pan-
demic, the hospital served as the primary referral center for trauma, as most surrounding
facilities were converted into COVID-19-dedicated hospitals. This allowed us to collect a
consistent and representative dataset during a time of healthcare system reorganization.
Moreover, variability in treatment protocols and potential confounding factors were not
fully controlled. Treatment decisions were influenced by logistical constraints, particu-
larly during the pandemic, when operating room access and resource availability were
limited. Additionally, certain clinical variables—such as time to presentation, adherence to
rehabilitation, and detailed functional assessments—were not consistently recorded. This
residual heterogeneity limits the ability to draw causal inferences and reinforces the need
for future prospective studies with standardized protocols. Moreover, a key limitation
was the reliance on univariate tests without multivariate modeling. While descriptive and
basic inferential statistics were used, no adjustment was made for confounders such as
age, sex, comorbidities, or seasonal variation. Incorporating multivariate regression or
time-series analysis in future research could better isolate the independent effects of the



Medicina 2025, 61, 1439 13 of 15

COVID-19 pandemic on ankle fracture incidence and management. Finally, the absence
of functional outcome measures and long-term follow-up limits the assessment of clinical
recovery. The study was designed primarily as an epidemiological analysis to evaluate
incidence trends, patient demographics, and treatment approaches across three distinct
timeframes: pre-COVID-19, during COVID-19, and post-COVID-19. Future research is
needed to investigate the long-term clinical course, functional recovery, and quality of life
in patients treated for ankle fractures.

5. Conclusions
This study demonstrates how the COVID-19 pandemic significantly changed the

epidemiology and management of ankle fractures. It emphasizes the necessity for flexible
healthcare strategies that can adapt to epidemiological changes while ensuring quality
trauma care, especially for vulnerable populations like elderly women.

Author Contributions: Conceptualization, G.T. and M.S.; methodology, F.L.; software, M.I.; val-
idation, M.A.M.; formal analysis, M.M.; investigation, A.V.; resources, S.G.; data curation, M.I.;
writing—original draft preparation, M.I.; writing—review and editing, G.T.; visualization, A.M.;
supervision, V.P.; project administration, V.P.; funding acquisition, V.P. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to observational nature of the study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Written informed consent was obtained from the patient(s) to publish this paper.

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Cao, M.-M.; Zhang, Y.-W.; Hu, S.-Y.; Rui, Y.-F. A Systematic Review of Ankle Fracture-Dislocations: Recent Update and Future

Prospects. Front. Surg. 2022, 9, 965814. [CrossRef]
2. Mizusaki, J.; Prata, S.D.S.; Rizzo, M.; Filho, L.A.S.G.; Carneiro, L. Epidemiological Study of Ankle Fractures. J. Foot Ankle 2021, 15,

120–123. [CrossRef]
3. Juto, H.; Nilsson, H.; Morberg, P. Epidemiology of Adult Ankle Fractures: 1756 Cases Identified in Norrbotten County during

2009–2013 and Classified according to AO/OTA. BMC Musculoskelet. Disord. 2018, 19, 441. [CrossRef]
4. Kannus, P.; Palvanen, M.; Niemi, S.; Parkkari, J.; Jrvinen, M. Increasing Number and Incidence of Low-Trauma Ankle Fractures in

Elderly People: Finnish Statistics during 1970–2000 and Projections for the Future. Bone 2002, 31, 430–433. [CrossRef] [PubMed]
5. Valtola, A.; Honkanen, R.; Kröger, H.; Tuppurainen, M.; Saarikoski, S.; Alhava, E. Lifestyle and Other Factors Predict Ankle

Fractures in Perimenopausal Women: A Population-Based Prospective Cohort Study. Bone 2002, 30, 238–242. [CrossRef] [PubMed]
6. Scheer, R.C.; Newman, J.M.; Zhou, J.J.; Oommen, A.J.; Naziri, Q.; Shah, N.V.; Pascal, S.C.; Penny, G.S.; McKean, J.M.; Tsai, J.; et al.

Ankle Fracture Epidemiology in the United States: Patient-Related Trends and Mechanisms of Injury. J. Foot Ankle Surg. 2020, 59,
479–483. [CrossRef] [PubMed]

7. Biver, E.; Durosier, C.; Chevalley, T.; Herrmann, F.R.; Ferrari, S.; Rizzoli, R. Prior Ankle Fractures in Postmenopausal Women
Are Associated with Low Areal Bone Mineral Density and Bone Microstructure Alterations. Osteoporos. Int. 2015, 26, 2147–2155.
[CrossRef]

8. Kang, H.J.; Lee, J.W.; Kwon, Y.-M.; Kim, S.J. Epidemiology of Ankle Fractures in Korea: A Nationwide Population-Based Study. J.
Korean Med. Sci. 2022, 37, e288. [CrossRef]

9. Rydberg, E.M.; Wennergren, D.; Stigevall, C.; Ekelund, J.; Möller, M. Epidemiology of More than 50,000 Ankle Fractures in the
Swedish Fracture Register during a Period of 10 Years. J. Orthop. Surg. Res. 2023, 18, 79. [CrossRef]

10. Thur, C.K.; Edgren, G.; Jansson, K.-Å.; Wretenberg, P. Epidemiology of Adult Ankle Fractures in Sweden between 1987 and 2004.
Acta Orthop. 2012, 83, 276–281. [CrossRef]

https://doi.org/10.3389/fsurg.2022.965814
https://doi.org/10.30795/jfootankle.2021.v15.1549
https://doi.org/10.1186/s12891-018-2326-x
https://doi.org/10.1016/S8756-3282(02)00832-3
https://www.ncbi.nlm.nih.gov/pubmed/12231418
https://doi.org/10.1016/S8756-3282(01)00649-4
https://www.ncbi.nlm.nih.gov/pubmed/11792591
https://doi.org/10.1053/j.jfas.2019.09.016
https://www.ncbi.nlm.nih.gov/pubmed/32354504
https://doi.org/10.1007/s00198-015-3119-9
https://doi.org/10.3346/jkms.2022.37.e288
https://doi.org/10.1186/s13018-023-03558-2
https://doi.org/10.3109/17453674.2012.672091


Medicina 2025, 61, 1439 14 of 15

11. Happonen, V.; Kröger, H.; Kuismin, M.; Sund, R. Ankle Fractures in Finland: 118,929 Operatively Treated between 1987 and 2019.
Acta Orthop. 2022, 93, 327–333. [CrossRef] [PubMed]

12. Chawla, A.; Thongpat, P.; Angthong, C. The Impacts of COVID-19 on the Management of Ankle Fractures and Their Outcomes:
A Systematic Review. Ortop. Traumatol. Rehabil. 2023, 25, 243–248. [CrossRef] [PubMed]

13. Haskel, J.D.; Lin, C.C.; Kaplan, D.J.; Dankert, J.F.; Merkow, D.; Crespo, A.; Behery, O.; Ganta, A.; Konda, S.R. Hip Fracture Volume
Does Not Change at a New York City Level 1 Trauma Center during a Period of Social Distancing. Geriatr. Orthop. Surg. Rehabil.
2020, 11, 2151459320972674. [CrossRef] [PubMed]

14. Rydberg, E.M.; Möller, M.; Ekelund, J.; Wolf, O.; Wennergren, D. Does the COVID-19 Pandemic Affect Ankle Fracture Incidence?
Moderate Decrease in Sweden. Acta Orthop. 2021, 92, 381–384. [CrossRef]

15. Lim, M.A.; Mulyadi Ridia, K.G.; Pranata, R. Epidemiological Pattern of Orthopaedic Fracture during the COVID-19 Pandemic: A
Systematic Review and Meta-Analysis. J. Clin. Orthop. Trauma 2021, 16, 16–23. [CrossRef]

16. Eble, S.K.; Hansen, O.B.; Ellis, S.J.; Drakos, M.C. The Virtual Foot and Ankle Physical Examination. Foot Ankle Int. 2020, 41,
1017–1026. [CrossRef]

17. Loeb, A.E.; Rao, S.S.; Ficke, J.R.; Morris, C.D.; Riley, L.H.; Levin, A.S. Departmental Experience and Lessons Learned with
Accelerated Introduction of Telemedicine during the COVID-19 Crisis. J. Am. Acad. Orthop. Surg. 2020, 28, e469–e476. [CrossRef]

18. Sarac, N.J.; Sarac, B.A.; Schoenbrunner, A.R.; Janis, J.E.; Harrison, R.K.; Phieffer, L.S.; Quatman, C.E.; Ly, T.V. A Review of
State Guidelines for Elective Orthopaedic Procedures during the COVID-19 Outbreak. J. Bone Jt. Surg. Am. 2020, 102, 942–945.
[CrossRef]

19. Siow, M.Y.; Walker, J.T.; Britt, E.; Kozy, J.P.; Zanzucchi, A.; Girard, P.J.; Schwartz, A.K.; Kent, W.T. What Was the Change in
Telehealth Usage and Proportion of No-Show Visits for an Orthopaedic Trauma Clinic during the COVID-19 Pandemic? Clin.
Orthop. Relat. Res. 2020, 478, 2257–2263. [CrossRef]

20. Park, C.; Sugand, K.; Nathwani, D.; Bhattacharya, R.; Sarraf, K.M. Impact of the COVID-19 Pandemic on Orthopedic Trauma
Workload in a London Level 1 Trauma Center: The “Golden Month”. Acta Orthop. 2020, 91, 556–561. [CrossRef]

21. Mehta, N.; Hur, E.S.; Michalski, J.; Fitch, A.A.; Sayari, A.J.; Bohl, D.D.; Holmes, G.B. Initial Impact of the COVID-19 Pandemic on
a US Orthopaedic Foot and Ankle Clinic. Foot Ankle Orthop. 2022, 7, 247301142211156. [CrossRef]

22. Slee, V.N. The International Classification of Diseases: Ninth Revision (ICD-9). Ann. Intern. Med. 1978, 88, 424–426. [CrossRef]
23. Fonseca, L.L.; Nunes, I.G.; Nogueira, R.R.; Martins, G.E.V.; Mesencio, A.C.; Kobata, S.I. Reproducibility of the Lauge-Hansen,

Danis-Weber, and AO Classifications for Ankle Fractures. Rev. Bras. Ortop. (Engl. Ed.) 2018, 53, 101–106. [CrossRef]
24. Wong, J.S.H.; Cheung, K.M.C. Impact of COVID-19 on Orthopaedic and Trauma Service. J. Bone Jt. Surg. Am. 2020, 102, e80.

[CrossRef]
25. Al-Omran, A.S. COVID-19 Pandemic Impact on Orthopaedic Trauma Practice: A Global Perspective. Orthop. Res. Rev. 2022, 14,

9–15. [CrossRef] [PubMed]
26. Shah, R.; Ahad, A.; Faizi, M.; Mangwani, J. Foot and Ankle Trauma Management during the COVID-19 Pandemic: Experiences

from a Major Trauma Unit. J. Clin. Orthop. Trauma 2021, 16, 285–291. [CrossRef] [PubMed]
27. Leung, G.M.; Cowling, B.J.; Wu, J.T. From a Sprint to a Marathon in Hong Kong. N. Engl. J. Med. 2020, 382, e45. [CrossRef]
28. Stringer, H.; Molloy, A.; Craven, J.; Moorehead, J.; Santini, A.; Mason, L. The impact of COVID-19 on foot and ankle surgery in a

major trauma centre. Foot 2021, 46, 101772. [CrossRef] [PubMed]
29. Nath, U.; Akbari, A.R.; Alam, B.; Dahiya, R.; Pillai, A. The Impact of the COVID-19 Pandemic and Lockdown on Adult Foot and

Ankle Fractures Presenting to the Largest Trust in the United Kingdom. Cureus 2023, 15, e48262. [CrossRef]
30. Chauhan, G.S.; Kaur, J.; Habeebulah, A.; Dewan, V.; Pemmaraju, G. The Impact of the COVID-19 Pandemic on Orthopaedic

Trauma Surgery in a District General Hospital in the United Kingdom. Cureus 2024, 16, e53928. [CrossRef]
31. Mo, K.; Gupta, A.; Singh, P.; Malan, S.; McDaniel, C.; Thompson, J.M.; Aiyer, A. Emergency Department Visits for Ankle

Fractures Through COVID-19: An Analysis of the National Electronic Injury Surveillance System. Foot Ankle Orthop. 2022, 7,
24730114221119188. [CrossRef]

32. So, E.; Rushing, C.J.; Simon, J.E.; Goss, D.A.; Prissel, M.A.; Berlet, G.C. Association between Bone Mineral Density and Elderly
Ankle Fractures: A Systematic Review and Meta-Analysis. J. Foot Ankle Surg. 2020, 59, 1049–1057. [CrossRef]

33. Chatterji, G.; Patel, Y.; Jain, V.; Geevarughese, N.M.; Haq, R.U. Impact of COVID-19 on Orthopaedic Care and Practice: A Rapid
Review. Indian J. Orthop. 2021, 55, 839–852. [CrossRef]

34. Mascio, A.; Greco, T.; Comisi, C.; Cinelli, V.; De Gasperis, N.; Candelli, M.; Franceschi, F.; Covino, M.; Maccauro, G.; Perisano,
C. Foot and Ankle Trauma: Epidemiology Before, During, and Post COVID-19 Pandemic in a Level I Trauma Center: A 5-Year
Experience and Data Analysis. J. Clin. Med. 2024, 13, 7585. [CrossRef] [PubMed]

35. Raschke, M.J.; Ochman, S.; Milstrey, A. Ankle Fractures in the Elderly: Do We Have New Concepts? EFORT Open Rev. 2023, 8,
223–230. [CrossRef] [PubMed]

36. Scala, A.; Borrelli, A.; Improta, G. Predictive Analysis of Lower Limb Fractures in the Orthopedic Complex Operative Unit Using
Artificial Intelligence: The Case Study of AOU Ruggi. Sci. Rep. 2022, 12, 22153. [CrossRef] [PubMed]

https://doi.org/10.2340/17453674.2022.2071
https://www.ncbi.nlm.nih.gov/pubmed/35147707
https://doi.org/10.5604/01.3001.0053.9672
https://www.ncbi.nlm.nih.gov/pubmed/38088098
https://doi.org/10.1177/2151459320972674
https://www.ncbi.nlm.nih.gov/pubmed/33240558
https://doi.org/10.1080/17453674.2021.1907517
https://doi.org/10.1016/j.jcot.2020.12.028
https://doi.org/10.1177/1071100720941020
https://doi.org/10.5435/JAAOS-D-20-00380
https://doi.org/10.2106/JBJS.20.00510
https://doi.org/10.1097/CORR.0000000000001396
https://doi.org/10.1080/17453674.2020.1783621
https://doi.org/10.1177/24730114221115689
https://doi.org/10.7326/0003-4819-88-3-424
https://doi.org/10.1016/j.rbo.2017.03.006
https://doi.org/10.2106/JBJS.20.00775
https://doi.org/10.2147/ORR.S345301
https://www.ncbi.nlm.nih.gov/pubmed/35115847
https://doi.org/10.1016/j.jcot.2021.01.014
https://www.ncbi.nlm.nih.gov/pubmed/33613010
https://doi.org/10.1056/NEJMc2009790
https://doi.org/10.1016/j.foot.2020.101772
https://www.ncbi.nlm.nih.gov/pubmed/33453611
https://doi.org/10.7759/cureus.48262
https://doi.org/10.7759/cureus.53928
https://doi.org/10.1177/24730114221119188
https://doi.org/10.1053/j.jfas.2020.03.012
https://doi.org/10.1007/s43465-021-00354-0
https://doi.org/10.3390/jcm13247585
https://www.ncbi.nlm.nih.gov/pubmed/39768506
https://doi.org/10.1530/EOR-23-0052
https://www.ncbi.nlm.nih.gov/pubmed/37158336
https://doi.org/10.1038/s41598-022-26667-0
https://www.ncbi.nlm.nih.gov/pubmed/36550192


Medicina 2025, 61, 1439 15 of 15

37. Haque, A.; Parsons, H.; Parsons, N.; Costa, M.L.; Redmond, A.C.; Mason, J.; Nwankwo, H.; Kearney, R.S. Use of Cast Immobiliza-
tion versus Removable Brace in Adults with an Ankle Fracture: Two-Year Follow-up of a Multicentre Randomized Controlled
Trial. Bone Jt. J. 2023, 105-B, 382–388. [CrossRef]

38. Beynnon, B.D.; Murphy, D.F.; Alosa, D.M. Predictive Factors for Lateral Ankle Sprains: A Literature Review. J. Athl. Train. 2002,
37, 376–380.

39. Mordecai, S.; Al-Hadithy, N. Management of Ankle Fractures. BMJ 2011, 343, d5204. [CrossRef]
40. Elniel, A.R.; Giannoudis, P.V. Open Fractures of the Lower Extremity. EFORT Open Rev. 2018, 3, 316–325. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1302/0301-620X.105B4.BJJ-2022-0602.R3
https://doi.org/10.1136/bmj.d5204
https://doi.org/10.1302/2058-5241.3.170072

	Introduction 
	Materials and Methods 
	Study Design 
	Inclusion and Exclusion Criteria 
	Data Collection 
	Statistical Analysis 

	Results 
	Study Sample 
	Gender and Age 
	Type of Fractures and Affected Side 
	Seasonality 
	Mechanism of Injury and Associated Trauma 
	Comorbidities 
	Treatment 
	Hospital Stay 

	Discussion 
	Conclusions 
	References

