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Abstract

Introduction

The COVID-19 pandemic led to a significant reorganization of health services, potentially
affecting the quality of care for major public health concerns such as proximal femoral frac-
tures. This study aimed to investigate potential changes in the timing of various steps in the
patient journey after a hip fracture during the pandemic in Piedmont, a region in Northern
Italy.

Methods

A retrospective study was conducted on the discharge records of patients aged 65 or older
who were admitted for hip surgery following a femur fracture in 2019 and 2020. The study
examined four-time steps: duration from hospital admission to surgery, length of hospital
stay, interval between hospital discharge and admission to the rehabilitation facility, and dura-
tion of stay at the rehabilitation facility. To mitigate biases linked to sex and age factors,
groups well-balanced across 2019 and 2020 were created using propensity score estimation.

Results

The dataset consisted of two cohorts of 583 patients each for the years 2019 and 2020. The
average duration from admission to surgery was approximately 1.9 days in both years, with
75% of patients undergoing surgery within 2 days of hospital admission. The average hospi-
tal stay reduced from 13.49 days in 2019 to 11.34 days in 2020. The gap between hospital
discharge and admission to rehabilitation was approximately 10—12 days, and the average
duration of stay at the rehabilitation facility was about 31.6 days.

Discussion

The study indicates that healthcare systems can exhibit resilience and adaptability, even
during a global pandemic, to ensure high-quality and safe standards of care. However,
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further long-term studies are needed to fully understand the pandemic’s impact on primary
health outcomes following hip replacement surgery and subsequent rehabilitation. The
potential role of telemedicine in reducing the time between steps also warrants further
investigation.

Introduction

The COVID-19 pandemic has necessitated a swift reorganization of national health services to
address emerging needs. In the majority of hospitals, elective surgeries were put on hold for
several months, and operating theaters were repurposed as temporary intensive care units
[1,2]. Concurrently, the activation of the emergency network for non-COVID-19 related rea-
sons saw a significant decline. This has been attributed to a pervasive state of anxiety and fear,
which deterred individuals from seeking medical assistance or led to delayed requests, even
when necessary [3,4].

In this context, the widespread closure of non-essential services, coupled with lockdowns
and other restrictions, led to a substantial decrease in the incidence of orthopedic trauma
related to outdoor activities and transportation [5]. However, the reduction in major orthope-
dic trauma has only marginally affected accidental or low-energy fall trauma in the elderly,
often associated with reduced bone mass. The most common outcome of these incidents is the
proximal femoral fracture (PFF) [5,6]. For these patients, early surgery, when indicated, was
ensured even during the most critical stages of the pandemic. This is because excessive surgical
delay is linked to higher mortality [6-8], a risk further amplified by the potential for infection
in the hospital setting [9].

PFF is a traumatic injury predominantly observed in late adulthood, often associated with
conditions of osteoporosis or osteopenia. It is estimated that only 8% of such fractures occur
in individuals under the age of 65 [10]. A systematic review with meta-analysis conducted in
2002 reported an incidence of femoral fractures in Italy of 242 per 100,000 inhabitants [11]. A
more recent study analyzing the trend of femoral fracture incidence in Italians over 65
highlighted a significant increase between the first and last year of analysis [10]. The focus on
femoral fractures in the elderly is primarily due to its high short-term and medium-term mor-
tality rates, which are 9.2% within a month, 33% after one year, and 56% after five years
[10,12]. Moreover, it is important to consider an additional 30% of patients with residual per-
manent disability and a 40% with a loss of independent ambulation [12].

Given the vulnerability of these patients, the selection of a surgical treatment and its timely
execution are crucial. Evidence clearly shows that early surgery reduces both mortality and the
incidence of bedsores [13]. Post-surgical rehabilitation aims to restore motor functions and
autonomy prior to trauma. Early mobilization also mitigates complications related to pro-
longed bed rest [6]. While early mobilization is a marker of healthcare quality, the optimal tim-
ing and intensity to achieve this goal have not yet been established [14]. Longitudinal studies
have shown that the functional status of patients with hip fractures deteriorates following a
reduction in rehabilitation services [15,16].

We believe it is crucial to examine the impact of the COVID-19 pandemic on the quality of
care provided by the Italian healthcare system for conditions of significant public concern,
such as hip fractures. To the best of our knowledge, while some studies have evaluated the dif-
ferences in the timeliness of hip fracture surgery, no study has analyzed the changes that
occurred during the pandemic period in the entire journey after a hip fracture, from admission
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to the orthopedic ward to discharge from the rehabilitation facility. Therefore, the primary
objective of this study was to investigate how the timing between these multiple steps changed
before (2019) and during (2020) the pandemic period.

Methods

A retrospective study was conducted on patients aged 65 years or older who were admitted to
the hospital for hip surgery following a femur fracture in 2019 and 2020. The study was carried
out in Piedmont, a region in northern Italy with nearly 3.3 million residents, 26% of whom are
aged 65 years or older. This region was significantly impacted by the early spread of the pan-
demic in Italy. The reason for choosing the year 2020 for the study is that it represented the peak
of the pandemic, which had a significant impact on healthcare services. The year 2019 served as a
pre-pandemic baseline. The study period was selected as March, April, and May for both years to
maximize the likelihood of detecting potential changes in rehabilitation pathways due to the
altered context during the pandemic. Data were accessed on the 10™ of December 2022.

Hospital discharge records of all patients admitted with a primary or secondary diagnosis
of an upper femur fracture were collected. The diagnosis was defined according to the Interna-
tional Classification of Diseases, 9th revision—Clinical Modification (ICD-9-CM code 820)
[17], which is currently used in Italy. Exclusion criteria were established in line with the indica-
tors specified by the “Programma Nazionale Esiti” [18], a tool for measuring, analyzing, evalu-
ating, and monitoring the clinical and care performance of healthcare facilities. These criteria
included: age under 65; non-resident in Italy; non-urgent hospital admission; daytime hospital
care, known in Italy as “day hospital”; therapeutic or rehabilitative care [19]; polytrauma (diag-
nosis-related group, DRG 484-487); diagnosis or medical history of malignant tumors (pri-
mary/secondary ICD-9-CM codes 140.0-208.9, 238.6, V10); death within one day of
hospitalization without hip fracture surgery. Additionally, patients who passed away after the
rehabilitation path were excluded.

The hospital discharge records of all patients admitted with a primary or secondary diagno-
sis of an upper femur fracture were linked with the rehabilitation facility discharge records.
The collected variables included: sex; age grouped into three categories (65-75, 76-85, >86
years); category of rehabilitation facility (public, accredited private, equivalent); and setting of
the rehabilitation discharge (home, nursing home, re-hospitalization, or death during
rehabilitation).

The Italian healthcare system is characterized by a mix of public and private providers. Pub-
lic hospitals and clinics are the backbone of the system, offering a wide range of medical ser-
vices, including orthopedic and rehabilitative care. These facilities are directly managed by the
National Health Service. In addition to public healthcare infrastructure, Italy also has a grow-
ing private healthcare sector, which includes other types of rehabilitation service providers:
accredited private facilities and equivalent facilities. Accreditation grants the status of “eligible
facility to provide services on behalf of the National Health Service”. To achieve accreditation,
private health facilities must meet safety and quality standards as per the different Regional
Accreditation Laws. Furthermore, private university polyclinics, Scientific Institutes for
Research, Hospitalization and Healthcare (IRCCS), and ecclesiastical institutions providing
hospital care are considered health facilities equivalent to public ones, although they are not
directly managed by the National Health Service.

In Italy, the care process for patients with femoral fractures typically involves admission to
a hospital, surgical intervention, and a period of post-operative rehabilitation. This process is
managed through a coordinated effort between the discharging hospital and the receiving
rehabilitation facility, designed to ensure a seamless transition for the patient and minimize
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any potential gap between discharge and rehabilitation admission. However, factors such as
bed availability, patient preference, or logistical issues may occasionally result in a delay.

Statistical analysis

To delineate the rehabilitation path, we examined four-time steps, measured in days:
1. The duration from hospital admission to surgery;

2. The length of hospital stay, from admission to discharge;

3. The interval between hospital discharge and admission to the rehabilitation facility;
4. The duration of stay at the rehabilitation facility (rehabilitation time).

Each of these time steps represents a critical phase in the patient’s journey from injury to
recovery. They were specifically chosen because they are managed by different teams, wards,
or facilities, thereby providing a comprehensive view of the entire rehabilitation process.

A sub-level analysis of all collected variables was conducted for each time step. Mean values
were compared parametrically using Welch’s t-test, with confidence intervals set at 95% (95%
CI). In the first step, we also evaluated the proportion of cases with timely hip fracture surgery,
defined as any of the following procedures initiated within two calendar days of hospital
admission: closed reduction of fracture with internal fixation (ICD-9-CM codes 79.10, 79.15);
open reduction of fracture with internal fixation (ICD-9-CM codes 79.30, 79.35); total or par-
tial hip replacement (ICD-9-CM codes 81.51, 81.52).

All analyses were executed in a custom pipeline developed with R version 4.3.1. We utilized
the “MatchIT” package for dataset balancing via propensity score estimation. This methodol-
ogy facilitated the smoothing of biases related to sex and age factors across the years 2019 and
2020. This was achieved by creating well-balanced groups, thereby reducing selection biases,
enhancing estimates, and mitigating confounding effects, resulting in a refined balance of
covariates between the 2019 and 2020 cohorts. For this task, we employed the “MatchIT” pack-
age with the “nearest” method and “glm” adapted distance. Subsequently, we used the “ggstats-
plot” package, an extension of the “ggplot2” package, to compute details of statistical tests.
These were configured as parametric tests featuring pairwise comparisons and Bonferroni-
adjusted p-values to yield a more robust estimation of treatment effects.

Ethics

All data were obtained from the Health Information System of the Piedmont Region, derived
from mandatory administrative health records. This system complies with regional, national,
and European personal data protection legislation and supports the evaluation and monitoring
activities of the Piedmont Region. There are no direct identifiers; data is accessed using a uni-
versal anonymous patient identification number. This number is a unique, irreversible code
assigned prior to storage, enabling data management by accredited institutions without addi-
tional authorization. Data processing was exclusively conducted by the Regional Public Health
Observatory (Servizio Sovrazonale di Epidemiologia, SEPI—Local Healthcare Authority ASL
TO3), which handles anonymized data in accordance with the regional regulation (Delibera-
zione della Giunta Regionale, DGR January 10th 2012, n. 3-3259 -“Disciplinary of the modali-
ties of access to the regional health information assets”).

We utilized statistical data in accordance with the deontological standards for processing
National Statistical System data for research, as per art. 5 ter of Legislative Decree 33/2013,
amended by Legislative Decree 97/2016 and 101/2018. Given the fully anonymized nature of
the administrative ministerial data, Ethics Committee approval was not required.
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Results
Sample characteristics

Upon balancing the dataset, we identified two cohorts of 583 patients each, with an equal dis-
tribution of gender and age for the years 2019 and 2020. The cohorts consisted of 471 women
(80.79%) and 112 men (19.21%). Age-wise, 114 patients (19.55%) were in the 64-75 age group,
267 patients (45.80%) were in the 76-85 age group, and 202 patients (34.65%) were in the age
group of 86 and above.

Post hip surgery, many patients were referred to an accredited private rehabilitation facility,
accounting for 311 cases (53.35%) in 2019 and 318 cases (54.55%) in 2020. Other rehabilitation
settings included equivalent facilities, accommodating 145 patients (24.87%) in both 2019 and
2020, and public facilities, with 127 patients (21.78%) in 2019 and 120 patients (20.58%) in
2020. Upon discharge from the rehabilitation facilities, most patients were sent home.

Specific per-year data are presented in Table 1.

Timing analysis

The average duration between admission and surgery was 1.89 days (SD 1.81) in 2019 and 1.96
days (SD 2.63) in 2020, with a p-value of 0.60. In both years of analysis, 75% of patients under-
went surgery within 2 days of hospital admission. The average hospital stay was 13.49 days (SD
6.85) in 2019 and reduced to 11.34 days (SD 7.28) in 2020, with a significant p-value of
<0.001. The gap between hospital discharge and admission to rehabilitation was approxi-
mately 10.15 days (SD 32.60) in 2019 and 12.09 days (SD 33.00) in 2020, with a p-value of 0.31.
The average duration of stay at the rehabilitation facility was 31.57 days (SD 13.80) in 2019
and 31.74 days (SD 20.10) in 2020, with a p-value of 0.87.

Sub-level analysis

No significant differences were observed in the distribution of gender, age, rehabilitation facil-
ity, and discharge setting concerning time from hospital admission to surgery, time between
hospital discharge and rehabilitation admission, or duration of rehabilitation. The only excep-
tions were the time between hospital admission and surgery, and the duration of rehabilita-
tion, which significantly decreased for patients undergoing rehabilitation in equivalent and
public facilities.

On the other hand, several variables were associated with a reduced average length of hospi-
talization between 2019 and 2020. Both genders and older ages were associated with a shorter
hospital stay. Patients discharged from the rehabilitation facility to home or those who passed
away during rehabilitation had a shorter hospitalization in 2020 compared to 2019: 13.47 days

Table 1. Cohort characteristics per year of study.

2019, n (%) 2020, n (%)

Rehabilitation facility

Public facility (ward of the same hospital / other facility) 127 (21.78%) 120 (20.58%)

Equivalent facility 145 (24.87%) 145 (24.87%)

Accredited private facility 311 (53.35%) 318 (54.55%)
Rehabilitation discharge

Home 525 (90.05%) 445 (76.33%)

Nursing home 16 (2.74%) 34 (5.83%)

Re-hospitalization 39 (6.69%) 84 (14.41%)

Death 3(0.52%) 20 (3.43%)

https://doi.org/10.1371/journal.pone.0305966.t001
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(95% CI12.88-14.07) vs 11.29 (95% CI 10.60-11.98), with a p-value <0.001, and 18.67 (95%
CI 8.63-28.71) vs 9.45 (95% CI 7.82-11.08) days, with a p-value of 0.046, respectively.
Complete results are displayed in Table 2.

Discussion

To the best of our knowledge, this study is the first to examine the comprehensive journey of
patients with hip fractures, estimating the duration of various stages from hospital admission
to discharge from the rehabilitation facility.

Table 2. Average 4-time steps in days per year of study.

Step 1: Average time in

Step 2: Average time in days for | Step 3: Average time in days

Step 4: Average time in days for

days between hospital the hospital stay between hospital discharge | the rehabilitation
admission and surgery and rehabilitation facility
admission
2019, 2020, P 2019, 2020, 2019, 2020, P 2019, 2020, P
mean mean value | mean mean mean mean value | mean mean value
(95% CI) | (95% (95% CI) | (95% CI) (95% CI) | (95% CI) (95% CI) | (95% CI)
CI)
Gender
Women 191 2.01 0.53 |13.35 11.35 10.88 12.44 0.49 |31.82 32.25 0.70
Men (1.74- (1.75- 079 | (12.74- (10.71- (7.71- (9.34- 0.26 | (30.57- (30.45- 0.69
2.08) 2.26) 13.96) 11.98) 14.06) 15.54) 33.07) 34.06)
1.82 1.77 14.06 11.34 7.05 13.0 30.51 29.57
(1.57- (1.45- (12.66- | (9.77- 9.2- (8.5-17.5) (27.97- | (25.72-
2.08) 2.08) 15.47) 12.91) 17.2) 33.05) 32.42)
Age
65-75 1.86 2.44 0.06 |11.85 11.53 4.11 10.39 0.06 |29.89 31.63 0.50
76-85 (1.53- (192 [0.17 | (10.83- | (10.26- (045- | (4.83- 0.69 | (26.73- | (27.56- | 0.81
> 86 2.19) 2.96) 0.60 | 12.87) 12.79) 7.78) 15.96) 0.92 |33.04) 35.70) 0.61
1.97 1.76 13.68 11.81 13.01 14.36 31.62 31.94
(1.73- (1.59- (12.81- (10.85- (8.46- (9.67- (30.06- (29.77-
2.20) 1.94) 14.55) 12.77) 17.56) 19.04) 33.18) 34.10)
1.81 1.96 14.15 10.63 9.76 10.06 32.45 31.53
(1.59- (1.46- (13.20- (9.73- (5.50- (6.53— (30.68- (28.53-
2.04) 2.45) 15.11) 11.54) 14.02) 13.58) 34.22) 34.54)
Rehabilitation facility
Public facility (ward of the same | 2.09 2.45 0.21 |13.85 11.95 12.17 7.55 0.26 | 28.68 21.90 <0.001
hospital /other facility) (1.73- (2.02-  ]0.03 |(12.81- (10.51- (5.39- (3.17- 0.72 | (26.47- (18.91- 0.80
Equivalent 2.45) 2.88) 0.44 | 14.90) 13.39) 18.96) 11.93) 0.07 |30.88) 24.89) 0.06
facility 1.92 1.57 11.82 9.44 8.55 9.93 32.04 32.57
Accredited (1.68- (1.36- (11.03- | (8.84- (3.53- | (4.22- (29.23- | (29.62—
private facility 2.16) 1.78) 12.61) 10.04) 13.58) 15.64) 34.86) 35.51)
1.80 1.96 14.12 11.98 10.06 14.79 32.53 35.07
(1.59- (1.61- (13.24- (11.09- (6.62— (10.94- (31.15- (32.75-
2.01) 2.30) 14.99) 12.88) 13.50) 18.64) 33.90) 37.39)
Rehabilitation discharge
Home 1.90 1.99 0.56 | 13.47 11.29 8.92 12.08 0.13 | 31.43 33.59 0.05
Nursing home (1.74- (1.73- 1 0.77 | (12.88- (10.60- (6.28- (8.91- 0.15 | (30.35- (31.77- 0.13
Re-hospitalization 2.06) 2.25) 0.72 | 14.07) 11.98) 11.55) 15.25) 0.86 | 32.51) 35.41) 0.15
Death 2.13 1.94 0.63 | 14.62 12.21 41.94 16.32 0.33 | 45.69 37.21 0.73
(1.04- (1.17- (10.31- (9.92- (7.65- (6.20- (36.11- (31.26-
3.21) 2.71) 18.94) 14.49) 76.22) | 26.45) 55.26) 43.15)
1.72 1.83 12.79 11.75 14.44 13.30 28.15 21.99
(1.29- (1.37- (11.15- | (10.08- (341- | (6.11- (21.05- | (17.29-
2.15) 2.29) 14.44) 13.42) 25.46) 20.49) 35.26) 26.69)
1.33 1.85 18.67 9.45 0.00 0.15 24.33 22.20
(-2.46- | (1.20- (8.63- (7.82— 0.00- | (-0.16- (4.41- (15.09-
5.13) 2.50) 28.71) 11.08) 0.00) 0.46) 44.26) 29.31)
Abbreviations: CI, Confidence Intervals.
https://doi.org/10.1371/journal. pone.0305966.t002
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Considering the significance of early surgery [6,8], a notable outcome was that the average
time from hospital admission to surgery (step 1) was within the recommended 2 days of hospi-
talization in both 2019 and 2020. Although not statistically significant, this finding aligns with
existing literature: numerous studies have shown that the quality of hospital care remained
consistent between pandemic and non-pandemic periods, indicating that the average time
from hospital admission to surgery was unaffected [20-23]. The proportion of timely surgeries
for hip fractures remained steady before and during the pandemic, at around 75% in both
years under study. No significant differences were found concerning patient characteristics.
Despite the need for improvement in Piedmont, this result is noteworthy as the percentage of
patients treated within two days has been shown to exceed the Italian average (69.7%) and is
comparable to the European Union average (75.1%) [24]. This highlights the system’s ability
to adapt healthcare delivery and maintain a high standard of care globally.

The main finding of this study was the reduction in the average duration of hospitalization
(step 2) in 2020 compared to 2019, particularly for patients aged over 75 years. Additionally,
patients who were discharged to their homes from the rehabilitation facility or those who
passed away during rehabilitation exhibited a shorter hospital stay in 2020 compared to 2019.

The average duration of hospitalization decreased during the COVID-19 pandemic, with
the most significant reduction observed in older patients. Specifically, this reduction was sig-
nificant in the 76-85 and >86 age groups, in both women and men. Several papers support
these results, showing a reduction in the length of stay during the pandemic [25,26], and
highlighting that this decreasing trend, which began long before due to fast-track [27,28],
appears to have been exacerbated during the pandemic period. A plausible explanation is that
early discharge protocols were maximized during the pandemic due to the risk of SARS-CoV-2
infection, especially considering the frailty of these patients [25].

Furthermore, the reduction in the average duration of hospitalization was significant in
patients discharged home after rehabilitation or those who passed away in the rehabilitation
facility. This finding can be explained by the varying clinical conditions of the patients. It is
reasonable to assume that patients who passed away during rehabilitation had a higher number
of comorbidities, such as cardiopathies, nephropathies, diabetes, obstructive vascular diseases,
pneumopathies, etc.,[29] and were discharged quickly from the hospital due to fear of the
virus. Conversely, patients who were discharged home after rehabilitation likely had better
clinical conditions at the time of hip replacement procedures and received earlier and more
intensive in-hospital rehabilitation, resulting in a shorter hospital stay.

Another significant finding, closely related to the previous one, pertains to the average time
between hospital discharge and admission to rehabilitation (step 3). Although not statistically
significant, a slight increase was observed, underscoring the maintenance of effective commu-
nication between the hospital and territorial services. This noteworthy result can be attributed
to the organizational aspects of care. The Piedmont Region has implemented a protocol for
managing the care pathway of patients with hip fractures (Percorsi diagnostici terapeutici assis-
tenziali, PDTA), aiming to ensure continuity of care from the hospital to other territorial set-
tings. This protocol stipulates early mobilization post-surgery (within 48 hours), a physiatric
evaluation leading to the development of an Individual Rehabilitation Project, and rapid
patient discharge from the acute care area to the rehabilitation setting identified by the Phys-
iatrist, provided the patient’s clinical stability is sufficient. Conversely, in cases of clinical insta-
bility, the protocol prescribes transfer to intermediate care beds (long-term care settings) for
multidisciplinary specialist management, closely functionally and operationally connected
with the acute care area, followed by access to rehabilitation facilities. Our results suggest that
the care plan involving acute hospitals, communities, rehabilitation hospitals, and long-term
care facilities likely remained effective even during the pandemic period. These findings
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underscore the importance of a liaison critical path in healthcare systems to ensure positive
outcomes, as highlighted by limited literature [30,31].

Interestingly, the average duration of rehabilitation (step 4) remained stable during the
COVID-19 pandemic. A significant reduction was observed in patients transferred from a
ward of the same hospital or those who underwent rehabilitation in another public facility.
This finding aligns with observations in other countries, as reported in the literature [31]. It is
plausible that this decrease resulted from the conversion of several wards for the treatment of
patients with COVID-19, reducing the availability of rehabilitation treatments and conse-
quently shortening the time per patient in order to accommodate more patients. It is also pos-
sible that home discharge played a role in shortening the rehabilitation time. Indeed, home
discharge is recommended when rehabilitation needs are minimal and adequate welfare sup-
port (family members or other caregivers) is available, with timely activation of home or out-
patient rehabilitation treatment [32]. Given the need, this setting is certainly preferable for
elderly patients, in order to minimize the length of hospitalization and avoid negative cognitive
repercussions. It is also important to consider that home discharge could have been facilitated
by the prominent role of Italian families in the care process [33,34]. Indeed, relatives often pro-
vide extensive support as caregivers, which could have led to an early discharge to home,
knowing that the patient would be in a safe environment. Surprisingly, the results showed the
maintenance of the average time for rehabilitation in equivalent and private facilities. It is
likely that such types of facilities, not directly managed by the public system, were less affected
by the pandemic, with fewer suspensions of admissions to free up space for patients with
COVID-19 and fewer reductions in beds.

Strengths and limitations

The primary strength of this study lies in its relevance to all public healthcare systems, which
are continually striving to ensure healthcare quality and safety, especially during crises. To the
best of our knowledge, this is the first study to analyze the entire patient journey, from surgical
admission to discharge from rehabilitation facilities.

However, several limitations exist. Firstly, this study is a single-region retrospective analysis,
which may limit its generalizability. Despite this, the research was conducted in a large region
of Northern Italy, which shares similar healthcare systems, epidemiological conditions, and
regional health profiles with other European countries. Therefore, while caution should be exer-
cised in directly applying these results to other contexts, they could serve as a useful benchmark
for future analyses on rehabilitation pathways in regions with comparable healthcare systems.

A second limitation, common to all studies based on administrative data, is the lack of
information on patients’ clinical conditions, including physical and cognitive function, sever-
ity of illness, activities of daily living and environmental factors. This absence hinders the cor-
relation of the duration of the entire path and its steps with the severity of the clinical
presentation.

Another weakness is that the time between multiple steps, particularly between hospital
admission and surgery, and between hospital discharge and rehabilitation facility admission,
can only be quantified in calendar days. This measurement method impedes the precise assess-
ment of early surgery and postoperative rehabilitation achievements, which are considered key
performance indicators by many international organizations, such as OECD, Eurostat, and
WHO.

Lastly, the study does not distinguish between different surgical treatments. However, by
ensuring that these treatments are balanced in both groups being compared, the reported tim-
ings should not exhibit significant biases.
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Conclusions

This study suggests that a high quality of care was maintained throughout the pandemic, with
no discernible gaps in the continuum of care. This continuity was facilitated by the well-struc-
tured organization of the Piedmont health system, which manages patients from hospitaliza-
tion to rehabilitation, ensuring regular communication between various structures and
personnel. The existence of an organized and formalized pathway for patients with hip frac-
tures could have aided in maintaining high-quality care. This assertion is corroborated by the
fact that surgery within two days was reported by 75% of the population, a statistic that
remained consistent over the years. The timing of surgery is influenced by numerous factors,
including the surgical capacity of hospitals and inter-hospital flow and access (e.g., timely dis-
charges that create hospital capacity for new patients). These factors appear to have been effec-
tively managed during the pandemic period.

Our findings indicate that healthcare systems can exhibit resilience and adaptability, even
during a global pandemic, to ensure the provision of high-quality and safe standards of care.
However, further long-term studies are required to fully understand the impact of the
COVID-19 pandemic on primary health outcomes following hip replacement surgery and
subsequent rehabilitation. Additionally, the role of telemedicine in reducing the time between
steps, through remote follow-up visits and remote supervised home-based exercise therapy,
warrants further investigation.

Supporting information

S1 Table. Dataset. Data underlying the findings described in the manuscript.
(DOCX)

Acknowledgments

The authors would like to express their gratitude to the Epidemiology Unit of the Piedmont
Region for their assistance in selecting and analyzing the administrative data.

Author Contributions

Conceptualization: Maria Michela Gianino.

Data curation: Roberta Onorati.

Formal analysis: Gianfranco Politano.

Supervision: Maria Michela Gianino.

Writing - original draft: Heba Safwat Mhmoued Abdo Elhadidy, Dario Catozzi.

Writing - review & editing: Heba Safwat Mhmoued Abdo Elhadidy, Maria Michela Gianino.

References
1. Diaz A, Sarac BA, Schoenbrunner AR, Janis JE, Pawlik TM. Elective surgery in the time of COVID-19.
Am J Surg. 2020 Jun; 219(6):900-2. https:/doi.org/10.1016/.amjsurg.2020.04.014 PMID: 32312477
2. COVIDSurg Collaborative. Global guidance for surgical care during the COVID-19 pandemic. Br J
Surg. 2020 Aug 1; 107(9):1097—-1083. https://doi.org/10.1002/bjs. 11646 PMID: 32293715

3. Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg N, et al. The psychological
impact of quarantine and how to reduce it: rapid review of the evidence. Lancet Lond Engl. 2020 Mar
14; 395(10227):912—20. https://doi.org/10.1016/S0140-6736(20)30460-8 PMID: 32112714

PLOS ONE | https://doi.org/10.1371/journal.pone.0305966  July 11, 2024 9/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305966.s001
https://doi.org/10.1016/j.amjsurg.2020.04.014
http://www.ncbi.nlm.nih.gov/pubmed/32312477
https://doi.org/10.1002/bjs.11646
http://www.ncbi.nlm.nih.gov/pubmed/32293715
https://doi.org/10.1016/S0140-6736%2820%2930460-8
http://www.ncbi.nlm.nih.gov/pubmed/32112714
https://doi.org/10.1371/journal.pone.0305966

PLOS ONE

Impact of the COVID-19 pandemic on the complete rehabilitation journey of hip fracture patients

10.

1.

12.

13.

14.

15.
16.

17.

18.
19.

20.

21.

22,

Thombs BD, Bonardi O, Rice DB, Boruff JT, Azar M, He C, et al. Curating evidence on mental health
during COVID-19: A living systematic review. J Psychosom Res. 2020 Jun; 133:110113. https://doi.
org/10.1016/j.jpsychores.2020.110113 PMID: 32354463

Nufez JH, Sallent A, Lakhani K, Guerra-Farfan E, Vidal N, Ekhtiari S, et al. Impact of the COVID-19
Pandemic on an Emergency Traumatology Service: Experience at a Tertiary Trauma Centre in Spain.
Injury. 2020 Jul 1; 51(7):1414-8. https://doi.org/10.1016/j.injury.2020.05.016 PMID: 32405089

Linea Guida SIOT. Fratture del femore prossimale nell’anziano. Giornale ltaliano di Ortopedia e Trau-
matologia. Available from: https://www.giot.it/article/linea-guida-siot-fratture-del-femore-prossimale-
nellanziano/.

Wang KC, Xiao R, Cheung ZB, Barbera JP, Forsh DA. Early mortality after hip fracture surgery in
COVID-19 patients: A systematic review and meta-analysis. J Orthop. 2020; 22:584-91. https://doi.
org/10.1016/j.jor.2020.11.012 PMID: 33223732

Hip fracture: management. Guidance. NICE; 2011. Available from: https://www.nice.org.uk/guidance/
cgi124.

Maniscalco P, Poggiali E, Quattrini F, Ciatti C, Magnacavallo A, Vercelli A, et al. Proximal femur frac-
tures in COVID-19 emergency: the experience of two Orthopedics and Traumatology Departments in
the first eight weeks of the Italian epidemic. Acta Bio-Medica Atenei Parm. 2020 May 11; 91(2):89-96.
https://doi.org/10.23750/abm.v91i2.9636 PMID: 32420932

Piscitelli P, Neglia C, Feola M, Rizzo E, Argentiero A, Ascolese M, et al. Updated incidence and costs of
hip fractures in elderly Italian population. Aging Clin Exp Res. 2020 Dec 1; 32(12):2587-93. https://doi.
org/10.1007/s40520-020-01497-0 PMID: 32056151

Kanis JA, Odén A, McCloskey EV, Johansson H, Wahl DA, Cooper C, et al. A systematic review of hip
fracture incidence and probability of fracture worldwide. Osteoporos Int J Establ Result Coop Eur Found
Osteoporos Natl Osteoporos Found USA. 2012 Sep; 23(9):2239-56. https://doi.org/10.1007/s00198-
012-1964-3 PMID: 22419370

Guzon-lllescas O, Perez Fernandez E, Crespi Villarias N, Quirds Donate FJ, Pefia M, Alonso-Blas C,
et al. Mortality after osteoporotic hip fracture: incidence, trends, and associated factors. J Orthop Surg.
2019 Jul 4; 14(1):203. https://doi.org/10.1186/s13018-019-1226-6 PMID: 31272470

Welford P, Jones CS, Davies G, Kunutsor SK, Costa ML, Sayers A, et al. The association between sur-
gical fixation of hip fractures within 24 hours and mortality: a systematic review and meta-analysis.
Bone Jt J. 2021 Jul; 103-B (7):1176-86. https://doi.org/10.1302/0301-620X.103B7.BJJ-2020-2582.R1
PMID: 34192937

Heiden JJ, Goodin SR, Mormino MA, Siebler JC, Putnam SM, Lyden ER, et al. Early Ambulation After
Hip Fracture Surgery Is Associated with Decreased 30-Day Mortality. J Am Acad Orthop Surg. 2021
Mar 1; 29(5): e238—42. https://doi.org/10.5435/JAAOS-D-20-00554 PMID: 32694326

Auais M. Rehabilitation for Frail Patients With Hip Fracture. Top Geriatr Rehabil. 2023 Jun; 39(2):100.

Young Y, Xiong K, Pruzek RM. Longitudinal functional recovery after postacute rehabilitation in older
hip fracture patients: the role of cognitive impairment and implications for long-term care. J Am Med Dir
Assoc. 2011 Jul; 12(6):431-8. https://doi.org/10.1016/j.jamda.2010.08.005 PMID: 21450204

|ICD—ICD-9-CM—International Classification of Diseases, Ninth Revision, Clinical Modification. Avail-
able from: https://www.cdc.gov/nchs/icd/icd9cm.htm.

PNE 2022—Programma Nazionale Esiti. Available from: https://pne.agenas.it/.

Lenzi J, Luciano L, Mcdonald K, Rosa S, Damiani G, Corsello G, et al. Empirical examination of the indi-
cator ‘pediatric gastroenteritis hospitalization rate’ based on administrative hospital data in Italy. Ital J
Pediatr. 2014 Feb 11; 40:14. https://doi.org/10.1186/1824-7288-40-14 PMID: 24512747

Saxon L, Fazio TN, Gumm K, Tong SYC, Read DJ. Quality of care was not compromised during the
COVID-19 pandemic at a level 1 trauma centre. ANZ J Surg. 2022 Jan; 92(1-2):172-9. https://doi.org/
10.1111/ans.17154 PMID: 34403202

van Aert GJJ, van der Laan L, Boonman-de Winter LIM, Berende CAS, de Groot HGW, Boele van
Hensbroek P, et al. Effect of the COVID-19 pandemic during the first lockdown in the Netherlands on
the number of trauma-related admissions, trauma severity and treatment: the results of a retrospective
cohort study in a level 2 trauma centre. BMJ Open. 2021 Feb 19; 11(2): e€045015. https://doi.org/10.
1136/bmjopen-2020-045015 PMID: 33608406

Moyer JD, James A, Gakuba C, Boutonnet M, Angles E, Rozenberg E, et al. Impact of the SARS-COV-
2 outbreak on epidemiology and management of major traumain France: a registry-based study (the
COVITRAUMA study). Scand J Trauma Resusc Emerg Med. 2021 Mar 22; 29(1):51. https://doi.org/10.
1186/s13049-021-00864-8 PMID: 33752728

PLOS ONE | https://doi.org/10.1371/journal.pone.0305966  July 11, 2024 10/11


https://doi.org/10.1016/j.jpsychores.2020.110113
https://doi.org/10.1016/j.jpsychores.2020.110113
http://www.ncbi.nlm.nih.gov/pubmed/32354463
https://doi.org/10.1016/j.injury.2020.05.016
http://www.ncbi.nlm.nih.gov/pubmed/32405089
https://www.giot.it/article/linea-guida-siot-fratture-del-femore-prossimale-nellanziano/
https://www.giot.it/article/linea-guida-siot-fratture-del-femore-prossimale-nellanziano/
https://doi.org/10.1016/j.jor.2020.11.012
https://doi.org/10.1016/j.jor.2020.11.012
http://www.ncbi.nlm.nih.gov/pubmed/33223732
https://www.nice.org.uk/guidance/cg124
https://www.nice.org.uk/guidance/cg124
https://doi.org/10.23750/abm.v91i2.9636
http://www.ncbi.nlm.nih.gov/pubmed/32420932
https://doi.org/10.1007/s40520-020-01497-0
https://doi.org/10.1007/s40520-020-01497-0
http://www.ncbi.nlm.nih.gov/pubmed/32056151
https://doi.org/10.1007/s00198-012-1964-3
https://doi.org/10.1007/s00198-012-1964-3
http://www.ncbi.nlm.nih.gov/pubmed/22419370
https://doi.org/10.1186/s13018-019-1226-6
http://www.ncbi.nlm.nih.gov/pubmed/31272470
https://doi.org/10.1302/0301-620X.103B7.BJJ-2020-2582.R1
http://www.ncbi.nlm.nih.gov/pubmed/34192937
https://doi.org/10.5435/JAAOS-D-20-00554
http://www.ncbi.nlm.nih.gov/pubmed/32694326
https://doi.org/10.1016/j.jamda.2010.08.005
http://www.ncbi.nlm.nih.gov/pubmed/21450204
https://www.cdc.gov/nchs/icd/icd9cm.htm
https://pne.agenas.it/
https://doi.org/10.1186/1824-7288-40-14
http://www.ncbi.nlm.nih.gov/pubmed/24512747
https://doi.org/10.1111/ans.17154
https://doi.org/10.1111/ans.17154
http://www.ncbi.nlm.nih.gov/pubmed/34403202
https://doi.org/10.1136/bmjopen-2020-045015
https://doi.org/10.1136/bmjopen-2020-045015
http://www.ncbi.nlm.nih.gov/pubmed/33608406
https://doi.org/10.1186/s13049-021-00864-8
https://doi.org/10.1186/s13049-021-00864-8
http://www.ncbi.nlm.nih.gov/pubmed/33752728
https://doi.org/10.1371/journal.pone.0305966

PLOS ONE

Impact of the COVID-19 pandemic on the complete rehabilitation journey of hip fracture patients

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Lenzi J, Rousset S, Fantini MP, Gianino MM. Impact of COVID-19 on Timing of Hip-Fracture Surgeries:
An Interrupted Time-Series Analysis of the Pre/Post-Quarantine Period in Northern Italy. Int J Health
Policy Manag. 2021 Sep 1; 11(10):2083-9. https://doi.org/10.34172/ijhpm.2021.103 PMID: 34523862

Hip and knee surgery. Health at a Glance: Europe 2022: State of Health in the EU Cycle. OECD iLi-
brary. Available from: https://www.oecd-ilibrary.org/sites/c3ce8219-en/index.html?itemld=/content/
component/c3ce8219-en.

Sarpong NO, Kuyl EV, Ong C, Chiu YF, Boettner F, Su EP, et al. Reduction in hospital length of stay
and increased utilization of telemedicine during the ‘return-to-normal’ period of the COVID-19 pandemic
does not adversely influence early clinical outcomes in patients undergoing total hip replacement: a
case-control study. Acta Orthop. 2022 Jun 8; 93:528-33. https://doi.org/10.2340/17453674.2022.2268
PMID: 35694790

Zhong H, Poeran J, Liu J, Wilson LA, Memtsoudis SG. Hip fracture characteristics and outcomes during
COVID-19: a large retrospective national database review. Br J Anaesth. 2021 Jul; 127(1):15-22.
https://doi.org/10.1016/j.bja.2021.04.003 PMID: 33965205

Andreasen SE, Holm HB, Jargensen M, Gromov K, Kjaersgaard-Andersen P, Husted H. Time-driven
Activity-based Cost of Fast-Track Total Hip and Knee Arthroplasty. J Arthroplasty. 2017 Jun; 32
(6):1747-55. https://doi.org/10.1016/j.arth.2016.12.040 PMID: 28126275

Husted H, Kristensen BB, Andreasen SE, Skovgaard Nielsen C, Troelsen A, Gromov K. Time-driven
activity-based cost of outpatient total hip and knee arthroplasty in different set-ups. Acta Orthop. 2018
Oct; 89(5):515-21. https://doi.org/10.1080/17453674.2018.1496309 PMID: 30078348

FbL, Rfa G, Cv G, Rspe A, Pj L. Epidemiological and Clinical Profile of Patients Submitted to Total
Knee Arthroplasty. Rev Bras Ortop. 2021 Mar; 57(2):223-229.

Kanazawa N, Inoue N, Tani T, Naito K, Horiguchi H, Fushimi K. Implementation of Rehabilitation and
Patient Outcomes During the Initial COVID-19 Pandemic. Prog Rehabil Med. 2022; 7:20220031.
https://doi.org/10.2490/prm.20220031 PMID: 35814717

Bettger JP, Thoumi A, Marquevich V, Groote WD, Battistella LR, Imamura M, et al. COVID-19: main-
taining essential rehabilitation services across the care continuum. BMJ Glob Health. 2020 May 1; 5(5):
€002670. https://doi.org/10.1136/bmjgh-2020-002670 PMID: 32376777

Everink IHJ, van Haastregt JCM, van Hoof SJM, Schols JMGA, Kempen GIJM. Factors influencing
home discharge after inpatient rehabilitation of older patients: a systematic review. BMC Geriatr. 2016
Jan 12; 16(1):5. https://doi.org/10.1186/s12877-016-0187-4 PMID: 26755206

Luciano M, Sampogna G, del Vecchio V, Giacco D, Mulé A, de Rosa C, et al. The family in Italy: cultural
changes and implications for treatment. Int Rev Psychiatry Abingdon Engl. 2012 Apr; 24(2):149-56.
https://doi.org/10.3109/09540261.2012.656306 PMID: 22515465

Casacchia M, Roncone R. ltalian families and family interventions. J Nerv Ment Dis. 2014 Jun; 202
(6):487-97. https://doi.org/10.1097/NMD.0000000000000149 PMID: 24879572

PLOS ONE | https://doi.org/10.1371/journal.pone.0305966  July 11, 2024 11/11


https://doi.org/10.34172/ijhpm.2021.103
http://www.ncbi.nlm.nih.gov/pubmed/34523862
https://www.oecd-ilibrary.org/sites/c3ce8219-en/index.html?itemId=/content/component/c3ce8219-en
https://www.oecd-ilibrary.org/sites/c3ce8219-en/index.html?itemId=/content/component/c3ce8219-en
https://doi.org/10.2340/17453674.2022.2268
http://www.ncbi.nlm.nih.gov/pubmed/35694790
https://doi.org/10.1016/j.bja.2021.04.003
http://www.ncbi.nlm.nih.gov/pubmed/33965205
https://doi.org/10.1016/j.arth.2016.12.040
http://www.ncbi.nlm.nih.gov/pubmed/28126275
https://doi.org/10.1080/17453674.2018.1496309
http://www.ncbi.nlm.nih.gov/pubmed/30078348
https://doi.org/10.2490/prm.20220031
http://www.ncbi.nlm.nih.gov/pubmed/35814717
https://doi.org/10.1136/bmjgh-2020-002670
http://www.ncbi.nlm.nih.gov/pubmed/32376777
https://doi.org/10.1186/s12877-016-0187-4
http://www.ncbi.nlm.nih.gov/pubmed/26755206
https://doi.org/10.3109/09540261.2012.656306
http://www.ncbi.nlm.nih.gov/pubmed/22515465
https://doi.org/10.1097/NMD.0000000000000149
http://www.ncbi.nlm.nih.gov/pubmed/24879572
https://doi.org/10.1371/journal.pone.0305966

