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Objective: The objective of the analysis presented is to assess the efficacy of a fast-track pathway for elective hip and knee 
arthroplasty, compared to the traditional approach, adopted within a research hospital located in Milan (Italy), in terms of length of stay 
reduction and related direct medical costs.
Methods: A monocentric observational retrospective study was implemented considering adult subjects who underwent elective 
primary total hip or knee replacement, with a diagnosis of primary or secondary osteoarthritis. Exclusion criteria were subjects 
admitted via emergency department, subjects undergoing knee or hip replacement because of fractures or prosthesis revision. The 
analysis compared the length of stay and the direct medical costs, assuming the hospital perspective, of subjects admitted in the pre- 
fast-track period (years 2016/2017) and during the fast-track period (years 2018/2019).
Results: Knee replacement mean costs are 5,599 € (±1,158.3 €) in the pre-fast-track period and 4,487 € (±978.4 €) in the fast-track 
period (−1,112 €; −19.9%). Hip replacement mean costs in the pre-fast-track period are 5,364 € (±1,037.2 €) and 4,450 € (±843.7 €) in 
the fast-track period (−914 €; −17.0%). The adoption of fast-track pathway led to a statistically significant decrease of days of 
hospitalization of −2.8 (−37.6%) in knee replacement and of −2.9 (−39.2%) in hip replacement.
Conclusion: The fast-track pathway adopted proved to be effective, reducing patients’ length of stay, and sustainable and efficient, 
reducing direct medical costs, for both elective hip and knee replacement surgeries.
Keywords: health economics, direct medical costs, observational, hip replacement, knee replacement

Introduction
Osteoarthritis (OA) is a common chronic health condition involving several alterations of joint tissues, including 
cartilage degradation, and leading to pain, stiffness, swelling and joint functional limitations.1 The Global Burden of 
Disease Study 2021 reports a global age-standardized prevalence rate per 100,000 people of osteoarthritis of 6,967.3 
(6,180.7–7,686.1) in 2021, being higher in females (8,049.4; 7,137.2–8,892.7) than in males (5,773.4; 5,125.9–6,421.0), 
equal to more than 600 million individuals.2 The prevalence and incidence of knee and hip OA have been more studied 
than other joints; Cui et al3 reported that, in 2020, there were about 654 million individuals, aged over 40 years old, with 
knee OA worldwide. Similarly, the prevalence of symptomatic hip OA in adults aged over 45 years old has been 
estimated to be higher than 10%.4 OA has a high impact on chronic pain in Western society and in Italy it represents the 
main cause of total joint replacement in the 89.6% and 94.5% of cases, respectively, for hip and knee;5 thus, the 
incidence of arthroplasty surgery is increasing too. According to the 2020 annual report of the Italian Arthroplasty 
Registry, individuals undergoing elective hip and knee surgical procedures for OA were 71,626 and 82,815, respectively.5 

For both procedures, the prevalence is higher among women (53.2%) than men and the mean age in 2019 was 65.5 years 
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for males and 69.8 years for females. Kremers et al6 estimated that people in the United States who are currently living 
with an artificial hip or knee are 0.83% and 1.52%, respectively.6

Generally, clinical trials for hip and knee arthroplasty include too few patients to provide clear information on the efficacy 
of new health technologies; therefore, a multimodal standardized method for the assessment of health technology in 
orthopaedics is needed. In this context, Health Technology Assessment (HTA) represents a multidisciplinary approach 
providing information about the effectiveness, costs and impact of new health technologies in health care and is the key to 
the integration of technological evolution and the increasing requests of a more qualified health care.7 The lack of application 
of a standardized method to evaluate health technologies in the orthopaedic field makes HTA approach necessary to improve 
care treatment for patients and to share high-quality scientific evidence on specific methodology in health sciences.

The need to improve patients’ medical assistance, quality of life and to obtain data about the financial impact of hip 
and knee surgery due to OA have led the Italian National Institute of Health to allocate resources to assist patients with 
this specific orthopaedic disease and invest in new health technologies.

The health technology considered in the analysis is a fast-track pathway for subjects undergoing elective hip and knee 
arthroplasty at IRCCS Galeazzi Orthopedic Hospital. The pathway is aimed at reducing surgical invasiveness in terms of 
limited use and early removal of devices, reduction of perioperative fasting, early feeding, and mobilization.

To the best of our knowledge, only a previous study evaluated, through an HTA approach, the efficacy of an 
innovative Enhanced Recovery After Surgery pathway (ERAS) for hip and knee arthroplasty.8 In detail, it was shown 
that perioperative pathways promoting length of stay reduction, tissue-sparing surgical approach, multimodal pain 
management and early mobilization could be effective in reducing costs and improve patients’ outcomes after hip and 
knee surgery than the traditional approaches.8 The Galeazzi – Sant’Ambrogio Hospital (Milan, Italy) is a high-volume 
research hospital and the first institute in Italy for number of joint arthroplasties (>4,000/year) and such high number of 
these surgical procedures guarantees the possibility to perform an analysis based on a significant number of cases.

Therefore, the present study aims to assess the efficacy of the fast-track pathway for elective hip and knee arthroplasty 
(years 2018–2019), in terms of length of stay reduction, compared to the traditional approach (years 2016–2017) at the 
IRCCS Galeazzi – Sant’Ambrogio Hospital and the related direct medical costs.

Material and Methods
Study Design and Subjects
This retrospective study was conducted, in accordance with the STROBE guidelines,9 considering patients receiving 
surgical interventions for hip and knee replacement at the IRCCS (specialist clinic) Galeazzi – Sant’Ambrogio Hospital, 
located in Milan (Italy), between 1st January 2016 and 31st December 2019. In particular, patients who underwent 
elective primary total hip or knee replacement, with a diagnosis of primary or secondary osteoarthritis were included in 
the study procedures; patients admitted via emergency department, undergoing knee or hip replacement because of 
fractures or prosthesis revision were excluded. Details of inclusion and exclusion are reported in Figure 1. According to 
Article 110-bis, Legislative Decree 196/2203,

the processing of personal data collected for clinical activity, for research purposes, by the Scientific Institutes for Research, 
Hospitalization and Healthcare (IRCCS) does not constitute further processing by third parties; 

therefore, the IRCCS are allowed to carry out research without new informed consent. National guidelines are available 
online at http://www.agenziafarmaco.gov.it/sites/default/files/decreto_24062003_inglese.pdf; https://www.gazzettauffi 
ciale.it/eli/id/2019/06/12/19G00059/sg. All methods were carried out in accordance with relevant guidelines. Patients 
or the public were not involved in the design, or conduct, or reporting, or dissemination plans of our research.
The analysis considered surgical interventions performed in two periods, based on whether fast-track was implemented or 
not. Pre-fast-track period is that between 2016 and 2017, while patients receiving knee or hip surgery in 2018 and 2019 
were assigned to the fast-track group. To ensure comparability among the two groups, only subjects with a discharge at 
domicile were considered in the analysis. Demographic information of each patient was collected through the admin
istrative databases of the hospital.
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Fast-Track Pathway
Table 1 shows the details of the preoperative, intraoperative and postoperative phases of the fast-track pathway for hip and 
knee arthroplasty at IRCCS Galeazzi Orthopedic Hospital. The main characteristics of the fast-track pathway are as 
follows: 1) specific attention to preparing patients before surgery via direct interaction with surgeons, anesthesiologists, 
nurses, physiatrists, and physiotherapists; 2) reduced surgical invasiveness, determined not only by the surgical act itself but 
also by the limited use and early removal of devices such as nasogastric tubes and bladder surgical catheters; 3) reduction of 
perioperative fasting, early feeding, and mobilization. Therefore, the final aim of fast-track surgery is to promote early 
discharge (5th day), to promote a faster and more efficient functional recovery, and to reduce associated costs.

Data Mining and Cost Analysis
The process from pre-admission examination to discharge was analysed with the support of the hospital staff (anaes
thesiologist, physiotherapist, surgeon, scientific director and researchers). Flow and cost data have been extracted using 
the Hospital Information System and a business intelligence software, while clinical data have been collected manually 
from patients’ medical records. Afterwards, all data were reported in an electronic database for the statistical analyses. 
Each medical record information related to the following phases was considered in the analysis to assess the economic 
impact of interventions from the hospital perspective: 1) pre-admission, admission, and pre-surgery activities; 2) surgical 
intervention; 3) post-surgery activities before discharge. In detail, the data extracted and reprocessed for the analysis, as 
presented in the sections below, were related with patient gender and age, type of surgical intervention, date and hour of 
admission and discharge, date and hour in which the patient entered and exit operating theatre, number and type of 
transfusions, x-rays, surgical kit, prosthesis type, drugs administered during the hospitalization (including anesthesia), 
biopsy, cultural tests, and surgeon visits. Furthermore, the cost related to the tests performed and to drugs administered, 
hotel costs, general costs, technologies amortization costs, human resources costs were collected. The pre-admission tests 
and visits were considered to be the same for each patient as the pre-admission process is standardized as the schedule of 
post-surgery rehabilitation.

The direct medical costs considered refer to year 2022, while the cost of prosthesis refers to the year in which each 
prosthesis was implanted.

Figure 1 Flow chart of the study participants, highlighting inclusion and exclusion criteria.
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Pre-Admission, Admission, and Pre-Intervention Activities
These activities include pre-admission examinations (echocardiogram, laboratory examinations, x-ray for 50% of 
patients, surgeon 30 minutes visit, anaesthesiologist 20 minutes visit, nursing 60 minutes assistance), pre-intervention 
visits (15 minutes for n = 1 anaesthesiologist and 15 minutes for n = 1 physiotherapist for the pre-fast-track period; 15 

Table 1 Description of the Key Phases of the Fast-Track Pathway at IRCCS Galeazzi Orthopedic Hospital

Phase of 
Assistance

Fast-Track Intervention Intervention Description

Preoperative Patient information and 

education

● Standard preoperative visit with orthopaedic and anaesthesiologist.
● 1-h preoperative group education with a physiotherapist and a nurse, in which details on 

the Fast Track pathway are given to the patient in order to facilitate engagement.
● The patient is given life-style advice about the risks of smoking, alcohol and bad nutrition 

in order to maximize postoperative recovery. The physical therapist describes the muscle 

strengthening exercises to be performed before surgery and the information which the 
patient needs to get in advance (crutches, walkers, elastic stockings, etc.). The social 

conditions of the patients are taken into evaluation in order to verify the presence or not 

of a caregiver.
● SIgned informed consent.

Risk factors identification and 
management

● In order to reduce preoperative fasting as much as possible, the patient is given 

a carbohydrate loading (2 maltodextrins flasks) with relative instructions for consump
tion (1 at midnight before day of surgery, 1 at 6.00 AM the day of surgery).

● Identification and correction of anaemia.
● Pre-emptive oral analgesia.
● Assessment for the need of a discharge regimen other than home (exclusion criteria).

Patient welcome and 
preparation for surgery

● Patient admission the day of or the day before surgery.
● Medical record compilation.

Intraoperative Anesthesia and surgical 
approach

● Tissue-sparing surgery according to the surgeon’s choice.
● Selective sub-arachnoid anaesthesia in order to maintain vital parameters as stable as 

possible. Adductor canal block for total knee arthroplasty. Local Infiltration Analgesia 

before surgical suture, if needed, depending on the evaluation of the anaesthesiologist.

Body fluids and temperature 

management

● Tranexamic acid is administered before incision in order to reduce perioperative 
bleeding.

● Possibly no drains and catheterization.
● Normothermia maintaining strategies.

Postoperative Pain management ● Multimodal pain management according to the surgeon’s choice, including if possible 

opioid-sparing analgesia.

Early mobilization ● Mobilization 4–6 h after surgery, assisted by 2 physiotherapists, once safety conditions 

are guaranteed by the anaesthesiologist. Assisted walking with crutches.
● Two physiotherapy sessions from 1 day after surgery, half an hour each.

Nutritional care management ● Postoperative nausea and vomiting prophylaxis.
● Feeding 3 h after surgery, with tea and rusks. Free diet from the 1° postoperative day.
● Gastric protection and intestinal prokinetics treatments in order to prevent paralytic 

ileus.

Functional discharge criteria and 
Length of Stay (LOS)

● If the patient does not reach a sufficient level of autonomy/is not supported by family 

caregiving/is affected by fragility or postoperative complications: 3 days LOS in acute 
orthopaedic ward + internal rehabilitation depending on the need (on average 20 days).

● If the patient reaches a sufficient level of autonomy to face home discharge: direct home 

discharge after up to 5 days LOS in acute orthopaedic ward.
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minutes for n = 1 anaesthesiologist and 30 minutes for n = 1 physiotherapist for the fast-track period) and the care 
activities performed by nursing staff, nursing assistant and physiotherapist between the admission and the intervention.

Surgical Intervention
Surgical intervention costs include the cost per minute of the surgical team (n = 1 anaesthesiologist, n = 2 surgeons, n = 1 
operating room nurse, n = 1 nurse, n = 1 social care worker) and the surgical intervention duration; the transportation of 
the patient from the ward to the operating room and from the operating room to the ward (10 minutes for n = 1 social care 
workers per each transportation); non-woven fabrics, surgical kits; anaesthesiologic drugs; blood transfusions; intra- 
intervention x-ray; and prosthesis.

Post-Surgery Activities
In the post-intervention phase, the cost per day of hospitalization including care, physiotherapy, post-intervention x-ray, 
biopsy, cultural tests, and surgeon visit costs are included.

For each day of hospitalization, hotel costs were considered, as calculated by the hospital financial office. Unit cost 
data considered in the analysis are reported in Table 2. General costs were considered, being 22% of the costs emerged in 
the analysis. Since prosthesis cost represents almost 30% of the total cost of interventions, a further analysis was 
conducted excluding the cost of prosthesis to verify if the cost difference between the two scenarios (pre-fast-track and 
fast-track) may have been influenced by this element.

Statistical Analysis
Means, standard deviations, medians and interquartile range values were used to summarize countable and continuous 
variables. Percentages and the number of patients were used to summarize categorical variables. Statistical comparisons 
across the groups of interest were performed using Pearson’s chi-squared test used for categorical variables, and for 
continuous variables, comparisons across patient groups were carried out using one-way ANOVA. A p value of ≤0.05 
was set to define statistical significance. The primary endpoints of the analysis are the length of stay and direct medical 
costs assuming the hospital perspective.

Table 2 Cost Data Considered in the Analysis (Source: Hospital Financial Office)

Variable (Unit) Cost

Anaesthesiologist (per minute) 1.15 €

Surgeon (per minute) 0.90 €

Operating room nurse (per minute) 0.37 €
Nurse (per minute) 0.36 €

Social care worker (per minute) 0.28 €

Physiotherapist (per minute) 0.32 €
Hotel costs (per day) 169.52 €

Anaesthesiologic drugs (mean per intervention) 24.33 €
Surgical intervention kit and non-woven fabric (per intervention) 107.80 €

Transfusions (per unit) 231.00 €

Intra intervention x-ray (technology amortization per examination) 8.70 €
X-ray (per examination) 17.40 €

Cultural examination (per culturing test) 20.66 €

Biopsy (per test) 43.64 €
Knee replacement pre-admission examinations and visits (per intervention) 231.87 €

Hip replacement pre-admission examinations and visits (per intervention) 230.06 €
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Results
A total number of 1,817 patients were included in the analysis. Subjects considered in the pre-fast-track period are 229 
for knee replacement and 468 for hip replacement, while subjects considered in the fast-track period are 469 for knee 
replacement and 651 for hip replacement. The characteristics of subjects included in the analysis are presented in Table 3.

Considering the number of days of hospitalization, the adoption of fast-track leads to a decrease of −2.8 days (−37.6%) in 
knee replacement, from a mean number of days of 7.6 (± 2.8), to a mean number of days of 4.8 (± 1.8), and of −2.9 days 
(−39.2%) in hip replacement, from a mean number of days of 7.3 (± 2.7) to a mean number of days of 4.4 (± 2.0), as reported in 
Table 4. The difference in terms of length of stay between pre-fast-track period and fast-track is statistically significant both for 
knee replacement and hip replacement.

Knee replacement mean costs are equal to 5,599 € (±1,258.3 €) in the pre-fast-track period, and to 4,487 € (±978.4 €) 
in the fast-track period, with a mean lower cost of the latter of −1,112 € (−19.9%). Excluding the cost of prostheses from 
the analysis, the mean costs in the pre-fast-track period for knee replacement are equal to 3,918 € (±1,016.8 €), while the 
mean cost of the intervention in the fast-track period is equal to 3,2456 € (±743.5 €), being 672 € lower (−17.2%).

For what concerns hip replacement, the mean cost in the pre-fast-track period is 5,364 € (±1,037.2 €), the mean cost 
in the fast-track period is 4,450 € (±843.7 €), with a mean lower cost in the fast-track period of −914 € (−17.0%). Also in 
this case, excluding the cost of prosthesis, the fast-track scenario is associated with a mean lower cost than the pre-fast- 
track one, being 3,842 € (±994.7 €) and 3,128 € (±782.2 €), respectively, with a differential cost of −713 € (−18.6%).

The main cost component of the total cost is represented by prosthesis, being almost 30% in both scenarios (30.0% 
and 27.7% for knee replacement; and 28.4% and 29.7% for hip replacement), followed by post-intervention costs (28.5% 
and 25.3% for knee replacement; and 28.5% and 22.8% for hip replacement). Excluding the cost of prosthesis, the main 
difference between the two scenarios is observed in the post-intervention costs. Details on the cost of the two 
interventions in the two scenarios are reported in Table 4.

Discussion
The authors assessed the effectiveness and economic implications of adopting a fast-track pathway aimed at optimising 
knee replacement and hip replacement procedures. In particular, the effectiveness of the pathway was assessed 
considering the length of stay (LOS) of subjects who underwent surgery in the years 2016–2017 (pre-fast-track period) 
and in the years 2018–2019 (fast-track period).

Hospitalization length represents the major contributor to costs associated with hip and knee surgery.10 In the last 
decade, a trend towards decreasing LOS was registered11 and several studies were developed to investigate whether 
a significant shortening in the hospitalization duration could have an impact on postoperative complication rate. Sarpong 
and colleagues11 in 2019 analysed data from the American College of Surgeons National Surgical Quality Improvement 
Program (NSQIP) registry, considering the years from 2006 to 2016, to investigate the 30-days complication days and 
unplanned readmissions. They showed a LOS significant reduction over the considered decade, associated with 

Table 3 Demographic Characteristics of the Patients (Total N = 1,817) Considered in the Analysis

Variable Knee Replacement Hip Replacement

Pre-Fast Track  
(2016–2017)

Fast Track  
(2018–2019)

p-value Pre-Fast Track  
(2016–2017)

Fast Track  
(2018–2019)

p-value

Medical records, N 229 469 468 651
Female, N (%) 145 (63.3%) 308 (65.7%) 0.541 198 (42.3%) 309 (47.5%) 0.081

Male, N (%) 84 (36.7%) 161 (34.4%) 270 (57.7%) 342 (52.5%)

Age, years: 
median (IQR)

69 (12) 69 (11) 63 (15) 65 (15)

Age, years: 

mean (±SD)

68.6 (±9.6) 68.2 (±8.6) 0.9044 61.9 (±12.3) 64.1 (±11.9) 0.0022

Abbreviations: N, numerosity; IQR, inter-quartile range; SD, standard deviation.
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Table 4 Results of the Economic Analysis and Number of Days of Hospitalisation Between Pre-Fast-Track (2016–2017) and Fast-Track (2018–2019) Pathways

Intervention Scenario Costs € (Standard Deviation; % of Total Costs) Days of Hospitalisation

Pre-Surgery Surgery Prosthesis Post-Surgery General Costs Total Total without 
Prosthesis

Number of Days, 
Mean (Standard 

Deviation)

p-value

Knee replacement Pre Fast-track 515.3 €  
(±114.0; 9.2%)

799.5 € 
(±185.6; 14.3%)

1,681.4 € 
(±493.6; 30.0%)

1,593.5 € 
(±717.4; 28.5%)

1,009.7 € 
(±226.9; 18.0%)

5,599.4 €  
(±1,258.3)

3,918.1 €  
(±1,016.8)

7.6 (±2.8) < 0.001

Fast-track 479.9 € 
(±100.8; 10.7%)

821.8 € 
(±175.8; 18.3%)

1,241.3 € 
(±414.0; 27.7%)

1,135.0 € 
(±501.0; 25.3%)

809.1 € 
(±176.4; 18.0%)

4,487.0 €  
(±978.4)

3,245.8 €  
(±743.5)

4.8 (±1.8)

Δ (%) −35.5 € 
(−6.9%)

22.3 € 
(2.8%)

−440.1 € 
(−26.2%)

−458.5 € 
(−28.8%)

−200.6 € 
(−19.9%)

−1,112.4 €* 
(−19.9%)

−572.3 €* 
(−17.2%)

− 2.8 
(−37.6%)

Hip replacement Pre Fast-track 510.0 € 
(±115.1; 9.5%)

834.5 € 
(±180.0; 15.6%)

1,522.4 € 
(±239.5; 28.4%)

1,530.3 € 
(±706.4; 28.5%)

967.4 € 
(±187.0; 18.0%)

5,364.5 €  
(±1,037.2)

3,842.1 € 
(±994.7)

7.3 (±2.7) < 0.001

Fast-track 485.4 € 
(±110.0; 10.9%)

823.7 € 
(±184.2; 18.5%)

1,321.9 € 
(±254.5; 29.7%)

1,016.7 € 
(±542.2; 22.8%)

802.5 € 
(±152.1; 18.0%)

4,450.2 € 
(±843.7)

3,128.2 € 
(±782.2)

4.4 (±2.0)

Δ (%) −24.6 € 
(-4.8%)

−10.8 € 
(-1.3%)

−200.5 
(–13.2%)

−513.6 € 
(-33.6%)

−164.9 € 
(-17.0%)

−914.3 €* 
(−17.0%)

−713.8 €* 
(−18.6%)

− 2.9 
(−39.2%)

Note: *Statistically significant difference (p-values < 0.001).
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significantly lower rates of deep vein thrombosis, sepsis, and urinary tract infections in the first 30 days after surgery. 
Also, a decreasing in readmission rates was observed. Similarly, Morcos and colleagues12 evidenced that the lowest risk 
of 30-days complications following hip arthroplasty is associated with discharge on 0–2 postoperative days,12 while 
Benito and colleagues13 showed a significant lower 90-day readmission rate for subjects discharged on the first 
postoperative day, when compared to a cohort with a greater LOS from 2 to 4 days.13 The adoption of the proposed fast- 
track pathway allowed to reduce the mean number of days of hospitalization by −2.8 in subjects undergoing knee 
replacement and by -2.9 in subjects undergoing hip replacement, representing not only an advantage with reference to 
assistance costs but also clinical, reducing patient’s risk to develop postoperative complication. Direct medical costs 
related to fast-track compared with pre-fast-track period show a statistical significant reduction equal to −1,112 € 
(−19.9%) for knee replacement and to −914 € (−17.0%) for hip replacement. Also excluding the cost of prosthesis 
from the analysis, a statistically significant difference in terms of costs is observed related to fast-track pathway: −672 € 
(−17.2%) for knee replacement and −714 € (−18.6%) for hip replacement. The main percentage cost reduction for both 
interventions is observed in the post-intervention phase, with a reduction of costs in the fast-track scenario of −28.8% for 
knee replacement and of −33.6% for hip replacement.

A previous preliminary analysis of the consequences of adopting fast-track pathway was conducted by Vanni and 
colleagues.8 However, the analysis did not measure real costs related to the two alternative pathways but estimated the 
theoretical consequences of adopting the fast-track pathway. The costs measured in the analysis are in line with the previously 
published analyses. Stargardt14 calculated the cost of hip replacement intervention in 5 Italian hospitals (among other 
European hospitals), being between 4,524 € and 8,482 €.14 More recently, Fidanza and colleagues15 estimated the cost of 
hip replacement intervention in an Italian public hospital, being equal to 6,000.2 €.15 The analysis conducted allowed to assess 
in a solid way the economic consequences and the effectiveness of fast-track, comparing real data from medical records within 
the same specialist clinic orthopaedic hospital in the pre-fast-track period and in the fast-track period, measuring costs and 
length of stay in 698 knee replacement interventions and in 1,119 hip replacement interventions.

Conclusion
The adoption of fast-track pathway is associated with a significant decrease in length of stay for both knee replacement 
(−2.8 days) and hip replacement (−2.9 days) and with a statistically significant decrease in total costs of −1,112 € 
(−19.9%) and −914 € (−17.0%), respectively. This pathway proved to be effective (mean length of stay reduction), 
efficient and sustainable (mean direct medical cost reduction). Therefore, its adoption could represent an improvement in 
terms of organizational efficiency, allowing the opportunity, based on capacity, to improve the number of surgical 
interventions performed and reduce waiting lists.
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