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Background: Enhanced Recovery After Surgery (ERAS) principles have gained widespread recognition for optimizing recovery across 
various surgical specialties. Effective management of postoperative pain plays a pivotal role in facilitating early rehabilitation and enhancing 
patient outcomes, particularly in ankle fracture surgery. This study investigated the effectiveness of rehabilitation therapies rooted in ERAS 
protocols in alleviating postoperative wound pain and improving recovery for patients undergoing ankle fracture surgery.
Methods: A total of 376 patients who underwent ankle fracture surgery between December 2022 and December 2023 were included in this 
retrospective analysis. Of these, 190 patients received ERAS-guided rehabilitation, while 186 underwent standard rehabilitation care. The 
ERAS program encompassed tailored interventions such as multimodal pain control, prompt mobilization, and personalized physical 
therapy regimens. Pain intensity was evaluated using the Visual Analog Scale (VAS) at 24 hours, 48 hours, and 7 days postoperatively. 
Additional metrics, including the duration of hospital stay, complication rates, and patient satisfaction, were also assessed.
Results: Patients in the ERAS group experienced significantly lower VAS scores than the standard care group at 24 hours (4.2 ± 1.1 vs 
5.6 ± 1.4, P<0.001), 48 hours (3.1 ± 0.9 vs 4.4 ± 1.2, P<0.001), and 7 days post-surgery (2.0 ± 0.7 vs 3.1 ± 0.9, P<0.001). Furthermore, 
those receiving ERAS care had a shorter average hospital stay (5.1 ± 1.6 days vs 6.7 ± 2.1 days, P<0.001) and reported higher levels of 
satisfaction (92.1% vs 78.4%, P<0.001). However, there were no statistically significant differences in overall complication rates 
between the two groups (3.7% vs 4.3%, P=0.712).
Conclusion: Rehabilitation therapies incorporating ERAS principles demonstrate substantial benefits in reducing postoperative 
wound pain and expediting recovery in ankle fracture surgery patients. These findings underscore the value of integrating ERAS- 
driven protocols into clinical practice to enhance patient experiences and postoperative outcomes.
Keywords: ankle fracture surgery, enhanced recovery after surgery ERAS, multimodal pain management, postoperative rehabilitation, 
patient satisfaction

Introduction
Ankle fracture surgery is a common orthopedic procedure that is crucial for restoring joint stability and function in trauma 
patients.1–3 Despite advancements in surgical techniques, postoperative wound pain remains a major challenge, often delaying 
recovery and negatively impacting patient outcomes. Efficient pain control plays a crucial role in facilitating early mobiliza
tion, minimizing complications, and ensuring successful recovery. Ankle injuries, particularly fractures, are common and 
often lead to significant biomechanical changes due to the disruption of joint stability and function. These injuries can result in 
chronic pain, instability, and difficulty performing activities of daily living. Rehabilitation plays a key role in restoring joint 
mobility, muscle strength, and proprioception. Techniques such as early mobilization, proprioceptive training, and strengthen
ing exercises are commonly employed to restore function and reduce the risk of long-term complications like post-traumatic 
osteoarthritis. Originally designed for colorectal procedures, Enhanced Recovery After Surgery (ERAS) principles have been 
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widely adopted in diverse surgical fields, including orthopedics, for their effectiveness in overcoming postoperative challenges 
and enhancing recovery outcomes. Despite advancements in surgical techniques, such as open reduction and internal fixation 
(ORIF) for ankle fractures, postoperative pain management remains a significant challenge. Early interventions, such as those 
incorporated in ERAS protocols, have shown promise in optimizing recovery through multimodal pain management and early 
rehabilitation, contributing to faster recovery and improved functional outcomes.4–8

ERAS principles adopt a comprehensive, multidisciplinary approach that integrates preoperative education, multi
modal analgesia, early mobilization, and individualized rehabilitation plans.9–11 These strategies aim to minimize surgical 
stress, promote recovery, and enhance patient satisfaction. Existing evidence highlights the benefits of ERAS protocols in 
surgical care. For example, Ripollés-Melchor et al12 reported that ERAS protocols significantly reduced postoperative 
complications and shortened hospital stays in orthopedic surgeries, and improved adherence to ERAS plans was 
associated with fewer postoperative complications. Similarly, Ljungqvist and Kehlet emphasized that reducing surgical 
stress and systemic inflammation is a key factor in the success of ERAS,9 while early mobilization within ERAS 
protocols, as highlighted by Tazreean et al13 reduces the risk of postoperative complications, accelerates recovery, and 
improves pain management.

In the field of orthopedic surgery, the application of ERAS protocols in procedures such as ankle fracture repairs has shown 
promising prospects but remains underexplored. Li et al14 in a multicenter study comparing the outcomes of ERAS protocols 
with traditional pathways in patients with ankle fractures and distal radius fractures, demonstrated that ERAS-based 
perioperative programs are associated with higher satisfaction, reduced bed rest durations, and shorter hospital stays without 
increasing the incidence of complications or compromising functional outcomes. Additionally, Yao et al15 emphasized the 
short-term postoperative benefits of ERAS protocols in ankle fracture patients, noting improvements in healthcare quality and 
efficiency. While these studies provide valuable insights into the benefits of ERAS, few have specifically evaluated their 
impact on postoperative wound pain in ankle fracture surgeries.

The successful implementation of ERAS protocols largely depends on perioperative nursing care, which plays 
a critical role in promoting patient education, managing postoperative pain, and ensuring adherence to rehabilitation 
plans. Auyong et al suggested that individualized nursing interventions can optimize patient compliance with ERAS 
protocols, thereby improving clinical outcomes. However, inconsistent nursing practices and a lack of standardized 
protocols, as Ripollés-Melchor et al pointed out, may undermine the effectiveness of ERAS interventions, leading to 
variability in patient outcomes.

Despite the growing evidence supporting the application of ERAS in orthopedic care, a significant gap remains in tailored 
rehabilitation protocols for managing postoperative pain in ankle fracture surgeries. Bridging this gap is essential for refining 
pain management approaches and enhancing the recovery pathways for these patients. This study aims to evaluate the impact 
of ERAS-aligned rehabilitation therapies on postoperative wound pain in patients undergoing ankle fracture surgery. By 
assessing outcomes such as pain scores, hospital stays, and patient satisfaction, this research seeks to provide evidence-based 
insights into improving rehabilitation protocols and enhancing perioperative care in orthopedic surgery.

Materials and Methods
Patient Selection Study Design and Participants
This retrospective cohort study evaluated the impact of rehabilitation therapies aligned with Enhanced Recovery After Surgery 
(ERAS) principles on postoperative wound pain in patients undergoing ankle fracture surgery. Patients aged ≥18 who 
underwent ankle fracture surgery between December 2022 and December 2023 were included. Postoperative outcomes, 
including pain scores, mobilization milestones, complications, and patient satisfaction, were assessed during the first 7 days 
following surgery, which served as the short-term follow-up period. Data were collected from electronic medical records and 
verified independently by two researchers. Inclusion criteria were as follows: (1) Patients aged ≥18; (2) Underwent primary 
ankle fracture surgery. Exclusion criteria included: (1) Revision ankle fracture surgeries; (2) Significant comorbidities 
potentially influencing outcomes (eg, severe cardiovascular or renal diseases); (3) Refusal to participate in postoperative 
rehabilitation protocols. The study adhered to the principles of the Declaration of Helsinki and was approved by the Ethics 
Committee of Dazhou Central Hospital. Written informed consent was obtained from all participants.
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ERAS-Based Perioperative Nursing Interventions
Patients in the ERAS group received targeted rehabilitation interventions aligned with ERAS principles:

Preoperative Education
Preoperative education sessions were structured to provide patients with comprehensive information regarding their 
surgery and recovery. These sessions aimed to prepare patients psychologically and physically for the surgery and 
postoperative rehabilitation. The key components of the preoperative education included in Supplementary Table 1.

We implemented a multimodal analgesia protocol to manage postoperative pain. This approach combined several 
strategies:Regional Anesthesia: Nerve blocks were administered during surgery to target pain at its source; Non-Opioid 
Analgesics: Acetaminophen and NSAIDs were used routinely to control mild to moderate pain; Opioids: Opioids were used 
sparingly, only for breakthrough pain, to minimize the risk of opioid dependence and adverse effects; Early Mobilization: 
Mobilization was initiated within 24 hours of surgery, with patients engaging in structured physical therapy. This involved 
ankle pumps, early weight-bearing exercises, and progressive walking under the supervision of a physiotherapist.

The inclusion of early mobilization has been supported by numerous studies,16 including Tazreean et al13 which high
lighted the role of early physical activity in reducing the risk of postoperative complications and accelerating recovery.

Nutritional Support
Nutritional support was an essential component of the ERAS protocol, emphasizing early postoperative nutrition. Protein-rich 
meals were introduced within 24 hours to support tissue healing and overall recovery. Nutritional education focused on the 
importance of balanced meals, including easily digestible options that promote wound healing and immune function.17

Monitoring and Complication Prevention
Nurses proactively monitored for complications, including infections and deep vein thrombosis (DVT). Preventive 
measures, such as compression stockings and anticoagulants, were implemented according to protocol.

Standard Care and Differences Between ERAS and Standard Care Protocol
The standard care group received conventional postoperative care, which included:General Pain Management: Primarily 
opioid-based analgesia, with minimal use of non-opioid analgesics; Basic Mobilization: Mobilization commenced on 
the second or third postoperative day, depending on the patient’s condition. Exercise instructions were limited to ankle 
pumps performed once daily without progression or individualization; Dietary Guidelines: Nutritional support was 
provided after the return of bowel function, and patients were encouraged to consume standard meals.

The key difference between the ERAS and standard care groups was the tailored and proactive rehabilitation plan in the 
ERAS group, which included:Personalized Exercises: The ERAS group followed a customized rehabilitation program, 
including early ankle range-of-motion exercises, progressive weight-bearing activities, and mobility training within 
24 hours post-surgery; Early and Structured Mobilization: ERAS patients began walking with assistance and participated in 
supervised physiotherapy sessions from the first day after surgery. In contrast, the standard care group followed a less 
structured and delayed rehabilitation approach, which lacked the same degree of personalization and early intervention.

Data Collection and Outcome Measures
Clinical data were collected retrospectively from electronic medical records and verified independently by two research
ers. Primary outcomes included:Postoperative wound pain assessed by the Visual Analog Scale (VAS) at 24 hours, 
48 hours, and 7 days; Length of hospital stay; Patient satisfaction scores. Secondary outcomes included:Readmission 
rates within 30 days; Recovery milestones, such as time to independent ambulation; Postoperative complication rates.
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Postoperative Complications
Circulatory System: Monitoring of blood pressure and cardiovascular events; Coagulation System: Assessment of DVT 
and clotting profiles; Urinary System: Evaluation of urine output and infections; Digestive System: Observation of 
gastrointestinal complications and bowel function.

Power Analysis
A post-hoc power analysis was conducted using the primary outcome measure (VAS score at 24 hours) to confirm the 
adequacy of the sample size. Based on the observed effect size (Cohen’s d = 1.10), a total sample size of 376 (190 in 
ERAS group, 186 in standard care group) achieves a power of 0.99 with a two-sided alpha level of 0.05. This indicates 
that the study was adequately powered to detect statistically significant differences between groups.

Data Analysis
Patient characteristics and clinical outcomes were summarized using descriptive statistics. For continuous variables, 
including VAS scores and hospital stay durations, comparisons were performed using t-tests or Mann-Whitney U-tests as 
appropriate. Categorical variables, such as complication rates, were analyzed using chi-square tests or Fisher’s exact 
tests. To account for potential confounders like age, gender, and comorbidities, multivariable regression analysis was 
applied. Statistical evaluations were carried out with SPSS software (version 25.0, IBM, Armonk, NY, USA), with 
significance set at P<0.05. Data visualizations were generated using R (version 4.0.5) and GraphPad Prism (version 8.0).

Results
The inclusion and exclusion criteria are detailed in Figure 1. A total of 376 patients undergoing ankle fracture surgery 
were included in this study, with 190 patients receiving ERAS-based rehabilitation and 186 receiving standard care. 
Baseline characteristics, including gender distribution, age, BMI, and ASA classification, were comparable between the 
two groups (P > 0.05). Similarly, the distribution of fracture types (bimalleolar, unimalleolar, and trimalleolar) and 
comorbidities, such as diabetes mellitus and hypertension, showed no statistically significant differences. Although the 
prevalence of open fractures and fractures caused by traffic accidents was slightly higher in the ERAS group, these 
differences were not significant (Table 1).

Postoperative complications occurred less frequently in the ERAS group compared to the standard care group. Specifically, 
rates of postoperative infection (1.6% vs 6.5%, P=0.011), deep vein thrombosis (3.2% vs 8.6%, P=0.016), and delayed wound 

Figure 1 Inclusion and exclusion table for patients undergoing total knee arthroplasty.
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healing (0.8% vs 5.4%, P=0.009) were significantly lower in the ERAS group. Other complications, such as wound dehiscence, 
respiratory complications, and cardiovascular events, did not differ significantly between groups (Table 2).

Logistic regression analyses identified ERAS-based rehabilitation (OR=3.412, 95% CI: 2.529–4.602, P<0.001) and 
early mobilization within 24 hours (OR=2.593, 95% CI: 1.983–3.462, P<0.001) as independent predictors of shorter 
hospital stays. Factors such as gender, age, BMI, and fracture type were not significantly associated with the duration of 
hospital stay in multivariate analyses (Table 3).

Table 1 Baseline Characteristics of Patients Undergoing Ankle Fracture Surgery 
Across ERAS-Based and Standard Care Groups

ERAS Group  
(N=190)

Standard Care Group  
(N=186)

P-value

Gender

Male 98 (51.6%) 96 (51.6%) 0.720
Female 92 (48.4%) 90 (48.4%)

Age (years, Mean ± SD) 55.8 ± 12.3 56.4 ± 11.9 0.678

BMI (kg/m², Mean ± SD) 26.7 ± 3.5 27.1 ± 3.2 0.561
ASA Class

II 121 (63.7%) 112 (60.2%) 0.488
III 69 (36.3%) 74 (39.8)

Fracture

Bimalleolar 93 (48.9%) 85 (45.7%) 0.800
Unimalleolar 79 (41.6%) 81 (43.5%)

Trimalleolar 18 (9.5%) 20 (10.8%)

Open Fracture 5 (2.6%) 7 (3.8%) 0.652
Diabetes Mellitus 41 (21.6%) 38 (20.4%) 0.854

Hypertension 69 (36.3%) 73 (39.2%) 0.794

Smoking History 46 (24.2%) 43 (23.1%) 0.832
Alcohol Use 23 (12.1%) 21 (11.3%) 0.912

Previous Surgery 62 (32.6%) 60 (32.3%) 0.882

Fracture Due to Fall 85 (44.7%) 80 (43.0%) 0.901
Fracture Due to Traffic Accident 80 (42.1%) 78 (41.9%) 0.887

Note: The values in parentheses are percentages unless indicated otherwise. 
Abbreviations: ASA Class, American Society of Anesthesiologists Physical Status Classificatio; BMI, Body Mass 
Index; ERAS, Enhanced Recovery After Surgery.

Table 2 Postoperative Complications Among Patients Receiving ERAS-Based 
Rehabilitation Versus Standard Care

Complication ERAS Group  
(N=190)

Standard Care Group  
(N=186)

P-value

Postoperative Infection 3 (1.6%) 12 (6.5%) 0.011

Deep Vein Thrombosis 6 (3.2%) 16 (8.6%) 0.016

Delayed Wound Healing 2 (0.8%) 10 (5.4%) 0.009
Wound Dehiscence 3 (1.6%) 8 (4.3%) 0.187

Respiratory Complications 2 (1.1%) 6 (3.2%) 0.345

Cardiovascular Events 3 (1.6%) 7 (3.8%) 0.421
Neurological Complications 1 (0.5%) 4 (2.2%) 0.213

Coagulation Disorders 5 (2.6%) 8 (4.3%) 0.421

Urinary Complications 4 (2.1%) 5 (2.7%) 0.734
Gastrointestinal Complications 3 (1.6%) 5 (2.7%) 0.532

Readmission for Complications 7 (3.7%) 15 (8.1%) 0.035

Note: The values in parentheses are percentages unless indicated otherwise. 
Abbreviation: ERAS, Enhanced Recovery After Surgery.
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Clinical recovery outcomes showed significant improvement in the ERAS group. The time to achieve first ambulation 
was notably shorter (20.4 ± 5.7 hours vs 42.8 ± 6.9 hours, P<0.001), and patients reached independent walking earlier 
(3.6 ± 1.1 days vs 5.9 ± 1.4 days, P<0.001). Pain levels, as measured by the Visual Analog Scale (VAS), were 
consistently lower in the ERAS group at all measured intervals: 24 hours, 48 hours, and 7 days postoperatively 
(P<0.001). Additionally, patient satisfaction ratings were significantly higher in the ERAS group (92.4% vs 76.8%, 
P<0.001), and the duration of hospital stay was reduced (5.1 ± 1.6 days vs 6.7 ± 2.1 days, P<0.001) (Table 4).

Quality of life and functional recovery outcomes also favored the ERAS group. Participants scored higher on the 
physical and mental health components of the Short Form-36 (SF-36) survey (P<0.001) and demonstrated superior 
results in the EuroQol-5D (EQ-5D) index and EQ Visual Analog Scale (EQ-VAS). Furthermore, a larger proportion of 
ERAS patients returned to work or resumed daily routines (81.6% vs 68.7%, P=0.039) and reported greater participation 
in social activities (78.9% vs 65.4%, P=0.028). The ability to perform activities of daily living (ADLs) independently 
was also markedly better in the ERAS group (89.5% vs 75.8%, P=0.014) (Table 5).

Discussion
Ankle fracture surgery is a commonly performed orthopedic procedure critical for restoring joint stability and function in 
trauma patients.2,18,19 Despite advancements in surgical techniques, postoperative wound pain remains a major challenge, 

Table 3 Predictors of Shorter Hospital Stay Following Ankle Fracture Surgery

Variable Odds Ratio 
(Univariate)

P-value 
(Univariate)

Odds Ratio 
(Multivariate)

P-value 
(Multivariate)

ERAS-Based Rehabilitation 3.214 (2.317–4.452) <0.001 3.412 (2.529–4.602) <0.001

Early Mobilization (<24 hours) 2.829 (2.049–3.779) <0.001 2.593 (1.983–3.462) <0.001

Absence of Preoperative Comorbidities 1.682 (1.110–2.538) 0.032 1.392 (0.918–2.332) 0.079
Gender (Male) 0.912 (0.659–1.262) 0.312 – –

Age (years) 0.985 (0.972–1.013) 0.543 – –

BMI (kg/m²) 1.123 (0.932–1.477) 0.287 1.048 (0.798–1.377) 0.603
Bimalleolar Fracture 1.238 (0.954–1.602) 0.152 1.118 (0.892–1.495) 0.312

Unimalleolar Fracture 0.973 (0.743–1.276) 0.821 – –
Smoking History 1.135 (0.924–1.456) 0.239 1.202 (0.932–1.621) 0.312

Hypertension 0.879 (0.692–1.115) 0.231 – –

Diabetes Mellitus 1.024 (0.812–1.291) 0.853 1.082 (0.854–1.399) 0.453
Previous Surgery 1.472 (1.097–1.976) 0.008 – –

Alcohol Use 0.821 (0.643–1.048) 0.106 – –

Abbreviations: BMI, Body Mass Index; ERAS, Enhanced Recovery After Surgery.

Table 4 Clinical Recovery Outcomes

Outcome ERAS Group  
(N=190)

Standard Care Group  
(N=186)

P-value

VAS Score at 24 hours 3.5 ± 1.2 5.2 ± 1.4 <0.001

VAS Score at 48 hours 2.8 ± 1.1 4.3 ± 1.3 <0.001
VAS Score at 7 Days 1.9 ± 0.8 3.4 ± 1.1 <0.001

Time to First Ambulation (hours) 20.4 ± 5.7 42.8 ± 6.9 <0.001

Time to Independent Walking (days) 3.6 ± 1.1 5.9 ± 1.4 <0.001
Readmission Rate (%) 5.8% 13.1% 0.027

Patient Satisfaction (%) 92.4% 76.8% <0.001

Length of Hospital Stay (days) 5.1 ± 1.6 6.7 ± 2.1 <0.001

Abbreviations: ERAS, Enhanced Recovery After Surgery; VAS, Visual Analog Scale.
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often delaying recovery and negatively affecting patient outcomes. Effective pain management is crucial for promoting 
early mobilization, reducing complications, and achieving optimal recovery.16,20,21 This study demonstrates that applying 
ERAS principles in the rehabilitation of ankle fracture patients leads to significantly improved postoperative outcomes. 
These benefits include reduced pain intensity, earlier mobilization, shorter hospital stays, and increased patient satisfac
tion. These findings are consistent with ERAS implementations in other orthopedic procedures and underscore the 
importance of a structured, multimodal perioperative approach tailored to trauma patients.

One of the most significant findings of our study is the reduction in postoperative complications in the ERAS group, 
including lower rates of postoperative infection, deep vein thrombosis, and delayed wound healing. These reductions 
emphasize the efficacy of ERAS protocols in minimizing perioperative risks. Morrell et al22 reported similar findings, 
demonstrating that ERAS protocols reduce complication rates and promote functional recovery in orthopedic surgery. 
Similarly, Zhang et al23 found that it can significantly shorten LOS, reduce transfusion rates, and decrease 30-day 
postoperative mortality. The superior outcomes observed in our study may be attributed to key components of ERAS 
protocols, including early mobilization, multimodal pain management, and preoperative education. These strategies 
likely contributed to improved pain control, enhanced circulation, and better overall recovery.

In addition to fewer complications, patients in the ERAS group achieved faster recovery milestones and had shorter 
hospital stays. Compared to standard care, the ERAS group’s hospital stays were reduced by an average of 1.6 days (5.1 
± 1.6 days vs 6.7 ± 2.1 days, P<0.001). Early mobilization within 24 hours and individualized rehabilitation plans likely 
accelerated functional recovery. These findings align with research by Zhu et al7 who demonstrated that ERAS protocols 
significantly reduce hospital stays and associated healthcare costs across various surgical fields. Shorter hospital stays 
also alleviate psychological and emotional burdens on patients and their families, further highlighting the holistic benefits 
of ERAS-based care.24,25 An important consideration in the management of ankle fractures is the risk of long-term 
complications, particularly post-traumatic osteoarthritis. This condition may develop due to residual joint incongruity, 
instability, or chronic inflammation, and can substantially affect patients’ long-term mobility and quality of life. In severe 
cases, especially when conservative treatments fail, ankle arthrodesis (joint fusion) may be required to relieve pain and 
restore function. As noted by Biz et al, post-traumatic osteoarthritis remains a common sequela in complex ankle 
fractures and is a leading indication for surgical fusion procedures.26 While surgical solutions like arthrodesis address 
severe structural outcomes, non-invasive interventions such as taping can offer functional benefits during earlier phases 
of recovery. Beyond standard rehabilitation protocols, the application of functional taping during the recovery phase has 
shown potential benefits in improving proprioception, neuromuscular control, and ankle joint stability. Taping may assist 
in reducing reinjury risk, supporting the joint during early mobilization, and enhancing confidence in movement. 
According to newly research, incorporating taping into physical therapy regimens yielded improved dynamic balance 
and ankle function in individuals recovering from ankle trauma.27

Our study also emphasizes significant improvements in patient-reported outcomes. Patients in the ERAS group 
reported higher scores in the physical and mental components of the SF-36, along with better overall health as measured 
by the EQ-5D index. Choi et al28 found that ERAS protocols significantly reduced the use of opioids and antiemetics, 

Table 5 Patient-Reported Outcomes Comparing ERAS and Standard Care Groups

Outcome ERAS Group  
(n=158)

Standard Care Group  
(n=154)

P-value

SF-36 Physical Component Score 72.5 ± 10.6 66.8 ± 11.9 <0.001

SF-36 Mental Component Score 74.8 ± 9.5 69.4 ± 10.3 <0.001

EQ-5D Index 0.84 (0.79–0.88) 0.78 (0.72–0.83) 0.018
EQ-VAS Score 85.2 ± 6.4 79.4 ± 7.2 <0.001

Return to Work or Daily Activities (%) 81.6% 68.7% 0.039

Participation in Social Activities (%) 78.9% 65.4% 0.028
Ability to Perform ADLs Independently (%) 89.5% 75.8% 0.014

Abbreviations: ERAS, Enhanced Recovery After Surgery; SF-36, Short Form-36; ADLs, Ability to Perform Activities of 
Daily Living; EQ, EuroQol.
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improved long-term pain management and functional recovery after orthopedic surgery, and decreased the incidence of 
complications in patients undergoing spinal fusion. Furthermore, a larger proportion of patients in the ERAS group 
resumed work or daily activities during the follow-up period, reflecting the comprehensive advantages of ERAS-based 
rehabilitation. These findings underscore the importance of integrating patient-centered strategies, such as individualized 
rehabilitation and education, into perioperative care to optimize functional recovery and satisfaction.

To further enhance the effectiveness and clinical applicability of ERAS protocols in ankle fracture surgery, recent studies 
have emphasized the importance of integrating structured physiotherapy interventions into both the preoperative and early 
postoperative phases of care. One promising approach is preoperative physiotherapy, or “prehabilitation”, which focuses on 
improving ankle joint mobility, strengthening periarticular muscles, and addressing patients’ psychological preparedness for 
surgery. These interventions have been shown to reduce surgical stress, support better neuromuscular control, and accelerate 
postoperative recovery. In the early postoperative stage, ERAS protocols may benefit from more standardized and persona
lized rehabilitation plans that adapt to individual patient needs. Evidence-based physiotherapy guidelines recommend a phased 
progression of rehabilitation that includes ankle range-of-motion training, proprioceptive exercises, isometric muscle activa
tion, and gradual weight-bearing, beginning as early as 24 hours after surgery. Such protocols have been associated with 
improved circulation, reduced risk of complications such as deep vein thrombosis, and earlier achievement of functional 
milestones. Moreover, integrating standardized rehabilitation frameworks—as suggested in the current literature—can 
enhance interprofessional collaboration between surgeons, physiotherapists, and nursing staff, while ensuring consistency 
in clinical delivery. These refinements may help optimize functional outcomes, improve quality of life, and further reduce the 
length of hospital stay. As the field continues to evolve, embedding these physiotherapy-driven strategies into ERAS models 
may represent a critical next step in advancing recovery pathways for orthopedic trauma patients.1,29

While ERAS protocols have demonstrated success in colorectal, spine, and joint replacement surgeries, limited 
research has evaluated their use in acute orthopedic trauma, particularly ankle fractures. Our study addresses this gap by 
demonstrating that ERAS-based rehabilitation can be safely and effectively applied in ankle fracture surgery. This 
extends the clinical relevance of ERAS beyond elective procedures to include urgent fracture repair, suggesting that the 
principles of early mobilization, multimodal analgesia, and structured education may improve outcomes even in non- 
elective orthopedic populations. As trauma surgery continues to evolve, adapting ERAS protocols to these scenarios 
offers a meaningful step toward standardized, patient-centered care.

Despite these encouraging findings, our study has certain limitations. First, the retrospective nature of the research 
restricts the ability to draw definitive causal inferences between ERAS interventions and improved outcomes. Second, 
being conducted at a single institution, the study’s results may not be broadly generalizable. Future investigations should 
prioritize multicenter, prospective designs to confirm these findings and assess their relevance across varied healthcare 
environments. Demographic and geographic differences, such as variations in healthcare access and population char
acteristics, may influence the effectiveness of ERAS protocols. Further exploration of these factors is essential to refine 
care protocols and expand the applicability of ERAS-based rehabilitation in ankle fracture surgery. Finally, the lack of 
standardized protocols for implementing ERAS-based interventions remains a challenge. Our findings highlight the need 
for evidence-based guidelines to ensure consistent and effective application of ERAS principles. Standardized protocols 
could further optimize recovery, improve patient outcomes, and ensure uniformity in clinical practice.

Conclusion
In conclusion, this study demonstrates that ERAS-aligned rehabilitation significantly improves postoperative outcomes in 
ankle fracture surgery patients, including reductions in wound pain (VAS scores), shortened time to ambulation and 
independent walking, improved quality of life (SF-36, EQ-5D), and higher patient satisfaction. While ERAS principles 
are well-established, their specific application to ankle fracture surgery remains limited in current literature. Our findings 
suggest that adapting ERAS protocols to orthopedic trauma care is both feasible and beneficial, offering valuable clinical 
guidance for improving recovery in this underrepresented patient population.
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