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Abstract
The study aims to investigate the effect of ERAS (Enhanced Recovery After Surgery)
management mode on functional exercise compliance and functional recovery after ACL
(anterior cruciate ligament) reconstruction in males. Patients were admitted between
June 2021 and December 2021 as the control group, and patients were admitted between
January 2022 and June 2022 as the observation group. Routine nursing was adopted
in the control group, while ERAS management mode was applied in the observation
group for nursing. The clinical nursing efficacy, knee joint function (Lysholm score)
and VAS (Visual analogue scale) score, patients’ functional training compliance and
complications were compared. After intervention, the swelling disappearance time, pain
disappearance time, hospital stay and other indicators of clinical nursing effect in the
observation group were better (p < 0.05); the preoperative Lysholm score and VAS
score showed no statistical significance (p > 0.05). The Lysholm score and VAS score
at each time point after operation were markedly higher, and repeated measures analysis
of variance manifested that the Lysholm score, VAS score, intergroup effect, time effect
and interaction effect in both groups had statistical significance (p < 0.05). The total
compliance rate of functional training in the observation group was conspicuously higher
(p < 0.05); the overall incidence of complications in the observation group (13.3%)
was evidently lower (28.7%) (p < 0.05). ERAS management mode can improve the
functional training compliance, accelerate the recovery of joint function, reduce the
incidence of complications and promote the quality of life of patients with ACL injury.
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1. Introduction

Currently, the incidence of anterior cruciate ligament (ACL)
injury of the knee has been rising as the most common sports
injury of the knee joint [1]. ACL of the knee remains as
one of the key structures to maintain knee stability [2]. ACL
rupture can give rise to anterior instability, causing further
damage to the knee joint [3]. Complete ACL ruptures predis-
pose to meniscus and articular cartilage injuries and severely
impair knee function. Currently, arthroscopic reconstruction
emerges as the most prominent treatment for ACL injury.
However, ACL reconstruction of the knee joint easily give
rise to periarticular muscle atrophy, infection, pain and even
severe joint stiffness, thereby losing the chance of knee joint
function recovery. Therefore, postoperative guidance must be
cautiously followed to minimize the risk of complications and
promote the recovery of knee joint function [4]. Enhanced
Recovery After Surgery (ERAS) is a multidisciplinary peri-
operative care approach designed to accelerate postoperative

recovery and reduce complications to optimize the physical
and psychological status of patients [5]. ERAS aims to reduce
the physical and psychological stress of surgery, minimizes
the risk of complications, and allows patients to return to
normal activities as soon as possible after surgery. ERAS
has been developed for a wide range of surgical procedures,
including colorectal surgery, orthopedic surgery, as well as
gynecologic surgery. Besides, it has been shown to improve
patient prognosis, shorten hospital stays and reduce medical
costs [6]. To promote knee recovery, medical staff can perform
balance and muscle strength exercises for patients with ACL
injury as part of a rehabilitation exercise treatment, typically
lasting 12–13 weeks. This rehabilitation exercise treatment,
which utilizes an ERAS management mode, can help simulate
natural movements of the human body, facilitating passive
movement of the affected limb and accelerating recovery of
the articular cartilage and surrounding tissues, in comparison
to patients’ active function exercise [7]. In this study, ERAS
management was applied to patients with ACL injury of the
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knee to analyze its rehabilitation effect, and the results are
reported as follows.

2. Subjects and methods

2.1 Study subjects

A retrospective study was conducted on male patients with
ACL injury who received reconstruction at our hospital from
June 2021 to June 2022. Inclusion criteria: 1. Patients who
aged 18 to 50 years old; 2. Patients who were diagnosed
with ACL injury; 3. Arthroscopic ACL reconstruction; 4.
On the second day after surgery, patients were transferred to
our rehabilitation department for postoperative rehabilitation;
Exclusion criteria: 1. Patients who had old ACL injury; 2.
Patients who had coagulation dysfunction; 3. Patients who
had complicated with heart, lung, liver, kidney and other vital
organ dysfunction; 4. Patients with mental illness who cannot
complete the postoperative rehabilitation program as planned.

2.2 Grouping methods

In our hospital, since January 2022, all patients with ACL
reconstruction have been nursed by ERASmanagement model
based on routine nursing methods. Sixty patients who were
nursed using the ERAS management model between January
2022 and June 2022 were selected as the observation group.
60 patients who were nursed using routine care between June
2021 and December 2021 were matched 1:1 as the control
group. The difference in the general data between both groups
showed no statistical significance (p > 0.05). The outcomes
were shown in Table 1.

2.3 Study methods

2.3.1 Study methods for control group

Control group conventional conservative treatment (1) Range
of motion exercises were started on the second day after ACL
reconstruction treatment, with knee extension goals of 0◦,
reaching 90◦ at 4 weeks and 120◦ at 8 weeks, with the same as
12 weeks. Patients returned to daily activities at 3 months and
low-intensity sports activities such as jogging and squatting at
6 months. Then, patients returned to sports after 10 months ac-
cording to the recovery of neuromuscular coordination ability.
(2) The distribution of education manuals. The content closely
follows the theme of ACL injury with pictures and texts, which
is simple and clear. The responsible nurse distributed them
after the patient is admitted to the hospital to explain the
course of treatment for ACL injury and related precautions.
(3) Centralized teaching. Department shall train three nurses to
master the basic teaching skills and specialist knowledge, and
give centralized teaching to patients and their families. The
contents of the lecture included knowledge of the prevention
and treatment of ACL injury and possible complications, pain
management, diet management, how to perform rehabilitation
exercises in life, and how to accompany the patient.

2.3.2 Study methods for observation group

2.3.2.1 Team formation
The ERAS management team is composed of one orthopedic
surgeon, one rehabilitation therapist, one head nurse, and one
responsible nurse. It began with hospitalization and ended 3
months after discharge ERAS care plans were developed. Do-
mestic and foreign journals, dissertations and other literatures
on postoperative care of ACL reconstruction were searched,
and the application of ERAS research were focused. Based
on ERAS, the interview results of orthopedic experts and re-
habilitation experts in the hospital were summarized. Doctors,
rehabilitation therapists and nurses jointly participated in the
development of rehabilitation training and rehabilitation train-
ing management, developed ERAS nursing plan, and collected
relevant information about the patient’s condition and care
progress. Nursing intervention strategies were implemented
as planned. Among them, the care plan should be documented
in the patient’s medical record, containing the patient’s goals,
interventions and progress to ensure continuity of care by
healthcare providers.

2.3.2.2 Health education
Physical and emotional state of patients were assessed: a
care plan is based on a comprehensive assessment of physical
and emotional state and includes evaluation of pain, mobil-
ity, swelling and joint mobility. Additionally, it entailed
estimation of the patient’s emotional state and readiness to
participate in a rehabilitation program. Personalized education
was provided: the responsible nurse developed individualized
self-care education according to the patient’s family residence,
such as correct use of assistive devices, exercise and wound
care. Second, the responsible nurse should also provide health
education and preventive measures related to signs and symp-
toms of complications like infection, deep vein thrombosis
and pulmonary embolism. Responsible nurses, rehabilitation
therapists and doctors work together to develop rehabilitation
programs to ensure coordinated and comprehensive rehabilita-
tion training.

2.3.2.3 Pain management
The patient’s pain level was assessed via usingmultimodal pain
management techniques such as non-opioid pain medication,
nerve blocks and physical therapy to manage pain and discom-
fort following the procedure. Meanwhile, the nurse should
monitor the patient’s pain level, joint mobility, strength and
activities of daily living.

2.3.2.4 Target setting and monitoring
Identification of patient’s rehabilitation goals: a plan of care
was developed based on the rehabilitation goals of patients,
which include relieving pain, promoting mobility and range
of motion, restoring strength and function and returning to
normal activities. Development of a care plan: a care plan is
developed by a rehabilitation therapist in collaboration with
a physician. The plan involved specific interventions such
as pain management, wound care, mobility training, range
of motion exercises, strength training and self-care education
to meet the needs of patients and achieve their rehabilitation
goals. The progress of the recovery was monitored: regular
assessment of the patient’s progress was evaluated, and the care
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TABLE 1. Comparison of general data between both groups (x̄± s, n (%)).
Item Observation group Control group χ2/t p

Case 60 60

Age 28.40 ± 5.368 27.22 ± 6.143 1.124 0.263

Surgical site 0.534 0.465

Left knee 27 (45%) 31 (51.7%)

Right knee 33 (55%) 29 (48.3%)

Procedure time 118.40 ± 6.368 120.98 ± 8.325 1.909 0.059

plan was promptly modified.

2.3.2.5 Rehabilitation training program
Stage 1: In immediate postoperative period (0–2 weeks),

pain and swelling was controlled, joint Range of Motion
(ROM) was restored, and the healing was promoted. Besides,
pain and inflammation were minimized, blood circulation
was improved, and complications was prevented. Exercise
was done daily for 20–30 minutes, and the main exercise
items included rest, ice, compression and elevation (RICE),
gentle joint motion and isometric muscle contraction such
as patellar pushing, isometric quadriceps contraction and
isometric hamstring contraction, straight leg raising, manual
therapy like assisted knee flexion exercise and muscle strength
training.
Stage 2: In early mobilization phase (2–6 weeks), com-

plete ROM was restored, muscle strength was improved, and
functional activity was enhanced. Frequency: 2–3 times per
week (or as advised by the rehabilitation therapist). It was
performed 45–60minutes each time, which can efficiently pro-
mote joint mobility, muscle strength and endurance as well as
functional activities. The main exercises contained combined
mobilization, stretching, resistance training and balance and
coordination exercises.
Stage 3: In intermediate stage (6–12 weeks), most strength,

endurance and joint stability were restored, and it was ready for
returning to normal activities. It was conducted 3–4 times per
week (or as advised by a rehabilitation therapist). The exercise
lasted 60–90 minutes each time. The strength, endurance and
joint stability can be enhanced and sport-specific or functional
activities was reintroduced. The major exercise program in-
cluded resistance training, aerobic exercise, plyometric train-
ing and specific exercise training.
Stage 4: In advanced stage (12+ weeks), it returned to

normal activity level and re-injury should be prevented. The
exercise was taken 4–5 times per week (or as advised by a
rehabilitation therapist). It continued for 90–120 minutes each
time. The strength, endurance and agility were advanced.
Gradually, movements and activities specific to exercise were
reintroduced. The main exercise program contained high in-
tensity resistance training, cardiovascular conditioning, spe-
cific exercise training and functional testing.

2.4 Outcome measures
(1) Effect of clinical nursing. The indicators were comprised

of time for getting up, the first defecation time, the first

ambulation time and hospital stay after surgery.
(2) Knee function and pain scores. Lysholm score [8] was

utilized to assess knee joint function, including joint rest pain,
joint movement pain, tenderness, swelling, morning stiffness
andwalking ability, with a full score of 100 points. Better score
indicated better knee joint function.
(3) Pain. Visual analogue scale (VAS) score [9] was utilized

to evaluate the patient’s pain, with a total score of 10 points.
Higher score indicated more severe pain of patients.
(4) Compliance of functional exercise. The self-made com-

pliance scale of functional exercise derived from our hospi-
tal was employed for evaluation, which was classified into
complete compliance, partial compliance and non-compliance.
Complete compliance referred to active completion of reha-
bilitation training. Partial compliance meant that the nurses
urged the patients to complete rehabilitation training. Non-
compliance implied that the patients still did not complete
rehabilitation training after being urged by the nurses. Overall
compliance rate = (complete + partial) compliance/total cases
× 100%.
(5) Complications. Complications such as incision infec-

tion, incision oozing, joint stiffness and deep venous thrombo-
sis occurred during the intervention were recorded. Incidence
(%) = complication cases/total cases × 100%.

2.5 Statistical methods
SPSS 22.0 (IBM Corporation, Armonk, NY, USA.) was em-
ployed for data analysis. The enumeration data such as func-
tional exercise compliance and incidence of complications
were presented as frequency or percentage (%), and the com-
parison was conducted via χ2 test; the measurement data such
as clinical nursing effect, knee joint function and pain score
were presented as mean ± standard deviation (x̄ ± s). For
the measurement data in accord with normal distribution, two
independent samples t-test was applied. The comparison at
different time points before and after intervention was con-
ducted via repeated measures analysis of variance. p < 0.05
manifested that the difference was statistically significant.

3. Results

3.1 Comparison of clinical nursing effect
After the intervention, the first time to get up, the first defe-
cation time, the swelling disappearance time, the pain disap-
pearance time, and the hospital stay in the observation group



99

were shorter than the control group. The differences were sta-
tistically significant between groups (p < 0.05), as presented
in Table 2.

3.2 Comparison of knee function recovery
and VAS score
There was no significant difference in Lysholm score and VAS
score before intervention between both groups (p > 0.05).
The Lysholm score and VAS score at 3 months and 6 months
after intervention in the observation group were notably higher
than that in the control group with difference showing statis-
tical significance. The repeated measures analysis of variance
demonstrated that the Lysholm score and VAS score on within-
group effect, time effect and interaction effect in both groups
had statistical significance (p < 0.05), as revealed in Table 3.

3.3 Comparison of rehabilitation exercise
compliance between both groups
After intervention, the comparison of rehabilitation exercise
compliance between both groups showed that the total com-
pliance rate was 95% in the observation group and 81.7%
in the control group. The results of χ2 test revealed that
the difference showed statistical significance (p < 0.05), as
presented in Table 4.

3.4 Comparison of complications between
both groups
After intervention, the incidence rate of complications in both
groups was compared. The total incidence of complications in
the observation group was 13.3%, which was evidently lower
than that in the control group (28.7%). The outcomes of χ2

test displayed that the difference had statistical significance (p
< 0.05), as revealed in Table 5.

4. Discussion

4.1 ERAS management mode can effectively
improve the clinical recovery effect of
patients
The concept of knee rehabilitation has evolved over the past
three decades, leading to significant improvements in motor
ability recovery after knee surgery. The Enhanced Recovery
After Surgery (ERAS) approach is a perioperative manage-
ment strategy that utilizes evidence-based medicine (EBM) to
reduce surgical trauma, physical and psychological stress, and
accelerate patient recovery [10, 11]. The outcomes unveiled
that after the intervention, the first time to get up, the first
defecation time after surgery, swelling disappearance time,
pain disappearance time and the length of hospital stay in
the observation group were superior to the control group, and
the differences were statistically significant (p < 0.05). It
disclosed that the ERAS management mode could improve
the postoperative recovery effect of patients with injury. The
primary cause is that the ERAS management mode developed
a comprehensive rehabilitation program for the rehabilitation
plan of patients through the multidisciplinary team [12]. Sec-
ond, the ERAS underlines the importance of continuous sup-

port and communication between healthcare professionals and
patients, which can help patients feel supportive and motivated
to continue their rehabilitation exercises [13]. Therefore, it
can sufficiently improve the recovery of patients. Overall,
the ERASmanagement model can improve patient compliance
with rehabilitation exercises by providing education, multidis-
ciplinary approach, goal setting and monitoring, pain manage-
ment and ongoing support. Patients are more likely to comply
with rehabilitation exercises, which can lead to better outcomes
and faster postoperative recovery by following these steps.

4.2 ERAS management mode can promote
the recovery of knee joint function and
reduce pain
ACL is critical to maintain anterior knee stability and con-
trol knee rotation [14]. It is divided into anteromedial and
posterolateral bundle. The unique anatomical features of the
knee joint cause the tension of its two bundles to vary during
movement, changing with the flexion and extension of the
knee joint [15]. Results of this study showed that the recovery
of joint function and the VAS pain score in the observation
group were significantly better than those in the control group
(p < 0.05). It exhibited that ERAS management mode can
hasten knee function recovery and reduce pain. The reasonwas
analyzed. On the premise of patient safety, ERASmanagement
mode integratedmultiple postoperative rehabilitation exercises
and nursing measures with rapid recovery as the goal, so that
patients can “safely and quickly” get through the perioperative
period [16]. Second, through multimodal pain management,
the ERAS management mode uses multimodal pain manage-
ment techniques like non-opioid analgesic drugs, nerve blocks
and physical therapy tomanage postoperative pain and discom-
fort. It can ensure that patients recover more smoothly and
safely with fewer complications and better overall outcomes
after surgery [17]. The findings of Glattke KE [18] showed that
early bed-rest exercise and functional training in an enhanced
recovery protocol could improve symptoms of joint mobility
limitation after ACL reconstruction, which is consistent with
the results of this study.

4.3 ERAS management mode can improve
compliance of rehabilitation exercises in
patients
ACL is the most common sports injury in clinical practice,
and ACL injury can result in some psychological distress in
patients [19]. Patients with ACL injuries are often fearful and
anxious about their injuries, arthroscopic ACL reconstruction,
their ability to return to normal activities after surgery, as well
as the possibility of re-injury. Hence, they are afraid of reha-
bilitation exercises [20, 21]. The results of this study revealed
that the compliance of rehabilitation exercise in the observation
group was remarkably better than the control group, and the
difference was statistically significant (p < 0.05). The results
displayed that ERAS management mode could improve the
compliance of rehabilitation exercise in patients. The reason
is that the ERAS management mode highlights the importance
of patient education and allows patients to participate in the
decision-making process [22]. Patients were told about the
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TABLE 2. Comparison of clinical nursing effect (x̄± s).

Item Observation group Control group t p

Case 60 60

First time to get up (d) 3.47 ± 0.947 3.98 ± 1.200 2.618 0.010

First defecation time (d) 1.82 ± 0.537 2.02 ± 0.504 2.105 0.037

Swelling disappearance time (d) 5.92 ± 0.944 6.75 ± 1.271 4.078 <0.001

Pain disappearance time (d) 5.95 ± 0.928 6.73 ± 1.118 4.176 <0.001

Length of hospital stay (d) 5.02 ± 1.557 6.79 ± 1.544 5.947 <0.001

TABLE 3. Comparison of knee function recovery and VAS score (x̄± s).

Lysholm score Fintergroup Fwithin group Finteraction

Pre-intervention 3 months after
intervention

Intervention for 6
months

2900.200* 4.576* 3.067*

Observation group 58.85 ± 4.468 72.70 ± 4.28 87.63 ± 6.664

Control group 58.68 ± 3.286 70.38 ± 3.015 84.25 ± 5.608

t −0.233 −1.469 −3.009

p 0.816 0.040 0.003

VAS score Fintergroup Fwithin group Finteraction

Pre-intervention 3 days after
surgery

7 days after
surgery

5069.878* 1.905 3.736*

Observation group 5.79 ± 1.20 5.95 ± 0.74 2.38 ± 0.85

Control group 6.05 ± 1.01 6.04 ± 0.85 3.85 ± 0.55

t 0.358 2.106 3.034

p 0.721 0.037 0.001

Note: * indicates p < 0.05. VAS: Visual analogue scale.

TABLE 4. Comparison of rehabilitation exercise compliance between both groups (n (%)).

Group Complete compliance Partial compliance Non-compliance Compliance rate

Observation group 33 (65%) 24 (40%) 3 (5%) 57 (95%)

Control group 27 (45.0%) 22 (36.7%) 11 (18.3%) 49 (81.7%)

χ2 5.175

p 0.023

TABLE 5. Comparison of complications between both groups (n (%)).

Group Incision infection Incisional oozing Joint stiffness Deep vein
thrombosis

Incidence

Observation group 1 (1.7%) 1 (1.7%) 1 (1.7%) 5 (8.3%) 8 (13.3%)

Control group 1 (1.7%) 2 (3.3%) 3 (5.0%) 11 (18.3%) 17 (28.3%)

χ2 4.093

p 0.043
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benefits of early mobilization and rehabilitation, and were
helped to understand the importance of these activities and
improve their compliance [4]. Second, ERAS involves a
multidisciplinary team of healthcare professionals who work
together to optimize patient care [23]. The team includes
doctors, nurses, rehabilitation therapists and other health care
professionals who can provide support and guidance to patients
during rehabilitation [24]. Third, the ERASmanagementmode
sets clear goals for patients and monitors their progress in
achieving these goals. This helps patients stay motivated and
committed to their rehabilitation exercises. It is consistent with
the findings of Fouasson-Chailloux A [25].

4.4 ERAS management mode reduces the
incidence of complications
ACL injury can result in the loss of knee stability and sec-
ondary damage to other joint structures. Arthroscopic ACL
reconstruction has become a standard treatment for ACL and
multiple ligament injuries of the knee due to advances in
arthroscopic surgery. However, postoperative limb function
recovery is hindered by a series of symptoms, such as limited
limb movement [26]. The results of this study illustrated
that the incidence of complications in observation group was
significantly lower than the control group, and the difference
had statistical significance (p < 0.05). The results showed
that ERAS management mode could effectively diminish the
incidence of complications. The main reason is that the ERAS
management mode can develop an early rehabilitation exercise
program and early nutritional support for patients, which is
conducive to reducing the risk of complications such as infec-
tion, thrombosis and stress injury [27]. Second, joint range
of motion and weight-bearing activity training will prevent
lower limb muscle atrophy and accelerate knee joint function
recovery to some extent. Studies have implied [28] that the
concept of early active rehabilitation, which involves perform-
ing functional rehabilitation exercises as soon as possible, can
shorten the time needed for knee joint function recovery and
improve the effects of knee surgery. Deabate L [26] study sug-
gested that the incidence of joint stiffness and limb movement
limitation is lower when ACL reconstruction is performed
within 3 weeks of ACL injury. This is because ACL injury can
cause varying degrees of knee joint instability, which can affect
knee joint function activities. ACL rupture also alters the stress
pattern of the meniscus and intra-articular cartilage. Therefore,
to restore knee joint function to normal activity level as much
as possible, we should help ACL patients actively perform
ligament reconstruction, adopt enhanced recovery program,
perform early rehabilitation exercise. Hence, joint adhesions
can be reduced and joint range of motion can be increased to
restore the complete structure and stability of the injured knee
joint and eliminate complications of knee joint surgery.

5. Conclusions

In brief, the ERAS management mode is an evidence-based
care method that can minimize surgical trauma and stress
response, promote functional recovery of patients, reduce the
incidence of complications, and improve patient compliance

with rehabilitation exercises and quality of life. However,
there are still limitations in this study such as small sample
size and lack of reliability. Therefore, we will plan to conduct
a multicenter, multi-sample randomized controlled study to
verify the reliability of these findings in the future.
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