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ABSTRACT

Enhanced Recovery After Surgery (ERAS) protocols involve a perioperative, multimodal, and
multidisciplinary approach that promotes healing across various patient groups while offering
both medical and economic benefits in the field of Orthopedics and Traumatology. This review
aimstoincrease global awareness and implementation of orthopedic ERAS programs, highlight
their significance, and encourage the development of further evidence. Based on published
studies and treatment guidelines, ERAS in the field of Orthopedics and Traumatology includes
components such as preoperative education, anesthesia techniques, intraoperative strategies,
postoperative analgesia, advancements in modern care, minimally invasive techniques, early
mobilization, and metabolic optimization. In orthopedics, ERAS has been shown to reduce
hospital stays, lower complication rates, and decrease healthcare costs. However, we believe
that additional evidence is still needed to further support its widespread adoption.

Keywords: Earyl mobilization, orthopedic care, perioperative management.

INTRODUCTION

Enhanced Recovery After Surgery (ERAS) is a patient-centered, evidence-based approach aimed
at improving both patient experience and clinical outcomes. Originally developed for colorectal
surgery, ERAS has since been adopted in orthopedic surgery. It is a process designed to reduce
costs, complications, and length of hospital stay (LOS), while enhancing recovery, return to
function, and overall healthcare efficiency.? Most studies to date have focused on total joint
arthroplasties.*¥ For instance, in an observational study of 4,500 patients undergoing primary
hip and knee arthroplasty, a significant reduction in mortality rates was reported within a 30-90
days follow-up period after implementation of an ERAS program.®™ Today, ERAS is being applied
across many areas of Orthopedics and Traumatology through a multidisciplinary approach, with
ongoing efforts to expand its implementation. This review aims to highlight the global importance
of the ERAS program, promote its wider adoption, and encourage further high-quality research to
strengthen the evidence base. The ERAS methodology is examined across three phases of care:
preoperative, intraoperative, and postoperative (Table 1). In this study, we explore the integration
of ERAS protocols into orthopedic practice to achieve more effective outcomes.
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Table 1. Enhanced recovery after surgery (ERAS) protocols used in orthopedics and traumatology

Preoperative Interventions Intraoperative Interventions

Postoperative Interventions Minimally Invasive Surgery

- Preoperative patient training - ERAS-based anesthesia protocols

- Smoking cessation programs - Use of short-acting agents
- Anemia management - Prophylaxis for postoperative
(Iron supplementation, nausea and vomiting (PONV)
erythropoietin therapy, EPO) - Regional and peripheral
- Nutritional optimization anesthesia
(immunonutrition including - Avoidance of long-acting opioids
arginine) and muscle relaxants
- Assessment of obesity and - Neuromuscular monitoring (e.g.,
Train-of-Four, TOF)

- Local infiltration analgesia (LIA)

albumin status
- Patient education and group

sessions - Tourniquet management

- Preoperative quadriceps strategies

strengthening - Administration of tranexamic

- Prehabilitation programs for acid (intravenous and intra-

total hip arthroplasty (THA) and articular)

total knee arthroplasty (TKA) - Use of dexamethasone

Preoperative Interventions
Training and Metabolic Balance

Preoperative training serves as a guideline for managing
patient expectations, pain control, and the anticipated hospital
stay. Yoon et al.® found that a personalized preoperative
training program reduced hospital stay by up to 24 hours
following lower extremity total joint arthroplasty. However,
a Cochrane Review of nine studies failed to demonstrate a
significant effect of preoperative training on pain, functional
outcomes, or length of hospitalization.”? In a prospective
cohort study, Singh et al.®! observed that current tobacco use
was associated with higher rates of implant revision and deep
infection in primary total hip and knee arthroplasties (THA
and TKA).

Perioperative smoking cessation has been shown to
effectively reduce postoperative complications, even when
initiated as late as four weeks before surgery.® Anemia is
linked to a significantly increased risk of mortality and is an
independent predictor of postoperative infection. It can
prolong hospital stays and increase the likelihood of requiring
blood transfusions.'” Early detection of anemia allows for
timely interventions such as iron supplementation and
erythropoietin (EPO) therapy.'"'? In addition, immunocytosis
has been shown to reduce patient infections, complications,
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- Optimized blood transfusion - Minimally invasive surgery

strategies (MIS) in arthroplasty and
- Early mobilization and structured trauma
physiotherapy - Faster recovery with less
-Thromboprophylaxis (mechanical tissue trauma
devices and chemical agents) - MIS techniques such as

- Use of autotransfusion sets intramedullary (IM) nailing

- Cryotherapy and and minimally invasive plate
electromyographic (EMG) osteosynthesis (MIPO)
biofeedback - Reduced infection rates and

- Use of continuous passive blood loss

motion (CPM) devices - Acknowledgment of the

- Walker-assisted rehabilitation learning curve

- Careful patient selection
and surgical planning
- Limited use of external

fixators

and hospital stay in the perioperative period.®! A meta-
analysis of 35 randomized clinical trials involving various
malignancies reported a reduction in postoperative infection
rates and a shorter length of hospital stay when patients
received arginine-supplemented immunonutrition (IMN).'4
Obesity is considered a significant risk factor in orthopedic
surgery, contributing to degenerative processes, increased
morbidity, limited joint function, and a higher risk of infection.
15161 |n a study involving 10,117 patients with hip fractures,
hypoalbuminemia alone was associated with postoperative
complications, including death, unplanned intubation,
mechanical ventilation for more than 48 hours, sepsis, and
blood transfusion, and prolonged hospital stay.!'”

In some clinics, group-based education programs allow
patients to gain mutual understanding and empathy while
also learning about expectations and the postoperative
recovery process.'® According to Lepley et al.,"” individuals
with better quadriceps activation before surgery tend to show
greater activation after surgery. Similarly, those with greater
preoperative strength typically maintain better strength
postoperatively. Some studies suggest that high-intensity
preoperative training can improve muscle strength and
range of motion (ROM), particularly in patients undergoing
TKA. This improvement contributes to enhanced functional
performance and faster postoperative recovery. Patients
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undergoing THA or TKA who participate in preoperative
exercise programs often experience shorter hospital stays,
likely due to improved physical readiness and recovery.?*
21 However, contrasting findings also exist in the literature.
Wang et al?®! conducted a rigorous review of 22 studies and
concluded that prerehabilitation had minimal impact on pain
reduction, functional recovery, quality of life, length of hospital
stay, and overall cost.

Intraoperative Interventions
Anesthesia in ERAS Protocol

Preparation for Anesthesia

Enhanced recovery pathways vary across institutions but
include key components for anesthesiologists, such as
hemodynamic optimization, the use of short-acting drugs
with appropriate monitoring, prophylaxis for postoperative
nausea and vomiting (PONV), protective ventilation strategies,
and opioid-sparing multimodal analgesia.?® The ERAS
protocol generally includes several perioperative strategies:
preoperative preparation and patient counseling, avoiding
routine bowel preparation, administering preoperative
carbohydrate-rich drinks, avoiding long-acting premedication,
providing thromboembolism and antibiotic prophylaxis, using
epidural anesthesia when appropriate, employing short-
acting anesthetics and opioids during surgery, restricting
parenteral sodium and fluid administration, preventing
hypothermia, managing postoperative nausea and vomiting,
sing non-opioid techniques for postoperative pain control,
initiating early enteral feeding, stimulating gastrointestinal
motor activity, minimizing nasogastric tube use, opting for
arthroscopic or minimally invasive surgery when appropriate,
removing drains and urinary catheters as early as possible,
promoting early mobilization, and evaluating protocol
adherence and outcomes.”!

During surgical preparation, it is recommended to minimize
the restriction of oral intake. Patients are advised to stop
solid food consumption six hours before surgery, while clear
liquids and water are permitted up to two hours before the
procedure. Carbohydrate-rich fluids may also be consumed
up to two hours preoperatively. These guidelines are
designed to reduce the risk of aspiration. However, it is now
recognized that prolonged fasting does not further decrease
aspiration risk and may negatively impact patient comfort. The
American Society of Anesthesiologists (ASA), along with other
international guidelines, supports more flexible preoperative
fasting protocols.?® Prolonged preoperative fasting can
result in adverse effects such as intraoperative hemodynamic
instability, postoperative delirium, patient discomfort, and
extended hospital stays.?”!
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Premedication

Within ERAS protocols, premedication plays a crucial role
in preparing patients for surgery. It includes aspects such as
anesthesia planning, fasting guidelines, and prophylaxis for
postoperative nausea and vomiting. Anesthesiologists are
central to implementing premedication strategies, which
enhance the overall effectiveness of the ERAS protocol. In
ERAS protocols, the use of short-acting drugs is encouraged
to minimize the side effects of anesthesia and analgesics. This
approach should be implemented with careful monitoring
throughout the perioperative period.!*!

Anesthesia Technique and Anesthetic Agent Selection

The choice of anesthesia technique and anesthetic agent
should prioritize rapid recovery and a minimal side effect
profile. When appropriate, regional anesthesia is preferred.
Epidural opioid administration is generally not recommended,
as it may increase the risk of nausea and vomiting. However, in
suitable cases, thoracic epidural anesthesia and analgesia can
offer several benefits. Local infiltration techniques, regional
anesthesia, and peripheral nerve blocks are also commonly
used within ERAS protocols. Anesthetic agents with short
durations of action and minimal side effects are favored, as
they support faster recovery in accelerated rehabilitation
pathways. Inhaled anesthetics and intravenous hypnotics are
commonly used in general anesthesia. Among inhaled agents,
desflurane offers advantages due to its short duration of
action. Propofol is often preferred because of its short duration
of action, its suitability for both induction and maintenance of
anesthesia, and its ability to reduce postoperative nausea and
vomiting. For induction with propofol, a dose of 1.5-2.5 mg/
kg is typically used. For maintenance, dose-controlled infusion
(TCI) ranges include 4-12 mg/kg/h or 2-6 pg/mL. Avoiding
excessively deep anesthesia can help accelerate recovery.?®
Nitrous oxide is generally avoided due to its association with
increased nausea and vomiting, accumulation in third spaces,
and thrombotic morbidity.”

Monitoring the depth of anesthesia is beneficial, as it reduces
unnecessary drug use and facilitates faster recovery. The use
of long-acting opioids should be minimized. When selecting
opioid agents, it is important to consider that continuous
infusion increases the context-sensitive half-life over time.
Remifentanil, administered at 0.05-2 pg/kg/min, has been
shown to provide effective intraoperative analgesia and
shorten extubation time after surgery.?® Neuromuscular
blockers are commonly used in general anesthesia to facilitate
intubation, improve mechanical ventilation conditions, and
enhance the quality of the surgical field. However, the use of
long-acting muscle relaxants is considered a disadvantage
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in ERAS protocols. Instead, short- and intermediate-acting
agents are preferred to minimize the risk of postoperative
complications and residual blockade.?® Residual blockade
can delay recovery and increase the risk of postoperative
complications such as desaturation, airway obstruction, and
reduced muscle strength. Therefore, the use of neuromuscular
monitoring techniques, such as the train-of-four (TOF) method,
is essential to avoid residual block and reduce the incidence
of postoperative complications. The use of reversal agents is
recommended when the TOF ratio is below 0.9. Sugammadex,
used to reverse the effects of aminosteroid muscle relaxants,
is faster and safer than traditional agents; however, it should
be noted that these agents can increase costs.®" Epidural
analgesia was once considered the gold standard for
postoperative pain control following lower extremity total
joint arthroplasty. However, its use has declined due to the risk
of spinal hematoma in patients receiving chemoprophylaxis
for embolism.®? Nerve blocks can be administered either
before or after the surgical procedure, depending on timing
and other clinical considerations. Peripheral nerve blocks are
commonly used in modern orthopedic surgery as a minimally
invasive approach during the perioperative period. They
reduce the need for intensive care and lower anesthesia-
related risks, particularly in patients with high ASA scores.
However, complications can occur if these techniques are not
performed by experienced clinicians.*

Intraoperative Analgesic Drugs

Dexamethasone, a long-acting corticosteroid, is commonly
used for the prophylaxis of postoperative nausea and
vomiting. When administered at higher doses (>0.1 mg/kg),
it has also been shown to provide effective analgesia, reduce
opioid consumption, and shorten hospitalization time.3¥

Local Infiltration Analgesia (LIA)

Local infiltration analgesia can be administered by injecting
analgesics into and around the joint, or by placing a
postoperative wound catheter for permanent infiltration.
However, some authors avoid using catheters due to the
potential risk of infection. The technique is widely accepted for
its simplicity and relative safety, although evidence supporting
its effectiveness is limited. When used with multimodal drug
combination after TKA, the LIA technique can significantly
improve pain control at rest and during movement, leading to
higher patient satisfaction.353¢

Tourniquet

Using a tourniquet only during cementing has been shown to
significantly reduce tourniquet time compared to its use from
incision to arthrotomy closure. While this approach may lead
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to a slightly greater decrease in hemoglobin levels, it does
not significantly affect postoperative pain, narcotic use, knee
range of motion, or functional outcomes. Additionally, it may
reduce the incidence of clinically significant thromboembolic
events and minor postoperative complications.’”

Tranexamic Acid (TXA)

The routine use of TXA has been shown to significantly
reduce perioperative blood loss and the need for allogeneic
blood transfusion in total joint arthroplasty.*® Evidence in
the literature suggests that a combination of intravenous and
intra-articular TXA administration is more effective at reducing
total blood loss than intravenous TXA alone.®**% |n a review of
topical tranexamic acid use in spinal surgery, hospitalization
duration was found to be reduced by 18.26% in patients
receiving tranexamic acid compared to the control group.®

Postoperative Interventions
Postoperative Blood Transfusion

Blood transfusion rates after TKA vary across studies. For
example, one study reported a transfusion rate of 17.9%
following TKA.*? In another study, transfusion rates after
primary total knee arthroplasty (pTKA) decreased from 17.6%
to 0.7%, while in revision THA (rTKA), the rate dropped from
19.4% to 2.6%.* In another study, an autotransfusion set was
used in place of a postoperative hemovac drain for all patients,
with an average of 560 mL of blood reinfused 4.6 hours after
skin closure. Only one patient (5.2%) required a single unit of
blood transfusion on the first postoperative day.*¥ However,
the authors of this review do not have personal experience
with this method.

Postoperative Exercise

Physical therapy and rehabilitation are critical components of
early postoperative recovery. Y. Gleicher et al.“* demonstrated
that mobilizing patients on the first postoperative day after
total knee arthroplasty significantly reduced the length of
hospital stay. Abnormalities in articular sensory receptors
and spinal reflex pathways are believed to occur following
trauma. Therapeutic strategies to address these issues include
strengthening exercises, electromyographic biofeedback, and
cryotherapy.6-48!

Postoperative Thromboprophylaxis

Mula et al® reported that the incidence of symptomatic
deep vein thrombosis (DVT) was 0.77% following total hip
arthroplasty, 0.05% following total knee arthroplasty, and
0.55% after hip fracture surgery. Pulmonary embolism (PE)
rates were reported as 0.46% for THA, 0.27% for TKA, and 0.96%
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for hip fracture surgery. ERAS protocols generally include both
mechanical prophylaxis (e.g., sequential compression devices)
and pharmacologic prophylaxis (e.g., low-molecular-weight
heparin).>®

Continuous Passive Motion (CPM)

Continuous passive motion (CPM) devices and walkers (e.g.,
NEO-GAIT) are commonly used in rehabilitation following
knee arthroplasty. In a study published in 2021,5" patients
who underwent total knee arthroplasty showed better
rehabilitation outcomes when using a walker compared to a
CPM device.

Minimally Invasive Surgery
Minimally Invasive Arthroplasty

Minimally invasive total knee arthroplasty has been associated
with faster recovery in terms of total blood loss, visual analog
scale (VAS) scores, ROM, flexion range, and the ability to
perform straight leg raises. However, surgery and tourniquet
times were significantly longer compared to conventional
TKA techniques.®253 Although the results are heterogeneous
in joint replacement, it is generally accepted that current
evidence does not demonstrate a clear superiority of minimally
invasive surgery (MIS) to conventional joint replacement
techniques.>*5%

In minimally invasive procedures, the complexity of surgical
techniques and the associated learning curve must also be
considered. For example, in total knee arthroplasty, minimally
invasive surgery approaches have been associated with shorter
hospital stays and faster functional recovery, although surgical
time may be longer.*? Additionally, studies have shown that
minimally invasive techniques yield similar outcomes to
traditional methods in terms of long-term complication risks.
B¢l While minimally invasive arthroplasty offers the benefits of
reduced trauma and quicker recovery, factors such as patient-
specific characteristics and the complexity of the surgical
approach should be carefully evaluated. To minimize the risk of
complications in such surgeries, careful evaluation of patient
selection and surgical techniques is important. Given the
limited availability of long-term data, the purported benefits
of MIS remain questionable. However, the authors do not have
direct experience in this area.

Minimally Invasive Trauma Surgery

Although ERAS is widely discussed in orthopedics in the
context of arthroplasty, it is also applicable to orthopedic
trauma surgery. In recent years, significant advancements
have been made in the treatment of fractures using internal
fixation methods. Whereas earlier focus was placed primarily
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on alignment and fracture reduction, current approaches
increasingly emphasize the preservation of soft tissue integrity
and biological viability at the fracture site.

To protect soft tissue and promote faster fracture healing,
more minimally invasive surgical techniques are now
preferred. These approaches aim to reduce infection risk,
minimize blood loss, allow for smaller incision, shorter
operative time, and enable earlier discharge. As a result,
secondary hospitalizations can be reduced. The authors use
external fixators for limited indications, as they are difficult to
manage and typically require a second surgery. Additionally,
external fixators carry a risk of pin tract infections. They are
typically used as a temporary solution in patients requiring
damage control surgery, particularly in Type 3B/C open long
bone fractures, knee dislocations, and open-book pelvis
fractures, as classified by the AO system (Arbeitsgemeinschaft
fir Osteosynthesefragen classification system). For unstable
diaphyseal fractures of long bones, the authors prefer
intramedullary nailing, which aligns with the bone’s natural
physiology and allows for early mobilization and weight-
bearing. Minimally invasive plate osteosynthesis is the method
of choice for metaphyseal fractures of long bones.

Hip Fractures

The authors’approach to hip fractures emphasized that trauma
patients, particularly elderly individuals with hip fractures,
should be operated on as soon as possible, in accordance
with ERAS principles. Delays in surgery increase the risk of
cardiovascular, nephrological, metabolic, gastrointestinal,
and neuropsychiatric complications. To reduce the risk
of decubitus injury, attention is given to bed hygiene,
genital area cleanliness, and proper patient positioning
during hospitalization. These practices are also regularly
communicated to the patient’s relatives. In addition to chemical
and exercise-based prophylaxis, anti-embolic stockings are
recommended to help prevent thromboembolic events.
For elderly patients with hip fractures who require urgent
surgery, consultations are conducted with internal medicine,
pulmonology, cardiology, neurology, and anesthesiology
specialists. These consultations are carried out in a
coordinated manner, with close communication maintained
among all involved physicians. The least invasive anesthetic
technique is preferred in collaboration with the anesthesia
team. Whenever possible, regional, local, or block anesthesia
is chosen to minimize the risk of perioperative complications.
In the early postoperative period, patients admitted to the
ward begin with bed exercises, progressing to sitting on the
edge of the bed and eventually standing and mobilization.
Quadriceps and ankle exercises are encouraged to prevent
thromboembolism and to help restore muscle strength. The
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patient’s initial standing is conducted under the supervision
of family members, nursing staff, and the attending physician.
To reduce the risk of falls, patients are assisted to a standing
position using a walker after first being positioned at the edge
of the bed. The patient’s ability to stand and take their first
steps is a significant milestone in meeting both physical and
emotional expectations. We observe that the ability to stand
and walk has a strong impact on both the physiological and
psychological well-being of the patient. From the immediate
postoperative period onward, vital signs, pain scores, physical
examinations, and laboratory follow-up, including hemogram
and biochemistry tests, are regularly monitored.

RESULTS

Although ERAS has gained widespread acceptance in many
surgical specialties, there are relatively few reports and
systematic studies evaluating its application in orthopedics,
largely due to the complexity of cases in this field. Some
studies report that ERAS is associated with improved clinical
outcomes, including reduced LOS and fewer postoperative
complications. However, other reports indicate that ERAS may
not significantly influence outcomes following orthopedic
surgery. As a result, the effectiveness of ERAS in enhancing
postoperative recovery in orthopedics remains a topic of
ongoing debate.

Orthopedic patients are exposed to significant anesthetic
and surgical trauma, pain, hunger, an increased risk of deep
vein thrombosis, and other stressors. Therefore, a holistic
approach to patient care is essential throughout the entire
treatment process. Minimally invasive techniques, metabolic
optimization, and early surgical intervention enhance
the effectiveness of ERAS protocols in orthopedics. A
comprehensive perioperative approach combined with early
rehabilitation can accelerate recovery.

However, most studies are not randomized controlled
trials, and follow-up durations are often less than five years.
Additionally, since ERAS is a perioperative process involving
many variables, large patient groups are needed in each
study to evaluate specific outcomes for each component.
Collaborating with multiple centers would also improve the
reliability of the results. Finally, the definition of ERAS can still
vary across institutions.

ERAS is a patient-centered, evidence-based approach
designed to improve both patient experience and clinical
outcomes. Following its success in colorectal surgery, ERAS has
been adopted in orthopedic procedures. It can be described
as a process that reduces costs, complications, and length of
hospital stay, while enhancing recovery, return to function,
and overall healthcare efficiency.
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CONCLUSION

In this study, we explore the relationship between ERAS
protocols and orthopedic surgery to evaluate their
effectiveness. Based on the available evidence, we believe
that ERAS is a safe and effective approach that can accelerate
recovery, reduce dependence on costly pain medications, and
increase patient satisfaction.

Ethics Committee Approval: Ethics committee approval was not
required.

Informed Consent: Written informed consent was not required.
Peer-review: Externally peer-reviewed.

Author Contributions: Concept - B.Y,, S.K.D., C.E,; Design - B.Y., SKD.,,
C.E,; Supervision - T.B.S., G.C. C.E.; Resource - B.Y,, S.K.D,, G.C.; Materials
-B.Y, SK.D.,TB.S.; Data Collection and/or Processing - B.Y.,, S.K.D., T.B.S.;
Analysis and/or Interpretation - G.C. C.E;; Literature Review - B.Y,, S.K.D,
Writing - B.Y,, T.B.S,; Critical Review - T.B.S., G.C. C.E.

Use of Al for Writing Assistance: The authors declare that they did
not use artificial intelligence in the creation of this article.

Conflict of Interest: The authors have no conflicts of interest to
declare.

Funding: The authors declared that this study received no financial
support.

REFERENCES

1. Bisch SP, Jago CA, Kalogera E, Ganshorn H, Meyer LA,
Ramirez PT, Dowdy SC, Nelson G. Outcomes of enhanced
recovery after surgery (ERAS) in gynecologic oncology -
A systematic review and meta-analysis. Gynecol Oncol
2021;161(1):46-55. [CrossRef]

2. Noba L, Rodgers S, Chandler C, Balfour A, Hariharan
D, Yip VS. Enhanced Recovery After Surgery (ERAS)
reduces hospital costs and improve clinical outcomes in
liver surgery: A systematic review and meta-analysis. J
Gastrointest Surg 2020;24(4):918-32. [CrossRef]

3. Rele S, Shadbolt C, Schilling C, Taylor NF, Dowsey MM,
Choong PFM. The impact of Enhanced Recovery After
Surgery on total joint arthroplasty: Protocol for a
systematic review and meta-analysis. JMIR Res Protoc
2021;10(3):€25581. [CrossRef]

4. Li J, Zhu H, Liao R. Enhanced Recovery After Surgery
(ERAS) pathway for primary hip and knee arthroplasty:
Study protocol for a randomized controlled trial. Trials
2019;20(1):599. [CrossRef]

5. Malviya A, Martin K, Harper I, Muller SD, Emmerson KP,
Partington PF, et al. Enhanced recovery program for hip
and knee replacement reduces death rate. Acta Orthop
2011;82(5):577-81. [CrossRef]


https://doi.org/10.1016/j.ygyno.2020.12.035
https://doi.org/10.1007/s11605-019-04499-0
https://doi.org/10.2196/25581
https://doi.org/10.1186/s13063-019-3706-8
https://doi.org/10.3109/17453674.2011.618911

Orthop Surg Trauma 2025;1(1):35-43

10.

11.

12.

13.

14.

15.

16.

17.

18.

Yoon RS, Nellans KW, Geller JA, Kim AD, Jacobs MR, Macaulay
W. Patient education before hip or knee arthroplasty lowers
length of stay. J Arthroplasty 2010;25(4):547-51. [CrossRef]

Gadsden J. Enhanced recovery for orthopedic surgery. Int
Anesthesiol Clin 2017;55(4):116-34. [CrossRef]

Singh JA, Schleck C, Harmsen WS, Jacob AK, Warner DO,
Lewallen DG. Current tobacco use is associated with
higher rates of implant revision and deep infection after
total hip or knee arthroplasty: A prospective cohort study.
BMC Med 2015;13:283. [CrossRef]

Fiddes RA, McCaffrey N. Preoperative smoking-cessation
interventions to prevent postoperative complications: A
quality assessment and overview of systematic review
evidence. Anesth Analg 2022;10.1213.

Jiang Y, Lin X, Wang Y, Li J, Wang G, Meng Y, et al.
Preoperative anemia and risk of in-hospital postoperative
complications in patients with hip fracture. Clin Interv
Aging 2023;18:639-53. [CrossRef]

Voorn VMA, Marang-van de Mheen PJ, van der Hout A,
Hofstede SN, So-Osman C, van den Akker-van Marle ME,
et al. The effectiveness of a de-implementation strategy to
reduce low-value blood management techniques in primary
hip and knee arthroplasty: A pragmatic cluster-randomized
controlled trial. Implement Sci 2017;12:72. [CrossRef]

Themistoklis T, Theodosia V, Konstantinos K, Georgios DI.
Perioperative blood management strategies for patients
undergoing total knee replacement: Where do we stand
now? World J Orthop 2017;8(6):441-54. [CrossRef]

Qureshi R, Rasool M, Puvanesarajah V, Hassanzadeh H.
Perioperative nutritional optimization in spine surgery.
Clin Spine Surg 2018;31(3):103-7. [CrossRef]

Drover JW, Dhaliwal R, Weitzel L, Wischmeyer PE, Ochoa JB,
Heyland DK. Perioperative use of arginine-supplemented
diets: A systematic review of the evidence. J Am Coll Surg
2011;212(3):385-99. [CrossRef]

Carreira D, Robison JW, Robison S, Fitch A. Obesity
treatment in orthopaedic surgery. J Am Acad Orthop Surg
2022;30(24):e1563-70. [CrossRef]

Carroll JD, Young JR, Mori BV, Gheewala R, Lakra A,
DiCaprio MR. Total hip and knee arthroplasty surgery in
the morbidly obese patient: A critical analysis review. JBJS
Rev 2023;11(4):e22. [CrossRef]

Aldebeyan S, Nooh A, Aoude A, Weber MH, Harvey
EJ. Hypoalbuminaemia-A marker of malnutrition and
predictor of postoperative complications and mortality
after hip fractures. Injury 2017;48(2):436-40. [CrossRef]

Darville-Beneby R, Lomanowska AM, Yu HC, Jobin P,
Rosenbloom BN, Gabriel G, etal. Theimpact of preoperative
patient education on postoperative pain, opioid use, and
psychological outcomes: A narrative review. Can J Pain

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Yildinm et al. Enhanced Recovery in Orthopedics

2023;7(2):2266751. [CrossRef]

Lepley LK, Palmieri-Smith RM. Pre-operative quadriceps
activation is related to post-operative activation, not
strength, in patients post-ACL reconstruction. Knee Surg
Sports Traumatol Arthrosc 2016;24(1):236-46. [CrossRef]

Calatayud J, Casafa J, Ezzatvar Y, Jakobsen MD, Sundstrup
E, Andersen LL. High-intensity preoperative training
improves physical and functional recovery in the early
post-operative periods after total knee arthroplasty: A
randomized controlled trial. Knee Surg Sports Traumatol
Arthrosc 2017;25(9):2864-72. [CrossRef]

Wang D, Wu T, LiY, Jia L, Ren J, Yang L. A systematic review
and meta-analysis of the effect of preoperative exercise
intervention on rehabilitation after total knee arthroplasty.
Ann Palliat Med 2021;10(10):10986-96. [CrossRef]

Vasta S, Papalia R, Torre G, Vorini F, Papalia G, Zampogna
B, et al. The influence of preoperative physical activity on
postoperative outcomes of knee and hip arthroplasty
surgery in the elderly: A systematic review. J Clin Med
2020;9(4):969. [CrossRef]

Wang L, Lee M, Zhang Z, Moodie J, Cheng D, Martin J.
Does preoperative rehabilitation for patients planning to
undergo joint replacement surgery improve outcomes?
A systematic review and meta-analysis of randomised
controlled trials. BMJ Open 2016;6(2):€009857. [CrossRef]

Pignot G, Brun C, Tourret M, LannesF, Fakhfakh S, Rybikowski
S, et al. Essential elements of anaesthesia practice in ERAS
programs. World J Urol 2022;40:1-11. [CrossRef]

Solmaz FA, Kirdemir P. Enhanced recovery after surgery
(ERAS) and anesthesia. Acta Med Alanya 2020;4(1):95-101.
[CrossRef]

Joshi GP, Abdelmalak BB, Weigel WA, Harbell MW,
Kuo Cl, Soriano SG, et al. 2023 American Society of
Anesthesiologists Practice Guidelines for preoperative
fasting: Carbohydrate-containing clear liquids with or
without protein, chewing gum, and pediatric fasting
duration-A modular update of the 2017 American Society
of Anesthesiologists Practice Guidelines for preoperative
fasting. Anesthesiology 2023;138(2):132-51. [CrossRef]

Friedrich S, Meybohm P, Kranke P. Nulla Per Os (NPO)
guidelines: Time to revisit? Curr Opin Anaesthesiol
2020;33(6):740-5. [CrossRef]

Umari M, Falini S, Segat M, Zuliani M, Crisman M, Comuzzi
L, etal. Anesthesia and fast-track in video-assisted thoracic
surgery (VATS): From evidence to practice. J Thorac Dis
2018;10(4):S542-54. [CrossRef]

Chiu C, Aleshi P, Esserman LJ, Inglis-Arkell C, Yap E,
Whitlock EL, et al. Improved analgesia and reduced post-
operative nausea and vomiting after implementation
of an enhanced recovery after surgery (ERAS) pathway

41


https://doi.org/10.1016/j.arth.2009.03.012
https://doi.org/10.1097/AIA.0000000000000161
https://doi.org/10.1186/s12916-015-0523-0
https://doi.org/10.2147/CIA.S404211
https://doi.org/10.1186/s13012-017-0601-0
https://doi.org/10.5312/wjo.v8.i6.441
https://doi.org/10.1097/BSD.0000000000000579
https://doi.org/10.1016/j.jamcollsurg.2010.10.016
https://doi.org/10.5435/JAAOS-D-21-01083
https://doi.org/10.2106/JBJS.RVW.22.00177
https://doi.org/10.1016/j.injury.2016.12.016
https://doi.org/10.1080/24740527.2023.2266751
https://doi.org/10.1007/s00167-014-3371-0
https://doi.org/10.1007/s00167-016-3985-5
https://doi.org/10.21037/apm-21-2670
https://doi.org/10.3390/jcm9040969
https://doi.org/10.1136/bmjopen-2015-009857
https://doi.org/10.1007/s00345-020-03410-w
https://doi.org/10.30565/medalanya.587027
https://doi.org/10.1097/ALN.0000000000004381
https://doi.org/10.1097/ACO.0000000000000920
https://doi.org/10.21037/jtd.2017.12.83

Yildinm et al. Enhanced Recovery in Orthopedics

30.

31.

32.

33.

34,

35.

36.

37.

38.

42

for total mastectomy. BMC Anesthesiol 2018;18(1):41.
[CrossRef]

Martini CH, Honing GHM, Bash LD, Olofsen E, Niesters M,
vanVelzen M, et al. The use of muscle relaxants and reversal
agents in a setting without cost restrictions: Experience
from a tertiary academic hospital in the Netherlands. Ther
Clin Risk Manag 2022;18:379-90. [CrossRef]

Thilen SR, Liang T, Kruse TN, Cain KC, Treggiari MM,
Bhananker SM. Evaluation of a protocol for the
management of maintenance and reversal of rocuronium
block using neostigmine or sugammadex. Anesth Analg
2023;136(6):1143-53. [CrossRef]

Hahm KD, Jin SJ, Cho SS, Park J, Park H, Kim DH, et al.
Relationship of epidural patient-controlled analgesia
with postoperative bleeding after unilateral total knee
arthroplasty: A propensity score-matching analysis. Sci
Rep 2021;11(1):11284. [CrossRef]

PolshinV, Petro J, Wachtendorf LJ, Hammer M, Simopoulos
T, Eikermann M, et al. Effect of peripheral nerve blocks
on postanesthesia care unit length of stay in patients
undergoing ambulatory surgery: A retrospective cohort
study. Reg Anesth Pain Med 2021;46(3):233-9. [CrossRef]

Lucero CM, Garcia-Mansilla A, Zanotti G, Comba F,
Slullitel PA, Buttaro MA. A repeat dose of perioperative
dexamethasone can effectively reduce pain, opioid
requirement, time to ambulation, and in-hospital stay
after total hip arthroplasty: A prospective randomized
controlled trial. J Arthroplasty 2021;36(12):3938-44.
[CrossRef]

Luo Z, Zeng W, Chen X, Xiao Q, Chen A, Chen J, et al.
Cocktail of ropivacaine, morphine, and diprospan reduces
pain and prolongs analgesic effects after total knee
arthroplasty: A prospective randomized controlled trial.
Int J Clin Pract 2024;2024:3697846. [CrossRef]

Gao C, Huang T, Wu K, Zhang W, Wang S, Chai X, et al.
Multimodal analgesia for accelerated rehabilitation after
total knee arthroplasty: A randomized, double-blind,
controlled trial on the effect of the co-application of local
infiltration analgesia and femoral nerve block combined
with dexmedetomidine. Brain Sci 2022;12(12):1652.
[CrossRef]

Han J, Zhang XY, Mu SY, Liu SL, Cui QT, Zhang C, et al.
Tourniquet application in primary total knee arthroplasty
for osteoarthritis: A systematic review and meta-analysis
of randomized controlled trials. Front Surg 2023;9:994795.
[CrossRef]

Wei Z, Yu M, Xu Y, Weng X, Feng B. Impact of intraosseous
regional administration of tranexamic acid in total
knee arthroplasty on perioperative blood loss: A
protocol for a randomised controlled trial. BMJ Open
2024;14(2):e077393. [CrossRef]

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Orthop Surg Trauma 2025;1(1):35-43

Tsukada S, Kurosaka K, Nishino M, Maeda T, Hirasawa N,
Matsue Y. Intraoperative intravenous and intra-articular
plus postoperative intravenous tranexamic acid in total
knee arthroplasty: A placebo-controlled randomized
controlled trial. J Bone Joint Surg Am 2020;102(8):687-92.
[CrossRef]

Abdallah AA, Sallam AA, Arafa MS, Henawy AT. Topical
tranexamic acid in total knee arthroplasty: Does it
augment the effect of the intravenous administration
in patients with moderate-to-high risk of bleeding? A
randomized clinical trial. J Knee Surg 2021;34(14):1570-8.
[CrossRef]

Yerneni K, Burke JF, Tuchman A, Li XJ, Metz LN, Lehman
RA Jr, et al. Topical tranexamic acid in spinal surgery:
A systematic review and meta-analysis. J Clin Neurosci
2019;61:114-9. [CrossRef]

Song K, Pan P,YaoY, Jiang T, Jiang Q. The incidence and risk
factors for allogenic blood transfusion in total knee and
hip arthroplasty. J Orthop Surg Res 2019;14:1-6. [CrossRef]

DeMik DE, Carender CN, Glass NA, Brown TS, Callaghan
JJ, Bedard NA. Who is still receiving blood transfusions
after primary and revision total joint arthroplasty? J
Arthroplasty 2022;37(6S):563-9. [CrossRef]

Pan JK, Hong KH, Xie H, Luo MH, Guo D, Liu J. The efficacy
and safety of autologous blood transfusion drainage
in patients undergoing total knee arthroplasty: A
meta-analysis of 16 randomized controlled trials. BMC
Musculoskelet Disord 2016;17(1):452. [CrossRef]

Gleicher Y, Siddiqui N, Mazda Y, Matelski J, Backstein DJ,
Wolfstadt JI. Reducing acute hospitalization length of
stay after total knee arthroplasty: A quality improvement
study. J Arthroplasty 2021;36(3):837-44. [CrossRef]

Tayfur B, Charuphongsa C, Morrissey D, Miller SC.
Neuromuscular function of the knee joint following knee
injuries: Does it ever get back to normal? A systematic
review with meta-analyses. Sports Med 2021;51(2):321-
38. [CrossRef]

Lin CW, Jankaew A, Lin CF. Physical therapy intervention
effects on alteration of spinal excitability in patients with
chronic ankle instability: A systematic review and meta-
analysis. Sports Health 2025;17(2):394-403. [CrossRef]

Guo Y, Gao F, Li J, Yang M, Li J, Yang D, et al. Effect of
electromyographic biofeedback training on motor
function of quadriceps femoris in patients with
incomplete spinal cord injury: A randomized controlled
trial. NeuroRehabilitation. 2021;48(3):345-51. [CrossRef]
Mula V, Parikh S, Suresh S, Bottle A, Loeffler M, Alam M.
Venous thromboembolism rates after hip and knee
arthroplasty and hip fractures. BMC Musculoskelet Disord
2020;21:1-7. [CrossRef]


https://doi.org/10.1186/s12871-018-0505-9
https://doi.org/10.2147/TCRM.S350314
https://doi.org/10.1213/ANE.0000000000006510
https://doi.org/10.1038/s41598-021-90946-5
https://doi.org/10.1136/rapm-2020-102231
https://doi.org/10.1016/j.arth.2021.08.020
https://doi.org/10.1155/2024/3697846
https://doi.org/10.3390/brainsci12121652
https://doi.org/10.3389/fsurg.2022.994795
https://doi.org/10.1136/bmjopen-2023-077393
https://doi.org/10.2106/JBJS.19.01083
https://doi.org/10.1055/s-0040-1710549
https://doi.org/10.1016/j.jocn.2018.10.121
https://doi.org/10.1186/s13018-019-1329-0
https://doi.org/10.1016/j.arth.2021.08.018
https://doi.org/10.1186/s12891-016-1301-7
https://doi.org/10.1016/j.arth.2020.09.054
https://doi.org/10.1007/s40279-020-01386-6
https://doi.org/10.1177/19417381241253248
https://doi.org/10.3233/NRE-201647
https://doi.org/10.1186/s12891-020-3100-4

Orthop Surg Trauma 2025;1(1):35-43

50.

51.

52.

53.

Karasavvidis T, Bouris V, Xiang W, Tzavellas G, Charisis N,
PalaiodimosL, et al. Prophylaxis for venous thromboembolic
events in elective total hip and total knee arthroplasty. Curr
Pharm Des 2022;28(10):771-7. [CrossRef]

Eymir M, Erduran M, Unver B. Active heel-slide exercise
therapy facilitates the functional and proprioceptive
enhancement following total knee arthroplasty compared
to continuous passive motion. Knee Surg Sports Traumatol
Arthrosc. 2021;29(10):3352-60. [CrossRef]

Migliorini F, Eschweiler J, Baroncini A, Tingart M, Maffulli N.
Better outcomes after minimally invasive surgeries compared
to the standard invasive medial parapatellar approach for
total knee arthroplasty: A meta-analysis. Knee Surg Sports
Traumatol Arthrosc 2021;29(11):3608-20. [CrossRef]
Sokolovskii SE, Zykin AA, Rukina NN, Malyshev EE.
Minimally invasive (epivastus) approach for total knee
arthroplasty. Sovrem Tekhnologii Med 2023;15(4):23-8.
[CrossRef]

54,

55.

56.

Yildinm et al. Enhanced Recovery in Orthopedics

Blom AW, Hunt LP, Matharu GS, Reed MR, Whitehouse MR.
The effect of surgical approach in total hip replacement on
outcomes: An analysis of 723,904 elective operations from
the National Joint Registry for England, Wales, Northern
Ireland and the Isle of Man. BMC Med 2020;18(1):242.
[CrossRef]

Blom AW, Hunt LP, Matharu GS, Reed M, Whitehouse MR.
The effect of surgical approach in total knee replacement
on outcomes. An analysis of 875166 elective operations
from the National Joint Registry for England, Wales,
Northern Ireland and the Isle of Man. Knee 2021;31:144-
57. [CrossRef]

Clesham K, Sheridan GA, Greidanus NV, Masri BA, Garbuz
DS, Duncan CP, et al. Minimally invasive intermuscular
approaches versus conventional approaches in total hip
arthroplasty: A systematic review and meta-analysis. J
Arthroplasty 2022;37(8):1658-66. [CrossRef]

43


https://doi.org/10.2174/1381612828666220418090928
https://doi.org/10.1007/s00167-020-06181-4
https://doi.org/10.1007/s00167-020-06306-9
https://doi.org/10.17691/stm2023.15.4.02
https://doi.org/10.1186/s12916-020-01672-0
https://doi.org/10.1016/j.knee.2021.04.009
https://doi.org/10.1016/j.arth.2022.03.071

