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Recent advancements in orthopedic surgery have greatly improved the
management of musculoskeletal disorders and injuries. This review discusses
the latest therapeutic approaches that have emerged in orthopedics. We examine
the use of regenerative medicine, including stem cell therapy and platelet-rich
plasma (PRP) injections, to accelerate healing and promote tissue regeneration.
Additionally, we explore the application of robotic-assisted surgery, which
provides greater precision and accuracy during surgical procedures. We also
delve into the emergence of personalized medicine, which tailors treatments to
individual patients based on their unique genetic and environmental factors.
Furthermore, we discuss telemedicine and remote patient monitoring as
methods for improving patient outcomes and reducing healthcare costs.
Finally, we examine the growing interest in using artificial intelligence and
machine learning in orthopedics, particularly in diagnosis and treatment
planning. Overall, these advancements in therapeutic approaches have
significantly improved patient outcomes, reduced recovery times, and
enhanced the overall quality of care in orthopedic surgery.
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1 Introduction

Orthopedic surgery is an operation conducted by a trained orthopedic surgeon or
orthopedist expert to address musculoskeletal issues affecting the bones, chronic conditions,
trauma, and ligaments from accidents, tendons, and joints. Additionally, an orthopedic
surgery can address genetic disabilities, problems with the musculoskeletal system brought
on by aging, and issues with the nervous system related to the spinal column (Swarup and O
Donnell, 2016). As a dynamic discipline, orthopedic surgery has witnessed significant
evolution over the years, marked by a continuum of approaches shaping the landscape of
patient care. Historically, the field has been anchored in conventional surgical techniques,
emphasizing precision and biomechanical principles. The advent of minimally invasive
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procedures in the late 20th century, as exemplified by the work of
Mithany (2023), ushered in a new era, reducing surgical trauma and
accelerating postoperative recovery (Mithany et al., 2023). In recent
decades, technological innovations have become pivotal in defining
the trajectory of orthopedic surgery. The integration of robotic-
assisted surgery has transformed the precision and efficiency of joint
replacements, as evidenced by studies such as Soomro et al. (2021).
This underscores the historical progression of surgical techniques
and sets the stage for a future where advanced technologies are
integral to orthopedic interventions. Regenerative medicine has
emerged as another paradigm shift, representing a departure
from conventional symptom management to holistic tissue repair
(Soomro et al., 2021). Imran et al. (2022) documented that early
approaches laid the groundwork for current investigations into
using stem cells and advanced biomaterials for joint preservation
and cartilage regeneration (Imran et al., 2022). As we delve into the
21st century, the convergence of regenerative therapies with cutting-
edge technologies promises unprecedented possibilities in
orthopedic care.

Patients are usually referred by general practitioners to an
orthopedic specialist to treat accidents or injuries such as the
spine or limb deformity, bone fracture, chronic arthritis, etc.
Orthopedists can treat very young patients, usually for congenital
deformities such as scoliosis or clubbed feet, young athletes needing
an arthroscopic operation, and senior patients with mobility issues.
Practically anyone with problems in the bones, muscles, and
connective tissues can seek the expertise of an orthopedic expert
to alleviate the symptoms and for appropriate treatment (Rosencher
et al., 2003). Diagnose disorders and injuries through physical
examination and tests such as x-rays, MRI, ultrasound, or blood
tests. Treat injuries usually through medication and/or surgery
(performed by an orthopedic surgeon). Recommend
physiotherapy or regular exercise to maximize and restore the
treated area’s strength, movement, and functionality (DiCaprio
et al., 2003).

As mentioned earlier, orthopedic surgeons provide an extensive
range of treatments. However, before definitive treatment is
suggested, patients undergo extensive testing to determine the
nature of the bone or muscle problem. The orthopaedist will ask
you about the history of the disorder, previous treatment sought, and
other pertinent information related to your condition. You may be
asked to undergo tests such as X-rays, computed tomography (CT)
scans, magnetic resonance imaging (MRI), blood tests, or
myelograms to elucidate the extent of the problem in detail
(Bernstein et al., 2011). Depending on the diagnosis, you may be
recommended to take medication, undergo surgery, perform
rehabilitative or alternative therapies, or go through a
combination of these treatment methods. Surgery is often the last
resort if your ailment does not respond to other non-surgical
treatments. If surgery is the best option, pre-operative procedures
such as routine diagnostic testing will be performed before the
operation (Garrett et al., 2006).

All orthopedic surgeries, including those mentioned above, are
performed under local anesthesia (often with sedation) or general
anesthesia. For primary operations such as knee replacement,
patients may be asked to donate some blood (or prepare) in case
a transfusion may be needed during the operation (Bernstein et al.,
2004). After the procedure, a plaster cast or sling is often placed to

protect the area repaired. The time required for recovery depends on
the procedure performed, although patients can often go home
within a few days. However, it usually takes several weeks for the
bones and ligaments to regain full strength (Klein et al., 2013).
Therefore, it is recommended that you avoid engaging in intense
activities that may put pressure on the wounded area until it has
healed. The general guideline for bone fractures is that the time
required to recover strength entirely is often equivalent to the time it
takes for the fracture to heal completely. If you have undergone
4 weeks of immobilization in a cast, it will require an additional
4 weeks to restore your muscular strength (Jain et al., 2014).

Aside from time for complete healing, most orthopedic surgeries
require rehabilitation to restore motion and function in all affected
parts. As such, orthopedic surgeons work hand-in-hand with
physical and occupational therapists who assist patients in
enhancing their range of motion and returning to their daily
activities. The length of time needed and frequency of
rehabilitation will depend on the surgery performed and the
severity of the condition. Total hip replacement surgery, for
instance, requires rehabilitation for at least 6 months (Buis et al.,
2022). Most patients who go through orthopedic surgery recover
from their injuries completely. However, the degree of success
depends on one’s general health, age, medical problem, and
innate willingness to comply with therapy post-surgery
(Tetsworth and Mettyas, 2016). Like any surgical operation,
orthopedic surgeries have a degree of risk. Among complications
that rarely occur are adverse or allergic reactions to anesthesia,
excessive bleeding, post-surgical clot formation, and infection.
Inflammation at the site where prosthetics, grafts, screws, and
other materials foreign to the body may also occur. In spine
surgeries, there is a risk of causing nerve damage. However,
mortality during orthopedic surgical procedures is very rare
(Maryniak et al., 2018).

The intersection of artificial intelligence, machine learning, and
orthopedic surgery presents a horizon of untapped potential.
Predictive modeling for personalized treatment plans, the
integration of telemedicine for remote patient monitoring, and
the prospects of 3D printing for customized implants herald a
future where patient care is increasingly precise, accessible, and
tailored to individual needs. In this review, we aim to navigate this
historical trajectory, elucidating the evolution from past approaches
to the current state and providing a forward-looking perspective on
the future of orthopedic surgery. By examining these historical shifts
and anticipating future trends, we strive to contribute to a
comprehensive understanding of the dynamic orthopedic surgery
field. Despite these risks, no other alternatives are available today to
provide the treatment that orthopedic surgeries can offer to relieve
musculoskeletal conditions. The main objective of this review is to
provide an overview of recent advancements in therapeutic
approaches in orthopedic surgery, highlighting the latest trends
in the field. The review aims to offer insights into emerging
technologies, techniques, and treatments that can potentially
improve patient outcomes and revolutionize the field of
orthopedic surgery.

Database Selection: We searched the relevant databases for our
literature searches, such as PubMed/MEDLINE, Embase, Scopus,
and Web of Science. These databases cover a wide range of medical
and scientific literature.
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Keywords and Phrases: We identified key terms and phrases
relevant to this review topic. In this case, potential keywords include
“orthopedic surgery,” “musculoskeletal disorders,” “therapeutic
approaches,” “regenerative medicine,” “stem cell therapy,”
“platelet-rich plasma,” “robotic-assisted surgery,” “personalized
medicine,” “telemedicine,” “remote patient monitoring,” “artificial
intelligence,” and “machine learning.” These terms captured the
different aspects of the advancements discussed in your abstract.

Boolean Operators: We combined the keywords and phrases
using Boolean operators such as “AND,” “OR,” and “NOT” to create
a comprehensive search strategy. The following combinations
were used:

Orthopedic surgery OR musculoskeletal disorders AND
therapeutic approaches OR advancements; regenerative medicine
OR stem cell therapy OR platelet-rich plasma) AND orthopedic
surgery; robotic-assisted surgery AND orthopedic surgery;
personalized medicine AND orthopedic surgery; telemedicine OR
remote patient monitoring AND orthopedic surgery; artificial
intelligence OR machine learning AND orthopedic surgery.

Filters and Limits: We applied the necessary filters or limits to
refine our search strategy. These include language restrictions,
publication date ranges, or specific study types (e.g., clinical
trials, systematic reviews). In our systematic literature search, we
employed stringent filters and limits to ensure the retrieval of the
most relevant and up-to-date studies while maintaining
methodological rigor. Our search was not restricted by language,
allowing for the inclusion of studies in languages other than English
to enhance the inclusivity of our review. Moreover, to capture the
latest advancements, our search encompassed studies published up
to the present, with no specific restrictions on the publication date.
This approach ensures a comprehensive examination of the evolving
landscape of orthopedic surgery, encompassing historical
perspectives and recent innovations. Additionally, we considered
specific study types, such as clinical trials and systematic reviews, to
focus on high-quality evidence and ensure the robustness of
our review.

Manual Searches and Citations: Additionally, we considered
manually searching the reference lists of relevant articles, reviews,
and textbooks to ensure comprehensive topic coverage. This
approach, known as hand searching, can help identify additional
studies that may have been missed in the database search.

2 Advancements and their impact on
musculoskeletal disorders

Osteoarthritis has seen notable progress, with surgical
interventions and novel treatments showcasing improved
patient outcomes. For instance, a randomized controlled trial
(RCT) by Shumnalieva et al. (2023) reported a 20% increase in
joint functionality and a 15% reduction in pain scores post-
surgery (Shumnalieva et al., 2023). Advances in fracture
management and treating traumatic injuries, supported by
data from some studies, highlight enhanced surgical
procedures and materials contributing to better outcomes
(Aldanyowi, 2023). Notably, a meta-analysis by Aldanyowi
et al. (2023) revealed a 30% decrease in postoperative
complications following the adoption of advanced fixation

techniques. In spinal surgery, innovations have positively
influenced conditions such as herniated discs and spinal
deformities, as demonstrated by the success rates outlined in
these studies (Musa et al., 2023). A prospective cohort study by
Musa et al. (2023) found a 25% reduction in recurrence rates for
herniated discs after implementing a minimally invasive surgical
approach. Joint replacement surgeries have benefited from
advancements in implant materials and surgical techniques,
indicating increased longevity and improved recovery
(Sartoretto et al., 2023). A long-term follow-up study by
Sartoretto et al. (2023) demonstrated a 98% implant survival
rate at 10 years, emphasizing the durability of the latest
prosthetic materials. Sports-related injuries, including ligament
tears and stress fractures, have seen positive impacts from
orthopedic advancements, supported by evidence from earlier
studies (Kacprzak and Rosińska, 2023). A prospective cohort
study by Kacprzak et al. (2023) highlighted a 40% reduction in
recovery time for athletes undergoing innovative rehabilitation
protocols. Pediatric orthopedics has also witnessed progress, with
novel treatments addressing congenital disorders and
developmental issues in children. Notably, a retrospective
analysis by Smolle et al. (2022) showcased a 50%
improvement in long-term functional outcomes for pediatric
patients undergoing advanced corrective procedures (Smolle
et al., 2022). This dedicated section provides a comprehensive
overview of the specific musculoskeletal disorders and injuries
that have realized tangible benefits from recent therapeutic
advances in orthopedic surgery. Every day, surgeons execute
several orthopedic surgical procedures. The following are
some of the most common surgical procedures.

2.1 Principles and mechanisms of
regenerative medicine techniques

Regenerative medicine represents a paradigm shift in orthopedic
surgery, offering innovative tissue repair and regeneration
approaches. One fundamental principle underlying regenerative
techniques is using stem cells derived from the patient’s tissues
(autologous) or external sources (allogeneic). Stem cells uniquely
differentiate into various cell types, facilitating tissue repair and
regeneration (Weiss and Elixhauser, 2014). For example,
mesenchymal stem cells (MSCs) have demonstrated immense
potential in orthopedics due to their ability to differentiate into
bone, cartilage, and adipose tissues. The paracrine effects of MSCs,
mediated by the release of growth factors and cytokines, contribute
to the local microenvironment’s modulation, promoting tissue
healing (Fingar et al., 2015).

Additionally, scaffolds and biomaterials are crucial in providing
structural support and guiding cell growth. Advancements in 3D
printing technologies have enabled the fabrication of customized
scaffolds with intricate architectures, optimizing the
microenvironment for tissue regeneration. Furthermore, gene
therapy has emerged as a promising avenue, with the delivery of
specific genes enhancing cellular functions and promoting tissue
repair. Understanding the intricate interplay of stem cells,
biomaterials, and gene therapy provides a foundation for
comprehending the mechanisms driving regenerative medicine
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techniques in orthopedic surgery (Mao and Mooney, 2015; Chang
et al., 2021).

3 Techniques utilized in
orthopaedic surgery

Orthopedic surgery involves diagnosing, treating, and
preventing musculoskeletal disorders, including injuries and
conditions affecting the bones, joints, ligaments, tendons, and
muscles (Do et al., 2015). There are various techniques utilized in
orthopedic surgery, including.

3.1 Arthroscopy technique

Arthroscopy is a minimally invasive surgical technique that
allows a surgeon to visualize, diagnose, and treat problems within
a joint using a small camera called an arthroscope. Arthroscopy is
commonly used to treat conditions of the knee, shoulder, ankle,
elbow, hip, and wrist (An et al., 2015). The arthroscopic procedure
usually involves the following steps:

Anesthesia: The patient is typically given either general
anesthesia, which puts them to sleep, or regional anesthesia,
which numbs the area around the joint being operated on (Day
et al., 2010).

FIGURE 1
Images showing different arthroscopy surgical procedures. (A) Knee Arthroscopy (https://healthjade.net/knee-arthroscopy/); (B) Shoulder
Arthroscopy (https://bangaloreshoulderinstitute.com/preparing-shoulder-arthroscopy/); (C) Ankle Arthroscopy (https://clinicalgate.com/ankle-
arthroscopy-2/); (D) Elbow Arthroscopy (https://www.drkhalfayan.com/elbow-arthroscopy/); and (E) Hip Arthroscopy (Stunt et al., 2015).
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Incision: The surgeon will make one or more small incisions
around the joint, typically less than 1 cm in size. These incisions
insert the arthroscope and other surgical instruments (Okike
et al., 2011).

Arthroscopic examination: The arthroscope is inserted into
the joint through one of the incisions. The arthroscope is
connected to a video monitor, which allows the surgeon to see
inside the joint and diagnose any problems. The surgeon may also
use additional instruments inserted through the other incisions
to manipulate the joint and perform diagnostic tests (Rao
et al., 2017).

Treatment: Depending on the diagnosis, the surgeon may use
arthroscopic instruments to perform a variety of treatments,
including removing damaged tissue, repairing torn ligaments or
tendons, smoothing rough joint surfaces, or removing loose bodies
such as bone fragments or cartilage (Aydin et al., 2016).

Closure: Once the procedure is complete, the arthroscope and
other instruments are removed from the joint, and the incisions are
closed with sutures or surgical staples (Thomas et al., 2014).
Following are some standard arthroscopic techniques.

3.2 Knee arthroscopy

Knee arthroscopy is a standard procedure for diagnosing and
treating knee problems such as meniscal tears, ACL tears, and
cartilage damage. During knee arthroscopy, the surgeon will
insert the arthroscope through small incisions around the knee
joint to visualize and treat any problems (Van Nortwick et al.,
2010) (Figure 1A).

3.3 Shoulder Arthroscopy

Shoulder arthroscopy is used to diagnose and treat shoulder
conditions, such as rotator cuff tears, labral tears, and shoulder
impingement syndrome. The surgeon will use the arthroscope to
examine the joint and may operate other instruments to repair
damage (Escoto et al., 2013) (Figure 1B).

3.4 Ankle arthroscopy

Ankle arthroscopy diagnoses and treats conditions such as ankle
impingement, synovitis, and cartilage damage. During an ankle
arthroscopy, the surgeon will insert the arthroscope through
small incisions around the ankle joint and use it to visualize and
treat any problems (Ferguson et al., 2017) (Figure 1C).

3.5 Elbow arthroscopy

Elbow arthroscopy is used to diagnose and treat conditions such
as tennis elbow, golfer’s elbow, and loose bodies in the elbow joint.
During elbow arthroscopy, the surgeon will insert the arthroscope
through small incisions around the elbow joint to examine and treat
any problems (Fucentese et al., 2015) (Figure 1D).

3.6 Hip arthroscopy

Hip arthroscopy diagnoses and treats hip joint conditions, such
as femoroacetabular impingement and labral tears. During hip
arthroscopy, the surgeon will insert the arthroscope through
small incisions around the hip joint and use it to visualize and
treat any problems (Rahm et al., 2016) (Figure 1E).

3.7 Orthopaedic tools

Orthopedic tools are specialized medical instruments
orthopedic surgeons use to diagnose and treat conditions
affecting the musculoskeletal system. These tools help the
surgeon access, manipulate, and repair bones, joints, muscles,
tendons, and ligaments (Heng et al., 2006). Orthopedic tools
include many devices, such as bone saws, drills, reamers, forceps,
retractors, clamps, screwdrivers, and pliers. These tools are often
made of high-quality stainless steel, which is durable, corrosion-
resistant, and easy to sterilize. Some orthopedic tools are designed to
be used with power tools or computer-assisted navigation systems to
improve surgical precision and reduce surgical time (Mabrey et al.,
2002). Orthopedic tools are essential for orthopedic surgery, which
involves treating various conditions, including fractures, sports
injuries, arthritis, and congenital abnormalities. These tools are
also used in non-surgical treatments such as casting, bracing, and
orthotics (Martin et al., 2016). The tools used during orthopedic
surgery are specialized instruments designed to aid in performing
these procedures. Some of the most commonly used tools during
orthopedic surgery are listed in Table 1.

4 Joint replacement technique

Joint replacement, also known as arthroplasty, is a surgical
procedure in which an artificial joint replaces a damaged joint. It
is commonly performed in patients with severe joint pain, stiffness,
and decreased mobility caused by osteoarthritis, rheumatoid
arthritis, or injury (Millar et al., 2009). There are several types of
joint replacement surgeries, including hip replacement, knee
replacement, shoulder replacement, ankle replacement, and elbow
replacement. However, the basic technique of joint replacement
surgery is similar for all joints, and the following steps are generally
involved (Jameson et al., 2011).

Anesthesia: The patient is given anesthesia, which may be
general (puts the patient to sleep), regional anesthesia (numbs
only a part of the body), or a combination of both (Jarvinen and
Guyatt, 2017).

Incision: The surgeon makes an incision over the affected joint,
which may vary in length depending on the replacement joint (Kise
et al., 2016).

Removal of damaged joint: The surgeon carefully removes the
damaged joint, including all damaged cartilage and bone. The
surrounding ligaments and tendons may also be removed or
trimmed (US National Library of Medicine, 2003).

Preparation of bone: The bone ends are prepared by removing
any remaining cartilage and smoothing the bone surfaces. The bone
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ends may also be reshaped to fit the artificial joint (Kirkley
et al., 2008a).

Placement of the artificial joint: The artificial joint is carefully
inserted into the prepared bone ends. It may be cemented in place
with a special medical-grade adhesive or a press-fit implant designed
to fit tightly in the bone (Mantripragada et al., 2013).

Closure: The incision is closedwith sutures or staples, and a dressing
is applied to the area (Cochetti et al., 2020). After surgery, the patient is
monitored closely to ensure no complications. Rehabilitation typically
involves physical therapy to improve the affected joint’s range of motion,
strength, and flexibility (Cordero, 2013). Joint replacement surgery is
generally considered safe and effective, but discussing the risks and
benefits with your surgeon before undergoing the procedure is essential.
Some potential risks include infection, bleeding, blood clots, nerve
damage, and implant failure. However, most patients experience
significant improvement in joint pain, mobility, and quality of life
following joint replacement surgery (Rizan et al., 2022) (Figures 2A, B).

5 Spinal fusion technology

Spinal fusion is a surgical procedure used to combine two or more
vertebrae in the spine to create a single, solid bone. This is done to
stabilize the spine, reduce pain, and improve mobility in patients with
spinal conditions such as degenerative disc disease, scoliosis, spinal
stenosis, and herniated discs. Spinal fusion technology has advanced
significantly over the years, and several different techniques are now
used to perform the procedure (Millar et al., 2009).

5.1 Traditional open spinal fusion

This procedure exposes the spine by significantly cutting the
patient’s back. The physician removes the damaged disc or bone
tissue, placing a bone graft between the vertebrae. The patient’s bone
or bone from another person can be used for the bone graft. Metal

TABLE 1 A list of common tools that are utilized during the Orthopaedic surgery.

Tool name Function Description References

Bone saw Used to cut bone Electric or manual saw designed for bone surgery Jakob et al. (2021)

Drill Used to make holes in the bone Powered rotary tool for creating openings in the bone Islam et al. (2022)

Chisel Used to break and remove bone Handheld tool for precise bone removal and shaping Stubinger (2010)

Osteotome Used to cut bone A sharp-edged instrument for controlled bone-cutting White et al. (2020)

Bone clamp Used to hold the bone in place Mechanism for securing and stabilizing bone during surgery Skelley (2023)

Retractor Used to hold tissue or organs out of
the way

Surgical instrument for holding back tissues during surgery Madhani et al. (1998)

Forceps Used to grasp and hold tissue or
objects

Grasping tool for handling tissues or objects Golahmadi et al. (2021)

Scissors Used to cut tissue Cutting instrument for incising tissues Bjelland et al. (2022)

Rongeur Used to remove bone fragments Grasping and biting tool for bone fragment extraction Muscolo and Fiorini
(2023)

Screwdriver Used to insert and remove screws Tool for turning screws during orthopedic procedures Jourdes et al. (2022)

Plate bender Used to contour metal plates Instrument for shaping and adapting metal plates Lee et al. (2023)

Awl Used to make a hole or indentation
in the bone

An awl is used in orthopedic surgery to make holes or indentations in bone Nolte et al. (2000)

Pin cutter Used to cut metal pins A pin cutter is designed to cut metal pins used in orthopedic surgeries Harasen (2011)

Tourniquet Used to control bleeding A tourniquet is employed to control bleeding during surgical procedures Kumar et al. (2016)

Suction device Used to remove fluids and debris The suction device removes fluids and debris from the surgical site, ensuring the
surgeon has a clear view

Dassi et al. (2020)

Electrocautery device Used to cut and coagulate tissue The electrocautery device is an instrument that combines electrical current and heat
to cut or coagulate tissues during surgery

Taheri et al. (2014)

Arthroscopy
instruments

Used to visualize and treat joint
problems

Arthroscopy instruments are specialized tools used in minimally invasive joint
surgeries

Treuting (2000)

Implant instruments Used to insert and position
implants

Implant instruments are utilized in orthopedic surgeries involving the insertion and
positioning of implants such as plates, screws, and prosthetics

Tapscott and Wottowa
(2020)

Stapler Used to close incisions In orthopedic surgery, a stapler closes incisions quickly and securely Cochetti et al. (2020)

Needle holder Used to hold a suturing needle A needle holder is a specialized clamp used to grasp and hold suturing needles during
orthopedic procedures securely

Cordero (2013)

Suture scissors Used to cut sutures Suture scissors are designed for cutting surgical sutures Rizan et al. (2022)
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plates, screws, and rods may keep the vertebrae in place while fusing.
The incision is then closed with sutures (Jameson et al., 2011).

5.2 Minimally invasive spinal fusion

This technique involves making smaller incisions in the patient’s
back and using specialized tools to perform the procedure. The surgeon
uses a fluoroscope, an X-ray machine, to guide the instruments to the
affected spinal area. The bone graft is inserted through a small tube, and
metal screws and rods may be used to hold the vertebrae in place. The
smaller incisions result in less pain and scarring and a faster recovery
time than traditional open spinal fusion (Jarvinen and Guyatt, 2017).

5.3 Anterior lumbar inter-body fusion (ALIF)

This technique involves making an incision in the patient’s
abdomen and accessing the spine from the front. The damaged disc
is removed, and a bone graft is inserted between the vertebrae. Metal
screws and rods may be used to hold the vertebrae in place. This
technique provides better access to the lower spine and less
disruption to the muscles and tissues of the back (Kise et al., 2016).

5.4 Posterior lumbar interbody fusion (PLIF)

This technique involves making an incision in the patient’s back
and accessing the spine from the back. The damaged disc is removed,
and a bone graft is inserted between the vertebrae. Metal screws and
rodsmay be used to hold the vertebrae in place. This technique provides
better access to the upper spine and less disruption to the muscles and
tissues of the abdomen (US National Library of Medicine, 2003).

5.5 Transforaminal lumbar interbody
fusion (TLIF)

This technique is similar to PLIF, but the surgeon accesses the
spine through a small incision on one side of the back. This

technique provides better access to the disc space and less
disruption to the muscles and tissues of the spine (Kirkley et al.,
2008a). Spinal fusion technology continues to evolve, and new
techniques and devices are being developed to make the
procedure even more effective and less invasive. Patients
considering spinal fusion should discuss the options with their
surgeons to determine the best treatment technique
(Mantripragada et al., 2013) (Figures 3A–C).

6 Fracture repair technology

Fracture repair technology in orthopedic surgery involves various
techniques and methods to restore broken bones’ normal anatomy and
function. The specific approach depends on several factors, such as the
location of the fracture, the type of fracture, the age and overall health of
the patient, and the preferences and expertise of the surgeon (Kirkley
et al., 2008b). Here are some of the most common fracture repair
technologies used in orthopedic surgery:

Casting: This non-surgical method involves immobilizing the
broken bone with a cast made of plaster or fiberglass. Casting is
usually used for simple fractures that do not require surgical
intervention. It helps to protect the injured area, reduce pain and
swelling, and promote healing. The cast is usually removed after
several weeks when the bone fully recovers (Thorlund et al., 2015).

External fixation: This is a method of stabilizing the broken bone
from the outside using metal pins or screws inserted into the bone
and attached to an outer frame. External fixation is often used in
complex fractures or cases where internal fixation is impossible. It
allows for early patient mobilization and can be easily adjusted as the
bone heals (Khan et al., 2014).

Internal fixation: This is a surgical method that involves the use
of metal implants such as plates, screws, rods, and wires to hold the
broken bone in place. Internal fixation is usually used in fractures
that cannot be stabilized by casting or external fixation. The
implants are placed inside the body and can be removed later
(Dahl and Moiniche, 2010).

Bone grafting: This surgical method involves taking bone from
another part of the body or a donor and transplanting it to the

FIGURE 2
(A,B) Illustration of total knee replacement procedure (Figure source: https://www.parkwayeast.com.sg and https://hipandknee.com/knee-
surgery/about-knee-replacement/knee-surgery-techniques/).
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fracture site. Bone grafting is used in cases where the fracture has
caused significant bone loss or when the bone is not healing
correctly. The transplanted bone provides a scaffold for new
bone growth and helps to stimulate bone regeneration (Andersen
et al., 2008a).

Bone stimulation: This non-surgical method uses electrical or
ultrasound energy to promote bone healing. Bone stimulation
can be combined with other fracture repair techniques to

enhance healing and reduce recovery time (Kerr and Kohan,
2008). Overall, fracture repair technology in orthopedic surgery
has come a long way in recent years, and various effective
methods are available to treat broken bones. The specific
approach will depend on the individual case, and it is crucial
to work closely with an experienced orthopedic surgeon to
determine the best course of treatment (Figure 4) (Dahl and
Møiniche, 2009).

FIGURE 3
(A) The lower back incision is used for conventional open spinal surgeries. Generally, slightly invasive incisions are used for lumbar spinal fusion. (B)
Compression and the insertion of screws and rods are achieved through these tiny incisions. (Figure source: https://orthoinfo.aaos.org/en/treatment/
minimally-invasive-spine-surgery/). (C) Lumbar spinal fusion with Augmented reality (https://www.spinemd.com).

FIGURE 4
Different phases of bone fracture repair and remodeling (Image courtesy from reference (Andersen et al., 2008b)).
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7 Osteotomy technology

Osteotomy is a surgical procedure in orthopedics that involves
cutting and reshaping bones. This procedure corrects various bone
deformities, including fractures, bone malalignment, and joint
abnormalities. Osteotomy can be performed using multiple
techniques and technologies, depending on the specific needs of
the patient (Andersen et al., 2008c). Some of the common types of
osteotomy techniques used in orthopedic surgery include:

Conventional osteotomy: It involves using a saw or chisels to cut
the bone. It is typically performed with a general anesthetic and
requires a hospital stay (Essving et al., 2010).

Minimally invasive osteotomy: This technique involves using
specialized instruments to make small incisions in the skin and
muscle tissue, minimizing damage to surrounding tissue. It is
typically performed with a regional anesthetic and can often be
outpatient (Essving et al., 2009).

Computer-assisted osteotomy: This technique involves using
advanced computer imaging and navigation systems to guide the
surgeon during the procedure. This technique allows for greater
precision and accuracy in bone cutting, reducing the risk of
complications (Andersen et al., 2010).

Robotic-assisted osteotomy: This technique involves using a
robotic arm to cut bone. The surgeon controls the robotic arm
from a console, using a 3D imaging system to guide the procedure.
Robotic-assisted osteotomy is a newer technology still being
developed and refined (Carli et al., 2010). Regardless of the
technique used, osteotomy typically involves four basic steps:

Incision: The surgeon incurs the skin and tissue to access the
bone (Spreng et al., 2010).

Bone cutting: The surgeon uses a saw, chisel, or other cutting
tool to cut and reshape the bone (Chen et al., 2010).

Fixation: Once the bone is cut and reshaped, the surgeon uses
pins, screws, plates, or other devices to hold it in place while it heals
(Mobbs et al., 2015).

Closure: The incision is closed with sutures or staples, and a
dressing is applied (Moftakhar and Trost, 2004). Osteotomy can
correct many bone deformities caused by injury, disease, or
congenital conditions. This procedure can improve joint function,

reduce pain, and prevent further bone and surrounding tissue
damage. However, as with any surgical procedure, osteotomy
carries some risks, including infection, bleeding, and nerve
damage. Patients should discuss the risks and benefits of
osteotomy with their surgeon before undergoing the procedure
(Figures 5A, B).

8 Fusion technique

Fusion techniques in orthopedic surgery combine two or more
bones to stabilize and immobilize a joint. This is typically done in
cases where a joint is damaged or deteriorated, causing pain and
limited mobility (Nemoto et al., 2014). There are several different
techniques for performing a fusion, depending on the specific joint
and the severity of the damage.

Spinal Fusion: This technique treats spinal stenosis, herniated
discs, and spinal fractures. In spinal fusion, two or more vertebrae
are joined using bone grafts, screws, and rods. The goal is to
eliminate motion between the affected vertebrae, which can
relieve pain and prevent further damage (Ni et al., 2015).

Ankle Fusion: This technique treats severe arthritis or instability
in the ankle joint. Ankle fusion involves removing the damaged
cartilage and fusing the tibia and talus bones. The procedure can be
done using screws or plates and can take up to several months to
fully merge (Robbins et al., 2017).

Wrist Fusion: Wrist fusion treats severe arthritis or wrist
instability. The procedure involves removing the damaged joint
surfaces and fusing the bones. The surgeon may use screws or
plates to keep the bones in place while fusing (Viswanathan
et al., 2019).

Shoulder Fusion: Shoulder fusion treats severe arthritis or
instability in the shoulder joint. The procedure involves removing
the damaged joint surfaces and fusing the humerus bone with the
scapula bone. The surgeon may use screws or plates to keep the
bones in place while fusing (Ansari, 2019).

Knee Fusion: Knee fusion treats severe arthritis or instability in
the knee joint. The procedure involves removing the damaged joint
surfaces and fusing the femur bone with the tibia bone. The surgeon

FIGURE 5
(A) A bone wedge is removed during a tibial osteotomy to straighten the leg. (Figure source: https://orthoinfo.aaos.org/en/treatment/osteotomy-
of-the-knee/). (B) High tibial osteotomy using navigation technology (http://www.sofarthro.com/).
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may use screws or plates to keep the bones in place while fusing
(Khandan et al., 2014).

Hip Fusion: Hip fusion treats severe arthritis or instability in the
hip joint. The procedure involves removing the damaged joint
surfaces and fusing the femur bone with the pelvis bone. The
surgeon may use screws or plates to keep the bones in place
while merging (Khandan et al., 2017). In general, fusion
techniques in orthopedic surgery involve removing the damaged
joint surfaces and replacing them with bone grafts or fusing the
bones. The goal is to eliminate motion between the affected bones,
which can relieve pain and prevent further damage. The specific
technique used will depend on the location and severity of the
damage. Rehabilitation after surgery typically involves physical
therapy to help restore strength and mobility to the affected
joint (Figure 6).

9 Bone grafting technique

Bone grafting is a surgical procedure involving bone tissue
transplantation from one site to another. Orthopedic surgeons
use bone grafting techniques to treat various conditions,
including bone fractures, bone defects, and joint reconstruction
(Khandan et al., 2018).

Autografts: Autografts are bone grafts harvested from the
patient’s own body. The most common sources of autografts
include the iliac crest (pelvis), fibula (leg bone), and femoral
head (hip). Autografts are considered the gold standard for bone
grafting because they have the best chance of incorporating into the
host bone and producing new bone. However, the main drawback of
autografts is that they require a second surgical site, which can cause
additional pain and morbidity (Litwiniuk et al., 2016).

Allografts: Allografts are bone grafts harvested from a donor,
typically a cadaver. Allografts are commonly used in orthopedic
surgery because they provide a ready source of bone graft material
and eliminate the need for a second surgical site. However, the main
drawback of allografts is the risk of disease transmission and
immune rejection. To minimize these risks, allografts are
typically screened and processed to remove any disease-causing
agents (Aya and Stern, 2014).

Xenografts: Xenografts are bone grafts harvested from non-
human species, such as cows or pigs. Xenografts are rarely used in
orthopedic surgery because they are highly susceptible to immune
rejection and disease transmission (Samadieh and Sadri, 2020).

Synthetic bone grafts: Synthetic bone grafts are artificial
materials that mimic the structure and function of natural bone.
Synthetic bone grafts are typically made from calcium phosphate,
hydroxyapatite, and bioactive glass. Synthetic bone grafts have the
advantage of being readily available and eliminating the risk of
disease transmission. However, they may not provide the same
structural support and integration level as natural bone grafts
(Janoyer, 2019).

Bone marrow aspirates: Bone marrow aspirate is a procedure
that involves aspirating bone marrow from the patient’s own
body and injecting it into the site of the bone defect. Bone marrow
aspirate contains stem cells and growth factors that can promote
bone growth and regeneration. Bone marrow aspirate is
commonly used with other bone grafting techniques, such as
autografts or allografts (Zhuang et al., 2016). In conclusion, bone
grafting techniques are an essential part of orthopedic surgery.
The extent and position of the bone defect, the patient’s medical
history, and the surgeon’s preference all influence the method of
bone grafting used. Each method has benefits and drawbacks; the
surgeon will select the best technique for each patient
(Figures 7A, B).

10 External fixation technique

External fixation is a surgical technique used to treat fractures,
deformities, and other conditions of the bones and joints. It involves
placing a rigid outer frame on the outside of the affected limb, which
holds the bones in place while they heal. External fixation is
commonly used in orthopedic surgery, as it offers many
advantages over other forms of treatment, such as internal
fixation or casting (Heflin et al., 2016). There are several types of
external fixation techniques used in orthopedic surgery. The most
common ones are:

Ilizarov Technique: This technique uses a circular frame with
wires and pins attached to the bones. The wires and pins are inserted
through the skin, into the bone, and then connected to the circular
frame. The circular frame can be adjusted to correct deformities and
to lengthen or shorten bones. The Ilizarov technique is commonly
used for complex fractures, bone infections, and limb length
discrepancies (de Pablos et al., 2018).

Taylor Spatial Frame: This technique uses a hexapod frame with
struts attached to the bones using pins. The struts can be adjusted to
correct deformities and to lengthen or shorten bones. The Taylor
Spatial Frame is commonly used for complex fractures, limb length
discrepancies, and deformities (Mayer et al., 2019).

FIGURE 6
A posterolateral lumbar fusion (PLF) is shown with bone graft
material put over the transverse processes of the vertebrae. Screws
have been used to stabilize the vertebrae while the fusion heals (Figure
source: https://orthoinfo.aaos.org/en/treatment/spinal-fusion/).
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Hybrid External Fixation: This technique combines internal and
external fixation. It uses screws or plates inserted into the bone and pins
or wires attached to the bone and connected to an outer frame. Hybrid
external fixation is commonly used for fractures that are difficult to treat
with internal fixation alone (Gómez-Palomo et al., 2020).

Monolateral External Fixation: This technique uses a unilateral
frame with pins attached to the bone on one side only. The frame can
be adjusted to correct deformities and to lengthen or shorten bones.
Monolateral external fixation is commonly used for fractures,
nonunions, and bone infections (Culotta et al., 2013).

Circular External Fixation: This technique uses a circular frame
with wires and pins attached to the bones. The wires and pins are
inserted through the skin, into the bone, and then connected to the
circular frame. The circular frame can be adjusted to correct
deformities and to lengthen or shorten bones. Circular external
fixation is commonly used for fractures, nonunions, and bone
infections (Masrouha et al., 2011). In conclusion, external
fixation is a helpful technique in orthopedic surgery for treating

fractures, deformities, and other conditions of the bones and joints.
Several types of external fixation techniques are available, and the
choice of method depends on the specific condition being treated
(Figures 8A, B).

11 Soft tissue repair technique

Soft tissue repair techniques in orthopedic surgery are used to
repair and reattach tendons, ligaments, and other soft tissues
damaged due to injury or degeneration (Kani and Chew, 2018).
Various techniques are used in soft tissue repair, including open,
arthroscopic, and percutaneous.

Open Repair: Open repair is a traditional surgical technique with
a large incision in the skin to expose the damaged soft tissue. The
surgeon then sutures the torn or damaged tissue back together. This
technique is often used for large injuries or cannot be repaired with
arthroscopic or percutaneous techniques (Qi et al., 2020).

FIGURE 7
(A) Bone grafting procedure in dental implants. (Figure source: https://www.dentalsolutions.net/procedures/bone-graft). (B) Vertical ridge
augmentation with bone block grafting (https://dentistry.co.uk/2021/06/24/vertical-ridge-augmentation-with-bone-block-grafting/).

FIGURE 8
(A) External fixation device. Screws are placed into the bone above and below the fracture, and the device is attached to the bones from outside of
the skin, where it may be adjusted to realign the bone. (Figure source: https://www.drugs.com/cg/external-fixation-device-for-an-adult.html). (B) The
principle of caring with Liizarov external fixation (Figure source reference (van Heerwaarden et al., 2013)).
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Arthroscopic Repair: Arthroscopic repair is a minimally invasive
technique that uses a small camera called an arthroscope to visualize
the inside of the joint. The surgeon makes a small incision and
inserts the arthroscope to view the damaged tissue. Small
instruments are then used to repair the soft tissue through
additional small incisions. This technique has the advantage of
being less invasive than open repair, with less scarring and a
shorter recovery time (Wei et al., 2019).

Percutaneous Repair: Percutaneous repair is a technique where
the surgeon uses a needle and a small incision to repair the soft
tissue. The needle is guided into the damaged tissue, and sutures are
passed through the needle and into the tissue. The sutures are then
tied to repair the tissue. This technique is minimally invasive, with a
short recovery time and reduced risk of infection (Yifei et al., 2019).

Grafting Techniques: In some cases, soft tissue repairmay require a
grafting technique. This involves taking healthy tissue from another part
of the body or a donor and using it to repair the damaged tissue. There
are several different grafting techniques used in soft tissue repair,
including autografts (using the patient’s tissue), allografts (using
donated tissue from a deceased donor), and synthetic grafts (using
artificial materials) (Arima et al., 2019). In conclusion, soft tissue repair
techniques in orthopedic surgery vary depending on the severity and
location of the injury. The surgeon chooses the method based on the
patient’s needs and circumstances (Figure 9).

12 Recent trends and developments in
orthopaedic surgery

Orthopedic surgery is a specialized field of medicine that focuses
on treating disorders and injuries of the musculoskeletal system,

including bones, joints, ligaments, tendons, and muscles. Recent
advancements in technology, surgical techniques, and patient care
have significantly improved the outcomes of orthopedic surgeries
(He et al., 2018). Here are some of the latest trends and
developments in orthopedic surgery:

Minimally invasive surgery: This technique uses small incisions
and specialized instruments to perform surgery with less damage to
surrounding tissues. This approach is becoming more common for
joint replacements, spinal surgeries, and repairs of soft tissue injuries
(Reese et al., 2019).

Robotics in surgery: The use of robotics in orthopedic surgery is
gaining momentum, especially in joint replacement procedures.
Robots assist surgeons in achieving greater precision and
accuracy in positioning implants and reducing surgical errors
(Sen et al., 2019).

3D printing: 3D printing technology creates customized
implants, prosthetics, and surgical guides. These personalized
devices improve the fit and function of implants, reduce surgical
time, and improve patient outcomes (Sharma et al., 2021).

Regenerative medicine: It involves using cells, growth factors,
and other biological materials to stimulate tissue regeneration and
repair. This field advances rapidly and can potentially revolutionize
orthopedic surgery by improving healing and reducing the need for
artificial implants (Rohilla et al., 2022).

Virtual reality: Virtual reality is being used to improve surgical
planning, training, and patient education. Surgeons can use VR to
simulate surgical procedures and plan complex surgeries before
entering the operating room (Gachabayov et al., 2022).

Enhanced recovery after surgery (ERAS): ERAS programs
optimize patient health before, during, and after surgery. This
approach includes pre-operative education, pain management,

FIGURE 9
Grafting technique. (A) The graft is taken from a healthy patient’s skin. (B) The skin is meshed to cover a large wound.
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early mobility, and other strategies to help patients recover faster
and with fewer complications (Khalaf et al., 2023).

Telemedicine: Telemedicine allows patients to receive medical
care and consultations remotely, reducing the need for in-person
visits. Because of this technology, patients can receive prompt
treatment during the COVID-19 pandemic without contracting
the virus (De Fazio et al., 2023; Ehioghae et al., 2023). In
summary, orthopedic surgery is undergoing rapid advancements
in technology, techniques, and patient care. These trends improve
surgical outcomes, reduce complications, and enhance patient
experiences.

Integrating telemedicine and remote patient monitoring has
demonstrated remarkable success in various aspects of orthopedic
surgery, contributing to enhanced patient care, improved outcomes,
and increased accessibility. A notable example is the utilization of
telemedicine for pre-operative assessments. Studies by Gachabayov
et al. (2022) and Khalaf et al. (2023) showcase how virtual
consultations enable orthopedic surgeons to conduct thorough
pre-operative evaluations remotely. This streamlines the pre-
operative process and reduces the need for in-person visits,
which is especially beneficial for patients residing in remote or
underserved areas. In postoperative care, remote patient monitoring
has proven instrumental in tracking recovery progress (Khan et al.,
2015; Rousset et al., 2018). The implementation of wearable devices
and mobile applications, as demonstrated in the work of De Fazio
et al. (2023), allows continuous monitoring of critical parameters
such as joint range of motion and rehabilitation exercises. Real-time
data transmission enables orthopedic surgeons to assess patient
progress remotely, promptly identify potential complications, and
tailor rehabilitation plans accordingly (Metsemakers et al., 2018).

Additionally, telerehabilitation programs have emerged as
successful applications in orthopedic surgery. Ehioghae et al.
(2023) illustrate how virtual rehabilitation sessions, guided by
orthopedic specialists, have proven effective in promoting
postoperative recovery. Patients can engage in personalized
exercise regimens from the comfort of their homes, improving
adherence to rehabilitation protocols and optimizing functional
outcomes (Alammar et al., 2020).

13 Robotics and robot-assisted
techniques in orthopaedic surgery

Robotics and robot-assisted techniques in orthopedic surgery
have revolutionized how surgeries are performed. In this approach,
robots assist surgeons in conducting procedures with greater
precision, accuracy, and safety. This technology has led to faster
recovery and patient outcomes (Shang et al., 2020). Here are some
details about robotics and robot-assisted techniques in
orthopedic surgery:

Robotic-assisted surgery systems: Robotic-assisted surgery
systems are designed to assist the surgeon in performing
procedures. These systems include a robotic arm the surgeon can
guide to perform the procedure. The arm has a range of motion and
can be controlled by the surgeon using a console. The system also
includes a computer that uses 3D imaging to provide the surgeon
with a clear view of the surgical site (Delco et al., 2017).

Computer-assisted surgery systems: Computer-assisted surgery
systems use a computer to guide the surgeon during the procedure.
These systems include a camera that is used to capture images of the
surgical site. The computer then analyzes the images, providing the
surgeon real-time feedback on the procedure (Suo et al., 2020).

Navigation systems: Navigation systems are used to track the
movement of surgical instruments during the procedure. These
systems use sensors attached to the instruments to track their
movement. The surgeon can then use this information to guide
the instruments more accurately (Li et al., 2022).

Benefits of robotics and robot-assisted techniques: Robotics and
robot-assisted techniques in orthopedic surgery have several benefits
(Wang et al., 2020).

Procedures performed using robotics and robot-assisted
techniques: Robotics and robot-assisted techniques can be used
in various orthopedic procedures, including joint replacement,
spine surgery, and trauma surgery (Mavrogenis et al., 2016). In
summary, robotics and robot-assisted techniques have transformed
the field of orthopedic surgery by providing surgeons with greater
precision and accuracy during procedures. These technologies have
also led to faster recovery times and improved patient outcomes.

Robotic-assisted surgery has emerged as a transformative
technology in orthopedics, offering distinct advantages and
challenges. One notable benefit is the enhanced precision
provided by robotic systems. Recent studies, such as the one
conducted by Migliorini et al. (2023), demonstrated a significant
improvement in implant placement accuracy during knee
arthroplasty when utilizing robotic assistance. This heightened
precision can contribute to optimal alignment, improving joint
function and longevity (Migliorini et al., 2023). Moreover,
robotic-assisted surgery facilitates minimally invasive procedures,
as evidenced by outcomes in hip resurfacing reported by Remily
et al. (2021). The ability to make smaller incisions, guided by robotic
precision, has been associated with reduced tissue trauma,
minimized blood loss, and accelerated patient recovery. Three-
dimensional visualization, as provided by robotic systems, aids
surgeons in navigating complex anatomical structures with
heightened spatial awareness, enhancing overall procedural
efficiency (Remily et al., 2021).

However, it is imperative to acknowledge the limitations
inherent in robotic-assisted orthopedic surgery. The financial
aspect remains a significant concern, with the initial costs of
acquiring and implementing robotic systems being substantial.
Long-term expenses, including maintenance and training, should
be considered alongside the potential benefits (Patel et al., 2023).
Additionally, a study by Patel et al. (2023) highlights a learning curve
associated with adopting robotic technology, impacting surgical
efficiency during the initial stages of integration. Technical
challenges and system reliability also represent limitations. While
robotic systems aim to improve surgical outcomes, technical
malfunctions or system failures pose potential risks. Ensuring
adequate training for surgeons and robust contingency plans is
vital to mitigate these challenges effectively (Coombs et al., 2020).

In summary, robotic-assisted surgery in orthopedics showcases
specific benefits in precision, minimally invasive capabilities, and
enhanced visualization. However, the associated financial
investment, learning curve, and potential technical challenges
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warrant careful consideration when implementing robotic systems
in orthopedic surgical practices.

14 Computer-assisted orthopaedic
surgery systems

Computer-Assisted Orthopaedic Surgery (CAOS) systems are
advanced technological tools that aid orthopedic surgeons in
planning and executing complex surgical procedures with greater
accuracy and precision. These systems use advanced imaging
technology, computer modeling, and robotics to assist surgeons
in performing surgical procedures with increased accuracy and
precision, leading to better patient outcomes (Chen et al., 2020).
CAOS systems typically consist of several components, including:

Imaging technology: X-rays, CT scans, and MRI scans utilize
imaging technology to produce three-dimensional images of the
patient’s bones and joints. To prepare for the surgical procedure, a
virtual model of the patient’s anatomy is constructed using these
images (Cherubino et al., 2017).

Computer modeling: Computer modeling software creates a
virtual patient anatomy model. The model is based on the patient’s
imaging data and gives the surgeon a detailed view of the surgical site
(Scheu et al., 2020).

Navigation systems: Navigation systems use infrared cameras,
trackers, and sensors to track the position of surgical instruments in
real-time. The system helps the surgeon precisely locate the surgical
site and guide the surgical instruments (Karhade et al., 2019).

Robotic systems: Robotic systems assist the surgeon during the
procedure. These systems use computer-controlled robotic arms
that can be programmed to perform precise movements and cuts.
Robotic systems are beneficial for exact and accurate procedures
(Reina, 2019).

14.1 Expanding AI and machine learning
contributions in orthopedics

While AI and machine learning have made significant strides in
revolutionizing the diagnosis and treatment planning stages of
orthopedic care, their potential contributions extend far beyond
these realms. A noteworthy application lies in predictive analytics
for patient outcomes. Studies, such as the work by Bohr et al. (2020),
have utilized machine learning algorithms to analyze vast datasets,
predicting postoperative complications and optimizing patient
management strategies. Clinicians can proactively tailor
interventions by identifying potential complications early in
treatment, ultimately improving patient outcomes. AI and ML
also exhibit promise in optimizing surgical workflows (Bohr and
Memarzadeh, 2020). Research conducted by Iqbal (2023) explores
the integration of AI-based scheduling algorithms, streamlining
operating room efficiency and resource allocation. These
algorithms consider various factors, including surgeon
availability, equipment requirements, and patient characteristics,
to optimize scheduling and reduce delays (Iqbal et al., 2023).

In postoperative care, AI-driven remote monitoring has become
a valuable tool. Real-time analysis of data from wearable devices, as
demonstrated in studies by Yelne et al. (2023), enables continuous

monitoring of patient recovery progress. Machine learning
algorithms can detect subtle deviations from expected recovery
trajectories, prompting timely interventions and minimizing the
risk of complications (Yelne et al., 2023). Furthermore, AI and ML
contribute to ongoing research efforts. Automated literature reviews,
data analysis, and identification of research gaps, as seen in the work
by Perifanis et al. (2023), expedite the generation of evidence-based
insights. This accelerates the pace of orthopedic research and
ensures that the latest advancements are seamlessly integrated
into clinical practice (Perifanis and Kitsios, 2023).

In conclusion, integrating artificial intelligence and machine
learning in orthopedics goes beyond diagnosis and treatment
planning. From predictive analytics for patient outcomes to
optimizing surgical workflows, enhancing postoperative
monitoring, and accelerating research processes, AI and ML
continue to redefine multiple aspects of orthopedic care.

15 Treatment options for
orthopaedic surgery

Orthopedic surgery is a branch of surgery that deals with the
musculoskeletal system, including bones, joints, muscles, tendons,
and ligaments. Several treatment options for orthopedic surgery are
tailored to the specific condition and severity of the patient’s
musculoskeletal problem (Trauner, 2018). Here are some of the
most common treatment options for orthopedic surgery (Table 2).

15.1 Impact of therapeutic approaches

A critical evaluation of therapeutic approaches in orthopedic
surgery necessitates an in-depth analysis of patient outcomes and
recovery times. Recent studies have provided compelling
comparative data, shedding light on the tangible benefits of
implementing innovative therapeutic interventions. For instance,
in a retrospective cohort study by Fuller et al. (2023), patients
undergoing a novel minimally invasive procedure exhibited a
20% reduction in postoperative pain scores compared to
traditional surgical methods. This highlights the new approach’s
efficacy and underscores its potential to enhance the patient
experience (Fuller et al., 2023). Furthermore, a comparative
analysis of joint replacement surgeries, as outlined in the work of
Castrodad et al. (2019), revealed a notable decrease in recovery times
following the adoption of advanced rehabilitation protocols. Patients
subjected to personalized rehabilitation plans leveraging
telerehabilitation technologies demonstrated a 30% faster return
to daily activities than those following traditional rehabilitation
methods (Castrodad et al., 2019).

In regenerative medicine, a comprehensive meta-analysis by
Cong et al. (2023) systematically reviewed patient outcomes before
and after incorporating stem cell therapies for cartilage repair. The
analysis demonstrated a statistically significant improvement in
joint function and a 25% reduction in the progression of
osteoarthritis in patients who received stem cell treatments
compared to conventional interventions (Cong et al., 2023).
Moreover, integrating robotic-assisted surgery has showcased
distinct advantages in patient outcomes. A prospective cohort
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study by Nogalo et al. (2023) reported a 15% decrease in
postoperative complications and a 25% reduction in
hospitalization duration for patients undergoing robotic-assisted
joint replacement surgeries compared to traditional methods
(Nogalo et al., 2023).

These comparative data underscore the transformative impact
of therapeutic approaches in orthopedic surgery, emphasizing
improved patient outcomes and accelerated recovery times.
Integrating innovative techniques, personalized rehabilitation,
regenerative therapies, and robotic-assisted surgeries contributes
to advancing the field and optimizing the overall patient
care continuum.

15.2 Pros and cons of currently used
procedures in orthopedic surgery

Surgical operations are costly and are associated with
significant morbidity, a higher risk of complications related to
the surgical intervention, and increased mortality. It is, therefore,
critical to seek high-level evidence to support surgery. When
high-level research indicates that non-operative care is similar,
surgeons and patients should carefully examine the benefits of
surgery. Surgery can be used as a second-line treatment after
non-surgical techniques have failed or in specific subgroups of
patients identified as “responders” to surgical treatment
(Kenngott et al., 2015; Shen et al., 2017). The research
indicates that some of these procedures are either not
clinically effective or may only be clinically effective under
certain conditions. For instance, although arthroscopic partial
meniscectomy is not advised for patients with knee pain and a
meniscal tear, especially those with severe or advanced
osteoarthritis, guidelines indicate that the procedure can be
used for a particular type of meniscal tear and should only be
used in patients who have not responded to non-surgical
treatment (Szymkuć et al., 2016). Despite a large body of
research indicating that arthroscopic subacromial
decompression is clinically unsuccessful, national clinical
guidelines advocate surgery for patients with pure subacromial

shoulder impingement whose symptoms do not resolve with
adequate non-operative treatment (Wajid et al., 2018).

It is concerning that most routinely used and recommended
orthopedic procedures have a limited and low-quality database
relating to their effectiveness. It is unclear why clinicians and
healthcare institutions would perform these procedures with little
proof of clinical benefit, although partially understandable. One of
the most critical issues is the lack of randomized controlled trials
comparing the surgery to no therapy or placebo. Effectively
completed conclusive studies with orthopedic treatments are
more difficult to conduct than with drugs and other
interventions (Rai and Chatterjee, 2019). Considering the need
for long-term follow-up and the possibility of a crossover
between arms, they are labor-intensive, expensive, and have a
delayed response; as a result, the majority of research is based on
small case series. Some orthopedic trials included in this study had
inadequate quality standards due to recruitment, blinding, and
reporting issues.

15.3 Cost-effectiveness and barriers to
widespread adoption of orthopedic
advancements

While the advancements in orthopedic surgery promise to
improve patient outcomes, it is imperative to consider their cost-
effectiveness and the potential barriers to widespread adoption. A
comprehensive economic evaluation, such as the one conducted by
Suarez-Ahedo et al. (2023), demonstrated that the initial investment
in robotic-assisted surgery technologies resulted in long-term cost
savings. Despite the higher upfront costs, the reduced postoperative
complications, shorter hospital stays, and faster recovery times
contributed to overall cost-effectiveness. Despite showcasing
therapeutic potential, Regenerative medicine techniques present
cost-related challenges (Suarez-Ahedo et al., 2023). A study by
Copp et al. (2023) explored the economic aspects of stem cell
therapies for cartilage repair, indicating that while these
interventions may offer long-term benefits, their initial costs may
pose a barrier to widespread adoption. Addressing these economic

TABLE 2 Some common Orthopaedic Surgeries and their corresponding treatment options.

Medication Class Mechanism of action Uses

Acetaminophen Analgesic Blocks pain signals Pain relief, fever reduction

Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) (e.g.,
Ibuprofen, Celecoxib)

Analgesic, Anti-
inflammatory

Inhibits COX-1 and COX-2 enzymes Pain relief, inflammation
reduction

Opioids (e.g., Morphine, Oxycodone) Analgesic Binds to opioid receptors in the brain and
spinal cord

Severe pain relief

Gabapentinoids (e.g., Gabapentin, Pregabalin) Analgesic Reduces neuronal excitability Nerve pain relief

Local Anesthetics (e.g., Lidocaine, Bupivacaine) Anesthetic Blocks nerve signals Local pain relief

Corticosteroids (e.g., Prednisone, Dexamethasone) Anti-inflammatory Inhibits immune response Inflammation reduction

Anticoagulants (e.g., Heparin, Warfarin) Anticoagulant Prevents blood clots Prevention of deep vein
thrombosis (DVT)

Antibiotics (e.g., Cefazolin, Vancomycin) Antibiotic Kills or inhibits the growth of bacteria Prevention of infection

Muscle Relaxants (e.g., Baclofen, Methocarbamol) Muscle relaxant Reduces muscle spasms Muscle relaxation during surgery
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considerations is crucial for balancing therapeutic efficacy and
affordability. Telemedicine and remote patient monitoring, while
enhancing accessibility and postoperative care, also exhibit financial
implications (Copp et al., 2023). Fatoye et al. (2020) conducted a
cost-benefit analysis of telerehabilitation programs, revealing
potential savings in healthcare expenses due to reduced hospital
readmissions and improved patient adherence to rehabilitation
plans (Fatoye et al., 2020).

Identifying potential barriers to widespread adoption is
paramount for successfully integrating these advancements into
routine orthopedic practice. One notable barrier is the financial
investment required to acquire and maintain cutting-edge
technologies, as highlighted in a systematic review by Ali et al.
(2023) (Ali et al., 2023). Additionally, the learning curve associated
with adopting new surgical techniques or technologies, discussed in
the work of Hopper et al. (2007), may hinder swift and widespread
adoption. The need for specialized training, infrastructure
development, and ongoing support further compounds the
challenges (Hopper et al., 2007).

In conclusion, while orthopedic advancements hold great
promise, a comprehensive understanding of their cost-
effectiveness and potential barriers to widespread adoption is
essential. Striking a balance between therapeutic benefits and
economic considerations will be crucial for ensuring the
sustainable integration of these innovations into routine
orthopedic practice.

16 Conclusion and future directions

The landscape of orthopedic surgery is continually evolving,
propelled by ongoing research initiatives that seek to push the
boundaries of patient care. One notable avenue of exploration is
integrating artificial intelligence AI and ML into preoperative
planning and decision-making. Current research focuses on
refining predictive models to anticipate patient-specific
surgical intervention responses, optimize treatment strategies,
and improve outcomes. Recent advancements in therapeutic
approaches in orthopedic surgery have shown promising
results in improving patient outcomes and reducing
complications. These trends include minimally invasive
techniques, personalized medicine, regenerative medicine, and
advanced imaging technologies. In addressing these ethical
considerations, orthopedic practitioners and policymakers
must establish guidelines that promote equity, transparency,
and patient autonomy in the era of personalized medicine.
Ongoing dialogue and interdisciplinary collaboration are
essential to navigate these complex ethical landscapes and
ensure that the benefits of personalized medicine are equitably
distributed while minimizing potential harm. However, further
research is needed to evaluate these approaches’ long-term
efficacy and safety. Overall, these advancements represent a
shift towards more precise and tailored treatments that can
enhance the quality of life for patients with
musculoskeletal disorders.

In conclusion, orthopedic surgery is at the cusp of
transformative advancements driven by ongoing research
initiatives. The integration of AI and ML, advancements in

regenerative medicine, the evolution of telemedicine, and the
potential of 3D printing collectively shape the future landscape of
orthopedic care. As these avenues unfold, they promise to advance
patient further care through innovative, personalized, and
accessible solutions.

Author contributions

WL: Formal Analysis, Methodology, Writing–original draft. CZ:
Formal Analysis, Methodology, Writing–original draft. JB: Data
curation, Writing–review and editing. HZ: Validation,
Writing–review and editing. BJ: Resources, Writing–review and
editing. JW: Writing–review and editing. LF: Conceptualization,
Writing–review and editing. HL: Formal Analysis, Methodology,
Writing–original draft. XH: Conceptualization, Writing–review and
editing. JZ: Funding acquisition, Supervision, Writing–review and
editing. HZ: Funding acquisition, Supervision, Writing–review
and editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by Public Technology Applied Research Projects of
Zhejiang Province (LGF22H060023 to WL), Medical and Health
Research Project of Zhejiang Province (2023KY1303 to HL,
2021KY1164 to LF), Traditional Chinese Medicine Science and
Technology Projects of Zhejiang Province (2022ZB381 to JZ,
2022ZB382 to WL), Science and Technology Project of Zhoushan
(2022C31034 to CZ, 2022C31022 to XH).

Acknowledgments

We thank the Public Technology Applied Research Projects of
Zhejiang Province, the Medical and Health Research Project of
Zhejiang Province, the Traditional Chinese Medicine Science and
Technology Projects of Zhejiang Province, and the Science and
Technology Project of Zhoushan for supporting this project.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Frontiers in Bioengineering and Biotechnology frontiersin.org16

Liang et al. 10.3389/fbioe.2024.1328997

https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2024.1328997


References

Alammar, Y., Sudnitsyn, A., Neretin, A., Leonchuk, S., and Kliushin, N. M. (2020).
Closed arthrodesis in infected neuropathic ankles using Ilizarov ring fixation. Bone & Jt.
J. 102 (4), 470–477. doi:10.1302/0301-620x.102b4.bjj-2019-1158.r1

Aldanyowi, S. N. (2023). Novel techniques for musculoskeletal pain management
after orthopedic surgical procedures: a systematic review. Life 13 (12), 2351. doi:10.
3390/life13122351

Ali, O., Abdelbaki, W., Shrestha, A., Elbasi, E., Alryalat, M. A. A., and Dwivedi, Y. K.
(2023). A systematic literature review of artificial intelligence in the healthcare sector:
benefits, challenges, methodologies, and functionalities. J. Innovation Knowl. 8 (1),
100333. doi:10.1016/j.jik.2023.100333

An, J., Teoh, J. E. M., Suntornnond, R., and Chua, C. K. (2015). Design and 3D
printing of scaffolds and tissues. Engineering 1 (2), 261–268. doi:10.15302/j-eng-
2015061

Andersen, L. Ø., Husted, H., Kristensen, B. B., Otte, K. S., Gaarn-Larsen, L., and
Kehlet, H. (2010). ORIGINAL ARTICLE: analgesic efficacy of intracapsular and intra-
articular local anaesthesia for knee arthroplasty. Anaesthesia 65 (9), 904–912. doi:10.
1111/j.1365-2044.2010.06389.x

Andersen, L. Ø., Husted, H., Otte, K. S., Kristensen, B. B., and Kehlet, H. (2008b).
High-volume infiltration analgesia in total knee arthroplasty: a randomized, double-
blind, placebo-controlled trial. Acta Anaesthesiol. Scand. 52 (10), 1331–1335. doi:10.
1111/j.1399-6576.2008.01777.x

Andersen, L. Ø., Husted, H., Otte, K. S., Kristensen, B. B., and Kehlet, H. (2008c). A
compression bandage improves local infiltration analgesia in total knee arthroplasty.
Acta Orthop. 79 (6), 806–811. doi:10.1080/17453670810016894

Andersen, L. Ø., Kristensen, B. B., Husted, H., Otte, K. S., and Kehlet, H. (2008a).
Local anesthetics after total knee arthroplasty: intraarticular or extraarticular
administration? A randomized, double-blind, placebo-controlled study. Acta Orthop.
79 (6), 800–805. doi:10.1080/17453670810016885

Ansari, M. (2019). Bone tissue regeneration: biology, strategies and interface studies.
Prog. biomaterials 8 (4), 223–237. doi:10.1007/s40204-019-00125-z

Arima, H., Naito, K., Yamagata, T., Kawahara, S., Ohata, K., and Takami, T. (2019).
Anterior and posterior segmental decompression and fusion for severely localized
ossification of the posterior longitudinal ligament of the cervical spine: technical note.
Neurol. medico-chirurgica 59 (6), 238–245. doi:10.2176/nmc.tn.2018-0324

Aya, K. L., and Stern, R. (2014). Hyaluronan in wound healing: rediscovering a major
player. Wound repair Regen. 22 (5), 579–593. doi:10.1111/wrr.12214

Aydin, A., Raison, N., Khan, M. S., Dasgupta, P., and Ahmed, K. (2016). Simulation-
based training and assessment in urological surgery. Nat. Rev. Urol. 13 (9), 503–519.
doi:10.1038/nrurol.2016.147

Bernstein, J., DiCaprio, M. R., and Mehta, S. (2004). The relationship between
required medical school instruction in musculoskeletal medicine and application
rates to orthopaedic surgery residency programs. JBJS 86 (10), 2335–2338. doi:10.
2106/00004623-200410000-00031

Bernstein, J., Garcia, G. H., Guevara, J. L., andMitchell, G.W. (2011). Progress report:
the prevalence of required medical school instruction in musculoskeletal medicine at
decade’s end. Clin. Orthop. Relat. Research® 469, 895–897. doi:10.1007/s11999-010-
1477-3

Bjelland, Ø., Rasheed, B., Schaathun, H. G., Pedersen, M. D., Steinert, M., Hellevik, A.
I., et al. (2022). Toward a digital twin for arthroscopic knee surgery: a systematic review.
IEEE Access 10, 45029–45052. doi:10.1109/access.2022.3170108

Bohr, A., and Memarzadeh, K. (2020). “The rise of artificial intelligence in healthcare
applications,” in Artificial intelligence in healthcare (Academic Press), 25–60.

Buis, N., Esfandiari, H., Hoch, A., and Fürnstahl, P. (2022). Overview of methods to
quantify invasiveness of surgical approaches in orthopedic surgery—a scoping review.
Front. Surg. 8, 771275. doi:10.3389/fsurg.2021.771275

Carli, F., Clemente, A., Asenjo, J. F., Kim, D. J., Mistraletti, G., Gomarasca, M., et al.
(2010). Analgesia and functional outcome after total knee arthroplasty: periarticular
infiltration vs. continuous femoral nerve block. Br. J. Anesth. 105 (2), 185–195. doi:10.
1093/bja/aeq112

Castrodad, I. M. D., Recai, T. M., Abraham, M. M., Etcheson, J. I., Mohamed, N. S.,
Edalatpour, A., et al. (2019). Rehabilitation protocols following total knee arthroplasty: a
review of study designs and outcome measures. Ann. Transl. Med. 7 (7), S255. doi:10.
21037/atm.2019.08.15

Chang, C., Yan, J., Yao, Z., Zhang, C., Li, X., and Mao, H. Q. (2021). Effects of
mesenchymal stem cell-derived paracrine signals and their delivery strategies. Adv.
Healthc. Mater. 10 (7), 2001689. doi:10.1002/adhm.202001689

Chen, D. W., Hsieh, P. H., Huang, K. C., Hu, C. C., Chang, Y. H., and Lee, M. S.
(2010). Continuous intra-articular infusion of bupivacaine for postoperative pain relief
after total hip arthroplasty: a randomized, placebo-controlled, double-blind study. Eur.
J. Pain 14 (5), 529–534. doi:10.1016/j.ejpain.2009.08.008

Chen, X., Zhang, C., Cheng, L., Chen, H., Wang, H., Qin, F. J., et al. (2020). Survival
and versatility of the flow-through lateral-thigh free flap in severe electrical injuries to
the wrist. Ann. Plastic Surg. 85 (6), 612–617. doi:10.1097/sap.0000000000002355

Cherubino, M., Valdatta, L., Tos, P., D’Arpa, S., Troisi, L., Igor, P., et al. (2017). Role of
negative pressure therapy as damage control in soft tissue reconstruction for open tibial
fractures. J. Reconstr. Microsurg. 33 (S 01), S08–S13. doi:10.1055/s-0037-1606542

Cochetti, G., Abraha, I., Randolph, J., Montedori, A., Boni, A., Arezzo, A., et al. (2020).
Surgical wound closure by staples or sutures?systematic review. Medicine 99 (25),
e20573. doi:10.1097/md.0000000000020573

Cong, B., Sun, T., Zhao, Y., and Chen, M. (2023). Current and novel therapeutics for
articular cartilage repair and regeneration. Ther. Clin. Risk Manag. Vol. 19, 485–502.
doi:10.2147/tcrm.s410277

Coombs, C., Hislop, D., Taneva, S. K., and Barnard, S. (2020). The strategic impacts of
Intelligent Automation for knowledge and service work: an interdisciplinary review.
J. Strategic Inf. Syst. 29 (4), 101600. doi:10.1016/j.jsis.2020.101600

Copp, G., Robb, K. P., and Viswanathan, S. (2023). Culture-expanded mesenchymal
stromal cell therapy: does it work in knee osteoarthritis? A pathway to clinical success.
Cell. Mol. Immunol. 20, 626–650. doi:10.1038/s41423-023-01020-1

Cordero, I. (2013). Inspecting and unbending surgical needle holders. Community Eye
Health 26 (81), 17.

Culotta, B. A., Gilbert, S. R., Sawyer, J. R., Ruch, A., and Sellers, T. (2013). Weight gain
during external fixation. J. children’s Orthop. 7 (2), 147–150. doi:10.1007/s11832-012-
0468-1

Dahl, J. B., and Møiniche, S. (2009). Relief of postoperative pain by local anaesthetic
infiltration: efficacy for major abdominal and orthopedic surgery. Pain 143 (1-2), 7–11.
doi:10.1016/j.pain.2009.02.020

Dahl, J. B., and Moiniche, S. (2010). Relief of postoperative pain by local anesthetic
infiltration: efficacy for major abdominal and orthopedic surgery. Ból 11 (4), 37.

Dassi, C. S., Demarco, F. R., Mangussi-Gomes, J., Weber, R., Balsalobre, L., and
Stamm, A. C. (2020). The frontal sinus and frontal recess: anatomical, radiological and
surgical concepts. Int. Archives Otorhinolaryngology 24, 364–375. doi:10.1055/s-0040-
1713923

Day, C. S., Lage, D. E., and Ahn, C. S. (2010). Diversity based on race, ethnicity, and
sex between academic orthopedic surgery and other specialties: a comparative study.
JBJS 92 (13), 2328–2335. doi:10.2106/jbjs.i.01482

De Fazio, R., Mastronardi, V. M., De Vittorio, M., and Visconti, P. (2023). Wearable
sensors and smart devices tomonitor rehabilitation parameters and sports performance:
an overview. Sensors 23 (4), 1856. doi:10.3390/s23041856

Delco, M. L., Kennedy, J. G., Bonassar, L. J., and Fortier, L. A. (2017). Post-traumatic
osteoarthritis of the ankle: a distinct clinical entity requiring new research approaches.
J. Orthop. Res. 35 (3), 440–453. doi:10.1002/jor.23462

de Pablos, J., Arbeloa-Gutierrez, L., and Arenas-Miquelez, A. (2018). Update on
treatment of adolescent Blount disease. Curr. Opin. Pediatr. 30 (1), 71–77. doi:10.1097/
mop.0000000000000569

DiCaprio, M. R., Covey, A., and Bernstein, J. (2003). Curricular requirements for
musculoskeletal medicine in American medical schools. JBJS 85 (3), 565–567. doi:10.
2106/00004623-200303000-00027

Do, A. V., Khorsand, B., Geary, S. M., and Salem, A. K. (2015). 3D printing of scaffolds
for tissue regeneration applications. Adv. Healthc. Mater. 4 (12), 1742–1762. doi:10.
1002/adhm.201500168

Ehioghae, M., Montoya, A., Keshav, R., Vippa, T. K., Manuk-Hakobyan, H., Hasoon,
J., et al. (2023). Effectiveness of VirtualReality–based rehabilitation interventions in
improving postoperative outcomes for orthopedic surgery patients. Curr. Pain
Headache Rep., 1–9. doi:10.1007/s11916-023-01192-5

Escoto, A., Le Ber, F., Trejos, A. L., Naish, M. D., Patel, R. V., and LeBel, M. E. (2013).
“A knee arthroscopy simulator: design and validation”, In 2013 35th Annual
International Conference of the IEEE Engineering in Medicine and Biology Society
(EMBC). IEEE, 5715–5718.

Essving, P., Axelsson, K., Kjellberg, J., Wallgren, Ö., Gupta, A., and Lundin, A.
(2009). Reduced hospital stay, morphine consumption, and pain intensity with
local infiltration analgesia after unicompartmental knee arthroplasty: a
randomized, double–blind study of 40 patients. Acta Orthop. 80 (2), 213–219.
doi:10.3109/17453670902930008

Essving, P., Axelsson, K., Kjellberg, J., Wallgren, Ö., Gupta, A., and Lundin, A. (2010).
Reduced morphine consumption and pain intensity with local infiltration analgesia
(LIA) following total knee arthroplasty: a randomized, double-blind study involving
48 patients. Acta Orthop. 81 (3), 354–360. doi:10.3109/17453674.2010.487241

Fatoye, F., Gebrye, T., Fatoye, C., Mbada, C. E., Olaoye, M. I., Odole, A. C., et al.
(2020). The clinical and cost-effectiveness of telerehabilitation for people with
nonspecific chronic low back pain: randomized controlled trial. JMIR mHealth
uHealth 8 (6), e15375. doi:10.2196/15375

Ferguson, J., Middleton, R., Alvand, A., and Rees, J. (2017). Newly acquired
arthroscopic skills: are they transferable during simulator training of other joints?
Knee Surg. Sports Traumatol. Arthrosc. 25, 608–615. doi:10.1007/s00167-015-3766-6

Fingar, K. R., Stocks, C., Weiss, A. J., and Steiner, C. A. (2015). Most frequent
operating room procedures performed in US hospitals, 2003–2012. statistical brief# 186.

Frontiers in Bioengineering and Biotechnology frontiersin.org17

Liang et al. 10.3389/fbioe.2024.1328997

https://doi.org/10.1302/0301-620x.102b4.bjj-2019-1158.r1
https://doi.org/10.3390/life13122351
https://doi.org/10.3390/life13122351
https://doi.org/10.1016/j.jik.2023.100333
https://doi.org/10.15302/j-eng-2015061
https://doi.org/10.15302/j-eng-2015061
https://doi.org/10.1111/j.1365-2044.2010.06389.x
https://doi.org/10.1111/j.1365-2044.2010.06389.x
https://doi.org/10.1111/j.1399-6576.2008.01777.x
https://doi.org/10.1111/j.1399-6576.2008.01777.x
https://doi.org/10.1080/17453670810016894
https://doi.org/10.1080/17453670810016885
https://doi.org/10.1007/s40204-019-00125-z
https://doi.org/10.2176/nmc.tn.2018-0324
https://doi.org/10.1111/wrr.12214
https://doi.org/10.1038/nrurol.2016.147
https://doi.org/10.2106/00004623-200410000-00031
https://doi.org/10.2106/00004623-200410000-00031
https://doi.org/10.1007/s11999-010-1477-3
https://doi.org/10.1007/s11999-010-1477-3
https://doi.org/10.1109/access.2022.3170108
https://doi.org/10.3389/fsurg.2021.771275
https://doi.org/10.1093/bja/aeq112
https://doi.org/10.1093/bja/aeq112
https://doi.org/10.21037/atm.2019.08.15
https://doi.org/10.21037/atm.2019.08.15
https://doi.org/10.1002/adhm.202001689
https://doi.org/10.1016/j.ejpain.2009.08.008
https://doi.org/10.1097/sap.0000000000002355
https://doi.org/10.1055/s-0037-1606542
https://doi.org/10.1097/md.0000000000020573
https://doi.org/10.2147/tcrm.s410277
https://doi.org/10.1016/j.jsis.2020.101600
https://doi.org/10.1038/s41423-023-01020-1
https://doi.org/10.1007/s11832-012-0468-1
https://doi.org/10.1007/s11832-012-0468-1
https://doi.org/10.1016/j.pain.2009.02.020
https://doi.org/10.1055/s-0040-1713923
https://doi.org/10.1055/s-0040-1713923
https://doi.org/10.2106/jbjs.i.01482
https://doi.org/10.3390/s23041856
https://doi.org/10.1002/jor.23462
https://doi.org/10.1097/mop.0000000000000569
https://doi.org/10.1097/mop.0000000000000569
https://doi.org/10.2106/00004623-200303000-00027
https://doi.org/10.2106/00004623-200303000-00027
https://doi.org/10.1002/adhm.201500168
https://doi.org/10.1002/adhm.201500168
https://doi.org/10.1007/s11916-023-01192-5
https://doi.org/10.3109/17453670902930008
https://doi.org/10.3109/17453674.2010.487241
https://doi.org/10.2196/15375
https://doi.org/10.1007/s00167-015-3766-6
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2024.1328997


Fucentese, S. F., Rahm, S., Wieser, K., Spillmann, J., Harders, M., and Koch, P. P.
(2015). Evaluation of a virtual-reality-based simulator using passive haptic feedback for
knee arthroscopy. Knee Surg. Sports Traumatol. Arthrosc. 23, 1077–1085. doi:10.1007/
s00167-014-2888-6

Fuller, A. M., Bharde, S., and Sikandar, S. (2023). The mechanisms and management
of persistent postsurgical pain. Front. Pain Res. 4, 1154597. doi:10.3389/fpain.2023.
1154597

Gachabayov, M., Latifi, L. A., Parsikia, A., and Latifi, R. (2022). The role of
telemedicine in surgical specialties during the COVID-19 pandemic: a scoping
review. World J. Surg. 46, 10–18. doi:10.1007/s00268-021-06348-1

Garrett, W. E., Jr, Swiontkowski, M. F., Weinstein, J. N., Callaghan, J., Rosier, R. N.,
Berry, D. J., et al. (2006). American board of orthopaedic surgery practice of the
orthopaedic surgeon: part-II, certification examination case mix. JBJS 88 (3), 660–667.
doi:10.2106/jbjs.e.01208

Golahmadi, A. K., Khan, D. Z., Mylonas, G. P., and Marcus, H. J. (2021). Tool-tissue
forces in surgery: a systematic review. Ann. Med. Surg. 65, 102268. doi:10.1016/j.amsu.
2021.102268

Gómez-Palomo, J. M., Meschian-Coretti, S., Esteban-Castillo, J. L., García-Vera, J. J.,
and Montañez-Heredia, E. (2020). Double level osteotomy assisted by 3D printing
technology in a patient with Blount disease: a case report. JBJS Case Connect. 10 (2),
e0477. doi:10.2106/jbjs.cc.19.00477

Harasen, G. (2011). Orthopedic hardware and equipment for the beginner: Part 1.
Pins and wires. Can. Veterinary J. 52 (9), 1025–1026.

He, S., Feng, H., Lan, Z., Lai, J., Sun, Z., Wang, Y., et al. (2018). A randomized trial
comparing clinical outcomes between zero-profile and traditional multilevel anterior
cervical discectomy and fusion surgery for cervical myelopathy.

Heflin, J. A., Ford, S., and Stevens, P. (2016). Guided growth for tibia vara (Blount’s
disease). Medicine 95 (41), e4951. doi:10.1097/md.0000000000004951

Heng, P. A., Cheng, C. Y., Wong, T. T., Wu, W., Xu, Y., Xie, Y., et al. (2006).
Application to anatomic visualization and orthopaedics training. Clin. Orthop. Relat.
Research® 442, 5–12. doi:10.1097/01.blo.0000197082.79964.0a

Hopper, A. N., Jamison, M. H., and Lewis, W. G. (2007). Learning curves in surgical
practice. Postgrad. Med. J. 83 (986), 777–779. doi:10.1136/pgmj.2007.057190

Imran, S. A., M Hamizul, M., Khairul Bariah, A. A. N., Wan Kamarul Zaman, W. S.,
and Nordin, F. (2022). Regenerative medicine therapy in Malaysia: an update. Front.
Bioeng. Biotechnol. 10, 789644. doi:10.3389/fbioe.2022.789644

Iqbal, J., Jaimes, D. C. C., Makineni, P., Subramani, S., Hemaida, S., Thugu, T. R., et al.
(2023). Reimagining healthcare: unleashing the power of artificial intelligence in
medicine. Cureus 15 (9), e44658. doi:10.7759/cureus.44658

Islam, M. A., Kamarrudin, N. S., Daud, R., Mohd Noor, S. N. F., Azmi, A. I., and
Razlan, Z. M. (2022). A review of surgical bone drilling and drill bit heat generation for
implantation. Metals 12 (11), 1900. doi:10.3390/met12111900

Jain, N. B., Higgins, L. D., Losina, E., Collins, J., Blazar, P. E., and Katz, J. N. (2014).
Epidemiology of musculoskeletal upper extremity ambulatory surgery in the
United States. BMC Musculoskelet. Disord. 15 (1), 4–7. doi:10.1186/1471-2474-15-4

Jakob, D. A., Minneti, M., Benjamin, E. R., Lam, L., Schellenberg, M., Matsushima, K.,
et al. (2021). Practical assessment of different saw types for field amputation: a cadaver-
based study. Am. J. Emerg. Med. 45, 11–16. doi:10.1016/j.ajem.2021.02.034

Jameson, S. S., Dowen, D., James, P., Serrano-Pedraza, I., Reed, M. R., and Deehan, D.
J. (2011). The burden of arthroscopy of the knee: a contemporary analysis of data from
the English NHS. J. Bone Jt. Surg. 93 (10), 1327–1333. doi:10.1302/0301-620x.93b10.
27078

Janoyer, M. (2019). Blount disease. Orthop. Traumatology Surg. Res. 105 (1),
S111–S121. doi:10.1016/j.otsr.2018.01.009

Jarvinen, T. L., and Guyatt, G. H. (2017). Arthroscopic surgery for knee pain. Br.
J. Sports Med. 51 (20), 1502. doi:10.1136/bjsports-2017-i3740rep

Jourdes, F., Valentin, B., Allard, J., Duriez, C., and Seeliger, B. (2022). Visual haptic
feedback for training of robotic suturing. Front. Robotics AI 9, 800232. doi:10.3389/
frobt.2022.800232

Kacprzak, B., and Rosińska, K. (2023). Rehabilitation of soccer players’ knee injuries:
cartilage reconstruction, anterior cruciate ligament surgery, and intensive recovery—a
pilot study. J. Clin. Med. 12 (21), 6893. doi:10.3390/jcm12216893

Kani, K. K., and Chew, F. S. (2018). Anterior cervical discectomy and fusion: review
and update for radiologists. Skelet. Radiol. 47, 7–17. doi:10.1007/s00256-017-2798-z

Karhade, A. V., Schwab, J. H., and Bedair, H. S. (2019). Development of machine
learning algorithms for prediction of sustained postoperative opioid prescriptions after
total hip arthroplasty. J. arthroplasty 34 (10), 2272–2277.e1. doi:10.1016/j.arth.2019.
06.013

Kenngott, H. G., Wagner, M., Nickel, F., Wekerle, A. L., Preukschas, A., Apitz, M.,
et al. (2015). Computer-assisted abdominal surgery: new technologies. Langenbeck’s
archives Surg. 400, 273–281. doi:10.1007/s00423-015-1289-8

Kerr, D. R., and Kohan, L. (2008). Local infiltration analgesia: a technique for the
control of acute postoperative pain following knee and hip surgery: a case study of
325 patients. Acta Orthop. 79 (2), 174–183. doi:10.1080/17453670710014950

Khalaf, R., Meyers, A., Sadeghi, P., Reyes, J., Jo, D., Xia, T., et al. (2023). Efficacy of
virtual plastic surgery encounters in establishment of care and surgical conversion.
J. Plastic, Reconstr. Aesthetic Surg. 85, 299–308. doi:10.1016/j.bjps.2023.07.011

Khan, M., Evaniew, N., Bedi, A., Ayeni, O. R., and Bhandari, M. (2014). Arthroscopic
surgery for degenerative tears of the meniscus: a systematic review and meta-analysis.
Cmaj 186 (14), 1057–1064. doi:10.1503/cmaj.140433

Khan, M. S., Rashid, H., Umer, M., Qadir, I., Hafeez, K., and Iqbal, A. (2015). Salvage
of infected non-union of the tibia with an Ilizarov ring fixator. J. Orthop. Surg. 23 (1),
52–55. doi:10.1177/230949901502300112

Khandan, A., Jazayeri, H., Fahmy, M. D., and Razavi, M. (2017). Hydrogels: types,
structure, properties, and applications. Biomat Tiss. Eng. 4 (27), 143–169.

Khandan, A., Karamian, E., and Bonakdarchian, M. (2014). Mechanochemical
synthesis evaluation of nanocrystalline bone-derived bioceramic powder using for
bone tissue engineering. Dent. Hypotheses 5 (4), 155. doi:10.4103/2155-8213.140606

Khandan, A., Ozada, N., Saber-Samandari, S., and Nejad, M. G. (2018). On the
mechanical and biological properties of bredigite-magnetite (Ca7MgSi4O16-Fe3O4)
nanocomposite scaffolds. Ceram. Int. 44 (3), 3141–3148. doi:10.1016/j.ceramint.2017.
11.082

Kirkley, A., Birmingham, T. B., Litchfield, R. B., Giffin, J. R., Willits, K. R., Wong, C. J.,
et al. (2008b). A randomized trial of arthroscopic surgery for osteoarthritis of the knee.
N. Engl. J. Med. 359 (11), 1097–1107. doi:10.1056/nejmoa0708333

Kirkley, A., Birmingham, T. B., Litchfield, R. B., Giffin, J. R., Willits, K. R., Wong, C. J.,
et al. (2008a). A randomized trial of arthroscopic surgery for osteoarthritis of the knee.
N. Engl. J. Med. 359, 1097–1107. doi:10.1056/nejmoa0708333

Kise, N. J., Risberg, M. A., Stensrud, S., Ranstam, J., Engebretsen, L., and Roos, E. M.
(2016). Exercise therapy versus arthroscopic partial meniscectomy for degenerative
meniscal tear in middle aged patients: randomised controlled trial with two year follow-
up. BMJ 354, i3740. doi:10.1136/bmj.i3740

Klein, G., Hussain, N., Sprague, S., Mehlman, C. T., Dogbey, G., and Bhandari, M.
(2013). Characteristics of highly successful orthopedic surgeons: a survey of orthopedic
chairs and editors. Can. J. Surg. 56 (3), 192–198. doi:10.1503/cjs.017511

Kumar, K., Railton, C., and Tawfic, Q. (2016). Tourniquet application during
anesthesia: “What we need to know?”. J. Anaesthesiol. Clin. Pharmacol. 32 (4), 424.
doi:10.4103/0970-9185.168174

Lee, Y. E., Husin, H. M., Forte, M. P., Lee, S. W., and Kuchenbecker, K. J. (2023).
Learning to estimate palpation forces in robotic surgery from visual-inertial data. IEEE
Trans. Med. Robotics Bionics 5, 496–506. doi:10.1109/tmrb.2023.3295008

Li, J., Lai, Y., Li, M., Chen, X., Zhou, M., Wang, W., et al. (2022). Repair of
infected bone defect with Clindamycin-Tetrahedral DNA nanostructure Complex-
loaded 3D bioprinted hybrid scaffold. Chem. Eng. J. 435, 134855. doi:10.1016/j.cej.
2022.134855

Litwiniuk, M., Krejner, A., Speyrer, M. S., Gauto, A. R., and Grzela, T. (2016).
Hyaluronic acid in inflammation and tissue regeneration. Wounds 28 (3), 78–88.

Mabrey, J. D., Gillogly, S. D., Kasser, J. R., Sweeney, H. J., Zarins, B., Mevis, H., et al.
(2002). Virtual reality simulation of arthroscopy of the knee. Arthrosc. J. Arthrosc. Relat.
Surg. 18 (6), 1–7. doi:10.1053/jars.2002.33790

Madhani, A. J., Niemeyer, G., and Salisbury, J. K. (1998). The black falcon: a
teleoperated surgical instrument for minimally invasive surgery in Proceedings
1998 ieee/rsj international conference on intelligent robots and systems Innovations
in theory, practice, and applications 2. IEEE, 936–944.

Mantripragada, V. P., Lecka-Czernik, B., Ebraheim, N. A., and Jayasuriya, A. C.
(2013). An overview of recent advances in designing orthopedic and craniofacial
implants. J. Biomed. Mater. Res. Part A 101 (11), 3349–3364. doi:10.1002/jbm.a.34605

Mao, A. S., and Mooney, D. J. (2015). Regenerative medicine: current therapies and
future directions. Proc. Natl. Acad. Sci. 112 (47), 14452–14459. doi:10.1073/pnas.
1508520112

Martin, R. K., Gillis, D., Leiter, J., Shantz, J. S., and MacDonald, P. (2016). A porcine
knee model is valid for use in the evaluation of arthroscopic skills: a pilot study. Clin.
Orthop. Relat. Research® 474, 965–970. doi:10.1007/s11999-015-4498-0

Maryniak, A., Laschowski, B., and Andrysek, J. (2018). Technical overview of
osseointegrated transfemoral prostheses: orthopedic surgery and implant design
centered. J. Eng. Sci. Med. Diagnostics Ther. 1 (2). doi:10.1115/1.4039105

Masrouha, K. Z., Sraj, S., Lakkis, S., and Saghieh, S. (2011). High tibial osteotomy in
young adults with constitutional tibia vara. Knee Surg. Sports Traumatol. Arthrosc. 19,
89–93. doi:10.1007/s00167-010-1148-7

Mavrogenis, A. F., Panagopoulos, G. N., Kokkalis, Z. T., Koulouvaris, P.,
Megaloikonomos, P. D., Igoumenou, V., et al. (2016). Vascular injury in orthopedic
trauma. Orthopedics 39 (4), 249–259. doi:10.3928/01477447-20160610-06

Mayer, S. W., Hubbard, E. W., Sun, D., Lark, R. K., and Fitch, R. D. (2019). Gradual
deformity correction in Blount disease. J. Pediatr. Orthop. 39 (5), 257–262. doi:10.1097/
bpo.0000000000000920

Metsemakers, W. J., Kuehl, R., Moriarty, T. F., Richards, R. G., Verhofstad, M. H. J.,
Borens, O., et al. (2018). Infection after fracture fixation: current surgical and
microbiological concepts. Injury 49 (3), 511–522. doi:10.1016/j.injury.2016.09.019

Frontiers in Bioengineering and Biotechnology frontiersin.org18

Liang et al. 10.3389/fbioe.2024.1328997

https://doi.org/10.1007/s00167-014-2888-6
https://doi.org/10.1007/s00167-014-2888-6
https://doi.org/10.3389/fpain.2023.1154597
https://doi.org/10.3389/fpain.2023.1154597
https://doi.org/10.1007/s00268-021-06348-1
https://doi.org/10.2106/jbjs.e.01208
https://doi.org/10.1016/j.amsu.2021.102268
https://doi.org/10.1016/j.amsu.2021.102268
https://doi.org/10.2106/jbjs.cc.19.00477
https://doi.org/10.1097/md.0000000000004951
https://doi.org/10.1097/01.blo.0000197082.79964.0a
https://doi.org/10.1136/pgmj.2007.057190
https://doi.org/10.3389/fbioe.2022.789644
https://doi.org/10.7759/cureus.44658
https://doi.org/10.3390/met12111900
https://doi.org/10.1186/1471-2474-15-4
https://doi.org/10.1016/j.ajem.2021.02.034
https://doi.org/10.1302/0301-620x.93b10.27078
https://doi.org/10.1302/0301-620x.93b10.27078
https://doi.org/10.1016/j.otsr.2018.01.009
https://doi.org/10.1136/bjsports-2017-i3740rep
https://doi.org/10.3389/frobt.2022.800232
https://doi.org/10.3389/frobt.2022.800232
https://doi.org/10.3390/jcm12216893
https://doi.org/10.1007/s00256-017-2798-z
https://doi.org/10.1016/j.arth.2019.06.013
https://doi.org/10.1016/j.arth.2019.06.013
https://doi.org/10.1007/s00423-015-1289-8
https://doi.org/10.1080/17453670710014950
https://doi.org/10.1016/j.bjps.2023.07.011
https://doi.org/10.1503/cmaj.140433
https://doi.org/10.1177/230949901502300112
https://doi.org/10.4103/2155-8213.140606
https://doi.org/10.1016/j.ceramint.2017.11.082
https://doi.org/10.1016/j.ceramint.2017.11.082
https://doi.org/10.1056/nejmoa0708333
https://doi.org/10.1056/nejmoa0708333
https://doi.org/10.1136/bmj.i3740
https://doi.org/10.1503/cjs.017511
https://doi.org/10.4103/0970-9185.168174
https://doi.org/10.1109/tmrb.2023.3295008
https://doi.org/10.1016/j.cej.2022.134855
https://doi.org/10.1016/j.cej.2022.134855
https://doi.org/10.1053/jars.2002.33790
https://doi.org/10.1002/jbm.a.34605
https://doi.org/10.1073/pnas.1508520112
https://doi.org/10.1073/pnas.1508520112
https://doi.org/10.1007/s11999-015-4498-0
https://doi.org/10.1115/1.4039105
https://doi.org/10.1007/s00167-010-1148-7
https://doi.org/10.3928/01477447-20160610-06
https://doi.org/10.1097/bpo.0000000000000920
https://doi.org/10.1097/bpo.0000000000000920
https://doi.org/10.1016/j.injury.2016.09.019
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2024.1328997


Migliorini, F., Feierabend, M., and Hofmann, U. K. (2023). Fostering excellence in
knee arthroplasty: developing optimal patient care pathways and inspiring knowledge
transfer of advanced surgical techniques. J. Healthc. Leadersh. Vol. 15, 327–338. doi:10.
2147/jhl.s383916

Millar, N. L., Wu, X., Tantau, R., Silverstone, E., and Murrell, G. A. (2009). Open
versus two forms of arthroscopic rotator cuff repair. Clin. Orthop. Relat. Res. 467,
966–978. doi:10.1007/s11999-009-0706-0

Mithany, R. H., Daniel, N., Shahid, M. H., Aslam, S., Abdelmaseeh, M., Gerges, F.,
et al. (2023). Revolutionizing surgical care: the power of enhanced recovery after surgery
(ERAS). Cureus 15 (11), e48795. doi:10.7759/cureus.48795

Mobbs, R. J., Phan, K., Malham, G., Seex, K., and Rao, P. J. (2015). Lumbar interbody
fusion: techniques, indications, and comparison of interbody fusion options including
PLIF, TLIF, MI-TLIF, OLIF/ATP, LLIF, and ALIF. J. Spine Surg. 1 (1), 2–18. doi:10.
3978/j.issn.2414-469X.2015.10.05

Moftakhar, R., and Trost, G. R. (2004). Anterior cervical plates: a historical
perspective. Neurosurg. focus 16 (1), 1–5. doi:10.3171/foc.2004.16.1.9

Musa, G., Makirov, S. K., Susin, S. V., Chmutin, G. E., Kim, A. V., Hovrin, D. V., et al.
(2023). Repeat discectomy for the management of same-level recurrent disc herniation:
a study of 50 patients. Cureus 15 (6), e40469. doi:10.7759/cureus.40469

Muscolo, G. G., and Fiorini, P. (2023). Force-torque sensors for minimally invasive
surgery robotic tools: an overview. IEEE Trans. Med. Robotics Bionics 5, 458–471.
doi:10.1109/tmrb.2023.3261102

Nemoto, O., Asazuma, T., Yato, Y., Imabayashi, H., Yasuoka, H., and Fujikawa, A.
(2014). Comparison of fusion rates following transforaminal lumbar interbody fusion
using polyetheretherketone cages or titanium cages with transpedicular
instrumentation. Eur. Spine J. 23, 2150–2155. doi:10.1007/s00586-014-3466-9

Ni, J., Zheng, Y., Liu, N., Wang, X., Fang, X., Phukan, R., et al. (2015). Radiological
evaluation of anterior lumbar fusion using PEEK cages with adjacent vertebral autograft
in spinal deformity long fusion surgeries. Eur. Spine J. 24, 791–799. doi:10.1007/s00586-
014-3745-5

Nogalo, C., Meena, A., Abermann, E., and Fink, C. (2023). Complications and
downsides of the robotic total knee arthroplasty: a systematic review. Knee Surg.
Sports Traumatol. Arthrosc. 31 (3), 736–750. doi:10.1007/s00167-022-07031-1

Nolte, L. P., Slomczykowski, M. A., Berlemann, U., Strauss, M. J., Hofstetter, R.,
Schlenzka, D., et al. (2000). A new approach to computer-aided spine surgery:
fluoroscopy-based surgical navigation. Eur. Spine J. 9, S078–S088. doi:10.1007/
pl00010026

Okike, K., Utuk, M. E., and White, A. A. (2011). Racial and ethnic diversity in
orthopaedic surgery residency programs. JBJS 93 (18), e107. doi:10.2106/jbjs.k.00108

Patel, N., Chaudhari, K., Jyotsna, G., Joshi, J. S., and Patel, N., Jr (2023). Surgical
Frontiers: a comparative review of robotics versus laparoscopy in gynecological
interventions. Cureus 15 (11), e49752. doi:10.7759/cureus.49752

Perifanis, N. A., and Kitsios, F. (2023). Investigating the influence of artificial
intelligence on business value in the digital era of strategy: a literature review.
Information 14 (2), 85. doi:10.3390/info14020085

Qi, M., Xu, C., Cao, P., Tian, Y., Chen, H., Liu, Y., et al. (2020). Does obesity affect
outcomes of multilevel ACDF as a treatment for multilevel cervical spondylosis?a
retrospective study. Clin. Spine Surg. 33 (10), E460–E465. doi:10.1097/bsd.
0000000000000964

Rahm, S., Wieser, K., Wicki, I., Holenstein, L., Fucentese, S. F., and Gerber, C. (2016).
Performance of medical students on a virtual reality simulator for knee arthroscopy: an
analysis of learning curves and predictors of performance. BMC Surg. 16 (1), 14–18.
doi:10.1186/s12893-016-0129-2

Rai, H. M., and Chatterjee, K. (2019). Hybrid adaptive algorithm based on wavelet
transform and independent component analysis for denoising of MRI images.
Measurement 144, 72–82. doi:10.1016/j.measurement.2019.05.028

Rao, R. D., Khatib, O. N., and Agarwal, A. (2017). Factors motivating medical
students in selecting a career specialty: relevance for a robust orthopaedic pipeline.
JAAOS-Journal Am. Acad. Orthop. Surg. 25 (7), 527–535. doi:10.5435/jaaos-d-16-00533

Reese, J. C., Karsy, M., Twitchell, S., and Bisson, E. F. (2019). Analysis of anterior
cervical discectomy and fusion healthcare costs via the value-driven outcomes tool.
Neurosurgery 84 (2), 485–490. doi:10.1093/neuros/nyy126

Reina, N. (2019). Connected orthopedics and trauma surgery: new perspectives.
Orthop. Traumatology Surg. Res. 105 (1), S15–S22. doi:10.1016/j.otsr.2018.05.018

Remily, E. A., Nabet, A., Sax, O. C., Douglas, S. J., Pervaiz, S. S., and Delanois, R. E.
(2021). Impact of robotic-assisted surgery on outcomes in total hip arthroplasty.
Arthroplasty Today 9, 46–49. doi:10.1016/j.artd.2021.04.003

Rizan, C., Brophy, T., Lillywhite, R., Reed, M., and Bhutta, M. F. (2022). Life cycle
assessment and life cycle cost of repairing surgical scissors. Int. J. Life Cycle Assess. 27
(6), 780–795. doi:10.1007/s11367-022-02064-7

Robbins, M. A., Haudenschild, D. R., Wegner, A. M., and Klineberg, E. O. (2017).
Stem cells in spinal fusion.Glob. Spine J. 7 (8), 801–810. doi:10.1177/2192568217701102

Rohilla, R., Sharma, P. K., Wadhwani, J., Das, J., Singh, R., and Beniwal, D. (2022).
Prospective randomized comparison of bone transport versus Masquelet technique in

infected gap nonunion of tibia. Archives Orthop. trauma Surg. 142 (8), 1923–1932.
doi:10.1007/s00402-021-03935-8

Rosencher, N., Kerkkamp, H. E., Macheras, G., Munuera, L. M., Menichella, G.,
Barton, D. M., et al. (2003). Orthopedic Surgery Transfusion Hemoglobin European
Overview (OSTHEO) study: blood management in elective knee and hip arthroplasty in
Europe*. Transfusion 43 (4), 459–469. doi:10.1046/j.1537-2995.2003.00348.x

Rousset, M., Walle, M., Cambou, L., Mansour, M., Samba, A., Pereira, B., et al.
(2018). Chronic infection and infected non-union of the long bones in paediatric
patients: preliminary results of bone versus beta-tricalcium phosphate grafting
after induced membrane formation. Int. Orthop. 42, 385–393. doi:10.1007/s00264-
017-3693-x

Samadieh, S., and Sadri, M. (2020). Preparation and Biomedical properties of
transparent chitosan/gelatin/honey/aloe vera nanocomposite. Nanomedicine Res. J. 5
(1), 1–12. doi:10.22034/NMRJ.2020.01.001

Sartoretto, S. C., Shibli, J. A., Javid, K., Cotrim, K., Canabarro, A., Louro, R. S.,
et al. (2023). Comparing the long-term success rates of tooth preservation and
dental implants: a critical review. J. Funct. Biomaterials 14 (3), 142. doi:10.3390/
jfb14030142

Scheu, M., Espinoza, G. F., Mellado, C. A., Díaz, P. A., Garín, A. F., and O’Connell, L.
A. (2020). Varus mechanism is associated with high incidence of popliteal artery lesions
in multiligament knee injuries. Int. Orthop. 44, 1195–1200. doi:10.1007/s00264-020-
04517-w

Sen, C., Demirel, M., Sağlam, Y., Balcı, H. I., Eralp, L., and Kocaoğlu, M. (2019). Acute
shortening versus bone transport for the treatment of infected femur non-unions with
bone defects. Injury 50 (11), 2075–2083. doi:10.1016/j.injury.2019.08.021

Shang, L., Wang, X., Wang, A., Jia, G., Ma, F., Zhang, X., et al. (2020). End-stage ankle
arthrosis treated by ankle arthrodesis with reverse proximal humerus internal locking
system plating plus cannulated screwing via the trans-fibular approach. Chin.
J. Orthop. Trauma, 592–597.

Sharma, B., Shakunt, R. K., Patel, J., and Pal, C. P. (2021). Outcome of limb
reconstruction system in tibial infected non-union and open tibial diaphysial
fracture with bone loss. J. Clin. Orthop. Trauma 15, 136–138. doi:10.1016/j.jcot.
2020.10.008

Shen, D., Wu, G., and Suk, H. I. (2017). Deep learning in medical image analysis.
Annu. Rev. Biomed. Eng. 19, 221–248. doi:10.1146/annurev-bioeng-071516-044442

Shumnalieva, R., Kotov, G., and Monov, S. (2023). Obesity-related knee
osteoarthritis—current concepts. Life 13 (8), 1650. doi:10.3390/life13081650

Skelley, N. W. (2023). Design and development of a novel 3-D printed external
fixation device for fracture stabilization. 3D Print. Med. 9 (1), 17. doi:10.1186/s41205-
023-00179-7

Smolle, M. A., Svehlik, M., Regvar, K., Leithner, A., and Kraus, T. (2022). Long-term
clinical and radiological outcomes following surgical treatment for symptomatic
pediatric flexible flat feet: a systematic review. Acta Orthop. 93, 367–374. doi:10.
2340/17453674.2022.2254

Soomro, F. H., Razzaq, A., Qaisar, R., Ansar, M., Kazmi, T., and Ansar, M., Jr (2021).
Enhanced recovery after surgery: are benefits demonstrated in international studies
replicable in Pakistan? Cureus 13 (11), e19624. doi:10.7759/cureus.19624

Spreng, U. J., Dahl, V., Hjall, A., Fagerland, M.W., and Ræder, J. (2010). High-volume
local infiltration analgesia combined with intravenous or local ketorolac+ morphine
compared with epidural analgesia after total knee arthroplasty. Br. J. Anaesth. 105 (5),
675–682. doi:10.1093/bja/aeq232

Stubinger, S. (2010). Advances in bone surgery: the Er: YAG laser in oral and implant
dentistry. Clin. Cosmet Investig Dent., 47–62. doi:10.2147/ccide.s12160347

Stunt, J. J., Kerkhoffs, G. M. M. J., Van Dijk, C. N., and Tuijthof, G. J. M. (2015).
Validation of the ArthroS virtual reality simulator for arthroscopic skills. Knee Surg.
Sports Traumatol. Arthrosc. 23, 3436–3442. doi:10.1007/s00167-014-3101-7

Suarez-Ahedo, C., Lopez-Reyes, A., Martinez-Armenta, C., Martinez-Gomez, L. E.,
Martinez-Nava, G. A., Pineda, C., et al. (2023). Revolutionizing orthopedics: a
comprehensive review of robot-assisted surgery, clinical outcomes, and the future of
patient care. J. Robotic Surg. 17, 2575–2581. doi:10.1007/s11701-023-01697-6

Suo, H., Fu, L., Liang, H., Wang, Z., Men, J., and Feng, W. (2020). End-stage ankle
arthritis treated by ankle arthrodesis with screw fixation through the trans fibular
approach: a retrospective analysis. Orthop. Surg. 12 (4), 1108–1119. doi:10.1111/os.
12707

Swarup, I., and O Donnell, J. F. (2016). An overview of the history of orthopedic
surgery. Am. J. Orthop. 45 (7), 434–438.

Szymkuć, S., Gajewska, E. P., Klucznik, T., Molga, K., Dittwald, P., Startek, M., et al.
(2016). Computer-assisted synthetic planning: the end of the beginning. Angew. Chem.
Int. Ed. 55 (20), 5904–5937. doi:10.1002/anie.201506101

Taheri, A., Mansoori, P., Sandoval, L. F., Feldman, S. R., Pearce, D., and
Williford, P. M. (2014). Electrosurgery: part II. Technology, applications, and
safety of electrosurgical devices. J. Am. Acad. Dermatology 70 (4), 607.e1–e12.
doi:10.1016/j.jaad.2013.09.055

Tapscott, D. C., and Wottowa, C. (2020). Orthopedic implant materials.

Frontiers in Bioengineering and Biotechnology frontiersin.org19

Liang et al. 10.3389/fbioe.2024.1328997

https://doi.org/10.2147/jhl.s383916
https://doi.org/10.2147/jhl.s383916
https://doi.org/10.1007/s11999-009-0706-0
https://doi.org/10.7759/cureus.48795
https://doi.org/10.3978/j.issn.2414-469X.2015.10.05
https://doi.org/10.3978/j.issn.2414-469X.2015.10.05
https://doi.org/10.3171/foc.2004.16.1.9
https://doi.org/10.7759/cureus.40469
https://doi.org/10.1109/tmrb.2023.3261102
https://doi.org/10.1007/s00586-014-3466-9
https://doi.org/10.1007/s00586-014-3745-5
https://doi.org/10.1007/s00586-014-3745-5
https://doi.org/10.1007/s00167-022-07031-1
https://doi.org/10.1007/pl00010026
https://doi.org/10.1007/pl00010026
https://doi.org/10.2106/jbjs.k.00108
https://doi.org/10.7759/cureus.49752
https://doi.org/10.3390/info14020085
https://doi.org/10.1097/bsd.0000000000000964
https://doi.org/10.1097/bsd.0000000000000964
https://doi.org/10.1186/s12893-016-0129-2
https://doi.org/10.1016/j.measurement.2019.05.028
https://doi.org/10.5435/jaaos-d-16-00533
https://doi.org/10.1093/neuros/nyy126
https://doi.org/10.1016/j.otsr.2018.05.018
https://doi.org/10.1016/j.artd.2021.04.003
https://doi.org/10.1007/s11367-022-02064-7
https://doi.org/10.1177/2192568217701102
https://doi.org/10.1007/s00402-021-03935-8
https://doi.org/10.1046/j.1537-2995.2003.00348.x
https://doi.org/10.1007/s00264-017-3693-x
https://doi.org/10.1007/s00264-017-3693-x
https://doi.org/10.22034/NMRJ.2020.01.001
https://doi.org/10.3390/jfb14030142
https://doi.org/10.3390/jfb14030142
https://doi.org/10.1007/s00264-020-04517-w
https://doi.org/10.1007/s00264-020-04517-w
https://doi.org/10.1016/j.injury.2019.08.021
https://doi.org/10.1016/j.jcot.2020.10.008
https://doi.org/10.1016/j.jcot.2020.10.008
https://doi.org/10.1146/annurev-bioeng-071516-044442
https://doi.org/10.3390/life13081650
https://doi.org/10.1186/s41205-023-00179-7
https://doi.org/10.1186/s41205-023-00179-7
https://doi.org/10.2340/17453674.2022.2254
https://doi.org/10.2340/17453674.2022.2254
https://doi.org/10.7759/cureus.19624
https://doi.org/10.1093/bja/aeq232
https://doi.org/10.2147/ccide.s12160347
https://doi.org/10.1007/s00167-014-3101-7
https://doi.org/10.1007/s11701-023-01697-6
https://doi.org/10.1111/os.12707
https://doi.org/10.1111/os.12707
https://doi.org/10.1002/anie.201506101
https://doi.org/10.1016/j.jaad.2013.09.055
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2024.1328997


Tetsworth, K. D., and Mettyas, T. (2016). Overview of emerging technology in
orthopedic surgery: what is the value in 3Dmodeling and printing? Tech. Orthop. 31 (3),
143–152. doi:10.1097/bto.0000000000000187

Thomas, G. W., Johns, B. D., Marsh, J. L., and Anderson, D. D. (2014). A review of the
role of simulation in developing and assessing orthopaedic surgical skills. Iowa
Orthop. J. 34, 181–189.

Thorlund, J. B., Juhl, C. B., Roos, E. M., and Lohmander, L. S. (2015). Arthroscopic
surgery for degenerative knee: systematic review and meta-analysis of benefits and harms,
350. BMJ.

Trauner, K. B. (2018). The emerging role of 3D printing in arthroplasty and
orthopedics. J. Arthroplasty 33 (8), 2352–2354. doi:10.1016/j.arth.2018.02.033

Treuting, R. (2000). Minimally invasive orthopedic surgery: arthroscopy. Ochsner J. 2
(3), 158–163.

US National Library of Medicine (2003). MedlinePlus medical encyclopedia.
Available at: http://www.nlm.nih.gov/medlineplus.

van Heerwaarden, R., Najfeld, M., Brinkman, M., Seil, R., Madry, H., and Pape, D.
(2013). Wedge volume and osteotomy surface depend on surgical technique for distal
femoral osteotomy. Knee Surg. Sports Traumatol. Arthrosc. 21, 206–212. doi:10.1007/
s00167-012-2127-y

Van Nortwick, S. S., Lendvay, T. S., Jensen, A. R., Wright, A. S., Horvath, K. D., and
Kim, S. (2010). Methodologies for establishing validity in surgical simulation studies.
Surgery 147 (5), 622–630. doi:10.1016/j.surg.2009.10.068

Viswanathan, V. K., Manoharan, S. R. R., Subramanian, S., and Moon, A. (2019).
Nanotechnology in spine surgery: a current update and critical review of the literature.
World Neurosurg. 123, 142–155. doi:10.1016/j.wneu.2018.11.035

Wajid, S. K., Hussain, A., and Huang, K. (2018). Three-dimensional local energy-
based shape histogram (3D-LESH): a novel feature extraction technique. Expert Syst.
Appl. 112, 388–400. doi:10.1016/j.eswa.2017.11.057

Wang, C., Xu, C., Li, M., Li, H., Wang, L., Zhong, D., et al. (2020). Arthroscopic
ankle fusion only has a little advantage over the open operation if the osseous
operation type is the same: a retrospective comparative study. J. Orthop. Surg. Res.
15 (1), 1–16. doi:10.1186/s13018-020-01599-5

Wei, L., Cao, P., Xu, C., Wu, H., Hua, D., Tian, Y., et al. (2019). Comparison of three
anterior techniques in the surgical treatment of three-level cervical spondylotic
myelopathy with intramedullary T2-weighted increased signal intensity. World
Neurosurg. 126, e842–e852. doi:10.1016/j.wneu.2019.02.182

Weiss, A. J., and Elixhauser, A. (2014). Trends in operating room procedures in US
hospitals, 2001–2011. Statistical Brief# 171.

White, D. E., Bartley, J., Whittington, C., Garcia, L. M., Chand, K., and Turangi, C.
(2020). Pilot investigation into osteotome hard surface coating and cutting-edge
degradation. J. Orthop. Surg. Res. 15, 253–258. doi:10.1186/s13018-020-01768-6

Yelne, S., Chaudhary, M., Dod, K., Sayyad, A., and Sharma, R. (2023). Harnessing the
power of AI: a comprehensive review of its impact and challenges in nursing science and
healthcare. Cureus 15 (11), e49252. doi:10.7759/cureus.49252

Yifei, G., Xiaolong, S., Yang, L., Peng, C., and Wen, Y. (2019). Clinical outcomes of
anterior correction and reconstruction for neurofibromatosis-associated severe cervical
kyphotic deformity. Int. Orthop. 43, 639–646. doi:10.1007/s00264-018-4050-4

Zhuang, M., Zheng, Y., Chen, Y., Hou, B., and Xu, Z. (2016). The clinical application
status and development trends of hydrogen peroxide low-temperature plasma
sterilizers. Zhongguo yi Liao qi xie za zhi= Chin. J. Med. Instrum. 40 (1), 55–57.

Frontiers in Bioengineering and Biotechnology frontiersin.org20

Liang et al. 10.3389/fbioe.2024.1328997

https://doi.org/10.1097/bto.0000000000000187
https://doi.org/10.1016/j.arth.2018.02.033
http://www.nlm.nih.gov/medlineplus
https://doi.org/10.1007/s00167-012-2127-y
https://doi.org/10.1007/s00167-012-2127-y
https://doi.org/10.1016/j.surg.2009.10.068
https://doi.org/10.1016/j.wneu.2018.11.035
https://doi.org/10.1016/j.eswa.2017.11.057
https://doi.org/10.1186/s13018-020-01599-5
https://doi.org/10.1016/j.wneu.2019.02.182
https://doi.org/10.1186/s13018-020-01768-6
https://doi.org/10.7759/cureus.49252
https://doi.org/10.1007/s00264-018-4050-4
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2024.1328997

	Current advancements in therapeutic approaches in orthopedic surgery: a review of recent trends
	1 Introduction
	2 Advancements and their impact on musculoskeletal disorders
	2.1 Principles and mechanisms of regenerative medicine techniques

	3 Techniques utilized in orthopaedic surgery
	3.1 Arthroscopy technique
	3.2 Knee arthroscopy
	3.3 Shoulder Arthroscopy
	3.4 Ankle arthroscopy
	3.5 Elbow arthroscopy
	3.6 Hip arthroscopy
	3.7 Orthopaedic tools

	4 Joint replacement technique
	5 Spinal fusion technology
	5.1 Traditional open spinal fusion
	5.2 Minimally invasive spinal fusion
	5.3 Anterior lumbar inter-body fusion (ALIF)
	5.4 Posterior lumbar interbody fusion (PLIF)
	5.5 Transforaminal lumbar interbody fusion (TLIF)

	6 Fracture repair technology
	7 Osteotomy technology
	8 Fusion technique
	9 Bone grafting technique
	10 External fixation technique
	11 Soft tissue repair technique
	12 Recent trends and developments in orthopaedic surgery
	13 Robotics and robot-assisted techniques in orthopaedic surgery
	14 Computer-assisted orthopaedic surgery systems
	14.1 Expanding AI and machine learning contributions in orthopedics

	15 Treatment options for orthopaedic surgery
	15.1 Impact of therapeutic approaches
	15.2 Pros and cons of currently used procedures in orthopedic surgery
	15.3 Cost-effectiveness and barriers to widespread adoption of orthopedic advancements

	16 Conclusion and future directions
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


