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Abstract: In recent years, dynamic musculoskeletal ultrasound (DMUS) technology has demonstrated great po-
tential in the diagnosis and treatment of orthopedic diseases. As a non-invasive, real-time imaging technique, it
provides a dynamic view of joints and soft tissues, offering crucial insight for evaluating muscle injuries and bone
damage caused by motion. This article comprehensively reviews the latest research in the field of DMUS, discussing
its significant roles in managing orthopedic diseases and enhancing clinical practice. The application of DMUS is
wide-ranging, including but not limited to the diagnosis of tendon injuries, ligament tears, arthritis, and soft tissue
diseases. Additionally, DMUS has significant value in monitoring treatment progress and evaluating post-operative
recovery. Furthermore, we discuss the use of DMUS for improving the accuracy and effectiveness of orthopedic
surgeries. DMUS can provide high-quality diagnostic and therapeutic services for patients without a need for ex-
pensive equipment or complex procedures. Despite its promising outlook in orthopedics, broader clinical adoption
remains limited by factors such as the steep learning curve associated with its use, the demand for specialized skills
in interpreting high-quality images, and the need for extensive clinical validation. Future research should focus on
standardizing operational procedures, improving the automation of image analysis, and validating its application in
different orthopedic diseases through clinical trials.
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Introduction

Dynamic Musculoskeletal Ultrasound (DMUS)
is a significant innovation in medical technolo-
gy in the recent decades. It utilizes high-fre-
quency sound waves that reflect off various tis-
sues to produce real-time imaging of non-bony
structures like soft tissues and joints [1]. Un-
like traditional static ultrasound, DMUS pro-
vides real-time images of joints and soft tis-
sues during movement, offering more precise
information for diagnosis and treatment. The
development of this technology has greatly
enriched the diagnostic and therapeutic tools
available to orthopedic physicians, particularly
in the early detection and treatment planning
of musculoskeletal injuries [2]. The principle of
DMUS is based on the physical properties of
ultrasound waves. When ultrasound waves
pass through tissues of different densities,
they generate reflected waves. By receiving
and interpreting these reflected waves, tissue
images can be constructed. Compared to Ma-

gnetic Resonance Imaging (MRI) and Comput-
ed tomography (CT) scans, DMUS has advan-
tages such as lower cost, ease of operation,
and no radiation exposure, making it particu-
larly suitable for examinations involving infants,
young children, and pregnant women, where
safety and non-invasiveness are paramount
[3-5].

Since its introduction in the 1980s, DMUS te-
chnology has undergone significant advance-
ments and expanded its application from initial
basic research to widespread clinical practice.
This technology is not only used for diagnosing
various soft tissue and joint diseases, such as
tendinitis, synovitis, and joint effusion but also
for guiding therapeutic procedures like joint
injections and soft tissue aspirations [6]. With
technological advancements, DMUS has be-
come an essential adjunct tool for orthope-
dic surgeons, sports medicine specialists, and
rehabilitation physicians. It offers exceptional
insight into the structure and functional status
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of tendons, ligaments, muscles, nerves, and
other soft tissues [7]. Particularly in the dia-
gnosis and treatment of sports injuries, DMUS
provides crucial visual information to aid in
developing precise treatment plans. The recent
years have seen significant improvements in
DMUS image quality, driven by continuous
upgrading of ultrasound equipment and ad-
vancements in image processing techniques.
This not only enhances its accuracy in clinical
diagnosis but also widens its application in
orthopedic treatments [8]. For instance, by dy-
namically observing changes in musculoskele-
tal structures during specific movements, phy-
sicians can better understand the mechanis-
ms of diseases and provide more personalized
and effective treatment plans for patients.
Despite the remarkable progress in the app-
lication of DMUS technology in orthopedics, its
full potential is yet to be fully explored. Future
research should further explore its application
in different orthopedic diseases, optimize
operational techniques, and improve image
quality to better serve clinical diagnosis and
treatment.

DMUS has become increasingly vital for the
diagnosis and treatment of orthopedic diseas-
es. As an advanced imaging technology, DMUS
provides real-time and dynamic images of jo-
ints and soft tissues, which are crucial for
understanding and treating musculoskeletal
disorders [9]. With its non-invasive and high-
resolution capabilities, DMUS has become an
indispensable tool for orthopedic physicians,
particularly in the evaluation of soft tissue inju-
ries and diseases such as tendons, ligaments,
muscles, and arthritis [10]. DMUS excels in
diagnosing rotator cuff injuries, where real-
time observations of shoulder joint movement
enable accurate identification of tendon tears
and inflammation, allowing for personalized
treatment plans. Additionally, for knee joint dis-
eases such as meniscus injuries and patellar
chondromalacia, DMUS provides critical diag-
nostic information to assist physicians in as-
sessing the extent of damage and formulating
surgical plans. In the field of sports medicine,
DMUS plays a significant role in the diagnosis
and monitoring of common sports injuries such
as Achilles tendinitis and plantar fasciitis. By
dynamically observing the injured areas, physi-
cians can assess tissue damage and monitor
recovery progress, providing more precise re-
habilitation guidance for athletes.
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Dynamic musculoskeletal ultrasound technolo-
gy, as an innovative imaging tool, has signifi-
cantly impacted the diagnosis and treatment
of orthopedic diseases over the past few
decades. By providing dynamic and real-time
images of joints and soft tissues, it significan-
tly enhances physicians’ understanding and
capabilities in  managing musculoskeletal
disorders [11]. From early detection of rotator
cuff tears to precise assessment of meniscus
injuries in the knee joint, and meticulous moni-
toring of sports injuries, DMUS has proven its
unique value in improving diagnostic accuracy,
optimizing treatment plans, and monitoring the
rehabilitation process.

An overview of dynamic musculoskeletal
ultrasound technology

DMUS is a non-invasive, radiation-free diagnos-
tic technique that allows real-time dynamic
visualization of musculoskeletal diseases. In
recent years, with advancements in ultrasound
technology and continuous development of
techniques, DMUS has gained widespread use
for the diagnosis and treatment of orthopedic
diseases [12].

The concept of DMUS was first introduced in
the 1980s by M. van Holsbeeck, an American
scholar, who pioneered the method of real-time
ultrasound detection for the musculoskeletal
system. Since then, DMUS has seen substan-
tial technological evolution, establishing itself
as a critical diagnostic tool in orthopedics [13].
A typical DMUS setup consists of an ultrasound
transducer, main unit, and monitor. The trans-
ducer emits and receives ultrasound signals,
while the main unit processes the signals to
generate real-time dynamic ultrasound ima-
ges, which are displayed on the monitor [14].
Additionally, the equipment includes various
accessories such as transducers, scanning
lines, and adjusters to meet the examination
requirements for different body parts and pa-
thologies. Since the 1980s, DMUS technology
has undergone development from single scans
to continuous scanning and from qualitative
analysis to quantitative analysis [15]. In recent
years, the emergence of high-resolution ultra-
sound transducers has significantly improved
the resolution and frame rate capabilities of
DMUS, enabling real-time dynamic observation
of musculoskeletal diseases. Furthermore, the
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integration of Doppler ultrasound technology
within DMUS allows for the detection of hemo-
dynamic changes, adding crucial diagnostic
value. The continuous development of ultra-
sound contrast imaging techniques, such as
contrast-enhanced ultrasound and elastogra-
phy, has further increased the diagnostic ac-
curacy of DMUS [16].

The operational procedure of DMUS mainly
includes patient preparation, probe selection
and placement, scan parameter configura-
tion, image acquisition, and analysis. First, the
patient’s skin should be locally cleaned, and
the probe selection should be based on the
location and size of the patient’s lesion, ensur-
ing proper contact between the probe and the
skin. Next, the scan parameter should be ad-
justed according to the lesion characteristics
and the performance of the ultrasound probe,
such as frequency, dynamic range, and gain
[17]. During image acquisition, it is essential
to observe and record the dynamic changes of
the lesion in real-time. In terms of image inter-
pretation, physicians need to possess ultra-
sound image recognition skills, which they must
integrate with combined clinical manifestations
and other examination results to accurately
diagnose and evaluate the disease. DMUS is
highly valued for diagnosing and treating mus-
culoskeletal diseases, thanks to its non-inva-
siveness, radiation-free nature, and real-time
dynamic observation capabilities. DMUS not
only allows real-time visualization of dynamic
changes in lesions, providing clinicians with
direct insight into the patient’s condition but
also detects hemodynamic changes, assisting
in the qualitative diagnosis of diseases.
However, DMUS technology also has limita-
tions, such as high operator dependency,
requirements for probe placement and scan
parameter configuration, and limited ability
to detect lesions in certain specific areas.
Therefore, in practical applications, physicians
need to integrate patient conditions and other
examination results for comprehensive judg-
ment to improve diagnostic accuracy [18].
Although DMUS technology demonstrates high
sensitivity and specificity in diagnosing soft
tissue lesions, it is relatively less sensitive
and specific in diagnosing skeletal lesions.
Therefore, in practical applications, physicians
need to choose the most effective examination
method based on the patient’s condition [19].
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Application of dynamic musculoskeletal ultra-
sound in orthopedic diseases

Tendon and ligament injuries are common
orthopedic conditions, including rotator cuff
tears, bicipital tendonitis, and ankle sprains.
DMUS technology offers substantial diagnostic
advantages for these conditions. For instance,
rotator cuff tears, a common shoulder joint dis-
ease, present a challenge for traditional diag-
nostic methods like X-ray and MRI, which may
not effectively reveal the dynamic structure
and function of the cuff. In contrast, DMUS
enables real-time visualization of dynamic
changes in the rotator cuff, such as bursitis,
tendonitis, and tears, providing clinicians with
more intuitive information about the condition.
Additionally, DMUS can assess the sliding
movement of the long head of the biceps ten-
don, evaluating its function during shoulder
joint movements [20]. Muscle injuries, includ-
ing muscle tears and inflammation, are also
prevalent in orthopedics. Traditional diagnostic
methods like X-ray and MRI often fall short for
effectively diagnosing conditions like quadri-
ceps muscle injuries, a frequent issue of the
knee joint. In contrast, DMUS allows real-time
observation of dynamic changes in the quadri-
ceps muscle, such as muscle tears and inflam-
mation, providing clinicians with more intuitive
information about the condition [21]. Further-
more, DMUS can assess muscle contraction
function and tendon sliding, aiding in the diag-
nosis and evaluation of muscle injury severity.

Real-time DMUS is a cutting-edge technology
that allows for the visualization of the move-
ment and function of various structures, such
as bones, muscles, and joints, during physical
activities [22]. Knee joints are one of the most
commonly involved joints in orthopedic diseas-
es, and studies have shown that DMUS can
effectively monitor the development of patho-
logic conditions of the knee joint, such as fluid
accumulation, synovitis, meniscus injuries, and
ligament injuries [23]. Furthermore, DMUS can
dynamically observe the changes in articular
cartilage, joint capsule, and ligaments during
joint movement. In the diagnosis of anterior
cruciate ligament (ACL) injuries, DMUS can
clearly display the morphology, position, and
continuity of the ligament, as well as the adhe-
sion between the ligament and surrounding
soft tissues, aiding in the localization, qualita-
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tive assessment, and staging of ACL injuries
[24, 25]. The shoulder joint, a ball-and-socket
joint with a large range of motion, is susceptible
to injury, and DMUS can visualize damage to
structures like the shoulder joint capsule,
labrum, and long head of the biceps tendon, as
well as the stability of the glenohumeral joint
[26].

DMUS is also instrumental during treatment.
For knee diseases, it helps monitor the absorp-
tion of joint fluid, the repair of articular carti-
lage, and the healing of the meniscus, thereby
guiding the formulation of clinical treatment
plans [27]. In the treatment of knee synovitis,
DMUS can monitor the absorption of joint fluid
in real-time, evaluate the effectiveness of treat-
ment, and guide clinical medication and physi-
cal therapy. Similarly, during the treatment of
shoulder diseases, DMUS aids in assessing the
repair of the labrum, the sliding of the long
head of the biceps tendon, and the stability of
the glenohumeral joint, thereby guiding the
development of clinical treatment plans.

In recent years, with successive upgrades of
ultrasound equipment and continuous impro-
vements in technology, DMUS has broadened
its application for the diagnosis and treatment
of orthopedic diseases, particularly excelling in
areas such as soft tissue tumor detection [28].
Lipomas, the most common benign soft tissue
tumors, frequently occur in the limb and trunk.
DMUS is capable of clearly depicting the mor-
phology, boundaries, internal echo characteris-
tics, and the adherence of the tumor to sur-
rounding tissues, aiding in the localization,
characterization, and staging of lipomas. Addi-
tionally, hemangiomas, benign tumors caused
by the abnormal proliferation of vascular endo-
thelial cells, can be classified into types such
as strawberry hemangiomas and cavernous
hemangiomas. DMUS is able to display the
blood flow signals of hemangiomas and delin-
eate the tumor boundaries with surrounding
tissues, aiding in both diagnosis and differen-
tial diagnosis [29, 30]. Moreover, DMUS also
finds application in malignant tumors, where
sarcomas, originating from muscle tissues and
frequently occurring in limbs and trunks, can be
evaluated for their morphology, boundaries,
and internal echo characteristics, as well as
the adherence of the tumor to surrounding tis-
sues, facilitating the localization, characteriza-
tion, and staging of sarcomas [31]. The applica-
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tion of DMUS for the treatment of soft tissue
tumors primarily includes preoperative assess-
ment, postoperative evaluation, and monitor-
ing of treatment efficacy. By observing real-
time changes in tumor morphology, size, and
position, as well as the adherence of the tu-
mor to surrounding tissues, DMUS can provide
essential information for developing clinical
treatment plans. For lipomas, DMUS facilitat-
es monitoring of tumor volume changes and
evaluating treatment efficacy, guiding decisions
for clinical medication and physical therapy.
Furthermore, in the treatment of hemangio-
mas, DMUS tracks changes in tumor blood flow
signals, assesses treatment efficacy, and sup-
ports surgical and medical decisions.

Moreover, studies have discovered that DMUS
possesses unique advantages in the localiza-
tion and quantitative assessment of fractures.
Traditional imaging techniques, such as X-rays
and CT scans, can provide qualitative informa-
tion about fractures but lack the ability to
directly observe the functional state of muscles
and ligaments [32]. DMUS, however, can accu-
rately assess the stability and healing status of
the fracture site through real-time observation
of the movement and deformation of musculo-
skeletal tissues. After fracture fixation sur-
gery, DMUS assists physicians in observing the
precise position of fixation screws or plates,
identifying any issues including looseness or
displacement, and guiding further treatment
measures [33]. Additionally, DMUS can evalu-
ate the extent of ligament and muscle injuries,
which is crucial for the recovery of joint function
related to fractures. Minimally invasive tech-
niques, which are becoming increasingly com-
mon in orthopedic surgeries such as arthros-
copic surgery and endoscopic soft tissue re-
pair, require highly precise visual guidance due
to the demanding nature of the surgical proce-
dures [34]. DMUS offers real-time three-dimen-
sional imaging, aiding surgeons in precisely
locating and quantitatively assessing key struc-
tures during surgery, such as fracture frag-
ments, patellar ligaments, and tendons. In
arthroscopic chondroplasty, DMUS helps sur-
geons observe changes at the cartilage level
and the effectiveness of the repair, allowing
for timely adjustment to the surgical plan,
thereby enhancing the success rate. Further-
more, DMUS plays a significant role in orthope-
dic rehabilitation. Assessing the recovery of
muscle strength and functionality is crucial dur-
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ing the rehabilitation process, and DMUS
enables real-time observation of muscle con-
traction and extension, aiding physicians in
evaluating the recovery of a patient’s muscle
strength and coordination. Specifically in the
rehabilitation following anterior cruciate liga-
ment reconstruction of the knee, DMUS as-
sists rehabilitation therapists in quantitatively
assessing the contraction of the patient’s thigh
muscles, enabling timely adjustment to the
rehabilitation plan to improve outcome.

In sports medicine, musculoskeletal injuries
represent a common affliction among athletes
[35]. Traditional imaging modalities like X-rays
and CT scans are capable of providing static
images of fractures but fail to capture the func-
tional state of injured muscles. DMUS, on the
other hand, enables the observation of muscle
behavior during movement, offering real-time
assessment of the extent of bone and muscle
damage as well as monitoring the recovery pro-
cess [36]. Specifically for diagnosing tendon
ruptures, DMUS provides immediate morpho-
logic and functional information of the injured
tendon by observing changes in the tendon dur-
ing motion, which helps precisely locate and
evaluate the severity and healing of the rup-
ture. Recent studies have demonstrated the
effectiveness of DMUS in evaluating muscle
strength impairment following Achilles tendon
rupture and in guiding rehabilitation treatment.
Furthermore, common athletic injuries such as
muscle strains and tendinitis can also be moni-
tored in real-time, aiding physicians in directing
treatment [37-39]. In cases of Achilles tendini-
tis, DMUS can reveal the morphology and
changes of the tendon during movement. By
comparing dynamic images of injured and
healthy tendons, physicians can clearly deter-
mine the presence and severity of the lesion.
Additionally, DMUS allows for quantitative as-
sessment of the mechanical properties of the
affected tendon, such as its elastic modulus
and strain rate, providing a basis for custom-
ized treatment plans.

To summarize, DMUS represents a non-inva-
sive and real-time imaging technology with a
broad application spectrum in sports medicine.
Its use in diagnosing, treating, and guiding sur-
gery for musculoskeletal injuries furnishes phy-
sicians with accurate and immediate informa-
tion that enhances the diagnosis and treatment
of orthopedic diseases.
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Technological innovations and clinical practice

In the current landscape of medical technology,
there is significant poten tial for advancement
in DMUS devices and techniques. The resolu-
tion of these devices on the market today is
somewhat limited, compromising the clarity
with which finer structures are visualized [40,
41]. Furthermore, due to the inherent require-
ment for high imaging speed and frame rate in
DMUS, existing equipment requires further
refinement of these aspects. These limitations
affect the accuracy and reliability of DMUS in
clinical application [42]. Recent years have wit-
nessed significant interest in high-frequency
ultrasound technology for the assessment of
fine structures [43]. Studies have demonstrat-
ed that high-frequency ultrasound can clearly
delineate various structures of the meniscus in
the knee joints of healthy volunteers, providing
a new radiologic basis for diagnosing meniscal
injury. Additionally, this technology is effective
in assessing fine structures such as joint carti-
lage and ligaments, facilitating early diagnosis
and treatment of orthopedic diseases [44].

Elastography, a novel ultrasound technique
developed in recent years, assesses tissue
elasticity by measuring its elastic modulus. In
musculoskeletal diseases, elastography has
been used to evaluate the elasticity changes
in soft tissues, muscles, and ligaments. For
instance, research using elastography to study
the muscle elasticity changes in patients with
long head biceps tendinitis revealed a signifi-
cant decrease in muscle elasticity around the
tendon, suggesting the potential of elastogra-
phy for diagnosing and treating musculoskele-
tal diseases [45].

Additionally, three-dimensional imaging tech-
nology has garnered significant attention in
musculoskeletal ultrasound. Evaluations of hip
joints in patients with avascular necrosis of the
femoral head using this technology have clearly
identified the extent and location of the necro-
sis, providing a critical basis for treatment.
Moreover, when combined with quantitative
analysis methods, three-dimensional imaging
technology allows for precise measurement
and assessment of musculoskeletal diseases.
Research employing this technology for quanti-
tative analysis of knee joint cartilage in patients
with cartilage injuries has demonstrated a sig-
nificant reduction in cartilage thickness, offer-
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ing a new radiologic basis for the treatment of
these injuries.

Furthermore, with the advancement of artificial
intelligence (Al) technology, many studies have
focused on the application of Al for recogniz-
ing and analyzing musculoskeletal ultrasound
images [46]. Research utilizing Convolutional
Neural Networks (CNN) for the automatic rec-
ognition and analysis of musculoskeletal ultra-
sound images has shown that CNNs can accu-
rately identify musculoskeletal diseases and
perform quantitative analyses. In addition, the
use of deep learning technologies for automat-
ic segmentation and analysis of musculoskele-
tal ultrasound images has provided new tools
for the diagnosis and treatment of musculo-
skeletal diseases [47].

In summary, the application and therapeutic
relevance of DMUS in orthopedic diseases has
garnered widespread attention. With the con-
tinual development of new technologies such
as high-frequency ultrasound, elastography,
three-dimensional imaging, and Al, the role of
DMUS in the diagnosis and treatment of ortho-
pedic diseases is growing. Therefore, future
efforts should focus on further research and
promotion of DMUS technology, to enhance
awareness of itsapplication among clinicians.
This advancement will offer a more precise and
effective means for diagnosing and treating
orthopedic disease.

Clinical treatment and rehabilitation monitor-
ing

DMUS enables the real-time observation of
dynamic changes at surgical sites, offering a
robust tool for monitoring surgical outcome
[48]. In the context of knee replacement sur-
gery, DMUS enables the observation of post-
operative synovial fluid production and absorp-
tion, as well as the healing process of joint
surfaces. This information is crucial for assess-
ing the effectiveness of the surgical treatment
and for the timely detection and management
of complications [49, 50]. DMUS can also be
employed to evaluate the outcomes of non-sur-
gical treatments, such as physical and pharma-
cologic therapies. For instance, the evaluation
of muscle elasticity changes in patients with
long head biceps tendinitis after physical the-
rapy using DMUS revealed significant improve-
ment in muscle elasticity after a period of treat-
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ment [51]. Additionally, DMUS can monitor
changes in the affected areas during drug ther-
apy, providing a basis for adjusting pharmaco-
logic treatment [52]. In the rehabilitation pro-
cess, DMUS facilitates dynamic assessment
of a patient’s condition, offering personalized
rehabilitation guidance based on the assess-
ment results [53]. For patients with fractures,
DMUS allows observation of the healing pro-
cess at the fracture site and the recovery of sur-
rounding soft tissues. Utilizing the feedback
from DMUS results, a tailored rehabilitation
plan can be developed for the patient to pro-
mote fracture healing and recovery through
functional exercises [54].

In summary, DMUS holds significant value in
clinical treatment and rehabilitation monitor-
ing. By providing real-time observation of the
dynamic changes in diseased areas, DMUS
technology offers robust support for the as-
sessment of clinical treatment outcomes and
the rehabilitation process. However, in practi-
cal application, it is essential to integrate
DMUS technology with other imaging modali-
ties to enhance the accuracy and reliability of
assessments. As DMUS technology continues
to evolve, its application for clinical treatment
and rehabilitation monitoring is expected to
become increasingly widespread.

Challenges, opportunities, and future direc-
tions

Despite the significant potential of DMUS tech-
nology in diagnosing and treating orthopedic
diseases, its widespread application still faces
several challenges. Concurrently, advance-
ments in science and technology present new
opportunities for the development of DMUS.

Promotion of DMUS technology encounters
challenges related to technical standardization
and operational training. Given the relatively
recent advent of DMUS, the absence of uniform
technical standards and procedural guidelines
has resulted in considerable variability in its
application across different healthcare facili-
ties and among physicians, impacting the ef-
fectiveness of diagnoses and treatments [55,
56]. To address this issue, it is crucial to
enhance the standardization of DMUS technol-
ogy by establishing uniform technical stan-
dards and operational protocols, coupled with
extensive training and dissemination efforts.
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Figure 1. Current status of the application of dynamic musculoskeletal ultrasound in orthopedic diseases.

With scientific and technological progress, the
performance and accessibility of DMUS equip-
ment have significantly improved. The market
now offers devices with high-resolution and
high-speed imaging capabilities, meeting the
clinical demand for detailed structural obser-
vations. Moreover, as the technology matures,
the cost of DMUS equipment is gradually de-
creasing, making it more affordable for a broad-
er range of medical institutions and patients
[57].

DMUS technology retains immense develop-
mental potential for the diagnosis and treat-
ment of orthopedic diseases. Researchers are
encouraged to further investigate the use of
DMUS for the early diagnosis and treatment
of orthopedic conditions to enhance patient
recovery rates and quality of life. Additionally,
by integrating advanced technologies such as
artificial intelligence and big data, researchers
can develop novel DMUS analysis methods to
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increase the accuracy and efficiency of diagno-
ses and treatments. Moreover, the application
of DMUS for rehabilitation monitoring should
be explored to foster a more scientific and per-
sonalized rehabilitation process for patients.

Conclusion

Dynamic musculoskeletal ultrasound technolo-
gy (DMUS), characterized by its non-invasive
nature, absence of radiation, and user-friendly
operation, is a novel approach to the diag-
nosis and treatment of orthopedic conditions.
Currently, this technology has demonstrated
effective outcomes in diagnosing and treating
orthopedic ailments such as fractures, arthri-
tis, and musculoskeletal tumors. Moreover, its
application for rehabilitation monitoring has
attracted significant attention, contributing to
a more scientific and personalized rehabilita-
tion process for patients (Figure 1). Nonethe-
less, the clinical application of DMUS technol-
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ogy still faces challenges including the stan-
dardization of techniques, operator training,
equipment performance, and accessibility. To
maximize the benefits of this technology, it is
crucial to enhance technical standardization,
establish unified clinical guidelines, and pro-
mote widespread training and dissemination.
Additionally, advancements in science and
technology have notably improved the perfor-
mance and accessibility of DMUS devices,
promising to increase their prevalence in clini-
cal settings. The technology is undergoing fur-
ther development for the diagnosis and treat-
ment of orthopedic diseases. Researchers are
encouraged to explore its application in for
early diagnosis and treatment of orthopedic
conditions, aiming to improve patient recovery
rates and quality of life. Furthermore, the inte-
gration of cutting-edge technologies such as
artificial intelligence and big data can lead to
the development of new DMUS analysis meth-
ods, further enhancing the accuracy and effi-
ciency of diagnosis and treatment. The applica-
tion of DMUS in rehabilitation monitoring also
warrants further investigation to foster a more
scientific and personalized recovery process.

In conclusion, DMUS technology holds great
promise for orthopedic disease diagnosis and
treatment. Overcoming hurdles associated
with technique standardization and operator
training, and improving equipment functiona-
lity and accessibility, along with the continuous
exploration of new avenues for research and
technological breakthroughs, will make DMUS
technology an increasingly accurate and effi-
cient tool.
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