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Review Article

Introduction

Contrast‑enhanced ultrasound  (CEUS) entails the use a 
contrast medium in ultrasonography. With sound waves 
reflecting differences in the two media, the interface between 
the two substances creates a clear‑cut border due to differences 
in acoustic impedance, leading to contrast enhancement 
under ultrasonography. The most commonly used contrast 
agent is gas‑filled microbubbles with phospholipid shells. 
The microbubbles are injected into the vein and spread 
systematically throughout the bloodstream. They can also 
be designed to target specific ligands in certain parts of the 
body. Microbubble oscillation under ultrasound waves and 
backscattering intensity creates a contrasted image on CEUS.[1,2] 
The temporal and spatial spread of these microbubbles in the 
blood circulation also indicates the dynamics of regional 
perfusion and microcirculation in the human body.[3]

Over the past decade, CEUS has been increasingly applied 
in the field of musculoskeletal  (MSK) medicine, mostly to 
detect muscle microcirculation, tendinopathies, inflammatory 

arthritis, fracture nonunions, and the nature of tumors.[3,4] A 
recent position paper by the World Federation for Ultrasound in 
Medicine and Biology also detailly described the contrast agent 
dynamics, CEUS parameters, and the suggested standardized 
administration of CEUS in various MSK territories.[5] Our 
study will not only focus on the application and capability of 
CEUS in the aforementioned MSK realms but also expand 
the scope to a broader field of MSK medicine, including the 
assessment of peripheral nerve pathologies, sport injuries, and 
medical diseases that alter muscle microcirculation. There 
has also been emerging evidence in the application of CEUS 
in the children, especially in the evaluation of inflammatory 
arthropathies, postoperative hip perfusion, and soft‑tissue 
masses, which was described in a recent review article.[6] It 
is recommended to refer to the review for further discussion 
of the pediatric application of CEUS. This article provides 
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an updated review of the current applications of CEUS in the 
MSK field, focusing on the adult population, as a reference 
for the future clinical implementation of CEUS.

Literature Search

This literature research focuses on articles published between 
January 2001 and June 2021 in online databases including 
PubMed, Scopus, and Embase, using a keyword search for 
“contrast‑enhanced ultrasound,” combined with terms including 
muscle, tendon, ligament, or bone (e.g., [“contrast‑enhanced 
ultrasound”] AND [muscle OR tendon OR ligament OR bone 
OR MSK]). Abstracts of the searched articles were reviewed 
for relevance. Search results were limited to human studies 
published in English. Original articles, meta‑analyses, and 
review articles were reviewed.

Results and Discussions

A total of 1699 studies were initially identified. Removing 
duplications, articles with irrelevant topics, animal studies, 
or case reports left a total of 67 studies for review and 
analysis [Figure 1].

Table 1 summarizes the main findings of CEUS applications in 
different MSK fields. CEUS was most commonly used in the 
clinical assessment of muscle microcirculation and diagnosis 
of tendinopathy. Other applications include the evaluation of 
fracture nonunions, sports‑related injuries, arthritis, peripheral 
nerves, tumors, and the flap transplantation condition.

Parameters of contrast‑enhanced ultrasound
The quantitative parameters of CEUS are measured based on the 
dynamic changes of the contrast agent over a period of time at 
a fixed region of interest (ROI). The time‑intensity curve (TIC) 
of contrast agent perfusion shows an initial exponential rise, 

peaks, and then slowly decays. The following are some common 
temporal and amplitude parameters of CEUS.[4,7]

•	 Contrast agent arrival time: The time interval from contrast 
injection to its arrival at the ROI and detection by US

•	 Peak enhancement (PE) or peak intensity (PI): The value 
of maximum contrast agent intensity

•	 Time to peak intensity (TTP): The time required to reach 
PE

•	 Area under curve (AUC): The area under the TIC, which 
is proportional to the regional blood volume

•	 Wash‑in rate (WiR): The maximum slope of the signal 
enhancement curve

•	 Wash‑in AUC (WiAUC): The AUC from contrast agent 
injection until PE

•	 Mean transit time  (MTT): The period when intensity 
exceeds the mean value

•	 Microvascular blood volume (MBV): The total perfusion 
volume in the ROI within a defined period

•	 Blood flow velocity: The total blood volume divided by 
total time.

Safety profile of contrast‑enhanced ultrasound
One of the extensively used, ultrasound contrast agent (UCA), 
SonoVue  (Bracco, Milan, Italy), that contains sulfur 
hexafluoride had been proven to have a very low risk 
of complication, which was comparable or lower than 
the gadolinium‑based or iodinated contrast agent.[8] The 
European Federation of Societies for Ultrasound in Medicine 
and Biology  (EFSUMB) guideline in 2017 had given the 
recommendation of UCA in nonhepatic use.[9] As the guideline 
described, it is not necessary to have a blood test before a CEUS 
examination, and it is considered to be safe to administer UCA 
to renal insufficiency patients. A  more recent retrospective 
study focusing on the MSK application of CEUS compiled 
a total of 2268 examinations.[10] Only 2  cases experienced 
mild adverse effects  (AE) and 1  case experienced severe 
AE (<0.04%). Symptoms of mild AE included sensation of 
warmth, dizziness, discomfort, nausea, itchiness, and headache. 
These symptoms were self‑limited and the patients required no 
medical support. The severe AE was an anaphylactic response 
to the contrast agent which induced increased blood pressure, 
tachycardia, and dyspnea in the patient. The study concluded 
that sulfur hexafluoride contrast agent had a lower rate of 
AEs than the other agents even in elderlies with concomitant 
diseases. An earlier study including 30,222 patients undergoing 
abdominal CEUS also demonstrated a high safety profile with 
only 6 patients (0.020%) experiencing AEs.[11]

Analysis of muscle microcirculation
Muscular CEUS has been used to quantify changes in 
muscle microcirculation in various diseases, including 
type‑2 diabetes mellitus  (DM), and peripheral arterial 
occlusion disease (PAOD). One study demonstrated impaired 
microcirculation in advanced DM patients when compared 
with PAOD and control groups.[12] Another showed that DM 
patients with microvascular complications (MC) had impaired 

Figure  1: Flowchart illustrating our search strategy. Exclusions were 
mostly due to duplications, non-English publications or animal studies
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Table 1: A  summarization of the application of contrast enhanced ultrasound in different musculoskeletal fields

Application 
(evaluation/diagnosis)

Main findings Reference

Muscle microcirculation DM
Impaired muscular microcirculation
DM patients with MC: Reduced capillary recruitment and arterial blood reserve after exercise
Uncomplicated Type‑1 DM: Diminished MBV in muscular capillaries

PAOD
Impaired muscular microcirculation correlated to the severity of ABI reduction
Prolonged TTP that increases with disease severity. TTP reduces after revascularization
Elevated MBV after exercise
Aging: Conflicting results

Middle‑aged versus young‑aged: Lower muscle microcirculation response to isometric exercise
Old‑aged versus young‑aged: Similar microvascular perfusion after cuff occlusion or exercise

Smokers: Impaired muscular microcirculation
Compartment syndrome: Higher time to arrival, TTP, MBV, MTT
Myositis: Higher blood flow velocity and MBV
Systemic sclerosis: Decreased MTT and AUC of TIC

[6‑11]

[12‑19]

[20‑22]

[23]
[25]
[26]
[27]

Tendinopathy and 
tendon repair

Achilles tendinopathy
Increased MBV
Increased vascularity in chronic Achilles tendinopathy
Increased vascularity in the uninjured Achilles tendon in patients with previous Achilles tendinopathy

Adhesive capsulitis
Contrast enhancement at the rotator interval
Detects capsular inflammation
Differentiates RCT subtypes better than traditional US and MRI

RCT repair surgical outcome
Postoperative measurements

Higher PE and WiR at the peribursa and suture anchor
Increased AUC in the distal bursal and articular areas
Diminished perfusion of the rotator cuff correlated with poorer functional
outcomes

Preoperative measurements
Deltoid perfusion and caliber correlated with shoulder function after RSA
Impaired deltoid perfusion correlated with limited ROM after RSA
Supraspinatus vascularization correlated with early postoperative function and the risks of tendon retear

[29‑32]

[34‑35]

[36‑43]

Fracture nonunions Higher perfusion, PE, WiAUC, WiR, TTP in patients with better prognosis (i.e., future consolidation)
Increased PE, WiR and TTP in septic nonunions

[44‑50]

Sports‑related injuries Contrast enhancement pattern in muscle strains aid in determining the time of return to play
Hypoenhancement of CEUS in Grade I muscle lesions
No perfusion changes after cryotherapy in cases with DOMS
Reduced PE and WiAUC after PRICE in healthy athletes after cycling

[51‑54]

Arthritis Psoriatic arthritis: Amplifies changes in bone outline and synovium detected by US; aids in diagnosis
RA: Discriminates RA from other arthritis, sensitive in detecting synovitis

[55‑58]

Peripheral nerves A potential tool to visualize the vasculature of the median nerves
CTS

Greater blood flow in the sub‑synovial connective tissue
Increased blood flow in sub‑synovial connective tissue and median nerve in the early phase after carpal 
tunnel release surgery

[60‑61]

Characterization of 
tumors

May aid in differentiating benign or malignant soft tissue tumor
Improves the successful rate of soft tissue tumors biopsy

[62‑64]

Flap transplantation Ability to detect flap necrosis, hematoma or insufficient tissue perfusion was similar to contrast‑enhanced MRI
Flaps with microvascular complications requiring revision: Decreased TTP, MTT, regional blood volume and 
flow
Buried‑flap transplantation with wound healing disturbance: Longer TTP and smaller AUC of TIC

[65‑67]

CEUS: Contrast‑enhanced ultrasound, DM: Diabetes mellitus, MC: Microvascular complication, MBV: Microvascular blood volume, PAOD: Peripheral 
arterial occlusion disease, ABI: Ankle‑brachial index, TIC: Time‑intensity curve, TTP: Time to peak intensity, MTT: Mean transit time, WiAUC: Wash‑in 
AUC, AUC: Area under curve, RCT: Rotator cuff tear, US: Ultrasonography, MRI: Magnetic resonance imaging, PE: Peak enhancement, WiR: Wash‑in 
rate, RSA: Reverse shoulder arthroplasty, ROM: Range of motion, DOMS: Delayed‑onset muscle soreness, PRICE: Protection, rest, ice, compression, and 
elevation, RA: Rheumatoid arthritis, CTS: Carpal tunnel syndrome
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muscle microcirculation compared with uncomplicated DM 
and control subjects.[13] Moreover, Womack et al. discovered 
that patients with DM and MC experienced reduced capillary 
recruitment and blood flow during exercise compared to 
patients with uncomplicated DM and normal subjects.[14] This 
was later echoed by Xu et al.’s finding that patients with DM 
and MC have a significantly prolonged arrival time difference 
of contrast agent in the arteries, muscles and veins, implying a 
lower arterial blood reserve compared to those without MC.[15] 
Irace et  al. induced temporary ischemia in the forearm of 
type‑1 DM patients without known vascular complications. 
Diminished MBV was found in muscle capillaries both at rest 
and after induced ischemia, indicating CEUS may be a reliable 
tool to detect early vascular abnormalities in DM patients.[16] A 
recent meta‑analysis included 15 studies comparing the muscle 
microcirculation in terms of CEUS parameters between healthy 
individuals and patients with DM.[17] The study revealed 
significantly impaired perfusion in the DM group with no 
improvement in muscle perfusion indices on CEUS even after 
insulin administration.

Different groups of researchers have demonstrated the detection 
of impaired muscle microcirculation and flow reserve by CEUS 
in PAOD patients compared to healthy individuals.[18‑20] A 
more recent study further established a correlation between 
symptom severity and the ankle‑brachial index  (ABI) with 
CEUS parameters in PAOD patients,[21] indicating that impaired 
muscle microcirculation is correlated to the severity of ABI 
reduction. When comparing limbs with normal ABI in PAOD 
patients to the healthy population, the muscle microcirculation 
detected by CEUS was still significantly reduced. However, 
in a study comparing PAOD patients with age‑matched 
healthy controls, MBV was found to be elevated in the PAOD 
group after submaximal leg exercise. This may represent 
a compensatory strategy in the bodies of these patients 
to maintain sufficient muscle perfusion after exercise.[22] 
One parameter commonly used to evaluate microvascular 
dysfunction in PAOD is TTP after bolus injection of contrast 
medium.[23] Compared to the control group, PAOD patients had 
a longer TTP despite being asymptomatic, and TTP also tends 
to increase with disease severity.[24] After revascularization, 
TTP significantly shortened and those with a shorter TTP had 
more significant symptom relief.[25]

A few studies used CEUS to investigate changes to muscle 
microcirculation with aging.[26,27] Hildebrandt et  al. found 
a lower microcirculation response to isometric exercise in 
the middle aged compared to the young aged.[27] However, a 
more recent study discovered no differences in microvascular 
perfusion (defined as MBV × flow velocity) after cuff occlusion 
or submaximal leg exercise in healthy elders compared to 
the young population.[28] Mancini et al. found no difference 
between smokers and nonsmokers in terms of color Doppler 
ultrasound and ABI, while the CEUS succeeded in detecting 
impairment in the smokers’ muscle microcirculation compared 
to the nonsmokers.[29] A review article outlining ultrasound 
biomarkers for sarcopenia also suggested CEUS as a potential 
technique to evaluate muscle quality.[30]

CEUS could also be utilized to detect ongoing compartment 
syndrome by assessing lower limb muscle perfusion pressures. 
The hypoperfusion group, induced by tourniquet in healthy 
volunteers, showed significantly higher values in several CEUS 
parameters, including the time to arrival of the bolus contrast, 
TTP, MBV, and MTT, with significantly lower regional blood 
flow.[31]

CEUS may also play a role in patients with myositis. 
Significantly higher blood flow velocity and MBV were found 
in patients with dermatomyositis or polymyositis.[32] However, 
sensitivity, specificity, and predicted values were lower 
compared to the MRI. In patients with systemic sclerosis, MMT 
and AUC were also decreased in the gastrocnemius muscles 
compared to that of healthy counterparts, suggesting impaired 
muscular microcirculation in these patients.[33]

While CEUS is increasingly used to assess muscle 
microcirculation, there is still no standard CEUS protocol. 
Young et al. used CEUS to measure the microvascular blood 
flow within the calf muscle 1, 3, and 5 min after cuff‑occlusion, 
finding that the 5‑min cuff‑occlusion protocol had the best 
reliability and largest magnitude. Therefore, a standardized 
5‑min cuff‑occlusion period was proposed to be used in future 
studies and clinical practice.[34]

Assessment of tendinopathy and tendon repair
Several studies used CEUS to detect tendinopathy. Pingel 
et al. discovered an increase in MBV before and after treadmill 
exercise at all times in patients with Achilles tendinopathy 
compared to healthy controls.[35] The result implied that 
microvascular changes may be involved in the pathogenesis 
of tendinopathy. Other research also showed increased 
vascularity of the uninjured Achilles tendon in patients who 
had previous contralateral Achilles tendon rupture under 
CEUS, while the power Doppler failed to identify the same 
alternation.[36] This may suggest that vascularization increased 
long before actual injuries took place in those without clinical 
signs or traditional US abnormalities of tendinopathy. Further 
studies using CEUS revealed a greater sensitivity to detect 
vascularization in chronic Achilles tendinopathy than power 
Doppler. However, the research failed to demonstrate the 
correlation of pain or disability to such neovascularization of 
the tendon.[37] In contrast, another cross‑sectional study found a 
significant association between the MBV and clinical severity 
and symptoms duration of Achilles tendinopathy.[38]

A pilot study used CEUS to follow‑up on patients with lateral 
epicondylitis who had undergone platelet‑rich plasma (PRP) 
injection, concluding that CEUS was a sensitive tool to display 
improved vascularity at the myotendinous junction of the 
common extensor tendon after PRP treatment.[39]

CEUS was also used to diagnose adhesive capsulitis (AC).[40,41] 
One study discovered that CEUS enhancement at the rotator 
interval of affected shoulders was seen in all AC patients, while 
no enhancement was noted in asymptomatic shoulders.[41] The 
study also compared CEUS to MRI and concluded that CEUS 
has similar sensitivity for detecting capsular inflammation. 
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A study by Tang et al. demonstrated a higher detection rate of 
rotator cuff tear (RCT) subtypes, later proved by arthroscopy, 
using percutaneous US‑guided subacromial bursography 
and tendon lesionography under CEUS when compared 
to the traditional US and MRI  (96.9%, 74.2%, and 76.3%, 
respectively.) This held true, especially for small full‑thickness 
tears combined with partial‑thickness tears.[42]

CEUS is not only a diagnostic tool for tendinopathy but also 
for the assessment of surgical intervention outcomes. Gamradt 
et al. assessed shoulders after arthroscopic rotator cuff repair 
using CEUS.[43] At 3 months after repair, the researchers found 
that the PE and WiR were significantly higher in the peribursal 
soft tissue and anchor site compared to the supraspinatus 
tendon itself. A  later study measuring AUC of the TIC in 
patients with rotator cuff repair surgeries also showed that 
AUC peaked at 1 and 2 months in the distal bursal and distal 
articular areas and decreased at 3 months after surgery.[44] Adler 
et al., retrospectively evaluated the topographic map of rotator 
cuff vascularity after surgical repair. Among the peribursal, 
articular medial, articular lateral, and suture anchor, they found 
significantly higher enhancement signals in the peribursal and 
suture anchor regions.[45] Cadet et al., followed up with patients 
who had undergone arthroscopic rotator cuff repair with CEUS 
for at least 10 months. CEUS enhancement was found to be 
consistent with previous findings, and they further discovered 
that the increase in blood flow gradually fell over time.[46] These 
patterns of postoperative vascularization in different areas of 
the repaired rotator cuff may aid in the decision for appropriate 
repair methods or postoperative rehabilitation.

Later studies focused on specific ROI based on the topographic 
map of rotator cuff vascularity. Fischer et al. found a strong 
correlation between diminished perfusion under CEUS at the 
supraspinatus fossa and functional impairment in operated 
shoulders after supraspinatus tendon repair.[47] They further 
discovered that preoperative perfusion and caliber of the 
deltoid muscles were significantly correlated with shoulder 
function after reverse shoulder arthroplasty (RSA).[48] Kunz 
et al. assessed CEUS parameters for the supraspinatus tendon 
preoperatively  (with the probe positioned medial to the 
scapular notch) and discovered that preoperative supraspinatus 
vascularization was correlated with early postoperative 
function and risk of tendon retear.[49]

Most studies evaluating surgical outcomes focused on 
microvascularization of the supraspinatus before or after 
tendon repair surgeries. Fischer et al. used dynamic CEUS 
to assess surgical outcomes after RSA.[50] In their work, 
deltoid muscles on both operated and nonoperated sides 
were selected as the target of CEUS. Perfusion deficit in the 
operated shoulder, indicating an impaired deltoid integrity, 
was associated with a limited range of motion (ROM). Their 
most recent work also demonstrated that dynamic CEUS could 
be used to visualize the microperfusion of healing tendons 
using parameters such as PE, WiAUC, and TTP with a strong 
correlation with dynamic contrast‑enhanced MRI.[51]

Evaluation of fracture nonunions
Other studies have focused on using CEUS to assess the 
microperfusion of bones, especially its ability to evaluate 
fracture union. Pozza et  al. demonstrated the capability 
of CEUS to monitor the healing process in noninfected 
long bone fractures as it could show early progressive 
neovascularization.[52] Krammer et  al. performed CEUS in 
patients with tibial nonunions 12 weeks after revision surgeries. 
CEUS revealed significantly higher osseous perfusion in 
patients with future consolidation versus those with persistent 
nonunions in all quantification parameters (e.g., PE, WiAUC, 
TTP, and WiR).[53] The ability to predict eventual nonunions 
in the early postoperative stage provided crucial information 
for decision‑making for early re‑revision surgeries.

One study compared the capability of CEUS and 
contrast‑enhanced MRI in differentiating septic and aseptic 
long bone nonunions.[54] CEUS found significant differences 
between septic and aseptic nonunions both qualitatively and 
quantitatively using parameters such as WiR, TTP, and PE. 
While no qualitative change was observed in contrast‑enhanced 
MRI, a relation with microbiological results from the nonunion 
tissue was seen following data quantification. Higher perfusion 
values, contrast enhancement, and larger initial AUC were 
observed on the quantified MRI images in septic nonunions. 
Doll et  al. recently published the results of the Advanced 
Microperfusion Assessed Non‑Union Diagnostics with 
CEUS  (AMANDUS) project, focusing on the efficacy of 
CEUS to differentiate septic and aseptic nonunions in upper 
and lower limb fractures.[55,56] Both studies showed a significant 
perfusion difference in CEUS parameters, such as TICs and 
PE, between septic and nonseptic nonunions. The authors thus 
recommended that CEUS should be included in the diagnostic 
algorithm before a revision surgery due to the different 
treatment strategies between septic and nonseptic nonunions. 
Another recent study further revealed that PE yielded the most 
coherent results with tissue culture in long bone nonunions.[57]

CEUS has been used to compare the outcome between different 
operative methods in fractured cases. A study compared the 
deltoid perfusion under CEUS after traditional open reduction 
and internal fixation with locked plates and the novel minimally 
invasive plate osteosynthesis  (MIPO) methods in proximal 
humeral fractures.[58] The MIPO method was hypothesized to 
reduce soft tissue injury in such cases. Nevertheless, the CEUS, 
power Doppler of the deltoid perfusion, and the shoulder 
functional score all failed to show a significant difference 
between the two surgical methods.

Application in assessing sports‑related injuries
Sports‑related muscle injury and its healing process could 
be assessed by CEUS. Early research prospectively and 
longitudinally evaluated muscle strains at different locations 
of lower extremity with CEUS in professional athletes.[59] 
The contrast‑enhanced area, including the scars of the injured 
site, became larger and then shrank with completely resolved 
hemorrhagic collection at 40 and 60 days, respectively. The 
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clinician may thus be able to schedule the athlete’s return 
to play based on the use of CEUS imaging as the contrast 
enhancement may imply the extent of repair in these strained 
muscles. A  recent pilot study including 15  patients with 
acute muscle injury demonstrated that CEUS was superior 
to traditional ultrasound modalities in the early detection of 
grade I muscle lesions, showing focal hypoenhancement.[60]

Kellermann et al. used CEUS to detect delayed‑onset muscle 
soreness (DOMS) induced by eccentric exercise on healthy 
volunteers. CEUS seems to be able to detect increased 
intramuscular perfusion, corresponding to intramuscular edema 
shown in MRI.[61] A randomized‑controlled trial (RCT) further 
applied CEUS to observe laboratory‑controlled eccentric 
muscle damage in the lower extremities in healthy participants 
who were later treated with cryotherapy.[62] Although the VAS 
pain score decreased at 34 and 48 h after cryotherapy, there 
was no interaction between cryotherapy and CEUS perfusion 
change. The authors postulated that such analgesic effect by 
cryotherapy in DOMS might not necessarily be caused by 
suppressing muscle inflammation. Another study focusing 
on the effect of wearing compression garments in DOMS 
concluded that compression garments reduce muscle stiffness, 
but CEUS showed no significant changes in intramuscular 
perfusion.[63]

Hotfiel et al. evaluated the effect of PRICE (protection, rest, 
ice, compression, and elevation) on muscular perfusion using 
quantifiable CEUS parameters, including PE and WiAUC in a 
RCT.[64] Healthy athletes underwent either the PRICE protocol 
or control after cycling exercise. In the PRICE group, PE and 
WiAUC in the rectus femoris and vastus intermedius reduced 
significantly right after intervention and continued to decrease 
in rectus femoris at 60 minutes follow‑up, while the control 
group showed a continuous rise at the time of intervention 
and no change at 60  min follow‑up. The mechanism of 
intramuscular perfusion constriction after PRICE remains 
unclear, but the change detected by CEUS may help develop 
a more delicate care plan in athletes after intense exercise 
and play.

Diagnosis of arthritis
Traditional B‑mode and power Doppler ultrasound had been 
used to detect morphological changes in arthritis such as 
synovial hypertrophy and increased local blood flow. CEUS 
has been compared to these traditional ultrasound methods in 
terms of efficacy in detecting inflammatory arthritis.

Solivetti et  al. compared the use of traditional ultrasound, 
CEUS, and contrast‑MRI in patients with suspicion of psoriatic 
arthritis.[65] CEUS was found to potentially amplify changes 
in bone outline and synovium detected by ultrasound, thereby 
raising confidence in cases with suspicious symptoms but 
without clinical diagnosis.

Ohrndorf et al. applied grayscale, power Doppler sonography, 
and CEUS in studying the wrist and finger joints in patients 
with rheumatoid arthritis before and after anti‑inflammatory 
treatment, finding that CEUS showed the greatest sensitivity 

in detecting synovitis and follow‑up treatment effect when 
compared to MRI.[66]

More recently, Rizzo et  al. developed a novel, pixelwise 
quantification‑based method to investigate the kinetics of 
contrast agent perfusion patterns in differentiating rheumatoid 
arthritis from other different forms of inflammatory arthritis.[67] 
Their proposed method demonstrated the accuracy of up to 
97% in discriminating rheumatoid arthritis from psoriatic 
arthritis, spondyloarthritis, and arthritis in connective tissue 
disease.

CEUS was also used to investigate degenerative joint diseases, 
specifically osteoarthritis  (OA). Song et  al. demonstrated 
that in patients with painful knee OA, CEUS had even better 
sensitivity than contrast MRI to detect synovitis activity using 
time/intensity analysis when focusing on the superior recess 
synovium of the affected knee.[68]

Application in assessing peripheral nerves
CEUS had also attracted researchers in the field of peripheral 
nerve pathology, particularly carpal tunnel syndrome (CTS). 
Detecting microvascularization around the injured median 
nerve by power Doppler is challenging. Various sensitivity and 
specificity levels have been reported by previous studies due 
to equipment limitations and low accuracy in detecting blood 
flow direction.[69] CEUS, with an increasing signal‑to‑noise 
ratio, was seen as a potential solution for improving sensitivity 
and specificity. Volz et  al. conducted a pilot study using 
CEUS to evaluate the median nerves in patients who were 
simultaneously undergoing contrast‑enhanced transthoracic 
echocardiography.[70] The result showed that CEUS could 
be used to visualize the vasculature of the median nerve that 
remains inaccessible by traditional methods.

Motomiya et al. used CEUS to investigate the microcirculation 
of the subsynovial connective tissue  (SSCT) as well as the 
median nerve at the carpal tunnel segment.[71] Patients with 
CTS were found to have greater blood flow in the SSCT than 
healthy volunteers. Furthermore, the blood flow significantly 
increased in both SSCT and median nerve three months 
after carpal tunnel release surgery. The author proposed that 
such a microcirculation increase in the SSCT in the early 
postoperative phase played a role in neural recovery in CTS.

Although limited literatures were available regarding the 
application of CEUS in assessing peripheral nerves, it has 
shown the potential to detect microvascularity in peripheral 
nerve abnormalities with better sensitivity compared to 
traditional ultrasound alone or power Doppler.

Characterization of tumors
CEUS has been widely used for differential diagnosis between 
benign and malignant soft‑tissue mass. A recent meta‑analysis 
covered 5 studies including 746 patients with soft tissue mass 
who underwent CEUS to identify the nature of tumor that 
was later confirmed by pathological findings or clinical image 
appearance.[72] Three of the studies differentiate benign and 
malignant tumors by the perfusion pattern of CEUS of the 
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mass, while the remaining studies considered the contrast 
filling rate in addition to morphology. The pooled sensitivity 
and specificity were, respectively, 76% and 67%. The author 
proposed using CEUS alongside traditional US to help 
differentiate benign and malignant tumors.

An earlier pilot study showed that CEUS increased the 
successful rate of MSK mass biopsy compared to using 
traditional US.[73] Daniels et al. used CEUS to help localize 
the target area and the traditional B‑mode image to trace the 
needle tract in MSK mass biopsy.[74] They concluded that 
CEUS‑guided mass biopsy was effective and safe, especially 
when the targets were heterogeneous lesions or suspected 
necrosis.

Evaluation of flap transplantation
CEUS can also be used for flap perfusion evaluation and 
prognosis. CEUS allows for the dynamic flow detection of 
the transplanted flap as deep as 3 cm with a quantitative TIC 
of its microcirculation.[75] Lamby et al. used CEUS to assess 
postoperative perfusion of cutaneous, subcutaneous, fatty 
tissue, and muscle tissues in flap transplantation, with flap 
necrosis, hematoma or insufficient tissue perfusion detection 
results similar to those of contrast‑enhanced MRI.[73] In patients 
undergoing osteocutaneous flap transplantation, significantly 
lower CEUS perfusion parameter values were detected in 
patients with postoperative complications that require revision, 
including TTP, MTT, and regional blood volume and flow.[76] 
The MC of buried‑flap transplantation was previously difficult 
to detect due to its deep location. Using the better tissue 
penetration provided by CEUS, Geis et al. found longer TTP 
and smaller AUC in patients with wound healing complications 
after buried‑flap transplantation.[77]

Perspectives and Conclusions

The development of CEUS has led to many innovative 
and promising application in the MSK field. CEUS serves 
as an objective and quantitative evaluation tool not only 
for the diagnosis of various MSK pathologies but also for 
treatment outcome prediction. A growing number of studies 
has demonstrated its use in quantifying microperfusion and 
evaluating several vascular‑related or muscular diseases, 
tendinopathy, nerve injuries, sports‑related injuries, and 
flap transplant condition. It is also shown to be effective in 
differentiating etiologies of fracture nonunions and the nature of 
tumors. Moreover, it can be used to predict treatment outcomes, 
including tendon surgeries and flap transplantation and also 
provides valuable information for earlier decision‑making of 
whether to perform further surgeries in patients with persistent 
nonunions. Novel applications of CEUS are continuing to 
emerge, including the evaluation of peripheral nerves, a 
potential topic for future endeavors. Finally, appropriate CEUS 
parameters and optimal cut off values for the diagnosis of 
different categories of diseases warrant additional research.
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