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Abstract

:

Tendon-related disorders are a common condition in both sports medicine and orthopedic clinical practice. Ultrasonography, power doppler, and magnetic resonance imaging (MRI) are the most widespread technologies, but the use of ultrasound elastography—including strain elastography and shear wave elastography—has been increasing in the last years. The aim of this paper is to evaluate the use of ultrasound elastography in tendon-related disorders. Research in PubMed, Scopus, and Web of Science databases is performed, and 364 papers are exported. After the study selection process, 38 papers are included in this systematic review. The risk of bias of each paper is evaluated using the RoBANS tool. Blinding, confounding variables, and measurement of exposure are the most affected items. From the included papers, tendinopathy is the most analyzed pathology, followed by tenosynovitis and rotator cuff disease. The Achilles tendon, patellar tendon, and common extensor tendon of the hand are the most analyzed tendons. Ultrasound elastography results in being the method providing good sensitivity and specificity (up to 100% and 100%, respectively, in tendinosis of the long head of the biceps tendon, in transverse plan examination) and accuracy (up to 97.8% in Achilles tendinopathy); furthermore, this technique is able to ensure real-time feedback on tissue elasticity and appears more sensitive than B-mode alone.
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1. Introduction


Tendon-related disorders are common conditions in both sports medicine and orthopedic clinical practice; they are among the most important causes of suspension for sports activity and limitation in working ability [1]. Tendons can be affected by various pathological conditions; some of them could be associated with a systematic disease, and others result from local inflammation [2]. Tendinitis, tendinopathy, tenosynovitis, and peri-tendinitis are common terms, but as Maffulli and colleagues observed, all these terms were misused and confusing [3]. Ultrasonography, power doppler ultrasound, and magnetic resonance imaging (MRI) are the most common methodologies used as diagnostic imaging modalities for assessing and monitoring tendon pathologies [4].



Ultrasound (US) elastography was initially developed in the 1990s for a precise evaluation of tissue stiffness, with the aim of replicating/substituting the subjective clinician’s evaluation performed through manual palpation [5]. Two types of US elastography are available. The first is strain elastography (SE), which requires an external rhythmical pressure applied by the examiner on the target tissue, allowing the software to measure the tissue stiffness. The strain ratio obtained is the ratio between the examined tissue and the reference tissue [6]. Strain elastography provides a qualitative evaluation thanks to a color diagram [7]. The second is shear wave elastography, which is based on the use of acoustic radiation impulses to displace the tissue at several points of interest. This technique returns quantitative information about tissue stiffness (in kPa) based on the shear wave propagation velocity, quantified in meters/second (m/s) [6]. US elastography ensures the possibility of implementing several applications with respect to the body tissues, being commonly used to evaluate fascial structures, nerves, soft tissue masses, muscles, and tendons [8]. Multiple studies have been published on the use of US elastography on human tendons [9,10], most of them being experimental trials with small sample sizes [11]. To our knowledge, no systematic reviews focused on ultrasound elastography addressing clinical efficiency [12] in tendon-related disorders have been published, so far. Therefore, the aim of this SR was to evaluate the clinical efficiency of US elastography (strain elastography and/or shear wave elastography) in the aforementioned application field.




2. Materials and Methods


2.1. Information Source


An a priori study protocol was developed for this systematic review and registered in Prospero (CRD42022300598). This project was conducted following the PRISMA statement [13]. Moreover, a methodological paper focused on the SRs of observational studies [14] has been used as a main reference to perform this project.




2.2. Eligibility Criteria and Search Strategy


The research was conducted in three electronic databases, PubMed, Web of Science, and Scopus, and it was completed in January 2023.



The search strategy was developed following the PICO [15] reported below:



P: Symptomatic patients (over 18 years) affected by tendon-related disorders;



I: Tissue evaluation through US elastography (strain, shear wave elastography);



C: None;



O: Clinical efficiency of US elastography in clinical practice.



The full search strategy employed is available in Table 1. A different search strategy was developed for each database.




2.3. Study Selection


The inclusion criteria considered were cross-sectional studies written in English, published in a range time from 1 January 2010 to 31 December 2022, conducted on humans, and involving symptomatic subjects.



Exclusion criteria considered were studies conducted on cadavers or on animals, studies with populations affected by systematic pathologies, studies written in a language other than English, and studies published before 1 January 2010. Concerning the study design, systematic, scoping, or narrative reviews, commentary articles, letters to the editor, and conference papers were excluded.




2.4. Data Items and Collection


After the database research, data were exported and uploaded to Rayyan QCRI, a web application specifically developed to simplify and accelerate the systematic review process [16]. Two reviewers (D.M.D. and L.G.) screened the titles and abstracts following the eligibility criteria. A third reviewer (M.G.) helped in case of disagreement.



The extracted data were organized in a database that followed the Cochrane model [17]. Before starting the data extraction, the authors analyzed three papers chosen from the papers excluded with reasons [18,19,20] to familiarize themselves with the dataset.




2.5. Quality Assessment: Risk of Bias in Individual Studies


The risk of bias was evaluated using the risk of bias assessment of nonrandomized studies (RoBANS) tool [21]. Each study was analyzed independently by two reviewers (G.R. and N.F.L). In case of disagreement, a third reviewer (P.C.) was consulted.





3. Results


3.1. Study Selection


A total of 364 papers were exported from the electronic databases, and 155 papers were identified as duplicates. From the residual 209 papers, 148 were eliminated via title and abstract analysis. Subsequently, 61 papers underwent full-text analysis, and 23 papers were excluded with motivation. Supplementary Table S1 contains references and reasons for the exclusions.



Finally, 38 papers were included in this systematic review. In Figure 1, the entire selection process is represented.




3.2. Risk of Bias


The risk of bias in each study was evaluated. The most problematic area of the evaluation was item D4: “Blinding” with 14 papers graded as high risk, and 5 papers graded as medium risk. The second important item in terms of risk is item D2, “Confounding variables”, which was graded as high risk in 2 papers, and 22 papers were graded as unclear risk. In the third position was item D3, “Measurement of exposure”, which was evaluated as high risk in 2 papers, and 18 papers resulted as unclear risk. As fourth, item D1, “Selection of Participants” was graded as unclear risk in 23 papers. To follow was item D5, “Incomplete Outcome Data”, which was graded as unclear risk in 3 papers. Finally, item D6, “Selective outcome reporting”, was graded as unclear risk in 2 studies. A visual representation of the risk of bias analysis is available in Figure 2.




3.3. Study Characteristics


From the included studies, the most frequent evaluation technique was the longitudinal scan, used in 20 papers. Seventeen papers evaluated both longitudinal and transverse scans. Only one paper conducted only transverse scan. One paper did not declare the adopted probe’s position. The general and methodological features of the studies are resumed in Supplementary Table S2.



Sensitivity and specificity of US elastography were evaluated in 14 papers [22,23,24,25,26,27,28,29,30,31,32,33,34,35,36].



Accuracy value was evaluated in 6 papers [22,30,34,35,36,37]. Moreover, inter-observer reliability with MRI was evaluated in 3 papers [38,39,40].



From the included studies, the most reported outcome was the strain ratio, in 20 papers. Ten papers concerning shear wave elastography reported shear wave velocity expressed in meters/second; 11 papers instead reported shear modulus in kPa concerning tissue stiffness. One paper reported information concerning shear wave elastography in both shear wave velocity and tissue stiffness. Only 2 papers reported all three values of interest, i.e., strain ratio, shear wave velocity, and shear modulus.



Reliability indexes of included studies, concerning specificity, sensitivity, and accuracy of included papers, are hosted in Table 2.



Study characteristics, concerning the type of US machine, examination position of the patient, and location of the probe, are resumed in Supplementary Table S2.



Specific values and results related to shear wave elastography are resumed in Supplementary Table S3. Supplementary Table S4 hosted values and results related to strain elastography.



3.3.1. Population


	
Twenty papers involved only symptomatic subjects [22,23,24,25,34,36,37,38,39,40,41,43,44,45,48,51,52,53,54,55];



	
Eighteen papers involved both symptomatic and asymptomatic subjects [26,27,28,29,30,31,32,33,35,42,46,47,49,50,56,57,58,59].







3.3.2. Ultrasound Mode


	
Twenty papers described the use of B-mode + strain elastography [22,23,26,28,30,33,34,35,36,37,38,39,40,50,51,52,53,55,58,59];



	
Fifteen papers described the use of B-mode + shear wave elastography [25,29,31,32,41,42,43,44,45,46,47,48,54,56,57];



	
Three papers used B-mode + strain elastography + shear wave elastography [24,27,49];



	
Power doppler was used in 10 papers [24,30,34,36,37,46,47,54,56,58];



	
Only one paper used UTC [46];



	
Only one paper used Transient [29].







3.3.3. Pathologies


	
Tendinopathy was analyzed in 32 [22,24,25,26,27,29,30,32,33,34,35,36,37,38,39,40,41,42,43,44,46,47,48,49,50,51,53,54,56,57,58,59,60];



	
Two papers analyzed tenosynovitis [28,31];



	
Rotator cuff disease was analyzed by [23]; small supraspinatus tears were studied in [55]; frozen shoulder in [45]; sub-acromial impingement syndrome was studied by [52].







3.3.4. Tendons


	
Supraspinatus tendon evaluation was present in 9 papers [23,37,38,39,40,45,49,53,55];



	
Subscapularis tendon evaluation was present in 2 papers [23,38];



	
Infraspinatus tendon was present in 3 papers [23,37,45];



	
Teres minor tendon evaluation was present in 1 paper [23];



	
Biceps tendon evaluation was presented in 4 papers [27,35,37,45];



	
Common flexor tendons of the Hand evaluations were presents in 4 papers [24,26,37];



	
Common extensor tendons of the Hand evaluations were presented in 8 papers [25,30,36,37,43,52,54,58]



	
Abductor and extensor Pollicis evaluation were presented in 2 papers [28,31]



	
Patellar tendon evaluation was present in 9 papers [32,34,37,41,42,47,48,54,57]



	
Achilles tendon evaluation was present in 11 papers [22,29,32,33,37,44,46,50,54,56,59].







3.3.5. Reliability Indexes of Included Studies


	
Achilles tendon was evaluated in 6 papers [22,29,32,33,37,59];



	
Patellar tendon was evaluated in 3 papers [32,34,47];



	
Rotator cuff was evaluated in 3 papers [23,37,40,55];



	
Epicondylitis was evaluated in 6 papers [24,25,26,30,36,37];



	
Biceps tendon was evaluated in 2 papers [27,35];



	
De Quervain tenosynovitis was evaluated in 2 papers [28,31].









4. Discussion


4.1. Discussion


To our knowledge, this is the first review focused on ultrasonography and ultrasound elastography in tendon-related disorders. We have included studies with a cross-sectional design, which is the most appropriate and frequent study design used to assess diagnostic accuracy [61].



Ultrasound elastography has been undergoing rapid growth in recent years in terms of use and in the number of publications [62].



Tendinopathy conditions are characterized by a degenerative process that occurs in the long term because of overuse and repetitive stress. Inflammation occurs in the first few weeks as a response to damage to repair and reconstitute the involved tissue. Often the reparative mechanism fails, thus leading to degenerative changes in the collagenous matrix and irregular fiber structure, hypercellularity, hypervascularity, accumulation of fluid between fibers, and a lack of inflammatory cells [63].



In tendinopathy, these pathologic changes occur concurrently with the attempts at tissue repairing (“degeneration” and attempts of “regeneration”). The presence of disorganization of collagen fibers (normally arranged in a parallel configuration and densely packed) leads to a localized decrease in tendon stiffness. Therefore, stiffness analysis can help in diagnosing tendinopathy [64].



Ultrasound elastography analyzes the elasticity of the investigated tissue through ultrasound. Both ultrasound elastography types (shear wave elastography and strain elastography) can be used to investigate tendon elastic properties, resulting in different measurements. In shear wave elastography, two outcomes can be obtained: shear modulus measured in kPa or shear wave velocity (SWV) measured in m/s. In strain elastography, the outcome is the strain, defined as the amount of displacement from the probe. Knowing the strain and identifying a reference, the strain elastography software calculates the strain ratio, which is an index of the relative elasticity of an objective region of interest (ROI) and a reference ROI with a constant elasticity [65].



Therefore, it is expected that in cases of tendinopathy, the tendon is “softer” and stiffness decreases, with a reduction in shear modulus, in shear wave velocity for the shear wave elastography, and in strain ratio for the strain elastography (higher strain for softer tissues) [66].



In some cases, US elastography analysis provides conflicting results; as shown by Breda [47], Coombes [32], and Zhang [57], a pathologic patellar tendon (both in athletes and non-athletes) is less elastic (increased stiffness) than controls. The opposite result was obtained by Ooi et al. [34] and Dirrichs et al., [54] who showed that symptomatic patellar tendons (both in athletes and nonathletes) have decreased stiffness compared to nonsymptomatic tendons. This finding is in contrast to previous studies but in agreement with what is expected. These contradicting results have already been mentioned by Breda [47], who hypothesized how different methods of image analysis, different ultrasound equipment, and different positions of the knee can be potential explanations for the discordant findings. In particular, it has been mentioned that a more flexed position of the knee leads to increased stiffness. Therefore, a standardized position is required to obtain compatible results. Finally, different US equipment can lead to different results but also different transducers and different acquisition depths [47].



Despite the different results, most of the studies that considered this type of pathology [32,34,47,54] concluded that US elastography significantly improves diagnostic accuracy when used in combination with the conventional US, providing good-to-excellent inter-operator and intra-operator reliability.



Similar findings can be found in the analysis of the long-head biceps tendon (LHBT): Sahan [27] found that chronically pathological long-head biceps tendon (identified with pain and MRI examination) becomes stiffer compared to the same tendons in a control group using both shear wave elastography and strain elastography evaluations. In this case, we must consider that some artifacts may be involved [67]. In fact, it is known that during a pathological process, while tendons become softer, joint capsules and ligaments become stiffer [68]. The LHBT takes part in shoulder stability; it is included in the rotator cuff and has an extra-synovial part and an intra-synovial part that runs under the shoulder capsule. When the LHBT is analyzed, it is nearly impossible to isolate the tendon from the capsule tissue. Therefore, in the US elastography analysis of the LHBT, the stiffness of the shoulder capsule must be considered to properly understand the results [69]. However, by comparing the diagnostic utility of US, shear wave elastography, and strain elastography to MRI, it was concluded that US elastography is a useful diagnostic tool for LHBT tendinopathy when considering usability, cost-effectiveness, and patient preference compared to MRI.



Among the included studies, biceps tendinopathy is also considered by Seo [35]. They did not specify any strain elastography results data about tendon stiffness but concluded that US elastography has a positive correlation with US images.



Other frequently analyzed tendons in the review are the Achilles tendon, supraspinatus tendon, common extensor, and common flexor tendons. The Achilles tendon has been taken into consideration by Kandil [22,29,32,33,37,50,54,56,59,60]. Most of these studies [22,29,34,37,54,56,60] found that symptomatic Achilles tendon is softer than healthy tendons and asymptomatic tendons. They also reported good to excellent sensitivity and specificity in the diagnosis of Achilles tendinopathy using both strain elastography and shear wave elastography techniques. Galletti [37] did not provide SE results data but found out that it could identify tendinopathy features in 27/35 patients with suspected pathologic tendons with negative US examination [37].



Coombes et al. [32] divided the Achilles tendon into insertional and mid-parts. Even if the tendon thickness was greater in symptomatic patients than in controls, in both mid- and insertional Achilles, the shear wave elastography analysis revealed that stiffness was very similar at the midportion and slightly greater in symptomatic tendons at the insertional area.



The paper of Chimenti et al. [50] is in agreement with the previous one, supporting that in insertional Achilles tendinopathy (IAT), tendons’ compressive modulus increases compared with healthy controls, indicating an intrinsically more rigid tissue. This outcome is due to the fact that at the Achilles tendon insertion, in patients with IAT, increased cartilage matrix proteins (type 2 collagen and aggrecan) and rounder tendon cells can be found, suggesting a metaplastic phenomenon. It is worth mentioning that this paper is the only one analyzing the Achilles tendon with the patient actively moving (active dorsiflexion, standing, and partial squat) [50].



The other paper in contrast with expectations is the one from Sconfienza and colleagues [59], which found the painful Achilles tendon to be harder with respect to pain-free controls.



Findings related to the insertional part of the tendon are controversial since other papers discovered that symptomatic tendons are globally softer than healthy controls [61]. This fact can also be due to the overlapping of muscle and tendon tissues in the explored region.



Further studies in this field are needed since there is no unambiguous judgment about sensitivity and specificity and on whether maturation, aging, or chronic load underlies these findings.



We assume that the limitations of ultrasound imaging play a primary role in generating this variety of results. Despite the controversial outcomes, these studies showed that US elastography is an accurate method in the diagnosis of Achilles tendon pathologies, and it can be useful in the evaluation of Achilles tendinopathy, especially when paired with US imaging.



Medial and lateral epicondylitis have also been analyzed multiple times [24,25,26,30,36,37,52,58]. In these cases, the available findings are not controversial and all studies suggest that pathological tendons are softer than healthy structures. Additionally, both SWE and SE are valid imaging techniques for diagnosing medial and lateral epicondylitis with good to excellent sensitivity and specificity.



The study by Kocyigit [53] revealed a higher strain ratio in symptomatic tendons, unlike other papers’ assumptions. This is probably due to the fact that they selected the subcutaneous fat tissue near the common extensor tendon origin as a reference ROI for calculating the strain ratio. As fat is softer than the tendon tissue, this may represent a convincing explanation for the resulting higher strain ratio [53].



The last series of studies concerns supraspinatus tendinopathy without tears [37,38,39,40,51]. In these papers, US elastography has been compared to MRI, showing a good to excellent correlation with MRI findings. The results are in agreement with the expectations about tendon softening.



The study by Lee [51] has to be mentioned because, in the strain ratio calculation, they used subcutaneous tissue as a reference area in one measure and a gel pad in the other measure. Despite that, the conclusion did not differ from other papers, since MRI tendinosis grade is associated with stiffness assessed using US elastography [51].



Therefore, we can state that US elastography is a useful clinical tool. It allows a quantitative measurement of tissue stiffness, and, thanks to its sensibility, it is able to detect tendinous alterations that are not evident in US B-mode evaluation [37]. However, its role in revealing early subclinical alterations is still debated [65].



Nevertheless, US elastography provides real-time feedback in tendon evaluation. However, as reported in the current literature, there is a need to combine US and clinical evaluation [70].




4.2. Strengths and Limitations


Some limitations should be considered.



4.2.1. Limitations of Included Studies


As concerns the included studies, in some of them, the study population was relatively small; moreover, the subjects were not consecutively recruited, and blinding was not performed in all studies. Furthermore, in some studies, the control group was not optimally matched for age and sex with the study population.



We should consider some limitations caused by the intrinsic characteristics of the tool employed. Strain elastography has a high operator dependency since the application of pressure to the probe is performed manually [58]. In addition, artifacts may be found [40] and the region of interest (ROI) selected for the strain ratio measurement may not properly represent tissue properties [52]. In fact, ultrasound imaging analyzes the ROI that has a determined area. If another tissue is present in the ROI or immediately below it, it will be considered in the measurement by the software itself. This phenomenon influences the results [63].



As concerns the patellar tendon, some studies considered a very small ROI or a single ROI with flexible diameters centered in the hypoechoic region of the proximal patellar tendon, while Breda [47] evaluated average stiffness over the proximal patellar tendon assuming that pathological intra-tendinous changes are diffuse.




4.2.2. Methodological Limitation


We have some methodological limitations to cite. First: we know the importance of the agreement value between reviewers, but this value was not calculated in the selection process and in the RoB evaluation. Second: we searched only three databases: PubMed, Scopus, and Web of Science. Third: our time range from 1 January 2010 to 31 December 2022 could be a limit, but we finally included 38 studies, so we think we have provided an extensive representation of the most recent literature. Fourth: we could have used a more detailed risk of bias tool such as the ROBINS-I tool. However, a long training period is needed to accurately use this tool [71].






5. Conclusions


In conclusion, US elastography shows good to excellent reliability of the measures in both healthy and pathological Achilles tendons [42].



Shear wave elastography may offer a more objective and reproducible value of tendon elasticity [38]. It is also the most suitable imaging technology for symptom monitoring [20].



Strain elastography is sensitive to small strain alterations in early Achilles tendon alterations, before pathological changes can be seen with B-mode US and power doppler or manifest clinically [22]. In the shoulder, strain elastography could detect different rotator cuff disorders, comparable to MRI [23], but it is more observer dependent than shear wave elastography [38].



Strain elastography and shear wave elastography demonstrate no significant differences in diagnosing medial epicondylitis [24].



Some of the alterations retrieved by strain elastography are not completely understood, and further studies are needed to clarify if they are preclinical changes or false-positive results [22].



However, to ensure the appropriate use of these technological solutions, it is of paramount importance to follow methodological recommendations such as, for instance, the technical guidelines developed by the European Society of Musculoskeletal Radiology [72].
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Figure 1. PRISMA flow chart. * PubMed: 65; Scopus: 135; Web of Science: 164. ** manually excluded. 
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Figure 2. Risk of bias ([22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59]). 
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Table 1. Search Strategy.
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	Database
	Search Strategy





	PubMed
	“Elasticity Imaging Techniques”[Mesh] AND “Tendinopathy”[Mesh]



	Scopus
	Tendinopath* AND Elastograph*

Filters by keywords: Human, Humans, Elastography; Ultrasound Elastography



	Web of Science
	Tendinopath* AND Elastograph*
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Table 2. Reliability indexes of included studies.
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	Study
	Shear Wave Velocity (m/s)
	Shear Modulus (kPa)
	Strain Ratio





	Elsayed et al., 2022 [43]
	ICC inter-observer: 0.974 (0.953–0.986)



ICC intra-observer: 0.998 (0.995–0.999)
	
	



	Kandil et al., 2021 [22]
	
	
	Achilles Tendon



Sensitivity: 87.5% Specificity: 100%



Accuracy in differentiating normal and pathological tendons: 90%



	Frere et al., 2021 [23]
	
	
	Rotator Cuff Lesions

Tendinopathy:

Sensitivity 93.8%: Specificity 95%



Partial thickness tears:

Sensitivity 90%; Specificity 92.3%



Full thickness tears:

Sensitivity 90%; Specificity 100%



	Bang et al., 2021 [24]
	Epicondylitis



Sensitivity: 100%; Specificity: 97%
	Epicondylitis



Sensitivity: 100%;

Specificity: 97%
	Epicondylitis



Sensitivity: 85.7%; Specificity: 97%



	Breda et al., 2020 [47]
	Patellar Tendinopathy



Athletes with Patellar Tendinopathy

ICC (95% CI): 0.95 (0.92–0.97) mean value



Healthy Athletes

ICC (95% CI): 0.79 (0.65–0.88) mean value
	
	



	Zhu et al., 2019 [25]
	Common Extensor Tendon in Lateral Epicondylitis



ICC (95% IC): 0.986 (0.964–0.994)



Sensitivity: 93%; Specificity: 93%
	
	



	Shin et al., 2019 [26]
	
	
	Medial Epicondylitis



Sensitivity: 89.7%; Specificity: 100%



	Sahan et al., 2018 [27]
	Tendinosis of the Long Head of Biceps Tendon



LHBT Group: transverse plane

Sensitivity: 100%; Specificity 100%



LHBT Group: longitudinal plane

Sensitivity: 100%; Specificity: 90%
	
	



	Ghandour et al., 2018 [28]
	
	
	De Quervain Tenosynovitis



Positive Predictive Value: 95%;

Negative Predictive Value: 90%



Sensitivity: 92%; Specificity: 93%



	El Badry et al., 2018 [29]
	Achilles Tendinopathy



Sensitivity 89.1%; Specificity: 96.1%
	
	



	Arslan et al., 2018 [30]
	
	
	Lateral Epicondylosis



Positive Predictive Value: 90.7%;

Negative Predictive Value: 80.7%

Accuracy rates: 85.0%



Sensitivity: 78%; Specificity: 92%



	Turkay et al., 2017 [31]
	
	De Quervain Tenosynovitis



Sensitivity: 85%;

Specificity: 95%
	



	Coombes et al., 2017 [32]
	Achilles and Patellar Tendinopathies



Mid Achilles:

ICC (95% CI): 0.71 (0.24–0.91)

Sensitivity: 75%; Specificity: 68.2%



Insertional Achilles:

ICC (95% CI): 0.69 (0.11–0.92)

Sensitivity: 78.6%; Specificity: 81%



Mid Patellar:

ICC (95% CI): 0.71 (0.22–0.91)

Sensitivity: 76.5%; Specificity: 82.1%



Proximal Patellar:

ICC (95% IC): 0.80 (0.42–0.94)

Sensitivity: 35.3%; Specificity: 92.9%
	
	



	Ooi et al., 2016 [34]
	
	
	Patellar Tendinopathy



Positive Predictive Value: 66.7%;

Negative Predictive Value: 57.1%

Diagnostic Accuracy: 62.9%;



Sensitivity: 70%; Specificity: 53.3%



	Tudisco et al., 2015 [55]
	
	
	Unilateral Supraspinatus Tendon Tear

Affected Shoulder: 0.75 ± 0.08 mean

Healthy Shoulder: 1.01 ± 0.07 mean



	Seo et al., 2015 [40]
	
	
	Supraspinatus Tendon in Rotator Cuff

Tendinopathy without Tear



Interobserver reliability with MRI (K coefficient):

Correlation coefficient: 0.829



	Ooi et al., 2015 [33]
	
	
	Achilles Tendinopathy



Accuracy in the diagnosis of clinically Symptomatic

Achilles Tendinopathy: 97.8%



Sensitivity: 97.5%; Specificity: 94.5%



	Galletti et al., 2015 [37]
	
	
	Diagnosis of Tendinopathies



Shoulder:

80.4% positive; 19.5% negative (alterations)



Elbow:

81.5% positive; 18.4% negative (alterations)



Patellar:

73% positive; 26.9% negative (alterations)



Achilles:

77.1% positive; 22.8% negative (alterations)



	Seo et al., 2014 [35]
	
	
	Biceps Tendinitis and Tendinosis

(longitudinal view)

Sensitivity: 94.4%; Specificity: 92.1%;

Accuracy: 92.7% (mean)

(considering grade 2 and grade 3 as pathological)



Interobserver reliability with US (K coefficient):

Correlation coefficient: 0.840



	Giyoung et al., 2014 [36]
	
	
	Lateral Elbow Tendinopathy

Accuracy: 96.4%;



Sensitivity: 96.4%; Specificity: 96.4%



	Sconfienza et al., 2010 [59]
	
	
	Achilles Tendon

Inter-reader agreement (K value): 0.897
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