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SYNOPSIS: Tendinopathy is frequently associated with structural disorganisation within the tendon. 

As such, the clinical use of ultrasound and magnetic resonance imaging for tendinopathy has been 

the focus of numerous academic studies and clinical discussions. However, similar to other 

musculoskeletal conditions (osteoarthritis and intervertebral disc degeneration) there is no direct 

link between structural disorganisation and clinical symptoms, with findings on imaging potentially 

creating a confusing clinical picture. While imaging shows the presence and extent of structural 

changes within the tendon, the clinical interpretation of the images requires context in regards to 

the features of pain and the aggravating loads. This review will critically evaluate studies that have 

investigated the accuracy and sensitivity of imaging in the detection of clinical tendinopathy and the 

methodological issues associated with these studies (subject selection, lack of a robust gold 

standard, reliance on subjective measures).  

The advent of new imaging modalities allowing for the quantification of tendon structure or 

mechanical properties has allowed new critical insight into tendon pathology. A strength of these 

novel modalities is the ability to quantify properties of the tendon. Research utilising ultrasound 

tissue characterisation and sonoelastography will be discussed. 

This narrative review will also attempt to synthesis current research whether imaging can predict the 

onset pain or clinical outcome, the role of monitoring tendon structure during rehabilitation (ie, 

does tendon structure need to improve to get a positive clinical outcome?), future direction for 

research and propose the clinical role of imaging in tendinopathy. 

Key words: magnetic resonance imaging, tendinosis, tendon, ultrasound 
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The old saying goes ‘a picture is worth a thousand words’. Imaging of tendons with 

ultrasound and magnetic resonance (MR) imaging have been utilised in the clinical setting to assist in 

the diagnosis of tendinopathy, monitor the efficacy of treatments, and assess the risk of developing 

symptoms.44, 73, 81 However, while imaging shows the presence and extent of structural changes 

within the tendon, the clinical interpretation of the images requires context in regards to the 

features of pain (location and distribution) and the aggravating factors (loads that are related to 

increases in pain). This is due to the limited relationship between structural disorganisation and 

pain; similar to other musculoskeletal conditions such as osteoarthritis and intervertebral disc 

degeneration.81 Clinically, tendon abnormalities on imaging do not confirm that pain and dysfunction 

is generated by the tendon.77 Conversely, a relatively normal tendon does not rule out the tendon as 

the source of pain and dysfunction. In the case of tendons, we may need to make an addition to the 

old saying where ‘a picture is worth a thousand words but only as an adjunct to the clinical picture’. 

This clinical commentary discusses the imaging features of the pathological tendon, accuracy and 

sensitivity of ultrasound and MR imaging, new and novel imaging modalities, the role of imaging in 

the clinical and research setting (prediction of symptoms and monitoring), and future directions. 

Tendinopathy is the clinical condition that describes pain and dysfunction of the tendon, 

which is independent of pathology within the tendon.53 It is frequently described as localised pain 

that increases with greater load (ie, single leg hopping is more painful for the Achilles tendon than 

calf raises).15, 77 Degenerative changes in structure observed histologically or on imaging, 

independent of clinical symptoms, is termed tendinosis.53, 72 These terms have been used 

interchangeably in the literature, however it is important to clarify that they represent differing 

aspects of the same condition and highlight the disconnect between structure and pain. 

Features of normal and pathological tendons on imaging 

 Imaging allows for the visualisation of the internal architecture of the tendon. Normal 

tendon primarily contains type I collagen that is hierarchically arranged into parallel aligned fibrils, 

fibres, and fascicles.31, 64, 76, 80 This uniform alignment of fibres can be visualised in normal tendons 

using ultrasound imaging at the fascicle level (FIGURE 1). Water and non-collagenous proteins, such 

as proteoglycans, are present between the fibres and fascicles, which allow tendon lengthening 

through interfascicular sliding rather than fibre extension.82, 92 This relationship between water and 

collagen results in a strong dipole interaction and little signal being observed on MR imaging in the 

normal tendon (FIGURE 2).9, 99 Finally, normal tendons are relatively avascular especially when 

observed with Doppler ultrasound (FIGURE 3).65 
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Four main histological changes are observed in tendinosis; the primary change being 

increases in cell numbers that exhibit an altered more metabolically active phenotype.10, 47 Rather 

than flattened tenocytes that are arranged parallel between fibres, increased numbers of rounded, 

activated tenocytes are interspersed throughout the pathological tendon.47 While determining 

changes in cell number and phenotype are beyond the resolution of clinical imaging modalities, the 

consequence of these active metabolic cells can be detected. A shift in the proteoglycan content, 

from the small leucine-rich proteoglycans (eg, decorin) to the larger hydrophilic proteoglycans (eg, 

aggrecan), results in an increase in bound water and tendon thickening.20, 80 These changes have 

been described on ultrasound as increases in tendon dimensions and heterogeneous or diffuse 

changes in echogenicity,19, 57 as well as, ultrashort echo time MR imaging shown alterations in the 

hydration state of the tendon.40 Previous work in asymptomatic patellar tendons suggest that 

abnormal tenocyte morphology and changes in proteoglycan content are the primary changes in 

tendinosis.14 

 Fibrillar disorganisation is another feature of tendinosis where fibres are present in a 

haphazard arrangement, somewhat due to the change from type I collagen to type II and III 

collagen.54 The parallel arrangement of normal tendon fibres generates a single ultrasound reflection 

when the ultrasound probe is perpendicular to the long axis of the tendon. Multiple reflections and 

shadowing are generated by fibrillar disorganisation and lack of parallel aligned fibres, which is 

represented by an area of hypoechogenecity on ultrasound (FIGURE 4).73 On MR imaging, the 

alteration in fibrillar alignment and increased water content results in an increase in intratendinous 

signal (FIGURE 5).9, 99 

 Neovascularisation within the pathological tendon can be imaged with colour and power 

Doppler ultrasound imaging (FIGURE 3).6, 33 Weinberg et al98 reported that Doppler flow was only 

observed in tendons that contained an area of hypoechogenecity and not in abnormally thickened 

tendons with normal echogenicity.  This association between the presence of blood vessels and 

areas of matrix disorganisation suggest that the infiltration of blood vessels may be opportunistic.43 

The infiltration of blood vessels and accompanying nerves have previously been implicated as a 

source of pain, with moderate associations reported between Doppler signal and the presence and 

location of pain22, 27, 38; with Doppler signal also being associated with poorer clinical outcomes.49 

However, increased Doppler signal is present in asymptomatic tendons suggesting that blood vessels 

and accompanying nerves are not the primary source of pain.18, 38 It is also important to note that 

the reliability of detecting Doppler signal is poor,17 with exercise affecting the presence/absence of 

Doppler signal.16 
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The pathological features outlined above are not the only indication of pathology within the 

tendon. Partial tears, especially in the rotator cuff of the shoulder, are frequently described. 

However, there is no consensus on the features of partial tears and a number of studies have 

reported difficulty in differentiating partial tears from tendinosis.68, 75 Bony spurs and areas of 

calcification, frequently near the tendons bony insertion, have previously been described as a 

‘tombstone of tendon pathology’ yet recent investigations have shown that they have little impact 

on the development of symptoms.12 Extra-tendinous tissues, such as paratendinous sheath, 

associated bursa, and fat pad, can also display changes on imaging yet have a different pathogenesis 

to tendinosis.73  

Paratendinitis is described as an inflammatory response of the tendon sheath, which 

clinically can present as crepitus and pain through range of movement. Thickening of the sheath and 

the presence of fluid surrounding the tendon are frequently observed on ultrasound (FIGURE 6), 

with adhesions of the sheath to the tendon occurring in chronic cases that can be observed on 

dynamic ultrasound.67, 101 Imaging can be useful in the diagnosis of paratendinitis as it can be present 

in conjunction with tendinosis and needs to be considered during rehabilitation (ie, reducing joint 

movement and friction between the sheath and tendon). 

Accuracy, sensitivity, and validity of imaging 

 There has been considerable debate of the clinical utility of imaging in tendinopathy. There 

have been numerous studies that have investigated the accuracy (number of correct imaging 

diagnoses, both abnormal and normal imaging, divided by the total number of cases) and sensitivity 

(number of correct abnormal imaging diagnoses divided by the total number of symptomatic cases) 

of a number of imaging modalities in detecting clinical tendinopathy. A central issue with studies 

that test the accuracy of imaging is the lack of a valid clinical gold standard. The diagnosis of 

tendinopathy can be complex due to a confusing clinical picture with few clinical diagnostic tests for 

tendinopathy. As yet, there is no consensus as to what clinical exam is the gold standard in the 

diagnosis tendinopathy, with pain on palpation, location of pain and pain during certain movements 

frequently used as the reference test when testing the accuracy of imaging. However, the accuracy 

and sensitivity of these measures have been variable 42, 74. Determining the accuracy of imaging is 

dependent on how valid the gold standard is. With that yet to be ascertained, caution is advised 

when assessing the accuracy of imaging in detecting clinical tendinopathy.  

A number of studies have investigated the accuracy of imaging in diagnosing tendinopathy. 

These studies have consistently shown that both ultrasound and MR imaging have good-to-excellent 
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accuracy (ultrasound: 0.63-0.83, MR imaging: 0.68-0.70), with varying sensitivity (ultrasound: 0.68-

0.87 and MR imaging: 0.50-0.57) in detecting clinical tendinopathy.1, 45, 48, 49, 62, 97 But, caution is 

required when interpreting the results of these studies as asymptomatic participants are frequently 

included and their inclusion may results in an over-estimation of the accuracy and sensitivity of 

imaging in detecting clinical tendinopathy. Participant selection in these studies is critical and future 

studies need to reflect the use of imaging in the clinical setting (ie, use of imaging to differentiate 

tendinopathy from other pain conditions in the same anatomical region).  

Due to ethical issues in collecting tissue from appropriate controls, most studies have 

compared imaging to a clinical diagnosis as the gold standard,49 with few studies comparing findings 

on imaging to surgical or histological findings. A number of studies have reported variable sensitivity 

values (0.33-1.00) but good-to-excellent accuracy (0.91-0.95) of imaging compared to surgical 

findings.46, 61, 88, 96, 100 For example, Adams et al1 identified subscapularis tears on MR imaging in 16 

patients that were confirmed by arthroscopy, yet 28 patients with subscapularis tears identified 

arthroscopically had normal MR imaging. Similar findings have been reported for the Achilles tendon 

where ultrasound diagnosis correlated with surgical findings in approximately 80% of cases,3, 68 with 

ultrasound imaging being limited in its ability to differentiate between partial Achilles rupture and 

local degenerative lesions.68 Caution is advised extrapolating the accuracy and sensitivity findings of 

these studies to the diagnosis of tendinopathy as the majority of studies investigated the ability to 

identify partial tears due to this condition frequently requiring surgery. Shalabi et al85 found that 

intratendinous signal observed on dynamic contrast-enhanced MR imaging correlated with the 

severity of histopathological changes. Histopathological comparison to ultrasound has shown that 

areas of hypoechogenecity contained significant tendon pathology, with areas adjacent subjectively 

described as ‘normoechoic’ also exhibiting pathological changes yet to a lesser extent.61  

Which imaging modality is the gold standard? 

 Radiographs and computed tomography scanning have been used to image tendons,7, 59, 89 

however ultrasound and MR imaging are the preferred imaging modalities. MR imaging has excellent 

soft tissue contrast detail and multi-planar imaging capabilities with excellent reproducibility.5 

However, MR imaging is costly and of limited availability. Advances in ultrasound transducer 

technology and improvement in the sensitivity of Doppler imaging have increased the utility of 

ultrasound. However, it is somewhat user-dependent as slight changes in the ultrasound transducer 

tilt generate imaging artefacts that are similar to those seen with tendon pathology.73 Ultrasound 

imaging can focus on an area of pain or clinical suspicion of pathology, whereas MR imaging provides 

a global assessment of the region of concern.  
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Few studies have directly compared MR and ultrasound imaging. Westacott et al100 

performed a systematic review and reported that the sensitivity of MR imaging for detecting gluteal 

tendon tears ranged from 0.33 to 1.00, whereas specificity was consistently high (0.92-1.00). In 

contrast, ultrasound was found to be a highly sensitive technique (0.79-1.00), suggesting that 

ultrasound may be used as first-line imaging modality for evaluating gluteal tendon tears. Similarly, 

previous investigations have reported that ultrasound demonstrates higher sensitivity but lower 

specificity compared to MR imaging in detecting clinically symptomatic rotator cuff tendinopathy.99 

However, MR imaging has been reported to be superior in the evaluation of various degenerative 

changes in the Achilles tendon.61, 63 

There is value in both MR and ultrasound imaging, with the imaging modality to be used 

being based on patient presentation. MR imaging may be suitable where differential diagnosis is 

required (eg, visualisation of patellofemoral joint chondral changes mimicking aspects of patellar 

tendon pain). However, due to the superior spatial resolution of ultrasound in the visualisation of 

fibrillar alignment and vascularity,73 ultrasound may better image the internal architecture of the 

tendon. Ultrasounds ability to provide a dynamic image during active and passive movements may 

provide further information, especially in differential diagnosis (eg, fat pad or sheath adhesion to the 

tendon, sciatic nerve tethering to the proximal hamstring tendon). 

New imaging modalities 

 Conventional imaging modalities are criticised for their reliance on subjective interpretation 

of images. Research has been limited to classifying the tendon as abnormal or normal or using a 

subjective grading score based on a myriad of pathological features and their severity. Objective 

quantification of tendon structure has been limited to measurements relating to tendon dimensions 

(antero-posterior diameter or cross-sectional area) and the percentage cross-sectional area of the 

hypoechoic lesion. Tendon research may be improved with new imaging techniques that address 

these limitations and begin to provide information of the mechanical properties of the tendon. 

Ultrasound Tissue Characterisation (UTC) 

The aligned fibrillar structure of tendon results in a homogenous echotexture on ultrasound 

imaging, where the stability in echotexture can be quantified.4, 60 Ultrasound tissue characterisation 

(UTC) captures contiguous transverse ultrasound images over the length of the tendon and semi-

quantifies the stability of the echotexture over the length of the tendon into 4 echotypes (see van 

Schie et al94 for further explanation of the 4 echo-types). Research performed on equine 

histopathological samples found that UTC echo-types were able to distinguish between different 
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tissue types (normal, granulation, and fibrotic tissue) where basic grey level statistics could not.93, 95 

The ability to capture a 3-dimensional ultrasound image of the tendon, which standardises 

parameters that affect the repeatability of conventional ultrasound (ie, tilt transducer angle, depth, 

and gain settings), and semi-quantification of tendon structure attempts to address the limitations 

of conventional ultrasound imaging. 

While UTC echo-types have not been compared to tendon biopsies in humans due to ethical 

considerations, the structure of equine and human tendons are similar.69 Van Schie et al94 scanned a 

cross-section of individuals with and without Achilles tendon pain and reported that the percentage 

of intact and aligned tendon bundles (echo-type I) were reduced in the symptomatic tendon with 

increases in echo-types that represent disorganised structure (echo-type III and IV). The ability to 

semi-quantify the structural integrity of the tendon has allowed for classification of the tendon 

pathology based on a continuum of tendon pathology (FIGURE 7), treatment efficacy to be 

investigated,21, 23, 24 detection of subtle changes in response to load,29, 79 and demonstration that the 

asymptomatic Achilles tendon is structurally compromised in individuals with unilateral tendon 

pain.30 

Sonoelastography 

Ultrasound elastography is a technique that evaluates the mechanical properties of tissues. 

Tendon pathology alters mechanical properties, and ultrasound elastography may be of value in 

improving the diagnostic capability of conventional ultrasound. Ultrasound elastography is based on 

the principle that tissue displacement in response to external compression produces “strain” within 

the tissue.50 Strain is defined as the change in length (displacement) of a tissue relative to its original 

length in response to the compressive force. Stiffer tissues have lower strain values while softer 

tissues have higher strain values. A visual strain map overlaid on the conventional B-mode image 

provides a visual representation of the relative stiffness of tissues (FIGURE 8).25, 26, 66, 91  

Ooi et al66 imaged 120 patients with Achilles tendinopathy and 120 gender- and age-

matched controls. The authors found that combining findings from B-mode ultrasound and 

ultrasound elastography improved diagnostic sensitivity (0.96), specificity (0.95), and accuracy 

(0.98), with better clinical correlation (k=0.9, P<.001) when compared to B-mode and colour Doppler 

US (sensitivity 0.67, specificity 0.94, accuracy 0.83).66 Adding ultrasound elastography to 

conventional ultrasound may improve the association with clinical symptoms. Sonoelastography has 

previously been used to monitor the Achilles tendon post-rupture,91 investigate tissue displacement 

patterns under varying loading conditions,87 and has been compared to histological specimens.51 
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Future studies are needed to investigate its potential role and applications in management and 

prevention of tendinopathy.  

Can imaging predict the onset of pain or clinical outcome? 

A feature and criticism of the use of imaging in individuals with tendinopathy is the poor 

correlation with the presence of pain and pain severity. Abnormal imaging has been reported in 

various tendons in as many as 59% of asymptomatic individuals.8, 13, 34, 37, 41, 48, 52 This reflects the 

complex nature, and our limited understanding, of tendon pain. Tendon pain is not solely driven by 

local tissue changes, yet there is likely to be an interaction between the local tissue and the 

peripheral and central nervous system.77 

Despite the poor relationship between pathological changes and pain, local tissue changes 

and the use of imaging in visualising these changes may be important as a prognostic tool. Fredberg 

et al35 followed 54 asymptomatic Danish elite soccer players for development of Achilles tendon pain 

over 12 months. The authors reported that players with substantial imaging changes (thickening and 

hypoechoic region greater than 2mm in the transverse planes) at baseline had a 3-fold increase in 

the relative risk of developing symptoms (95% CI, 1.6-4.9). Similarly, Malliaras and Cook56 reported 

that abnormal ultrasound imaging of the patellar tendon increased the relative risk of developing 

pain 15-fold in volleyball players (95% CI, 1.9-111.4). Conversely, Giombini et al37 who investigated 

the Achilles, patellar, and quadriceps tendons in 37 asymptomatic elite fencers reported that 

hypoechogenicity predicted future symptoms only in the patellar tendon, not the quadriceps or 

Achilles tendons. 

Sonoelastography has been utilised to investigate the development of Achilles tendon pain 

in elite Australian football players. Structural and mechanical property changes of the Achilles 

tendon such as intratendinous delaminations, hypoechogenicity, neovascularization, as well as soft 

tendon properties were present in 52.4% of asymptomatic elite Australian football players (Ooi et al, 

unpublished data). Increased mid Achilles tendon thickness and cross-sectional area, intratendinous 

delaminations, and soft tendon texture were significant predictors for future symptoms. This 

suggests that conventional ultrasound supplemented with ultrasound elastography may identify 

Australian football players at risk of developing Achilles tendon injuries.  

Structural disorganisation observed on imaging should be considered as part of the risk 

factor profile for tendinopathy similar to that of load, anthropometric factors, and genetics, rather 

than solely as a diagnostic feature. There is a significant association between polymorphisms within 

the gene that encodes type V collagen, COL5A1, and the presence of Achilles tendon pain.83 Collins11 
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states that gene variances are not predictive, but rather increase the risk and susceptibility of 

developing the injury, similar to the increased risk of developing lung cancer in those with a history 

of smoking. Men who have smoked cigarettes for up to 20 years have an odds ratio of 7.4 (95% CI, 

5.5-9.8) for developing lung cancer.70 Based on previous cross-sectional studies, abnormal Achilles 

tendons have odds ratio ranging from 3.9 (95% CI, 1.5-10.2)49 to 16.2 (95% CI, 6.0-43.3)52 for the 

presence of tendon pain. While imaging and the presence of structural abnormalities should never 

be the sole or predominant tests in the prediction of future tendinopathy, local tissue structure may 

be a risk factor for the development of symptoms.  

Monitoring of tendon structure – What can we expect from the tendon? 

When assessing the efficacy of treatments, outcome measures that assess pain and function 

(VISA-A for the Achilles tendon78), return to activity, and structure on imaging have been used. But, 

as mentioned earlier, assessment of tendon structure has been limited to subjective grading or 

measurements of tendon dimensions.  

Recent studies that have semi-quantified aspects of tendon structure have provided 

information on how tendons respond structurally to various treatments. Shalabi et al86 reported a 

significant decrease in Achilles tendon volume and intratendinous signal following a 3 month 

eccentric loading program. While improvements in tendon structure were observed, tendon volume 

and intratendinous signal did not return to normal. Similarly, long-term follow-up (mean of 4.2 

years) of the same cohort reported no significant difference in tendon volume compared to baseline 

measures, despite improvements in pain and function.36 Furthermore, previous research has found 

that Achilles tendon structure on UTC is no different after a 16-week eccentric loading program 

despite improvements in the VISA-A score.23 The findings of these studies suggest improvements in 

the tendon are not necessary to facilitate clinical improvement after an eccentric exercise program. 

A systematic review by Drew et al32 reported that  improvements in pain and function with eccentric 

exercise were not mediated by changes in tendon structure. In this context, while improvement in, 

or normalisation of, tendon structure is a positive result, it is not necessary for improvement in pain 

and function, suggesting that the pathological tendon may have adapted to become, and remain, 

load tolerant. 

While some interventions aim to regenerate and remodel structure within the tendon (eg, 

platelet-rich plasma, stem cells, autologous tenocyte implantation) this may not be a necessary goal. 

Pathological Achilles and patellar tendons demonstrate an increased mean cross-sectional area of 

aligned fibrillar structure compared to structurally normal tendons.28 Therefore, it appears that the 
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pathological tendon maintains sufficient amounts of aligned fibrillar structure by increasing tendon 

dimensions (anteriorposterior diameter and total mean cross-sectional area) in parallel with the 

mean cross-sectional area of disorganisation (ie, the more disorganisation the bigger the tendon). 

The increase in tendon dimensions may be a mechanism by which the pathological tendon maintains 

sufficient mean cross-sectional area aligned fibrillar structure to still tolerate load. Interventions 

such as eccentric exercise may not be efficacious in remodelling the area of pathology, rather these 

loading protocols may cause adaptation and increase the loading capacity of the surrounding aligned 

fibrillar structure.  

In the context of previous research, stability in tendon structure accompanied by 

improvements in pain and function can be considered a positive outcome. Interestingly, progression 

of rotator cuff tears was found to be related to an increase risk of symptom manifestation compared 

to those that remained stable over time.55  Future research is needed to investigate whether 

tendons that remain stable, in terms of extent of pathology, have a better clinical outcome to those 

that worsen over time.  

Future directions for research  

Load is a critical factor in the development of tendinopathy, and numerous investigators are 

using imaging to improve our understanding of how tendons respond to load. Grigg et al39 reported 

an acute response in the Achilles tendon where anteriorposterior diameter reduced immediately 

after eccentric exercise and was restored after 24 hours. UTC has been used to detect a short-term 

temporal response in the Achilles tendon79 and superficial digital flexor tendon of the horse29 where 

a loss of aligned fibrillar structure was observed 48hrs post-maximal load, which returned to 

baseline at 3-4 days. This is consistent with other  studies that have reported a short term response 

in hydration level using off-resonance saturation MR imaging,90 tendon volume and intratendinous 

signal on MR imaging,84 and microvascular volume using real-time harmonic contrast-enhance 

ultrasound71 in response to load. Of interest, these studies reported an altered response in 

tendinopathic tendons.39, 71, 79 

These new and novel imaging modalities may provide insight in how tendons respond to 

load. There is overwhelming evidence that structural disorganisation predates the development of 

symptoms and tendon rupture.48, 58 These new imaging modalities may help to define loading 

parameters that result in structural disorganisation and identify the point where tendon load 

exceeds the tendon capacity.  

Proposed clinical role of imaging in tendinopathy 
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 In answering the question we posed in the title, imaging is not telling us the entire picture in 

tendinopathy. The role of imaging in the clinical setting may be somewhat limited as it does not 

directly relate to symptoms. Imaging allows for the visualisation of structure, it does not represent 

the entire clinical picture and should not be used as the sole diagnostic criteria in determining 

whether the clinical presentation is generated by the tendon. While imaging may not tell us the 

entire picture, just like pain on palpation gives us little information on muscular strength and 

endurance, it provides important information around structure. While not discussed as part of this 

review, imaging may be useful in differential diagnosis (eg, detection of an invaginated plantaris 

tendon,2 paratenonitis) where treatment may need to be altered to address the specific condition.  

As has been consistently stated throughout this narrative review, imaging needs to be 

placed in the context of the overall clinical picture and, despite the risk of potential bias, this may be 

enhanced by the clinician performing the imaging themselves (specifically ultrasound). However, 

caution is advised with the potential for imaging in the clinician’s hands to confuse the clinical 

picture and lead to poor outcomes due to technical insufficiencies. As stated above, ultrasound is 

highly user-dependent with specifically trained musculoskeletal radiologists able to produce high 

quality images that may provide more clinically relevant information than in the hands of a clinician 

with less experience in imaging. The converse to this discussion would be that in an attempt to 

improve the clinical utility of imaging, the radiologist may need to concern themselves further with 

the unique clinical presentation of tendinopathy. There is definitely scope for the specialised 

musculoskeletal radiologist with a special interest in tendon imaging to take their own detailed 

history beyond the referral note. Whether it is the clinician having a role in imaging or the radiologist 

taking detailed clinical history themselves, there is a need for the sharing of skills and clear dialogue 

between the two fields to enhance the clinical utility of imaging.  

In testing the efficacy of treatments or monitoring the improvement of clinical symptoms 

using imaging, a potential shift away from focusing on improving tendon structure may be needed. 

As clinical improvements have been shown not to be mediated by structural changes, stability in 

tendon structure may be a positive outcome in the clinical context of reduced pain and dysfunction. 

Currently, we are limited by conventional imaging modalities reliance on subjective interpretation. 

The development of new imaging techniques that utilise more quantifiable parameters, such as UTC 

or sonoelastography, will hopefully enhance our ability to diagnosis, predict the development of 

symptoms, and monitor the efficacy of treatments.  
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FIGURE 1.  Ultrasound of a healthy Achilles tendon. (a) Longitudinal and (b) transverse ultrasound 
images of the mid Achilles tendon. The normal tendon texture appears homogeneous with parallel 
echogenic lines reflecting the internal fibrillar structure of the tendon. The dashed yellow lines 
represent the superficial and deep borders of the tendon.  
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FIGURE 2.  Magnetic resonance (MR) imaging of the normal Achilles tendon. (a) Sagittal and (b) axial 
proton-density weighted sequence MR image showing a normal Achilles tendon (arrow) with 
uniform thickness and predominantly low signal intensity.  
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FIGURE 3. Ultrasound image of the Achilles tendon with colour Doppler. Longitudinal (a) and 
transverse (b) image of a normal, asymptomatic Achilles tendon, showing normal tendon 
echotexture with no Doppler signal. Longitudinal (c) and transverse (d) image of a symptomatic 
Achilles tendon showing significant thickening of the tendon and the presence of hypoechoic 
changes. Significant Doppler signal is also apparent within the tendon. 
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FIGURE 4. Ultrasound image of a pathological common extensor tendon of the elbow. Longitudinal 
(a) and transverse (b) images reveal a focal intratendinous hypoechoic lesion (yellow arrow) 
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FIGURE 5. Magnetic resonance (MR) imaging of an abnormal Achilles tendon. Longitudinal (a) and 
transverse (b) image reveal increased signal intensity (yellow arrow) within the midsubstance of the 
tendon. 
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FIGURE 6. Paratenonitis. Longitudinal (a) and transverse (b) ultrasound images of the Achilles tendon 
showing thickened and edematous paratenon (arrows) surrounding the tendon. Background of 
thickened, hypoechoic and heterogeneous Achilles tendon. 
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FIGURE 7.  Ultrasound tissue characterization (UTC) of the Achilles tendon midsubstance. (a) Normal 

Achilles tendon characterised by a high proportion of echo-type I (green pixels) representing aligned 

tendon bundles. (b) Reactive tendinopathy due to tendon thickening and the presence of diffuse 

speckling of echo-type II (blue pixels) and echo-type III (red pixels). (c) Degenerative tendinopathy 

indicated by significant focal area of echo-type III (red pixels). 
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FIGURE 8.  Dual mode display of B-mode ultrasound (a) and sonoelastogram (b) of a 25 year-old 

male. (a) Longitudinal B-mode ultrasound displays the normal homogeneous, linear fibrillar echo 

pattern of the mid Achilles tendon (arrows). (b) Corresponding sonoelastogram shows blue-coloured 

Achilles tendon (between lines, b) overlaid on the conventional B-mode image which represents 

normal, stiff tendon structure. Elastography colour map bar is shown on the right upper corner of 

the image (arrow).  
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