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Summary. Degenerative tendon pathology represents one of the most frequent and disabling musculoskeletal 
disorders. Diagnostic radiology plays a fundamental role in the clinical evaluation of tendon pathologies. 
Moreover, several minimally invasive treatments can be performed under imaging guidance to treat tendon 
disorders, maximizing the efficacy and reducing procedural complications. In this review article we describe 
the most relevant diagnostic features of conventional and advanced US and MRI imaging in tendon disorders, 
along with the main options for image-guided intervention. (www.actabiomedica.it)

Keywords: tendon, tendinosis, MRI, T2 mapping, ultrasound elastography

Introduction

Together with osteochondral (1-4) and synovial 
pathology (5-11), tendon pathology represents one 
of the main musculoskeletal disorders, with traumatic 
and - above all - degenerative pathology (12). Imaging 
plays a fundamental role in the clinical evaluation of 
tendon pathologies, as an accurate and timely diagno-
sis is crucial to allow the establishment of conservative 
measures, to reduce or delay the need for surgery (13-
20). Moreover, several minimally invasive MSK inter-
ventional treatments can be performed under imaging 
guidance to maximize efficacy and reduce procedural 
complications (21,22).

This article aims to review the relevant diagnos-
tic features of conventional and advanced imaging in 
tendon disorders – namely the degenerative pathology 
- and the main options for image-guided intervention.

Histology of tendon diseases and imaging correlates

Tendons are made up of dense fibrous connective 
tissue, mainly represented by multiple subunits of col-
lagen fibers. This three-dimensional structure allows 
adequate transmission of mechanical force preventing 
damage and disruption of the fibers under stress. Ten-
dons can be affected by different types of diseases that 
differ both macroscopically and microscopically (23). 

Tendinosis, the main degenerative tendon altera-
tion, is characterized histologically by collagen disori-
entation, fiber disorganization, and separation due to 
increased mucoid ground substance, increased cellular-
ity and vascular spaces with or without neovasculari-
zation, focal necrosis, and calcifications (24). In more 
advanced stages, partial tendon rupture may show the 
superimposed presence of tears, including fibroblastic 
and myofibroblastic proliferation, hemorrhage, and 
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organizing granulation tissue. Together with degen-
erative changes, reactive inflammatory changes in the 
tendon sheaths and paratenonium (tendonitis/para-
tenonitis) are often associated (25).

MRI and ultrasound are potent tools for the as-
sessment of tendon anatomy. The imaging appearance 
correlates with the histological tendon structure and 
the changes that occur during pathologic processes 
(26). 

Thanks to its availability (27-29), low cost (30, 
31), absence of ionizing radiation (32-35), and the 
ability to study superficial anatomical structures (36-
39), ultrasound is often the first imaging method of 
approach to the evaluation of tendons. The ultrasound 
appearance of tendinopathy generally shows tendon 
thickening with loss of the normal fibrillar structure, 
and increased spacing of the hyperechoic fibrillar lines 
with reduced tendon echogenicity; calcifications may 
also be detected, usually near tendon insertion. Dop-
pler study may also reveal the proliferation of neoves-
sels and increased vascularization in case of inflam-
mation. In severe tendinosis/partial rupture, anechoic 
fluid may be visible inside the tear in acute/subacute 
stages; in more chronic phases, the echogenicity may 
increase, making the differentiation with the tendon 
less evident. Dynamic imaging during muscle con-
traction or passive movement is often useful to unveil 
small tendon gaps. Doppler imaging may also be use-
ful to distinguish small intrasubstance tears from ves-
sels that have developed in the tendinopathic tendon. 
Regarding the localization, degenerative changes are 
more frequent in the midportion and areas of critical 
vascularization, while tendon anomalies in spondy-
loarthritis tend to be more closely related to fibrocarti-
laginous enthesis (40-42).

Being more panoramic (43, 44) and multipara-
metric (45-50), magnetic resonance imaging (MRI) is 
the other imaging modality of choice for the evalua-
tion of tendon diseases, including tendinopathies. The 
tendon structure plays a critical role in determining 
the appearance in magnetic resonance imaging. The 
water and collagen in the tendon are aligned, reduc-
ing the T2 and T1 relaxation time. Along with ten-
don thickening, an increase in signal intensity in T2-
weighted imaging sequences is often the first sign of 
tendon anomaly at MRI. Although the appearance of 

a complete or partial tear is variable, the main finding 
is the T2-hyperintense fluid signal at the tear site and 
in surrounding tissues; however, in late stages, inter-
mediate signal scar tissue can obscure this finding. The 
fibroadipose involution of the myotendinous junction 
is another typical finding of chronic lesions (26, 34).

Advanced diagnostic imaging in tendon diseases

T2 mapping

As mentioned above, conventional MRI se-
quences can detect morphologic changes occurring in 
tendinopathy. However, the sensitivity and specificity 
of MRI to determine disease grading have proven to 
be variable with the evaluation of the signal intensity 
alone (35). Furthermore, the diagnosis and monitor-
ing of post-surgical tendon healing remain primarily 
subjective. In recent years, advanced MRI sequences 
capable of identifying and showing structural and 
biochemical tissue changes have been implemented. 
Among them, T2 mapping was developed to exploit 
the sensitivity of magnetic resonance imaging to the 
biophysical properties of numerous tissues. In mus-
culoskeletal pathology applications, T2 mapping 
demonstrated to be sensitive to structural and bio-
chemical composition in the cartilage matrix (2). In 
particular, T2 relaxation time mapping correlates with 
the changes in collagen matrix integrity and cartilage 
water content that occur during the pathophysiol-
ogy of degenerative osteoarthritis. Paralleling carti-
lage histology, biochemical and degenerative changes 
in tendons are related to proteoglycan loss and dis-
organization of the collagen matrix, which becomes 
less elastic, allowing increased mobility of water and 
consequentially increased levels of H2O proton con-
tent; this leads to an increase of T2 relaxation values 
compared to normal levels. Both T2 and T2* mapping 
sequences can detect biochemical changes that occur 
in the early stage of tendinopathy, namely the change 
of collagen orientation, and the collagen and water 
content (35).

Although the experiences in literature are lim-
ited, focused mainly on Achilles and supraspinatus 
tendon, early evidence shows that T2 mapping values 
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are significantly higher in tendons tears, compared to 
tendinosis and healthy tendons (36). Some works also 
confirm the validity of this sequence in identifying and 
monitoring tendon healing after surgery (37). From 
our unpublished experience, T2 mapping sequences 
may also be valid for identifying changes in tendon 
structure after percutaneous minimally invasive ten-
don treatment, such as tendon needling and Platelet-
rich-plasma injections (fig.1).

Sonoelastography

Elastography is an US method for quantitative 
imaging of the distribution of biological tissue strains 
and elasticity, that has been evaluated in various set-
tings in clinical radiology as a reliable and useful com-
plementary modality to conventional ultrasound in the 

evaluation of lesions in the liver, spleen, breast, thyroid, 
and prostate (38).

Over the past years, the number of studies on elas-
tography in tendon pathologies has risen considerably, 
and several studies in vitro and in vivo have tried to 
provide answers regarding the normal and pathologic 
biomechanical and structural properties of tendons 
(39). However, they have also aimed to assess the reli-
ability of elastography and the prospects offered by this 
technique in daily clinical practice. There are several 
techniques of elastosonography, the most used being:
•	 Quasi-static elastography (QSE). The operator exerts, 

through the US probe handheld compression, slow 
mechanical stress (strain) on tissues that induce tissue 
displacement. Comparing the position of the struc-
tures at rest and under compression, the displacement 
generated by the stress can be estimated. The degree 

Figure 1. Axial images of standard T2 (a, c) and T2 mapping (b, d) sequences in a patellar tendon, before (a, b) and six months after 
(c, d) percutaneous US-guided intratendinous PRP injection treatment. Note the reduction of mean T2 relaxation values of circular 
ROIs within the most tendinopathic area (visible as a hyperintense intrasubstance alteration on standard imaging) after treatment, 
consistent with signs of tendon healing
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of stiffness is represented in a color scale that identi-
fies the “softest” and “hardest” tissue areas (38, 40).

•	 Shear wave elastography (SWE). By generating sev-
eral near-simultaneous pushes moved through the 
medium at supersonic speed, the device creates 
high-intensity shear waves that move through the 
medium transversely relative to the initial radiation 
force. Shear waves cause particulate moves recorded 
with high-frequency imaging (5000 to 30,000 Hz), 
from which the system calculates color elastograms 
in real-time (quantitative analysis) (41).

The literature on the application of elastosonogra-
phy to the study of tendons has been focused mainly on 

the Achilles tendon in most studies (fig. 2). In QSE, 
the strain ratio (tendon/Kager’s fat) was found to be 
higher and the tendon softer in case of tendinopathy, 
when compared to healthy subjects. QSE could also be 
a reliable tool in monitoring Achilles tendon after surgi-
cal repair: one research revealed that after percutaneous 
tenorrhaphy, tendons tend to stiffen progressively for at 
least a year, reflecting the abnormal collagen composi-
tion during scar formation. QSE was also used to detect 
small partial tears of the supraspinatus tendon (fig.3) 
and to evaluate structural and biomechanical changes of 
the Achilles tendon in metabolic diseases such as diabe-
tes, acromegaly, severe renal insufficiency (38, 42, 43).

Figure 2. Axial T2-weighted image (a) and short-axis compression US elastography image (b) of an Achilles tendon. Note the in-
trasubstance hyperintense area of tendinosis within the tendon, evident at a “softer” area (in purple) at US compression elastogram

Figure 3. Concordance of US compression elastogram (a) and T2 mapping colorimetric scale (b) in a supraspinatus tendon tendinosis 
at the insertion area (white circle)
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Interventional radiology procedures in tendon 
diseases

Several intervention have been introduced for the 
conservative treatment of tendinosis, including rest, 
oral and topical analgesics, and physical therapy (cryo-
therapy, stretching, eccentric strengthening, taping, 
bracing, extracorporeal shock-wave therapy) (44). Few 
of these treatments have been shown to be effective, 
and corticosteroid injections, once a mainstay of ten-
dinopathy treatment, have been found to be harmful 
to tendons. Consequently, clinicians have sought safer 
and more effective interventions for the treatment of 
this condition. 

In recent years, the indications for interventional 
radiology procedures have expanded thanks to the use 
of all diagnostic methods (45-50). With the use of US, 
the specific location of a tendon pathology can be ac-
curately delineated, and this also allows to target many 
percutaneous minimally invasive treatments (51, 52). 
Among them, the most popular ones include percuta-
neous needle tenotomy (PNT), high-volume injection 
(HVI), and orthobiologic interventions, such as intra-
tendinous injection of Platelet-rich Plasma (PRP) (53).

Percutaneous needle tenotomy (PNT), also termed 
needling, consists in the repeated passing of a nee-
dle (16-22 gauge) through the tendon, to disrupt the 
chronic degenerative process (including scar tissue), 
induce localized bleeding and fibroblast proliferation, 
which can lead to growth factor release, collagen for-
mation, and ultimately healing. The number of needle 
passes (usually from 20 to 40) may vary based on nu-
merous factors, such as patient characteristics, severity, 
and size of the tendinopathic area, presence or absence 
of tears, operator experience, and comfort level. This 
technique can be used alone or in combination with 
the injection of orthobiologic products. There is con-
siderable variability in postprocedural care, such as the 
use of anti-inflammatory medications, the use of brac-
ing, rehabilitation protocols, and return-to-activity 
guidelines. Most publications in literature are limited 
series on gluteus tendons, hamstring tendons, tensor 
fascia lata tendon, common extensor tendon of the el-
bow, rotator cuff tendons, Achilles and patellar tendon. 
Almost all studies showed improvement in clinical 
symptoms and reported rare complications (54-56).

High-volume injection (HVI) treatment focuses on 
using high volumes of injectate (about 10 mL of 0.5% 
bupivacaine, 25mg of hydrocortisone, and between 
12-40 mL of normal saline) to disrupt neovessels and 
neonerves, which may reduce neurogenic inflamma-
tion and pain, and promote healing. This technique 
has mainly been studied in patellar and Achilles ten-
dinopathy, where most neovessels and neonerves are 
sonographically observed between the affected tendon 
and an adjacent fat pad. US-guided HVI for the treat-
ment of patellar and midportion Achilles tendinopathy 
has shown promise in improvement of both pain and 
functional scores, with positive effects persisting for up 
to 15 months. No significant complications have been 
reported. Another potential advantage of this proce-
dure is that, because the tendon is not mechanically 
debrided, rehabilitation and return to activity may pro-
gress at a faster rate than with PNT (57, 58).

In the last decade, the use of biological thera-
pies for the treatment of musculoskeletal diseases 
has increased significantly. Among them, platelet-rich 
plasma (PRP) is one of the most used compounds in 
regenerative musculoskeletal medicine, in particular 
for tendinopathies and degenerative joint pathologies, 
namely osteoarthritis. PRP is the blood-derived plas-
ma fraction and contains high concentrations of plate-
lets that release several growth factors with a critical 
role in tissue healing, such as platelet-derived growth 
factor, transforming growth factor-beta, and vascular 
endothelial growth factor. There are many studies and 
authors who report an intensification of the healing of 
tendinopathies treated with PRP. Several trials showed 
that PRP is an effective treatment for lateral epicondy-
litis, with short-term and long-term (up to 24 months) 
efficacy compared to steroids. Best available evidence 
suggests explicitly that LR-PRP (leucocyte-rich PRP) 
should be the treatment of choice. Only two trials of 
high-quality evidence – though with limited follow-
up of 6 months -  support the use of PRP in chronic 
refractory patellar tendinopathy, and recommended 
LR-PRP over LP-PRP (leucocyte-poor PRP). Con-
cerning Achilles tendinopathy, one clinical trial re-
ported efficacy of 4 LP-PRP injections, but also found 
similar results for high-volume injection of anesthetic, 
corticosteroid, and saline, perhaps suggesting the ben-
efit may be due to mechanical volume effects (59, 60). 
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Although there remains a paucity of evidence to rec-
ommend PRP injections for rotator cuff tendinopathy 
routinely, PRP may be a safe and effective alternative 
to corticosteroid injections in conservative treatment 
of rotator cuff tendinopathy. PRP injections are an ef-
fective treatment for improving pain and function in 
chronic plantar fasciitis and may be superior to cor-
ticosteroids, especially considering the complications 
of multiple corticosteroid injections that are not as-
sociated with PRP. Nevertheless, there is substantial 
evidence that corticosteroids can be useful in chronic 
tendinopathy at relieving pain, reducing swelling, and 
improving function in the short term (61).

Recently, the anti-inflammatory and lubrication 
properties of hyaluronic acid have drawn the scientific 
community’s interest to treat tendinopathies. Some in 
vitro and animal in vivo studies demonstrate encourag-
ing results in terms of the ability of hyaluronic acid to 
facilitate tendon gliding, as well as creating better ten-
don structural organization. Moreover, the injection of 
hyaluronic acid may limit the proinflammatory effect 
by restoring viscoelasticity and by stimulating the en-
dogenous synthesis of hyaluronic acid (62, 63).

Conclusions

In conclusion, diagnostic and interventional ra-
diology are nowadays  a matter of fact in  all clinical 
settings (64-70). Tendon evaluation has improved with 
advances in ultrasound technology and MRI sequenc-
es. Beyond the anatomical changes detected with 
conventional imaging, MRI T2 mapping sequences 
and ultrasound elastography can provide information 
about the biochemical changes in tendon tissue and 
the consequent mechanical alteration induced by ten-
dinopathy, giving reliable quantitative data for the di-
agnosis, staging, and follow-up.

The significant advancements in the use of muscu-
loskeletal US for interventional purposes have played a 
critical role in the development of minimally invasive 
interventions to treat tendon diseases.
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