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Abstract

Tendon imaging is mainly performed with ultrasonography (US) and magnetic resonance imaging (MRI) and has been
improved within the last years because of technical advancements and a better understanding of tendon pathology. Several
concepts concerning the etiology and the course of tendon diseases have influenced image interpretation and vice versa. Adaptive
mechanisms within the tendon tissue against stress can be observed mainly on histologic specimens and not macroscopically or
with in-vivo imaging. Degeneration may occur in the form of tendinitis, peritendinitis, enthesitis, or myotendinal junction
abnormality. Distinct imaging findings exist for most of these forms. Many concepts that have been developed to explain tendon
degeneration have been applied on virtually all tendons in the human body. They can be grouped into those which focus on
hypovascularization, on biomechanical overload, and on degeneration secondary to other underlying disease. Tendon rupture
seems, in many cases, to be the final stage of tendinitis. From this point of view, imaging may be used to predict the risk of tendon
rupture together with other intrinsic and with extrinsic parameters. These considerations result in the concept of the 'vulnerable
zone' and of the 'critical phase' in which tendon ruptures may predominantly occur. © 1997 Elsevier Science Ireland Ltd.
Keywords: Tendons; Tendon injuries; Tendon- and Musculoskeletal-ultrasonography; Tendon-magnetic-resonance-imaging

I. Introduction

Thickening of the tendon has been described to be
the early stage of tendon rupture [1]. This observation
made on magnetic resonance (MR) images appears
paradoxical in comparison with the behaviour of nonbiological cords in which tears are the result of progressive thinning. Paradoxical, too, may be in many cases
the relationships between the degree of clinical symptoms and signs o f tendon diseases on one side and the
extension of morphological abnormalities visible with
diagnostic imaging on the other side. T o d a y it is generally agreed that many of the tendon ruptures which in
* Corresponding author. Tel.: +43 1 404005803; fax: +43 1
404003777; e-mail: franz.kainberger@univie.ac.at
1This work was supported by a grant of the Ludwig-BoltzmannInstitut fuer radiologisch-physikalische Tumoroliagnostik, Vienna,
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the patient's eyes occur 'spontaneously' are in fact the
final stage of progressive destruction of tendon fibrils.
Recent research concerning the pathologic anatomy
of tendons and their surrounding tissue along with
analysis of tendon function suggest intimate relationships between normal and abnormal tissue response on
biomechanical overload [2,3]. Image interpretation in
diagnostic radiology has to refer to these relationships
by taking into account that a diagnosis of degeneration
of fibrous tissue per se does not exist. The diagnostic
value of imaging findings have to be correlated with the
quality and quantity of clinical findings.
Conventional low-kilovolt radiography has been described as primary imaging modality for many tendon
diseases, i.e. tendinitis of the rotator cuff of the shoulder, abnormalities of the origin and insertion of the
patellar ligament, or tendinitis of the Achilles tendon
[4,5]. However, diagnosis of overuse syndromes with
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plain film radiograms primarily bases on indirect signs
as there are abnormalities of the tendon silhouette or
calcifications. Radiographic imaging with the use of
contrast material in the form of tenography, arthrography or bursography has been widely replaced by magnetic resonance imaging (MRI) [6]. The main advantage
of computed tomography (CT) is its high contrast-resolution; this, in turn, has only rarely proven to be helpful
in diagnosis of tendon diseases compared with the
diagnostic value of other imaging modalities, especially
MRI [7,81.
Ultrasonography (US) of the tendons is performed
with high-resolution transducers by using frequencies
between 7 and 15 MHz [9]. Tendon fibers can be
demonstrated with a spatial resolution of lower than
0.1 mm in vitro [10]. Recently, 20 MHz probes have
been available for imaging of superficial structures (Fig.
1). The main drawbacks of sonography are difficulties
in documenting the images in a standardised manner

(a)

and, therefore, in gaining exactly reproducible diagnoses.
M R I has gained wide acceptance for analysis of the
normal and abnormal appearance of tendons because
of its high spatial and contrast resolution. Moreover,
with its multiplanar imaging capabilities virtually all
tendons can be investigated parallel and perpendicular
to their courses. Despite considerable technical improvements like fast imaging techniques or small-sized
dedicated M R machines with low-field strengths (0.2
T), MRI has been remained the most expensive modality for imaging soft tissue structures.
In conclusion, high-resolution sonography and MRI
are the modalities of choice for imaging tendons. In this
review the radiological impact of adaptive and degenerative changes of some clinically important tendons and
ligaments of the human body is demonstrated.

2. Normal tendons and adaptive mechanisms

Tendons represent a portion of a muscle and consist
of collagen fibers that transmit muscle tension to a
mobile part of the body. The fibers are bound together
in a three-dimensional network of endothelium septa
named the peritendinea. They originate from a fine
connective sheath, called epitenon which surrounds the
whole tendon (Fig. 1). In large tendons, blood and
lymphatic vessels together with nerves run within these
septa, while small tendons are almost avascular.
Tendon sheaths completely or partially cover a portion of the tendon where it passes through fascial slings
or osseo-fibrous tunnels. They promote gliding and
contribute to the nutrition of the tendon tissue. A
tendon sheath consists of an outer layer and an inner
layer which is intimately attached to the tendon. Both
layers may be connected via a mesotenon. Long tendons as the patellar ligament or the Achilles tendon are
not covered by a synovial tendon sheath but lie within
a highly vascularized loose areolar and adipose tissue,
the paratenon. Since the tendon itself is poorly supplied
with blood and lymph, either the tendon sheath or the
paratenon play an active role in tissue remodelling.
2.1. Imaging f e a t u r e s

Fig. 1. Normal Achilles tendon imaged with (a) a 5-10 MHz and (b)
a 20 MHz probe. Hypoechoicbundles of collagen fibers are separated
by hyperechoicperitendinea. Number of fibrils visiblewith 20 MHz is
greater than with lower frequenciesdocumenting higher spatial resolution. Depth penetration of 20 MHz transducer, however, is lower.
(c) Acoustic shadowing of os calcis (arrow). Hypoecheoicformation
between tuber of os calcis and tendon fibers represent normal subachilles bursa.

On plain film radiographs tendons appear as soft
tissue structures and are only demarcated if the surrounding tissue contains fat. Abnormalities visible on
plain films mainly refer to major changes of the silhouette of the tendon [11]. Minor changes of the paratenon
in the form of low-grade thickening or slight irregularities are detected on cross-sectional images with higher
sensitivity than on plain films [12]. Structural abnormalities within a tendon are generally not visible radiographically unless calcifications occur.
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angle of 55 degrees with the static magnetic field B0.
This 'magic angle' phenomenon has been described by
Erickson as a source of misdiagnosis of tendinous
degeneration, tendinitis, or frank tear [18].
Measurements of tendon thickness should not be
taken from plain films but rather from cross sectional
images. A considerable variability exists between the
tendon courses and the imaging plains which may cause
systematic errors of varying degrees [13]. In patients
with hypercholesterolemia the difference between measurements of the Achilles tendon diameter on radiograms and sonograms was 10-30% [19].

2.2. Variants

Fig. 2. Principle of acoustic fiber anisotropy: If angles ct and ~' are
small, the reflected sound waves are received by the transducer. If
they increase, the ultrasound echoes cannot be received by the
transducer which results in a hypoechoicappearance of the tendon.
Sonographically, tendons appear as fibrillar structures with hypoechoic collagen fibers and hyperechoic
endotendineal septa intermingled between them (Fig.
1). The number of fibrils visible with sonography
closely correlates with the frequency of the US probe
used [9,10]. For optimal imaging it is necessary to keep
the probe in a position that the sound waves reach the
tendon perpendicularly [13]. If the angle between the
emitted sound waves and the tendon is more than
83-88 degrees higher or lower, the majority of the
reflected waves will not be received by the transducer
and tendons will become hypoechoic (Fig. 2) [14]. According to experimental studies conducted by Lehtinen
et al. the extent of such artifacts is different in tendinitis
[15]. This angle-dependent appearance of tissue structures is referred to as acoustic fiber anisotropy and has
been first described by Dussik in 1958 [16]. Artefacts
due to fiber anisotropy should not be mistaken for
nodular tendinitis. They can be ruled out with proper
investigation techniques including dynamic real-time
imaging in more than one direction [17]. Tendon
sheaths contain a small amount of fluid which is normally seen as a hypoechoic rim on US images gained
with high-frequency probes.
With MRI, normal tendons appear as homogenous
hypointense structures. Modern imaging with dedicated
software and surface coils allows to demonstrate fatty
peritendinea within major tendons on axial scans. As
with sonography, anisotropy of tendon fibers may
cause artifacts: hyperintense zones on Tl-weighted images may occur if the course of the tendon forms an

Different forms of normal variations concerning the
course and the fixation, the muscle-tendon-junction, or
the tension of tendon tissue due to muscle strength may
occur. Especially if the patient is involved in specific
sporting activities such variants may lead to characteristic overuse syndromes (Tables 1 and 2). On the other
side, detection of such variants may be of value in
aiding the understanding and the diagnosis of tendon
pathologies.
Deviations of axis are of specific importance on
diseases of the leg and may present as varus or valgus
Table 1
Predisposing factors leading to overuse syndromes and, eventually,
rupture of tendons
Intrinsic factors

Extrinsic factors

Anatomic malalignment
Leg length discrepancy
Femoral anteversion

Training errors
Excessive training
Abrupt changes in intensity of
training
Unskilled athlete

Joint alignment abnormalities
(varus, valgus, other)
Foot abnormalities (flat or
cavus foot)
Other variants concerning the
course, fixation, and
myotendinal junction of
tendons
Shallow osseous canal,
Accessory muscle,
Accessory or atypically formed
bone

Muscle tension imbalance with
Improper footwear or clothing
respect to flexibility or strength
Hypovascularization
Environmental factors: hard
or uneven ground
Underlying systemic metabolic or Doping
inflammatory disease
Psychological factors or
psychiatric disease
Personal attributes: gender, age,
weight and height, growth

l
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Table 2
Characteristic overuse syndromes especially due to specific sporting activities as far as they are of relevance for diagnostic imaging
(a) Upper extremity
Tendon

Overuse syndrome

Pathogenesis

Typical sporting activities

Supraspinatus tendon

Shoulder impingement

Narrowing of subacromial space,
hypovascularization

Tendon of the long head of the
biceps muscle

Bicipital tendinitis

Tendosynovitis due to direct
trauma or overuse with the arm
in elevated position, luxation or
subluxation
Defect of superior articular
labrum at origin of tendon
Chronic overload of bone-tendon
junction due to contractions of
originating muscles
Valgus stress across the elbow

Lancing (shot-putting, javelin
throwing), baseball, boxing,
volleyball, tennis, swimming,
rugby, rock climbing
Volleyball, swimming, tennis,
baseball, golf

Ill
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Lateral epicondylitis

Medial epicondylitis
Lower tendon of triceps brachii
muscle
Tendon of the abductor pollicis
longus and of extensor pollicis
brevis muscles

Slap lesion (superior labral tear
anterior to posterior)
Tennis elbow

Golfer's elbow, javelin thrower's
elbow, pitcher's elbow
Posterior elbow impingement
DeQuervain's disease

Oarsman's wrist (intersection
syndrome)

(b) Lower extremity
Iliopsoas tendon

(Medial) snapping hip

Iliopsoas tendinitis (bursitis)

Iliotibial band

External (lateral) snapping hip
Iliotibial band syndrome

Tendon of biceps femoris muscle

Posterior snapping hip

Straight upper tendon of rectus
femoris
Tendons of semimembranosus,
semitendinosus and biceps
femoris muscles
Quadriceps tendon
Patellar tendon

Tendinitis
Hamstring tendinitis, pes
anserinus tendinitis (bursitis)
Tendinitis
Patellar tendinitis (jumper's
knee)
Fat pad syndrome ('Hoffitis')
Osgood-Schlatter

Tendon of popliteus muscle

Tendinitis

Achilles tendon

Tendinitis

Haglund's deformity

Throwing disciplines
Tennis, squash, golf

Golf, javelin throwing, baseball,
tennis
Baseball, handball, tennis,
throwing sport
Tennis, squash, throwing
disciplines

Repetitive and/or forceful
extension of the elbow
Tenosynovitis in fibroosseous
tunnel of the first dorsal
comparment of the wrist
Friction with bursa or tendons of Rowing, weight lifting,
extensor carpi radialis longus et
throwing, tennis
brevis muscles due to dorsal
flexion with radial deviation
Caused by the psoas tendon
passing over the iliopectineal
eminence of the os pubis
Disturbed biomechanical relations
in the lumbar spine and the hip
jointWeight-lifting, skiing,
jumping, rowing
Irritation of the greater
trochanteric bursa
Friction of the lateral femoral
condyle
Snapping of tendon over ischial
tuberosity
Overuse due to strengthening
exercises
Imbalance between strength of
hamstring muscles and quadriceps
muscle, valgus alignment of knee
Overuse of extensor mechanism
Malalignment of the extensor
mechanism
Repeated traumatisation of
Hoffa's fat pad during extension
Traction apophysitis in
adolescents
Enthesitis due to overuse at
beginning of knee flexion and
internal rotation of tibia
Biomechanical overload due to
malalignment (varus deformity,
foot deviations, other),
hypovascularisation
Prominence of the tuber of the os
calcis with bursitis, soft tissue
inflammation, and tendinitis,
improper footwear

Ballet dancing

Running, dancing, basketball
Running, cycling, weight-lifting
Ringen, Leichtathletik
Soccer
Running

Weight-lifting
Jumping, running, volleyball,
basketball, skating

Soccer, basketball, gymnastics
Running

Soccer, tennis, running (long
distance), jumping, basketball,
gymnastics judo, skiing,
volleyball, parachuting
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Table 2 (continued)
Tendon

Tibialis anterior tendon
Peroneal tendons

Overuse syndrome

Pathogenesis

Accessory soleus in muscle

Accessory belly of the soleus
muscle with deep insertion
at the tendon
Traction apophysitis in
adolescents
Forced plantar flexion
Pulley action of the lateral
malleolus
Malformation of bony canal
and rupture of the retinacula,
exaggerated by maximal
dorsiflexion of the foot
Foot deformities,increased
pronation, accessory navicular
bone
active plantar flexion

Sever's dosease (calcaneal
apophysitis)
Tendovaginitis
Tendovaginitis
Dislocation

Tibialis posterior tendon

Tendovaginitis

Tendon of flexor hallucis
longus

Tendovaginitis
Os trigonum-syndrome
(posterior impingement of
the ancle, dancer's heel)

Tendon of flexor hallucis
brevis muscle

Seamoiditis

deformities, o n the u p p e r leg as f e m o r a l anteversion.
A b n o r m a l i t i e s o f the d i r e c t i o n o f m u s c l e t r a c t i o n m a y
also be due to i m b a l a n c e o f s t r e n g t h o f synergistically
a n d a n t a g o n i s t i c a l l y a c t i n g muscles. T h e c o m p l e x sequels o f u n e v e n tensile forces o f differently a c t i n g m u s cles c a n be s t u d i e d in the e x t e n s o r m e c h a n i s m o f the
knee: i n c r e a s e d t e n s i o n o f the vastus lateralis muscle
a n d the iliotibial b a n d m a y l e a d to a b n o r m a l p r e s s u r e
o f the h y a l i n e c a r t i l a g e o f the p a t e l l a as well as to
a b n o r m a l t e n s i o n o f the p a t e l l a r ligament. M o r p h o l o g i cally, this a s y m m e t r y m a y m a n i f e s t as s u p e r o - l a t e r a l
defect o f the p a t e l l a with o r w i t h o u t p a t e l l a r tendinitis
(Fig. 3).
A s t e n d o n s are flexible c o r d s t h a t c a n be a n g u l a t e d
a b o u t b o n y p r o t u b e r a n c e s c h a n g e s o f the d i r e c t i o n o f
pull o f a muscle m a y cause focal d e g e n e r a t i o n o r r u p ture. D i s t i n c t i m a g i n g findings o n specific a n a t o m i c
sites have been d e s c r i b e d in the literature. S o n o g r a p h i c
d e m o n s t r a t i o n o f a n a b n o r m a l ' j e r k ' o f the i l i o p s o a s
t e n d o n d u r i n g h i p m o t i o n m a y s u p p o r t the d i a g n o s i s o f
a s n a p p i n g h i p s y n d r o m e [20]. In tibialis p o s t e r i o r
tendinitis, subtle a r e a s o f a s s o c i a t e d periostitis o r b o n y
spurs m a y be visible with C T a n d with M R I . D i s l o c a t i o n o f the p e r o n e a l t e n d o n s m a y be t r i g g e r e d b y a n
a b s e n t o r a c o n v e x b o n y c a n a l [21]. O n the shoulder, a
long c o r a c o i d p r o c e s s o r a h o o k e d a c r o m i o n are c o n sidered to influence the d e v e l o p m e n t o f tendinitis o r
r u p t u r e o f the r o t a t o r c u f f [22]. A t h l e t e s with a shallow
i n t e r t u b e r c u l a r sulcus are p r o n e to s u b l u x a t i o n o r luxation o f the l o n g h e a d o f the biceps b r a c h i i muscle.

Partial tethering due to a
hypertrophies os trigonum or
a lateral process of the talus
(Stieda's process)
Overuse of the anterior part
of the sole and excessive
dorsiflexion of the great toe

Typical sporting activities

ii
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Skiing, jumping, soccer

Running, skiing, ice dancing
Classical dance
Soccer, dancing

Running, jumping

A t h i r d g r o u p o f v a r i a n t s refer to the m u s c u l o - t e n d i n e o u s j u n c t i o n . A b n o r m a l i t i e s at the insertion o f m u s cle fibers into the Achilles t e n d o n m a y p r e s e n t as
a d d i t i o n a l soleus muscle (Fig. 4) [23]. T h e p e r o n e u s
muscle g r o u p m a y c o n t a i n an accessorial p e r o n e u s
q u a r t i u s muscle.

Fig. 3. Fourteen year old female with knee pain. MR image (T2*weighted gradient-echo) show a small hyperintense abnormality
within the patellar tendon at its origin indicating low-grade tendinitis.
Moreover, a supero-lateral defect of the bone and the cartilage of the
patella is visible in the form of a hyperintense lesion sharply demarcated to its surrounding structures.
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2.3. Adaptation
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The implications of biomechanical laws for sports
training, where a tendon may be subjected to various
forces each acting in a different direction for a very
short time, is evident. Although experimental studies in
mice, rats, or swine suggest complex processes occurring in collagen fibrils as the result of intensive training,
the mechanisms of adaptation in humans are poorly
understood [25]. Histomorphometric variations of the
number and the form of collagen fibers and cells as a
function of age have been studied to occur without
alterations of tendon architecture as a whole [26]. Diagnostic ultrasound has been used to analyse Achilles
tendons of athletes and sedentary individuals in vivo
[16,27]. Kallinen and Suominen demonstrated that the
mean width of the tendon was significantly larger in
athletes than in the control group. The authors, however, address insufficient accuracy in measurement, investigation technique, and equipment to be a main
drawback of their human in-vivo study. Our own USresults in investigating Achilles tendons of six mountain
climbers prior and after a Himalaya expedition showed
that tendon thickening always occurred together with
abnormalities of tendon structure (Fig. 5). These findings suggest thickening of the tendon to be rather the
result of tendinitis than of adaptation.
To date, no distinct imaging findings have been
described to p r o o f adaptation of tendon tissue with the
exception of an increase in the cross-sectional diameters
which has not been proven yet.

3. Degenerative tendon disease

(b)
Fig. 4. Accessory soleus muscle presenting (a) sonographically as
hypoechoic fibrillar formation representing muscle fibers (arrowheads) that insert at the tendon in close proximity of the os calcis (b)
which forms an anechoic acoustic shadow. Markers indicate nodular
tendinitis. (c) On MR images (Tl-weighted spin-echo) the muscle is
visible ventrally to the tendon (large arrow). At its border hyperintense signal abnormality indicates focal tendinitis (small arrow).

Muscle strength influences considerably the vulnerability of tendon tissue against stress. Pilardeau et al.
hypothesise that the relative deficiency of strength of
different muscle groups, like of the hamstrings against
the quadriceps muscle or of muscles acting at the groin,
is caused by the still inadequate adaptation of homo
sapiens to his upright position [24]. They describe
overuse syndromes due to man's erect position as belonging to the Lucy syndrome, named after the fossilised remains of an Australopithecus who lived
approximately 3 million years ago.

In overuse syndromes the sum of repetitive force
leads to microtraumas that initiate an aseptic inflammatory reaction [28]. Four types of degenerative tendon
disease may be described: If localised in the tendon
sheath or the paratenon an impaired gliding mechanism
is the main causative factor and is referred to as
tendovaginitis or peritendinitis, respectively. If localised
within the tendon the inflammatory process starts from
the highly vascularized peritendinea and is termed tendinitis (Fig. 6). Abnormalities at the tendon insertion
are described as enthesopathy. Changes in the origin of
the tendon manifest clinically as myotendinal junction
pain. They may eventually lead to rupture, i.e. at the
Achilles tendon in the form of so-called tennis leg or as
muscle strain of the flexor hallucis longus muscle in
ballet dancers [22,29]. No morphologic correlate visible
with imaging methods has been described so far for
myotendinal junction pain.
Vasoactive substances including prostaglandins cause
vasodilatation and increased permeability of the blood
vessels with local edema. Chemotactic factors act as
signals to draw cells involved in the healing process.

F. Kainberger et al./European Journal of Radiology 25 (1997) 209 222
Healing includes cell mobilisation, ground substance
proliferation, collagen protein formation, and final organisation with new fibrils reoriented in line with the
tensile force [28]. If a scar forms, the collagen fibers are
in r a n d o m orientation with a greater number of blood
capillaries. The scar m a y also degenerate to a homogenous hyaline matrix. Changes in blood vessels include
proliferation of the endothelial lining in small arteries
with endarteritic changes and thrombus formation in
the lumen of small veins with obliteration and in some
cases recanalisation. Sometimes, tissue metaplasia with
calcification or ossification m a y occur [29].

(a)
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3.1. Imaging features
Changes that can be seen in overuse injuries depend
on the localisation and the clinical stage of damage.
Radiographic examination is rarely of value in establishing the diagnosis of tendinitis. It should be used as
auxiliary modality to detect bony spurs or other types
of abnormal calcification, or to quantify causative factors such as anatomic malalignment.
On sonograms, the distinctive signs of tendinitis are
hypoechoic foci with or without tendon thickening. In
the Achilles tendon, Fornage described them as nodular
tendinitis (Fig. 5) [13]. With high-resolution imaging,
the lesions appear oval with blurred borders and seem
to be oriented parallel to the course of tendon fibers. In
later stages, generalised thickening with widening of the
distance between fascicles is present [30]. Abnormalities
of the tendon sheath are in most cases clearly visible in
the form of hypoechoic thickening of the sheath due to
fluid accumulation. I f a tendon is not enveloped by a
sheath peritendinitis m a y be difficult to be detected as it
only manifests as unspecific soft tissue thickening or a
small hypoechoic rim around the tendon (Fig. 7) [17].
Recently, the use of power Doppler instrumentation to
document increased vascularization of peritendineous
or tendinous lesions of the patellar ligament has been
described [32].
Abnormalities found with M R I have been described
in patellar and Achilles tendinitis (Fig. 3) [22]. Circumscribed or diffuse thickening m a y be present. Thickening may occur with or without focal degenerative
changes which are of low or of intermediate signal
intensity on T1 and are hyperintense on T2-weighted
images. Tendon margins m a y be poorly defined at the
level of thickening. In acute tendinitis greater signal
abnormalities may be found in the peritenon region.
The high signal intensities of chronic tendinitis with
chronic rupture m a y not be distinguished from acute
partial intrasubstance tears. Spicula on the tendon surface that are hypointense on all sequences indicate
adhesive peritendinitis.

3.2. Etiology o f degenerative tendon disease

(b)

Fig. 5. Nodular tendinitis of the Achilles tendon. (a) Axial scan with
typical location of lesion in the ventromedial part of the tendon
(arrows) and low-grade thickening of 8 mm as indicated with markers
(normal ranges 4-6 mm). (b) Sagittal image with oval-shaped hyperechoic lesion with blurred borders (markers). Findings were identical
prior to and after a Himalaya expedition.

The origin of tendon degeneration is multifactorial.
N u m e r o u s theories exist concerning the etiology of
different patterns of degenerative tendon disease with
each enlightening the process from a different point of
view. They m a y be grouped into those which focus on
the vascularity and so-called dynamic theories which
focus on the biomechanical properties of the tendon
tissue.

3.2.1. Hypovascularization
The tendon tissue is generally hypovascularised
which is one of the explanations why it is more often
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Fig. 6. Normal anatomy as visible on a cross-section of the Achilles tendon of a fresh-frozenhuman cadaver. Degenerative foci (arrows) are visible
within otherwise normal tendon fibers.

affected by pathological changes due to overuse than
other tissues. All major tendons, especially those without a tendon sheath, are provided with blood from
more than one supporting artery with a zone of low
vascularization at the borders between the different
arterial networks.
Within the mid third of the Achilles tendon, hypovascularization has been demonstrated by means of
microangiographic studies by Lagergren et al. [33].
Sommer suggested an influence of vascularization on
the development of tendinitis by demonstrating that in
rabbits forced flexion movements of their legs resulted
in degenerative changes of their Achilles tendons [34].
Kannus and Josza described that the vascular support
of the Achilles tendon decreases significantly after the
third decade of life [35]. On the other side, Astrom and
Westlin showed that an additional area of diminished
blood supply in the Achilles tendon occurs close to its
bone insertion, a site that rarely ruptures; these results
suggest that diminished vascular supply m a y not contribute to the development of tendon rupture [36].
Analogously, a hypovascular zone has been demonstrated in the supraspinatus tendon just proximal to its
insertion in approximately two thirds of shoulders. Less
commonly, areas with low blood supply were found in
the infraspinatus and the subscapularis tendons. A similar region is present in the upper part of the tendon of
the long head of the biceps brachii muscle. A deficiency
of blood flow to these tendons has commonly been
regarded as important in the pathogenesis of rupture
[37].

Concerning the posterior tibial tendon of the ankle,
Frey et al. found a zone of hypovascularity posterior
and distal to the medial malleolus indicating this part
of the tendon to be specifically prone to degeneration
and rupture [38].
3.2.2. B i o m e c h a n i c a l overload

Increased stress applied on a tendon leads to the
development of focal degeneration. Localisation and
distribution of these foci generally depend on the direction of the applied force and on distinct anatomic
properties of individual tendons like fibrillar architecture or variations in its length and course.
The Achilles tendon is formed from fibers of the
gastrocnemius muscle and of the soleus muscle although these two muscle interact differently during the
gait cycle. Schoenbauer described four groups of different anatomic variations of the gastrocnemius and the
soleus fibers woven together to form the Achilles tendon [39]. Cummins et al. stress that the m a x i m u m
difference in tension of these two groups of fibers
occurs in the mid third of the Achilles tendon [40]. On
the ground of these data it m a y be assumed that
different tension of the soleus and the gastrocnemius
portions is a main causative mechanism in the development of tendinitis (Fig. 8).
De Quervain's disease of the distal forearm is an
inflammation of the tendons of the abductor pollicis
longus and the extensor pollicis brevis muscles. After
passing through the first carpal compartment, the tendons bend under a certain angle which is larger in
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females. This angulation is accentuated by wrist ulnar
deviation as it occurs in racket sports (tennis, squash)
or rowing disciplines.
The hamstring muscles of the posterior thigh should
have at least 60% of the strength of the quadriceps
muscle in athletes [41]. This is often not the case and is
by m a n y authors regarded as an important reason for
the development of hamstring tendinitis [42].
3.2.3. Other tendon diseases predisposing to
degeneration
Tendons are soft-tissue structures which physiologically act under various degrees of tension. F r o m patho-
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(a)

Fig. 8. Partial tendinitis of the Achilles tendon. (a) With sonography,
hypoechoic and inhomogeneous structure of the tendon is visible in
its lateral part (markers). (b) This location corresponds to the gastrocnemius portion (g) of the tendon as demonstrated by Schoenbauer (modified after [39]). Soleus portion (s) shows normal structure.

(a)

Fig. 7. Tendovaginitis of the peroneal tendons in the form of hypoechoic lamellar fluid collections (small arrows) surrounding otherwise
normal tendons at level of lateral malleolus (large arrow). (a) image
scanned parallel to course of tendons, (b) axial image.

anatomic and radiologic investigations it is well known
that especially metabolic and systemic inflammatory
diseases (rheumatoid arthritis, seronegative spondylarthropathies) are characterised by findings typical for
degeneration. In patients with familial hypercholesterolemia, our own results showed that US-findings
typical for echogenic xanthomas of the Achilles tendon
were visible in only 30% of patients, whereas signs
suggesting tendinitis or peritendinitis were found in
75% [19]. In this series as well as in a study published
by Durrington et al. densities of tendons as measured
with CT were 80 H U as a mean, suggesting granulation
tissue rather than fatty xanthomas [43]. These results
are supported by histologic investigations in which
grouped lipocytes are found together with disintegration of tendon fibers and inflammatory cells of Achilles
tendons [44].
The local application of corticosteriods may be of
importance in sports medicine. Morphologically, circumscribed necrosis occur which is repaired with scar
formation in a later stage. Hypoechoic fluid accumulations of varying size at the injection site have been
reported to be visible with sonography which m a y be
followed by tendon rupture [9]. Doping with anabolic
steroids rather affects muscle fibers than tendon tissue.
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forms of sporting activities. The clinical history of a
relatively minor trauma which leads to major tendon
injury, sometimes preceded by intermittent pain during
exercise, suggest that in many cases ruptures are in fact
the final stage of degenerative tendon disease [29]. This
aspect has been well appreciated in chronic patellar
tendinitis which is classified clinically in four phases
from which phase 4 represents complete tendon rupture
(Fig. 9) [46]. Histologic data drawn by Lang and Viernstein and later by Kannus and Josza disclosed that in
many cases of a 'spontaneous' rupture of the Achilles
tendon signs of underlying degeneration could be documented [35,47].
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4.1. Imaging features
(a)

(b)
Fig. 9. (a) Patellar tendinitis: ultrasound shows a moderate degree
thickening of the tendon from its origin (small arrows) to its insertion. Arrowheads indicate layer of hyaline cartilage covering the
distal end of femur. Large arrow indicates acoustic shadowing of
patella. (b) Normal contralateral patellar tendon for comparison.

Signs of fresh tendon rupture as visible with sonography or M R I are principally similar (Table 3). When
using ultrasound, characteristic findings like thinning or
disruption of fibers may be masked by an overlying
hypoechoic hematoma or artifacts (Fig. 10). To avoid
false-negative diagnoses, it is mandatory to perform a
dynamic investigation under dorsal and plantar flexion
of the foot. With MRI, frank ruptures can be delineated
by means of dehiscence of hypoechoic tendon tissue with
or without liquid or sangineous hematoma. Partial tears
present as focal regions of increased signal, thickening of
the tendon, and in some cases altered continuity of a
portion of tendon fibers (Fig. 11). In tears of the tibialis
posterior tendon or the peroneus tendons a typical
splitting into two portions may be visible (Fig. 12) [6].
With sonography, partial tears principally are visible in
the form of circumscribed hypoechoic lesions. They have
been demonstrated by van Holsbeeck within the rotator
cuff (Fig. 13) [48]. In the Achilles tendon, differentiation
between partial ruptures and tendinitis may not be
possible with sonography [49].

It has been shown in animal experiments that damage of
tendon fibers is only visible after excessive doses that are
not administered on athletes [45].
Today, it is generally appreciated in sports medicine
that a combination of anatomic and biomechanical
characteristics and relative overuse result in the progression of tendinitis and peritendinitis [8].

4. Tendon rupture
Injury of tendons may be caused by directly applied
force, e.g. lacerations or closed contusions. More often,
ruptures are the result of abnormal tension during a
movement performed in nonphysiologic conditions. The
latter commonly occur in patients involved in various

Fig. 10. Rupture of anterior tibialis tendon imaged at level of distal
tibia (t), Normal fibrillar structure ends within hypoechoic mass
(arrows) indicating hematoma filling out the lumen of tendon sheath.
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Table 3
Synopsis of typical sonographic and MR imaging features of fresh
tendon rupture
Sonography
Direct signs
Dehiscence of fibers (increasing
with applying tension during
dynamic imaging)
Thinning of tendon (partial
rupture)
Absent tendon
Inhomogeneous, hypoecheoicor
hyperechoic tendon structure

MRI

I.
II
I

Disruption of fibers

I.
m

[

Thinning of tendon (partial
rupture)
Gap
Splitting of tendon

Indirect signs
Thickening of severed stumps
due to enrolled tensionless
fibers

Retraction and thickening of
ruptured ends with relative
thickening of supporting
muscle
Hypoechoic pseudotumor due to Local fluid accumulation with
hematoma or granulation
or without signs of blood
tissue
Thickening of tendon sheath or thickening of tendon sheath or
adjacent bursa
adjacent bursa
Bone marrow edema adjacent
to site of rupture
Dislocation of sesamoid bones

In later stages, especially during or after conservative
treatment, tendons appear thickened with inhomogeneous structure on US and M R images, respectively.
On axial sonograms a characteristic onionskin-like appearance of the Achilles tendon may be observed indicating the formation of a cuff-like granulation tissue
(Fig. 14) [17,50].
Chronic ruptures are defined as the final stage of
long-standing tendinitis. Tendons are considerably
thickened with inhomogeneous structure. In many cases
imaging appearance with US and M R I does not allow
to differentiate between chronic rupture and a repaired
acute rupture.

4.2. Prediction of ruptures
Tendon ruptures as a sequel of sporting activities
have been increasing in number during the last decades
in civilised countries [42]. In many epidemiological
studies tendinitis or a previous injury have been identified as risk factors for future injuries [51-53]. It
should therefore be an important task of diagnostic
imaging to provide information about the potential risk
of a pending rupture. This aim, however, has been
accomplished only rudimentary. With sonography, it
could be demonstrated that 52% of lesions in Achilles
tendinitis occur within the medio-ventral part of the
mid third of the tendon, the site where ruptures most
often occur [54]. In a cohort study we investigated 36

(a)
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(b)

Fig. 11. (a) Partial rupture of the Achilles tendon as visible with MRI
(Tl-weighted spin-echo, fat-suppressed T2-weighted STIR). Local
thickening with hyperintense signal intensity in the distal part of the
tendon. (b) Linear hyperintense abnormality indication rupture is
better visible on fat-suppressed image. Tendon is surrounded by a
hyperintense rim of fluid,
patients with achillodynia to find a prognostic parameter enabling to estimate the risk of tendon rupture [55].
After a follow-up of 48 + 8 months, seven tendons (in
28% of the patients) had ruptured spontaneously. Analysis of the sonograms of the patients taken prior to the
rupture showed tendinitis in all of them. In none of the
patients with normal tendons a rupture occurred.

4.2.1. Concepts o f "vulnerable zones" and 'critical
phase"
The increased risk of a tendon rupture can be determined with respect to specific anatomic sites with high
vulnerability [31] and to time periods with a statistically
proven higher probability of a rupture. The increased
vulnerability of a specific part of a tendon is considered
to be the result of hypovascularization, biomechanical
overload, or both. This concept of distinct 'vulnerable
zones' within tendons and 'critical phases' during a
patient's life can be used to establish diagnostic imaging
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Table 4
Degeneration and tear of the rotator cuff as a function of aging, compared with MR imaging characteristics (after [57] and [58])
Grade

Pathology

Typical age

Course

Degeneration

MR signal intensities

I
II
III

Normal
Edema and haemorrhage
Fibrosis, tendinitis
Osteophytes,
rupture

<25 years
25-40 years
>40 y e a r s

Reversible
Recurrent pain
Progressive

Normal
Mild
Severe
Tear

T1 ~, T2 J.
Tlintermediate, T2
T1 T, T2 intermediate
T1 i", T2 T

Ill

la.i
"!!-

[571

as a n
o f the
o f the
(Table

a d j u n c t for risk e s t i m a t i o n [9]. Such analysis
tissue of a t e n d o n should be e m b e d d e d as one
intrinsic factors that predispose to a r u p t u r e
1).

5. Conclusion
Pathologic findings due to sporting activities are
generally divided into two groups: sports related injuries a n d overuse syndromes. However, the b o r d e r s
between i n j u r y a n d d a m a g e tend to become m o r e a n d

[58]

more blurred: m i n o r or repetitive t r a u m a m a y cause
d a m a g e which, in t u r n , predisposes to m a j o r injury.
These i n t i m a t e relationships are reflected m o r p h o l o g i cally as visible with s o n o g r a p h y or M R I . I n image
i n t e r p r e t a t i o n of t e n d o n abnormalities, three aspects
have to be considered:
(1) The role o f high-resolution i m a g i n g seems to be
of increasing i m p o r t a n c e to analyse adaptive a n d degenerative mechanisms. S o n o g r a p h y a n d M R I should

Fig. 13. Rotator cuff with partial thickness tear (small arrows) in
typical location at the deep surface of the peripheral supraspinatus
tendon. Anatomic landmarks are acoustic shadows of humeral head
(large arrow) and of acromion (arrowheads).

Fig. 12. Subtotal rupture of the tibialis posterior tendon at level of
malleolus (T2-weighted spin-echo) with hyperintense fluid within
tendon sheath (arrows) and central hyperintense signal intensity in
centre of partially ruptured tendon.

Fig. 14. Total rupture of Achilles tendon, four weeks after trauma on
axial sonogram. Typical onionskin-like appearance of a ruptured
Achilles tendon indicates formation of a cuff of granulation tissue.

F. Kainberger et al./ European Journal of Radiology 25 (1997) 209-222

be used jointly in case of diagnosing tendon diseases
[56].
(2) Degeneration of tendon tissue may be, to some
degree, regarded as part of aging. This theory has been
supported by Neer who correlated tendinitis and rupture of the rotator cuff with the patients' age (Table 4)
[57]. Similar correlations may be performed by means
of diagnostic imaging [58]. With increased stress or with
decreased resistance, as it is commonly observed in
sports medicine, the process of degeneration is accelerated. The related imaging features have, therefore, to be
interpreted with the clinical context in mind.
(3) Preventive strategies to reduce the number of
tendon ruptures have to be supported by adequate
imaging protocols. Findings suggestive of tendinitis
should be regarded as intrinsic parameters of an increased risk of rupture.
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