
1

Department of Radiology
Helsinki University Central Hospital

University of Helsinki, Finland

Pertti T. Karjalainen, M.D.

MAGNETIC RESONANCE IMAGING

OF ACHILLES TENDON

with special reference to

normal appearance,
chronic disorders and

postoperative total ruptures

Academic Dissertation

to be presented with the permission of
the Faculty of Medicine of the University of Helsinki,

for public discussion in Auditorium XII.

On May 31st, 2000, at 2 p.m.



2

Supervised by

Professor Hannu Aronen, M.D.
Department of Radiology
Helsinki University Central Hospital, Helsinki
Department of Clinical Radiology
Kuopio University

Reviewed by

Docent Sakari Orava, M.D.
Department of Orthopaedics and Traumatology
University of Oulu

Docent Timo Paakkala, M.D.
Department of Radiology
University of Tampere

ISBN 952-91-2133-4 (nid.)
ISBN 952-91-2134-2 (PDF version)
Helsingin yliopiston verkkojulkaisut
Helsinki 2000



3

Contents

List of original papers ___________________________________ 6

Abbreviations and definitions _____________________________ 7

Introduction __________________________________________ 8

Review of the literature__________________________________ 9

Magnetic resonance (MR) imaging ________________________ 9
Basic principles ____________________________________________ 9
MR field strength and coils ___________________________________ 9
Sequences________________________________________________ 9
MR tissue characteristics of tendons___________________________ 10
Magic angle phenomenon ___________________________________ 11
Chemical shift artifact ______________________________________ 11
Musculoskeletal MR imaging _________________________________ 11
Foot and ankle MR imaging__________________________________ 11

Ultrasonography in tendons ____________________________ 12

X-ray and CT in Achilles tendons ________________________ 13

Achilles tendon anatomy_______________________________ 14
Functional anatomy________________________________________ 14
Normal MR appearance_____________________________________ 14

Achilles tendon rupture________________________________ 16
Incidence and pathophysiology_______________________________ 16
Diagnosis and treatment____________________________________ 16
Rehabilitation ____________________________________________ 17
MR appearance ___________________________________________ 17

Achilles tendon overuse injuries_________________________ 18
Tendinosis _______________________________________________ 18
Insertional disorders _______________________________________ 19
Peritendinitis _____________________________________________ 19
MR appearance ___________________________________________ 20

Other causes of Achilles tendinopathy ____________________ 21

The aims of the present study were _______________________ 22

Subjects, materials and methods _________________________ 23

Subjects ___________________________________________ 23

Clinical evaluation____________________________________ 24

Conservative treatment _______________________________ 24



4

Surgical treatment ___________________________________ 24
Indications ______________________________________________ 24
Surgical techniques________________________________________ 24
Surgical evaluation ________________________________________ 25
Postoperative rehabilitation _________________________________ 25
Complications ____________________________________________ 25

Clinical follow-up and scoring___________________________ 25

Magnetic resonance imaging ___________________________ 26
MR protocols _____________________________________________ 26
MR image analysis ________________________________________ 27

Ultrasonography studies_______________________________ 28

Histopathological studies ______________________________ 29

Statistical methods ___________________________________ 29

Results______________________________________________ 30

Postoperative MRI findings in patients with Achilles tendon
rupture (Paper I) ____________________________________ 30

3 weeks_________________________________________________ 30
6 weeks_________________________________________________ 30
3 months________________________________________________ 32
6 months________________________________________________ 35
1 to 3 years (Paper II) _____________________________________ 36
Correlation between dimensions of MRI and US __________________ 36
Postoperative ultrasonography _______________________________ 37

MR imaging of asymptomatic Achilles tendons (Paper III) ____ 38
Dimensions ______________________________________________ 38
Shape __________________________________________________ 39
Plantaris tendon __________________________________________ 39
Signal intensity ___________________________________________ 40
Insertion to calcaneus______________________________________ 40
Peritendinous tissues ______________________________________ 41

MR imaging of overuse injuries of the Achilles tendon (Paper IV)42
Antero-posterior diameter___________________________________ 43
Intratendinous lesions______________________________________ 43
Tendon insertion and bursa _________________________________ 44
Peritendinous tissues ______________________________________ 45
MRI and clinical findings ____________________________________ 47
MRI and surgical findings ___________________________________ 47
MRI and histological findings ________________________________ 47
Long-term follow-up _______________________________________ 49



5

Discussion ___________________________________________ 50

Postoperative follow-up of surgically repaired Achilles tendon
ruptures ___________________________________________ 50

Patient material___________________________________________ 50
Cross-sectional area _______________________________________ 50
Intratendinous lesions______________________________________ 50
Return to sports __________________________________________ 51
Reoperations _____________________________________________ 51
Functional tests and MRI____________________________________ 52
Miscallenous findings ______________________________________ 52
Ultrasonography __________________________________________ 53

MR imaging of asymptomatic Achilles tendon ______________ 53
Diameter ________________________________________________ 53
Shape __________________________________________________ 53
Signal intensity ___________________________________________ 54
Plantaris tendon __________________________________________ 54

Intratendinous lesions of Achilles tendon _________________ 55
Asymptomatic subjects _____________________________________ 55
Symptomatic subjects______________________________________ 55

Peritendinous tissues _________________________________ 56
Normal appearance________________________________________ 56
Abnormal appearance ______________________________________ 57

Tendon insertion and retrocalcaneal bursa_________________ 57
Normal appearance________________________________________ 57
Abnormal appearance ______________________________________ 58

Multiple findings _____________________________________ 58

MR imaging as prognostic method _______________________ 58

Sequences__________________________________________ 59

High vs. low field MR imaging___________________________ 59

Limitations _________________________________________ 59

Conclusions and summary_______________________________ 60

Acknowledgements ____________________________________ 61

References___________________________________________ 63



6

LIST OF ORIGINAL PAPERS

This study is based on the following papers, which are referred to in the
text with the Roman numerals (I-IV).

I Karjalainen PT, Aronen HJ, Pihlajamäki HK, Soila K, Paavonen T,
Böstman O. Magnetic resonance imaging during the healing of
surgically repaired Achilles tendon rupture. Am J Sports Med
1997;25:164-171

II Karjalainen PT, Ahovuo J, Pihlajamäki HK, Soila K, Aronen HJ.
Postoperative MRI and ultrasonography of a surgically repaired
Achilles tendon ruptures. Acta Radiol 1996;37:639-646

III Soila K, Karjalainen PT, Aronen HJ, Pihlajamäki HK, Tirman PFJ. High
resolution MR imaging of asymptomatic Achilles tendon: New
observations. Am J Roentgenol 1999;173:323-328

IV Karjalainen PT, Soila K, Aronen HJ, Pihlajamäki H, Tynninen O,
Paavonen T, Tirman PFJ. MR imaging of overuse injuries of the
Achilles tendon. Am J Roentgenol 2000;175:000-000



7

ABBREVIATIONS AND DEFINITIONS

AP = anteroposterior

CP = circular polarized

CT = computerized tomography

FLASH = fast low angle shot T1-weighted spoiled gradient echo

FOV = field of view

MR = magnetic resonance

MRI = magnetic resonance imaging

ms = millisecond

SD = standard deviation

SE = spin echo

SI = signal intensity

STIR = fast short-inversion-time inversion-recovery or

   short tau inversion recovery

T1 = longitudinal relaxation time

T2 = transverse relaxation time

TE = time to echo

TI = inversion time

TR = repetition time

US = ultrasonography
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INTRODUCTION

The Achilles tendon is the largest and
strongest tendon in man. Also, it is one
of the most frequently torn and one of
the most common sites of overuse
injuries among athletes (Galloway et
al. 1992, Leppilahti et al. 1991).
Among runners the occurrence of
Achilles tendon disorders varies from
about 5 to 18% (Kvist 1994). Achilles
tendon rupture is a common trauma
affecting most often active, early
middle-aged men with tendon
degeneration, which is considered to be
requisite to have a rupture of Achilles
tendon (Jozsa et al. 1989). Operative
treatment of Achilles tendon rupture is
favored by many surgeons because of
its lower risk of rerupture compared
with non-surgical treatment (Wills et
al. 1986). The importance of the
postoperative evaluation of the reunion
process of the operated Achilles tendon
has been emphasized in order to give
guidelines in pacing the rehabilitation
(Marcus et al. 1989, Quinn et al.
1987).

The spectrum of Achilles tendon
overuse injuries ranges from
inflammation of the peritendinous
tissue (peritendinitis), structural
degeneration of the tendon
(tendinosis), to partial or complete
tendon rupture (Kvist 1994). These
conditions may co-exist (e.g.,
peritendinitis with tendinosis)
(Schepsis et al. 1994). Clinically, it is
often difficult to distinguish tendinosis
from peritendinitis (Kvist 1994), and
from partial tearing of the tendon
(Allenmark 1992). Treatment and
prognosis vary depending on the
pathology (Allenmark 1992, Galloway
et al. 1992, Kvist 1994, Schepsis et al.
1994).

Imaging method of the Achilles tendon
include plain radiography, ultra-
sonography (US) and magnetic
resonance imaging (MRI). State-of-art
MR imaging offers an excellent soft
tissue contrast and spatial resolution.

Interpreting radiologists must be aware
of the imaging appearance of a normal
tendon, expected postoperative
changes and complications of the
surgically repaired ruptured Achilles
tendon because the patients with poor
clinical outcome are often re-evaluated
with US or MRI.

The Achilles tendon has classically
been described to possess uniform low
signal intensity in all commonly used
MR sequences. Recently, two groups
(Åström et al. 1996, Rollandi et al.
1995) of authors have stated that the
normal Achilles tendon can have
increased intratendinous signal
intensity spots on axial T1-weighted
and proton density - weighted images.
As technical quality in musculoskeletal
MR imaging has improved (Erickson
1997), and experience in image
interpretation increases, new
observations can be made regarding
the Achilles tendon and its surrounding
tissues.

This study first evaluates the
postoperative appearance of surgically
treated Achilles tendon ruptures in low-
field MR unit. Then asymptomatic
subjects and symptomatic patients
with overuse injuries of the Achilles
tendon are imaged in a modern high-
field MR unit.
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REVIEW OF THE LITERATURE

Magnetic resonance (MR)
imaging

Basic principles

A strong, homogeneous magnetic field
is required for nuclear magnetic
resonance phenomenon to occurr at a
sufficient energy level to emit a signal
which is strong enough for imaging.
Powerful radiofrequency transmitter is
used to give radio frequency pulses
with a radiofrequency (RF) antenna, or
RF coil. The pulses are given in a
sequence which creates specific
contrast in the images. The energy is
absorbed by atomic nuclei and
subsequently emitted through a
process called relaxation. The energy is
emitted as radiofrequency wawes which
are detected with a sensitive
radiofrequency receiver via receiving
coils. The detected signal originates
from a slice of tissue at a time when a
gradient magnetic field in Z direction is
applied during rf stimuli. The signal is
coded for localization within the slice by
applying rapidly switching gradient
fields in X, and Y directions. The signal
is transferred from receiving coils to
the computer. This data is converted
into an image through mathematical
function called Fourier transform. The
images are displayed through
appropriate media such as film or a
computer workstation (Harms 1997).

MR field strength and coils

Most musculoskeletal studies today are
performed with high field MR units
(1.5T). The use of low field units is
rapidly growing due to technical
improvements. The most unfavourable
quality of low field MRI is a lower
spatial resolution. Low field systems
are not capable of rapidly producing

high-resolution images, such as can be
obtained with 1.5-T magnet (Beltran et
al. 1987). However, new low-field (0.2
T) MR units have shown good
agreement with pathological findings in
imaging ankle injuries when compared
to 1.0-T MR units (Merhemic et al.
1999). When compared to sonography,
even low-field MRI investigation allows
more accurate staging of tendinous
changes than sonography. It is more
reproducible and includes the
advantages of the combined evaluation
of bones, ligaments, and soft tissue
(Rand et al. 1998).

Early studies in musculoskeletal MR
imaging were performed with body and
head coils. There was a major
improvement in image quality when
circular polarized extremity and surface
coils were developed (Lucas et al.
1997, Maurer et al. 1996, Maurer et al.
1996).

Sequences

Spin echo imaging was the first
technique developed for clinical imaging
and still is most widely used in
musculoskeletal imaging (Evancho et
al. 1990, Kalmar et al. 1988). In spin
echo imaging, some time (echo time
divided by two) after 90° pulse, a 180°
pulse is applied. This rephases the
protons that are getting out of phase.

Gradient echo sequences were
developed for rapid imaging, they use
shorter repetition time, low excitation
pulse angles and have shorter echo
times than spin echo sequences. The
appearance of lesions on gradient echo
images can be different from that in
spin echo images. This is due to the
signal being influenced by T2*
relaxation, in which the dephasing
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process of protons is not compensated
like in spin echo sequences with 180°
rephasing pulse. Also, artifacts can be
introduced in the images for different
reasons than in spin echo imaging,
such as signal decrease from magnetic
susceptibility effects. However, no
considerable signal dephasing due to
susceptibility effects are found in
tendons (Schick et al. 1995).

Short inversion time or short tau
inversion recovery sequences (STIR)
was introduced to eliminate high signal
emanating from fatty tissues. STIR
sequence consists of a 180° inversion
pulse followed typically by spin-echo or
turbo spin echo sequence (tSTIR) for
acquisition of the signal for imaging.
After the inversion pulse, the
magnetization recovers exponentially
from the maximal negative value to a
maximal positive value through the
inversion time null point. The time
interval between the inversion pulse
and the excitation pulse is inversion
time. Inversion of magnetization
increases sensitivity to tissue T1
differences. By selecting the inversion
time relatively short, protons in fatty
tissues are at null point in recovery
when imaging portion of the sequence
is initiated. Therefore, signal from fatty
tissues can be reduced thus increasing
contrast with lesions within it for
improved detectability.

MR tissue characteristics of
tendons

The signal intensity of normal tendon
exhibited by spin-echo and gradient-
echo sequences with common echo
times (TE) >10ms is very low (Quinn et
al. 1987, Schweitzer 1993). This is due
to characteristically long T1 and short
T2 relaxation times of tendons in which
hydrogen nuclei of water molecules
(protons) are strongly associated with
the collagen matrix (Gold et al. 1995).
T2 relaxation time for intact tendon

tissue is very short, approximately 0,25
ms with the tendon aligned with the
magnetic field (Fullerton et al. 1985). It
is practically independent of field
strengths commonly used (Koblik and
Freeman 1993). Recognition of tendon
pathology is based on the detection of
areas of increased signal within tendon.
These increased signal lesions
represent areas of T2 prolongation
associated with disruption of organized
collagen structure and edema (Cheung
et al. 1992, Erickson et al. 1992).

Sensitivity of MR imaging to early
stages of tendon pathology can be
improved by application of sequences
with very short echo times because the
gradient echo methods allow shorter
echo times than spin echo techniques
for a given gradient system of the
imager and given spatial resolution
(Schick et al. 1995). Gradient echo and
STIR sequences have been found more
sensitive in detecting focal signal
changes in patellar tendon than spin
echo sequences alone (Davies et al.
1991, Khan et al. 1996). Minimum echo
time gradient echo sequences should
be used for sensitive imaging of tendon
alterations, because no considerable
signal dephasing due to susceptibility
effects that might be detrimental have
been found in tendons (Koblik and
Freeman 1993).

As modern MR equipment with high-
performance gradient coil systems has
become available for clinical imaging
systems, an expanding role for MRI in
the evaluation of tendon disease is
possible.

The soft tissues surrounding the
Achilles tendon are rich in fat (pre-
Achilles fat pad, subcutaneous tissues,
bone marrow). Fat suppression
sequences increase diagnostic
capabilities of MRI by being more
sensitive for detection of lesions in
musculoskeletal imaging (Masciocchi et
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al. 1998, Nakamura et al. 1999,
Yoshioka et al. 1994).

Signal from fat may be suppressed
taking advantage of the difference in
resonance frequency of lipid protons
from water protons by means of
frequency selective pulses or phase
contrast techniques, or based on the
shorter T1 relaxation time in fatty
tissues than in other soft tissues by
utilizing inversion recovery sequences
(de Kerviler et al. 1998).

Magic angle phenomenon

The "magic angle" effect in MR imaging
is caused by changes in the dipolar
interactions between water hydrogen
protons that are loosely bound along
collagen fibrils in organized tissue such
as tendon. When tendons are aligned at
55 degrees to the main magnetic field,
the T2 relaxation time is lengthened,
causing focal increased signal on short
echo time MR images. Tendons in the
ankle, wrist, and rotator cuff of the
shoulder are common sites to observe
this effect (Erickson et al. 1993,
Fullerton et al. 1985, Haygood 1997,
Peto and Gillis 1990). However, Achilles
tendon is parallel or perpendicular to
the main magnetic field in clinical
imaging, and no increased signal
intensity due to magic angle
phenomenon will occurr within a
normal tendon.

Chemical shift artifact

Chemical shift artifact is seen as a thin,
low-intensity line, which partially
surrounds many structures on MR
imaging. This artifact should not be
mistaken for a true morphologic
structure. This artifact can be
recognized by its characteristic
appearance along the direction of the
frequency-encoding gradient at the
interface of fatty and non-fatty tissues.
Water and lipid protons differ in their

Larmor frequencies and the location of
fat is misregistered two to three pixels
in relation to water at the interface
(Soila et al. 1984, Weinreb et al.
1985). Around the Achilles tendon such
an interface is between the
subcutaneous fat and paratenon.

At low-field the chemical shift artifact is
less problematic in clinical imaging
(Weinreb et al. 1985).

Musculoskeletal MR imaging

Pettersson et al stated at 1985 that
“the definite place of MRI within
musculoskeletal diagnostic imaging is
not yet settled, but its potential is
great, and it will have an important role
in the future” (Pettersson et al. 1985).
At 2000 there is a broad range of
clinical applications for MRI in the
diagnosis of musculoskeletal disease
(Burk et al. 1988, Erickson 1997). MR
imager with high-resolution and
multislice, multiecho technique
provides detailed information on all
joints, muscles, ligaments and spine
with an ever shortening examination
time (Erickson 1997).

Foot and ankle MR imaging

The foot and ankle are among the
hardest of all areas to image because
of the complex three-dimensional
anatomy. MR imaging, with its
multiplanar capabilities, excellent soft-
tissue contrast, ability to image bone
marrow, noninvasiveness, and lack of
ionizing radiation, has become a
valuable tool for the diagnosis and
staging as well as the surgical planning
of multiple disorders (Ferkel et al.
1991, Mammone 1997, Schweitzer and
Karasick 1994).

Avascular necrosis is common in the
foot, usually seen after talus fractures
or spontaneously in the metatarsal
heads. Other causes of a marrow
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edema pattern include stress fracture
and occult fractures, which appear like
bone bruises but behave more like
fractures. Arthritic disorders, reactions
to altered biomechanics, osteomyelitis,
and regional migratory osteoporosis
typically cause marrow edema.

Characteristic signs of plantar fasciitis
on MRI are thickening of the plantar
fascia and intratendinous signal
intensity increase with contrast
enhancement to some extent. Bone
marrow edema of the calcaneus and
peritendinous edema close to the
plantar fascia can be also detected
(Steinborn et al. 1999).

MRI has also been utilized to assess
ankle sprains with complications, such
as the ankle impingement syndrome,
the sinus tarsi syndrome, and chronic
instability, and to diagnose
osteomyelitis. MRI is promising for the
evaluation of reflex sympathetic
dystrophy and is as useful for the
evaluation of bone and soft tissue
tumors as it is elsewhere in the
skeleton. MR imaging helps to
characterize the biological
aggressiveness of the tumor as well as
its extent and therefore aids in surgical
planning (Beltran et al. 1987,
Chandnani and Bradley 1994, Cheung
et al. 1992, Ferkel et al. 1991,
Panageas et al. 1990, Schweitzer 1993,
Schweitzer and Karasick 1994).

MRI is more specific than bone
scintigraphy and provides more
information than ultrasound and
computed tomography. Arthroscopy of
the ankle is limited to the articular
surface and joint space. MRI allows a
global evaluation of the bones,
tendons, ligaments, and other
structures with a single examination
that exceeds the capabilities of all other
available techniques (Lucas et al.
1997).

The most frequently diseased tendons
in the ankle are the Achilles, posterior
tibial, and peroneal (Ferkel et al. 1991,
Schweitzer and Karasick 1994). MRI
can be used to diagnose most disorders
of these tendons, as well as stage
these disorders to allow appropriate
therapy. The major decisions to be
made when performing MR images of
the tendons of the ankle are field of
view to be used and the planes of
imaging. Recommended field of view is
12 to 16 cm, and imaging planes for
Achilles tendon are sagittal and axial
(Haygood 1997). For the diagnosis of
posterior tibialis tendon tears and
injuries, MRI is an important tool in
surgical planning. Often, MRI is helpful
for the diagnosis of peroneal tendon
injury, including dislocations and
peroneal splits, two entities that are
seen to effect the peroneal tendons.

Ultrasonography in tendons

Achilles tendon rupture has been
diagnosed by ultrasonography (US)
since early 1980´s (Bruce et al. 1982).
Since then the quality of the high-
resolution real-time US scanners has
improved remarkably. US is capable of
detecting Achilles tendon ruptures,
partial ruptures, tendinosis and
postoperative findings (Fornage 1986).
Tendinosis is characterized by
enlargement and decreased echogenity
of the tendon (Fornage 1986). US may
be valuable in the diagnosis of
abnormalities in surrounding Achilles
tendon structures such as peritenon
(Kainberger et al. 1990). Pre-operative
US is said to be useful in the
differentiation between partial rupture
and other tendinous changes (Lehtinen
1996). However, US is not completely
reliable for diagnosing peritendinitis
and tendinitis, and it cannot be used to
differentiate partial tendon ruptures
from focal degenerative lesions
(Paavola et al. 1998). Also, it is not
easy to differentiate partial Achilles
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tendon rupture from total rupture
(O'Reilly and Massouh 1993). In a
comparison study, MR imaging was
more sensitive to the presence of
intratendinous lesion than US (Åström
et al. 1996). According to Movin et al.,
intratendinous lesions seen on MR
images are larger than corresponding
hypoechoid areas in US. Hence, the
non-pathologic echo is not equivalent
with a healthy tendon structure in
patients with chronic achillodynia. Both
methods equally measured the
diameter and the shape of the tendon
(Movin et al. 1998). US, unlike-MR
imaging, is able to detect
microcalcifications in the Achilles
tendon (Fornage 1986, Maffulli et al.
1987).

US has been used in postoperative
assessment of the ruptured Achilles
tendon (Draghi et al. 1999, Maffulli et
al. 1990, Merk et al. 1997, Thermann
et al. 1992). Maffulli et al. performed
US at different postoperative times on
a total of 22 patients with total rupture
of the Achilles tendon. In US, the
operated tendon remained of increased
thickness 9 months after surgery
(Maffulli et al. 1990). Merck et al.
reported no correlation between the US
imaging findings and unsatisfactory
clinical results following Achilles tendon
repairs (Merk et al. 1997).

X-ray and CT in Achilles tendons

Plain radiographs with special
techniques and xeroradiography are
able to visualize soft tissue alterations
around Achilles tendon (Denstad and
Roaas 1979, Lehtonen et al. 1981).
Intratendinous calcifications could be
detected with these methods. Denstad
and Roaas suggested that partial
ruptures can be visualized by the
thickening of the tendon tissue on
lateral soft tissue radiographs (Denstad
and Roaas 1979). Plain radiographs can
be used to indicate the rare occurence

of ossification of the Achilles tendon (Yu
et al. 1994). A fracture of an ossified
Achilles tendon diagnosed by
radiograph has been reported (Aksoy
and Surat 1998). Patients with
rheumatoid arthritis, ankylosing
spondylitis, psoriasis, and Reiter
syndrome have shown to have
increased thickness of the Achilles
tendon on lateral radiographs (Resnick
et al. 1977).

An excessive prominence of the bursal
projection in the posterosuperior aspect
of the calcaneous constitutes Haglund's
deformity. Swelling in this area
constitutes Haglund's disease and is
associated with retrocalcaneal bursitis.
Rigid and prominent heel counters with
high heels impinge on the soft tissues
overlying the prominence and give rise
to symptoms of pain and swelling. Cavo
varus deformities exacerbate this
problem. Bursal projection can be
demonstrated radiologically by a
superior calcaneal angle of more than
75 degrees, a combination of calcaneal
inclination and a posterior calcaneal
angle of more than 90 degrees, and
excessive bone above the upper
parallel pitch line (Stephens 1994).
Pre- and postoperative radiographs are
used to determine the amount of the
calcaneal osteotomy in cases of
Haglund's syndrome (Sella et al. 1998).

Computer tomography (CT) has
relatively low diagnostic value of
Achilles tendon disorders (Reiser et al.
1985, Ulrich et al. 1991). CT is
sensitive in detection of intratendinous
calcifications, and fractures of
ossifications can also be diagnosed. CT
has been used to measure volume of
calf muscles after Achilles tendon
rupture (Leppilahti 1996). CT appears
to be the imaging method of choice for
demonstrating monosodium urate
deposits in entheses and tendons in
gout (Gerster et al. 1996).
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Achilles tendon anatomy

Functional anatomy

The Achilles tendon constitutes the
distal insertion of the gastrocnemius
and soleus muscles. The tendon inserts
into a rectangular area on the middle
part of the posterior surface of the
calcaneus. The space between the
tendon and calcaneal tuberosity is filled
with retrocalcaneal bursa. From the
point of confluence, the tendon fibers
take a slightly spiral course, where the
posterior fibers go from medial to
lateral and anterior fibers from lateral
to medial. The degree of rotation is
variable (Cummins et al. 1946). The
tendon is composed of 30% collagen
and 2% elastin embedded in an
extracellular proteoglycan matrix
containing 58-70% water. Collagen
fibres are grouped together in primary,
secondary and tertiary bundles (Józsa
and Kannus 1997). The tendon bundles
are surrounded by a mesh of loose
connective tissue, the endotenon,
which holds the bundles together and
also carries the blood vessels,
lymphatics and nerves (Kvist 1991).
The Achilles tendon is covered by a
thin, smooth epitenon, and by the
paratenon on dorsomediolateral sides.
Paratenon consists of several thin
gliding membranes and forms a thin
space between the tendon and the
crural fascia. Crural fascia is then
covered by subcutaneous tissue and
skin (Kvist and Kvist 1980). On ventral
side, the paratenon consists of fatty
areolar tissue and contains blood
vessels and connective tissue. Ventral
to the Achilles tendon is a triangular
pre-Achilles fat pad, also known as
Kager´s fat pad (Kager 1939).

An accessory soleus muscle can form a
soft-tissue mass bulging medially
between the distal part of the tibia and
the Achilles tendon. It usually inserts

with a separate tendon on the
calcaneus anteromedial to the Achilles
insertion, and may be a cause of pain
on exercise (Romanus et al. 1986).

Achilles tendon receives blood vessels
in three regions: 1) at the
musculotendinous junction, 2) through
the paratenon surrounding the tendon
and 3) at the osteotendinous junction.
The paratenon has abundant blood
supply (Carr and Norris 1989). Åström
and Westlin evaluated microvascular
perfusion in the human Achilles tendon
by laser Doppler flowmetry. Blood flow
was significantly lower near the
calcaneal insertion but otherwise was
distributed evenly in the tendon
(Åström and Westlin 1994). Naito and
Ogata studied the blood supply to the
central third of the Achilles tendon in
adult rabbits using the hydrogen
washout technique (Naito and Ogata
1983). Their results indicated that the
central third of the tendon with a
paratenon receives its blood supply
from the extrinsic vascular system by
35% and from the intrinsic vascular
system by 65%.

Immobilization causes tendon atrophy,
but because of a low metabolic rate of
the tendon tissue the effects are slow
and not as dramatic as in calf muscle
(Karpakka et al. 1990). The rate of
metabolism of collagen is relatively
slow, and there is normally a balance
between synthesis and breakdown.
During growth and following injury, the
synthesis exceeds degradation
(Leadbetter 1992).

Normal MR appearance

The MR appearance of the intact
Achilles tendon has been described as
homogenous, low signal intensity
structure on all sequences (Åström et
al. 1996, Marcus et al. 1989, Neuhold
et al. 1992, Quinn et al. 1987). The
image of the Achilles tendon in the
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sagittal plane appears as thin structure
surrounded by anterior high signal
intensity fat pad on T1- and T2-
weighted images. The antero-posterior
thickness measurements, signal
intensity of the normal Achilles tendon
and MR technical data are summarized
on Table 1. The cross-sectional shape
of the Achilles tendon has been
described as oval or ellipse (Marcus et
al. 1989, Neuhold et al. 1992,
Weinstabl et al. 1991) and the anterior
margin as flattened or mildly concave
(Ferkel et al. 1991, Quinn et al. 1987).
The posterior margin has always been
described as convex. All intratendinous
signals are usually regarded as
pathological (Beltran and Mosure 1990,
Cheung et al. 1992, Ferkel et al. 1991,
Quinn et al. 1987). Recently, however,
several authors have observed
intratendinous signals in the Achilles
tendons of asymptomatic subjects
(Åström et al. 1996, Movin et al. 1998,

Movin et al. 1998, Rollandi et al. 1995).
Movin et al. reported high intensity,
patchy signal alterations in the distal
Achilles tendon in 3 of 25
asymptomatic tendons on T1-weighted
images (Movin et al. 1998). Åström et
al. had signal alterations in 2 of 14
asymptomatic subjects (Åström et al.
1996). Rollandi et al. showed
intratendinous signals consisted of
longitudinally oriented straight lines
(sagittal images) and spots (axial
images) on T1-weighted and proton
density –images. The signals were
visible in the distal portion of the
tendon in normal, asymptomatic
volunteers (Rollandi et al. 1995).
Accessory soleus muscle is a rare
condition which presents as a soft-
tissue mass medial to the calcaneum
and distal Achilles tendon. MRI of the
ankle shows characteristic findings of a
normal muscle in an abnormal location
(Palaniappan et al. 1999).

TABLE 1. SUMMARY OF TECHNICAL DATA AND MRI FINDINGS OF STUDIES WITH NORMAL

ACHILLES TENDONS.
Signal intensity

Author Year N Pixel size
(mm)

Slice
thick
(mm)

Shortest
TE (ms)

AP-
thickness
(mm)

T1-WI T2-
WI

Quinn et
al.

1986 20 0.63 x 0.63 5 20 SE NA low low

Marcus et
al.

1989 30 variable
0.63 to 1.25

NA 39 SE NA low low

Sartoris
and
Resnick

1989 20 NA NA 35 SE NA low low

Weinstabl
et al.

1991 NA NA 5 30 SE 5 - 6 low low

Neuhold
et al.

1992 7 0.63 x 0.63 5 30 SE 5.7-6.2 low NA

Rollandi
et al.

1995 11 0.63 x 0.89 2 30 SE
(PD) a

NA in-
creased
b

low

Åström et
al.

1996 14 0.78 x 0.78 5 30 SE 6 ± 1 12 low
2 high

low

Movin et
al.

1998 25 0.78 x 0.39 3 15 SE 6 22 low
3 highc

low

FOV = field of view, TE = echo time, NA = not available, SE = spin echo, PD = proton density
a proton density -images only on axial plane
b on proton density images in the distal tendon
c on T-weighted gadolinium enhanced images
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Achilles tendon rupture

Incidence and pathophysiology

Leppilahti et al. determined the
incidence of a total Achilles tendon
rupture in the city of Oulu (Finland) and
changes over the 16-year period 1979-
1994. The incidence increased from 2
ruptures/105 inhabitants in 1979-1986
to 12 in 1987-1994. The peak annual
incidence, 18, was recorded in 1994.
Eighty-one percent of the ruptures
were related to sports, mainly ball
games (Leppilahti 1996). Similar
increase have been reported in
Denmark and Sweden (Levi 1997,
Moller et al. 1996).

The exact pathogenesis of the Achilles
tendon rupture remains obscure. Most
frequently discussed theories involve
chronic degeneration of the tendon and
failure of the inhibitory mechanism of
the musculotendinous unit (Arner and
Lindholm 1959, Barfred 1971, Barfred
1971, Jozsa et al. 1990). The repetitive
microtrauma may produce
microruptures, focal or diffuse tendon
degeneration and inflammation.
Regeneration is unable to keep pace
with the recurring microtrauma due to
the relatively poor vascular supply in
the midportion of the tendon, and
finally the tendon is weakened
sufficiently for total rupture to occur
(Lagergren and Lindholm 1958).

Diagnosis and treatment

Diagnosis of the total Achilles tendon
rupture is missed about 20% of the
time, thereby leading to delay in
treatment (Carden et al. 1987, Inglis et
al. 1976). The history of the trauma is
often inconsequential, and both the
physician and the patient tend to
disregard it. Insignificant pain and the
ability to weakly plantar flex the foot

are additional reasons for misdiagnosis
(Carden et al. 1987, Inglis et al. 1976).
A delay in diagnosis and surgical
treatment of longer than one month
will downgrade the result of surgical
therapy by at least 20%. Therefore,
diagnosis and treatment should be
started as soon as possible (Inglis et al.
1976).

Nistor concluded that non-surgical
treatment offers advantages, such as
lower complication rate, over surgical
treatment (Nistor 1981). The
complications of conservative treatment
include mostly reruptures and residual
lengthening of the tendon, which may
result in significant calf muscle
weakness. In a review, covering 3245
surgically and 437 non-surgically
treated patients the rerupture rate was
significantly higher in non-surgical
group (1.6% vs. 11%, respectively)
(Leppilahti and Orava 1998). The
complication rate of major surgical
complications (deep wound infection,
skin necrosis, deep vein thrombosis
etc.) has varied from 1.9 % to 5.4%
(Cetti et al. 1993, Leppilahti and Orava
1998). Almost always after operative
treatment of Achilles tendon rupture a
small group of patients feel subjective
unsatisfaction and report minor clinical
symptoms at the Achilles tendon region
(Arner and Lindholm 1959, Carden et
al. 1987). Although conservative
treatment has its own supporters,
surgical treatment seems to have been
the method of choice in the late 1980’s
and the 1990’s in athletes and young
people, and in cases of delayed
ruptures (Leppilahti and Orava 1998).

There are over 20 different surgical
techniques described in the literature to
reunite the Achilles tendon rupture
(Cetti et al. 1993). No prospective,
randomized clinical study comparing
the simple suture technique and repair
with augmentation could be found in
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the literature (Cetti et al. 1993). Simple
end-to-end, gastrocnemius flap and
plantaris tendon reinforcement
techniques described by Bunnell,
Lindholm and Lynn are widely used in
Finland (Bunnell 1940, Lindholm 1959,
Lynn 1966).

Rehabilitation

Open surgical repair is followed by a
period of cast immobilization generally
lasting 6-8 weeks in a below-knee cast
(Cetti et al. 1993, Waterston et al.
1997). The foot is immobilized in full
equinus for 3-4 weeks and in the
semiequinus or neutral position for
another 3-4 weeks. Active range of
motion exercises, stretching in
dorsiflexion, walking, cycling and
swimming can be started after cast
removal. Jogging is allowed after 4 to 6
months, and return to competitive
sports is allowed after 6 months
(Carden et al. 1987, Landvater and
Renstrom 1992). The average time for
return to sport activities after a surgical
repair of the Achilles tendon rupture
has been reported to vary from 6.5 to
9.1 months (Beskin et al. 1987, Kellam
et al. 1985).

Limited immobilization and early
functional rehabilitation has been
suggested recently by many
researchers (Carter et al. 1992,
Mandelbaum et al. 1995, Motta et al.
1997, Troop et al. 1995). Immediate
movement of the foot and ankle helps
the remodeling of scar tissue, at the
same time inhibiting the formation of
skin adherences that can later interfere
with full movement of the joint. (Motta
et al. 1997). Sölveborn and Moberg
reported 100% excellent or good
results after immediate free ankle
motion after surgical repair of the
Achilles tendon (Solveborn and Moberg
1994). They used a 6-week
postoperative plaster cast with a
protecting frame under the foot making

weightbearing possible (Solveborn and
Moberg 1994). Troop et al. achieved
good return of plantar flexion strength,
power, and endurance after
rehabilitated with early motion starting
an average of 10 days after surgery.
Active range of motion begun at an
average of 23 days and weightbearing
in a walking boot started at an average
of 3.5 weeks after surgery (Troop et al.
1995). Mandelbaum et al. had no
reruptures and excellent recovery of
isokinetic strength and endurance of
the calf muscles in 29 operatively
treated ruptures (Mandelbaum et al.
1995). Patients began range-of-motion
exercises 72 hours after surgery, used
a posterior splint for 2 weeks, and then
began ambulation in a hinged orthosis.
Six weeks after surgery, use of the
orthosis was discontinued, full
weightbearing was allowed, and
progressive resistance exercises were
initiated. All patients returned to
preinjury activity levels at a mean of 4
months (range, 3 to 7) after repair
(Mandelbaum et al. 1995).

MR appearance

Reinig et al. (1985) first published a
case report in which MR imaging was
used to diagnose Achilles tendon
rupture (Reinig et al. 1985). Since
then, several authors have described
the rupture site as an inhomogenous,
increased signal intensity area on both
proton density and T2-weighted images
(Keene et al. 1989, Quinn et al. 1987).
As a sign of acute hemorrhage,
intermediate signal intensity is typically
seen at the rupture site on T1-weighted
images. Marked soft tissue swelling and
thickening of the tendon is also present
(Daffner et al. 1986, Weinstabl et al.
1991). The level of the tear is
sometimes indicated by the large area
of moderate signal intensity on T1-
weighted images in the pre-Achilles fat
pad (Keene et al. 1989). The proximal
tendon end of the ruptured Achilles
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tendon is often more frayed than the
distal end, and high signal intensity
stripes on T2-weighted images are
detected in-between the tendon ends
(Keene et al. 1989). In subacute
rupture some high signal intensity
bands can be detected on T1-weighted
images due to old hemorrhage.
Generally, T1-weighted images do not
clearly demonstrate the definite rupture
site (Keene et al. 1989, Quinn et al.
1987). Sometimes a localized
(subacute) hematoma with high signal
intensity on T1- and T2-weighted
images is seen surrounded by low
signal halo of hemosiderin (Neuhold et
al. 1992).

Achilles tendon overuse
injuries

Tendinosis

Achillodynia is often used as a general
term for all painful conditions of the
Achilles tendon (Schmitgen and
Haasters 1990). Occasionally this term
means Achilles tendon pain syndromes
for which no objective findings or
etiology have been found. Typically,
symptoms prohibit activity and clinical
examination reveals swelling and
tenderness 1.5-6 cm proximal to the
Achilles tendon insertion. Tendinosis
(focal degeneration), sometimes
complicated by partial rupture, appears
to be the major finding in chronic
Achilles tendinopathy (Åström and
Rausing 1995). Important features are
a lack of inflammatory cells and a poor
healing response (Åström 1998, Åström
and Rausing 1995, Puddu et al. 1976).
Åström et at studied 342 Achilles
tendons in 298 patients which were
operated on for painful chronic Achilles
tendinopathy (81% men; mean age 35
years; 79% athletes). A partial rupture
was found in 23%, tendinosis
(degeneration) in 49% and no

macroscopic pathology in 28% of the
tendons. In partial ruptures, as
compared with non-ruptured tendons,
the lesion was more common in the
distal part of the tendon and more
frequent in physically active men
slightly below middle age who had
received local steroid injections before
surgery (Åström 1998). It is
histologically documented that
degeneration of the Achilles tendon can
exist in the absence of clinical
symptoms but can become
symptomatic with heavy training
leading to localized pain and
tenderness (Puddu et al. 1976).

Treatment of Achilles tendon overuse
injuries is initially conservative. The
basic conservative treatment strategies
are (modified) rest, cryotherapy,
rehabilitation of triceps surae muscle-
tendon unit (stretching and
strengthening) and control of
biomechanical variables (Clement et al.
1984). Alfredson et al. reported very
good results after heavy-load eccentric
calf muscle training on athletes in their
early forties (Alfredson et al. 1998).
The results of 8-year follow-up by
Paavola et al. showed that the long-
term prognosis of patients with acute to
subchronic (symptoms < 6 months)
Achilles tendinopathy was favorable as
determined by subjective and
functional assessments. In the clinical
and ultrasonographic examinations,
mild to moderate changes were
observed rather frequently in both the
involved and initially uninvolved
Achilles tendons, but the occurrence of
these changes was not clearly related
to patients’ symptoms (Paavola et al.
2000). However, chronic overuse
injuries do not always respond to
conservative treatment. Surgery is
often needed in the final stage of an
overuse injury. In a large series by
Orava et al., chronic Achilles tendon
problems formed 23% of all operatively
treated chronic symptomatic overuse
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injuries (Orava et al. 1991). Leppilahti
et al. reported good results in 69% of
the operatively treated Achilles tendon
overuse injuries (Leppilahti et al.
1991). In a large series by Paavola et
al., every 10th patient treated surgically
for chronic Achilles tendon overuse
injury suffered from a postoperative
complication that clearly delayed
recovery (Paavola et al. 2000).

Insertional disorders

Retrocalcaneal bursitis is a distinct
entity denoted by pain that is anterior
to the tendon, just superior to its
insertion on the os calcis. The bursa,
which lies between the anterior aspect
of the tendon and posterior aspect of
the os calcis, becomes inflamed,
hypertrophied, and adherent to the
underlying tendon (Clain and Baxter
1992, Lehto et al. 1994, Schepsis et al.
1994).

Patients with insertional tendinitis have
direct tenderness over the Achilles
tendon insertion. In some cases, the
inflammatory changes within the
tendon may be seen in conjunction with
retrocalcaneal bursatis (Schepsis et al.
1994). According to Clain and Baxter,
insertional tendinitis involves the
adjacent bursa along with changes in
the tendon, including thickening,
calcification, and fraying (Clain and
Baxter 1992). In insertional disorders,
conservative treatment is usually
successful. In cases of continued
symptoms (typically a period over six
months from initial onset of symptoms)
surgical intervention is warranted
(Schepsis et al. 1994). In surgery, the
inflamed bursa is completely excised,
and the postero-superior angle of the
os calcis is removed (Schepsis et al.
1994).

The pain syndromes in the insertion
area are occasionally called “Haglund´s
syndrome” (Pavlov et al. 1982). An

excessive prominence of the bursal
projection in the posterosuperior aspect
of the os calcis constitutes Haglund's
deformity. Rigid and prominent heel
counters with high heels impinge on
the soft tissues overlying the
prominence and give rise to symptoms
of pain and swelling. The results of
surgery are satisfactory, provided
adequate bone has been resected
(Stephens 1994). However, also poor
clinical outcomes have been published
after osteotomy of the posterosuperior
corner of os calcis (Nesse and Finsen
1994).

Peritendinitis

Peritendinitis is called paratenonitis by
many authors. A crepitating condition
in the paratenon is called “peritendinitis
crepitans”. With acute Achilles
peritendinitis, an inflammatory cell
reaction, edema, extravasation of
plasma proteins, and accumulation of
fibrin are seen in the paratenon. In
chronic cases, thickening of the
paratenon, areas of proliferating
connective tissue, formation of
adhesions, and obliterative changes in
blood vessels are found. Paratenon
becomes adherent to underlying tendon
(Kvist et al. 1985, Kvist et al. 1987,
Kvist et al. 1988). Pain may be
experienced anywhere around Achilles
tendon, but most often in the middle
third. Palpable tenderness is typically
found at the sides of the tendon (Lehto
et al. 1994). Frequently there are
tender nodules around the Achilles
tendon with chronic peritendinitis as
well as diffuse or focal thickening of
subcutaneous tissue (Kvist and Kvist
1980). Typically peritendinitis co-exists
with tendinosis (Clement et al. 1984,
Galloway et al. 1992, Kvist 1994,
Schepsis et al. 1994). Clinically, it is
very difficult to distinguish tendinosis
from paratenonitis unless palpation
reveals nodules characteristic for
tendinosis (Kvist 1994). Acute
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peritendinitis is treated basically as
tendinosis, but heparin and non-
steroidal anti-inflammatory drugs have
better effect on acute than on chronic
phase (Kvist and Kvist 1980, Nichols
1989). In chronic cases operative
treatment include crural fasciotomy,
removal of adhesions, and liberation of
clearly hypertrophied portions of the
paratenon (Kvist and Kvist 1980,
Schepsis et al. 1994). The results have
been better in the operative treatment
of chronic peritendinitis than in other
Achilles tendon overuse injuries (86%
vs. 69%, respectively) (Leppilahti, et
al. 1991).

MR appearance

In patients with chronic Achilles tendon
disorders, the MR imaging is often
described in terms of enlargement and
swelling on sagittal images, and altered
signal appearance within the tendon
tissue (Åström et al. 1996, Marcus et
al. 1989, Neuhold et al. 1992,
Weinstabl et al. 1991). On cross-
sectional images, the tendon loses its
normal lenticular shape and becomes
ovoid and, with severe disease,
rounded (Schweitzer 1993). Weinstabl
et al. introduced a classification of
Achilles tendon disorders of 20 patients
on MR images as follows: 1)
inflammatory reaction; thickened
tendon without structural changes of
tendon tissue, 2) degenerative
changes; thickened tendon with
longitudinal and centrally located
changes that did not reach tendon
surface, and 3) incomplete rupture;
thickening of the tendon with structural
changes longitudinally and horizontally
extending to paratenon (Weinstabl et
al. 1991). Neuhold et al. published the
same 20 patient material, but did not
differentiate between inflammatory
reaction and degenerative changes,
instead the term achillodynia was used
in cases of centrally located
intratendinous lesions (Neuhold et al.

1992). Incomplete rupture was judged
in five cases of intratendinous lesions
that extended to tendon surface. These
intratendinous lesions had intermediate
signal intensity on T1-weighted images
and moderate signal increase on T2*-
gradient echo images (Neuhold et al.
1992). Some case reports of chronic
Achilles tendon disorders have also
shown similar thickening of the tendon
with or without intratendinous
abnormalities (Bonner et al. 1990,
Marcus et al. 1989, Quinn et al. 1987).

Åström et al. took histological samples
during surgery from the intratendinous
abnormalities. A large and severe
intratendinous lesion with sagittal
diameter >10mm suggested partial
rupture. The location of the lesion was
no criteria for partial rupture (Åström
et al. 1996). Similarly, Khan et al.
showed that intratendinous lesions of
the patellar tendon had loss of clear
demarcation of collagen bundles,
increased noncollagenous extracellular
matrix and capillary proliferation (Khan
et al. 1996). Movin et al. compared
gadolinium enhancement of T1-
weighted images with conventional T1-,
proton density, and T2-weighted
images. Gradient echo images were not
used in this study. Gadolinium
enhancement improved the imaging of
intratendinous signal abnormality on
T1-weighted images. Histological
samples showed an increased non-
collagenous extracellular matrix and
altered fiber structure in the lesions
(Movin et al. 1998). It has been
suggested by many authors that
localized degenerative changes may
progress to partial ruptures (Åström
1998, Åström and Rausing 1995,
Panageas et al. 1990, Schweitzer 1993,
Schweitzer and Karasick 1994). High
signal intensity of the intratendinous
lesion seen on T2-weighted images is
suggested to indicate interstitial tear
(Schweitzer and Karasick 1994).
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On MR imaging, the asymptomatic
retrocalcaneal bursa normally contains
detectable high signal intensity fluid or
synovium or both. A bursa larger than
1 mm anteroposteriorly, 11 mm
transversely, or 7 mm craniocaudally is
abnormal (Bottger et al. 1998). There
are no prospective MR studies of
insertional tendinosis or peritendinitis in
the literature. Schweitzer has
suggested that peritendinitis is
diagnosed on MR images of the Achilles
tendon if high signal is seen around the
tendon on T2-weighted images. This
abnormality is medially predominated
due to common overpronation of the
foot (Schweitzer 1993). Edema in the
pre-Achilles fat pad may be seen on
fat-suppressed images (Beltran et al.
1987, Schweitzer 1993). Evaluation of
the paratenon is not possible on
conventional MR images (Åström et al.
1996).

There are no sequential or longitudinal
studies concerning the intratendinous
MR changes. In a case report, an
intratendinous lesion seen on MR
images had been disappeared in a
follow-up MR study eight months later
(Nicolaisen et al. 1997).

Other causes of Achilles
tendinopathy

Rheumatoid tendinopathy can be
distinguished from degenerative
tendinopathy in patients with chronic
pain of the heel with MR imaging.
Inflammation of the retrocalcaneal
bursa and the absence of enlargement
of the tendon combined with the

presence of intratendinous signal
alterations are characteristic findings of
rheumatoid tendinopathy (Stiskal et al.
1997).

MR imaging is a more sensitive method
than physical examination for detecting
abnormalities in Achilles tendons of
patients with hyperlipidemia. MR
pattern of xanthomas is often different
from that of partial tendon tears, or
tendinosis, although the tendons are
typically diffusely enlarged as in
tendinosis. Abnormal MR signal of
xanthomas has a diffuse stippled
pattern with many low-signal round
structures of equal size surrounded by
high-signal material on all pulse
sequences. Also, xanthomas are seen
bilaterally. MR imaging of patients with
familial hyperlipidemia shows signal
pattern with or without enlargement or
abnormal configuration of the tendon.
Although the MR signal pattern of
xanthomas is often different from that
of partial tendon tears, tendon
degeneration, or tendinitis, a significant
overlap in appearance can be observed
and the MR appearance of a xanthoma
is not always pathognomonic (Dussault
et al. 1995). US offers a sensitive and
cost effective method in detecting
Achilles tendon xanthomas (Koivunen-
Niemelä 1995).

Achilles tendon pain or rupture after
fluoroquionolone treatment has been
described as an uncommon adverse
effect. Fluoroquinolone-induced
tendinopathy appears more commonly
in tendons under high stress such as
Achilles tendon (Movin et al. 1997).
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THE AIMS OF THE PRESENT STUDY WERE

1. To monitor MR imaging findings during the healing process of the
surgically repaired Achilles tendon ruptures and to correlate the findings
with clinical restoration (Paper I).

2. To evaluate and to compare MRI and US findings on an unselected
group of patients with one to three years old surgically repaired
complete Achilles tendon ruptures (Paper II).

3. To describe the normal appearance of the Achilles tendon and
peritendinous tissues in asymptomatic active volunteers using high-
resolution MR imaging (Paper III).

4. To describe and classify MR imaging findings related to overuse injuries
manifesting as a painful Achilles tendon (Paper IV).

5. To compare MR imaging findings with clinical, surgical, histopathological
findings, and long-term outcomes (Paper IV).
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SUBJECTS, MATERIALS AND METHODS

The research was performed at the
Department of Radiology (I-IV) at
Helsinki University Central Hospital,
Helsinki, Finland in co-operation with
the Department of Orthopaedics and
Traumatology (I-II), the Department of
Pathology (I, IV) and the Deaconess
Hospital in Helsinki (IV).

Subjects

Paper I consisted of twenty consecutive
patients (16 men and 4 women; mean
age 37 years; range 33-56 years) with
a complete Achilles tendon rupture.
They were treated surgically at the
Department of Orthopaedics and
Traumatology, Helsinki University
Central Hospital between January and
May 1994. Five men (20%) had
previously had an Achilles tendon
rupture on the contralateral side and
only three patients (15%) had previous
knowledge of Achilles tendon symptoms
on affected side. The total number of
tendons were 21 because one patient
had a rupture on contralateral side five
months apart.

Paper II consisted of thirteen
unselected male patients with a
surgically repaired, complete Achilles
tendon ruptures. They were reviewed in
a follow-up study on the average 17.7
months (range, 12 to 36) post-
operatively including clinical, MRI and
US examinations. The mean age of the
patients at the time of the injury was
36 years (range 24 to 49 years). In
addition, 4 of the 13 patients also had a
subsequent Achilles tendon rupture on
the contralateral side, but at the time
of the follow-up examination the age of
that rupture was less than 1 year.
Therefore, only 9 patients are
considered to have a healthy uninjured
contralateral tendon for comparison.

Paper III consisted of 100
asymptomatic Achilles tendons. Eighty-
one volunteers (61 men and 20
women) underwent high-resolution MRI
of their asymptomatic Achilles tendon.
The average age was 32 years (range,
15 to 56). All volunteers were
participants in competitive or
recreational sports, which included
running or track and field (n=64),
soccer or basketball (n=8), ballet or
dancing (n=7), and tennis (n=2). All
patients with any systemic disease that
might affect the Achilles tendon such as
hypercholesterolemia were excluded
(Dussault et al. 1995). Of the 81
volunteers, 62 asymptomatic tendons
were imaged in patients who had
clinically manifest Achilles tendon
overuse injury on the contralateral side
(they were included in Paper IV).
Additionally, 38 tendons in 19
volunteers who had never had Achilles
tendon symptoms were imaged.

In Paper IV, 100 patients (75 men and
25 women) with 118 painful Achilles
tendons were prospectively evaluated.
The time period from the initial onset of
symptoms until the MR imaging of the
Achilles tendon was, on average, 18
weeks (range, 6 to 160 weeks).
Patients with acute injury or sudden
onset of symptoms were excluded from
the study. The average age was 33
years (range, 15 to 58). All patients
were involved in competitive or
recreational sports, and were referred
for MR imaging from sports medicine
clinics by orthopaedic surgeons. 75
patients participated in running or track
and field events. Other sports included
soccer (n=9), ballet or dancing (n=6),
tennis (n=4), walking (n=2), skating
(n=2), bicycling (n=1), and wrestling
(n=1). The duration of symptoms and
any previous history of Achilles tendon
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disorders were registered. Of the 82
patients with unilateral Achilles tendon
disorder, 20 were excluded because of
previous history of Achilles tendon
surgery or disorder on the contralateral
ankle, and therefore imaging of the
asymptomatic side was performed in 62
available cases. These 62 cases were
included in Paper III as asymptomatic
subjects.

Clinical evaluation

In Papers I - IV, clinical examination
included careful palpation of the
Achilles tendon region and registration
of the level of maximal pain,
tenderness, and focal thickening. In
Paper III, all cases with any
tenderness, nodularity or thickening
were excluded from the study. In all
studies the clinical examination was
performed on the same day as MR
study.

Conservative treatment

All patients in Paper IV were first
treated conservatively. Conservative
treatment included modified or
complete rest for 3-12 weeks, heel lifts
of 10-15 mm, cryotherapy, non-
steroidal anti-inflammatory drugs,
static stretching, and eccentric and
concentric strength training.
Corticosteroid injections were rarely
used (n=7 patients in Paper IV after MR
imaging).

Surgical treatment

Indications

In Papers I and II, the preoperative
diagnosis of total Achilles tendon
rupture was based on positive
Thompson test, palpable defect, local

tenderness and swelling. In two
uncertain cases (Paper I) a
preoperative MRI was performed to
confirm the total rupture. All patients
were operated on within 48 hours from
the injury as an emergency procedure
by surgeon on duty, and the diagnosis
was verified at surgery.

In Paper IV, the indication for surgery
was long-standing, persistent pain of
the Achilles tendon, which did not
respond to conservative treatment. The
time interval from the initial onset of
symptoms to the surgery was on
average 10 months (range 6 to 25).
The detection of the thickened
paratenon, as well as the large
intratendinous lesion on MR images
contributed towards surgical
intervention.

Surgical techniques

In Papers I and II, the surgical
methods included Lindholm,
tendorrhaphy and Lynn techniques
depending on the preferences of the
surgeon (Tables 3 and 4) (Lindholm
1959, Lynn 1966). In all operations
absorbable polyglyconate (typically No.
0 Maxon; Davis & Geck, Gosport,
United Kingdom) intratendinous sutures
were used.

In Paper IV, 28 patients did not
respond to conservative treatment, and
eventually underwent surgery. The
surgeons (all specialized in sports
medicine) were preoperatively informed
of the MR imaging findings. Operative
treatment included crural fasciotomy,
liberation of tissue elements adherent
to one another, removal of
hypertrophic paratenon, excision of
tendon lesions, and when necessary
excision of inflamed retrocalcaneal
bursae and prominent superior
calcaneal tuberosity.
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Surgical evaluation

In Paper IV, thickening of the
paratenon; thickening, consistency, and
fiber structure of the tendon; and
presence of intratendinous lesions were
recorded during surgery. Signs of
bursitis were recorded when the
retrocalcaneal bursa had to be
exposed. Paratenon was considered
thickened if redundant and hyperemic
tissue was detected.

Postoperative rehabilitation

In Papers I and II, post-operatively the
ankle was immobilized for three weeks
in equinus cast without weight bearing
and for another three weeks in a short
walking cast in neutral position during
which weight bearing was gradually
allowed. After cast removal the patients
started active range of motion
exercises of the ankle and walking
exercises. The patients were instructed
to gradually resume activities, but they
were not allowed unlimited activity until
six months after the surgery. In Paper
IV, our postoperative program was a
graduate return to sports, usually not
until 4 to 6 months. In none of the
operated patients we used cast
immobilization. During the first
postoperative weeks patients typically
had limited weight-bearing, and they
were encouraged to range of motion
exercises, especially in dorsiflexion.

Complications

In Paper I, three re-operations were
performed because of persistent pain
and limping, and large intratendinous
lesion in MRI (two cases) or an
accidental re-rupture (one cases).

Clinical follow-up and
scoring

In Paper I, all patients were seen at
three and six weeks and underwent a
complete objective and functional
evaluation at three and six months
follow-up by an orthopaedic surgeon.
To assess the subjective recovery,
patients were asked for stiffness, pain,
weakness and ability to walk and run.
Clinical examination included the
assessment of the appearance of the
wound scar, measurement of range of
motion in active dorsiflexion and
plantarflexion of the ankle, patient’s
ability to perform 3 cm heel raises on
toes (pacing with a metronome 60 per
minute). At six months the adhesion
tendency between tendon and skin was
assessed by palpation. Walking ability
was evaluated by physiotherapeutist
without knowledge of the imaging
findings. He classified the patients into
two groups: normal and abnormal.
Based on clinical evaluation the results
were classified into three categories at
six months using a scale presented
originally by Arner and Lindholm and
recently by Sölveborn et al. (Arner
and Lindholm 1959, Solveborn and
Moberg 1994). We modified the scale
by adding the rise-on-toes test results
in the scale, as follows:

1. Excellent: normal clinical findings,
i.e. normal walking, ability to rise
on toes over 30 times or the equal
amount as contralateral leg, ankle
mobility that was normal or
decreased by at most 5° in
dorsiflexion and/or plantarflexion.

2. Good: mild discomfort, normal or
slightly hampered walking, ability
to do at least 10 toe-risings,
restricted mobility of less than 10°
in dorsal and/or 15° in plantar
direction.

3. Poor: patient was dissatisfied or
had marked discomfort, incomplete
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wound healing, clearly abnormal
walking (i.e. limp), patient had
difficulty in rising on toes and had
restricted ankle mobility of more
than 10° in dorsal and 15° in
plantar direction.

In Paper II, patients underwent similar
subjective and objective evaluation at
the time of MR study. At classification
excellent and good categories were
combined as follows:

1. Good: patient declared himself
satisfied, had no or mild discomfort,
normal or slightly hampered
walking, normal or only slightly
decreased power of calf muscles,
ability to rise repeatedly on toes,
normal or restricted mobility of less
than 10° in dorsiflexion and/or 15°
in plantarflexion.

2. Poor: patient was dissatisfied or
had marked discomfort, incomplete
wound healing, clearly abnormal
walking (i.e. limp), could not rise on
toes or repeat rising on toes at
least once, had restricted ankle
mobility of more than 10° in dorsal
and/or 15° in plantar direction.

In Paper IV, for long-term follow-up, all
patients were interviewed using a
comprehensive questionnaire
concerning functional activity, pain
associated with athletic activity, pain
during daily activities, and ability to
participate in sports. Outcome was
classified according to the modified
evaluation method of Schepsis et al.
(1994). Full return to sports
comparable with the preinjury status
was considered an excellent result. A
good result was considered to be return
to sports with only intermittent or mild
discomfort, and persisting mild
limitation of range of motion. A fair
result was scored if discomfort did not
allow return to preinjury level, and thus
dictated cessation of competitive sports
activity or mandated a change in the

form of the recreational sport activity.
Result was considered poor if patients
had given up all sports activities and
had pain during activities of daily living.

Magnetic resonance
imaging

MR protocols

In Papers I, all MR images were
obtained with a 0.1-T resistive Merit
(Picker Nordstar Inc., Helsinki, Finland)
scanner at three and six weeks, and
three and six months post-operatively.
In Paper II, the MR images were
acquired 17.7 months (range, 12 to 36)
post-operatively with the 0.1T scanner.
At three weeks the MR study was
performed supine without cast removal
and thereafter without cast. Separate
transmitter and surface receiver coils
were used. In all images a 192 x 256
matrix and field of view of 192 x 256
mm were used which gives 1 mm in
plane resolution. Gradient echo T1-
(repetition time (TR) of 225 ms, and
echo time (TE) of 18 ms) and T2-
weighted (TR = 1500, TE = 55) sagittal
images with 3 mm slice thickness were
acquired. In axial plane, double-echo
proton density- (PD-) and T2-weighted
images were obtained (TR = 2000, TE
= 18 and 80, respectively) with 8 mm
slice thickness and without an interslice
gap. The total scanning time was 30
minutes. In all studies the tibiotalar
joint space was used as an easily
detectable reference for slice
positioning.

In Papers III-IV, MR imaging of the
Achilles tendon was performed with a
1.5-T imager (Vision, Siemens Medical
Systems, Erlangen, Germany) using a
standard circular polarized (CP)-
extremity coil supplied by Siemens. In
this prospective study we obtained
sagittal T1-weighted spin-echo images
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(460/14) and fast short inversion time
inversion recovery (STIR) images
(4000/30). The sagittal images were
placed along the long axis of the
tendon utilizing a coronal scout view
when necessary. Sagittal section
thickness was 3 mm with a gap of 0.3
mm, and the field of view (FOV) was
rectangular 113 x 180 mm with a 182 x
256 matrix. In the axial plane we
acquired high-resolution Tl-weighted
spoiled gradient echo (FLASH) images
with a short echo time (600/10), flip
angle 90°, bandwidth 78 kHz, 113 x
180 mm rectangular FOV and 211 x
512 matrix (pixel size, 0.54 x 0.35
mm). We utilized the postero-anterior
direction in frequency-encoding in order
to place the low intensity component of
the chemical shift artifact adjacent to
the paratenon on the dorsal aspect of
the tendon and in order to keep
symmetry of the artifact in the
mediolateral direction (Soila et al.
1984). This enabled us to acquire
better images of the thin layers
between the Achilles tendon and the
posterior skin. We also obtained axial
fast STIR- (4700/30) and dual
conventional spin-echo (2100/20/80)
(Paper IV) –images with 113 x 180 mm
rectangular FOV and 154 x 256 matrix.
All axial sequences had 17-19 sections,
4-mm section thickness, 1.0-mm
intersection gap. Total imaging time for
this protocol was 12 (without dual spin-
echo sequence) to 17 minutes.

MR image analysis

In Papers I and II, the thickest antero-
posterior and transverse dimensions of
the Achilles tendon 2, 6 and 10 cm
above the postero-superior corner of
the calcaneus (not the insertion) were
measured. All dimensions were
compared with the contralateral tendon
excluding the patients previously
operated. We also measured the
largest cross-sectional area of the

tendon and the size of intratendinous
lesion visible within the opposed tendon
ends on PD- and T2-weighted images
using the computer of the imaging
system. The percentage of this region
of the total cross-sectional area of the
Achilles tendon was calculated. The
intensity of the intratendinous lesion
was visually evaluated into two
categories, intermediate or high. We
also evaluated the contour and the
over-all signal intensity of the tendon
and the appearance of the surrounding
peritendinous tissues. The general
signal pattern of the contralateral
tendon was evaluated as well.

The high field (1.5T) MR images were
independently interpreted by two
musculoskeletal readers. Images were
first evaluated independently, if the two
interpreters did not fully agree, a
consensus was reached. The
symptomatic and asymptomatic legs
were examined.

The anteroposterior diameter of the
Achilles tendon on axial FLASH images
and its distance from the postero-
superior corner of os calcis on sagittal
images was measured. In
asymptomatic cases discussed in Paper
III, the width was recorded at a
standard level of 3-cm proximal to the
level of the posterosuperior corner of
os calcis, because there was a great
variance in width related to the level of
measurement. The length of the
tendon, from insertion to the level of
the distal end of the soleus muscle was
assessed on sagittal images.

The anterior margin of the tendon was
evaluated on axial FLASH images as flat
(=0), moderately (=1) or severely (=2)
convex, and the anterior contour on
sagittal images as normal or bulging. In
asymptomatic cases presented in Paper
III, the anterior contour on axial
images was evaluated on a work
station in “cine” mode. The tendon was
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diagnosed as abnormal if the tendon
was thickened (>6 mm in antero-
posterior diameter or ≥2-mm thicker
than the asymptomatic side), had a
convex anterior margin on axial images
or anterior bulging on sagittal images,
or showed a focal intratendinous lesion
larger than 3 mm in size on axial
FLASH images.

The overall signal intensity of the
Achilles tendon was evaluated on axial
FLASH images as homogeneous or
inhomogeneous. If the signal intensity
of the Achilles tendon was
inhomogeneous, the signal
abnormalities were further classified as
follows:

1. Intratendinous intermediate signal
intensity strands typically located in
the distal part of the tendon,

2. Punctate or patchy intermediate
signal intensity intratendinous foci
along the tendon,

3. Diffuse ground-glass type
intermediate signal intensity
intratendinous lesions that could
not be judged as punctates.

The level, size (percentage of the
cross-sectional area and height), and
location (deep versus surface) of the
diffuse intratendinous lesion was
registered on axial FLASH images. The
signal intensity of the lesion was
further analyzed on PD-, T2-, and STIR
images as having low (or no),
intermediate, or high signal intensity.

Other recorded findings were the size
and intensity of the retrocalcaneal
bursae and the signal intensity of the
calcaneal marrow deep to at the
Achilles insertion on STIR images.
Bursae larger than 11 mm transversally
or 7 mm craniocaudally was considered
abnormal (Bottger et al. 1998).

The peritendinous soft tissues
evaluated included the pre-Achilles or

Kager´s fat pad (anterior to the
Achilles tendon and posterior to deep
flexor tendons) (Kager 1939).
Thickening of the paratenon on axial
FLASH images and signal intensity of
the paratenon and Kager´s fat pad on
STIR images were subjectively
evaluated. Signal intensity and
thickness of the paratenon were graded
using a scale of 0 (normal), 1
(moderate) or 2 (severe).

In asymptomatic cases discussed in
Paper III, the plantaris tendon in the
anteromedial margin of the Achilles
tendon was identified.

Ultrasonography studies

In study II, in US examination, the
patient was placed in the prone position
with feet hanging free over the edge of
the table and the ankles in neutral
position. A real-time US scanner
(Toshiba SS 270A, Tokyo, Japan) with
a linear-array transducer of 7,5 MHz
was used. A standoff gel pad was
placed on the skin in order to better
image the Achilles tendon in the
optimal focal zone of the transducer.
Perpendicular transverse and
longitudinal scans were taken from the
surgically repaired Achilles tendon, as
well as from the contralateral tendon.
Delineation and echogenic properties of
the tendon were assessed. The greatest
antero-posterior dimension and
transversal width of the Achilles tendon
at levels of 2 and 6 cm cranial from the
postero-superior corner of the
calcaneus were measured.
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Histopathological studies

In three re-operations in Paper I, the
histological samples of the
intratendinous lesions were obtained.
At surgery, it was possible to obtain
specimens for histologic examination
from 13 intratendinous lesion in Paper
IV. Hematoxylin-eosin and van Gieson
stains were used. Pathologic changes
included derangement of collagen
fibers, lack of collagen stainability,
round-shape of tenocyte nuclei, and
increase in vascularity (Åström and
Rausing 1995). Disturbance of parallel
fiber bundles and discontinuity of fibers
were noted when evaluating fiber
arrangement. Regarding collagen
stainability, the deep red staining of
tightly packed, mature collagen fibers
in van Gieson staining was considered
as normal. The red staining was
reduced in areas of scarring and newly
produced collagen. Amount of round-
shaped nuclei and any increase in the
number of nuclei were noted and
classified as pathological changes.
Deviation from normal vascular density
of tendon tissue and capillary
proliferation were estimated and
graded.

Statistical methods

In statistical analysis the mean ± SD of
tendon dimensions were calculated. For
interobserver variability (III, IV), all
estimated categories were calculated with
the use of Cohen kappa values. κ values
greater than 0.60 indicated good
agreement. κ values were also calculated for
agreement between MR imaging and
macroscopic evaluation of the operative
surgeon (IV).

A paired T-test was used to assess the
difference between Achilles tendon
dimensions of the left and right legs in the
19 healthy volunteers (III).

The size of high intensity lesion inside the
tendon and patients with normal and

abnormal walking, as well as the size of the
tendon in patients operated with Lindholm
plasty and tendorrhaphy were compared by
using the Mann-Whitney u-test (I).

The operated and non-operated tendon
areas in the 9 patients with uninjured
contralateral tendon, as well as the size of
the intratendinous lesion on PD- and T2-
weighted images were compared using
Wilcoxon signed rank test (II).

The correlation between MRI and US studies
(II), and between two observers (III) in
measuring anterior-posterior dimensions
were calculated with regression analysis
(III). Regression analysis was also used to
investigate the correlation between the size
of intratendinous lesion on PD- and T2-
weighted images and the percentage of
score on toe-risings test compared to
unaffected side of the same patient, and
between the size of lesion and the range of
motion tests (I). For correlation between the
level of peritendinous abnormal signal
intensity on STIR images and the location of
clinically-observed maximal tenderness, as
well as between the intratendinous lesion
and the clinically-observed area of
thickening we used regression analysis (IV).

Analysis of variance was used to compare
the size of the largest cross-sectional area of
Achilles tendon between each follow-up
period (I), the size of the intratendinous
lesion detected only on FLASH images and in
all other sequences (IV), and the AP-
dimensions of symptomatic and
asymptomatic Achilles tendons (IV).

A Fisher’s exact test was performed to
assess MR imaging findings with respect to
long-term outcome analysis (IV). The
significant P value was 0.05 or less.
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RESULTS

Postoperative MRI findings in patients with Achilles
tendon rupture (Paper I)

3 weeks
The postoperative dimensions of the
Achilles tendon are presented in Table
2. On MRI scans, at the level of the
rupture site the normally low intensity
Achilles tendon was replaced by high
intensity substance (Figs. 1A and 2A).
At levels above and below, some low
intensity elements persisted. Usually,
the tendon as a whole was best
visualized on T2-weighted sagittal
images (Fig. 3A).

6 weeks
The rejoined rupture site was easily
detected in all cases. Eight of 21
tendons showed early formation of an
intratendinous high-intensity signal
areas at the rupture site, which was
typically in the center of the tendon
and was located at the level of the
rejoined tendon ends (Figs. 1C and

2C). This area had high intensity on
both PD- and T2-weighted images, but
on the T2-weighted images the area
was slightly smaller. The rest of the
tendons (13 of 21) showed diffusely
heterogeneous signal in the Achilles
tendon at the rupture site. The overall
intensity of the tendon was still high
and almost as heterogeneous as at
three weeks (Figs. 1C and 2C). On T2-
weighted images the outer margins of
the tendon were better visualized than
on PD-images (Fig. 2C). On the sagittal
T2-weighted images, the tendon at the
level of the rupture site appeared
intermediate to high in intensity (Figs.
3B and 4B). One patient (case 10) had
an accidental total re-rupture (verified
by MRI) three days after cast removal
and had surgical repair by the Lindholm
technique.

TABLE 2. POSTOPERATIVE DIMENSIONS OF ACHILLES TENDON RUPTURE ON MRI
Dimension on MRI

b (mm)
Follow-up Achilles tendon area

(mm2)
Ratio a Thickness Width

Uninjured 75   (60 to 100) 5,9 13,7

3 weeks 218 (150 to 330) 2,9 (range, 2.3 - 4.7, p<0.001) 11,8 16,7

6 weeks 255 (170 to 370) 3,4 (range, 2.4 - 5.7, ns c) 13,4 18,1

3 months 454 (260 to 600) 6,1 (range, 4.0 – 6.8, p<0.001) 18,4 25,7

6 months 418 (260 to 510) 5,6 (range, 3.5 – 7.5, ns) 17,5 26,1

1 to 3 years d 300 (240 to 380) 4.2 (range, 3.2 to 5.1, p<0.01) 12,7 22,0

a average area compared to uninjured side
b average ap- (thickness) and width dimensions at 6 cm cranial to the posterosuperior calcaneal corner
c ns = non-significant
d based on results of Paper II
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Fig. 1.
Axial proton density
MR images (TR =
2000, TE = 20) of
normal reunion
process of ruptured
and surgically
repaired Achilles
tendon. Same
magnification factor is
used.

A, Affected and
B, Unaffected sides three

weeks post-
operatively. On
affected side, tendon is
hyperintense and
poorly demarcated.

Ruptured tendon 6 weeks, 3 months and 6 months post-operatively.
C, At 6 weeks, high signal intensity area (✻) is visualized.
D, At 3 months, lesion inside tendon is best seen, when tendon is at its largest. Low intensity periphery of

healing tendon is thicker and shows high intensity strands (arrow).
E, At 6 months, tendon has slightly decreased in size and lesion has almost disappeared.

Fig. 2

Matching T2-weighted
images from same
patient (case 14)
shown in Fig. 1
(TR = 2000, TE = 80).

A,Operated tendon shows
high intensity with
peripheral thin rim of
low intensity and also
low intensity elements
centrally.

B, Unaffected side.

C, At 6 weeks, intratendinous lesion and margin of Achilles tendon are better visualized (arrowhead) on
T2-weighted images than on PD-images (Fig. 1-C).

D, At 3 months, periphery of healing tendon has returned to normal low intensity level. Intratendinous
lesion inside tendon is rather small in size (arrow). Note seven times as large cross-sectional area of
healing tendon as on unaffected side (B and D).

E, At 6 months, scar is barely seen and also edema around tendon has decreased compared to previous
follow-ups.
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3 months

At 3 months, the average cross-
sectional area on MRI had reached its
maximum (Table 2), and had
significantly increased from the 6-week
value (P<0.001). In 19 of 21 tendons, a
high intensity, intratendinous signal
within the Achilles tendon on PD-images
(Table 3) emerged as healing
proceeded. On T2-weighted images this
area was smaller (p<0.001) and the
intensity was classified as high (10 of
19) or intermediate (9 of 19; Table 3).
In 15 of the 19 cases, the lesion was
centrally located (Fig. 2D); in 4 cases it
was located adjacent to ventral or dorsal
surface of the tendon. The lesion
appeared in one to five adjacent axial
slices (height, 8 to 40 mm, Figs. 3C and
4C). In all cases the intensity of the
tendon above and below the rupture site
on T2-weighted images was low, but still
slightly higher than in an intact Achilles
tendon.

At 3 months, three patients showed a
clinically poor preliminary recovery.
They all had large (more than 50% of
the tendon) high intensity lesions in the
Achilles tendon on PD-images. These
lesions appeared as compact, high
signal intensity and were rounded with
thin, low signal intensity peripheral
tendon fibers (Fig. 5A). This was unlike
the more common form of high signal
intensity lesion, which typically spread
longitudinally along the rupture site and
had rather irregular margins (Figs. 3C
and 4C). Two of these patients (cases 2
and 20) were reoperated on because of
the clinically poor function, including an
obvious limp, and the MRI lesion. During
surgery, when the tendon was incised,
the center of the lesion was found to be
very soft with some hemorrhagic
elements. It was removed with a
curette. The histological specimen of the
more peripheral portion of the lesion
showed incomplete healing with ongoing
active granulation tissue. The sample

from the most peripheral zone of the
lesion consisted of more mature
repairing tissue with some collagen
bundles. One patient (case 3) continued
with elastic dressing. He had very slow
recovery even though the size of the
high intensity lesion decreased from 39
to 21% at six months (Table 3). On this
patient, we also performed an additional
MRI at 9 months, and the lesion had
decreased to 15%. This patient did not
return to previous level of activities, but
he resumed normal walking.

Clinically, in 5 of 21 tendons, the
margins of the wound had not fused
properly. Two of them had red scar
formation. However, none of the
patients had wound infection. All except
one of the patients complained of
stiffness, either in the morning or after a
long day. Ten of 21 cases felt pain
around the tendon during physical
activity; this pain was commonly at the
insertion area. The range of motion in
dorsiflexion of the affected side was on
average 2.7° (range, -12 to 30) less
than that of the unaffected leg. In
plantar flexion, the affected leg had 6.5°
(range, 0 to 20) less motion than the
unaffected leg. Walking was considered
abnormal in five patients, which all had
intratendinous lesion of larger than 33%
of the cross-sectional area on PD-
images. This was statistically larger than
in normally walking patients on both PD-
and T2-weighted images (P=0.003).
Statistically significant inverse
correlations between the percentage of
heel raises and the size of the
intratendinous lesion on PD-images (r=-
0.66 and P=0.002) and on T2-weighted
images (r=-0.62 and P=0.004) were
found. The range of motion in
dorsiflexion and the size of the
intratendinous lesion on PD- and T2-
weighted images revealed correlation:
r=0.50, p=0.02 and r=0.57, p=0.008,
respectively.
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Fig. 3. -- Sagittal T2-weighted MR images (TR = 1500, TE = 55) of sensitive patient (case
16) with subjectively delayed recovery during rehabilitation of ruptured and surgically
repaired Achilles tendon.
A, At 3 weeks, level of reunion area of Achilles tendon is seen (black arrow).
B, At 6 weeks, tendon has increased only slightly in size. Diffuse intratendinous lesion formation is visible

and it has intermediate signal intensity.
C, At 3 months, lesion is better-visualized (white arrow). Clinically, her ankle had restricted range of motion

in dorsiflexion and probably therefore, her tendon was one of the smallest in cross-sectional area (4.8
times the normal).

D, At 6 months, lesion has almost disappeared although contour of Achilles tendon remains abnormal.

Fig. 4. -- Sagittal T2-weighted MR images (TR = 1500, TE = 55) of patient (case 12) with
more active rehabilitation than patient in Fig 3. Generally tendon is thicker and has larger
intratendinous lesion within it.
A, At 6 weeks, the rejoined tendon ends are clearly seen (black arrow) showing misleading similarity with

acute tendon rupture.
B, At 3 months, the Achilles tendon is at its thickest (23 mm) and the anterior margin of the tendon bulges

anteriorly above the calcaneal corner. The intratendinous, medium sized lesion has spread longitudinally
and has irregular margins (white arrow).

C, At 6 months, the size of the intratendinous lesion has decreased significantly as seen in all cases.
D, At 9 months extra MR images the ap-diameter of the tendon, and the size of the lesion have still

decreased.
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TABLE 3. POSTOPERATIVE MRI AND CLINICAL EVALUATION FINDINGS IN SURGICALLY REPAIRED ACHILLES TENDON RUPTURES.

Clinical data Evaluation at 3 months Evaluation at 6 months

Rupture Tendon Lesion size c Lesion Tendon Scar size

No. Age/
sex

Activity sitea

(cm)
Plasty
type

size b

(mm2)
on PD
(%)

on T2
(%)

intensity
on T2e Walk size b

(mm2)
on PD
(%)

on T2
(%)

Clinical
category

1 44/M Running 7,5 L 490 22 14 Int normal 360 NL NL Excellent
2 32/M Badminton 6,5 T 550 51 42 High abnormal - - - -
2 e L 510 18 10 High normal 480 5 4 Excellent
3/R 34/M Volley ball 5 L 530 56 39 High abnormal 490 32 21 Poor
3/L 34/M Tennis 6 L 410 29 13 Int normal 330 NL NL Good
4 26/F Volley ball 5 T 475 21 12 Int normal 475 NL NL Excellent
5 45/M Tennis 5 L 330 33 20 Int abnormal 300 NL NL Good
6 34/M Badminton 6,5 T 460 14 12 Int normal 440 NL NL Excellent
7 32/M Badminton 5 T 450 27 12 Int normal 430 NL NL Excellent
8 36/M Bandy 4,5 T 340 21 14 Int normal 320 NL NL Excellent
9 32/M Badminton 7 T 530 NL NL NL normal 500 NL NL Excellent
10 37/M Tennis 5 T - - - - - - - - -
10 e L 260 NL NL NL abnormal 350 NL NL Good
11 35/M Basket ball 7,5 L 270 11 7 Int normal 260 NL NL Excellent
12 28/M Badminton 7 T 490 36 30 High normal 420 23 16 Good
13 35/M Badminton 7 T 600 26 18 High normal 510 17 12 Good
14 32/M Soccer 6,5 Lynn 500 14 12 High normal 430 6 4 Good
15 40/F Aerobic 5 T 560 9 7 High normal 420 8 4 Good
16 42/F Badminton 6 Lynn 330 16 11 Int normal 330 12 3 Good
17 54/M Tennis 6 T 520 16 9 High normal 470 6 3 Excellent
18 32/F Hand ball 7,5 L 540 33 22 High abnormal 510 15 9 Good
19 37/M Soccer 1,5 Lynn 570 33 25 High normal 450 22 18 Good
20 51/M Dancing 6,5 L 320 65 58 High abnormal - - - -
20 e L 320 48 31 High abnormal 320 26 20 Poor
Mean 36.8 5.9 456 28.5 19.9 418 15.6 11,4
SD 7.1 1.4 103 15.5 13.3 80 9,2 7,3

L = Lindholm, T= tenorrhaphy, NL = no lesion, Int = intermediate.
a Measured from the calcaneal insertion at 6 weeks after surgery on MRI scans.
b Normal Achilles tendon has an area of 75 mm2, on average.
c Size of intratendinous lesion (at rejoined tendon ends) on proton density- and T2-weighted images, % of total area.
d Signal intensity of the intratendinous lesion on T2-weighted images.
e Reoperated patients during follow-up
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6 months

Eight of 9 patients with an intermediate
signal intensity area on T2-weighted
images at 3 months no longer had this
lesion at 6 months (Table 3).
Correspondingly, 9 of 10 patients with
high signal intensity areas on T2-
weighted images at 3 months still had
them at 6 months, although the areas
were reduced in size (Fig. 2E). In all
cases the signal intensity of the tendon
on T2-weighted images had returned to
normal, except the high signal intensity
area at the rupture site (Figs. 3D and
4C). On PD-images the Achilles tendon
still showed a slightly higher signal
intensity than the unaffected tendon.
On sagittal T1-weighted images some
vertically oriented thin intermediate
intensity stripes were seen
intratendinously. On sagittal T2-
weighted images the tendon appeared
homogeneous, except high signal
intensity areas (Figs. 3D and 4D) in 10
cases.

At 6 months, two patients (cases 3 and
20) were not able to walk normally;
these patients had the largest intra-
tendinous lesions on MR images.
Clinically they had poor outcome and
the rest of the patients had good or
excellent scores on the scale used
(Table 3). Six of 20 patients either felt
uncomfortable with running or had not
tried it. Stiffness or soreness was still
felt by seven patients. In two patients
the wound had not fused properly and
they had numerous adhesions. Five
other patients had adhesions between
the skin and tendon. One patient
complained pain at calcaneal insertion.
The range of motion in dorsiflexion was
on average 1.6° (range, -8 to 18) less
than on uninjured side. In plantar
flexion, minor limitation averaged 3.3°
(range, 0 to 13). Statistically significant
inverse correlations were found
between the percentage of heel raises
and the size of the intratendinous

lesion on PD-images (r=-0.53 and
P=0.02) and on T2-weighted images
(r=-0.50 and P=0.04). The range of
motion in plantar flexion and the size of
the intratendinous lesion on PD- and
T2-weighted images showed
correlation: r=0.60, P=0.01 and
r=0.55, P=0.02, respectively. There
was no statistically significant
difference (P>0.11) between the size of
Achilles tendons operated with
Lindholm technique (n=7) and
tendorrhaphy (n=10) at any follow-ups.

Fig 5. -- Sagittal T2-weighted MR images of
patient with poorly healed Achilles tendon
rupture subsequently requiring reoperation.
A, At 3 months after initial injury tendon has large

intratendinous lesion (✻) formation. Note large
rounded and compact appearance of central
scar and thin peripheral low intensity fibers.
Patient had pain and abnormal walk. He had
second surgery, and lesion was removed.

B, At 6 months after reoperation lesion (arrow)
had decreased significantly.

C, Below, histopathology of lesion. Active
granulation tissue with proliferating fibroblasts
and capillaries (arrow) are seen (HE;
magnification x100).
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1 to 3 years (Paper II)

The mean postoperative dimensions of
the ruptured Achilles tendons at 1 to 3
years are presented in Table 4. The
shape of the affected tendon appeared

more rounded and irregular in contour
than the unaffected tendon that
typically had ellipsoid shape.

TABLE 4. POSTOPERATIVE DIMENSIONS OF RUPTURED ACHILLES TENDON ON MRI AND US
MRI (n=13) US (n=13)

thickness
(mm)

width
(mm)

thickness
(mm)

width
(mm)

Ruptured tendon at 2 cm 12.2 ± 3.7 22.8 ± 2.7 11.4 ± 2.6 20.0 ± 3.0

Ruptured tendon at 6 cm 15.9 ± 2.4 22.2 ± 3.1 12.7 ± 2.2 22.0 ± 4.6

Uninjured tendon at 6 cm   6.0 ± 1.1 13.2 ± 1.8   6.0 ± 1.7 17.8 ± 4.0

On axial images the affected tendon
had generally low signal intensity on
PD- and T2-weighted images. However,
on axial PD-images 9 of 13 affected
tendons showed intermediate signal
intensity stripes of small size within the
tendon. On T2-weighted images 4 of 13
tendons showed an intratendinous area
with intermediate (1 cases) to high (3
cases) signal intensity (Table 5). The
signal intensity of these areas were in
all 4 cases higher on PD-images, and
these areas were typically located in
the middle of the tendon. On sagittal
T1-weighted images the intratendinous
areas showed intermediate signal
intensity in all 4 cases. It’s size range
varied from 4 to 18% (mean 9.5%,
Table 5) of the total cross-sectional
area on PD-images and it was smaller
in all cases on T2-weighted images
(p=0.06, n=4). The intratendinous area
was typically located at the level of
most thickness of the tendon.

Clinically 2 of 13 patients were
classified to have poor outcome and the
rest had good score on the scale used
(Table 5). These two patients with poor
outcome could not run, felt weakness
on ruptured side in rising on toes,
complained marked discomfort and
were unsatisfied. On MR images, they
had the two largest intratendinous
areas of increased signal intensity.

Concerning the other dimensions
measured, there was no difference
between the patients with poor and
good outcome. Two patients in good
clinical category complained of stiffness
of the ankle with normal imaging
findings in both MRI and in US
examination.

On sagittal MR images the anterior
margin of the operated Achilles tendon
showed remarkable bulging, which was
seen right above the level of the
calcaneal corner. In addition, the
overall contour of the tendon was wavy
in 7 of 13 cases and smooth in 6 cases.
At the level of the calcaneal corner
there was increased signal intensity in
the tendon in 6 of 13 cases. Also the
dorsal surface of the tendon on axial
MR images was typically uneven, and
the surgical wound scar was identifiable
in all cases and it’s size varied. It had
low signal intensity similar to the
tendon.

Correlation between dimensions of
MRI and US

There was a significant correlation in AP
dimension of the Achilles tendon at 2
and 6 cm levels above the calcaneal
corner between MRI and US (r=0.61,
p=0.05 and r=0.87, P=0.001,
respectively). However, in transversal
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width there was no statistically
significant correlation at 2 or 6 cm
levels, although the average width was
approximately the same in US and MRI
(Table 4). When the MR and US

dimensions of the opposite intact side
were compared, there was a significant
correlation in AP dimension (r=0.83,
P=0.01) and in transversal width
(r=0.78, P=0.04, n=9).

TABLE 5. PATIENTS AND POSTOPERATIVE MRI FINDINGS OF ACHILLES TENDON RUPTURES.
Intratendinous lesion

Signal intensity on Size
Pat/
Age

Event Plasty
type

Interval
Rupture
-MR

Clinical
outcome

Overall
signal
intensity T2-WI PD-WI T1-WI %*

1/35 volley ball Lindh 15 mo good homogen - - - -

2/24 long jumping Lynn 14 mo good homogen - - - -

3/28 volley ball Lynn 14 mo good homogen - - - -

4/49 motocross Lindh 16 mo poor inhomogen high high inter 18

5/47 tennis Lindh 15 mo good homogen - - - -

6/37 indoors Lindh 16 mo good homogen - - - -

7/35 basket ball Lindh 36 mo good inhomogen inter high inter 4

8/33 badminton Lynn 36 mo good homogen - - - -

9/34 volley ball Lindh 13 mo poor inhomogen high high inter 10

10/36 tennis T 12 mo good inhomogen high high inter 6

11/39 badminton Lindh 13 mo good homogen - - - -

12/33 volley ball Lynn 14 mo good homogen - - - -

13/40 running Lindh 16 mo good homogen - - - -
T =tendorrhaphy,
* The size of the intratendinous lesion, percentage of the cross-sectional tendon area

Postoperative ultrasonography

The echogenic properties of the Achilles
tendon were similar in all 13 patients.
As compared with the 9 contralateral
uninjured Achilles tendons, the
operated tendon delineated less
sharply. A linear subcutaneous fat layer
was disturbed in all cases. In addition,
the border of the operated Achilles
tendon was more uneven than in the
normal Achilles tendon. No fluid
accumulation around the Achilles
tendon was seen in any patient. In
contrast to thicker and longer
echogenic bands seen in US
examination of the normal Achilles
tendon, there were thin and shorter
echogenic bands in the Achilles tendon
after rupture. In addition, an Achilles

tendon after a rupture was more round
and irregular, whereas the normal
Achilles tendon was ellipsoid in shape.
Both increased and decreased
echogenic irregular areas were seen in
the tendon after operation, whereas the
healthy tendon was uniform in its
echogenic properties. In US,
intratendinous calcifications were seen
in 2 patients. A patient with poor
clinical outcome showed more irregular
hypoechoid areas and had the largest
intratendinous lesion on MR images.
The other patient with poor outcome
did not show any difference in US
compared with good-outcome patients.
The site of the rupture was not visible
in US in any patient.
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MR imaging of asymptomatic Achilles tendons (Paper
III)

Dimensions
Correlation between the
measurements of the two
observers was excellent (r =
.92, P<.001). The Cohen K
values for interobserver
agreement varied from
moderate (.43) to good (.96).
There was little variation in the
size of the asymptomatic, intact
Achilles tendons, averaging 5.2
mm in ap-diameter (Table 6).
The difference in ap-diameter
between the left and the right
side was on the average 0.30 ±
0.30 mm (±SD; range 0-0.8
mm). The thickest ap- diameter
was on the average 32 ± 10.5
mm (±SD; range 0-50 mm)
above the level of the calcaneal
corner on axial images. The
length of the Achilles tendon
was quite variable, ranging
from 20 to 120 mm (Figs. 6
and 7 and Table 6). There was
no statistically significant
difference in ap- or other
dimensions between the left
and right sided tendons in the
19 entirely symptom-free
volunteers.

Fig. 6. -- Exceptionally long
(12 cm) Achilles tendon in
32-year-old asymptomatic
male volunteer. Sagittal T1-
weighted spin-echo MR image
(TR/TE 460/14) shows
homogeneous, low intensity
Achilles tendon. Distal end of
soleus muscle (arrow). Note
insertion of Achilles tendon in
middle of posterior os calcis
(✻).

Fig. 7. -- Short Achilles
tendon in 26-year-old
asymptomatic male volunteer.
Sagittal T1-weighted spin-
echo MR image (TR/TE
460/14) demonstrates the
soleus muscle extending
distally (arrow) and occuping
space in the fat pad anterior
to the Achilles tendon (Kager's
fat pad).

TABLE 6. DIMENSIONS OF ASYMPTOMATIC ACHILLES TENDONS MEASURED ON MR IMAGES

Dimension Mean (mm) SD Min (mm) Max (mm)

Antero-posterior thickness a 5.2 ± 0.73 3.5 6.8
Width b 14.7 ± 2.06 10.0 19.1
Length or height c 52 ± 18.8 20 120
Min = minimum, Max = maximum.
a  Measured at the level of greatest thickness.
b Measured at 3-cm level above the calcaneal corner.
c Measured from insertion to the level of most distal part of the soleus muscle.
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Shape

The cross-sectional anatomy was best
shown on axial FLASH images (Fig. 8).
In 10 tendons the anterior margin was
considered to be mildly convex. In the
remainder it appeared flat or concave.
Mild anterior bulging on sagittal images
was found in seven cases. We
recognized a more complex variation in
the cross sectional shape of the tendon
in 56 of the 100 tendons. In these
cases, the tendon had a localized
anterior bulge that shifted in a wave-
like fashion from the lateral to medial
margin across the anterior surface of
the tendon on sequential axial images
from proximal to distal (Fig. 9).

Another variant of the anterior contour
was seen centered at the level of the

musculotendinous junction in 29 cases.
The anterior margin of the Achilles
tendon showed a longitudinal, thicker,
cordlike component. This tendon bundle
is formed within the most distal muscle
tissue of the soleus, proximal to the
level where gradual merging into the
main body of the Achilles tendon takes
place (Fig. 10).

Plantaris tendon

The plantaris tendon was seen as a
separate structure in 54 cases. In 20
cases it blended into the medial margin
of the Achilles tendon, forming a high-
intensity longitudinal cleft just proximal
to this level of merging (Figs. 8 and
11).

Fig. 8. -- Asymptomatic Achilles tendon in
34-year-old male volunteer. Axial high-
resolution FLASH MR image 4 cm above
calcaneal corner shows paratenon which
appears as intermediate signal intensity
layer on dorsomediolateral aspect of
Achilles tendon (arrowhead).
Outline of paratenon is marked by low intensity
band that represents chemical shift artifact
between paratenon and subcutaneous adipose
tissue. Intratendinous vessel has round spot-like
high intensity appearance.
Note wave-like segment of anterior contour of
tendon, a normal variant, and plantaris tendon
(white arrow) seen anterior to medial margin of
Achilles tendon.

Fig. 9. -- Achilles tendon in 29-year-old
asymptomatic male volunteer. Serial axial
FLASH MR images of right Achilles tendon
from proximal to distal, showing wave-like
crescent (arrow) in anterior contour of
tendon shifting lateral to medial. This is
caused by fibers originating in soleus
merging with fibers originating in
gastrocnemius and spiraling, as they extend
towards insertion in calcaneus.
Also demonstrated is normally seen loss of
definition between paratenon and skin as level of
images approaches calcaneal corner.
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Signal intensity

The normal Achilles tendon was a
homogeneous, low signal-intensity
structure on STIR images. In some
cases, round foci of increased signal
intensity most likely representing small
vessels were detected in the tendon
substance on STIR images. These had
characteristic tubular curving shape on
sequential images. On axial FLASH
images, the intratendinous signal
intensity was mildly inhomogeneous in
45 of 100 tendons. Thirty-eight of 100
tendons had some very thin,
intermediate signal-intensity stripes
distally (Fig. 12), and 30 of 100
tendons had patchy or punctate
intratendinous intermediate to high
signal intensity foci, typically slightly
more proximal than the distal stripes.
Four of 100 asymptomatic tendons
demonstrated small areas of
intratendinous ground-glass inter-
mediate signal-intensity (average 10%
in cross-sectional area, 3 mm in
diameter, and 10 mm in height) on
axial FLASH images (Fig. 13). None of

these intratendinous regions was
detectable on STIR images (Fig. 14).

Insertion to calcaneus

The calcaneal bone marrow had a
homogeneous low signal intensity in all
but one of 100 asymptomatic tendons
on STIR images. This one volunteer
had a well demarcated round high
signal intensity osseous lesion, 8 mm in
size, close to the insertion of the
Achilles tendon.

The retrocalcaneal bursae had various
forms typically appearing as a thin
high-signal-intensity band on STIR
images between the Achilles tendon
and the posterosuperior corner of os
calcis. Fifteen percent of the
asymptomatic cases showed a
prominent fluid collection in the
retrocalcaneal bursae. The average
bursal dimensions in these cases were
11 mm (range, 7-16 mm) in
craniocaudal dimension, and 13 mm
(range, 8-22) in transverse dimension.

Fig. 10. -- Achilles tendon in 24-year-old
asymptomatic volunteer. Axial FLASH MR image
demonstrating prominent cord-like, low intensity
tendon fibers (arrow) originating in soleus merging
into anterior aspect of Achilles tendon.

Fig. 11. -- Achilles and plantaris tendons 2 cm
above calcaneal corner. Plantaris tendon may insert
upon calcaneus directly, or merge with medial
margin of Achilles tendon. Just proximal to
merging, axial images show cleft (arrow), giving
false impression of medial tear of Achilles tendon.
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Fig. 12. -- Achilles
tendon in 17-year-old
asymptomatic male
volunteer. Axial FLASH
MR image of Achilles
tendon just above
calcaneal corner
illustrates intratendinous
stripes commonly seen
on this sequence at this
level.

Fig. 13. -- Achilles tendon in
25-year-old asymptomatic
female volunteer. Axial
FLASH MR image shows focal
ground-glass area (arrow) of
increased signal intensity
suggesting early tendon
degeneration.

Fig. 14. -- Musculotendinous
junction. Axial STIR MR
image at level of
musculotendinous junction
shows relatively high signal
intensity in distal soleus
muscle as a normal variant
(arrow), likely due to rich
vascular network normally
present. Also, note relatively
high signal intensity of
proximal paratenon
(arrowhead).

Peritendinous tissues

The cross-sectional anatomy of the
peritendinous tissues was best seen on
axial FLASH images (Fig. 8). The
superficial component of the crural
fascia merged posteriorly with the
paratenon. Outline of the paratenon
was accentuated by the low-intensity
component of the chemical shift
artifact, seen as a signal void band
between the subcutaneous adipose
tissue and the paratenon of the Achilles
tendon (Figs. 8 and 9). The crural
fascia continued anteriorly on both
sides of the pre-Achilles fat pad to
merge near the medial and lateral
malleolus with the deep component of
the fascia covering the deep flexor
muscles.

The paratenon appeared as a thin,
homogeneous layer of signal intensity,
higher than the tendon in intensity but
similar to muscle on axial FLASH

images (Figs. 8 and 9). It was
consistently detected along the
posterior, the medial and the lateral
aspects of the Achilles tendon. At levels
closer to the musculotendinous
junction, the paratenon was clearly
separated from tissues posterior to the
Achilles tendon (Fig. 9). Towards the
calcaneal insertion of the Achilles
tendon, the paratenon and crural fascia
were demarcated less clearly, and
seemed to fuse with the posterior
subcutaneous structures (Fig. 9). No
cases of thickening of the paratenon
were detected on axial FLASH images.

On axial STIR images the paratenon
had generally uniform intermediate-
signal-intensity which appeared
moderately bright in contrast to the low
intensity of the tendon and suppressed
fat. In 40 of the 100 cases, there was a
higher intensity segment of the
paratenon proximally (Fig. 14) and
distally, while the middle third
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appeared less intense. Also, in some
cases 1 to 2 axial slices demonstrated
high-signal-intensity veins draping
posteriorly along the paratenon. Pre-
Achilles fat pad had homogeneous, low
signal intensity in all except five
asymptomatic cases in which some
abnormal increased signal intensity on
STIR images was noted. In almost all
cases, there were high-intensity veins
traversing the pre-Achilles fat pad.
Eleven asymptomatic tendons had
abnormal, high signal intensity in the

paratenon on axial STIR images: Six
were seen in healthy volunteers, and
five in asymptomatic tendons in
patients with contralateral tendon
disease.
Mild symmetrically increased signal
intensity on STIR images in 19 cases at
the musculotendinous junction at the
level of fusion of the distal fibers of the
soleus muscle within the Achilles
tendon (Fig. 14).

MR imaging of overuse injuries of the Achilles tendon
(Paper IV)

Of 118 cases of Achillodynia, abnormal
MR imaging findings were present in
111. A summary of various MR imaging
findings is presented in Table 7. In 62
asymptomatic contralateral tendons we
found 12 abnormal findings: four small
intratendinous lesions, three slightly
enlarged bursae and five moderate
peritendinous abnormalities. The
overall sensitivity of MR imaging in the

detection of abnormalities in cases of
painful Achilles tendon was 94%,
specificity 81%, positive predictive
value 90%, negative predictive value
88% and overall accuracy 89%. The
interobserver agreement for the
different MR imaging findings evaluated
were good in all categories (κ=0.60-
0.87).

TABLE 7. SUMMARY OF MRI FINDINGS IN 118 ACHILLES TENDON OVERUSE INJURIES.

MRI Findings Tendonsa

n          (%)
Abnormal tendon

No focal intratendinous lesion 36 (31 %)
Focal intratendinous lesion 37 (31 %)
Focal lesion with high intensity centerb 17 (14 %)

Enlarged retrocalcaneal bursa 23 (19 %)
Tendon insertion

Abnormal tendon at insertion 18 (15 %)
Abnormal calcaneal bone marrow 10 (8 %)

Musculotendinous junction
Abnormal SIb in distal soleus muscle 3 (3 %)

Peritendinous tissues
Increased SIb with tendon abnormalities
Increased SIb with normal tendon
Thickening of paratenon

61
14
32

(52 %)
(12 %)
(27 %)

Finding not related to Achilles tendon 2 (2 %)
Achilles tendon with normal MR appearance 7 (6 %)
SI = signal intensity
a The total number exceeds 118 because several MR imaging findings co-exist
b Detected on axial STIR images
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Antero-posterior diameter

The most common abnormal finding
was thickening of the Achilles tendon in
the ap-direction (Fig. 15) seen in 87
cases. The average ap-diameters of the
symptomatic and asymptomatic
Achilles tendons were 7.6 mm (±2.25)
and 5.2 mm (±0.77), respectively
(P<.001). Anterior bulging (Fig. 16)
was seen in 67 tendons, and convexity
of the anterior margin (Fig. 15) in 77
tendons (29 mild and 48 severe).

Fig 15. -- 23-year-old female with long-
standing pain in left Achilles tendon.
A, Right asymptomatic Achilles tendon shows

normal appearance on axial FLASH image.
B, Left leg with anterior convexity (arrow) and

thickening of Achilles tendon as sign of
tendinosis. Note lack of intratendinous signal
changes.

Fig. 16.
33-year-old
male with
symptomati
c Achilles
tendinosis.

Sagittal T1-
weighted SE
image shows
anterior
bulging and
thickening
(arrows) of
tendon as
evidence of
tendinosis.

Intratendinous lesions

In 54 tendons (45%) an intratendinous
lesion was detected. The level of the
center of the lesion varied from
insertion distally to 8 cm more
proximally. Fourteen of the
intratendinous lesions were located at a
level close to the tendon insertion. The
area of the lesion varied from 5 to 90%
(average, 28%) of the cross-sectional
area on axial FLASH images (Figs. 17A
and 18A). The height of the lesion
varied from 5 to 100 mm (average, 28
mm). The center of the lesion was
usually in the central substance of the
tendon (Fig. 18A). In 35 of 54 Achilles
tendons, the lesion reached the tendon
surface (Fig. 17A). In ap-direction, the
center of the lesion was located toward
anterior margin in 20 tendons, and
toward posterior margin in seven. In
the mediolateral direction, the lesion
was situated medially in 13 tendons
and laterally in seven. In all tendons,
the area of the intratendinous lesion
was seen most clearly and at its largest
on axial FLASH images (Figs. 17A and
18A). In 19 tendons, the lesion was
clearly detected on axial FLASH images
only (Fig. 17A). Significantly smaller
lesions were visualized with FLASH
sequence than on other sequences
(P=.04). On T2-weighted images, the
lesions were least visible (Fig. 17D) and
smaller than on PD- and STIR images
in all except three cases, in which they
were equal in size.

In 17 cases, a focal, higher signal
intensity area was detected centrally in
the intratendinous lesion on axial STIR
images (Fig. 18B). In nine of these
tendons, this area had equally high
signal intensity on T2-weighted images;
however, in the other eight, this area
was less intense, and in both instances
the lesions appeared smaller.
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Fig. 17. -- Intratendinous lesion of
painful Achilles tendon in 38-year-old
male.
A, Axial FLASH image shows large

intermediate intensity intratendinous
lesion in thickened Achilles tendon.
Paratenon (arrowhead) is thickened
posterior to Achilles tendon.

B, Corresponding STIR image demonstrates
low signal intensity within lesion, and
moderately increased intensity within
posterior paratenon (open arrow).

C, PD- and, D, T2-weighted SE images
exhibit very mild intratendinous changes.
Paratenon is poorly demarcated
compared to high-resolution image in A.

Fig. 18. -- 39-year-old female with
long-standing Achilles tendon pain.
A, Axial FLASH image shows large

intratendinous lesion (arrowhead) with
radiating stripes to surface of tendon.

B, Corresponding STIR image shows lesion
with high intensity center (arrow).
Paratenon posterior to intratendinous
lesion has increased intensity suggesting
paratenonitis.

Tendon insertion and bursa

In 28 symptomatic tendons,
abnormalities were detected at the
Achilles tendon insertion. Ten tendon
insertions (8%) had an area of
increased signal intensity on STIR
images in the calcaneal bone marrow
(Figs. 20A and C). The area varied from
3 to 20 mm in diameter. In 18 tendons
(15%), the tendon was abnormal at the
level of 0-2 cm from tendon insertion
with (n=14, Fig. 20B), or without (n=4)
a focal intratendinous lesions. The
lesions were typically located along the
anterior surface of the tendon at the
same level (Fig. 20B).

Twenty-three cases (19%) had an
enlarged retrocalcaneal bursa, and in
eight tendons this was the only
abnormality (Fig. 19). Of the 18
tendons with abnormal tendon

appearance at the Achilles tendon
insertion (Fig. 20B), 10 had increased
signal intensity in the calcaneal bone
marrow (Fig. 20C), and 15 had an
enlarged retrocalcaneal bursa on STIR
images (Fig. 20D).

Fig. 19.
Retro-
calcaneal
bursitis in
20-year-old
female.

Sagittal STIR
image shows
enlargement of
bursa (arrow)
due to
excessive fluid.
Achilles tendon
insertion to
calcaneus has
normal
appearance.
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Fig. 20. -- 22-year-old female with clinical diagnosis of Achilles
insertitis.
A, Sagittal STIR image shows increased signal intensity (arrows) in

calcaneal bone marrow as sign of reactive edema. Also, retrocalcaneal
bursae and adjacent Kager’s fat pad shows increased signal intensity.

B, Axial T1-weighted FLASH image at level of calcaneal corner shows
anteriorly located intratendinous lesion.

C, Axial STIR image at lower level, shows increased signal intensity in
calcaneal bone marrow at insertion of Achilles tendon (solid arrow).

D, Axial STIR image (corresponding to B) shows retrocalcaneal bursitis
(✼) typically associated with other insertional abnormalities.

Peritendinous tissues

Eighty-one tendons (69%) had
abnormalities in the peritendinous
tissues. Anterior fat pad was abnormal
in 12 tendons (10%) (Figs. 21A-B). The
paratenon had increased signal
intensity along the posterior, medial or
lateral aspect of the Achilles tendon on
STIR images in 48 tendons (41%).
Both sides were involved in 18 tendons
(15%) (Fig. 22C). Three tendons had
thickening of the paratenon best
detected on FLASH images. In 45
tendons (36%), the peritendinous
changes seen on STIR images were
classified as severe, and in 36 tendons
(31%) as moderate.

Thickening of the paratenon, best seen
on axial FLASH images, was found in
32 tendons. In 15 tendons, thickening
of the paratenon was classified as
moderate and in 17 as severe (Figs.
23B-C). Of the 32 tendons with
thickened paratenon, 29 also showed
increased signal intensity of the
paratenon on STIR images.

Both the tendon and peritendinous
tissue were abnormal in 75 tendons
(64%). Of 90 tendons with an
abnormality, 61 had increased signal
intensity in the peritendinous tissues on
STIR images (Figs. 17B and 18B).
Regional thickening of the paratenon
was associated in 23 (43%) of the 54
intratendinous lesions (Fig. 17A).

Fig. 21. --Anterior peritendinitis in Kager’s
fat pad in 20-year-old male.
A, Sagittal T1-weighted SE image shows abnormal

low signal intensity strands in Kager’s fat pad
anterior to normal Achilles tendon.

B, Abnormal high signal intensity changes (∗ ) are
seen on sagittal STIR image.
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Fig. 22. -- Various patterns of peritendinitis on axial STIR images.

A, 25-year-old male with small intratendinous lesion (arrowhead) and increased signal intensity posteriorly
as sign of paratenonitis.

B, 32-year-old female with increased signal intensity in Kager's fat pad anterior to Achilles tendon (✼), as
sign of anterior peritendinitis.

C, 20-year-old male with both anterior and posterior peritendinitis (solid arrow), posteriorly also called
paratenonitis.

Fig. 23. -- Various patterns of thickening of paratenon on axial high-resolution FLASH images.

A, 32-year-old asymptomatic male volunteer shows normal, intermediate signal intensity paratenon deep to
low signal intensity chemical shift artifact between paratenon and subcutaneous fat.

B, 24-year-old male with Achilles tendinosis shows moderately thickened paratenon (between arrowheads)
and thickened Achilles tendon.

C, 48-year old male with long-standing Achillodynia. Posterior paratenon (between solid arrows) is severely
thickened. Note also large intratendinous lesion extending to surface of abnormally thickened tendon
indicating tendinosis.
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MRI and clinical findings

Only 30 (56%) of the 54 cases with an
intratendinous lesion on MR imaging
had palpable nodular thickening. Good
correlation was found between the
anatomic level of the thickening and
the lesion detected on MR imaging
(r=.76, P<.001). Four tendons were
thickened on palpation and a thickened
appearance on MR imaging but no focal
lesion.

The level of the palpable tenderness
correlated well with the level of
increased signal intensity of the
paratenon as seen on STIR images
(r=.79, P<.001). All 28 patients with
abnormal MR imaging findings at the
level of the insertion of the Achilles
tendon also had maximal pain and
tenderness at that level.

A significant difference (P=.02) was
found in the duration of symptoms
between patients with tendon insertion
and calcaneal bone marrow
abnormalities (mean duration, 10.2 ±
7.8 months), and patients with
enlarged retrocalcaneal bursae alone
(mean, 3.2 ± 3.0 months). The same
was true for cases with thickening of
paratenon (mean, 12.1 ± 8.9 months)
or without it (mean, 6.0 ± 5.0 months)
(P=.001).

MRI and surgical findings

Twenty-eight patients had surgery, on
the average 5.6 weeks (range 1 to 15
weeks, in 3 cases > 8 weeks) after the
MR imaging. The main MRI findings
with surgical correlation are listed in
Table 8. Of 21 surgically-detected
intratendinous lesions, 20 were seen on
MR images (sensitivity 95%). The
lesions were best detected on axial
FLASH images (Table 8). However, in
three cases, axial FLASH images
displayed the lesion as somewhat

larger than was found at surgery. In
one MR negative case, a small,
surgically detected lesion was not
identified on MR imaging. In all MR
positive cases the lesion appeared to
have disorganized tendon fiber
structure. In six cases, a lack of
continuity of some of the tendon fibers
was found at surgery, suggesting a
partial rupture. Of these six cases, four
had a high signal intensity focus in the
intratendinous lesion on STIR images
and three had that focus on T2-
weighted images. Fifteen of the 21
surgically detected intratendinous
lesions was described as soft or hard,
nodular areas with deranged fiber
structure, indicating degenerative
changes or healed partial tears.
Surgical findings in three cases with
swollen appearing Achilles tendons did
not reveal focal disturbances in fiber
structure. On MR images, these
tendons were thickened tendon without
a focal lesion. In surgery, 19 tendons
were described to have thickened
paratenon. Twelve of these (63%) were
detected on axial FLASH images.

MRI and histological findings

Histological specimens of 13 intra-
tendinous lesions detected on FLASH
images were obtained at surgery.
Pathologic changes were found in all
specimens. The most prominent
observations were tendon fiber
disturbances and lack of continuity of
the collagen fibers (Fig. 24B). Light
collagen staining and roundness of
tenocyte nuclei were also present in all
specimens (Fig 24C). In some tendons,
active capillary proliferation was noted
(Fig. 24D) while in three specimens
vessel density was considered normal.
Inflammatory cells were not found in
any speciman. The histological changes
were most severe in tendons with a
high signal intensity lesion on STIR
images (n=4).
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TABLE 8. COMPARISON OF MRI AND SURGICAL FINDINGS OF 28 PATIENTS WITH ACHILLES

TENDON DISORDERS
Normal
tendona

___________

Intratendinous
lesion

__________________
Bursitis

___________

Thickened
paratenon

___________

MR Surg MR Surg MR Surg MR Surg

FLASH
other
seq.

N:o of cases 4 4 20 15 21 11 10 12 19

False pos. 0 - 0 0 - 1c - 0 -

False neg. 1 - 1 6 - 0 - 7 -

κ-valueb .89 - .91 .56 - .92 - .52 -

Surg=surgery, seq=sequences, FLASH=T1-weighted fast low-angle shot gradient echo images
a No thickening or disturbances in tendon fiber structure of the Achilles tendon at surgery
b Surgical findings are considered as golden standard
c  Long time interval between MR and surgery (15 months)

Fig. 24. -- Various patterns
of histological finding of
Achilles tendon lesions.

A, Normal collagen structure of
tendon. Tenocytes are barely
visible and spindle-shaped, and
staining is deep (vanGieson
stain, original magnification, x
300.)

B, Histopathology of
intratendinous lesion shows
weak collagen staining and
derangement of tendon fibers.
(vanGieson stain; original
magnification, x 300.)

C, Histopathology of lesion shows
presence of rounded tenocyte
nuclei (arrows) in Achilles
tendon tissue. (H&E stain;
original magnification, x 400.)

D, Damaged Achilles tendon
tissue with high capillary
proliferation (arrowheads
indicate some single vessels).
Note also high number and
round morphology of tenocyte
nuclei. (H&E stain; original
magnification, x 400.)

Light photomicrograph images
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Long-term follow-up

The time interval between MR imaging
and the follow-up interview was 1.5 to
4.5 years (mean 3.4). Ninety patients
(92%) with 108 painful Achilles
tendons were available for the
interview. Twenty-seven of these
tendons were treated surgically.
Overall, 63 tendons (58%) had
excellent, 21 (19%) good, 22 (20%)
fair, and 2 (2%) poor results. The
percentage of satisfactory (excellent or
good) results of operatively and
conservatively treated patients were
78% (n=21) and 80% (n=65),
respectively. All patients with normal
MR imaging had fully recovered. The
summary of the long-term follow-up is
presented in Table 9.

In the conservatively treated subgroup,
patients without an intratendinous
lesion had better results than patients
with such a center (Table 9). However,
when subjected to statistical analysis,
the results did not show significant
variation (P=.09). Patients with an
intratendinous lesion showing a high
signal intensity center on STIR images

had significantly less satisfactory
recovery (P=.02) than patients without
such a lesion. Surgically treated
patients showed similar results (Table
9).

The long-term results for both
conservatively and surgically treated
insertional abnormalities were
significantly less satisfactory (P=.04 for
both subgroups) than for patients with
non-insertional MR imaging findings.
There were two patients with poor
results, and they both had surgically
treated insertional abnormalities.

The group of conservatively treated
patients in which findings were limited
to the peritendinous tissues had
significantly (P=.02) better long-term
results than the patients with combined
peritendinous and tendinous
abnormalities. Similarly, patients with a
fluid-filled retrocalcaneal bursa but no
other abnormalities had significantly
(P= .04) better outcome after
conservative treatment than patients
with abnormal findings at tendon
insertion.

TABLE 9. SUMMARY OF LONG-TERM FOLLOW-UP IN PATIENTS WITH DIFFERENT MRI
FINDINGS.

Satisfactory (excellent or good) results

MRI Findings
Conservative

treatment
n=81 (%)

Operative
treatment
n=27 (%)

Abnormal tendon
No focal intratendinous lesion
Focal intratendinous lesion
Focal lesion with high intensity center a

25
13
5

(83%)
(66%)
(55%)

3
12
4

(100%)
(85%)
(57%)

Enlarged  retrocalcaneal bursa
With normal Achilles tendon

8
7

(67%)
(100%)

6
- c

(60%)

Insertional tendinosis 5 (57%) 5 (56%)
Peritendinous tissues

Increased SIb with tendon abnormalities
Increased SIb with normal tendon
Thickening of paratenon

36
11
15

(78%)
(100%)
(78%)

19
- c

8

(79%)

(80%)
Achilles tendon with normal MR appearance 6 (100%) - c

Note. Total number exceeds 108 because several MR imaging findings coexist.
a  on STIR images b  SI = signal intensity
c  n ≤ 1
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DISCUSSION

Postoperative follow-up of
surgically repaired
Achilles tendon ruptures

Patient material

Achilles tendon rupture is known to
occur at a much younger age than
other degenerative tendon ruptures,
the mean age being 35 years (Jozsa et
al. 1989). The typical patient is a
recreational athlete, usually a male,
and in 85% of cases there is no
preceding symptoms (Kannus and
Jozsa 1991). Our group of patients
confirms these observations. On the
other hand, our patients did have an
uncommonly high incidence of previous
contralateral Achilles tendon rupture.
One patient first ruptured his right
tendon. He had three follow-up scans
and then went on to rupture his left
tendon. Therefore, we had preinjury MR
images of the left Achilles tendon, the
latest one 7 weeks before the rupture.
In none of these images did we see any
obvious indications of intratendinous
degenerative lesions that typically
appear as signal intensity changes
(Weinstabl et al. 1992). This suggests
that at least low field MRI may not be
able to predict the risk of Achilles
tendon rupture.

Cross-sectional area

During the reunion process after
surgical treatment of the Achilles
tendon rupture, the cross-sectional area
of the tendon increases greatly. The
fastest increase occurs during the early
mobilization phase after cast removal,
i.e. between the 6 weeks and 3 months.
For example, in antero-posterior
dimension this resulted in an average
6-mm increase in the middle of the

tendon during the first 6 weeks of
mobilization. This increase alone equals
the normal tendon thickness (Weinstabl
et al. 1992). In width the increase was
only moderate and the explanation
could be that there is less space
available in this direction because of the
crural fascia. The abrupt increase in the
area of Achilles tendon after six weeks
casting observed in our study might be
minimized by using the free ankle
motion rehabilitation programs that
have been suggested by many authors
(Beskin et al. 1987, Carter et al. 1992,
Solveborn and Moberg 1994). There
was also a considerable variation in the
cross-sectional area between the
individual patients during the healing.

The cross-sectional area of the
ruptured Achilles tendon decreases
slowly after 3 months, but never
returns to normal. The cross-sectional
area of the ruptured Achilles tendon
remained enlarged 1 to 3 years
postoperatively in all of our patients.

Intratendinous lesions

The main finding of the Paper I was the
high signal intensity area at the
rejoined tendon ends on PD-images
which appeared in nearly all surgically
repaired Achilles tendons. At 6 weeks,
intratendinous and continuous high
intensity areas were identified for the
first time. During the early
rehabilitation period, within 3 months of
the rupture, a variable-sized high
intensity area was detected in all except
two cases. Thereafter, by 6 months this
area had reduced greatly in size or
disappeared. The intratendinous lesions
persisted significantly longer if T2-
weighted images at 3 months had
shown large high signal intensity areas.
The present study demonstrated that
an intratendinous lesion is part of the
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reunion process of the ruptured Achilles
tendon.

Intratendinous lesions were also
detected in our group of 1 to 3 old
Achilles tendon ruptures. Two patients
with poor outcome had the largest
intratendinous lesions. In patients with
delayed healing the lesions may persist
longer.

Characteristically, all intratendinous
lesions showed larger size on proton
density than on T2-weighted images.
The inner part showing high signal
intensity on both images may represent
fibrous scar formation with high mobile
proton density, whereas the outer layer
showing high signal intensity on PD-
images and low on T2-weighted images
had shorter T2-relaxation time
suggesting difference in protein
composition between the inner and
outer layers in the lesion.

Intratendinous increased signal
intensity lesions of the Achilles tendon
have been described previously in some
case reports (Beskin et al. 1987,
Marcus et al. 1989, Neuhold et al.
1992, Reinig et al. 1985). A thickened,
complex Achilles tendon with only
partially continuos tendon fibers was
detected by MRI at fourteen months
postoperatively (Quinn et al. 1987). In
the study by Marcus et al. (Marcus et
al. 1989) one patient was treated non-
surgically and MRI at four months
revealed moderate signal intensity
substance between the tendon
fragments on PD-images suggesting
incomplete healing with a fibrous rather
than direct union. Liem et al. (Liem et
al. 1991) in their paper describing a
polylactid acid implant in repair of
Achilles tendon rupture found the
repaired tendon area to be 4.4 to 6.4
times larger than the unaffected side at
6 to 13 months postoperatively. They
reported only one conventionally,
without the use of polylactide implant,

operated patient. In this single patient
the reunited Achilles tendon revealed
less thickening and had a compact
central zone of intermediate signal
intensity on T1-weighted images.

Return to sports

The average return to normal activities
after Achilles tendon rupture has been
reported at 6.5 to 9.1 months (Beskin
et al. 1987, Kellam et al. 1985). In the
present prospective study, the last
follow-up was at 6 months; obviously
healing still continued in patients who
had poor or good clinical results. As
stated by many authors, there is
almost always a small group of patients
with poor clinical outcomes (Arner and
Lindholm 1959, Carter et al. 1992,
Kellam et al. 1985, Kiviluoto et al.
1985). A rather unusual cause for poor
outcome could be a delay in treatment
that can lead to the development of a
large gap between the ends of a
ruptured Achilles tendon (Mann et al.
1991). According to the present study,
another reason for unsatisfactory
healing could be an extensive
intratendinous lesion, which can be
detected by MRI.

Reoperations

Three of our patients had reoperations.
However, only one was surgically
treated for a typical traumatic
rerupture. This rate is similar to that
reported previously (Nistor 1981). Two
patients had second surgeries because
of poor clinical outcomes, including
persistent pain, abnormal walk, total
lack of ability to perform heel raises,
and large high signal intensity lesion on
MR images. At surgery, the MRI
findings matched well with the soft,
incompletely healed area inside the
tendon. This type of unorganized tissue
has a higher mobile proton content
than highly arranged type I mature
tendon collagen (Peto et al. 1990).
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These findings suggest that the high
intensity areas seen on PD- and T2-
weighted images inside the Achilles
tendon may represent active scar
formation.

After the second surgery, the first
patient recovered well and returned to
previous activities at 6 months from
reoperation. The second is still slowly
recovering at 6 months after
reoperation. Despite the lesion seen on
3-month images, one patient continued
with conventional rehabilitation
including temporary use of elastic
dressing. The intratendinous lesion
gradually reduced in size and he
resumed normal walking, but he failed
to return to his previous levels of
activity, mainly because of the long
recovery period.

Functional tests and MRI

The correlation between the size of the
high signal intensity area on MR images
and functional recovery became evident
as five patients with abnormal walk at
3 months had statistically significant
larger intratendinous lesion than
normally walking patients. The score in
heel raises and the size of the
intratendinous lesion showed inverse
correlation, indicating that the larger
the lesion the less the ability to do heel
raises. This correlation was found
particularly at 3 months but also at 6
months. A standardized heel raising
test as a measurement of the functional
work capacity was chosen instead of
isokinetic evaluation with dynamometer
because it is easily performed and has
found to correlate well with reduced
muscle capacity (Haggmark et al.
1986). However, in clinical evaluation,
ability to walk remains as an important
factor during the early rehabilitation
period.

In Paper I, a significant correlation was
found between the intratendinous

lesions on PD- and T2-weighted images
and increased dorsiflexion at 3 months,
which may reflect the lengthening of
the Achilles tendon after surgery. In
previous studies, Nistor suggested that
tendon lengthening results in increased
range of motion in dorsiflexion (Nistor
1981). Mortenson et al. described how
radiographic markers placed on the
ruptured Achilles tendon ends before
surgery separated an average of 10.5
mm during the first 7 weeks after
surgery (Mortensen et al. 1992). This
view is also supported by the fact that
two of our patients with no visible
intratendinous lesion at 3 months had
more restricted dorsiflexion of the ankle
(>15°) than the others.

Miscallenous findings

The rupture site in our material (Paper
I) was located an average of 5.8 cm
above the calcaneal insertion, and only
one patient had a rupture lower than
4.5 cm, which has been considered as
the upper limit of an area with few
vessels in the Achilles tendon (Carr and
Norris 1989). Therefore, our results are
in accordance with Schmidt et al.
(Schmidt-Rohlfing et al. 1992) who
recently have stated that the area of
poor vascularization and the rupture
site of the Achilles tendon do not
necessarily correlate with each other.

One of the interesting findings in Paper
II was the increased intratendinous
signal intensity on T1-weighted images
at the level of calcaneal corner.
However, this finding did not seem to
have any clinical relevance, because all
6 patients with this phenomenon had
good outcome and did not complain
any discomfort at calcaneal corner.

Adhesions between the tendon and the
skin have previously been reported in
as many as 40% of the patients with
Achilles tendon rupture after 1-year
follow-up (Solveborn and Moberg
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1994). The surgical wound scar was
clearly detectable on MR images. At the
site of the skin scar, there was no high
signal intensity subcutaneous fat tissue
between the skin and the tendon on
axial images. Therefore, free motion of
the tendon may be prevented.

Ultrasonography

In US, our observations and
measurements of the postoperative
Achilles tendons were in concordance
with those previously presented (Blei et
al. 1986, Fornage 1986). After
operation the tendon was thickened
(Fornage 1986) and sausage shaped
(Blei et al. 1986). One year
postoperatively, the reunited Achilles
tendon has been reported to gradually
decrease in thickness (Blei et al. 1986).
In the present study both increased
and decreased echogenic areas were
seen in mixed fashion. The orientation
of tendon fibers was not properly
organized.

Only one of 4 patients with
intratendinous lesions on MR images
had abnormal (hypoechoid) appearance
in US. MRI provided better details of
intratendinous changes of surgically
repaired Achilles tendon ruptures. Both
imaging modalities revealed the shape
of the tendon and the irregularity of the
affected tendon surface. US revealed
calcifications which was not seen on
MRI.

The variable correlation between MRI
and US in Achilles tendon dimensions
was somewhat expected. However, the
overall increased size of the operated
Achilles tendon was well visualized both
with MRI and US.

MR imaging of
asymptomatic Achilles
tendon

Diameter

The MR appearance of the intact
Achilles tendon has been described
previously (Åström et al. 1996, Marcus
et al. 1989, Neuhold et al. 1992, Quinn
et al. 1987). However, in our
evaluation we found additional details,
which are important to recognize as
normal anatomy when interpreting MR
studies in the clinical setting. In our
control patients and volunteers, the
average antero-posterior diameter of
the Achilles tendon was 5.2 mm, which
is slightly less than in previous MR
studies (Åström et al. 1996, Neuhold et
al. 1992, Weinstabl et al. 1991).
Åström et al. and Neuhold et al.
reported 6 mm as the average of the
maximum antero-posterior diameter of
fourteen and seven asymptomatic
Achilles tendons, respectively (Åström
et al. 1996, Neuhold et al. 1992). The
small number of cases studied, larger
pixel size and lack of interobserver
averaging in previous studies could
partially explain the differences
discovered between previous studies
and our study.

Shape

Most of the tendons in our study had
flat or concave anterior margins and
only 10% had mild convexity (Table
10). Similarly, Koivunen-Niemelä and
Parkkola in an ultrasound study, found
that in 13% of the volunteers, the
anterior margin is somewhat convex
(Koivunen-Niemela and Parkkola 1995).
In previous MR studies the cross-
sectional shape of the Achilles tendon
has been described as oval or ellipse
(Marcus et al. 1989, Neuhold et al.
1992, Weinstabl et al. 1991) and the
anterior margin as flattened or mildly
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concave (Ferkel et al. 1991, Quinn et
al. 1987). However, the small number
of subjects and low resolution of
images may partly account the
difference to our results.

The wave-like crescent of the anterior
contour of the tendon, seen as a
normal variant, swept from the lateral
side to the medial side on successive
cranio-caudal axial images. The “wave”
was most recognizable when paging the
axial images in rapid succession on the
viewing console. This is a normal
variation seen in asymptomatic
volunteers and should not to be
mistaken as a focal thickening due to
tendon pathology, which it may
resemble in the most pronounced
cases. We believe this appearance is
due to the intertwining of
gastrocnemius and soleus components
of the tendon which rotate relative to
each other as they approach the
calcaneal corner. The anterior bundle at
the level of the musculotendinous
junction, seen in 10 tendons, is likely a
manifestation of the two components
remaining only partially fused at the
tendon surface.

Another feature of the shape of the
Achilles tendon is anterior bulging on
sagittal images, which can also be
misleading because the course of the
tendon is not always parallel to the
sagittal plane of the MR scanner.
Therefore, we recommend usage of a
coronal scout view of the Achilles
tendon before placing sagittal images
along the long axis of the tendon.

Signal intensity

According to several previous reports,
normal tendons, including the Achilles
tendon, have a low signal intensity
appearance on all sequences

(Chandnani and Bradley 1994, Marcus
et al. 1989, Neuhold et al. 1992, Quinn
et al. 1987, Weinstabl et al. 1991).
Schweitzer has stated that normal
Achilles tendon has no internal signal
on any sequence except at its insertion
(Schweitzer 1993). In our study, 45%
of tendons had signal intensity changes
within their Achilles tendons on axial
FLASH images with a short echo time.
The increased signal intensity stripes
and punctate foci were small in size,
had longitudinal orientation and were
typically located in distal tendon, and
not only at the level of the insertion. In
agreement with our findings, some
recent studies have described
inhomogeneous signal of the normal
Achilles tendon on certain pulse
sequences (Mantel et al. 1996, Rollandi
et al. 1995). Rollandi et al. reported
that intratendinous signal intensity
spots or straight lines could be seen on
T1- and proton density -weighted
images (Rollandi et al. 1995). In the
study by Mantel et al. MR images with
histologic micro-anatomic correlation
showed connective tissue septa with
intratendinous vessels between
collagen bundles resulting in punctate
foci and short linear high signal
intensity foci on T1-weighted axial
images (Mantel et al. 1996).

Plantaris tendon

In cases where the plantaris tendon
merges with the medial margin of the
Achilles tendon, the cleft seen just
proximal can resemble a small
superficial tear. This is analogous to the
insertion of the meniscal-femoral
ligament on the posterior horn of the
lateral meniscus reported as sometimes
mimicking a tear (Vahey et al. 1990).
Once one is familiar with this variant, it
is easily recognized.
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TABLE 10. PITFALLS IN ACHILLES TENDON MR IMAGING

Normal variant Percentage Sequence

Anterior bulging 6% sagittal
Anterior convexity 9% axial
Anterior wave 56% axial
Intratendinous distal stripes 30% axial gradient echo with short TE*
Intratendinous punctate foci
(diameter < 2mm)

28% axial gradient echo with short TE*

Intratendinous lesions
(diameter >2mm)

4% axial gradient echo with short TE*

Prominent retrocalcaneal fluid 12% axial or sagittal STIR/fat sat T2-
WI

Increased peritendinous signal intensity 14% axial STIR or fat sat T2-WI
TE = echo time, WI = weighted images
*on other sequences to lesser extent

Intratendinous lesions of
Achilles tendon

Asymptomatic subjects

The actual normal collagen
infrastructure of the Achilles tendon
cannot be imaged under the TEs and
FOVs routinely used (Koblik and
Freeman 1993). The small ground glass
areas seen in four of the asymptomatic
tendons probably represent the earliest
sign of tendon degeneration. Another
explanation is that a small percentage
of tendon fibers are not parallel to the
main axis and thus could reach oblique
enough orientation to show magic
angle phenomenon (Jozsa and Kannus
1997, Peto and Gillis 1990).

Symptomatic subjects

The FLASH sequence proved effective
and accurate in detection of
intratendinous lesions. Small lesions
were found, even when not evident on
palpation. This effectiveness is in
agreement with recent reports stating
that the highest intrinsic signal in
tendinous tissue is seen with short echo
time gradient echo sequences (Koblik
and Freeman 1993, Schick et al. 1995).
Of the lesions found at surgery, 25%
would have been missed without the
use of the FLASH sequence. The

increased detection of the lesions by
the FLASH sequence is likely a result of
high-resolution matrix and the short
TE. Only one patient had a small
intratendinous lesion not detected in
the preoperative MR imaging. This was
probably caused by volume averaging
between two slices. In three tendons,
the intratendinous lesion appeared
somewhat larger than the lesion
discovered at surgery. This appearance
was likely due to the sensitivity of the
FLASH sequence for subtle changes not
visible macroscopically in the tendon
structure. In these tendons, the STIR-
and PD–images more accurately
delineated the actual macroscopic size
of the lesion.

Histological specimens obtained in our
study confirmed that the lesions seen
on FLASH images represented
abnormal tendon tissue with a lack of
continuity of collagen fibers and an
ongoing repair process in the Achilles
tendon. This was seen in all 13
specimens available from the operated
tendons. The histological findings also
correlated with the severity of the MR
imaging findings; the high signal
intensity center of the intratendinous
lesion on STIR images (or T2-weighted
images) represented the areas with
more severe disruption of the normal
collagen structure of the tendon.
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The shape, location or intensity of the
intratendinous lesion did not allow us to
classify the lesion as degenerative
versus traumatic (partial tear), as
reported by other researchers
(Weinstabl et al. 1991). We found that
the signal intensity and histology of the
lesions deep in the tendon substance
appeared similar to the intensity and
histology of lesions extending to the
surface. Most often the intratendinous
lesion had a longitudinal orientation,
but several did appear in a single slice.
The lesions were predominantly located
antero-medially in the tendon.

Chronic tendon disorders are commonly
referred to as tendinitis or partial
ruptures. This nomenclature has no
relevance: tendinitis indicates an
inflammatory reaction, which was,
absent in all our chronic cases; and
partial rupture indicates a clearly
discernible partial discontinuity, which
is seldom found in chronic cases. A
symptom-related diagnosis such as
achillodynia is preferable until a
histopathological examination has been
made. In patients in whom MR images
reveal a tendon disorder (thickening
with or without intratendinous lesion),
the term tendinosis should be used.

Peritendinous tissues

Normal appearance

In the literature we found no
description of the MR anatomy of
peritendinous layers. Galloway et al.
have suggested that MR imaging may
differentiate paratendinous adhesions
and swelling from true tendinous
disease (Galloway et al. 1992). Other
authors have stated that MR imaging is
not able to demonstrate the paratenon
or any abnormal changes within it
(Åström et al. 1996, Schepsis et al.

1994). In our opinion, this may be due
to the spatial resolution of MR images
used in the previous studies. Åström et
al. used a pixel size of 0.78 x 0.78 mm
and Neuhold et al. of 0.63 x 0.63 with
5-mm slice thickness (Åström et al.
1996, Neuhold et al. 1992). Our pixel
size of 0.54 x 0.35 with 4-mm slice
thickness on axial FLASH images was
smaller than in previously published
studies. This increased spatial
resolution was likely the reason that we
were able to detect finer anatomical
structures such as paratenon. The
paratenon forms a distinct layer over
the dorsal aspect of the tendon, but
normally becomes indistinct towards
the calcaneal insertion, as the crural
fascia and paratenon fuse with the
posterior subcutaneous structures.

The higher signal intensity of the
paratenon seen on STIR images at the
proximally and distally portions of the
Achilles tendon may be a reflection of
decreased vascularity at the level of
“critical zone” (Åström and Westlin
1994, Carr and Norris 1989, Lagergren
and Lindholm 1958). High signal
intensity subcutaneous venous
structures crossing posteriorly with
respect to the Achilles tendon may
suggest posterior peritendinitis on STIR
images and caution should be used in
interpreting high signal in this region.
Pre-Achilles fat pad consistently
demonstrated low intensity on STIR-
and high intensity on T1-weighted
images with thin septa and vessels
traversing it, except in five cases where
mild increased signal intensity was
seen on STIR images. Any signal
abnormality in this tissue must be
viewed with a high degree of suspicion
for significant pathology.

The increased signal intensity detected
in the distal soleus muscle on STIR
images was another normal variant and
not related to Achilles tendon or
peritendinous disease. This is likely due
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to rich vascularity present in the
musculotendinous junction.

Some studies have reported that MR
imaging does not demonstrate the
posterior paratenon, or any abnormal
changes related to it (Åström et al.
1996, Schweitzer and Karasick 1994).
High-resolution FLASH sequence
allowed us to consistently evaluate the
appearance of the paratenon. On the
STIR sequence it is only faintly visible,
when normal in thickness and signal
intensity. The Achilles tendon lacks a
true synovial sheath, but instead relies
on the thin membranes on the dorsal,
medial and lateral sides that form the
paratenon between the skin,
subcutaneous fascia cruris and the
Achilles tendon for gliding function
(Jozsa and Kannus 1997, Kvist 1994).
With the frequency encoding gradient
of the scanner oriented antero-
posteriorly, normal paratenon is seen
as a distinct layer of soft tissue against
the low intensity tendon. The paratenon
is normally so thin that actual
measurements of this structure could
not be performed, but with experience
in the use of FLASH sequence the
appearance of the normal paratenon is
quite characteristic.

Abnormal appearance

Peritendinitis involves inflammation and
edema in the peritendineal tissues,
which are rich in vascularity (Jozsa and
Kannus 1997, Kvist 1994, Scioli 1994).
The STIR sequence, which suppresses
the high signal emanating from fat, was
most important in overall evaluation of
peritendinous signal changes. On STIR
images, a zone of increased signal
intensity limited to the posterior
paratenon indicated paratenonitis.

Peritendinitis may also appear in the
pre-Achilles (Kager’s) fat pad anterior
to the tendon (Schweitzer 1993,
Schweitzer and Karasick 1994). It is

seen as increased signal intensity on
STIR images and as low intensity
strands on T1-weighted sagittal spin-
echo images. As many as 38% of the
patients with peritendinitis had this
finding in pre-Achilles fat pad, and in
11 tendons this was the only finding.
We suggest term “anterior
peritendinitis” to describe cases with
abnormal signal intensity in this fat
pad, and “posterior peritendinitis” and
“paratenonitis” to describe
inflammation and thickening of the
paratenon, respectively.

The surgical appearance of chronic
peritendinitis includes thickening and
irregularity of the paratenon, which
causes adhesions around the Achilles
tendon (Kvist and Kvist 1980, Kvist
1994, Saxena 1995, Schepsis et al.
1994). We found that patients with a
thickened paratenon had an associated
longer duration of symptoms than
patients without the thickened
paratenon. This finding is in agreement
with a histological and histochemical
study by Kvist et al. (Kvist et al. 1987),
who found that chronic peritendinitis
leads to hypertrophy of the paratenon.
At surgery, the most common
peritendinous finding is the chronically
thickened paratenon posteriorly (Kvist
and Kvist 1980). In our follow-up,
conservatively treated patients with
isolated anterior or posterior
peritendinitis, had a significantly better
prognosis than patients with combined
peritendinous and intratendinous
abnormalities.

Tendon insertion and
retrocalcaneal bursa

Normal appearance

At the level of the insertion, the most
notable variation was identified within
the retrocalcaneal bursae where 15
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asymptomatic cases had additional fluid
potentially confused for an appearance
of bursitis. This is in agreement with a
study on normal and abnormal
appearance of retrocalcaneal bursae
(Bottger et al. 1998). However, in our
material the average size of the
enlarged bursae was larger. This may
be due to higher level of athletic
activity in our subjects.

Abnormal appearance

All patients with an MR diagnosis of
insertional tendinosis (abnormal tendon
appearance at insertion with or without
calcaneal bone marrow edema on STIR
images) had a clinical diagnosis of
insertitis (pain at the level of the
tendon insertion). Differentiating
between the underlying causes was not
possible on clinical examination. The
tendon tapers at the level of the
calcaneus, and at this level
intratendinous lesions were seen
without the tendon being abnormally
thick (>6 mm). This anteroposterior
measurement should be used only
proximal to the level of the calcaneal
corner as a criterion to diagnose
abnormal tendon thickening related to
tendinosis.

Retrocalcaneal bursitis is considered a
distinct entity from insertional
tendinosis (Allenmark 1992, Bottger et
al. 1998, Kvist 1994, Scioli 1994).
However, they may often coexist
(Schepsis et al. 1994). In our study,
increased fluid signal on STIR- and T2-
weighted images indicating
retrocalcaneal bursitis was seen in 83%
of the patients with insertional
tendinosis. MR imaging enabled us to
differentiate retrocalcaneal bursitis
from an abnormality in the distal
Achilles tendon or calcaneal bone
marrow edema. This is important
because patients with isolated
retrocalcaneal bursitis had excellent or
good long-term results. One false

positive case of bursitis had
exceptionally long time interval
between imaging and surgery. The
inflammatory process in the bursa may
have subsided in the interim.

Multiple findings

The clinical diagnosis of pain in the
hindfoot region can be challenging. In
this study we found that similar clinical
symptoms were caused by the diseased
tendon itself or peritendinous processes
or both. In most cases, more than one
type of pathology was identified on MR
images. As many as 68% of the
patients with an intratendinous lesion
had peritendinitis, which was typically
contiguous with the area of tendon
involvement. Schepsis et al. (Schepsis
et al. 1994) found a similar association
in their study of surgical treatment of
Achilles tendon overuse injuries.

MR imaging as prognostic
method

Surgically treated patient with a focal
intratendinous lesion had better long-
term results than conservatively
treated patients. Surgical intervention
seems to be warranted in cases of
prolonged Achillodynia caused by such
a lesion. The number of surgically
treated patients in which no focal lesion
was present was too small for statistical
evaluation.

Our long-term follow-up indicates, that
the prognosis is worse in cases of
insertional tendinosis or when high
intensity intratendinous lesions are
detected. Excluding patients with
insertional tendinosis, the patients with
an intratendinous lesion have less
satisfactory results than patients
without such a lesion. Patients with
isolated retrocalcaneal bursitis, isolated
peritendinitis and a normal MR imaging
study had a good prognosis.
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In the present study, surgically and
conservatively treated patients with
insertional tendinosis (with or without
retrocalcaneal bursitis) had a worse
prognosis than any other subgroup.
This is in concordance with the results
of a previous study, in which distal
partial ruptures had less satisfactory
results after surgery than proximal
rupture (Morberg et al. 1997).
However, Schepsis et al. (Schepsis et
al. 1994) reported better results in
insertional tendinosis than in patients
with tendinosis more proximally.

Sequences

We evaluated the ability of MR imaging
in diagnosing the causes of Achillodynia
in athletic adults. High-resolution T1-
weighted FLASH gradient echo, and
fluid-sensitive STIR sequence were
compared with conventional spin-echo
proton density and T2-weighted
sequence in diagnosing these disorders.
Histopathologic correlation of detected
tendon lesions was obtained.

In our protocol, the T2-weighted dual
echo spin-echo sequence did not give
significant additional information. The
combination of sagittal T1-weighted
images, axial high-resolution FLASH,
and axial STIR images provided
diagnostic information. The sagittal
STIR images are helpful in patients with
pain at the level of the tendon insertion
or musculotendinous junction. The total
imaging time with the protocol
consisting of the three sequences
mentioned above is approximately 15
minutes, including patient positioning.
In some instances, imaging of the
contralateral unaffected leg gives
additional information, but experience
with the normal and abnormal MR

anatomy of the Achilles tendon
decreases the need for this.

High vs. low field MR
imaging

Lower spatial resolution of the low-field
MR unit was sufficient to demonstrate
the intratendinous changes that
occured over time in the postoperative
Achilles tendons. MR imaging of
postoperative tendon at high-field may
actually prove problematic due to
presence of metallic artifacts. We have
observed in occasional cases such
artifacts on gradient echo sequences
(Karjalainen and Soila, unpublished
data).

In evaluation of overuse injuries, the
smallest intra- and peritendinous
changes may not be detectable at low-
field MR unit. Spatial resolution, lower
signal-to-noise and lack of short TE
sequences have been limiting factors
in MR imaging of Achilles tendon
disorders with low-field units.

Limitations

A limitation in the design of study III
was the select group of volunteers, not
representative of a patient population
of all ages and activity levels. Further
studies are needed in sedentary
volunteers of varying age groups, in
order to establish imaging criteria for
all patients. Our study was designed to
establish a baseline appearance for the
type of active patient commonly
referred for MRI examination of the
Achilles tendon. We wanted to illustrate
what is detected in an asymptomatic
tendon on high-resolution images,
which are now becoming more widely
available.
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CONCLUSIONS AND SUMMARY

1. MR imaging provides precise and
valuable tool to reveal the internal
structure of the surgically repaired
Achilles tendon rupture. MR
imaging shows remarkable
postoperative thickening seen at its
largest 3 months postoperatively,
and thickening persists at 3 years
as well. Typically, an intra-
tendinous lesion detected on
proton density- and T2-weighted
MR images belongs to normal
healing during the reunion process.
Patients with poor clinical outcome
have the largest intratendinous
lesions postoperatively.

2. One to three years postoperatively,
occasional intratendinous lesions
on MR imaging as well as mixed
echogenity in US seem to belong to
the normal stage of the surgically
repaired Achilles tendon rupture.

3. High-resolution MR imaging depicts
the Achilles tendon and
peritendinous soft tissues in great
detail. Normal anatomy of the
Achilles tendon in asymptomatic,
active population is variable which
one should be familiar with, as
they are a potential source of
misinterpretation. The most typical
anatomical variations of the
Achilles tendon are related to
anterior margin of the tendon
proper, inhomogenous intra-
tendinous signal intensity changes
(stripes and punctates) on high-
resolution T1-weighted gradient
echo sequence (FLASH), plantaris

tendon, length of the soleus
muscle, form and size of the
retrocalcaneal bursa, and
segmented signal intensity of the
posterior paratenon on STIR
images.

4. High-resolution MR imaging of
patients with Achilles tendon
overuse injuries precisely detects
abnormalities in the entire
locomotor unit, including the
tendon proper, the calcaneal
marrow, the insertion, the
retrocalcaneal bursa, the
peritendinous tissues and the
musculotendinous junction.
Findings in MR imaging correlate
well with findings in surgery and
with histopathology. Histologic
specimen taken from intra-
tendinous lesions showed an
ongoing repair process in the
Achilles tendon. High-resolution
T1-weighted gradient echo
sequence (FLASH) proved accurate
in detection of smallest
intratendinous lesions. Peri-
tendinous changes were best
detected with STIR sequence,
except the thickening of the
paratenon, which was only seen
with FLASH. MR imaging also has
promising prognostic value.

We expect high-resolution MR
imaging to have an increasingly
significant role as an accurate and
effective diagnostic method in the
management of patients with
Achillodynia.
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