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ABSTRACT

This review article discusses the aspects
of sports medicine where musculoskel-
etal Doppler ultrasound has valuable
contribution in diagnosis and/or treat-
ment of some of the typical musculoskel-
etal sports injuries. Also, conditions
where the Doppler ultrasound has no
value are discussed. Some guidelines
and recommendations are based on
personal experience since no evidence
in literature exists. The basic techni-
cal background of Doppler ultrasound
and typical artefacts will be discussed,
in order to understand and interpretate
the Doppler result. Recommendations
for the Doppler settings are given in rel-
evant sections. Ultrasound guided treat-
ments where the Doppler result is used
as a guide are mentioned and discussed.

Introduction

Within the last decade ultrasonography
has become an established technique
used for musculoskeletal imaging in
rheumatology and sports medicine
(1-7). Originally, musculoskeletal ul-
trasound was predominantly a tool for
dedicated ultrasound specialists and was
primarily used for assessment of soft
tissue changes, detection of fluid collec-
tions (8, 9), and to guide interventional
procedures (5, 10). Nowadays, muscu-
loskeletal ultrasound (US) examinations
are performed not only by radiologists
and sonographers but also by clinicians
(7, 11) as a supplement to their clinical
assessment.

Most musculoskeletal US is performed
using grey-scale US but newer techniques
include the use of Doppler US, which
may be used in the detection of hyperae-
mia (4, 12) that may occur in inflamma-
tory conditions (4, 13). An increasing in-
terest in the use of US in sports medicine
— both conventional grey-scale US and
colour/power Doppler — has developed
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in recent years. Whereas grey-scale ul-
trasound is now more accessible due to
a decrease in price and the introduction
of high quality portable machines, ultra-
sound machines with a sensitive Doppler
demand more regarding both equipment
and technique. Consequently, US ma-
chines with a sensitive Doppler are more
costly and demand more of the investi-
gator, and many clinicians refrain from
buying US equipment with the relative
expensive Doppler function.

A substantial improvement in the qual-
ity of high frequency ultrasound probes
and introduction of three-dimensional
ultrasound have contributed to the evo-
lution of musculoskeletal US, which is
used as a sensitive diagnostic aid that
now challenges modalities such as MRI
(6, 14, 15).

In sports medicine, the user of US must be
familiar with numerous technical aspects
of both grey-scale and Doppler ultra-
sound. The inexperienced examiner may
easily draw misleading conclusions.
This article focuses on Doppler ultra-
sound: Ultrasound equipment, physical
principles of Doppler ultrasound and the
different modes (power and colour Dop-
pler), some of the typical Doppler arte-
facts, and the use of Doppler ultrasound
in some of the most common injuries in
sports medicine. It is assumed that read-
ers are well-versed in grey-scale US. For
novices in the field of ultrasound we rec-
ommend further reading (1, 9, 16). The
use of contrast agents in musculoskel-
etal ultrasound is still experimental and
therefore not included in this paper.

1. Ultrasound equipment

Ultrasound equipment varies consider-
ably in its near field image quality. A
major factor is the probe design com-
bined with different methods of beam
focusing and signal processing. There
are no easily applied general technical
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tests that will inform the purchaser or
examiner that a machine is of adequate
resolution and performance for mus-
culoskeletal application (9). There is
no general test that will test the Dop-
pler sensitivity and function. We can
recommend looking for small arteries,
e.g. in the wrist or thenar muscles, to
see if the Doppler detects these. These
vessels have relatively weak Doppler
shifts similar to many of those detected
in pathologic areas. This will give an
impression of the sensitivity.

Most equipment can be used in a broad
variety of clinical settings, and many
functions may not be relevant for the
musculoskeletal specialists.

We recommend the use of ‘high-end’
machines, i.e. ultrasound machines in
the high end of the spectrum, regard-
ing both overall quality and cost. These
machines provide better resolution and
have a more sensitive Doppler. When a
machine has been acquired, the examin-
er with the assistance of the ultrasound
company should develop Doppler set-
ups for musculoskeletal use. With these
in place, only the Doppler focus zone
must be adjusted during examinations
in order to monitor activity precisely.

Transducers

In musculoskeletal US, linear array
transducers are preferred. They produce
arectangular image in which the parallel
grey-scale scan lines are vertical. High
frequency transducers ensure high image
resolution on the expense of image pen-
etration, and are suited for examination
of superficial structures. Examination
of deeper structures is traditionally per-
formed by decreasing the US frequency,
thereby increasing penetration at the ex-
pense of resolution (the image appears
coarser). On newer high-end equipment
impressive depth penetration may be ob-
tained with high frequencies (14 MHz)
with so-called coded signals. An exam-
ple is hip scans where a 14 MHz trans-
ducer with coded signals is used.

The choice of transducer usually repre-
sents a compromise between resolution
and penetration. In musculoskeletal ul-
trasound, linear array probes with fre-
quencies over 10 MHz are normally
preferred to give an optimum resolution

9).
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Fig. 1. Understanding relative velocities. A transverse scan on the medial side of the right Achilles ten-
don showing the Achilles tendon (A), the posterior tibial artery (PTA), and posterior tibial vein (PTV).
The transducer is tilted slightly cranial in order to improve the Doppler angle to the PTA. The colour bar
shows that blood moving downwards in the image is deep blue if slow, and light blue if fast. Likewise,
upward movement is deep red if slow, and yellow if fast. If blood moves straight up the signal will aliase
if the velocity is above 3 cm/s — straight down at 1 cm/s. Since we do not know the insonation angle to
any of the vessels in the image we cannot compare velocities between vessels. The vessel indicated by
the long arrow has a lighter hue of blue (indicating higher velocity) than the vessel indicated by the short
arrow. However, it may in fact be blood moving at a lower velocity but at a better Doppler angle (closer
to 0 degrees insonation). It is correct to compare the relative velocities inside the PTA because the whole
vessel is probably insonated at the same angle. It is therefore correct to interpret the yellow in the centre
as blood moving at a higher velocity than that closest to the wall (red). Actually, at the very centre of the
PTA, the signal is aliasing (showing a blue spot in the centre of the yellow).

2. Doppler ultrasound

The Doppler effect is a change in fre-
quency of sound resulting from motion
of a sound source, receiver or reflector.
This difference is known as the Dop-
pler shift, named after the Austrian
physicist and mathematician Christian
Andreas Doppler, who first described
the phenomenon in 1843 for light (17).

Colour Doppler

In colour Doppler real time presenta-
tion of flow information in colour is su-
perimposed on the grey-scale morpho-
logical image (Fig. 1). Positive Dop-
pler shifts (movement toward the trans-
ducer) are usually given red hues and
negative shifts are given blue hues.

In colour Doppler the Doppler analysis
is carried out in multiple cells inside
the colour box (18). The mean velocity
for each cell is determined and present-
ed as a colour according to a colour-
code (18). The colours that arise from
the detected Doppler shifts primarily
indicate direction of flow and to some
degree also velocity (Fig. 1).

Alarge colour box is demanding on com-
puter power and will cause the frame
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rate to drop. The machine may try to
counteract this (maintaining the highest
frame rate) by reducing the grey-scale
line density (resolution) and other im-
age improvement functions that take up
computing power. The result would be
a degraded grey-scale image. It is, how-
ever, important to force the machine to
give image quality a higher priority than
frame rate. In sports medicine, where the
region of interest can be kept immobile
(as opposed to respiratory movements in
the upper abdomen or pulsating heart), a
large colour box should be allowed to
make the frame rate drop (19).

Power Doppler

With power Doppler it is the summation
of the power (amplitude) of all the dif-
ferent Doppler shifts (velocities) within
a cell that are displayed instead of the
average velocity (20). The power of the
signal from each cell reflects the number
of erythrocytes moving in that cell.

The power mode does not measure
velocity or direction and is without
aliasing (see below). When it was in-
troduced, it had markedly higher sensi-
tivity than the existing colour Doppler
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Fig. 2. Colour versus power Doppler in Jumpers knee. A longitudinal scan showing Doppler activity
inside the infrapatellar tendon. P: patella bone; T: tendon; C: intratendinous calcification. The top im-
age shows colour Doppler and the bottom power Doppler. The power Doppler gain has been adjusted
too high in an attempt to match the sensitivity of colour Doppler. Tiny noise pixels are seen in the bot-
tom of the image. The colour Doppler shows more true flow (higher sensitivity) with less noise and is

therefore preferable on this machine.

on the equipment available at that time,
being 3-4 times more sensitive (21).
The high sensitivity made it nearly an-
gle independent (20, 22).

Power versus colour Doppler

The superior sensitivity of power Dop-
pler made it the Doppler of choice in
musculoskeletal ultrasound because it is
perfusion (amount of Doppler activity
— not mL/s per se), and not direction or
velocity that is of interest. However, on
present high-end machines, the colour
Doppler has become as sensitive as or
even more sensitive than power Doppler.
Therefore, we recommend that the
choice between power and colour Dop-
pler be based on actual comparison
(subjective visual assessment of sensi-
tivity) between the two on a given piece
of equipment (Fig. 2). The following

Doppler parameters and artefacts apply
to both colour and power Doppler un-
less otherwise stated.

Angle

The angle between ultrasound beam
and blood direction has major influ-
ence on the Doppler signal.

The Doppler angle is especially impor-
tant in the quantification of the Dop-
pler shift and flow velocity (spectral
Doppler). However, in musculoskeletal
ultrasound, the spectral Doppler and
flow velocity is currently used only in
research and will therefore not be men-
tioned further.

Pulse repetition frequency

Pulse repetition frequency (PRF) is
the Doppler sampling frequency of
the transducer. The Doppler shift is
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determined indirectly by comparing
the phase of the received sound with
the phase of the emitted sound over a
number of pulses. The frequency of the
emitted pulses (the PRF) determines
how high a Doppler shift that can be
detected. The maximum Doppler shift
that can be obtained is PRF/2, which
is called the Nyquist limit, and which
is displayed on screen in Hz (20). If
the blood velocity is above the Nyquist
limit, the machine will misinterpret the
velocity and display it as reversed flow,
i.e. aliasing (see below).

When a high PRF is chosen, it is as-
sumed that the investigator is mostly
interested in high velocities, and the
machine applies filters that remove
low flow (to remove noise). Selecting
a high PRF therefore makes the system
more insensitive to lower velocities. In
sports medicine, it is any flow (low as
well as high velocity) that is of interest
and therefore the PRF should be set as
low as possible.

Aliasing does not occur with power
Doppler. However, the sensitivity of
power Doppler to low velocity flow is
affected by the PRF adjustments in the
same manner as colour Doppler.

Filters

Every Doppler instrument has high-
pass filters, which eliminate the lowest
Doppler shifts that originate from mo-
tion of the vessel wall and solid tissue.
These unwanted shifts are referred to
as clutter or motion artefacts.

The filters — also called wall filters —
may, however, eliminate signals from
low velocity flow as the filters separate
by frequency alone (24, 25). The filters
should therefore be kept at their lowest
setting for sports medicine in order to
detect slow flow (any flow).

In many Doppler systems the PRF
and the wall filters are linked controls,
which mean that the wall filters linked
to a low PRF are lower than the wall
filters linked to a higher PRF.

Doppler frequency

(transmitted frequency)

The Doppler frequency at which the
transducer operates is selectable. Like
the grey-scale US frequency, a lower
Doppler frequency will allow more
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penetration but also a lower resolution
colour picture. Higher Doppler frequen-
cy gives a more detailed delineation of
vessels at the expense of penetration.
However, a higher Doppler frequency
enhances sensitivity for low flow, which
counteracts the influence of penetration.
In sports medicine where almost all re-
gions of interest are superficial, the opti-
mal frequency cannot be determined in
theory but must be found in practice.

Gain setting

This is the only well described adjust-
ment in the literature (26). The gain is
increased until noise pixels dominate the
Doppler box. The gain is then decreased
until almost all noise has disappeared.
The machine then has maximum sen-
sitivity. With this setting, hard surfaces
may generate some false Doppler activ-
ity, which must be accepted and recog-
nised as such (or else true flow would
be removed).

Actually gain should be the last adjust-
ment because many of the other param-
eters determine sensitivity as well. The
adjustment of these parameters will
therefore very likely lead to repeated
lowering of the gain (26).
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3. Doppler artefacts

Some artefacts are induced by errors in
scanning technique or instrument set-up
and are therefore avoidable; others are
unavoidable and need to be understood.
The most important causes of artefacts
are pressure, tissue strain, incorrect fo-
cus, motion, and noise. All the resulting
artefacts may lead to misinterpretation
of the amount of perfusion. Less im-
portant artefacts are blooming, aliasing
and mirroring. These artefacts will al-
ways be present, must be detected, and
accepted.

Pressure

False findings of absence of flow may
occur if the examiner presses too hard
on the tissue with the transducer, there-
by blocking the flow (Fig. 3).

To avoid this, a generous amount of
scanning gel should be used, which ob-
viates the need for pressure to obtain
good acoustic contact.

Tissue strain

Tissue strain is similar to transducer
pressure and is affected by patient po-
sitioning. In musculoskeletal Doppler
US it is especially the Doppler signal

in tendons that will be affected. Even
a slight strain on a tendon will elevate
the intratendinous pressure and dimin-
ish or even remove Doppler activity.
The tendon may be strained by patient
positioning: Achilles strain by dorsi-
flexion in the ankle or patella tendon
strain by flexion of the knee. There-
fore, care must be taken to ensure that
there is absolutely no tension on the
structures. This requires examination
on fully extended and relaxed knees
when evaluating the patella tendon for
Doppler flow. If a flexed (non-weight-
bearing) position is used, the colour
Doppler findings will significantly un-
derestimate the flow (27). Similar ob-
servations on Doppler flow can be seen
in the Achilles tendon (28).

It is also obvious that the same posi-
tion must be used from examination to
examination, since the changes due to
patient position may lead to false posi-
tive or negative Doppler results.

Focus
The focus cursor in the side of the im-
age indicates where the pulse is the
narrowest and the energy most concen-
trated.
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Fig. 3. Pressure artefact in Achilles tendinosis. Image A and B are transverse images of the Achilles tendon with very light transducer pressure. A shows
the intratendinous Doppler activity in the systole and B in the diastole. Images C and D are with more transducer pressure, which is demonstrated by a
larger skin-transducer contact as well as slight flattening of the tendon. C is in the systole and D is in the diastole. Note the obvious decrease in intratendi-
nous flow in both systole and diastole when pressure is applied. The decrease would erroneously indicate that the tendon was borderline normal (very little

intratendinous systolic flow).
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Fig. 4. Motion artefact. Movement of the patient or the examiner during Doppler imaging gives a
motion relative to the transducer and produces a Doppler shift, which appears as random short flashes
of large confluent areas of colour (A). The same examination without the motion artefact is seen in
(B). The clock (arrows at the top right corner) shows that the two images are from within the same

second.

Fig. 5. Blooming artefact in a patient with Achilles tendinosis. Transverse image of the Achilles ten-
don with medial oriented right showing intratendinous Doppler activity in different gain settings. A
is the corresponding grey scale image and B is the Doppler image with the standard settings we use,
allowing blooming as an systemic error. The blooming artefact displays colour outside the vessel mak-
ing the vessels appear larger than they are because the artefact exceeds the vessel wall. Focussing on
the two vessels outside the tendon (white arrows) the blooming inside these vessels can be adjusted by
lowering the Doppler gain setting. However, by lowering the gain thereby minimizing the blooming
artefacts the weakest signals are lost and the smallest vessels disappear in other part of the image (ten-
don). The change is clinically relevant because the evaluation changes from moderately hyperaemic

(B) to slightly hyperaemic (C).
Blooming can be enhanced by increasing the gain (D).
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Motion (flash or clutter)

Movement of the patient or slow move-
ment of the tissue or vessel wall caused
by arterial pulsation gives a motion
relative to the transducer and produces
a Doppler shift (29) (Fig. 4). The same
effect will be observed if the transduc-
er is moved. The movements produce
lower frequency Doppler shifts (25)
that appear as random short flashes of
confluent areas of colour. One way to
avoid these low frequency flash arte-
facts is by using filters, e.g. wall filters.
They are high pass filters, meaning that
a Doppler shift must be above a certain
threshold to be displayed. Such filters
also remove information from slow
moving blood (25).

Noise

All electrical circuits produce random
noise. It is usually seen only when the
Doppler gain is increased and may be
displayed randomly as red or blue pixels
over wide regions of the image (30).

Blooming

The blooming artefact displays colour
outside the vessel and it is a function
of the energy in the received Doppler
signals (30). The vessels appear larger
than they are because the artefact ex-
ceeds the vessel wall (Fig. 5). Usually
it is due to the gain setting that can be
adjusted. If the Doppler gain is lowered
thereby minimising the blooming arte-
facts (26), the weakest signals may be
lost and the smallest vessels go unde-
tected. To avoid false impressions of
development in flow, examinations at
follow-up must use the same Doppler
setting as the original, even though this
may mean acceptance of blooming.
The important message is to be aware
of the phenomenon.

Aliasing

Aliasing occurs when the Doppler shift
of the moving blood is higher than half
of the PRF (Nyquist limit). In colour
Doppler, it is seen as two opposing
colours (red and blue) touching each
other without a black line in between.
To surmount the problem with aliasing,
the PRF may be increased; however,
by increasing the PFR the sensitivity to
low flow is decreased.
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Fig. 6. Mirror artefact in lateral epicondylitis. It is a longitudinal image of the elbow in a patient with lateral epicondylitis. H: humerus, R: radius; J: joint
space. The hollow arrow points at the common extensor origin, which is filled with Doppler activity. The solid arrow points at Doppler activity below the
bone surface. It is a mirror image of the Doppler activity in the common extensor origin. The mirror is the bone surface.

Mirror

Reflection of the Doppler signal from
highly reflective flat surfaces may gen-
erate colour Doppler mirror images.
Bone is such an example of a highly
reflective surface, and a vessel adjacent
to a bone surface may be reflected, giv-
ing a false signal (a mirror of the vessel)
from inside the bone (Fig. 6) (29-31).

4. Standardisation of scanning
procedure and Doppler
interpretation

To avoid artefacts and intraobserver
variation the examiner should try to
standardise as much as possible. All pa-
tients should be placed in standard posi-
tions according to the region of interest.
The region should, when possible, be
scanned in orthogonal planes and the
structures should always be scanned in a
relaxed position with generous amounts
gel to avoid pressure and tissue strain
artefacts (see Fig. 1). To minimise ma-
chine related artefacts, we recommend
using standardised settings (set-ups)
for Doppler ultrasound. Only the focus
zone should be adjustable and always
placed in the centre of the ROI. A pre-
determined setting for e.g. shoulder ten-
dons, knee tendons and ankle tendons,
could be determined and kept the same
in all examinations. In this way it is not
possible to hide or invent treatment re-
sponses due to different settings.
Documentation should be in the form
of standardised images, i.e. predeter-
mined number and order of images
containing anatomical landmarks. The

examiner should consider recording the
Doppler images with maximum or min-
imum amount of Doppler activity in the
ROI. And finally in the ROI the pulsated
Doppler activity can be obtained in ei-
ther the systole (usually higher amount
of Doppler activity) or diastole (usually
lower amount of Doppler activity).

In other words, it is necessary to de-
velop a protocol for the examination
and documentation. Such protocols are
undoubtedly in use in various centres;
however, none are currently available in
the literature. Some authors recommend
that the Doppler US examination should
be carried out after (strenuous) exercise
(32) in order to see as much flow as
possible, whereas others, including us,
recommend a period of rest before the
examination in order to eliminate a pos-
sible (false positive) physiological flow
response (33).

In future sport medicine studies, where
the Doppler US response will be part of
the presented message, we recommend
illustrating the entire Doppler US picture
including the settings (usually present in
the right part of the US image).

Interpretation of Doppler findings

The Doppler findings in a certain pa-
tient will depend on the sensitivity and
settings of the machine and will vary
from machine to machine. Generalisa-
tions from literature are difficult since
the equipment varies in terms of age
(technology), cost (technology, quality),
brand (technology, quality), machine
settings, and finally the quantification of
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Doppler findings (classification in grades
or actual measurement). Therefore it is
important to know your machine and
especially to know pathological from
normal (i.e. normal flow). There seems
to be a tendency to call any intratendi-
nous Doppler activity neovascularisa-
tion instead of (hyper)aemia, which is
what the Doppler actually displays. The
term neovascularisation in Doppler ul-
trasound is based on Doppler findings
and biopsies from pathological tendons
(mainly Achilles and patella tendons)
(34-39). Along with the technological
development of ultrasound equipment,
the sensitivity of the Doppler has in-
creased. This means that the Doppler
tends to visualise smaller vessels with
slower flow and therefore possibly also
some of the normal physiological flow
(33). We have recently demonstrated
an intratendinous flow (colour Doppler
activity) in the Achilles tendons of non-
symptomatic subjects and elite badmin-
ton players after strenuous physical ac-
tivity (33, 40). We regard this flow as a
normal physiological response to tendon
strain. Further, it has been demonstrated
that physical activity provokes increased
intratendinous Doppler activity in symp-
tomatic tendons. It is very likely that also
this hyperaemia is at least in part physi-
ological. Moreover, the hyperaemia can
hardly be a neovascularisation because
there has not been sufficient time to
develop new vessels (32, 33). Whether
Doppler activity in a particular examina-
tion is neo-vascularisation or just hyper-
aemia in already existing vessels is not
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Table I. Common sports related conditions and value of Doppler ultrasound.

Valuable Not valuable Debateable

. Achilles tendinopathy

. Patella tendinopathy “jumper’s Knee”
. Lateral epicondylitis “tennis elbow”

. Supraspinatus tendinopathy

. Bursitis

. Plantar fasciitis

. Hip joint pathology

. Lateral hip pathology

O 00 9 N L BN~

. Groin injuries

10. Extremity joint sprains
11. Muscle tears

12. Ligament injuries

+ + + + +

+

clear, and therefore the term should be
used with caution.

Some authors regard any intratendinous
Doppler activity as pathological (34,
41) whereas others report some Dop-
pler activity as being normal (33). In
some studies, neovascularisation (hy-
peraemia) is present in all symptomatic
tendons (41, 32), while others report a
percentage of 50-88% (43-45). It has
been demonstrated that some tendons
with neovascularisation (hyperaemia)
may not be painful (40). Conversely,
pathologic tendons without neovascu-
larisation (hyperaemia) may indeed be
painful (45, 46). An association of a
high degree of neovascularisation (hy-
peraemia) with clinical symptoms has
been found in some (43, 44) but not all
studies (40, 45).

It is important to emphasise that the
studies just mentioned all are carried

out on different ultrasound machines
with different settings. Therefore a sub-
stantial variation may be due to differ-
ence in the Doppler sensitivity of the
machines.

Concerning quantification, the amount
of Doppler is usually reported as grades
in a semi-quantitative scoring system
(e.g. grade 0, 1, 2 etc.). A grade O is
normally no Doppler activity, where-
as grade 1 and further are differently
defined in the published papers. The
thresholds between grades will natu-
rally depend on machine quality and
settings. Some machines never detect
a Doppler flow of >50% in the region
of interest, and therefore demand other
thresholds than more sensitive ma-
chines. The advantage of semiquanti-
tative scoring systems is that they are
well suited for daily clinical work, be-
ing very fast with no need for image

Frederiksberg Hospital, Reumatologisk klinik
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Fig. 7. Partial rupture of the right MCL. Longitudinal images of the proximal origin of the MCL
ligament. The ligament is swollen with hypoechoic spot indicating fluid and partial rupture. There is
Doppler activity in the ligament indicating hyperaemia and acute injury. L: MCL-ligament; J: joint line
(with meniscus); F: femur; T: tibia bone.

109

REVIEW

processing. They are, however, subjec-
tive and not necessarily accurate. To
overcome this problem, some authors
have developed quantitative scoring
systems either reporting the number of
colour pixels in a ROI as a colour frac-
tion (47, 48) or measuring the length
of vessels formed by connecting colour
spots (49). However, both these sys-
tems demand a time-consuming post-
processing and are therefore not at
present well suited for clinical practice.
The results, however, are more objec-
tive than those of the semi-quantitative
scoring systems and presumably more
accurate. Future development of soft-
ware for quantification and three-di-
mensional colour Doppler might solve
some of these problems (6). No proper
evidence exists so far on this matter.

5. Sports injuries

It is important to emphasise that a thor-
ough grey-scale examination should
always be performed prior to the Dop-
pler examination. Recent research with
Doppler in sports medicine indicates
that the Doppler should now be an inte-
gral part of the ultrasound examination
in some type of injuries (7). The follow-
ing is based on published evidence and
recommendations from the authors.
Table I gives an overview of some of
the most common sports injuries and
the value of using Doppler ultrasound.
The table is an overview of our opin-
ion on the value of Doppler in different
conditions.

Muscle injuries

Both resting and active muscles have
intramuscular Doppler flow as a nor-
mal appearance (50). A resting muscle
has a relatively sparse flow with high
resistance, which changes to a more
abundant flow with low resistance dur-
ing exercise. To date, the possible value
of Doppler has not been clarified in the
diagnosis of muscle injuries.

Doppler ultrasound can, when relevant,
be used to distinguish an intramuscular
vessel from a fluid collection. Small rup-
tures will in theory produce a Doppler
response due to the inflammatory re-
sponse, but the problem is to distinguish
already existing flow from that caused
by inflammation. With the present
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knowledge, muscle injuries should pri-
marily be diagnosed with grey-scale US.
Finally, somewhat ill-defined disease
entities, e.g. muscle problems in the lat-
eral elbow region, may not be associated
with Doppler at all. (51).

Ligamentous disease and synovitis
Ligamentous injuries often coexist with
a sprain, and therefore a joint affection
with a following synovitis in the adja-
cent joint. This is common in the ankle
where a ruptured ligament can lead to
instability and tendinopathy with result-
ing synovial proliferation and synovitis.
Acute dislocation of the patella has
been described with a concomitant fluid
collection around the medial collateral
ligament (51). In our experience, MCL
ruptures (partial and total) can be diag-
nosed with fibre rupture, fluid collec-
tions and Doppler activity in and around
the rupture site (Fig. 7). This hyperae-
mia indicates inflammation and is seen
in acute cases compared to the chronic
injuries. The hypervascularisation seen
in synovitis and/ or tenosynovitis, espe-
cially in RA patients, is perfectly visual-
ised with colour Doppler (4, 13, 15, 47,
52).However, in sports injuries the Dop-
pler flow is usually no or sparse despite
fluid in the joint and tendon sheet. At
present, we recommend evaluating the
ligaments with grey-scale US and add-
ing the Doppler function in the evalua-
tion of synovitis and/ or tenosynovitis.

Injuries in tendon structures

Recent research in sports medicine and
Doppler ultrasound has mainly focussed
on tendinopathies and the presence of
intratendinous colour Doppler, which
seems to reveal hyperaemia (neovascu-
larisation) as part of the pathology (34,
53-56). Intratendinous colour Doppler
activity has been shown to correspond
closely to the patient’s pain. In patients
with jumper’s knee it has been reported
that the greater the amount of colour
Doppler activity present, the greater
the pain (56). We agree with the possi-
ble correlation on Doppler activity and
pain, but in certain subgroups we have
observed intratendinous Doppler activ-
ity without co-existing pain (33, 40, 57).
In these studies we observed intratendi-
nous Doppler activity without co-exist-
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ing pain but we believe there is a theo-
retical explanation for this. The Doppler
activity in elite badminton players (40)
may be a result of high training load and
constant remodelling in the tendons.
The observed Doppler activity in pa-
tients with chronic Achilles tendinosis
after an electro-coagulation (57) may be
due to the procedure, and the symptom
relief due to a denervation of the pain-
ful area. Finally, the Doppler activity in
non-symptomatic, non-trained subjects
(33) after a strenuous run may be due to
remodelling of the tendon and high sen-
sitivity of the ultrasound machine. This
Doppler activity may be distinguished
from chronic tendinosis by the disap-
pearance of the Doppler signals in the
resting tendon. However, in all exami-
nations with a highly sensitive Doppler
some Doppler activity may be detected;
therefore, we advise examiners to be
aware of possible physiological flow.
The suggested neovessels are accompa-
nied by pain fibres (58), growth factors,
accumulation of glycosaminoglycans
(GAGS) and the peptide glutamate (39),
and these factors are believed to be the
cause of the patients’ symptoms.
Tendinopathy should be diagnosed with
both grey-scale US and Doppler US.
The grey-scale US will reveal the struc-
tural changes, whereas the Doppler will
reveal intratendinous flow in patients
with tendinopathy and ruptures. Colour
Doppler has found its place in diag-
nosing tendinopathies such as Achilles
tendinopathy (34), patellar tendinopathy
(jumper’s knee) (48), lateral epicondyl-
its (tennis elbow) (51), supraspinatus
tendinopathy (54), and bursitis (59). All
in all, based on Doppler alone it is not
possible to distinguish between acute
and chronic tendinopathy — the clini-
cal findings and patient history need to
be taken into account. However, based
on Doppler alone it is possible to dis-
tinguish between active and non-active
disease — presence or absence of patho-
logical Doppler acitivity.

In our experience, colour Doppler may
also be used to establish the diagnosis
of calcific tendonitis. The presence of
a calcification inside a tendon is not
rare especially near the insertion. It is
the accompanying hyperaemia imme-
diately around the calcification(s) that
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indicate calcific tendonitis. There has
been one report of the use of colour
Doppler in the quantification of treat-
ment response in calcific tendonitis of
the rotator cuff (60).

However, in plantar fasciitis (heel spur)
and pathology in the hip joint, the Dop-
pler energy cannot penetrate the over-
lying superficial structures (skin, fat
and muscle) and therefore the Doppler
may not be used as a sign of tendin-
opathy or enthesopathy. However, one
study reports the positive use of power
Doppler in patients with plantar fascii-
tis (61). This study even uses an older
machine. In our experience, neither the
power nor colour Doppler on new high-
end machines can be used in plantar
fasciitis because lack of Doppler activ-
ity does not indicate absence of disease
and because presence of Doppler activ-
ity is extremely rare.

In the lateral hip and the groin, the Dop-
pler may have a diagnostic relevance.
However, due to the relatively deep po-
sition of the structures (insertion of the
gluteal muscles in the lateral hip and
the insertion and origin of the psoas
major and the rectus femoris, respec-
tively); the Doppler findings are again
not a common sign; this is especially so
in obese individuals.

Bone injuries

When the clinician has a suspicion of a
fracture, ultrasound is not the modality
of choice. Conventional x-ray is pre-
ferred. However, very small avulsions
and rib fractures may be detected as
cortical breaks with or without Dop-
pler activity in the near surroundings
(e.g. an avulsion of the phalanx), and
US may therefore be used in these cir-
cumstances (9). In stress fractures the
modality of choice is bone scintigraphy
or MRI, while US may be used, often
to reveal a defect in the cortex with sur-
rounding Doppler activity as a sign of
early periosteal oedema (65).

6. Doppler guided therapies

Our interest has been concentrated
towards ultrasound guided therapy di-
rected at the hyperaemia (neovasculari-
sation) in patients with chronic tendi-
nosis. Different groups have suggested
different techniques with the same
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Table II. Level of evidence in varying published methods of tendon treatments where the
aim is to target and reduce the Doppler activity.

Achilles Patella

Shoulder Elbow

1. Sclerosing therapy
2. Coagulation therapy
3. Intratendinous steroid injection

4. Dry needle and autologous blood injections

1b 1b 4 4
4
4

4 4~

*lateral epicondylitis; ~ medial epicondylitis.

Level of evidence for evidence-based medicine: Level 1b: Individual RCT.
Level 4: cases-series and poor quality cohort and case-control studies.
Reference: Oxford centre for evidence-based medicine (May 2001) (67).

http:/www.cebm.net/index.aspx?0=1025.

purpose, i.e. to target the hyperaemia
and eventually diminish or remove it.
These techniques include sclerosing
therapy (63), coagulation therapy (57),
dry needling and autologous blood in-
jections (64-66), and intratendinous
steroid injections (67). All treatments
have shown promising short-term re-
sults with some good long-term results

from the sclerosing therapy of the Achil-
les and patella tendon. Table II is an
overview of where these methods have
been used and the level of evidence.

The primary aim of most studies was to
remove the Doppler activity; neverthe-
less, there is not always a correlation
between the presence of US Doppler
and pain after treatment (57, 68). An
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obvious explanation could be varying
efficacy of the different methods of
treatment. However, another explana-
tion may be different Doppler settings
and scanning set-ups. As shown above,
both the settings and the scanning set-
up can reproduce a highly variable
Doppler response in the same patient.
There seems to be a consensus of using
ultrasound for guidance of various in-
jections in the musculoskeletal system
(2), but only few articles mention the
hyperaemia as the primary target of the
needle. This might be due to the rela-
tively new focus on the Doppler chang-
es as part of the pathology in tendin-
opathy. Since the exact aetiology and
pathogenetic significance of these ves-
sels are still unknown, more research is
needed to fully understand the meaning
of reducing the vascular supply to the
ultrasonograpically pathological site of
the tendon.
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scale image. The patient
received an ultrasound
guided injection of steroid
in the bursa and experi-
enced a total pain relief at
the 14 days follow up ex-
amination where the intra-
tendinous Doppler activity
was gone (C).
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The Doppler is a sensitive tool for show-
ing response to a steroid injection. Fol-
lowing an injection of steroid, it seems
that the Doppler is the first variable to
respond to the treatment along with the
patient’s symptoms (Fig. 8). The grey-
scale findings evolve more slowly and
may normalise later in the case of suc-
cessful treatment. In such instances, the
Doppler is recommended for visualisa-
tion of the immediate response: without
the Doppler, the patient may still be
classified as ultrasonographically un-
changed.

7. Conclusion

Doppler ultrasound examination on good,
modern equipment is a valuable tool in
the hands of the properly trained profes-
sional. The Doppler techniques along
with a standard grey-scale ultrasound ex-
amination should be the first line test for
patients with some of the most common
ligament and especially tendon injuries.
In muscle injuries, the Doppler technique
is not preferable. However, neither grey-
scale nor Doppler ultrasound should be
judged alone, as the most effective and
informative examination will usually be
a combination of methods.

Knowledge of the many Doppler arte-
facts in the image gives the examiner a
better understanding of the images and
probably also a more critical approach.
The discussed artefacts will occur in all
areas of musculoskeletal US.

8. Perspective

In theory, the Doppler function may be
influenced by intrinsic and extrinsic fac-
tors. The examiner must have all pos-
sible factors in mind when evaluating
the examination. Moreover, individual
differences in the structures and Doppler
responses amongst elite athletes and rec-
reational athletes must be investigated.
So far, no prognostic value of colour or
power Doppler have been found in pa-
tients with patella and Achilles tendino-
sis (46). However, we believe that with
further standardisation, high-end equip-
ment and development of investigator in-
dependent three-dimensional US a prog-
nostic value of Doppler will be found.
We recommend that future authors when
writing the method section mention
something about the Doppler settings
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and how they tried to standardise the
scanning set-up. This information gives
the reader a clearer picture of how to in-
terpret the Doppler image; it also makes
the Doppler result more reliable.

The current problem in reporting the
findings in a scoring system may be
solved with the fast technological devel-
opment of ultrasound equipment. New
machines may calculate the Doppler ac-
tivity in the entire scanned region (i.e.
three-dimensionally) and present it in
real-time. Accordingly, some of the sub-
jectivity may disappear; however, ultra-
sound will always be operator-depend-
ent to a certain degree, and that is the
major disadvantage of this modality.

References

1. GRASSI W, CERVINI C: Ultrasonography in
rheumatology: an evolving technique. Ann
Rheum Dis 1998; 57: 268-71.

2. FREDBERG U, BOLVIG L: Significance of
ultrasonographically detected asymptomatic
tendinosis in the patellar and achilles tendons
of elite soccer players: a longitudinal study.
Am J Sports Med 2002; 30: 488-91.

3. FREDBERG U, BOLVIG L, PFEIFFER-JENSEN
M, CLEMMENSEN D, JAKOBSEN BW, STEN-
GAARD-PEDERSEN K: Ultrasonography as a
tool for diagnosis, guidance of local steroid
injection and, together with pressure algom-
etry, monitoring of the treatment of athletes
with chronic jumper’s knee and Achilles
tendinitis: a randomized, double-blind, pla-
cebo-controlled study. Scand J Rheumatol
2004; 33: 94-101.

4. TAGNOCCO A, EPIS O, DELLE SEDIE A ef al.:
Ultrasound imaging for the rheumatologist.
XVII. Role of colour Doppler and power
Doppler. Clin Exp Rheumatol 2008; 26: 759-
62.

5. EPIS O, IAGNOCCO A, MEENAGH G et al.:
Ultrasound imaging for the rheumatologist.
XVI. Ultrasound-guided procedures. Clin
Exp Rheumatol 2008; 26: 515-8.

6. FILIPPUCCI E, MEENAGH G, EPIS O et al.:
Ultrasound imaging for the rheumatologist.
XIII. New trends. Three-dimensional ultra-
sonography. Clin Exp Rheumatol 2008; 26:
1-4.

7. FILIPPUCCI E, MEENAGH G, DELLE SEDIE A
et al.: Ultrasound imaging for the rheuma-
tologist XII. Ultrasound imaging in sports
medicine. Clin Exp Rheumatol 2007; 25:
806-9.

8. BREIDAHL WH, NEWMAN IS, TALJANOVIC
MS, ADLER RS: Power Doppler sonography
in the assessment of musculoskeletal fluid
collections. AJR Am J Roentgenol 1996; 166:
1443-6.

9. ALLEN GM, WILSON DJ: Ultrasound in sports
medicine-A critical evaluation. Eur J Radiol
2007; 62: 79-85.

10. CHRISTENSEN RA, VAN SONNENBERG E,
CASOLA G, WITTICH GR: Interventional
ultrasound in the musculoskeletal system.

112

11.

12.

13

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Radiol Clin North Am 1988; 26: 145-56.
BALINT PV, KANE D, STURROCK RD:
Modern patient management in rheumatol-
ogy: interventional musculoskeletal ultra-
sonography. Osteoarthritis Cartilage 2001;
9: 509-11.

OHBERG L, LORENTZON R, ALFREDSON H:
Neovascularisation in Achilles tendons with
painful tendinosis but not in normal tendons:
an ultrasonographic investigation. Knee Surg
Sports Traumatol Arthrosc 2001; 9: 233-8.

. NEWMAN JS, ADLER RS, BUDE RO, RUBIN

IM: Detection of soft-tissue hyperemia: val-
ue of power Doppler sonography. AJR Am J
Roentgenol 1994; 163: 385-9.
SZKUDLAREK M, NARVESTAD E, KLAR-
LUND M, COURT-PAYEN, THOMSEN HS,
OSTERGAARD M: Ultrasonography of the
metatarsophalangeal joints in rheumatoid ar-
thritis: comparison with magnetic resonance
imaging, conventional radiography, and clin-
ical examination. Arthritis Rheum 2004; 50:
2103-12.

TERSLEV L, TORP-PEDERSEN S, SAVNIK A et
al.: Doppler ultrasound and magnetic reso-
nance imaging of synovial inflammation of
the hand in rheumatoid arthritis: a compara-
tive study. Arthritis Rheum 2003 September;
48:2434-41.

TORP-PEDERSEN ST, TERSLEV L: Settings
and artefacts relevant in colour/power Dop-
pler ultrasound in rheumatology. Ann Rheum
Dis 2008 February; 67: 143-9.

. CA DOPPLER: Uber das farbige Licht der

Doppelsterne end einiger anderer Gerstirne
des Himmels. Abh Konigl-Bohm Ges 1843,
2: 465-82.

NOLSOE CP, LORENTZEN T: [Color Doppler
ultrasound. Principles, technique and clinical
use possibilities]. Ugeskr Laeger 1991; 153:
3549-53.

BURNS P: Interpreting and Analyzing the
Doppler Examination. /n: TAYLOR K, BURNS
P, WELLS P (Eds.) Clinical Applications of
Doppler Ultrasound. 2nd. ed. New York:
Raven Press Ltd; 1995. p. 55-98.

RUBIN JM, BUDE RO, CARSON PL, BREE RL,
ADLER RS: Power Doppler US: a potentially
useful alternative to mean frequency-based
color Doppler US. Radiology 1994; 190:
853-6.

WESKOTT HP: Amplitude Doppler US: slow
blood flow detection tested with a flow phan-
tom. Radiology 1997; 202: 125-30.
SKJOLDBYE B, NIELSEN AH, COURT-
PAYEN et al.: Perioperative Doppler ultra-
sonography: renal detection of renal graft
perfusion. Scand J Urol Nephrol 1998; 32:
345-9.

BURNS PN: Principles of Doppler and color
flow. Radiol Med (Torino) 1993; 85 (5 Suppl.
1): 3-16.

JANSSON T, PERSSON HW, LINDSTROM K:
Movement artefact suppression in blood per-
fusion measurements using a multifrequency
technique. Ultrasound Med Biol 2002; 28:
69-79.

RUBIN JM: Spectral Doppler US. Radio-
graphics 1994; 14: 139-50.

MARTINOLI C: Gain Setting in Power Dop-
pler. Radiology 1997; 202: 284-5.

KOENIG MIJ, TORP-PEDERSEN ST, CHRIS-



Doppler US in sports medicine / M.I. Boesen et al.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

TENSEN R et al.: Effect of knee position on
ultrasound Doppler findings in patients with
patellar tendon hyperaemia (jumper’s knee).
Ultraschall Med 2007; 28: 479-83.
ALFREDSON H, PIETILA T, JONSSON P,
LORENTZON R: Heavy-load eccentric calf
muscle training for the treatment of chronic
Achilles tendinosis. Am J Sports Med 1998;
26: 360-6.

POZNIAK MA, ZAGZEBSKI JA, SCANLAN
KA: Spectral and color Doppler artifacts.
Radiographics 1992; 12: 35-44.

NILSSON A: Artefacts in sonography and
Doppler. Eur Radiol 2001; 11: 1308-15.
ARNING C: Mirror image artifacts of color
Doppler images causing misinterpretation
in carotid artery stenoses. J Ultrasound Med
1998; 17: 683-6.

COOK JL, KISS ZS, PTASZNIK R, MALLIARAS
P: Is vascularity more evident after exercise?
Implications for tendon imaging. AJR Am J
Roentgenol 2005; 185: 1138-40.

BOESEN MI, KOENIG MJ, TORP-PEDERSEN
S, BLIDDAL H, LANGBERG H: Tendinopathy
and Doppler activity: The vascular response
of the Achilles tendon to exercise. Scand J
Med Sci Sports 2006.

OHBERG L, LORENTZON R, ALFREDSON H:
Neovascularisation in Achilles tendons with
painful tendinosis but not in normal tendons:
an ultrasonographic investigation. Knee Surg
Sports Traumatol Arthrosc 2001; 9: 233-8.
JOZSA L, KANNUS P: Human Tendons: Anat-
omy, Physiology, and Pathology. Campaign
ed. Huan Kinetics; 1997.

KANNUS P, JOZSA L: Histopathological
changes preceding spontaneous rupture of a
tendon. A controlled study of 891 patients. J
Bone Joint Surg Am 1991; 73: 1507-25.
FORSGREN S, DANIELSON P, ALFREDSON H:
Vascular NK-1 receptor occurrence in nor-
mal and chronic painful Achilles and patel-
lar tendons: studies on chemically unfixed as
well as fixed specimens. Regul Pept 2005;
126: 173-81.

ALFREDSON H, OHBERG L, FORSGREN S:
Is vasculo-neural ingrowth the cause of pain
in chronic Achilles tendinosis? An investiga-
tion using ultrasonography and colour Dop-
pler, immunohistochemistry, and diagnostic
injections. Knee Surg Sports Traumatol
Arthrosc 2003; 11: 334-8.

ALFREDSON H, FORSGREN S, THORSEN K,
FAHLSTROM M, JOHANSSON H, LORENT-
ZON R: Glutamate NMDARI receptors lo-
calised to nerves in human Achilles tendons.
Implications for treatment? Knee Surg Sports
Traumatol Arthrosc 2001; 9: 123-6.

BOESEN MI, BOESEN A, KOENIG MJ, BLID-
DAL H, TORP-PEDERSEN S: Ultrasonographic
Investigation of the Achilles Tendon in Elite
Badminton Players Using Color Doppler. Am
J Sports Med 2006; 34: 2013-21.

LIND B, OHBERG L, ALFREDSON H: Sclero-
sing polidocanol injections in mid-portion
Achilles tendinosis: remaining good clinical

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

results and decreased tendon thickness at 2-
year follow-up. Knee Surg Sports Traumatol
Arthrosc 2006; 14: 1327-32.

ALFREDSON H, OHBERG L: Sclerosing injec-
tions to areas of neo-vascularisation reduce
pain in chronic Achilles tendinopathy: a dou-
ble-blind randomised controlled trial. Knee
Surg Sports Traumatol Arthrosc 2005; 13:
338-44.

PEERS KH, BRYS PP, LYSENS RJ: Correlation
between power Doppler ultrasonography and
clinical severity in Achilles tendinopathy. Int
Orthop 2003; 27: 180-3.

REITER M, ULREICH N, DIRISAMER A,
TSCHOLAKOFF D, BUCEK RA: Colour and
power Doppler sonography in symptomatic
Achilles tendon disease. Int J Sports Med
2004; 25: 301-5.

ZANETTI M, METZDORF A, KUNDERT HP et
al.: Achilles tendons: clinical relevance of
neovascularization diagnosed with power
Doppler US. Radiology 2003; 227: 556-60.
KHAN KM, FORSTER BB, ROBINSON J et al.:
Are ultrasound and magnetic resonance im-
aging of value in assessment of Achilles ten-
don disorders? A two year prospective study.
Br J Sports Med 2003; 37: 149-53.
QVISTGAARD E, ROGIND H, TORP-PEDER-
SEN S, TERSLEV L, DANNESKIOLD-SAMSOE
B, BLIDDAL H: Quantitative ultrasonography
in rtheumatoid arthritis: evaluation of inflam-
mation by Doppler technique. Ann Rheum
Dis 2001; 60: 690-3.

TERSLEV L, QVISTGAARD E, TORP-PEDER-
SEN S, LAETGAARD J, DANNESKIOLD-SAM-
SOE B, BLIDDAL H: Ultrasound and Power
Doppler findings in jumper’s knee - prelimi-
nary observations. Eur J Ultrasound 2001;
13:183-9.

COOK JL, PTAZSNIK R, KISS ZS, MALLIARAS
P, MORRIS ME, DE LUCA J: High reproduc-
ibility of patellar tendon vascularity assessed
by colour Doppler ultrasonography: a relia-
ble measurement tool for quantifying tendon
pathology. Br J Sports Med 2005; 39: 700-3.
TERSLEV L, TORP-PEDERSEN S, QVIST-
GAARD E, BLIDDAL H: Spectral Doppler and
resistive index. Acta Radiol 2003; 44: 645-
52.

TORP-PEDERSEN T, TORP-PEDERSEN S,
BLIDDAL H: Diagnostic value of ultrasonog-
raphy in epicondylitis. Ann Intern Med 2002;
136: 781-2.

NEWMAN JS, LAING TJ, MCCARTHY CJ,
ADLER RS: Power Doppler sonography of
synovitis: assessment of therapeutic re-
sponse--preliminary observations. Radiology
1996; 198: 582-4.

ALFREDSON H, OHBERG L: Neovascularisa-
tion in chronic painful patellar tendinosis-
promising results after sclerosing neovessels
outside the tendon challenge the need for sur-
gery. Knee Surg Sports Traumatol Arthrosc
2005; 13: 74-80.

ALFREDSON H, HARSTAD H, HAUGEN S, OH-
BERG L: Sclerosing polidocanol injections to

113

REVIEW

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

treat chronic painful shoulder impingement
syndrome-results of a two-centre collabora-
tive pilot study. Knee Surg Sports Traumatol
Arthrosc 2006; 14: 1321-6.

ZEISIG E, OHBERG L, ALFREDSON H: Sclero-
sing polidocanol injections in chronic pain-
ful tennis elbow-promising results in a pilot
study. Knee Surg Sports Traumatol Arthrosc
2006; 14: 1218-24.

PEACE KA, LEE JC, HEALY J: Imaging the
infrapatellar tendon in the elite athlete. Clin
Radiol 2006 July; 61: 570-8.

BOESEN MI, TORP-PEDERSEN S, KOENIG MJ
et al.: Ultrasound guided electro-coagula-
tion in patients with chronic non-insertional
Achilles tendinopathy: a pilot study. Br J
Sports Med 2006; 40: 761-6.

ANDERSSON G, DANIELSON P, ALFREDSON
H, FORSGREN S: Nerve-related characteris-
tics of ventral paratendinous tissue in chronic
Achilles tendinosis. Knee Surg Sports Trau-
matol Arthrosc 2007 June 29.

GRASSI W, FILIPPUCCI E: Ultrasonography
and the rheumatologist. Curr Opin Rheuma-
tol 2007; 19: 55-60.

CHIOU HJ, CHOU YH, WU IJ et al.: The role of
high-resolution ultrasonography in manage-
ment of calcific tendonitis of the rotator cuff.
Ultrasound Med Biol 2001; 27: 735-43.
WALTHER M, RADKE S, KIRSCHNER S, ETTL
V, GOHLKE F: Power Doppler findings in
plantar fasciitis. Ultrasound Med Biol 2004;
30: 435-40.

BODNER G, STOCKL B, FIERLINGER A,
SCHOCKE M, BERNATHOVA M: Sonographic
findings in stress fractures of the lower limb:
preliminary findings. Eur Radiol 2005; 15:
356-9.

ALFREDSON H, LORENTZON R: Sclerosing
polidocanol injections of small vessels to
treat the chronic painful tendon. Cardiovasc
Hematol Agents Med Chem 2007; 5: 97-100.
JAMES SL, ALI K, POCOCK C et al.: Ultra-
sound guided dry needling and autologous
blood injection for patellar tendinosis *Com-
mentary. Br J Sports Med 2007; 41: 518-21.
SURESH SP, ALI KE, JONES H, CONNELL DA:
Medial epicondylitis: is ultrasound guided
autologous blood injection an effective treat-
ment? Br J Sports Med 2006; 40: 935-9.
CONNELL DA, ALI KE, AHMAD M, LAMBERT
S, CORBETT S, CURTIS M: Ultrasound-guided
autologous blood injection for tennis elbow.
Skeletal Radiol 2006; 35: 371-7.

KOENIG MIJ, TORP-PEDERSEN S, QVIST-
GAARD E, TERSLEV L, BLIDDAL H: Pre-
liminary results of colour Doppler-guided
intratendinous glucocorticoid injection for
Achilles tendonitis in five patients. Scand J
Med Sci Sports 2004; 14: 100-6.
ALFREDSON H, OHBERG L: Increased intra-
tendinous vascularity in the early period af-
ter sclerosing injection treatment in Achilles
tendinosis: a healing response? Knee Surg
Sports Traumatol Arthrosc 2006; 14: 399-
401.



