
Introduction

Musculoskeletal applications of ultrasound imaging are
one of the most rapidly growing areas of ultrasonogra-
phy. Because they are superficial structures, muscles
and tendons are almost perfect targets for ultrasound
imaging. Furthermore, because inflammatory changes
are frequently associated with increased blood flow, a
sensitive blood-flow monitor, such as power Doppler,
could be very useful in these cases, particularly since
the grayscale changes associated with inflammation are
non-specific. Recent literature appears to support this
notion.

Assessment of musculoskeletal inflammation

In a study by Newman et al. [1] 23 patients with focal
musculoskeletal symptoms were scanned in grayscale
and power Doppler. Fourteen patients with shoulder
pain made up the largest cohort. Increased blood flow
subjectively by power Doppler was seen in 22 of the 23
patients (Fig. 1). The single patient without increased
flow had a normal sterile hip effusion. The conclusion
was that power Doppler could offer additional informa-
tion regarding inflammatory conditions particularly
when grayscale is non-specific.

Similar techniques can be used for fluid collections
[2]. It would be very helpful to know whether joint effu-
sions or soft tissue fluid collections are inflamed or not.
Such a distinction would be very useful. Four grades of
blood flow were subjectively evaluated. Of the 36 col-
lections with moderate to increased blood flow, 35 had
an inflammatory or neoplastic etiology. Of the seven ef-
fusions or fluid collections without significant increase
in signal, there was no inflammatory component. Gray-
scale imaging proved neither sensitive nor specific for
acute inflammation (sensitivity 79%, specificity 62%;
Figs. 2, 3).

One issue that arose here, and needed to be ad-
dressed throughout all these studies, is the gain setting
for the measurements. The classic teaching of setting
the gain at the noise floor may not apply because of the
strong bone surface specular reflector [3]. Phase jitter
artifact which is enhanced in power Doppler, and the
non-zero possibility that signal will appear in the noise,
makes the spurious imaging of flow in the underlying
bone possible. Because of this, the gain threshold is set
such that there is no observed signal in the bone [3].

Therapy monitoring

Although it appears that power Doppler can prelimi-
narily detect disease, an area of some interest would be
the ability to monitor the progression of therapy. There
is preliminary evidence that that is in fact the case [4].
In eight knees in seven patients with inflammatory ar-
thritis with knee pain, there was a measurable decrease
in synovial blood flow in seven knees after joint aspira-
tion and steroid injection intra-articularly. These results
corresponded very well with symptomatic relief. In five
patients the contralateral asymptomatic knee showed
no changes in interval scanning; thus, there seems to be
the potential for power Doppler to monitor therapy of
inflammatory arthritis (Fig. 4).

Other applications of musculoskeletal power Doppler

Blood-flow monitoring in other soft tissue abnormali-
ties has also been evaluated. In reflex sympathetic dys-
trophy of the lower extremity, a syndrome arising fre-
quently following surgery or injury to a limb, there is a
painful disorder of hyperesthesia, skin-color changes,
local warmth, swelling, and decreased range of motion.
In these cases power Doppler is able to distinguish flow
changes in the dorsum of the foot [5]. In 30 patients
and 26 asymptomatic controls, there was a significant in-
crease in the abnormal vs the normal feet (p < 0.005).
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The side-by-side comparison of feet showed a trend, but
no significant difference between sides (p < 0.20). Pow-
er Doppler has also proven useful in imaging for postop-
erative patency of vascular anastomoses in microsurgi-
cal tissue transfers [6].

The enthusiasm displayed in the aforementioned two
studies has not held up uniformly. An issue of some im-
portance is distinguishing transient synovitis from infec-
tious hip effusions in children. The consequences of an
incorrect diagnosis include permanent disability and a
life-long hip deformity [7]. The clinical differentiation
between the two conditions in young children can be
difficult, and the diagnosis may require hip aspiration
in all cases [8]. For the same reasons, the power Doppler
detection of increased blood flow would serve as a use-
ful adjunct for distinguishing infected from sterile effu-
sions. Hopefully, the method would make tapping cer-
tain effusions unnecessary. Unfortunately, power Dop-
pler did not prove sensitive enough to discriminate be-
tween infected and non-infected hips. All of the tran-
sient synovitis cases did not have increased flow com-
pared with the opposite hip; however, only, at most, 3
of 11 proven cases of septic arthritis had increased flow
compared with the opposite side [7].

There are still applications for power Doppler in pe-
diatric hip imaging, however. There are definite reasons
why imaging blood flow to the femoral head is desirable.
A particularly valuable application is in monitoring
blood flow in the severe abduction and flexion of the
hip for therapy of hip dysplasias [9]. If the hip is abduct-
ed too far, blood flow can be cut off causing avascular
necrosis of the femoral head. Power Doppler can be
used to monitor flow in the medial circumflex artery
and its branches. These are the main vascular supplies
to the femoral head.

It was discovered that in 11 of 13 normal neonate
studies, there was an abduction angle beyond which
flow disappeared with loss of standard spectral Doppler
signals. The angle varied between 60 and 85�, and flow
returned immediately after decreasing the angle be-
neath that limit. The presumption is that if these pati-
ents had required therapy for hip dysplasia, they would
have been at risk for avascular necrosis if abducted too
far. In addition, the normal spectra in the femoral heads
of neonates have now been characterized [10]. Unlike in
adult limbs, the normal mean resistive index (RI) is
48%, and hopefully this number could be used to evalu-
ate external compression of the arterial supply based on
increasing RI. The vessels were identified and docu-
mented using power Doppler.

Blood-flow quantification

More quantitative assessment of blood flow in extremi-
ties is also possible. With the use of fractional blood-vol-
ume estimates [11], estimates of the amount of moving
blood in tissue before and after an intervention can be
made. One application is to assess increases in blood
flow after exercise (Fig. 5) [12]. The effectiveness of an
exercise regimen in a quantitative way could then be

evaluated. Ten volunteers performed a programmed se-
ries of curls with power Doppler scan before and after
exercise. Fractional blood-volume estimates were also
made. Qualitative assessments of increased blood flow
after exercise were highly significant (p < 0.0005), and
fractional blood-volume estimates were also significant-
ly increased (p < 0.01) with a mean increase of 470 %.

In addition, we recently performed a preliminary
study of skin heating in six normal volunteers in which
skin temperature was elevated to 38, 40, and 42 �C on
three separate occasions in random sequences. The is-
sue being tested was whether skin heating could induce
increase blood flow in the underlying muscle. This sug-
gests a physiologic basis for heat application as a means
of relieving muscle pain by heating. A heating blanket
set at the desired temperature was placed over the sub-
ject's upper back, and scanning was performed in power
Doppler mode before, during, and 30 min after heating
at the desired temperature. The operator was blinded
to the applied temperature in each case. The blood
flow in the underlying trapezius muscle was measured
at 18 different sites, and compared with the preheating
blood flow at the same sites. Using a general linearized
statistical model without carry-over effects, there was a
significant increase in the amount of flow in the trapezi-
us muscle (p < 0.015). These preliminary data suggest
that real blood-flow increases in underlying muscle do
occur with skin heating at the aforementioned tempera-
tures.
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VFig.1. Acute supraspinatis tendonitis with increased flow in ten-
don on power Doppler

Fig.2. Lateral epicondyle of the left elbow in patient with acute
gout. Marked inflammation is demonstrated on power Doppler

Fig.3a, b. Transverse scan of the dorsal left wrist showing a septic
tenosynovitis secondary to staphylococcus. a Grayscale image
shows an inflamed tendon with a hypoechoic cleft (arrow) through
it and fluid around it. b Power Doppler image shows that the cleft
and much of the presumed fluid actually represents enlarged blood
vessels secondary to the inflammation

Fig.4a, b. Left shoulder septic bursitis. a Initial ultrasound scan
shows fluid (F) in the bursa and large amount of flow on power
Doppler. The white blood cell count was 100,000. b Repeat scan
1 month later after surgical debridement and antibiotic therapy
shows residual fluid (F) with definitely less flow. Symptoms had
improved

Fig.5a, b. Muscle blood flow pre- and post exercise. a Pre-exercise
scan shows blood flow in the biceps muscle. b Post-exercise scan
shows dramatically increase, almost by a factor of four, in blood
volume in the muscle. The settings in both scans are the same
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