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Doppler Imaging and Histology of the Synovium
To the Editor:
It is possible to examine the inflammation of a joint, bursa, or tendon area
with ultrasonography (US) using greyscale or Doppler imaging1. The
detection of perfusion in synovium is a relatively new phenomenon in
rheumatology and the detection of a Doppler signal in the synovium is also
thought to reflect the inflammatory state2. Rheumatoid synovium is imaged
by using color Doppler or power Doppler modes. The latter is thought to
be better suited for depicting slow flows3, although there is an article in the
literature showing no big difference between these modes4.
The aim of this report is to consider what a positive or negative power
Doppler signal in the synovium means, especially in terms of histological
data. And as well, to raise a question: have we thought too much of anatomy, i.e., the number of vessels (angiogenesis) in Doppler imaging, instead
of explaining the existence or absence of Doppler signal with changes of
flow (perfusion) in healthy and diseased synovium?
In the rheumatoid synovium the thickness of synovial lining hyperplasia, number of vessels, and stage of inflammation of the synovium correlate positively with each other, and the number of vessels is increased5. The
question is whether the angiogenesis of the synovitis is the cause or consequence (“chicken or egg”)6. Another study with 44 synovial biopsies in
patients with inflammatory joint diseases also showed that the number of
vessels correlated positively with the inflammatory state of the synovium
r = 0.629, p < 0.01; this statistic was not shown in the original report)7.
However, the number of vessels did not correlate with the amount of
Doppler signal. This was surprising, and so was the finding that the amount
of Doppler signal and the histological score of synovitis did not correlate
statistically in any significant way. However, when there was a Doppler
signal in the synovium there was always a histological inflammation or a
related condition in a joint of a patient with clinically suspected synovitis.
This study was carried out by a sonographer and 17 video readers of the
cases, none of whom determined a positive correlation with the histological inflammation of the synovium8. Further, it was noted that the existence
of Doppler signal in the synovium was not specific for inflammation. Other
phenomena, such as forming fibrosis, could also give a positive Doppler
signal in the synovium. Indeed, Walther, et al have pointed out in their 2
reports that there was a positive correlation between the number of vessels
and amount of Doppler signal9,10. Unfortunately, they did not report the
inflammatory stage of the synovium. They had 28 patients with osteoarthritis and only 19 patients with rheumatoid arthritis9,10. A fourth report on the
relationship between Doppler imaging and histology showed no positive
correlation between the number of synovial vessels and amount of Doppler
signal4. The vascular endothelial growth factor could also be assumed to
correlate positively with the amount of Doppler signal, but this was not the
case in 1 study11. But why does the amount of Doppler signal not seem necessarily to correlate positively with the number of synovial vessels and the
stage of histological inflammation in all the studies?
The amount of Doppler signal does not correlate with the number of
synovial vessels but it does correlate with the perfusion, i.e., the stage of
congestion (hyperemia) in the tissue (hypothesis). Doppler imaging is
physics. The regulation of synovial perfusion is largely unknown. Strong
perfusion (i.e., Doppler signal) seems to stand in relation with the acute
phase of chronic joint inflammation or other factors such as overuse in
healthy persons. Thus clinical arthritis (swelling, tenderness, heat) and the
amount of Doppler signal correlate positively12. We also found that the
Doppler signal and polymorphonuclear leukocytes, as well as the amount
of fibrin, had a positive correlation8. A change in perfusion explains why
cooling a joint diminishes the amount of Doppler signal13, and why
Doppler signal appears in the Achilles tendon in a healthy person after running exercise14. If a glucocorticoid injection is given into a joint with
Doppler signal, the signal diminishes in a few days15. Have the vessels
decreased so rapidly? Hardly. It must be the decrease of perfusion that matters. In the evaluation of a synovial Doppler signal one must take into
account the settings of the equipment and the “blooming phenomenon” that

exaggerates perfusion16. US is an observer-dependent investigation,
although relatively good results concerning the evaluation of Doppler signal have been obtained in reliability studies8,17,18,19.
US can show a negative Doppler signal in histologically confirmed
chronic synovitis7. There are several reasons for the absence of the Doppler
signal in a rheumatoid joint. The acquisition of the image is important. The
scanning planes and the position of the joint may influence the results.
Excessive pressure on the probe by the sonographer20 or internal pressure
in a very full joint can stop the flow. The settings of the US equipment are
complicated and must be done so that the device reveals the slowest possible flows16. We have used a flow “phantom” to examine a variety of US
instruments and noticed that different instruments show slow flows differently. Even different probes of the same instrument can give different
results7 (unpublished data).
We know from histological research on chronic synovitis that there are
more vessels per joint than in a healthy joint, but the vessels are in fact less
dense and are located deeper21. Although the vessels are more dense in a
healthy joint, we see perfusion with Doppler US less often22. In a resting
normal joint there is no physiological demand for hyperperfusion. There is
a disproportion in the chronic synovial tissue between the need for oxygen
and the amount of tissue23. Thus, in some chronic cases a negative Doppler
signal could be explained by the extreme hypoperfusion (vita minima). It
has been shown that a very early phase of rheumatoid synovitis exhibits
histological inflammation but not yet vascular proliferation24. The Doppler
signal is also negative with early septic arthritis25. Intravenous microbubble contrast agents have been found to improve the detection of intraarticular vascularization in the finger joints in healthy as well as diseased
joints26,27. Three-dimensional US imaging shows more Doppler signal
than 2-dimensional imaging28.
The existence or nonexistence of Doppler signal in the synovium is
inevitably a complicated issue. In light of present knowledge it is hard to
say that the amount of Doppler signal correlates with the activity of histological synovitis. In other words, an estimation of the inflammatory stage
using only the Doppler imaging mode (as nonexistent, mild, moderate, or
severe) can be misleading. Detection of Doppler signal in the synovium of
a patient is, however, a useful sign because it shows that the patient has
some sort of an inflammation (when rare cases such as tumors have been
excluded). A positive Doppler signal in the synovium may also enable a
prediction of outcome29,30,31, and a diminishing Doppler signal correlates
with other markers of healing32. Doppler signal in the synovium is not specific for inflammation. It can also be found in other situations, such as
forming fibrosis, as well as in a healthy synovium.
The goal of current treatment of rheumatoid arthritis is remission33.
The lack of Doppler signal in the synovium of a patient does not guarantee
that there is no inflammation. In “sonographic remission,” greyscale findings should be normal. We need more research to understand the relationship between the histological inflammation and Doppler signal in the synovium. Perhaps we have concentrated too much on anatomy, i.e., the number of vessels (angiogenesis) in Doppler imaging. Moreover, the regulation
of synovial perfusion in relation to Doppler signal deserves attention.
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