
Abstract Sclerosing polidocanol injections targeting

the area with neovessels (vascularity) have been dem-

onstrated to give promising clinical results in patients

with chronic painful Achilles and patellar tendinosis.

Recently, we demonstrated vascularity in the extensor

origin in patients with chronic painful tennis elbow, but

not in controls with pain-free elbows. In this pilot

study, 11 patients (four men and seven women, mean

age 46 years) with the diagnosis of tennis elbow in

altogether 13 elbows, were included. All patients had a

long duration of pain symptoms (mean 23 months),

and ultrasonography (US) + colour Doppler (CD)

examination showed structural tendon changes with

hypo-echoic areas, and a vascularity, corresponding to

the painful area in the extensor origin. All patients

were treated with US- and CD-guided injections of the

sclerosing substance polidocanol, targeting the area

with vascularity. At 8-month follow-up after treatment,

there was a good clinical result in 11/13 elbows.

Extensor origin pain during wrist loading activities

(recorded on a VAS-scale) was significantly reduced

(mean VAS from 75 to 34; P < 0.003), and maximal grip

strength was significantly increased (from 29 to 40 kg;

P < 0.025). Our findings indicate that one treatment

with sclerosing polidocanol injections, targeting the

area with vascularity in the extensor origin, has a po-

tential to reduce the tendon pain and increase grip

strength, in patients with chronic painful tennis elbow.
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Introduction

Chronic pain in the extensor origin of the elbow, often

called tennis elbow or extensor carpi radialis brevis

(ECRB) tendinosis, is well known to be a troublesome

condition to treat. The aetiology and pathogenesis are

unknown, but the general agreement is that there is an

involvement of overload, and that the ECRB muscle

plays a central role [10, 13, 14, 18, 23]. Histological

studies of biopsies from patients with tennis elbow

have reported findings, such as microrupture [10],

granulation tissue [14], and degenerative changes

without signs of inflammation [20, 23], in the ECRB

tendon.

The reason for pain in this condition has not been

clarified. Studies using microdialysis technique and

biopsies have shown that there were no signs of a

prostaglandin-mediated inflammation (normal prosta-

glandin E2 levels [1]) and no inflammatory cell infil-

trates [19]. Studies illuminating the innervation of the

tendon (the ECRB-muscle origin) demonstrated a

sensory innervation with nerve fibres showing SP

(substance P) and CGRB (calcitonin gene-related

peptide)-like immunoreactivity restricted to a sub-
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population of small blood vessels [19]. In recent studies

on other chronic painful tendinosis tendons, an area

with neovessels [9] and nerves in close relation to the

tendon changes was shown to be associated with ten-

don pain [2]. Treatment with US- and CD-guided

injections of the sclerosing substance polidocanol, tar-

geting the area with neovessels, reduced the pain in the

majority of patients with chronic painful Achilles and

patellar tendinosis [3, 4, 21, 22]. Altogether, these

findings indicate that the area with neovessels and

nerves might be of significant importance and possibly

the source of pain. In a recent study, we have dem-

onstrated increased vascularity in the extensor origin in

patients with chronic painful tennis elbow, but not in

controls with pain-free elbows [25].

A number of different treatments are being used to

treat tennis elbow. Physiotherapy containing exercises

for stretching and eccentric training [6], medication

like NSAIDs (locally and systemically administrated)

[15], injection therapy (corticosteroids, botulinum

toxin) [5, 16], modalities like acupuncture and ultra-

sound [6], and surgical procedures (lengthening of the

tendon, partial or total release of the extensor origin)

[8], are being used. However, there is no golden stan-

dard for treatment.

We hypothesise that sclerosing the area with vessels

and nerves in the extensor origin would reduce the pain

during activity in patients with chronic (> 3 months)

painful tennis elbow. The aim of this study was to

investigate whether treatment with US- and CD-guided

injections of the sclerosing substance polidocanol, tar-

geting the area with vascularity in the extensor origin,

would reduce the extensor origin pain.

Materials and methods

All patients were referred to the Sports Medicine Unit

for evaluation and treatment.

Eleven patients (four men and seven women, mean

age 46 years, range 33–63) with a long duration (mean

23 months, range 4–102) of pain symptoms from alto-

gether 13 elbow extensor origins, diagnosed as tennis

elbow, were included.

Altogether 28 patients were referred for evaluation.

In 11/28 patients (13 elbows), the diagnosis of tennis

elbow was given and included in the study. Nine pa-

tients had other diagnoses, two patients had been sur-

gically treated and six patients were pain-free, and

were excluded. The nine patients with other diagnoses

had arthritis (1), synovitis of the proximal radio-ulnar

joint (1), entrapment of the radial nerve (2),

generalised pain-syndrome (2) and radiculopathy from

the cervical spine (2).

Clinically, all included patients had tenderness in the

extensor muscle origin, and pain was elicited from this

region by forced extension of the wrist joint.

All patients had pain symptoms during their work,

and one patient was at home with a newly born child.

Previous treatment included the following: cortisone

injection (n = 7), NSAIDs (n = 11), acupuncture

(n = 2), strength training (n = 5), stretching (n = 5),

orthotic device (n = 5), and ultrasound (n = 2). Ten

patients had tried pharmacological treatment (anti-

inflammatory). Seven patients had tried one or more

different physiotherapy treatments. One patient had

no previous treatment.

Grey-scale ultrasonography

The same experienced radiologist (L.Ö.) performed all

ultrasonographic investigations. Ultrasound was per-

formed with a linear transducer (Acuson Sequoia 512)

with 8–13 MHz frequency. The examinations were

carried out in sitting position, with the arm resting on a

table, having 70–80� of elbow flexion, and pronated

wrist (Fig. 1). The extensor origin was examined in

longitudinal and transverse planes. To minimize arte-

facts, it was important to examine the tendons parallel

with the fibres in the longitudinal plane, and perpen-

dicular in the transversal plane. Both sides were always

examined in the same manner.

Colour Doppler examination

Colour Doppler (CD) is a sonographic method to study

blood flow in the human body. In our study, we used

Fig. 1 Ultrasound and colour Doppler examination of the
extensor origin at the elbow
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the CD velocity (CDV) technique, where the colour of

the flow indicated direction and velocity of the blood

flow. The technique does not allow for registration of

the normal circulation of the tendon, because of the

relatively low blood flow in the tendon. Only high flow

rates can be registered. The CD examination was

performed without a stand off pad to maximize the

sensitivity of the system. Both arterial and venous

blood flow was registered, but no absolute velocity data

were registered. The Doppler registration was carried

out in rest.

All CD examinations were done by the same expe-

rienced musculoskeletal radiologist (L. Ö.). There is no

reliable method to calculate vascularity in tendons.

Instead, the same radiologist (L.Ö) estimated the vas-

cularity in the extensor origin as (0), (1+), and (2++),

according to the appearance of vessels inside the ten-

dons. When there were no visible vessels the estima-

tion was (0). When there were one or two small vessels,

the estimation was (1+). When there were several

vessels the estimation was (2++).

Treatment injection of the sclerosing substance

polidocanol

The substance polidocanol (10 mg/ml) was used as

sclerosing agent. The active substance is an aliphatic

non-ionised nitrogen-free surface anaesthetic. Before

the treatment, the skin was washed with a solution of

chlorhexidine and alcohol. The patients were sitting

with the arm resting on a table, having 70–80� of elbow

flexion, and pronated wrist (Fig. 1). The injection

procedure was performed from the lateral side (Fig. 2).

Injection was performed with a 0.7 · 50 mm2 needle,

connected to a 2-ml syringe and the polidocanol

injections targeted the vessels inside the extensor ori-

gin of the elbow. The injection was performed

dynamically, with the aid of linear high-resolution

ultrasonography (US) and CD, in order to inject poli-

docanol into or close to the vessels. The ultrasound

probe was positioned at the lateral epicondyle and

along the tendon, parallel with the fibres. When the tip

of the needle was positioned correctly, a small amount

of polidocanol was injected in fractions until all vessels

were closed. Altogether, 0.4–1.0 ml was injected. It was

possible to observe the immediate effect of the injec-

tion. If the position of the needle was correct (inside or

very close to the vessels), the circulation in the target

vessels stopped instantly. The injections against the

vessels continued until the circulation had stopped in

all the vessels in the region with structural tendon

changes (Fig. 3a, b).

The first day after injection, the patients were al-

lowed to continue their normal daily activities without

restrictions. No sick leave was instituted because of the

treatment.

Outcome measures

At baseline and at follow-ups, we assessed patient’s

extensor origin pain during wrist activity. Using a vi-

sual analogue scale (VAS) for pain, the patients re-

corded the amount of pain during wrist activity, on a

100-mm-long scale. The amount of pain was recorded

from 0 to 100 mm, where no pain is recorded as 0 and

severe pain as 100.

Patient’s satisfaction with treatment was also re-

corded on a 100-mm-long scale, evaluating from 0 to

100% how satisfied the patients were with the result of

the treatment.

Results were evaluated before and after treatment.

Maximal voluntary grip strength was evaluated by

using a hydraulic hand dynamometer (FEI Irvington,

NY, USA). During the dynamometer test, the arm was

held in the horizontal plane, with the elbow straight,

and with the wrist in neutral position [11]. Maximal

grip strength was measured three times, and the high-

est value was used for the statistical analyses.

At study entry and at follow-ups, the same experi-

enced radiologist (L.Ö) estimated vascularity in the

extensor origin (see Materials and methods).

Ethics

The study was approved by the ethical Committee of

the Medical Faculty, University of Umeå, Sweden.
Fig 2 The sclerosing injection procedure. Note the position of
the probe. The injection is done from the lateral side
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Statistics

The Wilcoxon signed rank test was used to study the

differences in extensor origin pain during wrist activity,

recorded by the patients on a VAS, before and after

treatment.

The Wilcoxon signed rank test was used to study

differences in maximal grip strength, before and after

treatment.

A P value < 0.05 was considered significant.

Results

In Table 1, basic characteristics and patient’s individ-

ual values are shown. In Table 2, all results are sum-

marized.

Before treatment

Patient evaluation of extensor origin pain during wrist

activity: The mean VAS before treatment was 75

(range 26–100).

Maximal grip strength: The maximal grip strength

(mean) before treatment was 32 kg (range 10–54).

US and CD findings: In all patients, US showed an

irregular fibre structure and focal hypo-echoic areas in

the extensor origin. CD showed several (2++) vessels

in ten extensor origins and a few (1+) vessels in three

extensor origins.

Three-month follow-up

One patient (one tendon) did not participate in the 3-

month follow-up because she had moved to the

southern part of Sweden.

Patient’s evaluation of extensor origin pain during

wrist activity: At the 3-month follow-up, the mean VAS

had decreased significantly (P < 0.013) from 75 to 47.

Maximal grip strength: At the 3-month follow-up,

there was a significant increase (P < 0.036) in the

maximal grip strength (mean) from 32 (range 10–54) to

38 kg (12–62).

Patient satisfaction with the result of treatment: At

the 3-month follow-up, three patients (three tendons)

were not satisfied at all with the result of the treatment.

Patient satisfaction with treatment was 66% (mean)

(range 31–99%).

US and CD findings: At the 3-month follow-up, US

showed remaining structural abnormalities in all

extensor origins. CD showed several remaining vessels

(2++) in three tendons, and a few remaining vessels

(1+) in five patients. In four tendons, there was no (0)

remaining vascularity.

Eight-month follow-up

Two patients (three tendons) did not participate in the

grip strength test and US + CD examination because

they had moved to the southern part of Sweden, and

one patient (one tendon) did not want to participate.

Their VAS evaluating extensor origin pain during wrist

activity, and patient satisfaction with treatment, was

collected by ordinary mail.

Patient evaluation of extensor origin pain during

wrist activity: At the 8-month follow-up, the mean VAS

had decreased significantly (P < 0.003) from 75–34.

Maximal grip strength: At the 8-month follow-up,

there was a significant increase (P < 0.025) in the

maximal grip strength (mean): from 29 at baseline

(range 10–54) to 40 kg (range 20–64).

Patient satisfaction with the result of treatment: At the

8-month follow-up, two patients (two tendons) were not

satisfied at all with the result of treatment, while the

other patients were satisfied. Patient satisfaction with

treatment was 83% (mean) (range 59–100).

US and CD findings: At the 8-month follow-up, US

showed remaining structural abnormalities in all nine

Fig. 3 Grey-scale ultrasonography and colour Doppler exami-
nation (a longitudinal view) of the extensor origin in a patient
with tennis elbow. The affected area of the tendon is thick,
irregular and echo poor. a Before sclerosing therapy. There is a

vascularity inside the area with tendon changes. b Immediately
after sclerosing therapy. Note tip of the needle (arrow). There is
no remaining vascularity
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tendons that were examined. CD showed several (2++)

remaining vessels in three tendons, and a few (1+)

remaining vessels in five tendons. In one tendon, there

was no (0) remaining vascularity.

Complications

There were no complications related to the treatment.

Four patients complained of having severe pain in

the extensor origin and stiffness in the elbow during

the first week after injection.

Discussion

The principal findings of the present study were that

treatment with sclerosing polidocanol injections (tar-

geting the area with vascularity in the extensor origin)

showed significantly reduced elbow pain during wrist

activity and increased maximal grip strength, in the

majority of the patients. We believe that the area with

vascularity in the extensor origin is of significant

importance for the pain in this condition.

Tennis elbow is well known to be difficult to treat,

and a possible reason might be that there is sparse

knowledge about where the pain comes from in this

condition. There are many theories, but the reason for

the pain has not been fully clarified [17]. It has been

suggested that increased vascularity in the extensor

origin is a sign of an on-going inflammation [24].

However, using intra-tendinous microdialysis tech-

nique, our group demonstrated that in the ECRB

tendons from patients with tennis elbow, there were

not significantly higher concentrations of PGE2

Table 1 Sclerosing therapy in 11 patients (13 tendons) with tennis elbow

Gender/age Duration (months) Vascularity VAS (mm) Maximum grip
strength (kg)

Satisfied (%) Occupation

Before After Before After Before After

Female/43 10 2++ 2++ 100 35 34 34 13 Nurse
Female/33 18 2++ 1+ 96 72 34 41 98 Parental leave
Male/36 9 2++ 1+ 87 1 38 64 77 Mechanic
Female/35 5 1+ a 76 49 36 a 74 Industrial worker
Male/37 24 2++ 0 79 24 17 50 59 Porter
Female/61 4 2++ 1+ 74 0 10 20 100 Office worker
Female/54 36 1+ 1+ 68 74 12 20 0 Retail dealer
Male/45 16 2++ 2++ 89 63 26 40 68 Office worker
Male/51 16 2++ 2++ 76 24 54 55 94 Industrial worker
Female/63 54 1+ b 26 30 32 b 70 Nurse
Female/35 7 2++ a 65 49 30 a 79 Industrial worker
Male/36 4 2++ a 54 1 54 a 99 Mechanic
Female/49 102 2++ 1+ 78 17 38 36 90 Teacher

Duration of symptoms in months. Occurrence of vascularity registered with colour Doppler ultrasound (estimated as 0, 1+ or 2++).
VAS-score (0–100 mm) where the patients evaluated the amount of extensor origin pain during tendon-loading activity. Maximum grip
strength (kg) estimated with a hand dynamometer. Patient satisfaction with treatment recorded on a 100-mm-long scale (%)
a Did not participate because they had moved to southern part of the country
b Did not want to participate

Table 2 Results before
treatment and at follow-ups at
3 and 8 months

Note that all patients were
not followed by clinical
examination

Before treatment 3-month follow-up 8-month follow-up

VAS (mean, range) 75 mm (26–100)
13 tendons

47 mm (0–95)
12 tendons

34 mm (0–74)
13 tendons

Maximum grip strength
(mean, range)

32 kg (10–54)
13 tendons

From 32 kg (10–54)
to 38 kg (12–62)

12 tendons

From 29 kg (10–54) to
40 kg (20–64)

9 tendons
Ultrasonography Structural changes in

13/13 tendons
Structural changes

in 12/12 tendons
Structural changes

in 9/9 tendons
Colour Doppler 2++ 10 tendons

1+ 3 tendons
2++ 3 tendons
1+ 5 tendons
No vessels 4 tendons

2++ 3 tendons
1+ 5 tendons
No vessels 1 tendon

Patient satisfaction
(mean, range)

66% (31–99)
9 tendons

83% (59–100)
11 tendons
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compared to in pain-free normal ECRB tendons [1].

These results clearly indicate that there is no intra-

tendinous prostaglandin-mediated inflammation in the

chronic stage of this condition. But, there might pos-

sibly be a so-called neurogenic inflammation mediated

through neuropeptides such as substance-P (SP) and

calcitonin gene regulated peptide (CGRP). This theory

is substantiated by the findings in a study by Ljung

et al. [19], who demonstrated a sensory innervation

with nerve fibres showing SP- and CGRP-like immu-

noreactivity restricted to a sub-population of small

blood vessels, in the ECRB-muscle origin. Also,

immunohistochemical analyses of tendinosis tissue

from other chronic painful tendinosis tendons, have

shown SP- and CGRP-nerves in close relation to blood

vessels—‘‘nerves travelling with the vessels’’ [2, 7], and

occurrence of the neurokinin-1 receptor (NK-1 R)

(well known to have a high affinity for SP) in blood

vessels and nerve fascicles [12]. Interestingly, recent

studies on other chronic painful tendon conditions,

such as Achilles and patellar tendinosis, having the

same morphological changes as demonstrated in tennis

elbow, have clearly demonstrated a vasculo/neural in-

growth in the area with pain, and that a small amount

of local anaesthesia in that area temporarily cured the

pain [2]. In the following studies, a method aiming to

destroy the area with vessels and nerves by US- and

CD-guided injections of a sclerosing substance (poli-

docanol), targeting the area with vessels, significantly

reduced the tendon pain in a majority of the patients

[3, 4, 21, 22]. Altogether, the findings in the above

studies clearly demonstrate that the area with vessels

(visualized with US and CD) and nerves (visualized

with immunohistochemistry) might be of significant

importance for the tendon pain.

The findings in our current study are in line with the

results achieved using sclerosing polidocanol injections

in the Achilles tendon [4, 21, 22]. However, there are

certain differences. In this study, the polidocanol

injections were placed inside the extensor insertion,

while for the Achilles the injections were placed out-

side the ventral part of the tendon. The vessels could

not be reliably identified outside the extensor insertion,

therefore intra-tendinous injections were necessary. In

fact, the intra-tendinous administration of polidocanol

could possibly explain why some of the patients in this

group experienced increased tendon pain the first

weeks after injection. This is very seldom seen among

the Achilles patients where the injections are placed

outside the ventral part of the tendon [4]. Another

difference is that only one injection was needed for a

good result in the tennis elbow patients, while a mean

of two and three injections were needed for the

Achilles mid-portion [4, 21] and insertion [22],

respectively. Furthermore, and interesting, in this study

a majority of the patients had remaining vascularity in

the extensor origin despite having a significantly re-

duced pain level and being satisfied with the results of

the treatment. This finding, remaining vascularity but

reduced pain, indicates that sclerosing polidocanol

injections inside the extensor origin mainly has an ef-

fect on nerves, denervation, and possibly that the main

importance of the vessels is to be guides to find the

nerves? However, we cannot identify each vessel, and

the vascularity seen after successful treatment might be

related to other vessels than the ones that were found

before treatment. The vascularity seen after treatment

might be a secondary vasodilatation as a response to

treatment. Theoretically, the polidocanol might cause

either a direct effect on the nerves or an indirect nerve

effect through ischaemia (by destroying the local vas-

cularity). More research is needed to clarify the role of

the vascularity in relation to this treatment.

Altogether nine patients (11/13 tendons) were sat-

isfied with treatment despite their amount of satisfac-

tion was ranging between 59 and 100%. Consequently,

patients can be satisfied with the results of treatment

even if they do not score 100%.

A difficulty in this study is that the amount of the

vascularity could not be calculated. Unfortunately,

there is no reliable method to calculate the vascularity.

Many factors are involved, and the CD evaluation is

very much operator dependant. Manoeuvres such as

placement of the probe, and the pressure the operator

place on the probe, have significant importance on the

possibilities to detect the vascular flow. To try to

diminish the risks for errors, the same radiologist

(L.Ö.) performed all US and CD examinations in this

study.

In conclusion, the short-term results of this pilot

study indicate that intra-tendinous sclerosing polidoc-

anol injections, targeting the area with vascularity,

have a potential to reduce pain and increase maximal

grip strength in patients with chronic painful tennis

elbow. The results are encouraging, and further studies

are in progress.
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22. Öhberg L, Alfredson H (2003) Sclerosing therapy in chronic
Achilles tendon insertional pain—results of a pilot study.
Knee Surg Sports Traumatol Arthrosc 11:339–343

23. Regan W, Wold LE, Coonrad R, Morrey BF (1992) Micro-
scopic histopathology of chronic refractory lateral epic-
ondylitis. Am J Sports Med 20:746–749

24. Torp-Pedersen T, Torp-Pedersen S, Bliddal H (2002) Diag-
nostic value of ultrasonography in epicondylitis. Ann Intern
Med 136:781–782
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