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Lateral epicondylalgia (tennis elbow) is a common dysfunc-
tion of the arm. Because there is no agreement concerning
the pathophysiology, several modes of treatments have been
tried and one of the most common is local steroid injection.
Iontophoresis using corticosteroids is a fairly new method
recommended in the treatment of lateral epicondylalgia
and has become popular owing to impression of superiority
compared to local injections—noninvasive, painless and non-
traumatic. The aim of this double-blind prospective, rando-
mized study was to evaluate the short- and the long-term
pain-relieving effect of corticosteroid iontophoresis in lat-
eral epicondylalgia. Sixty-four patients suffering from lat-
eral epicondylalgia were consecutively randomized into two

groups for corticosteroid or placebo iontophoresis. The pa-
tients were treated four times during 2 weeks. Follow-ups
were done the day after the final treatment and after 3 and
6 months. Twenty-three patients dropped out before the 3-
month follow-up because they wanted to complement the
treatment or replace it with other treatments. No significant
difference between the corticosteroid group and the placebo
group in relation to subjective and objective outcome could
be observed after the treatment period or at the follow-ups.
In fact, both groups improved throughout the study. The
results of the present study do not support the use of corti-
costeroid iontophoresis in lateral epicondylalgia.

Lateral epicondylalgia (tennis elbow) is one of the most
common dysfunctions of the arm. The first description
as ‘Schreibekrampfes’ was attributed to Runge in 1873
(Runge, 1873), but the name is derived from Morris’
description of ‘lawn tennis arm’ (Morris, 1882). Lateral
epicondylalgia affects 1-3% of the population
(Allander, 1974; Kivi, 1982; Verhaar, 1994) and occurs
between 35 and 60years with a mean age of 42-46
years. The most common cause of lateral epicondylal-
gia is over-use of the extensor carpi radialis brevis
(ECRB) muscle (Nirschl, 1973; Priest, Braden,
Gerberich-Goodwin, 1980; Nirschl, 1992) and only a
small proportion (5%) refer their problems to racket
sports (Coonrad & Hooper, 1973; Assendelft, Hay,
Adshead, Bouter, 1996). Spontaneous recovery is
known to occur within 8-12months (Garden, 1961;
Verhaar, 1994; Putnam & Cohen, 1999); however,
long-lasting and severe medical consequenses and sur-
gery are reported (Dimberg, 1987).

Even though the clinical picture is fairly uniform,
there is still no agreement about the underlying pathol-
ogy except for the involvement of the ECRB (Cyriax,
1936; Goldie, 1964; Coonrad & Hooper, 1973; Nirschl
& Pettrone, 1979; Coonrad, 1986; Dimberg, 1987;
Snijders, Volkers, Mechelse, Vleeming, 1987; Murtagh,
1988; Nirschl, 1992; Regan, Wold, Coonrad, Morrey,
1992; Thomas, Siahamis, Millicent, Boyle, 1992;
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Smith, Papadopolous, Mani, Cawley, 1994; Ljung, Lie-
ber, Friden, 1999b).

Some authors suggest that the enthesis of ECRB
is the key and microtears at the ECRB are the cause
of the local tissue reaction (Chard & Hazleman, 1989;
Nirschl, 1992; Chard, Cawston, Riley, Gresham,
Hazleman, 1994). This suggestion is supported by in-
frared thermography which shows inflammatory hot
spots over the lateral epicondyle (Binder, Parr,
Thomas, Hazleman, 1983; Thomas & Savage, 1989;
Thomas, 1992). The enthesis shows alterations in col-
lagen content, reduction in cells and ground substance
as well as increased lipid deposition. It is believed that
such changes predispose to injury (Chard & Hazleman,
1989).

Abnormal forearm temperature gradients and signif-
icant unilateral cooling have also been reported sug-
gesting a representation of the somatosympathetic
reflex (Thomas et al., 1992).

Ljung and colloborators found that no inflamma-
tory cell infiltrates and that few solitary mast cells
were found giving further evidence to suggest that ten-
nis elbow is not an inflammatory process in the sense of
involving inflammatory cells (Ljung, Forsgren, Fridén,
1999a). Furthermore, a sympathetic dysfunction has
been suggested in the pathophysiology of tennis elbow
(Smith et al., 1994).
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As the pathology is still obscure, there is no agree-
ment of treatment to be used (Haker, 1993; Wright &
Vicenzino, 1997; Putnam & Cohen, 1999) and no spe-
cific therapy has emerged as the ‘gold standard’ with
superior long-term efficacy (Wright & Vicenzino, 1997).

While more than 40 different treatments—used se-
parately or in combination—have been proposed
(Labelle, Guibert, Joncas, Neuman, Fallah, Rivard,
1992), steroid injection is one of the most often reported
treatments (Coonrad, 1986; Chard & Hazleman, 1989;
Geoffroy, Yaffe, Rohan, 1994; Verhaar, 1994; Solve-
born, Buch, Mallmin, Adalberth, 1995; Assendelft
et al., 1996; Thurston, 1998; Hay, Paterson, Lewis,
Hosie, Croft, 1999; Kraushaar & Nirschl, 1999) and
surgical treatment is supposed to be a last resort for
tennis elbow (Bosworth, 1955; Roles & Maudsley,
1972; Thurston, 1998; Putnam & Cohen, 1999).

Tontophoresis using various antiflogistic drugs is a
fairly new method used in lateral epicondylalgia
(Bertolucci, 1982; Demirtas & Oner, 1998). lontophor-
esis, or ion transfer, uses continuous direct current of a
low amperage to introduce topically applied physiolo-
gically active ions through the body surface. The prin-
ciple is that an electrically charged electrode will repel a
similar charged ion (Cummings, 1987). The idea of
applying electrical current in order to increase the
penetration of electrically charged surface tissues was
first described by Veratti in 1747. According to Chien
and Banga (1989), the biomedical application of elec-
tricity can be traced back to the golden age of the Greek
civilization. LeDuc (1908) performed the first well-
documented experiments, where he demonstrated that
ions could be driven across the skin by means of an
electric current, in the beginning of the 20th century. It
has been shown that the corticosteroid, dexametha-
sone, (Decadron®) is transferred iontophoretically
into all tissue layers underlying the electrode down to,
and including, tendinous structures and cartilaginous
tissue. This indicates that a therapeutic dose of an anti-
inflammatory drug can be delivered at sufficient tissue
depths (Glass, Stephen, Jacobson, 1980). Studies on
humans have indicated that ions penetrate and have
therapeutic effects on deeply situated structures (Kahn,
1977; Bertolucci, 1982; Harris, 1982). Iontophoresis of
corticosteroids requires a local tissue concentration
that is lower than those achieved with injection, but
higher than those achieved with oral administration
and is, therefore, considered to be both safe and effec-
tive (Glass et al., 1980). It is probable that the trans-
portation of the drug to the intracellular compartment
is increased as a result of the intense arterial vasodila-
tion induced by galvanic current. This means that the
active substance reaches a higher concentration than it
would if applied orally or parenterally (Sing & Mai-
bach, 1994). Iontophoresis gives an impression of
superiority compared to local injection. Furthermore,
the method permits consistent drug delivery at a low

systematic dose—noninvasive, painless and nontrau-
matic (Bertolucci, 1982; Harris, 1982; Hasson, English,
Daniels, Reich, 1988). A double-blind trial on the treat-
ment of plantar fascitis with iontophoresis has shown
good pain-relieving effects already after three treat-
ments and with a short-term effect directly following
the treatments. The long-term effect was not studied
(Gudeman, Eisele, Heidt Jr, Colosimo, Stroupe, 1997).
No controlled study has been found evaluating the
pain-relieving effect of corticosteroid iontophoresis in
lateral epicondylalgia.

The aim of this study was to evaluate the short- and
the long-term pain-relieving effect of corticosteroid
iontophoresis in patients suffering from lateral epicon-
dylalgia.

Methods
Patients

Sixty-five patients suffering from lateral elbow pain were exam-
ined and evaluated by a well-trained physiotherapist between
February 1998 and February 1999. All the patients were living
in Boras community, Sweden, and were either self-referred or
referred by their physician or physiotherapist.

The patients were informed that the pain-relieving effect of
corticosteroid compared to saline using iontophoresis was to
be evaluated in a double-blind study and that no fee was to be
charged.

Criteria of inclusion

The diagnostic tests used were (1) palpation at the lateral epicon-
dyle, (2) resisted wrist extension, (3) middle-finger test and (4) the
vigorimeter test. Pain at the lateral epicondyle when palpating,
pain produced by at least two of the tests 2, 3, or 4, and a history
of pain of at least 1 month, qualified the patients for inclusion
(Haker, 1993).

Criteria of exclusion

Those excluded were patients who had had any treatment during
the last month for their elbow pain, patients who demonstrated
dysfunction in the shoulder, neck, and/or thoracic region, local or
generalized arthritis, neurological deficit, radial nerve entrap-
ment, bilateral epicondylalgia, pregnancy and patients using a
pacemaker or operated on the affected elbow.

Sixty-five patients fulfillled the criteria of inclusion and were
consecutively randomized into one of two groups—the placebo
group or the corticosteroid group.

Test procedure

The following tests were included in the procedure: (1) palpation
at the lateral epicondyle, (2) resisted wrist extension—with the
elbow extended and the forearm pronated (fig. 1)—(3) the mid-
dle-finger test (resisted extension of digitus III)—with the elbow
extended and the forearm pronated (fig. 2)—and (4) the vigori-
meter test measuring grip strength (Haker, 1993). In this study,
the Martin vigorimeter (Gebriider Martin, Tuttlingen, Germany)
was used which is a dynamometer with a rubber balloon to be
compressed in the hand. The air pressure within the balloon
is registered in kilopounds per square centimeters (1kp
cm2=98,1kPa) on a manometer through a rubber-tube con-
nection and a large-sized balloon was used. Patients were seated
comfortably, shoulder at rest, elbow extended, forearm pronated
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with 20° dorsiflexion of the wrist, holding the balloon with the
connection tube protruding between thumb and index finger.
They were instructed to press the balloon, and to stop pressing
when any kind of pain was experienced over the lateral epicon-
dyle (pain threshold when gripping) (fig. 3). If the mere position
of the arm caused such pain, this was noted and no pressure was
exerted. Otherwise, the mean value of three consecutive estima-
tions was calculated.

The present intensity of the pain threshold when gripping was
evaluated using the absolute (no scale marks on the line) Visual
Analog Scale (VAS), total length 100 mm (Scott & Huskisson,
1976; Carlsson, 1983).

Treatments

In both groups, iontophoretic IOMED Trans QE medium elec-
trodes were used. The hydrated drug electrode—negatively
charged—was placed over the lateral epicondyle and the dis-
persive electrode—positively charged—over the extensor muscles
in the forearm. The placebo group received saline and the
corticosteroid group received 0.4% dexamethasone sodium
phosphate. The iontophoresis was performed using the
Phoresor II Iontophoresis Drug Delivery System (IOMED,
Inc.). Patients were treated individually with a current of 4 mA
for 10 minutes, four times (Sanderson, DeRiel, Dixon, 1989;
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Fig. 1. Test 2. Resisted wrist extension.

b\\,/

\

Fig. 2. Test 3. The middle finger test.

Fig. 3. Test position of the martin vigorimeter.
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Petelenz et al., 1992) according to a treatment schedule
Monday-Wednesday-Friday-Monday or Wednesday—Friday—
Monday-Wednesday.

The first treatment was performed directly after the initial
examination. A reexamination was performed the day after the
final treatment and after 3 and 6 months using the same test
procedure. Subjective outcome was registered by using a 7-step
scale at the follow-ups in which 1 denoted completely recovered, 4
unchanged and 7 much worse.

In order to conceal study group assignments, sequentially
numbered, opaque-sealed envelopes were used in the randomiza-
tion of patients. The physiotherapist—the evaluator—was not
aware of the treatment schedule and not involved in the treat-
ments, examined the patients before and the day after the fourth
treatment and at the follow-ups after 3 and 6 months. The assis-
tant nurses who administered the treatments were unaware of
which group the patients belonged to and so were the patients.
The placebo/corticosteroid code was broken after the last
6-month follow-up.

Statistical analysis

The Mann-Whitney U-test of two independent samples and the
Chi square test with Yates correction were used for the statistical
analyses. In case of small numbers, Fisher’s exact test was used.
Statistical significance was assumed with p < 0.05.

The statistical program used was EPI-info version 6.04 B
(Centre for Disease Control, Atlanta, USA).

The study was approved by the Ethics Committee,
Gothenburg University, Sweden and written informed consent
was obtained by the patients.

Results

Sixty-four patients completed the treatment period—
31 patients in the placebo group and 33 patients in the
corticosteroid group.

Twenty-eight patients in the placebo group were af-
fected in the dominant arm compared to 19 patients in
the corticosteroid group (p=0.007) (Table 1). Both
groups had a similar general condition regarding the
cause of pain and previous treatment (Table 2). When
evaluating the grip strength, the patients in the placebo
group demonstrated a higher pain threshold when grip-
ping compared to the patients in the corticosteroid
group (p =0.04) (Table 3).

Twenty-three patients dropped out between the trial
of four treatments and the 3-month follow-up. Because
of residual pain, other treatments were tried. The num-
ber of patients who dropped out—outside the control

Table 1. History of the patients who completed the treatment period

Placebo Corticosteroid
group group
No. of patients 31 33
Male/female 20/11 2112
Median age 45 (22-64) 50(37-64)
Pain in dominant/nondominant arm (no.) 28/3* 19/14
Median duration of pain (months) 4(1-36) 6 (1-48)

*p=0.007.
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of this study—did not differ statistically from those
who completed the study except for a lower pain thresh-
old when gripping (p=0.04) (Table 4). There was a
male dominance in the group that completed the study.

Forty-one patients appeared at the 3- and 6-month
follow-up. No statistical difference could be observed
between the outcomes of the four tests before and after
the four treatments or at the follow-ups (Table 5) and
no statistical differences were observed between the
groups. The patients in both groups reported a subjec-
tive improvement throughout the study; however, no
statistical differences could be observed between the
groups (Table 6).

Table 2. Cause and previous treatment reported by the patients who
completed the treatment period (7 =64)

No side effects were reported during or after the
treatment period.

Discussion

In this study, no significant difference concerning the
pain-relieving effect could be observed between the
corticosteroid group and the placebo group. However,
an identical improvement was observed in both groups
throughout the study.

The great number of ‘drop outs’ demonstrated a
significant lower pain threshold when gripping and
they were also more frequently affected in the dominant
arm, compared to the remaining 41 patients. The
amount of dropouts may also indicate an insufficient
or inappropriate pain-relieving method. As the pre-
treatment condition was similar in the two groups, the

Placebo Corticosteroid observed improvement in both groups probably re-
group group flects the spontaneous recovery known to occur
Cause (Garden, 1961; Verhaar, 1994; Putnam & Cohen,
Sport 4 6
Work 15 17
Other activities 10 7
Unknown 2 Table 4. Pretreatment values of patients who dropped out after the
Previous treatment 15 15 treatment period and of patients who completed the study
Steroids 7 7
Antiinflammatory drugs 4 2 Patients who
Other treatments 4 6 Patients who ~ completed
Untreated 16 18 dropped out the study
No. of patients 231 4@
Male/female 11/12 30/11
Table 3. Pretreatment values of the test procedure Median age 45 (22-64) 50 (37-64)
Pain in dominant arm (no.) 17 30
Placebo Corticosteroid Median duration of pain (months) 6 (range 1-36) 4 (range 1-48)
group group Palpation pain lateral epicondyle (no.) 23 41
Pain-resisted wrist extension (no.) 23 40
No. of patients 39 33 Pain dig 11l test (no.) 21 38
Palpation pain lateral epicondyle (no.) 31 33 Pain vigorimeter test (no.) 23 4
Pain-resisted wrist extension (no.) 31 32 Pain threshold when gripping (kPa) 16 24*
Pain dig |1l test (no.) 29 30 Pain threshold when gripping (VAS) 20 24
Pain vigorimeter test (no.) 31 33
Pain threshold when gripping (kPa) 23 17+ (MTen patients from the placebo group and 13 patients from the
Pain threshold when gripping (VAS) 29 24 corticosteroid group. ®’Twenty-one patients from the placebo group

KPa =kilopascal, median value. *p=0.04. VAS =Visual Analog
Scale, length 100 mm. The median value in mm.

and 20 patients from the coticosteroid group. kPa=kilopascal,
median value. VAS =Visual Analog Scale, length 100 mm. The med-
ian value in mm. *p=0.04.

Table 5. Results of the test procedure. The 41 patients who completed the study before and after the treatments, after 3 months and 6 months

Pretreatment

Posttreatment

3 months 6 months

Placebo Cortico steroid Placebo Cortico steroid Placebo Cortico steroid Placebo Cortico steroid

No. of patients 21 20 21
Palpation pain lateral epicondyle (no.) 21 20 20
Pain-resisted wrist extension (no.) 21 19 21
Pain dig Il test (no.) 20 18 17
Pain vigorimeter test (no.) 21 20 21
Pain threshold when gripping (kPa) 27 20 48
Pain threshold when gripping (VAS) 22 29 18

20 21 20 21 20
18 10 9 6 7
17 9 8 4 5
14 6 7 4 6
17 8 10 6 5
40 74 70 84 79

9 0 5 0 0

Pretreatment =values before the first treatment. Posttreatment =the values the day after the fourth treatment. No. =number of patients.
kPa =kilopascal, the values denote the median values of the two groups. VAS = Visual Analog Scale, length 100 mm. The median value in mm.
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Table 6. Subjective outcome reported by the patients

1 2 3 4 5 6 7
P/C  P/C P/C P/C P/C P/C P/C

Posttreatment (no. of patients) 1/1  7/6 4/7 9/6 0/0 0/0 0/0
3 months (no. of patients) 779 10/6 2/4 2/1 0/0 0/0 0/0
6 months (no. of patients) 1412 44 2/2 1/2 0/0 0/0 0/0

Post treatment =the day after the fourth treatment. P =placebo
group, GC=corticosteroid group. 1=completely recovered,
2=much better, 3=slightly better, 4 =unchanged, 5=slightly
worse, 6 =worse, 7=much worse.

1999) and/or the result of the direct electric current
applied to both groups (Cummings, 1987) and/or the
placebo effect (Wall, 1994).

The specificity of the test procedure, used in this
study, corresponds very well to the results shown in a
previous study (Haker, 1993) which further support the
validity of the tests used.

Three to six iontophoresis treatments are recom-
mended in the literature (Harris, 1982; Gudeman
et al., 1997). In this study, four treatments were given
and whether the result would have been changed by
adding another two treatments is not known.

In order to minimize the specific putative effect while
maintaining the psychological impact of the corticos-
teroid, the placebo group was administered saline,
resulting in an externally identical experimental proce-
dure (Vincent & Richardson, 1986; Richardson, 1994).
Therefore, it is reasonable to conclude that the sub-
stances delivered in the two groups did not exert any
pain-relieving effect or they both did.

Adding a third control group in which no treatment,
but instructions were given, may have increased the
quality of this study. However, it is not likely that
those patients who were randomized into the third
group would have accepted to wait for treatment for
another 6 months. This assumption is supported by the
fact that those patients who dropped out after the
treatment period demonstrated a lower pain threshold
when gripping.

In a well-performed study by Hay and collaborators,
it was concluded that early local corticosteroid injec-
tion is effective for lateral epicondylitis. Compared to
naproxen and placebo tablets, there was no difference
at the 1-year follow-up (Hay et al., 1999).

The existing evidence on corticosteroid injections for
the treatment of tennis elbow is not conclusive
(Assendelft et al., 1996) and local steroids do have
effects apart from the inflammatory reaction (Guttu,
Page, Laskin, 1990). One possible effect of the steroid
injection might be as a result of acute influences of the
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sensory nerves and the levels of substance P (SP) and
calcitonin gene-related peptide (CGRP), which have
been found at the origin of the ECRB muscle in patients
with tennis elbow and in healthy controls (Ljung et al.,
1999a).

Ljung and colloborators are also suggesting that
frequent mechanical involvement may affect sensory
innervation. These sensory nerve fibers not only trans-
mit nociceptive information to the spinal cord but
also have efferent effects such as involvement in vaso-
dilation and plasma extravasion—the neurogenic
inflammation (Ljung et al., 1999a). Sympathetic effer-
ents may be activated by sensory fibers to release med-
iators which, in turn, overexcite the sympathetic
nervous system and exacerbate pain (Levine et al.,
1986). Ljung and coworkers have also recently demon-
strated a morphological substrate. They found that the
ECRB muscle origin is supplied with heterogeneously
distributed sympathetic and sensory innervations and
that there appears to be an imbalance between the
vasoconstrictor and vasodilator innervations along
the vascular tree in this region (Ljung et al., 1999c).

Perspectives

The results of the present study do not support the use
of corticosteroid iontophoresis in the treatment of lat-
eral epicondylalgia and should be considered as early
ones. When calculating the power after finishing
the study several thousands of patients would have
been required to reach the 5% level of significance.
The method requires more investigations to be fully
evaluated.

Besides discomfort and pain, lateral epicondylalgia
leads to economic consequences such as sick leave,
workers’ compensation claims, transfer to lower-paid
jobs and even early retirement (Dimberg, 1987). For
that reason, further research should be carried out to
clarify the pathology of lateral epicondylalgia as well as
the role of steroids and other treatments in this painful
condition to promote casual and selective treatments.

Key words: corticosteroids; iontophoresis; lateral epi-
condylalgia; pain; tennis elbow.
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