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Abstract
Background: Painful cutaneous injection site reactions may
hamper treatment with interferon B (IFN-B) and glatiramer
acetate (GA) in multiple sclerosis (MS) patients. Objective: To
maintain therapy adherence, efficient therapeutic modali-
ties for these subcutaneous inflammatory lesions are urgent-
ly needed. We tested the application of local extracorporeal
shock wave therapy (ESWT). Methods: We applied 5 sessions
of ESWT to 8 patients suffering from MS who had developed
painful panniculitis at the injection sites of either IFN-3 or GA.
Clinical outcomes, i.e. pain reduction and regression of indu-
ration, were assessed 3 and 6 months after completion of the
ESWT using a visual analogue score. Results: All patients
showed both significant pain reduction and reduction of the
skin induration in the treated lesions, while in untreated con-
trol lesions there was no improvement. Conclusion: ESWT
proved to be a non-invasive, safe and efficient physical treat-
ment modality for injection-induced painful cutaneous side
effects of disease-modifying drugs in MS.
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Background

Multiple sclerosis (MS) is a chronic auto-immune in-
flammatory disease of the central nervous system. It is the
most common cause of neurological disability in young
adults [1]. The therapy for the acute inflammatory phase
is the use of systemic corticosteroids [2]. Interferon B,
(IFN-Byp), IFN-pB,, as well as glatiramer acetate (GA) are
approved as first-line treatment for relapsing-remitting
MS [3]. These disease-modifying drugs are administered
by subcutaneous (Betaferon®, Rebif®, Copaxone®) or in-
tramuscular (Avonex®) injections. The therapy aims to
slow down the disease progression and to reduce clinical
exacerbations. Although not being curative, these dis-
ease-modifying drugs can improve the patient’s quality of
life remarkably [4]. Frequent side effects of this therapy
are injection-induced local skin reactions. Transient red-
dening of the skin and pain are the most common fea-
tures, but severe reactions with panniculitis and lipatro-
phy are more common than previously assumed [5]. The
therapy of these cutaneous side effects is challenging. To
maintain therapy adherence and patient satisfaction, it is
essential to inform the patients about these potential ad-
verse events as well as to offer the best possible treatment
in case of their occurrence.
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Extracorporeal shock waves are defined as a sequence
of sonic pulses characterized by high peak pressure, fast
pressure rise and short life cycle [6]. In the 1980s, extra-
corporeal shock wave lithotripsy was first used for the
treatment of urolithiasis [7]. Orthopaedics then used ex-
tracorporeal shock wave therapy (ESWT) to treat non-
union fractures, tendinopathies, chronic epicondylitis
[8], myofascial pain syndrome [9], plantar fasciitis [10],
musculoskeletal disorders [11] and osteonecrosis [12].
The first application of ESWT in dermatology was in re-
calcitrant skin ulcers [13, 14]. Recently, ESWT was also
effectively used as treatment for angina pectoris [15].

Methods

From September 2010 to June 2012, we applied ESWT to 8 pa-
tients suffering from relapsing-remitting MS, who had developed
painful panniculitis at the injection sites of either IFN-{ or GA. Writ-
ten informed consent explaining the procedure as well as the aim of
the ESWT and the follow-up was obtained. Clinical presentation
(localization, size, aspect, induration) of the skin lesions was record-
ed in a standardized case report form. Photo documentation was
performed when skin changes were visible, e.g. hyperpigmentation,
livedo reticularis and/or lipatrophy. No biopsies were taken. Subjec-
tive pain and clinical induration of the skin lesions were assessed
using a visual analogue scale (VAS, scored 1-10). ESWT was applied
once a week for a cycle of 5 sessions in an outpatient setting. All pa-
tients completed this cycle of treatment. All ESWT sessions were
conducted by two operators using a Duolith® SD1 device (Storz
Medical AG, Switzerland). We delivered 2,000 shots with an energy
flux rate of 0.25 mJ/mm? and a pulse frequency of 4 Hz over an area
of maximum 100 cm?. The treatment area was targeted on the most
painful or most indurated lesion. To improve conduction, ultra-
sound gel was applied. No analgesic premedication was necessary.
Treatment tolerance and the occurrence of side effects were noted.
The treatment lasted between 15 and 30 min. The clinical follow-up
was done 3 and 6 months after completion of the 5 ESWT sessions.
Statistical analysis was performed using the Wilcoxon signed-rank
test. p values <0.05 were considered statistically significant.

Results

Eight female patients suffering from MS were included.
The age ranged from 24 to 58 years (median of 42 years).
Six patients were treated with TFN- (2 Rebif®, 4 Betafe-
ron®) and 2 patients with GA (Copaxone®). The treatment
with IEN-{ and GA was continued after instruction of the
optimal injection technique and rotation of injection sites.

Five patients treated with IFN-f showed painful sub-
cutaneous nodules (0.5-2 cm in diameter) on the thighs
laterally or the abdomen (fig. 1), whereas 1 patient showed
indurated plaques (10 cm in diameter) on both thighs lat-
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Fig. 1. Local cutaneous injection site reaction. Inflammatory
plaques after subcutaneous injection of IFN-p.

Fig. 2. Local cutaneous injection site reaction. Lipatrophy after
subcutaneous injection of GA

erally. Assessment after 3 and 6 months following ESWT
showed full remission of the skin lesions in 4 patients and
partial remission in 2. Clinically a decrease in the skin in-
duration was palpable resulting in softer and more elastic
skin in the treated areas.
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Fig. 3. a Pain VAS. b Induration VAS.

The 2 patients treated with GA showed lipatrophy ven-
trally on the thighs with deep painful indurations (fig. 2).
After completion of ESWT an improved local sensory re-
ception with decrease in pain and restored general well-
being was reported. The lipatrophy, however, persisted.

Before ESWT all patients complained about lesional
dysaesthesia and allodynia. In 4 of the 8 patients the first
ESWT session was already followed by pain reduction.
Immediately after the fifth ESWT session all patients re-
ported a significant pain decrease. Figure 3a summarizes
the significant decrease in the pain VAS score. The re-
gression of induration was scored with a system analo-
gous to the VAS from 1 to 10, 10 representing the most
indurated finding (fig. 3b).

In comparison to the treated lesions, no clinical differ-
ence was found in the untreated lesions.

The ESWT was generally well tolerated. The only side
effects during the application of the shock waves were
transient electric sensations and mild pain especially in
areas with little subcutaneous tissue and underlying bone.
Overall patient satisfaction was considerably high and
most of the patients wished to continue ESWT in further
affected areas.

Discussion

Injection of IFN-B or GA can cause cutaneous adverse
events. Transient painful local erythema after subcuta-
neous injection of IFN-f or GA is the most common cu-
taneous side effect, which occurs in up to 60% of the pa-
tients. Local pain and inflammation at the injection sites
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are also described. The symptoms may occur after a few
weeks or up to several years following initiation of the
therapy [16]. Women show a greater risk to develop such
skin reactions, with an 8.1:1 ratio [17]. The local skin re-
action is influenced by the technique and depth of the
injection [18]. It was observed that injection sites on
arms and thighs develop skin reactions more frequently
than areas with a higher proportion of subcutaneous fat
tissue [19]. Severe local skin reactions such as pannicu-
litis and lipatrophy are probably more frequent than as-
sumed, with an occurrence of up to 40% [5]. The phys-
iopathology is not fully understood. It is assumed that
the high immunogenicity of IFN-p and GA causes alocal
cytokine imbalance. The release of pro-inflammatory
cytokines and chemokines leads to a recruitment of T
cells and macrophages, resulting in a local inflammatory
reaction [20]. Furthermore, the drugs themselves can in-
duce a local inflammatory response through both a di-
rect toxic effect on the adipocytes and a hypersensitivity
reaction. In this process vasospasms and thombogenesis
can follow, which may lead to necrosis and even ulcer-
ation. Subsequent postinflammatory septal fibrosis and
fat lobule atrophy cause residual lipatrophy [21]. Histo-
logical findings mostly show a lobular panniculitis with
perivascular lymphocyte infiltrates similar to panniculi-
tis induced by insulin injection or to lupus panniculitis
(5, 22].

These adverse events of the immunomodulating MS
drugs can impair the patient’s quality of life to such an
extent that not infrequently they request cessation of the
therapy despite a proper clinical response to the medica-
tion [23]. To maintain quality of life and to ensure the
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patient’s compliance and adherence to the therapys, it is
essential on one hand to inform the patient about these
potential adverse events of the treatment, but on the oth-
er hand to deal with them promptly and efficiently. How-
ever, the treatment of these cutaneous side effects is dif-
ficult. Instruction of proper handling of the injection is
essential. It is recommended to let the medication warm
up to room temperature prior to injection. One should
avoid droplets on the cannula and inject perpendicularly
to the skin [24]. It is reported that auto-injectors can re-
duce local reactions in about 60% [25, 26]. A switch from
subcutaneous to intramuscular application can be con-
sidered, since fewer inflammatory reactions were ob-
served with intramuscular injection [27, 28]. Zecca et al.
[29] reported about minimizing skin reactions by halving
the volume of the IFN-1f,;, diluent (0.54% sodium chlo-
ride solution). Superficial redness of the skin occurring
directly after injection can be treated with the use of cold
packs and application of topical corticosteroid ointment,
preferably under occlusion. Treatment of panniculitis is
rather difficult and challenging. Topical corticosteroid
ointments are of limited value. The only approach men-
tioned in the literature for severe cutaneous side effects is
the use of endermology to treat injection-induced lipat-
rophy [30].

In this observational proof of concept study without
blinded assessment we were able to demonstrate the ef-
ficacy of ESWT for painful injection site panniculitis in
8 MS patients. Operation of the ESWT device is easy due
to its hand piece resembling an ultrasound scanner. The
applicator used had a diameter of 6 cm. Its flexibility en-
ables the use in a wide range of cutaneous localizations.
The treatment itself is usually well tolerated with no se-
vere side effects occurring during and following ESWT.
A significant reduction of pain was observed immediate-
ly after completion of the therapy with a lasting effect in
the follow-up visits. After 6 months the pain VAS and
induration VAS decreased significantly. Off course, at the
present time the small number of patients limits the valid-
ity and significance of the data.

Several studies over the last 10 years have shown that
ESWT promotes angiogenesis, increases perfusion in
ischaemic tissues, decreases inflammation, enhances cell
differentiation and accelerates wound healing [31-33].
The hypothesis behind these biological reactions is that
shockwaves trigger a response in body cells, which is
called biomechanical transduction [34]. Kuo et al. [35]
demonstrated an increased tissue perfusion with neo-an-
giogenesis through higher expression of vascular endo-
thelial growth factor and endothelial nitric mono-oxide

ESWT for Injection Site Panniculitis in
MS Patients

synthetase. Furthermore, suppression of local inflamma-
tory reactions as well as upregulation of cell proliferation,
especially in fibroblasts and keratinocytes, have been ob-
served. These effects are related to membrane hyperpo-
larization, activation of rat sarcoma protein [31] and up-
regulation of growth hormones, mainly transforming
growth factor-P; and vascular endothelial growth factor
[32, 33]. The mechanism of the analgesic effect of ESWT
is not yet clear. Rompe et al. [36] supposed an analgesic
effect by overstimulation and changes in permeability of
nerve cell membranes [37]. Furthermore Hausner et al.
[38] provided evidence of improved axonal regeneration
of peripheral nerves in the rat.

Up to now no severe adverse events of ESWT have
been reported.

Conclusion

ESWT is a non-invasive, practical, safe and efficient
physical treatment modality for deep-seated cutaneous
inflammatory injection-site reactions such as painful
panniculitis in MS patients. The use of ESWT for pan-
niculitis originating from other aetiologies remains to be
studied.
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