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Extracorporeal shock-wave therapy for
tendonitis of the rotator cuff

A DOUBLE-BLIND, RANDOMISED, CONTROLLED TRIAL
C. A. Speed, C. Richards, D. Nichols, S. Burnet, J. T. Wies,

H. Humphreys, B. L. Hazleman
From Addenbrooke’s Hospital, Cambridge, England

e have performed a double-blind
Wplacebo-controlled trial of moderate doses of
extracorporeal shock-wave therapy (ESWT) for
non-calcific tendonitis of the rotator cuff. Adults (74)
with chronic tendonitis of the rotator cuff were
randomised to receive either active (1500 pulses
ESWT at 0.12 mJ/mm’) or sham treatment, monthly
for three months. All were assessed before each
treatment, and at one and three months after the
completion of treatment. The outcome was measured
with regard to pain in the shoulder, including a visual
analogue score for night pain, and a disability index.
There were no significant differences between the two
groups before treatment.

The mean duration of symptoms in both groups was
23.3 months. Both showed significant and sustained
improvements from two months onwards. There was no
significant difference between them with respect to
change in the Shoulder Pain and Disability Index

(SPADI) scores or night pain over the six-month period.

A mean (+sp; range) change in SPADI of 16.1 + 27.2 (0
to 82) in the treatment group and 24.3 + 24.8 (-11 to
83) in the sham group was noted at three months. At
six months the mean changes were 28.4 + 25.9 (-24 to
69) and 30.4 + 31.2 (-12 to 88), respectively. Similar
results were noted for night pain.

We conclude that there is a significant and
sustained placebo effect after moderate doses of
ESWT in patients with non-calcific tendonitis of the
rotator cuff, but there is no evidence of added benefit
when compared with sham treatment.
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Extracorporeal shock-wave therapy (ESWT) by single-
pressure pulses of microsecond duration can be guided by
ultrasound to focus on a specific site. Having revolutionised
the treatment of urolithiasis, ESWT has more recently been
used in the treatment of a number of musculoskeletal
conditions, including tendinopathies and enthesopathies, at
doses of 10% to 20% of those used in lithotripsy for renal
calculi.' The theoretical benefits are the stimulation of
tissue healing and the breakdown of calcification.*” In
spite of the increasing popularity of this method of treat-
ment, there has been no randomised, controlled trial of its
use in specific musculoskeletal conditions. Benefit from
ESWT has been demonstrated in calcific tendonitis of the
rotator cuff.* We present our findings of a double-blind,
randomised, controlled trial in non-calcific tendonitis of the
rotator cuff.

Patients and Methods

We recruited adult patients with a clinical diagnosis of
tendonitis of the rotator cuff. Informed consent was
obtained. The patients were more than 18 years of age and
had had pain in the shoulder for at least three months with
clinical signs of a unilateral tendonitis of the rotator cuff.
These included a painful arc and/or an impingement sign
and pain, without weakness on resisted testing of one or
more musculotendinous units of the rotator cuff. Exclusion
criteria were demonstrable shoulder pathology including
glenohumeral or acromioclavicular arthritis, instability,
polyarthritis, neck pain, a local dermatological condition,
neurological abnormalities, anticoagulant therapy, treat-
ment to the affected shoulder within the previous six
weeks, pregnancy, diabetes, connective tissue or infectious
diseases, vasculitis or malignancy.

The patients were evaluated before treatment by a blin-
ded observer. We used the Shoulder Pain and Disability
Index (SPADI) which is a self-administered instrument
developed to measure pain (five items) and disability (eight
items) associated with shoulder complaints.&9 In order to
provide a frame of reference, the questions related to the
preceding week. Patients assessed their status on an ana-
logue scale in which a score of zero was given for ‘no pain’
and 100 for the ‘worst pain imaginable’ for the five pain
items, and zero for ‘no difficulty’ and 100 for ‘difficulty
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requiring assistance’ for the eight disability items. The total
SPADI is scored by averaging the two subscales. The total
SPADI and both the pain and disability scales have been
shown to have high levels of consistency, a negative corre-
lation with shoulder mobility and good repetition reliabili-
ty.8 The index is sensitive to clinical changes in patients
with pathology of the shoulder.”

The recommendations for conducting a randomised,
controlled trial emphasise the importance of the use of
patient-based outcome measures such as the SPADI in
order to reflect clearly the patient’s concerns. "' This
contrasts with the Constant-Murley shoulder score,12
which is not completely patient-based. It emphasises the
measurement of ranges of movement, which are not
necessarily a reflection of function. “n addition, there is
evidence that visual analogue scores, such as those used
in the SPADI, are better than the Constant-Murley scor-
ing system with respect to the degree of responsiveness
and sensitivity to change.14 All patients also completed a
percentage visual analogue score for night pain. All
assessments were repeated before each treatment and at
one and four months after completion of treatment. Plain
radiographs and ultrasound revealed no evidence of calci-
fication before treatment.

Patients were selected randomly to receive either ESWT
(1500 pulses at 0.12 mJ/mmZ) or sham treatment in which
the treatment head was deflated, no coupling gel was
applied and standard contact with the skin was avoided.
The machine makes a noise as each shock wave is deliver-
ed and in order to enhance the sham design, minimal
energy pulses (0.04 mJ/mmZ) were generated.3’15’16 No
local anaesthesia was used. All treatments were applied

using a Sonocur Plus Unit (Siemens, Munich, Germany)
which generates mechanical shock waves from an electro-
magnetic generator.

After the recommendations by Russo et al,16 we used
two parameters to focus the treatment on the target area in
the ESWT group. The area was localised by ultrasound.
The focus was then altered according to the site of maximal
tenderness. All subjects received three treatments at month-
ly intervals. No other therapy was allowed during the
period of study.

The primary endpoint was taken as one month after
completion of treatment. Data were analysed on an inten-
tion-to-treat basis. A positive response was taken as an
improvement of 50% at three months.

Results

The details of the 74 patients are described in Table 1.
There were no significant differences between the two
groups at the start of treatment, although the sample size
was slightly smaller in the treatment group (34 v 40).
Nine subjects (four in the ESWT and five in the sham
group) did not complete three treatment sessions. Two of
the subjects withdrew after one treatment and two after
two treatments because they could not tolerate the thera-
py (one) or for unknown reasons (three). In the sham
group, three withdrew after one treatment and two after
two treatments. The reason given in one was deteriorating
symptoms; the other four offered no reason. No other
adverse events were reported. Seven subjects in the
ESWT group and eight in the sham group did not attend
the final assessment.

Table I. Details of the 34 subjects who received treatment and the 40 given sham treatment
Treatment Placebo
Gender
Male 13 18
Female 21 22

Mean age in years (range)

50.7 (26 to 72) 54.2 (25 to 75)

Mean (+ sp) duration of symptoms in months (range) 23 + 31.0 (3 to 169) 23.3 £ 21.0 (3 to 104)

Dominant arm affected
Previous treatments
Analgesics
NSAIDs*
Local corticosteroid injections
Physiotherapy

21 24
18 16
22 22
16 20
25 21

* non-steroidal anti-inflammatory drugs

Table II.  The number and percentage of subjects with improvement of 50% from baseline at three
months
Group
ESWT Sham p value Odds ratio 95% confidence interval
SPADI 12 (35.0) 18 (45.0) 0.479 1.176 0.809 to 0.711
Subscales
Pain 15 (44.0) 13 (38.0) 0.8180 0.8726 0.3482 to 2.186
Disability 19 (47.5) 14 (35.0) 0.8122 1.150 0.4450 to 2.970
Night pain 14 (41.0) 15 (37.5) 0.814 0.941 0.650 to 1.362
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Table ITI. Mean (+ sp; range) SPADI and mean visual analogue scale for night pain for the ESWT and sham-treated patients throughout the study
Baseline 1 month 2 months 3 months 6 months
SPADI
ESWT 53.6 + 20.2 (13 to 89) 48.7 +21.0 (7 to 83) 46.1 + 22.4 (9 to 88)* 34.7 + 26.6 (2 to 90)T 24.1 +22.9 (0 to 82)F
Sham 59.5 + 16.1 (16 to 90) 58.5 +19.7 (13 to 93) 48.6 + 23.8 (3 to 90)% 39.7 + 27.7 (5 to 96)% 349 +31.7 (0 to 95)%
Night pain
ESWT 60.9 + 24.6 (5 to 100) 47.8 +28.0 (2 t0 99) 48.3 + 28.1 (3 to 100)* 38.1 + 28.3 (0 to 95)T 27.3 £26.9 (0 to 82)%
Sham 67.7 +25.7 (3 to 98) 57.7 +28.9 (2 to 100) 46.4 + 27.0 (0 to 99)% 39.3 +31.8 (2 to 92)% 33.3 +32.3 (0 to 98)%

* comparison with baseline value (non-parametric t-test); * p <0.05; ¥ p<0.01; & p<0.001

At three months, 12 (35%) of the subjects in the ESWT
group and 18 (45%) in the sham group showed a positive
response (50% improvement in SPADI). A positive response
in night pain occurred in 14 (41%) and 15 (37.5%) from the
ESWT and sham groups, respectively (Table II).

Both groups showed significant and sustained improve-
ments from two months onwards (Table III). There was no
significant difference between the groups with respect to
the degree of change in SPADI scores or night pain during
the six-month period. The mean change in SPADI in the
treatment group was 16.1 (sp; range O to 82) and in the
sham group 24.3 (24.8; range -11 to 83) at three months. At
six months the mean changes were 28.4 + 25.9 (-24 to 69)
and 30.4 + 31.2 (-12 to 88), respectively. The changes in
night pain were similar.

Discussion

Tendonitis of the rotator cuff is a common disabling condi-
tion, often chronic and 1recur1rin§.l7’18 A limited response to
most conservative measures' ' has led to a search for new
forms of treatment. In Germany, where the therapy was
developed, over 65 000 treatments using ESWT are given
annually for musculoskeletal complaints.l_5 The rationales
proposed for the use of the technique in such conditions
include the promotion of soft-tissue healing,7 reduction of
calciﬁcation,4 inhibition of 5pain 1receptors6 or denervation
to achieve relief from pain.” In spite of the enthusiasm for
its use in musculoskeletal conditions there has been no
randomised, controlled trial to evaluate the effect of ESWT
in specific conditions.>"”

ESWT can be classified according to its energy levels.
Low-energy shock waves have a focal energy flux density
(EFD) of up to 0.08 mJ/mmZ, moderate energy an EFD
between 0.09 and 0.28 mJ/mm” and high energy up to
0.6 mJ/mm>.">*° Others have suggested a simpler classifi-
cation, with low energy ESWT having an EFD of less than
0.12 mJ/mm" and high energy an EFD between 0.12 and
0.38 mJ/mm”.">*' For soft-tissue lesions most of the
reports relate to the use of low-energy (<0.12 mJ/mmZ)
shock waves. Loew et al’ reported relief from pain in a
significant number of patients with calcific tendonitis after
one or two high-energy (EFD 0.3 mJ/mmZ) applications but
not in low-dose and control groups, three months after
treatment. Improvement in the Constant score was sig-
nificant after high-dose treatment and correlated with
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reduction in calcification. Treatments were preceded by the
administration of local anaesthesia. No information regard-
ing blinding of the study was given.

Our results suggest that there is a significant and sus-
tained placebo effect after moderate-dose ESWT, but there
is no evidence of added benefit from active, compared with
sham treatment. The placebo effect may explain the sig-
nificant improvements noted 12:)2/ others in uncontrolled stud-
ies of soft-tissue lesions.”>>" Pain is the feature which is
most responsive to a placebo effect.”

Other factors can lead to a false impression of the
placebo effect, most importantly regression to the mean and
two special forms of this, spontaneous improvement and
fluctuation of symptoms.26 The patients involved in our
study had chronic symptoms. Regression to the mean is
unlikely in such patients and has not been noted in other
studies of similar populations‘t’l&m’28 but it cannot pos-
itively be excluded. Spontaneous improvement and sig-
nificant fluctuation of symptoms would also be unusual in
such patients.18

The form of sham treatment which we used was devised
to ensure that no energy was delivered to the region under
study. Elements used in the techniques of others were
included,3’16 but with additional measures to ensure that
this was a true sham. The combination of steps taken make
it unlikely that any treatment was delivered to a patient in
the sham group.15

There is no consensus on appropriate doses of ESWT
and treatment parameters remain empirical. Emphasis was
placed on the use of a feasible regime with minimal side-
effects and thus a low-dose regime was chosen in order to
avoid the need for local anaesthetic or significant rest after
treatment. It is possible that different doses may be more
effective and there is evidence, at least in calcific tendoni-
tis, that effects are dose-related.”

In order to identify side-effects of treatment we used an
interval between treatments which was usually one week.
This was longer than that used by others.”* The technique
is widely reported to be safe, but there is a potential for
haemorrhage and local soft-tissue damage which are more
likely with high doses.”” No significant adverse effects
were noted which is in agreement with the experience of
others.” >+

No benefits in any form have been received or will be received from a
commercial party related directly or indirectly to the subject of this
article.



512

References

=

—

wn

. Delius M. Medical applications and bioeffects of extracorporeal shock
waves. Shock Waves 1994:4:55-72.

. Fritze J. Extracorporeal shock wave treatment (ESWT) in orthopaedic
indications: a selective review. Versicherungsmedizin 1998;50:180-5.

. Rompe JD, Hopf C, Nafe B, Burger R. Low-energy extracorporeal
shock wave therapy for painful heel: a prospective controlled single-
blind study. Arch Orthop Trauma Surg 1996;115:75-9.

. Loew M, Daecke W, Kusnierczak D, Ranmanzadeh M, Ewerbeck
V. Shock-wave therapy is effective for chronic calcifying tendinitis of
the shoulder. J Bone Joint Surg {Br} 1999;81-B:863-7.

. Haupt G. Use of extracorporeal shock waves in the treatment of
pseudarthrosis, tendinopathy and other orthopaedic diseases. J Urol
1997;158:4-11.

. Haist J, von Keitz-Steeger D. Stobwellentherapie knochennaher
Weichteilschmerzen: ein neues Behadlungskonzept. In: Chaussey C,
Jocham D, Wilbert D, eds. Die Stobwelle-Forschung und Klinik.
Tubingen: Attemptoo Verlag, 1995:162.

. Haupt G, Chvapil M. Effect of shock waves on the healing of partial-
thickness wounds in piglets. J Surg Res 1990;49:45-8.

. Williams JW Jr, Holleman DR Jr, Simel DL. Measuring shoulder
function with the shoulder pain and disability index. J Rheumatol
1995;22:727-32.

. Heald SL, Riddle DL, Lamb RL. The shoulder pain and disability
index: the construct validity and responsiveness of a region specific
disability measure. Phys Ther 1997;77:1079-89.

. Constant CR, Murley AH. A clinical method of functional assess-
ment of the shoulder. Clin Orthop 1987;214:160-4.

. Woolf SH. Practice guidelines, a new reality in medicine. II. Methods
of developing guidelines. Arch Intern Med 1992;152:946-52.

. Wright JG. Outcomes research: what to measure. World J Surg, 1999.
23:1224-6.

. Green S, Buchbinder R, Glazier R, Forbes A. Systematic review of
randomised controlled trials of interventions for painful shoulder:
selection criteria, outcome assessment, and efficacy. BMJ
1998;316:354-60.

. O’Connor DA, Chipchase LS, Tomlinson J, Krishnan J. Arthro-
scopic subacromial decompression: responsiveness of disease specific
and health related quality of life outcome measures. Arthroscopy
1999;15:836-40.

. Minilith SL. /. Handbook: special unit for orthopaedic shock wave
therapy. Germany: Storz Medical, 1997.

16.

17.

18.

19

C. A. SPEED, C. RICHARDS, D. NICHOLS, S. BURNET, J. T. WIES, H. HUMPHREYS, B. L. HAZLEMAN

Russo S, Giglotti S, de Durane C, et al. Results with extracorporeal
shock wave therapy in bone and soft tissue pathologies. In: Siebert W,
Buch M, eds. Extracorporeal shock waves in orthopaedics. Berlin:
Springer Verlag, 1997.

Royal College of General Practitioners. Office of Population Cen-
suses and Surveys, Department of Health and Social Security: morbid-
ity statistics from general practice. Third national study:
socio-economic analyses. Series MB5 No. 2. London, HMSO, 1986.

Vecchio P, Kavanagh RT, Hazelman BL, King RH. Community
survey of shoulder disorders in the elderly to assess the natural history
and effects of treatment. Ann Rheum Dis 1995;54:152-4.

. Speed CA, Hazleman BL. Shoulder pain. Clin Evid 2001;4:852-64.
20.

Rompe JD. Presentation to Convention of South German Orthopae-
dists. Baden-Baden, 1996.

21 Siebert W. Presentation to Convention of South German Orthopae-

22,

23.

24.

25.

26.

27.

28.

29.

dists. Baden Baden, 1996.

Rompe JD, Kullmer K, Richle HM, et al. Effectiveness of low-
energy extracorporeal shock waves for chronic plantar fascitis. Foot
and Ankle Surgery 1996;2:215-21.

Rompe JD, Hopf C, Kullmer K, et al. Low energy extracorporeal
shock wave therapy for persistent tennis elbow. Int Orthop
1996;20:23-7.

Rompe JD, Hopf C, Kullmer K, et al. Analgesic effect of extra-
corporeal shock wave therapy on chronic tennis elbow. J Bone Joint
Surg {Br} 1996;78-B:233-7.

Oh VM. The placebo effect:
1994;309:69-70.

Kienle GS, Kiene H. The powerful placebo effect: fact or fiction? J
Clin Epidemiol 1997;50:1311-8.

Adebajo AO, Nash P, Hazleman BL. A prospective double blind
dummy placebo controlled study comparing triamcinolone hexaceto-
nide injection with oral diclofenac 50 mg TDS in patients with rotator
cuff tendinitis. J Rheumatol 1990;17:1207-10.

Petri M, Dobrow R, Neiman R, Whiting-O’Keefe Q, Seaman WE.
Randomised double blind, placebo controlled study of the treatment of
the painful shoulder. Arthritis Rheum 1987;30:1040-5.

can we use it better? BMJ

Delius M, Draenert Y, Bosner M. Effect of extracorporeal shock
waves on bone: a review of shock wave experiments and the mecha-
nisms of action of shock wave action. In: Wiebert W, Buch M, eds.
Extracorporeal shock waves in orthopaedics. Berlin, Springer Verlag,
1997.

THE JOURNAL OF BONE AND JOINT SURGERY


http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0938-1287^281994^294L.55[aid=2284149]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0933-4548^281998^2950L.180[aid=2363982]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0936-8051^281996^29115L.75[aid=1889247]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0301-620X^281999^2981L.863[aid=2363869]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-5347^281997^29158L.4[aid=1174804]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-4804^281990^2949L.45[aid=2363983]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0315-162X^281995^2922L.727[aid=2363984]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0031-9023^281997^2977L.1079[aid=2363985]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0009-921X^281987^29214L.160[aid=1198958]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0003-9926^281992^29152L.946[aid=2363986]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0959-8138^281998^29316L.354[aid=2288635]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0749-8063^281999^2915L.836[aid=2363987]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0003-4967^281995^2954L.152[aid=2363988]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0341-2695^281996^2920L.23[aid=1889245]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0301-620X^281996^2978L.233[aid=1889246]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0959-8138^281994^29309L.69[aid=2363990]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0895-4356^281997^2950L.1311[aid=849842]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0315-162X^281990^2917L.1207[aid=2363991]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0004-3591^281987^2930L.1040[aid=2363992]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-5347^281997^29158L.4[aid=1174804]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0315-162X^281995^2922L.727[aid=2363984]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0959-8138^281998^29316L.354[aid=2288635]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0749-8063^281999^2915L.836[aid=2363987]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0341-2695^281996^2920L.23[aid=1889245]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0301-620X^281996^2978L.233[aid=1889246]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0959-8138^281994^29309L.69[aid=2363990]
http://www.jbjs.org.uk/rpsv/cgi-bin/linker?ext=a&reqidx=/0895-4356^281997^2950L.1311[aid=849842]

