ORTHOPEDIC TECHNOLOGIES.T

an original study

Safety and Efficacy of Extracorporeal Shock
Wave Therapy for Chronic Lateral Epicondylitis

John P. Furia, MD

Efficacy and safety of extracorporeal shock wave
therapy (ESWT) were investigated in 36 patients with
chronic lateral epicondylitis—9 patients receiving and
27 patients not receiving worker's compensation. All
patients were treated with a single application of
3200 shock waves. Twelve weeks after treatment,
the mean visual analog scale score for the entire
group improved from 8.0 to 2.5 (P<.05), and the
mean RAND 38-ltem Health Survey (Physical Func-
tioning) score improved from 65.6 to 88.0 (P<.05).
Outcomes for 28 elbows (77.8%) were rated excel-
lent or good on the Roles and Maudsley scale. There
were no significant differences in outcome measures
among the subgroups. There were no significant
complications. ESWT is an effective treatment for
chronic lateral epicondylitis. Worker's compensation
status did not affect outcomes.

ateral epicondylitis is a common enthesopa-
l thy of the elbow. Nirsch' and Kraushaar and
Nirsch? showed that the primary lesion is an
angiofibroblastic degeneration of the extensor ori-
gin. Cyriax? noted that the origin of the extensor
carpi radialis brevis is the usual site of injury,
though the pathology may also originate in the
extensor digitorum communis or extensor carpi
radialis longus.#
The condition typically occurs in the fourth and
fifth decades.’® Males and females are affected
equally.” An estimated 4 in 1000 individuals from the
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general population are affected at some time.* Manual
workers and racquet sport athletes are at high
risk.1es2 Indeed, lateral epicondylitis occurs in more
than 50% of tennis players at one time or another in
their careers. "

Lateral epicondylitis is a frequent cause of missed
work.'#* [n a review of all worker’s compensation
(WC) claims accepted over 1 year by the US Depart-
ment of Labor, investigators noted that enthesopathy
of the elbow was the second most costly upper
extremity diagnosis, accounting for 16% of total
claims.!t Silverstein and colleagues!? noted that,
unlike the claims rate for other upper extremity diag-
noses, the rate for elbow epicondylitis was increas-
ing. Results from a study in the Netherlands showed
that 10% to 30% of all episodes of lateral epi-
condylitis resulted in absence from work (mean
absence, 12 weeks)."©

There is no consensus as to optimal form of treat-
ment. Traditional nonoperative treatment consists of
rest, activity modification, anti-inflammatory medica-
tions, various forms of physical therapy, forearm brac-
ing, and steroid injections.!4c Although rare, serious
complications have been associated with steroid injec-
tions.'1# In the majority of cases, nonoperative mea-
sures are effective o1

Surgery is usually reserved for chronic cases.
Surgical options include open or percutaneous
release of the extensor tendons, localized excision
of pathologic tissue, and arthroscopic débridement
of the tendon origin.!*?! Success rates vary from
series to series, 41921

Extracorporeal shock wave therapy (ESWT) is a
byproduct of lithotriptor technology, ESWT has
been used in Europe since the late 1980s and has
been effective in treating various orthopedic condi-
tions, including plantar fasciitis, shoulder calcific
tendinitis, Achilles tendinitis, and nonunion of frac-
tures of long bones. 2%
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In 1996, Rompe and colleagues® described using
ESWT to treat chronic elbow tendinitis. Pain was
reduced and grip strength improved significantly
more in treated than in control patients. Subsequent
trials?" ¢ have substantiated these results.

In July 2002, the US Food and Drug Administra-
tion (FDA) approved a low-energy shock wave device
for treating chronic lateral epicondylitis.*® and, in
2003, the FDA approved a high-energy device for
treating chronic lateral epicondylitis.*

Results from several recent studies, however, have
cast doubt on the efficacy of ESWT in treating
chronic tendinopathies.’”*’ The purpose of the pres-
ent study was to examine the efficacy and safety of
ESWT in treating chronic lateral epicondylitis and to
determine whether there are any differences in out-
come between patients with and without an open WC
claim. The hypothesis was that ESWT would be an
effective treatment for each cohort of patients.

Methods
From June 2002 to June 2003, all patients with
chronic lateral epicondylitis treated with ESWT by a
member of the American Kidney Stone Manage-
ment—Orthopedics network were considered for inclu-
sion in the study.

For this study, lateral epicondylitis was defined as
symptoms of moderate to severe lateral elbow pain
that worsened with repetitive forearm motion. All
patients were evaluated through history taking and
physical examination, and all exhibited clinical signs
and symptoms of lateral epicondylitis. All patients
exhibited tenderness over the common extensor origin
and had pain with resisted wrist extension.

Patients included in the study had an established
diagnosis of chronic lateral epicondylitis for at least 6
months before treatment and had undergone at least 3
forms of traditional nonoperative treatment without
success. Traditional nonoperative treatment consisted
of rest, anti-inflammatory medication, ice, massage,
forearm bracing, stretching, physical therapy, and
steroid injections.

Exclusion criteria were rheumatoid arthritis. gener-
alized polyarthritis, Reiter syndrome, local infection,
pregnancy, bleeding disorders, tumors, age younger
than 18, severe endocrine disease, advanced periph-
eral vascular disease, and previous lateral epicondyli-
tis surgery.

All patients signed an informed consent form. Pro-
cedure details and potential risks were discussed fully
before treatment.

All treatments were performed on an outpatient
basis with either local anesthesia or a regional block.
Physician and patient chose the type of anesthesia.
When a local anesthesia was used, the skin and subcu-
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taneous tissues overlying the common extensor origin
were numbed with approximately 10 to 15 mL of 1%
lidocaine solution, Regional anesthesia was adminis-
tered by a member of the anesthesia department.
Patients treated with “straight local” anesthesia did not
receive intravenous sedation. Patients treated with a
regional block received intravenous sedation on an as-
needed basis as determined by the anesthesia provider.

A blood pressure cuff was applied to the nonaf-
fected arm. A coupling gel was applied to the lateral
aspect of the elbow. The patient’s vital signs and local
discomfort were monitored throughout the procedure.

A Dornier Epos lithotriptor (Dornier MedTech Inc,
Kennesaw, Ga) was used to administer ESWT. This
lithotriptor has an electromagnetic coil that generates
shock waves.*” Shock waves are guided using ultra-
sonographic localization of the region of interest, are
focused on the area of maximal tenderness and on the
surrounding area, and are delivered in a lateral-to-
medial direction,

ESWT was administered once to each patient using
a standard protocol. The patient was given a total of
3200 shocks for a total energy flux density of 1085
mJ/mm?. Fifty shocks were given at each power level
from 1 through 6, for a total of 300 shocks. The final
2900 shocks were given at power level 7, Frequency
of shock wave administration was increased from 60
shocks/min at power level 1 to 240 shocks/min at
power level 7.

On completion of the procedure, the treated elbow
was assessed for hematoma, bruising, and swelling.
The patient was discharged from the same-day hold-
ing area with instructions to ice and rest the elbow.
After treatment, some physicians applied splinting for
a brief period. No other interventions were used.

The patient was allowed early range of motion. If a
splint had been used. it was removed within several
days after treatment. Activity was advanced as symp-
toms dissipated. The patient returned to pretreatment
worle status within a week after treatment. How much
time to take off before returning to sports was decided
on a case-by-case basis.

Follow-up examinations were scheduled for 4
weeks and 12 weeks after treatment. The patient was
also contacted by telephone for a survey. Outcome
measures included visual analog scale (VAS) scores,
RAND 36-Item Health Survey (Physical Functioning)
scores, and Roles and Maudsley scale scores.

VAS scores (10 = severe pain, () = no pain) were
collected before treatment and 4 and 12 weeks after
treatment. Paired Student r test with statistical signifi-
cance set at P<.05 was used to compare the scores
collected at these 3 times.

The RAND 36-Item Health Survey is a validated
instrument for assessing 8 health concepts.s RAND
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Physical Functioning scores (100 = perfect physical
functioning, 0 = severe loss of physical functioning)
were collected before treatment and 4 and 12 weeks
after treatment. Paired Student 7 test with statistical
significance set at P<.05 was used to compare the
scores collected at these 3 times.

The Roles and Maudsley scale® is a subjective 4-
point rating scale used by many investigators reporting
ESWT results. 2244 On this scale, results are rated excel-
lent (patient has no symptoms), good (patient’s condi-
tion 1s significantly improved, patient is satisfied), fair
(patient’s condition is somewhat improved, patient is
partially satisfied), or poor (patient’s condifion is the
same ot worse, patient is dissatisfied). Each patient
rated the pretreatment condition of his or her elbow as
excellent, good, fair, or poor. Roles and Maudsley
scores were collected 4 and 12 weeks after treatment.
Paired Student 7 test with statistical significance set at
P<.05 was used to compare the outcome variables.

Resuits

OF the 50 patients (56 elbows) treated, 14 were excluded
from analysis: 6 who had both elbows treated during the
study period, 4 who were treated with both ESWT and
plasmapheresis by a single physician (plasmapheresis
could be a confounding variable), and 4 whose follow-
up data were insufficient. Thus, after 3 months, 36
patients (36 elbows) were available for analysis. All 36
patients (15 women, 21 men) were seen in follow-up by
their treating physician and were contacted by telephone
1 and 3 months after treatment. Mean age was 43 years
(range, 26-61 years). Mean condition duration was 19
months (range, 848 months).

Visual Analog Scale Scores
Mean VAS score was 8.0 (SD, 1.3) before treatment

versus 4.0 (SD, 2.0) 4 weeks after treatment. The
decrease is statistically significant (P<.03) (Figure 1).
Twelve weeks after treatment, mean VAS score was
2.5 (8D, 2.3). The decrease from before treatment to
12 weeks after treatment is also statistically signifi-
cant (P<.05) (Figure 2).

RAND Physical Functioning Scores
Mean RAND Physical Functioning score was 63.6 (SD,
18.3) before treatment versus 80.8 (SD, 11.6) 4 weeks
after treatment. The increase is statistically significant
(P<.05). Twelve weeks after treatment. mean RAND
Physical Functioning score was 88.0 (SD, 12.3). The
increase from before treatment to 12 weeks after treat-
ment is also statistically significant (P<.05).

Roles and Maudsley Scale Scores

Table T summarizes Roles and Maudsley scale
scores collected before treatment and 4 and 12
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weeks after treatment for all elbows. Before treat-
ment, all patients rated the condition of their affected
elbow as poor. Four weeks after treatment, 6 elbows
(16.7%) were rated excellent, and 19 (52.8%) were
rated good. Twelve weeks after treatment, 7 elbows
(19.4%) were rated excellent, and 21 (58.3%) were
rated good. No patient reported a worsening of symp-
toms from his or her pretreatment status.

Patients Receiving
Worker's Compensation
Nine patients were receiving WC for their elbow
injury, Mean VAS and RAND Physical Functioning
scores before treatment and 4 and 12 weeks after

Visual Analog Score Total Group
(N=36)-Four Weeks
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Figure 1. Mean visual analog scale score for all 36 patients 4
weeks after extracorporeal shock wave therapy. Difference in
mean scores before and 4 weeks after treatment is statistically
significant (P<.05).
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Figure 2. Mean visual analog scale score for all 36 patients
12 weeks after extracorporeal shock wave therapy. Difference
in mean scores before and 12 weeks after treatment is
statistically significant (P<.05).
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TaBLE |. RoLES AND MAUDSLEY SCALE
ScoRres 4 aND 12 WEEKS
AFTER TREATMENT*

TaBLE IlIl. VisuaL ANALOG SCALE SCORES AND
RAND PHysicaL FUNCTIONING Scores 4 WEEKS
AFTER TREATMENT*

Score n (%) 4 Wk 12 Wk
Excellent 6 (16.7%) 7 (19.4%)
Good 19 (52.8%, 21 (58.3%)
Fair 7 (19.4%) 4 (11.1%)
Poor 4 (11.1%) 4 (11.1%)
"N = 36 patients.

RAND Physical

Visual Analog Activity
Patients Score Score
WC 42+29 5.9 £14.7
Non-WC 40+19 84.7 £10.4
All 40+ 2.0 808+ 123

*WC indicates worker's compensation. There is no statistical difference in mean
visual analog scale scores or mean RAND Physical Functioning scares among
the groups of patients 4 weeks after treatment (P >.05).

TagLE Il. VisuAL ANALOG SCALE SCORES
AND RAND PHysicaL FUNCTIONING SCORES
BEFORE TREATMENT*

TaBLE IV. VisuaL ANALOG SCALE SCORES
AND RAND PHysicAL FUNCTIONING SCORES
12 Weeks AFTER TREATMENT*

RAND Physical RAND Physical
Visual Analog Functioning Visual Analog Functioning
Patients Score Score Patients Score Score
WC 73x£18 67.8 + 23.3 WG 230 85.2 £47
Non-WC 83+13 649 £17.2 Non-WGC 25327 86.1 + 20
All 8.0x15 65.6 £ 18.3 All 25123 88 +12.3

"W indlicates worker's compensation. There is no statistical difference in mean
visual analog scale scores or mean RAND Physical Funclioning scores armong
the groups of patients before treatrnent (P .05}

“WC indicates worker's compensation, There is no statistical difference in mean
visual analog scale scores or mean RAND Physical Functioning scores amang
the groups of patients 12 weeks after treatment (P =.05).

treatment are summarized in Tables II to IV. There is

no statistical difference in mean VAS score or mean

RAND Physical Functioning score between WC
patients and the entire group (P>.05 for each outcome
measure) (Tables 1-1V). Four weeks after treatment,
no elbows were rated excellent, 4 were rated good, 2
were rated fair, and 2 were rated poor. Twelve weeks
after treatment, 1 elbow was rated excellent, 6 were
rated good, 1 was rated fair, and 1 was rated poor.

Patients Not Receiving

Worker’s Compensation
Twenty-seven patients were not receiving WC. Mean
VAS and RAND Physical Functioning scores before
treatment and 4 and 12 weeks after treatment are sum-
marized in Tables Il to [V. There is no statistical dif-
ference in mean VAS score or mean RAND Physical
Functioning score between non-WC patients and the
entire group (P>.05 for each outcome measure)
(Tables II-IV). Four weeks after treatment, 5 elbows
were rated excellent, 15 were rated good, 5 were rated
fair, and 2 were rated poor. Twelve weeks after treat-
ment, 6 elbows were rated excellent, 15 were rated
good, 3 were rated fair, and 3 were rated poor.

Complications
There were only 4 minor complications. For 2
patients, pain occurred during treatment but resolved
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after treatment. Two patients had transitory skin-red-
dening that resolved without intervention,

Discussion

The literature is replete with reports on the efficacy of
ESWT in treating chronic lateral epicondylitis, -
After their initial 1996 report, Rompe and colleagues®
in 2001 reported on another 30) patients with chronic
unilateral lateral epicondylitis who also had clinieal
signs of cervical dysfunction. The investigators com-
pared the effects of ESWT with the effects of a com-
bination of ESWT and manual therapy on the cervical
spine. All patients—those who had ESWT and those
who had combination therapy—improved signifi-
cantly since their pretreatment evaluation. The investi-
gators concluded that ESWT is effective in treating
chronic lateral epicondylitis and that cervical manual
therapy is of questionable value.

Maier and colleagues* reported on 42 patients who
underwent ESWT for chronic lateral epicondylitis.
Between pretreatment and [9-month follow-up, VAS
scores improved significantly for 52% of female
patients and 84% of male patients.

In a prospective study of 53 patients (56 elbows) with
chronic lateral epicondylitis, Ko and colleagues®
reported 36.7% excellent or good results 6 weeks after
ESWT, 57.9% excellent or good results 12 weeks after
treatment, and 73.1% excellent or good results 24
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weeks after treatment. There were no complications.

Wang and Chen® examined the effects of ESWT on
43 patients (44 elbows) with chronic lateral epi-
condylitis and reported that 90.9% of treated patients
either had no complaints (61.4%) or had improved sig-
nificantly since before treatment (29.5%). The 6 con-
trol patients (treated with traditional nonoperative
therapies) did not improve significantly from their pre-
treatment condition.

Day* reported on 41 patients with work-related lat-
eral epicondylitis lasting more than 6 months. Alter
traditional nonoperative treatment failed for these
patients, they were treated with either ESWT or
surgery. Seventy-six percent of ESWT patients—ver-
sus only 30% of surgery patients—returned to work.

In the present study, the effects of ESWT were
evaluated in a consecutive series of patients with
chronic lateral epicondylitis that failed to respond to
nonoperative management. The outcome for the entire
study population was evaluated. The effect of WC sta-
tus was analyzed.

Mean VAS and RAND Physical Functioning scores
were improved 4 weeks and 12 weeks after treatment.
The percentage of excellent or good results (Roles
and Maudsley scale scores) 12 weeks after treatment
was 77.8%. There were no significant complications,
and no patient required additional ESWT.

In addition, there were no significant differences
between WC patients and non-WC patients with
respect to outcome measures. These findings are
important, as lateral epicondylitis is a common work-
related injury. In some surgical series, WC status has
been identified as an outcome-influencing factor.*—
Data from the present study suggest that WC status
does not affect outcome with ESWT. Conceivably,
maximum medical improvement can oceur as soon as
3 months after initial ESWT. Indeed, in the present
study, a positive effect was evident 3 months after
ESWT. Further prospective work is needed to verify
this result.

The FDA has approved several lithotripsy devices
for treating various musculoskeletal conditions. Two
devices, including the one used in this study, use elec-
tromagnetic energy to generate shock waves; another
device uses electrohydraulic energy. Comparison
studies have not been conducted on devices used for
musculoskeletal lithotripsy.

ESWT is an emerging technology, and protocols
vary from trial to trial. Different modes of delivering
shock waves—single treatment versus multiple treat-
ments, low energy (0.05-0.10 mJ/mm?) versus high
energy, electromagnetic versus electrohydraulic gen-
eration—can all influence therapy outcomes. Patients
treated with low-energy devices may require less
anesthesia than patients treated with high-energy
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devices. For this reason, the results reported in a study
are valid only for the parameters applied in that study.

Some investigators have questioned the efficacy of
ESWT. Haake and colleagues® studied the effects of
ESWT and placebo on chronic lateral epicondylitis.
There were 135 patients in the ESWT group and 137
patients in the placebo group. After withdrawing 11
patients from the ESWT group and 15 patients from
the placebo group because of missing data, the
investigators found no statistical difference between
the ESWT and placebo groups in number of patients
with a good or excellent pain score (Roles and
Maudsley scale).

Crowther and colleagues® compared the analgesic
effects of injected steroid and ESWT in treating lat-
eral epicondylitis. Patients received either a single
injection of triamcinolone 20 mg with lidocaine or
2000 shock waves in 3 sessions at weekly intervals.
After 3 months, treatment was deemed successful in
84% of patients treated with steroid and in 60% of
patients treated with ESWT.

Speed and colleagues® analyzed the results of
ESWT on 40 patients with chronic lateral epicondyli-
tis and 35 sham-treated patients with the same diagno-
sis. Three months after treatment, there was 50% pain
improvement in 35% of treated patients and 34% of
sham-treated patients. “Chronic” lateral epicondylitis
was defined as lateral elbow pain lasting for at least 3
months. Mean duration of this symptom was 15.9
months in treated patients versus 12 months in sham-
treated patients. Median duration of the symptom was
not reported.

These negative studies and the present study differ
in important ways. First, Haake and colleagues®
administered ESWT in 3 separate 2000-impulse treat-
ments separated by 7 days (5D, 1 day), and Crowther
and colleagues® administered ESWT in 3 weekly ses-
sions, whereas ESW'T was given in a single, larger
dose in this study.

Second, the treatment parameters used by Speed
and colleagues® (3 monthly “moderate-energy”’
ESWT doses of 1500 pulses at 0.12 mJ/mm?) are very
different from those used in the present study (I
“high-energy” dose).

Third, Crowther and colleagues® enrolled patients
who were symptomatic for at least 4 months, and
Speed and colleagues* enrolled patients who were
symptomatic for 3 months, whereas this study
enrolled patients who were symptomatic for a mini-
mum of 6 months. In my experience, patients with
less chronic symptoms (<6 months) are likely to
improve with or without ESWT.

ESWT results are valid only for the therapeutic
parameters applied. Patient selection and treatment
technique (adequate number of shocks, adequate total
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dose) are critical. Differences in results between dif-
ferent trials may be related to heterogeneity of treat-
ment parameters (eg, total dose, interval between
doses, number of sessions), study populations (rural
vs university), and perhaps machine design. Further
work is needed to clarify these issues.

Being retrospective, this study has some inherent
weaknesses. Follow-up was only 3 months (though
other, larger studies have used a similar follow-up
period#-)_ In addition, different physicians at differ-
ent centers performed the procedures, so the degree of
success reported here could in part be provider-depen-
dent (probably unlikely, as the shock wave generator
and application protocol were identical in all cases).
Finally, this study did not use a control group.

Nevertheless, this series contributes valuable infor-
mation. Data from this study show that ESWT is safe
and effective for treating chronic lateral epicondylitis
resistant to traditional therapy.

Summary

ESWT is an excellent treatment for chronic lateral
epicondylitis resistant to traditional treatment. The
ESWT procedure used in the present study was con-
sistently associated with pain relief and functional
improvement. There were no apparent differences in
outcome between patients with and without WC
claims. As previously reported,»-* ESWT appeared
safe and effective. Unlike recovery from surgery,
recovery {from ESWT generally occurs without signif-
icant morbidity. Further prospective work is under
way to better define this new modality.

Author’s Disclosure Statement
Dr. Furia wishes to note that he is a medical director
with American Kidney Stone Management/Orthope-
dics, Inc.
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Commentary
Approximately 17 million new patients are thought to
be afflicted with tendinosis or tendinitis in the United
Stares per year, There have been no new technologi-
cal advancements until recently for treating this
entity. Those two advancements are extracorporeal
shock wave therapy (ESWT) as summarized very
nicely by Dr. Furia's article, and the use of plasma
radiofrequency (RF)-based technology (TOPAZ™,

ArthroCare Corp., Sunnyvale, California). The use of

ESWT and RF-based microtenotomy are reserved for
the failure of conservative measures. One needs to
keep in mind that conservative care is not always con-
servative, and complications do exist, such as the
alarming and high incidence of GI bleeds with nons-
teroidal anti-inflammatories. Traditional surgery has
generally consisted of some form of débridement with
reasonably good results, but with prolonged rehabili-
tation and very litrle scientific support for the mecha-
nism of action of these procedures.

Tendinosis is a pathological condition consisting
of disorganized collagen, avascular tendon fascicles,
hypertrophy of the fibroblasts, and reduced nutri-
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factors.

tional flow to the tenocyte. This leads to hypovascu-
lar zones and subsequent pathological conditions.
Qur lab has extracted RNA in cases with torn rotaior
cuffs and compared them to normal rotator cuffs and
have found significant reductions of vascular
endothelial growth factor (VEGF) and alpha-V inte-
grin. This would lead one to believe that a reduction
in these growth factors plays an important role
in tendinosis.

There are multiple other articles in the European as
well as American literature on the efficacy of ESWT.
There are mixed reviews and certainly some contro-
versy as fo its effectiveness. The majority of the articles
are favorable, however, and those that are unfavorable
on occasion had flaws in the scientific methodology
used. Qur experience with the in-office low-energy
shock wave therapy (Sonocur®, Fayetteville, North
Carolina) has been reasonably good. We feel that two-
thirds of the patients have improved, and their level of
improvement approaches 70%. We have found it most
efficacious in patients who are athletes whose sport is
in season, and in patients who cannot take time off to
undergo a surgical procedure for other reasons. We
have chosen low-energy rather than the high-energy
shock wave therapy because of convenience for the
patient as well as cost effectiveness.

The use of plasma RF-based microtenotomy has
been popularized over the past 2'/, years. It appears
to be a very safe and efficacious microinvasive surgi-
cal procedure when conservative care fails. There are
rather impressive findings in the literature to support
the acceleration of a variety of growth factors with
the use of a very-low-dose radiofrequency device.
Studies have been done in the myocardium as well as
in the vertebral disc and also in healing wounds to
support acceleration of a variety of these growih
Our clinical experience with this over the
last 2 Y/, years has yielded excellent results in more
than 90% of the patients. The complication rate is
almost nonexistent, and the patients’ rehabilitation
process is accelerated and rapid.

The socioeconomic issues are paramount in both of
these technologies. Insurance remuneration for ESWT
has been slow in its evolution, although it is a very cost-
effective procedure. The insurance remuneration for
microtenotomy has not been a problem because it is a
variation on a traditional approach to this condition.
Both of these approaches appear to be cost-effective
and should be appealing to the insurance industry, not
only because of overall cost reduction, but also reduc-
tions in time off work from injuries, surgery, and pro-
longed rehabilitation.

James P. Tasto, MD
San Diego. California
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