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Radiofrequency-Based Plasma Microtenotomy Compared With
Arthroscopic Subacromial Decompression Yields Equivalent

Outcomes for Rotator Cuff Tendinosis

Ettore Taverna, M.D., Ferdinando Battistella, M.D., Valerio Sansone, M.D., Carlo Perfetti, M.D.,
and James P. Tasto, M.D.

Purpose: This study aimed to determine whether radiofrequency (RF)–based plasma microtenotomy
(microdebridement) was effective for treating chronic supraspinatus tendinosis. Methods: The
institutional ethics committee approved the study design, and all patients signed informed consent
forms. Patients (age range, 30 to 70 years) were considered for enrollment if 6 months of active
conservative treatment had failed and they had Neer stage II impingement syndrome, positive
radiographic evidence of type II acromion, and magnetic resonance imaging or ultrasound evidence
of supraspinatus tendinosis. Patients (N � 60) were randomly assigned to undergo arthroscopic
subacromial decompression or RF-based plasma microtenotomy. For microtenotomy, a bipolar
RF-based probe (TOPAZ; ArthroCare, Austin, TX) was used to perform microdebridement in the
supraspinatus tendon; patients did not undergo acromioplasty. Outcomes evaluation consisted of
self-reported pain via a visual analog scale, as well as functional assessment (American Shoulder and
Elbow Surgeons [ASES] survey, Constant score, and University of California, Los Angeles [UCLA]
questionnaire). Statistical analyses were performed by use of factorial dependent-measures analysis
of variance tests. Results: Age and baseline scores on the visual analog scale (mean � SD) were
52.0 � 6.7 and 53.2 � 6.6 years and 8.4 � 0.9 and 8.2 � 0.8 points in the microtenotomy and
arthroscopic subacromial decompression groups, respectively. A significant reduction in pain (P �
.001) and improved function (P � .001 for all measures) were observed in both groups postopera-
tively. Both treatment groups had almost identical longitudinal recovery profiles for pain relief (P �
.416) and restoration of function (P � .964 for ASES score, P � .978 for Constant score, and P �
.794 for UCLA score). At 1 year, the median pain score was 1.0, and all patients had ASES, Constant,
and UCLA scores of greater than 90, greater than 80, and greater than 30, respectively. Conclusions:
Both procedures were associated with significant improvement postoperatively, but the RF-based plasma
microtenotomy procedure draws into question the need for a more extensive procedure such as subacro-
mial decompression in this patient population. Level of Evidence: Level I, therapeutic randomized
controlled study. Key Words: Arthroscopic subacromial decompression—Bipolar radiofrequency—
Tendon debridement—Shoulder surgery—Microdebridement—Microtenotomy—Plasma.
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nterior acromioplasty has long been accepted as
a procedure of choice for performing subacro-

ial decompression to treat chronic impingement syn-
rome in the shoulder.1 In 1972 Neer2 hypothesized
hat chronic impingement syndrome was due to the
oracoacromial ligament and the anterior portion of
he acromion impinging on the rotator cuff, producing
ain and symptoms. He suggested removing the ante-
ior edge and undersurface of the anterior aspect of the
cromion and resecting the attached coracoacromial
igament (anterior acromioplasty procedure) as a sur-
ical measure for relieving symptoms.2 With the ad-

ent of shoulder arthroscopy, Ellman3 observed 88%
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1043RADIOFREQUENCY-BASED PLASMA MICROTENOTOMY
uccess at 1 to 3 years using Neer’s technique for
rthroscopic subacromial decompression (ASAD) in
atients with advanced stage II impingement without
otator cuff tear. Cordasco et al.4 reported excellent
linical results in patients with partial-thickness tears
f the rotator cuff comprising less than 50% of the
endon (grade 1 and 2) and acceptable clinical results
n patients with grade 2B partial tears followed up for

to 10 years.
More recently, speculation surrounding the etiol-

gy of chronic impingement syndrome suggests that
otator cuff failure may occur first, precipitating
econdary findings of impingement.1,5-7 Nirschl and
olleagues6,11-13 have suggested that the terms “im-
ingement syndrome,” “bursitis,” and “tendinitis” do
ot adequately capture the mechanical and histologic
omponents of this condition and should be replaced
ith the more accurate term of “tendinosis,” with

ffective treatment encompassing targeting of the un-
erlying histopathology.8

Past research in our laboratory at the University of
alifornia, San Diego showed that angiogenic mark-
rs such as �V integrin and vascular endothelial
rowth factor are reduced in chronically injured de-
enerated tendons.14 Low-dose radiofrequency (RF)–
ased plasma microtenotomy has the ability to stim-
late angiogenic growth factors in tendon,15 a
esponse known to be associated with healing. Eval-
ation of this approach in a prospective controlled
aboratory study using a rabbit tendon model showed
istologic evidence of early inflammation with subse-
uent development of neovasculature after treat-
ent.15 A later histologic study using an aged Achilles

abbit tendon model was performed to evaluate the
ffect of RF-based plasma microtenotomy on collagen
emodeling.16 The degenerated tendon showed gaps,
ew normal crimpings, and a lack of reflectivity under
olarized light. At 9 days after treatment, the treated
endon showed localized irregular crimpings, and at
0 days, it showed regular crimping, tightly dense
ollagen fibers, and hypercellularity with good reflec-
ivity. This was similar in appearance to a normal
ondegenerated tendon. A clinical study examining a
rospective case series showed that the RF-based
lasma microtenotomy approach is safe and effective
hrough at least 2 years for alleviating symptoms
ssociated with chronic tendinosis in the lateral el-
ow.17

The aim of this study was to determine whether
F-based plasma microtenotomy (microdebridement)
as effective for treating chronic tendinosis of the
upraspinatus tendon. This was a prospective, con- i
rolled, double-blinded study in which patients with
eer stage II impingement syndrome received either
SAD or arthroscopic microtenotomy via a bipolar
F-based device. The device is designed to ablate

cut) very small segments of the tendon and leave the
emainder intact, whereas a tenotomy generally con-
ists of complete or near-complete resection of a ten-
on. The purpose of the study was to measure pain
eduction and functional improvements through 1 year
ostoperatively in patients treated via arthroscopic
F-based plasma microtenotomy and to evaluate clin-

cal outcomes as compared with a group of patients
eceiving a conventional ASAD.

METHODS

tudy Design

Patients were randomly assigned to receive either
rthroscopic RF-based plasma microtenotomy or
SAD. Both the patient and the postoperative evalu-

ting physician were blinded to treatment. Clinical
utcomes were collected at 6 weeks, 3 months, 6
onths, and 1 year after the procedure and included

isual analog scale (VAS) scores for pain; functional
ssessment via the American Shoulder and Elbow
urgeons (ASES) survey, the University of California,
os Angeles (UCLA) questionnaire, and the Constant
core; and quality-of-life evaluation via the Short
orm 36 (SF-36) tool. The Ethics Committee of Isti-

uto Ortopedico Galeazzi, Milan, Italy, approved the
tudy design. All patients signed informed consent
orms.

atients

Patients aged between 30 and 70 years presenting to
he clinic with symptoms consistent with tendinosis in
he supraspinatus tendon associated with subacromial
mpingement were considered for inclusion into the
tudy. A primary indication for surgery was that
houlder pain interfered with normal daily activities
nd affected sleep. The individual VAS pain score had
o be 5 or greater, on a scale of 0 to 10, and in all
atients a minimum of 6 months of conservative treat-
ent had failed, including any combination of the

ollowing: physical therapy (including range of mo-
ion and strengthening), subacromial corticosteroid in-
ection(s), nonsteroidal anti-inflammatory drug ad-
inistration, activity modification, rest, and ice.
Patients had positive findings of impingement as
easured by use of the Hawkins-Kennedy test or
mpingement sign test. A positive Hawkins-Kennedy
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1044 E. TAVERNA ET AL.
est was present if the patient had pain and apprehen-
ion when the examiner internally rotated a 90° for-
ardly flexed arm. A positive impingement sign test

onsisted of pain being produced while the examiner
aximally forward flexed and internally rotated the

atient’s shoulder with one hand and exerted down-
ard pressure on the acromion with the other hand.
ll patients included in the study also had a positive

mpingement test and positive supraspinatus isolation
est (i.e., the empty-can or Jobe test). For a positive
mpingement test, pain was not reproduced during
orward flexion and internal rotation after injection of
0 mL of 1% lidocaine into the subacromial space.
or a positive supraspinatus isolation test, weakness
as detected (compared with the unaffected arm)
hile the patient rotated the upper extremities so that

he thumbs were pointing toward the floor and resis-
ance was applied with the arms in 30° of forward
exion and 90° of abduction. Patients had evidence of

endinosis on magnetic resonance imaging (MRI) and
ype II acromion and impingement syndrome on radi-
graphy.
During arthroscopy, the clinical findings were con-

rmed noting Neer stage II (fibrosis and tendinitis)
mpingement syndrome. This may have included bur-
al-sided rotator cuff irregularity or abrasion resulting
rom the impingement process. Small partial-thick-
ess tears that would not normally be treated surgi-
ally were not treated. Patients were not included in
his study if they had primary instability of the shoul-
er secondarily leading to impingement, Neer stage I
edema and hemorrhage) impingement, full-thickness
r substantial partial-thickness tears of the labrum or
otator cuff as shown by MRI or during arthroscopy,
r significant ossification or calcification of the cora-
oacromial ligament or if they had undergone prior
perative treatment for shoulder impingement.
Patients were randomly assigned to either undergo
SAD (n � 30) or RF-based plasma microtenotomy

n � 30) via a blinded envelope technique immedi-
tely before surgery. All patients underwent surgery
etween December 2003 and June 2004.

urgical Procedures

The same surgeon (E.T.) performed all procedures.
he patient was placed in the beach-chair position,
ith no traction applied to the forearm. The extremity
as prepped and draped in the usual sterile fashion.
lenohumeral arthroscopy was performed to evaluate

oncurrent pathology and to assess the undersurface of

he rotator cuff. A lateral portal was created just an- o
erior to the midpoint of the acromion and 3 to 4 cm
ateral to the bony edge to allow passage of the ar-
hroscope and a 7-mm cannula into the subacromial
pace, parallel to the acromial undersurface. The ar-
hroscope was introduced through the posterior portal,
ust beneath the acromial surface, and out the anterior
ortal cannula for outflow anteriorly. Instruments
ere delivered posterolaterally into the subacromial

pace.

ubacromial Decompression

ASAD was performed as reported by Ellman3 and
omprised coracoacromial ligament release, resection
f the undersurface of the anterior acromion (anterior
argin and lateral corner of the acromion), and com-

lete debridement of the bursa. After the surgeon had
erformed the bursectomy and exposed the supraspi-
atus tendon, the bony undersurface of the acromion
as cleared of soft tissue with a full-radius shaver
ntil the bony anterolateral corner, anteromedial cor-
er, and anterior margin of the acromion were visible.

4.5-mm-diameter barrel bur was used to perform
he bone resection, where approximately 0.5 cm of
one was removed. Any osteophytes and ossified sec-
ions of the coracoacromial ligament were also re-
oved. The ligament itself was resected from the

nteroinferior aspect of the anterior margin (to clearly
ee the anterior edge of the acromion) but was not
etached from the acromion.

F-Based Plasma Microtenotomy

In the patients who underwent the RF-based plasma
icrotenotomy, the objective was to remove only as
uch of the bursa as required to be able to see the

endon clearly. However, the extent of the bursectomy
as determined on a case-by-case basis, and as much
f the bursa was removed as was necessary in each
ase. A bipolar RF-based device (TOPAZ microde-
rider; ArthroCare, Austin, TX) connected to a Sys-
em 2000 generator (ArthroCare) was used to perform
he microtenotomy.

The device was inserted into the lateral portal and
laced on the tendon perpendicular to its surface. The
rea of the tendon treated was the preinsertional area
hat generally showed a change toward being more
ellowish in color than normal and was of softer
onsistency upon palpation with a probe and corre-
ated to the MRI or ultrasound location of the tendi-
osis. Using a light touch, the surgeon activated the
evice (using controller setting 4), for 500 millisec-

nds, and microdebridements were performed at
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1045RADIOFREQUENCY-BASED PLASMA MICROTENOTOMY
-mm intervals, at a depth 3 to 5 mm, to create a
-dimensional grid-like pattern throughout the af-
ected tendon area.

The bipolar RF-based device used in the study
unctions via a controlled RF-based plasma process.
n this process RF energy is used to excite the water
olecules in a conductive medium, such as an elec-

rolyte (saline) solution, to generate excited radicals
ithin a precisely focused plasma. The energized par-

icles in the plasma have sufficient energy to break
olecular bonds,18-20 excising or dissolving (i.e., ab-

ating) soft tissue at relatively low temperatures (typ-
cally 40°C to 70°C). The feature that differentiates
his technology from other systems, including other
F devices, is the formation of a glow discharge that

s the mediator of the treatment, not the RF or the heat
hat it produces. Therefore this technology is an RF-
ased technique, but its mechanism of action is a
hemical process20 and not a function of the RF en-
rgy itself. The tip of the TOPAZ device is about 0.8
m in diameter and has a surface area of 0.502 mm2.
n the basis of the assumption that the mean depth for

ach microdebridement is 4 mm, each perforation
ould remove about 2 mm3 of tissue. A typical rotator

uff microtenotomy procedure consists of 7 to 25
icrodebridements (removing 14 to 50 mm3 of tis-

ue), depending on the patient.

are After Procedures

All patients were discharged on the same day or the
orning after the procedure. Both groups underwent

he same rehabilitation protocol. One to two days after
he procedure, patients began passive range-of-motion
xercises. Between the first and second postoperative
onth, patients started an exercise program designed

o strengthen the rotator cuff and other scapular girdle
uscles.

utcome Measures and Follow-up

Clinical outcome measures included assessment of
houlder pain via a VAS score; evaluation of shoulder
unction via UCLA, Constant, and ASES scores; and
uality-of-life assessment via the SF-36. All outcome
easures were collected before the procedure and at 6
eeks and 3, 6, and 12 months postoperatively. The

linician performing all postoperative patient evalua-
ions was blinded to the surgical treatment.

The VAS scale used in the study was administered
mmediately before the procedure (baseline) and at all
ostoperative visits. The VAS was a horizontal 10-cm

ine with word anchors at the extremes: “no pain” on a
he left end and “worst pain imaginable” on the right
nd. The patient was asked to make a mark along the
ine, ranking the amount of pain he or she had been
aving within the previous week. The score was ob-
ained by measuring the distance from the left end up
o the point that the patient marked (in centimeters).

The ASES score is a global index consisting of the
ollowing components: shoulder range of motion,
unction, stability, strength, pain, and ability to per-
orm activities of daily living.21,22 The patient self-
valuation section has 11 items that can be used to
enerate a score. These are divided into 2 areas: pain
1 item) and function (10 items). The pain item is
ollected via a 10-cm VAS, which is divided into
-cm increments and anchored with verbal descriptors
t 0 and 10 cm. The 10 items of the function area
nclude activities of daily living, strength assessment,
nd physical activity. The total possible score is 100
oints. The UCLA shoulder assessment assigns a
core to patients based on 5 separate domains: pain,
unction, strength, active forward flexion, and overall
atisfaction.22 The pain item accounts for 10 points;
unction, 10 points; forward flexion, 5 points; strength, 5
oints; and overall satisfaction, 5 points; the total
ossible score is 35 points. The Constant scoring
ssessment consists of 4 components related to func-
ion of the shoulder: pain, disability, range of motion,
nd strength.22,23 The subjective measures of pain and
isability comprise 35 points, and the objective mea-
ures of range of motion and strength comprise 65
oints, for a total possible score of 100 points. The
ubjective assessment includes a single item for pain
15 points) and 4 items for activities of daily living (20
oints). The objective assessment includes range of
otion (forward elevation, lateral elevation, internal

otation, and external rotation) and power.
The SF-36 is a patient-based health status assess-
ent survey designed to assess the impact of medical

roblems across a broad spectrum of disease states on
n individual’s general sense of well-being.

tudy Power and Statistical Analyses

The sample size selected for this study was based on
he tenets provided by the central limit theorem, which
uggests that a sample size of 30 is generally consid-
red to be satisfactory in most practical situations.24

tatistical analyses were conducted via SPSS for Win-
ows software (version 14.0; SPSS, Chicago, IL). The
ontinuous variables were tested for normality and
qual variance before statistical analyses. If normality

nd equal variance were achieved, then parametric
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1046 E. TAVERNA ET AL.
nalyses were used; if normality was not achieved,
hen a nonparametric test (e.g., Wilcoxon signed rank
est) was applied. Categoric variables were analyzed
y use of the �2 test or Fisher exact test. Statistical
nalyses to evaluate postoperative changes in pain and
unctional measures across time were performed via a
actorial dependent-measures analysis of variance test.

minimum significance level of P � .05 was set for
ll statistical tests.

RESULTS

Both treatment groups were largely made up of
omen aged over 50 years (Table 1). Age, gender,

nd preoperative pain and functional assessment mea-
ures did not differ significantly between groups.

No significant operative or perioperative complica-
ions or events were observed. Postoperatively, both
reatment groups showed significantly (P � .001)
educed pain at the 10-day examination (Fig 1). The
icrotenotomy group showed a longitudinal profile

imilar to that of the ASAD group for pain reduction
hrough the first year postoperatively (P � .480). The
umber of patients reporting a VAS score of 1 or 0 at
, 6, and 12 months was 1 (3%), 11 (37%), and 28
93%), respectively, in both surgical groups.

Both surgical groups had significantly improved
unctional scores at the 6-week examination (Figs
-4). The microtenotomy group showed a longitudinal
ecovery profile similar to that of the ASAD group for

TABLE 1. Pa

Microtenotom

ge (y) 52 � 7
ender (female) 21 (7
urgical side (right) 19 (6
reoperative pain score (VAS) 8 � 1
reoperative ASES score (points) 39 � 3
20-30
31-40 1
41-50 1

reoperative UCLA score (points) 16 � 2
10-15
16-20 2
21-25

reoperative Constant score (points) 51 � 4
41-50 1
51-60 1
61-70

NOTE. Data are presented as mean � SD or number of patients. T
core and 100 points for the Constant score.
mproved function over the first year postoperatively
f
t

P � .964 for ASES score, P � .978 for Constant
core, and P � .794 for UCLA score). At 1 year, all
atients had ASES, Constant, and UCLA scores of
reater than 90, greater than 80, and greater than 30,
espectively (Table 2).

The quality-of-life scores through the first year
ostoperatively as measured by use of the physical
unctioning component assessed via the SF-36 were
imilar for both treatment groups (Fig 5).

DISCUSSION

Both surgical procedures were associated with sig-
ificant improvement from preoperative scores over

emographics

30) ASAD (n � 30) P Value

53 � 7 (40-65) .461
17 (57%) .284
20 (67%) .787

8 � 1 (7-10) .470
39 � 4 (25-45) .314

0
16
14

17 � 2 (12-20) .510
7

21
2

54 � 11 (40-93) .137
8

19
3

re 100 points possible for the ASES score, 35 points for the UCLA

IGURE 1. Postoperative changes in pain score (from preoperative
cores) are shown across all examination time points through 1
ear. The pain reduction profile was statistically similar (P � .416)
tient D

y (n �

(36-65)
0%)
3%)
(7-10)
(37-48)
1
8
1
(12-20)
9
0
1
(40-61)
2
7
1

here a
or both surgical treatment groups. (bRF, RF-based plasma micro-
enotomy.)
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1047RADIOFREQUENCY-BASED PLASMA MICROTENOTOMY
he 1-year follow-up period. In no patient in either
reatment group was surgery considered to have failed
t 1 year. This study suggested that the RF-based
lasma microtenotomy was capable of achieving a
imilarly beneficial clinical result to ASAD through
he first year postoperatively. The RF-based plasma
icrotenotomy is a simpler and less involved proce-

ure than ASAD and does not require bony resection,
ull bursectomy, or resection of the coracoacromial
igament. It therefore draws into question the need to
onduct the more extensive conventional subacromial
ecompression in the population of patients selected
or this study.

At 1 year, all patients in both treatment groups had
SES scores greater than 90, UCLA scores greater

han 30, and Constant scores greater than 80. Past
xperience has generally indicated that 85% or greater
uccess is achieved with ASAD.5 In one of the earlier

IGURE 3. Postoperative improvements (from preoperative
cores) in Constant scores are shown across all examination time
oints through 1 year. Improvements in scores across time were

IGURE 2. Postoperative changes in ASES scores (from preoper-
tive scores) are shown across all examination time points through

year. Improvements in scores across time were statistically
imilar (P � .964) for both surgical treatment groups. (bRF,
F-based plasma microtenotomy.)
d
tatistically similar (P � .978) for both surgical treatment groups.
bRF, RF-based plasma microtenotomy.)
tudies evaluating ASAD, conducted in a patient sam-
le consisting of 50 patients, 40 of whom had ad-
anced stage II impingement without rotator cuff tear,
llman rated 88% of cases as having excellent or good

esults at 1 to 3 years by use of the UCLA shoulder
ating scale.3 De Baere et al.24 retrospectively evalu-
ted a consecutive series of 13 patients who under-
ent arthroscopic acromioplasty for intractable pain

ssociated with long-standing rotator cuff deficiency.
he Constant-Murley score was improved from 59

range, 40 to 90) preoperatively to 99 (range, 69 to
23) at a mean of 19 months (range, 12 to 42 months)
ostoperatively. In patients who had a standard open
cromioplasty and resection of the subacromial bursa,
cKee and Yoo25 reported preoperative SF-36 scores

f 37.6 points for the physical component summary
or patients with no tear; at 24 months postoperatively,
he SF-36 score was significantly increased to 45
oints. Both treatment groups in our study had results
hat were at least as good as or better than those in the
atients undergoing ASAD but not requiring rotator
uff repair reported in these previous studies. Our
uccess rate after both RF-based plasma microteno-
omy and ASAD coincided with clinical expectations.

Impingement is thought to occur as a result of the
ysfunctional rotator cuff producing upward displace-
ent of the humeral head, and with use of the shoul-

er, the humeral head causes impingement of the
otator cuff against the coracoacromial arch.1 Recent
dvances in defining and understanding the his-
opathologic and ultrastructural characteristics of
ymptomatic chronic tendinopathy, such as that ap-
earing to occur in the dysfunctional rotator cuff, have
uggested that this pathology is a noninflammatory,

IGURE 4. Postoperative changes (from preoperative scores) in
CLA scores are shown across all examination time points through
year. Improvements in scores across time were statistically

imilar (P � .794) for both surgical treatment groups. (bRF,
F-based plasma microtenotomy.)
egenerative condition.8-10 Review of the literature



d
t
v
i
d
l
c
i
w
t
t
c
a
d
t
s
p

i
t
t
r
s
o
v
t
d
e
u
c
(
m
g
t
t

a
t
r
f
e
y
a
t
a
p
f
r
i
m
p
c
s
a
o

t

F
c

A

U

C

3

1048 E. TAVERNA ET AL.
escribing the histopathology of sports-related symp-
omatic Achilles, patellar, extensor carpi radialis bre-
is, and rotator cuff tendons revealed that the chron-
cally symptomatic tendon shows distinct signs of
egeneration, such as gray appearance and histopatho-
ogic evidence of disorganized collagen fibers, in-
reased fibrocartilaginous appearance, and absence of
nflammation. These findings were believed to explain
hy tendinosis was frequently refractory to conven-

ional conservative treatments.8 Histopathologic, his-
ochemistry, and morphologic signs in torn rotator
uff tendons revealed that tears were very likely to be
result of degenerative changes in the middle and

eep layers of the tendon associated with micro-
rauma.9 Rees et al.10 suggested that specific tendons
uch as the Achilles and supraspinatus tendons may be
articularly prone to degenerative pathologic changes.
Patients with Neer stage II (fibrosis and tendinitis)

mpingement syndrome showing imaging evidence of
endinosis in the supraspinatus tendon responded well
o the RF-based plasma microtenotomy and had a
ecovery profile through the first postoperative year
imilar to that of patients receiving ASAD. The results
f this study lend support to the conclusions of pre-
ious investigators that rotator cuff dysfunction symp-
oms may be treated effectively by targeting the un-
erlying histopathology of tendinosis.6,8,11-13 Kyrola
t al.26 evaluated 28 patients aged 55.8 � 7.6 years
sing MRI 4.6 � 2.1 years after surgery for rotator
uff tear; the cuff tear was traumatic in 18 patients
64%) and degenerative in 10 patients (36%). A nor-
al appearance of the rotator cuff correlated with

ood clinical outcomes, whereas retear and signs of
endinosis were associated with pain. Kartus et al.27

TABLE 2. Number of Patients in Each Treatment Group
12 Months

3 Months

Microtenotomy ASAD M

SES score
�95 0 0
�90 5 0
�80 30 30

CLA score
34-35 7 10
�28 30 30

onstant score
�90 0 0
�80 27 28
�70 30 30
ested the theory that performing debridement and
s
p

cromioplasty in patients with an Ellman type II par-
ial rotator cuff tear would render good long-term
esults and prevent progression of degeneration to a
ull-thickness rotator cuff tear. They retrospectively
valuated 26 patients with a minimum follow-up of 5
ears. The mean postoperative pain score, assessed via
VAS score, was 20 mm, ranging in severity from 0

o 85 mm. The Constant score after repair of the
rticular-sided tear was 72 (range, 35 to 97). Nine
atients had ultrasound evidence of progression to a
ull-thickness tear during the follow-up period. The
elatively poorer results in some patients led these
nvestigators to conclude that an arthroscopic acro-
ioplasty and rotator cuff debridement conducted in

atients with partial tears did not protect the rotator
uff from undergoing further degeneration. These
tudies indicate that conventional ASAD may not
dequately address the underlying rotator cuff pathol-
gy in some patients.
Other clinical investigators have assessed alterna-

ives to the conventional acromioplasty procedure for

IGURE 5. SF-36 scores plotted across time showed similar in-
remental improvement through 1 year postoperatively for both

ASES, UCLA, and Constant Function Scores at 3, 6, and
peratively

6 Months 12 Months

notomy ASAD Microtenotomy ASAD

0 0 10 7
4 15 30 30
0 30 30 30

0 22 28 30
0 30 30 30

5 5 16 19
0 30 30 30
0 30 30 30
With
Posto

icrote

2
3

2
3

3

urgical treatment groups. (Pre-Op, preoperatively; bRF, RF-based
lasma microtenotomy.)
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reating patients showing symptoms consistent with
otator cuff tendinosis. In patients with partial-thick-
ess articular-sided rotator cuff tears, treated via ar-
hroscopic rotator cuff debridement without acromio-
lasty, where the procedure consisted of aggressive
ebridement of the affected tendon tissue with a mo-
orized shaver, Budoff et al.6 reported good and ex-
ellent results in 86% at a mean of 53.2 months’
ollow-up (range, 25 to 93 months). Longer-term eval-
ation of the same patient cohort at a mean of 114
onths postoperatively showed an overall success rate

f 79%. The 43 tears of less than 50% thickness
reoperatively exhibited a higher success rate of 86%.
artsman and O’Connor28 evaluated the clinical effect
f ASAD in patients with a type 2 acromion under-
oing rotator cuff repair. With a minimum follow-up
f 1 year, ASES shoulder scores did not differ signif-
cantly between the group of patients who received
ubacromial decompression and those who did not.
hese studies suggest that conventional subacromial
ecompression may not be imperative for improving
ain relief and functional status in patients with im-
ingement syndrome or who undergo rotator cuff re-
air.
The subacromial bursa in patients with a rotator cuff

ear shows a significantly higher expression of inflam-
atory cytokines, tumor necrosis factor �, metallo-

roteases, and cyclooxygenase enzymes than the
ursa of patients who do not have a tear.29,30 Arthro-
copic subacromial bursectomy and calcium removal
ave been reported to provide a good alternative for
reating chronic rotator cuff calcific tendinitis.31,32

here is a possibility that the need to remove at least
ome of the bursa to clearly see the tendon in the
icrodebridement cases may have confounded our

esults because the bursa is known to possess pain
ediators. However, in the patients who received the
F-based plasma microtenotomy, we aimed to re-
ove as little of the bursa as possible, which in most

ases consisted only of enough tissue to be able to
learly visualize the tendon. Because the microteno-
omy patients did not undergo debridement of the
ntire subacromial space such as the ASAD patients
eceived, we believe that any confounding effects of
he bursectomy would be minimized by use of this
pproach; our approach appeared to be similar to that
sed by Budoff et al.6 Nevertheless, in our study the
xtent of bursectomy was determined on a case-by-
ase basis and as much of the bursa was removed as
e believed was necessary for visualization. It may
ave been beneficial to include a group of patients

ho received only bursectomy to evaluate its effects r
n clinical response because it is not clear how
trongly this part of the procedure may have affected
ostoperative outcomes. However, when this study
as conducted, we were not comfortable performing
ursectomy alone in this population of patients.
In patients receiving arthroscopic acromioplasty,
e Baere et al.24 reported significant postoperative

mprovement in pain and range of motion but not in
trength. Cole et al.33 tested the hypothesis that RF-
ased plasma debridement via a bipolar device en-
anced the repair of chronic supraspinatus tendon
ears by improving mechanical properties of the
reated tendon using a rat rotator cuff model.34 At 12
eeks, tendons that had received the bipolar RF-based
lasma debridement were 4 times more likely than
on–RF-treated tendons to fail by fracture, permitting
ignificantly greater maximum stress than non–RF-
reated tendons; at 8 weeks, the RF-treated tendons
ad a histologic appearance similar to controls. These
nvestigators concluded that adjunctive RF-based
lasma microdebridement appeared to enhance the
iomechanical and histologic properties of tendon af-
er repair. Biomechanical properties, including ulti-
ate stress at failure, elastic modulus, strain energy

ensity, and strain at maximum load, of human patel-
ar tendons in a cadaveric model were not significantly
ffected in the acute phase after receiving RF-based
lasma microdebridement.35 In future studies it may
e beneficial to rigorously evaluate strength of the
reated structure independently, as opposed to simply
elying on global indices such as the ASES, UCLA,
nd Constant-Murley assessments.

We detected no significant difference between treat-
ent groups in clinical outcomes through 1 year. This
nding could be attributed to two different conclu-
ions: (1) there is no difference between these two
reatments in this population of patients, or (2) the
tudy was insufficiently powered to detect a signifi-
ant difference. By use of the sample size estimation
arameters reported by Gartsman and O’Connor,28

ost hoc evaluation of study power to show that the
ean for the new treatment (microtenotomy) was

quivalent to the active control (ASAD)—in which
he null hypothesis tested was that the mean postpro-
edural clinical outcome scores for the microtenotomy
roup, as determined by use of the ASES question-
aire, would be no lower than those for the ASAD
roup at 12 months after the procedure—was con-
ucted against the 1-sided alternative hypothesis. By
stimating a common SD of 10 points for the post-
rocedural ASES scores and setting the type I error

ate at 5%, a sample size of 30 subjects in each group
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1050 E. TAVERNA ET AL.
ould have 85% power to detect a difference of 7
oints between groups for the ASES score at 1 year
ostoperatively (SamplePower, version 2; SPSS). Post
oc evaluation of study power, given these parame-
ers, suggests that this study had sufficient power to
how equivalency of treatments.

Longer-term follow-up would be beneficial because
ignificant differences between the two procedures
ay become apparent given more time. Past studies

ave indicated a mean time of greater than 24 months
or patients with failed subacromial decompression to
eturn for a secondary procedure.36-38 In patients
reated for Neer stage II impingement via subacromial
ecompression, 17% showed unsatisfactory UCLA
cores at a mean of 32 months’ follow-up.36 Ellman3

eported unsatisfactory results (UCLA score) in 12%
f patients between 1 and 3 years after surgery. In
atients who had received adequate decompression,
awkins et al.38 reported a failure rate of 14% at a
ean follow-up of 56 months. Currently, we have no

lans to continue observing the patients included in
his study; however, at the time of this writing, all
atients were in their third postprocedural year, and
one had returned to the clinic for subsequent care.

CONCLUSIONS

Use of RF-based plasma microtenotomy in patients
ith tendinosis as shown by MRI and type II acro-
ion and impingement syndrome as shown by radi-

graphy suggested that pain and functional symptoms
ssociated with this condition were successfully
reated through 1 year. Clinical outcomes in this group
f patients were equivalent to those in patients receiv-
ng a conventional ASAD.
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