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cute supraspinatus tears in rats
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he purpose of this study is to determine if bipolar ra-
iofrequency energy (bRFE) can enhance delayed sur-
ical repair of acute supraspinatus tendon tears. Bilat-
ral supraspinatus tendon tears were created in 42
prague-Dawley rats and repaired at 6 weeks either
ith or without bRFE augmentation. There were 8 con-

rol (sham) rats. Treatment rats were euthanized at 4,
, and 12 weeks after repair. All specimens under-
ent biomechanical and histologic evaluation. Com-
ared with standard repair, bRFE-treated repairs
howed a greater average maximum stress (8.475
/m2 versus 3.95 N/m2) at 12 weeks, which was not

ignificant (P � .11). The mode of failure was by hu-
eral fracture in 57.14% �with bRFE versus 14.29%
ithout bRFE. Histologically, both standard and bRFE-

reated repairs were indistinguishable from controls at 12
eeks. The use of bRFE showed no definitive effect on
elayed repair of acute rat rotator cuff tears. (J Shoulder
lbow Surg 2007;16:640-648.)

ymptomatic rotator cuff tears significantly affect
ealth and function and result in high costs in lost
ages and treatment. Surgical repair requires 4 to 6
eeks of relative immobilization, with early restric-

ions on motion to minimize the chances for repair
ailure. Despite biologic healing, reported failure rates
ange between 5% and 70%.1,6,7,11,12,19,24,27 Meth-
ds to enhance rotator cuff healing have the potential
enefit of earlier and more aggressive mobilization,
educed complications associated with stiffness,
horter overall rehabilitation periods, lower lost
ages and disability, and possibly lower anatomic

ailure rates.
One potential source of rotator cuff repair augmen-

ation is the use of bipolar radiofrequency energy
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bRFE). The mechanism by which bRFE works is
hrough a disruption of collagen molecular bonds,
hich triggers healing through a controlled inflamma-

ory and angiogenic response.2,22,28 This beneficial
ffect of bRFE on healing has been demonstrated in
everal animal studies. A porcine study investigating
bRFE catheter placed percutaneously into the ven-

ricular cavity of the heart demonstrated significant
ncreases in vascular endothelial growth factor
VEGF) production, creation of local microvessels,
nd increases in local perfusion.15 A rabbit study
valuating Achilles tendons treated with a bRFE probe
emonstrated an inflammatory response with signifi-
ant elevations in VEGF compared with controls.3

In humans, bRFE has been used to stimulate a
uicker recovery compared with laser during cos-
etic surgery.9 In ear, nose, and throat surgery, a

andomized, controlled, double-blind study showed
hat the use of bRFE during tonsillectomy resulted in
uicker recovery times and improved results com-
ared with conventional techniques.4,10

Percutaneous myocardium revascularization (PMR)
n patients with congestive heart failure also has
hown positive clinical outcomes.14 In a clinical pilot
tudy of 20 patients with symptomatic areas of tendi-
osis of the Achilles tendon, patellar tendon, or epi-
ondylar tissue, patients treated with bRFE demon-
trated a decrease in symptomatic pain and an
ncrease in daily function.23

To our knowledge, no current studies have evalu-
ted the use of bRFE to enhance rotator cuff tear
epair. Excluding primates, the use of the rat shoulder
odel most closely approximates the human shoul-
er.21 Previous work has determined that standard
epair techniques result in inadequate recreation of
he supraspinatus insertion site at 4 months after
epair without biologic augmentation.25 In this study,
e explored the use of bRFE as an adjunct to delayed

epair of acute rat rotator cuff tears.

ATERIALS AND METHODS

The study was approved by our Independent Animal Use
ommittee (IACUC #02-049). Fifty Sprague-Dawley rats

weight, �400 grams) were used. Complete bilateral su-

raspinatus tendon tears were surgically created in 42 rats
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84 shoulders). A sham group consisting of 8 rats (16
houlders) underwent the same operative exposure of the
upraspinatus tendon without tear creation.

All rats were anesthetized with a combined ketamine
100 mg/kg) and xylazine (5 mg/kg) intraperitoneal injec-
ion. The upper extremities were shaved and aseptically
repared. The surgical exposure involved a 1-cm to 2-cm

ransverse incision centered over the lateral border of the
cromion. The deltoid was split distally 8 to 10 mm to
xpose the greater tuberosity. The supraspinatus tendon
as visualized as it passed through the bony arch created
y the coracoid, acromion, and clavicle to its insertion on

he greater tuberosity of the proximal humerus. The insertion
f the supraspinatus tendon was further exposed by abduct-
ng and externally rotating the humerus.

Bilateral full-thickness supraspinatus tendon defects were
reated in the 42 treatment rats by incising the tendon at its
nsertion and excising approximately 2 mm of distal ten-
on. Failure to excise 2 mm of distal tendon resulted in
pontaneous healing of the tendons in several prestudy
rials. The deltoid muscle was then approximated using 4-0
icryl suture (Ethicon, Somerville, NJ) and the skin closed
ith absorbable 3-0 Monocryl suture (Ethicon).
Postoperatively, the rats were allowed to move freely in

heir cages. A pilot study (unpublished data) using the
bove technique resulted in nonhealed tendons at 6 weeks,
llowing for subsequent repair.

After 6 weeks, the 42 rats with bilateral supraspinatus
endon tears underwent operative repair of the tear using
he same anesthetic technique described previously. The
urgical exposure was similar, with the exception of an
dditional split made in the trapezius 5 to 8 mm proximally
rom the acromion with division of the acromioclavicular
apsule to obtain a more adequate exposure to the scarred
nd retracted rotator cuff tendon. The left shoulder under-
ent a transosseous repair using 5-0 Proline (Ethicon)
laced in a modified Mason-Allen configuration through the

endon edge and then brought into approximation with the
ative insertion site by using a single bone tunnel (Figure 1).

The right shoulder underwent the same repair with the
ddition of a single application of the TOPAZ microdébrider
ArthroCare, Inc, Sunnyvale, CA). The microdébrider was
onnected to an Arthrocare 2000 generator using identical
ettings to those used in a pilot study by Tasto et al23 with a
oltage setting of 4 (175 V RMS) and a preset 0.5 second
uration. The probe tip was placed by hand exactly perpen-
icular to the specimen 1 to 2 mm medial to the repair edge,
sing only the weight of the probe. The force created was
easured at 15 grams. Closure was identical to the first

urgical technique with the addition of the trapezius repair.
he acromioclavicular joint capsule was not repaired.

The sham group (8 rats) also underwent a second surgi-
al exposure without defect creation or repair.

Postoperatively, the rats were allowed to move freely in
heir cages.

The 42 treatment rats (84 shoulders) were randomly
uthanized using carbon dioxide gas at 4 weeks (14 rats),
weeks (14 rats), and 12 weeks (14 rats) postoperatively

rom the time of tendon repair. Within each of these groups,
rats (16 shoulders) were randomly assigned to biome-
hanical testing and 6 rats (12 shoulders) to histologic o
esting. The 8 sham rats were all euthanized at 8 weeks
ostoperatively, with 4 rats (8 shoulders) assigned to bio-
echanical testing and 4 rats (8 shoulders) to histologic

esting (Figure 2).
All specimens were immediately dissected after eutha-

asia. Specimens included the intact supraspinatus muscle
nd tendon, which was left attached to its insertion onto the
reater tuberosity of the humerus. The whole humerus was
lso left intact to maximize the length of bone available for
otting during biomechanical analysis.

ross pathology
The surgical site was inspected after euthanasia for

endon healing, inflammation, and character of the healed
endon. The specimens were wrapped in saline-soaked
auze, placed in 2 plastic bags, and frozen at �20°C for

ater analysis.

istology
The thawed humerus was detached from the scapula, the

upraspinatus tendon and muscle was kept intact, and it was
xed in 10% neutral buffered formalin. Sections (8 �m) from
he entire supraspinatus attachment were obtained and
laced on glass slides coated with Vectabond (Vector Lab-

igure 1 A, Rotator cuff tear underwent a trans-osseous repair
sing 5-0 Proline placed in a modified Mason-Allen configuration
inset) through the tendon edge and then (B) brought into approx-
mation with the native insertion site using a single bone tunnel.
ratories, Burlingame, CA). Alternating sections were
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tained with hematoxylin and eosin (H&E), safranin-O
ast green (SO),20 or Picrosirius red (PSR) using well-
stablished techniques.3,5,20 Sections were studied in
etail with standard light microscopy and also with a
ikon polarization microscope (Tokyo, Japan) equipped
ith a lambda/4 compensator plate and interference
lter (lambda � 589 nm).

The relative sign of induced birefringence was deter-
ined by turning the analyzer in 2 opposite directions. The
ptical properties of the extracellular matrix (ie, the pres-
nce or absence of birefringence indicating orientation of
he collagen fibers) was observed.13,16-18 The most repre-
entative histologic sections in each specimen were exam-
ned and scored in a fashion similar to that described by
arpenter et al.3

Our scoring system accounted for (1) transition zone
rchitecture in H&E sections, (2) cellularity in H&E sec-

ions, (3) proteoglycan staining in SO-stained sections,
nd (4) collagen fiber orientation in PSR-stained sections.
or each category, the specimen was graded on the
ollowing scale: 0 � normal, � � mild changes, �� �
oderate changes, and ��� � marked changes. A
umber of other histologic features were also noted,
ncluding articular cartilage, inflammation, foreign body

Figure 2 Treatment protocol. bRFE, Bipolar r
eaction, and vascularity. The sections were blindly read T
y 2 different observers, with the final score being an
verage of each of the two readings.

iomechanical testing
On the day of biomechanical analysis, specimens were

hawed and moistened using a phosphate-buffered solution
ath and kept at precisely 39°C until immediately before

esting. All remaining muscle was stripped from the tendon.
n established technique by Carpenter et al3 was used to

ashion the tendon precisely into a dumbbell shape (5-mm
auge length, 3.5-mm width). Specimen thickness was mea-
ured manually using a digital caliper (Precision Graphic
nstruments, Inc, Spokane, WA) by observing when the
aliper arms came into contact with the specimen. This
easurement was recorded and used to calculate the cross-

ectional area of the tendon.
The humerus was then potted using poly-isocryl bone ce-

ent (Isocryl, Lang Dental, Chicago, IL). The free tendon side
as fixed to a custom-made cryoclamp. A material testing

ystem (Instron Model 8871, Canton, MA) was used to apply
uniaxial load to each specimen at a constant strain rate of
4 �m/s (approximately 0.4%/s) and at an angle of 110°

rom the humerus.3,26 Specimens were pretensioned to 5 N.

requency energy; SD, Sprague-Dawley Rats.
he force and displacement were recorded using Instron com-
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uter software (Instron Corporation, Canton, MA), and failure
echanism was observed and recorded.

tatistical analysis
Data were entered and evaluated using SPSS 11.5

oftware (SPSS Inc, Chicago, IL). Descriptive statistics were
alculated, including frequencies, mean, standard devia-
ion, and minimum and maximum values . Analysis with the
ruskal-Wallis test was used for comparison of between
roups due to the nonnormal nature of the data. Analysis by
2 was used for nominal data. Results were considered
tatistically significant at P � .05.

ESULTS

ross and histologic analysis

The gross appearance of the supraspinatus tendon
uring the initial surgery was similar in all rats. No
reexisting tears, tendinosis, or inflammation were
bserved in any specimen. During the second surgery
after creation of the iatrogenic tear), gross analysis
howed scar formation and tendon retraction in all
pecimens, with a dull and thickened appearance.
ham rats at the identical interval had tendons that
ere normal in appearance. The gross appearance
f repaired tendons showed a grossly intact repair in
ll specimens at 4, 8, and 12 weeks. No difference in
ross appearance could be identified between treat-
ent groups (standard versus bRFE) at any of the

reatment periods.
In all sham control specimens, the insertion site

ransition zone of the supraspinatus into the humerus
onsisted of collagen fibers interwoven into the uncal-
ified zone of cartilage, which blended directly into
he calcified layer and subsequently gave rise to the
one of the humeral head. Normal proteoglycan
taining could be demonstrated around the cells in the
ransition zone. Cells in the sample were evenly dis-
ributed. Fibroblasts were oriented along the longitu-
inal axis of the collagen fibers without any signs
f hypercellularity or hypocellularity. Collagen was
ighly organized and oriented longitudinally. There
ere no signs of inflammation. Articular cartilage
ppeared histologically normal. No tears in the ten-
on were encountered (Figure 3).

At 4 weeks after repair in the treatment groups, no
ualitative difference between the standard and bRFE
roup was observed. Histologic analysis revealed a
maller zone of calcification and an overall thinner
ransition zone. There was grossly more fibrous tissue
nd minimal proteoglycan staining. Cellularity was

ncreased without any signs of inflammation. Fibro-
last clustering was observed in several specimens.
ollagen was moderately disorganized (Figure 4).
At 8 weeks after repair, the transition zone of the

RFE group appeared slightly thicker than the stan-

ard group. Proteoglycan staining remained minimal p
n both groups. Cellularity was decreased when com-
ared to the 4-week specimens, but even spacing was
nce again observed for both groups. Neither group
howed signs of inflammation. Minimal fibroblast
lustering was seen. Collagen was minimally disorga-
ized (Figure 5).

At 12 weeks after repair, there was a qualitatively
hicker area of cells in the transition zone in both
roups. In 1 sample in the standard repair group, a

ongitudinal intrasubstance tear was observed adja-
ent to the insertion site, with clusters of cells with
ntense pericellular proteoglycan staining. No signs
f inflammation were seen. Cellularity was nearly
ormal. Collagen organization was essentially nor-
al (Figure 6).
Using the objective scoring system described by Car-

igure 3 Representative section of sham control specimens. Note the
ormal transition zone. Proteoglycan staining is minimal. There were
o signs of inflammation. Articular cartilage appears histologically
ormal (20� magnification, Safranin-O, fast green stain).

igure 4 Representative section of repair treated with bipolar
adiofrequency energy at 4 weeks after repair. Note the overall
hinner transition zone, increased fibrous tissue, and increased
ellularity, without any signs of inflammation (20� magnification,
afranin-O, fast green stain).
enter et al,3 the overall histologic grade was 0.30 for
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he sham group. The overall histologic grade of the
tandard treatment group and bRFE group was 2.2,
.1, and 1.7 and 2.4, 1.9, and 1.3 at 4, 8, and 12
eeks, respectively (Figure 7). There was no statisti-
ally significant difference between bRFE and stan-
ard treatment groups at any of the time intervals.
omparison of the overall histologic grade between

he sham and both treatment groups (standard and
RFE) was statistically different at 4 and 8 weeks (P �
05) but not at 12 weeks.

iomechanical results

During biomechanical testing, the tendon cryoclamp
ailed in 5 specimens (1 standard repair and one bRFE

igure 5 Representative section of repair treated with bipolar
adiofrequency energy at 8 weeks after repair. The transition zone
ppears slightly thicker, cellularity is decreased compared with the
-week specimens, and again there is no sign of inflammation.
inimal fibroblast clustering is seen (20� magnification, Safra-

in-O, fast green stain).

igure 6 Representative section of section of repair treated with
ipolar radiofrequency energy at 12 weeks after repair. The

ransition zone has further thickened. Cellularity is nearly normal
nd there are no signs of inflammation (20� magnification, Safra-
in-O, fast green stain).
t week 4, 1 standard at week 8, and 1 standard and t
ne bRFE at week 12), and their data could not be
ollected. All other specimens were tested success-
ully, producing the expected load-deformation
urves seen in tendinous tissue. The toe region of the
urve was minimal and was likely the result of preten-
ioning. The sham group showed an average max
tress of 7.89 N/mm2 and an average tissue modulus
f 28.89.

Biomechanical testing of the standard repair group
howed an average maximum stress of 4.99 N/mm2

t 4 weeks, 3.80 N/mm2 at 8 weeks, and 3.95
/mm2 at 12 weeks. All of these values were inferior

o the sham control group, showing statistical signifi-
ance, even 12 weeks after surgical repair (Table I).
he tissue modulus was calculated to be 18.03,
0.89, and 33.37, at 4, 8, and 12 weeks, respec-

ively. The standard repair group showed no statisti-
ally significant difference by 8 weeks.

The bRFE treated repair group had an average max
tress of 7.05 N/mm2, 6.28 N/mm2, and 8.48
/mm2 at 4, 8, and 12 weeks, respectively (Figure 8).
hen compared with the control group, there was no

ifference by week 8. The tissue modulus was signifi-
antly different than the sham group at week 4, but was
tatistically similar at weeks 8 and 12 (Table I).

Comparison between the standard and bRFE en-
anced repair groups showed an increasing disparity
n maximum stress between the 2 groups at 8 and 12
eeks after repair, which did not reach statistical

ignificance (P � .17 and P � .11, respectively;
able I). Comparison of modulus also revealed no
tatistically significant difference.

During biomechanical testing, failure of the speci-
en occurred either through rupture of the tendinous

epair or fracture through the humeral neck in all
pecimens. All sham control specimens failed through
umeral neck fracture. In both treatment groups, frac-
ure was seen in 14% to 28% in the 4-week and
-week groups. At 12 weeks, the incidence of frac-

igure 7 Comparison of overall histologic grade at 4, 8, and 12
eeks after repair in sham (patterned bar), standard (solid bar),
nd bipolar radiofrequency energy (bRFE, clear bar) groups. Error
ars indicate 1 standard deviation. P � .05 for sham versus
tandard and bRFE treatment for weeks 4 and 8. All other compar-
sons were not statistically significant.
ure in the bRFE repair group was 4 times higher
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han the standard repair group (57.14% versus
4.29%). However, this did not reach statistical
ignificance (P � .11; Table II).

ISCUSSION

This study assessed the effect of bRFE on the heal-
ng of rotator cuff tendons. Previous animal studies
ave looked at various aspects of supraspinatus
endon healing and the resulting biomechanical
nd histologic changes.3,8,21,25,26 None of these
tudies duplicates the current scenario of delayed
epair of complete supraspinatus tendon tear used in
his study. Thomopoulos et al25 studied the histologic
nd local expression of extracellular matrix compo-
ents in immediately repaired rotator cuff tears during
16-week period. Gimbel et al8 studied the histo-

able I Biomechanical properties of experimental groups

Sample week
Max stress
(n/mm2)

Tissue
Modulus

vs

Max
stress

week
Standard 4.99 18.03 —
bRFE 7.05 15.39 .39
Sham 7.89 28.89 .014
week
Standard 3.80 20.89 —
bRFE 6.28 28.14 .17
Sham 7.89 28.89 .004

2 week
Standard 3.95 33.37 —
bRFE 8.48 35.31 .11
Sham 7.89 28.89 .004

td, Standard repair; bRFE, bipolar radiofrequency energy.
Statistically significant values in bold (P � .05).

igure 8 Comparison of maximum stress at 4, 8, and 12 week
fter repair in sham (patterned bar), standard (solid bar), and
ipolar radiofrequency energy (bRFE, clear bar) treatment groups.
rror bars indicate 1 standard deviation.
ogic and biomechanical properties of unrepaired, t
omplete supraspinatus tendons. In both of these stud-
es, they found poor quality repair tissue during initial
ime intervals, which approached normal architecture
y 16 weeks.

In our experiment, both treatment groups showed a
inimal increase in cellularity by 4 weeks and histo-

ogically similar tendons by 12 weeks. Although the
ack of hypercellularity may be due to lack of obser-
ation during the times of highest cellularity, the ten-
ons did appear to recover histologically more
uickly in our study. The biomechanical results in the
tudy by Gimbel et al8 showed inferior maximum
tress at all time intervals compared with controls,
ven at 16 weeks, in contrast to our study where there
as no difference in maximum stress between con-

rols and the treatment groups at 12 weeks. Although

P value*

vs bRFE vs Sham

issue
odulus

Max
stress

Tissue
modulus

Max
stress

Tissue
modulus

— .39 .35 .014 .002
.35 — — .23 .01
.002 .232 .01 — —

— .17 .87 .004 .20
.87 — — .161 .23
.20 .161 .23 — —

— .11 .87 .004 .61
.87 — — .867 .68
.61 .867 .68 — —

able II Mode of failure of experimental groups

Sample week
Repair site
rupture (%)

Humeral neck
fracture (%) P*

weeks
Standard 85.71 14.29 .52
bRFE 71.43 28.57
weeks
Standard 85.71 14.29 .55
bRFE 75.00 25.00
Sham 0 100

2 weeks
Standard 85.71 14.29 .11
bRFE 42.86 57.14

RFE, Bipolar radiofrequency energy.
Standard vs bRFE; statistical significance at P � .5.
Std

T
m

hese results cannot help us delineate the relative
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ontribution of the use of bRFE in the accelerated
ealing response, they do demonstrate the return of
endon strength, stiffness, and histologic grade occurs
t a much earlier time than with the techniques used in

he 2 previous studies.
Using gross anatomic observation, objective histo-

ogic grading, and biomechanical evaluation, our
ata showed that during the 3 time intervals studied
4, 8, and 12 weeks), there was no statistically sig-
ificant difference between standard and bRFE-
reated repairs (P � .05). One possible explanation
or the lack of differences seen at the gross and
icroscopic level is the lack of sensitivity of our cur-

ent methods. Semiquantitative methods of analysis
uch as immunohistochemical staining or scanning
lectron microscopy, or quantitative methods such as
olecular biologic assays for growth factors and
ytokines would have increased the sensitivity of de-
ecting more subtle differences in collagen organiza-
ion and biochemical composition. Such changes
ave been observed in previous studies that used
RFE.15,23

A possible explanation for our inability to demon-
trate significance in both maximum stress and tissue
odulus is the confounding effect of the humeral
eck. The high incidence of fractures in our study
ndicates a significant amount of stress was being
pplied to this region of our tested material. The tissue
odulus measured in our study would have been a
omposite of the tendon as well as the bone. The
elative contribution of each to the measured modulus
annot be determined. Failure at the humeral neck
mplies that the strength of the tendon exceeds the
one, and therefore, our measurements may have
nderestimated the tendon’s true maximum stress. If
ne examines the mode of failure in the 2 groups,
umeral fracture was observed in 4 times as many
ases in the bRFE group than in the standard group at
2 weeks (14.29 versus 57.14%). One of 2 conclu-
ions can be drawn from this finding. If the bone was
f equal strength, the bRFE tendons had a higher
aximum stress than the standard repair tendons,
lthough the difference is unknown. If the tendons
ere of equal strength, the bone strength may have
een less in the standard repair group.

The current settings and technique of application of
he bRFE probe may also have affected our results.
he settings used in our study were modeled after the
revious study by Tasto et al.23 Using these settings,

hey were able to demonstrate an angiogenic re-
ponse by showing an increase in VEGF mRNA lev-
ls. It is possible that these settings are insufficient for
otator cuff tears in rats. Furthermore, we did not
ightly control the amount of pressure applied to the
robe during application. This may have caused vari-
bility in the amount of energy transferred to the

epaired tendon ends. i
Another possible explanation of why we did not
nd statistical significance in our study was lack of
ower. Although the exact percent difference that is
linically relevant is not known, a 30% difference was
sed as a frame of reference. Using post hoc power
nalysis with the values obtained in our study, we
ould need 14 samples in each treatment group to
ave an 80% chance of detecting a 30% difference.
n our study, we had only a 60% chance of detecting

30% difference.
A final possible explanation of our inability to

emonstrate statistical significance between the
roups was our use of delayed repair of an acute

ear. Our current technique may have resulted in
,ceiling effect where there was already enough in-
erent ability of the tendon to repair itself when it was
epaired at 6 weeks. As a result, any observable
eneficial effect of the bRFE may have been damp-
ned or diminished.

Currently, there is no universally accepted chronic
otator cuff model in rats. Gimbel et al8 studied the
roperties of unrepaired tears at intervals of 1, 2, 4,
, and 16 weeks. They did not determine which time

nterval was the threshold for a chronic tear. Further-
ore, even at 16 weeks, the characteristics of the

endon tear were not completely identical to those
ound in chronic human tears. Perhaps waiting 16
eeks to repair the tendon would have amplified the
ffects of bRFE on the repair.

Our study had methodologic weaknesses that have
ot yet been discussed. Several factors during biome-
hanical testing,may have confounded our results.
reating dumbbell-shaped specimens resulted in sam-
les that were very difficult to test owing to the result-

ng small size. Even with the use of a cryoclamp,
lippage of the specimen could not be prevented in 5
endons, leading to inadequate data for those speci-
ens. Maintaining as much of the tendon as possible
ould have made testing more reliable and easier.
Second, the contribution of the humeral neck to

easured values of both tissue modulus and maxi-
um stress may have been diminished by potting the

pecimens more extensively to support this location
ithin the humerus.
Third, the use of contact methods to measure our

endons without controlling the amount of force
laced on the specimen during measurement may
ave introduced another source of error to our calcu-
ations.

Finally, the use of position data to calculate stress
nd strain is flawed by lack of uniform stress through-
ut the specimen.21 However, in this study, we were
ore interested in the comparison between treatment
roups rather than the true tendon mechanical and
tructural properties, and therefore, it is unlikely that
ur conclusions would have changed even under

deal testing conditions.
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The strength of our study was that it was a con-
rolled study examining the effect of a single variable:
he use of bRFE on the repaired tendon. Inconsisten-
ies in technique were also minimized by having only

single surgeon for all procedures and a single
iomechanical tester.

The safety of the use of bRFE in rotator cuff tears was
erified in our study. No gross or histologically detrimen-
al effect to the surrounding soft tissue, bone, or cartilage
as observed, paralleling previous studies using this
odality.13,23 Macroscopic observation revealed a suc-
essful repair in all specimens, with no qualitative differ-
nce between the 2 treatment groups.

ONCLUSION

Based upon a PubMed search at the time of pub-
ication of this article, this is the first article, to our
nowledge, to report the use of bRFE to enhance
otator cuff repairs in rat tendons. It was found to be
afe when used for this specific procedure. Com-
ared with standard repair, the advantage of adding
RFE in our current model has yet to be proven.
owever, many questions remain to be answered,

uch as the optimal voltage setting, application dura-
ion, application location, and number of applica-
ions. Changes in any of these parameters with pre-
ise control of the pressure during application may
ncrease the size of the effect and further separate the
tandard and the enhanced repair groups.

Quantitative methods of analysis, such as use of
olecular biologic assays, and semiquantitative
ethods, such as immunohistochemical staining and

canning electron microscopy, may also help shed
ight on the biologic effects of bRFE on rotator cuff
endons and help refine the optimal usage parame-
ers. Finally, effects may also become more apparent
n a chronic model, where the healing process is at a
reater disadvantage.2,29

We thank the animal research facility staff for their
ork in maintaining the rats and creating a suitable
perating environment, Dr Nadim Hallab and his lab
or sharing use of the Instron machine, Jennifer
ayden for her invaluable work on the statistics,
ammy Pylawka for her help with the data calculation,
nd James Williams for his guidance and help with

he histology. Special thanks also to Stephen Lee, MS,
nd Amit Goyal, MS, for their assistance in the
roject.
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