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Background and Objective: Photobiomodulation has
been shown to modulate cellular protein production and
stimulate tendon healing in a dose-dependent manner.
Previous studies have used class IIIb lasers with power
outputs of less than 0.5 W. Here we evaluate a dual
wavelength (980/810 nm) class IV laser with a power
output of 10 W for the purpose of determining the efficacy
of class IV laser therapy in alleviating the pain and
dysfunction associated with chronic epicondylitis.
Methods: Sixteen subjects volunteered for laser therapy, or
an identically appearing sham instrument in a randomized,
placebo-controlled, double-blinded clinical trial. Subjects
underwent clinical examination (pain, function, strength,
and ultrasonic imaging) to confirm chronic tendinopathy
of the extensor carpi radialis brevis tendon, followed by
eight treatments of 6.6 + 1.3 J/cm? (laser), or sham over
18 days. Safety precautions to protect against retinal
exposure to the laser were followed. The exam protocol
was repeated at 0, 3, 6 and 12 months post-treatment.
Results: No initial differences were seen between the two
groups. In the laser treated group handgrip strength
improved by 17 + 3%, 52 + 7%, and 66 + 6% at 3, 6, and
12 months respectively; function improved by 44 + 1%,
71 + 3%, and 82 + 2%, and pain with resistance to
extension of the middle finger was reduced by 50 + 6%,
93 + 4%, and 100 + 1% at 3, 6 and 12 months, respective-
ly. In contrast, no changes were seen until 12 months
following sham treatment (12 months: strength improved
by 13 + 2%, function improved by 52 + 3%, pain with
resistance to extension of the middle finger reduced by
76 + 2%). No adverse effects were reported at any time.
Conclusions: These findings suggest that laser therapy
using the 10 W class IV instrument is efficacious for
the long-term relief of the symptoms associated with
chronic epicondylitis. The potential for a rapidly adminis-
tered, safe and effective treatment warrants further
investigation. Lasers Surg. Med. 2013 Wiley Periodicals,
Inc.
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INTRODUCTION

Tendinopathy is a common and painful condition that
occurs following damage to a tendon [1-3]. The onset of
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symptoms is associated with overuse, increased load,
vibration and/or repetitive movements and while tendon
injuries are sometimes acute, they are most often chronic
in nature resulting in significant restriction of activity and
lost work-time [3,4]. Characteristic findings include
necrosis [3], abnormal neovascularization [5], edema,
crepitus, and impaired function [4,6]; however, the etiology
remains incompletely understood. Furthermore, while
most cases resolve themselves within 12 months of rest,
approximately 15-20% are persistent, with reoccurrence of
symptoms when activity is resumed [6,7].

There is little consensus regarding effective treatments
for tendinopathy [4,8]. Rest, ice, and analgesics are general
guidelines used to provide pain relief. Orthotic devices [9],
ultrasonography [10] and deep transverse friction
massage [11] are often recommended, although there is
no conclusive evidence as to the effectiveness of these
treatments. Similarly, while eccentric exercises have been
shown to be more effective than no treatment in relieving
symptoms for some tendinopathies, compliance can be
problematic and there is a great deal of heterogeneity in
protocols [12]. Randomized controlled studies of epicondy-
litis have determined that oral non-steroidal anti-inflam-
matory treatment was not significantly better than
placebo [13] and although early corticosteroid injection
did provide symptom relief in some patients, studies that
were extended to 3 [14] and 12 [13] months post-injection
indicated that corticosteroid injection could even produce
a detrimental outcome. Extracorporeal shock therapy for
treatment of tendinopathy is also not supported by
systematic reviews of the literature [15], except perhaps
for cases resistant to conventional treatments [16].
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Another drawback is that there is a significant amount of
pain associated with this therapy [17].

In contrast, low level laser therapy (LLLT), also known
as photobiomodulation (PBM) has been shown to be
effective at the cellular level increasing cytochrome C
oxidase production and reversing the effects of cellular
inhibitors of respiration [18]. Accelerated tissue healing
has been reported, including an increase in collagen fibril
size [19] and a decrease in prostaglandin E, levels [20,21]
in a dose dependent manner [22]. Samoilova et al. [23]
reported activation of nitric oxide synthase, and recently
increased blood flow in the treated limb has been
demonstrated [24]. Given that tendinopathies have been
shown to be associated with matrix degeneration, these
combined effects would be likely to have an influence in
improved healing of damaged tendon. While one meta-
analysis of LLLT for lateral epicondylitis suggested that
LLLT was not more effective than placebo [25], two more
recent examinations of the literature based upon treat-
ment protocol concluded a positive effect. In studies where
the tendon was directly irradiated using wavelengths
between 630 and 1,064 nm, doses of 0.5-8 J were effective
in achieving improvements in decreased pain and in-
creased strength both acutely and up to 8 weeks following
treatment [26,27].

Previous clinical studies on LLLT have used lasers with
a typical output of less than 0.5 W. However, a dual
wavelength (980 and 810 nm) laser with an output power
of up to 10 W has recently been developed for use in laser
therapy. At full power (10 J/seconds) these instruments
can deliver 8-9 J/cm? at the skin surface, achieving a
distributed photochemical biomodulatory dose in only
minutes. The body of evidence indicating that LLLT is
efficacious suggests that the using a higher power laser
would allow for an effective treatment to be delivered in a
shorter time over a larger area, and with a more uniform
dose than the point administration of low power lasers.
However, to date, no randomized placebo controlled trials
have been undertaken utilizing this instrumentation.
Hence, the purpose of this investigation was to investigate
the efficacy of a laser with a higher power output for the
treatment of tendinopathy of the extensor carpi radialis
brevis tendon in a clinical setting.

METHODS

The study design was a single center randomized (1:1),
placebo-controlled, double-blinded, parallel group clinical
trial, conducted in the United States. Level of Evidence:
Therapy, 2 [28]. Independent ethical review was conducted
by the IRB Promedica Health Systems, Toledo, OH.
Volunteers were recruited by advertisement for 4 months.
Of the 28 subjects who volunteered for this randomized
controlled trial, 16 subjects were accepted into the study.
Exclusion criteria included factors which may have
affected treatment administration such as photosensitivity
or pigment around the cubital area which could have
resulted in different levels of absorption of the adminis-
tered light. The use of corticosteroids or, injection of the
cubital area within the past 3 months also precluded

participation. Informed consent was obtained and the
rights and privileges of the patients were observed at all
times. Clinical evaluation of lateral epicondylitis was made
by blinded Sport Medicine Fellows on the basis of standard
clinical tests including: Handgrip strength from three
maximal trials using the using the Smedley III Digital
Grip Strength Tester (Creative Health Products, Ply-
mouth, MI) according to standard protocol of Ashford
et al. [29]; Ratings of pain using the Visual Analog Sale
(VAS) of 1-10 (where 10 is intolerable pain) with maximal
handgrip using the Ashford et al. protocol [29], with
moderate palpation of the common extensor tendon, and
with resistance to extension of the middle finger (affected
elbow stabilized at 90°, forearm pronated, wrist in
neutral); And functional impairment (scale of 1-5 with 5
being no impairment and 1 being unable to use hand
during daily tasks). Participants also underwent ultrason-
ic imaging of the extensor carpi radialis brevis tendon to
confirm the diagnosis based upon the presence of tendon
thickening relative to the adjacent osseous structures,
discriminate focal areas of hypoechromicity or anechro-
micity, focal tears, and the presence of calcifications.
Ultrasonographs were evaluated by an experienced
radiologist with specialization in musculoskeletal radiolo-
gy who was also blinded to the treatment groups.

Subjects were then randomly assigned to placebo (sham)
or laser treatment (LT) groups by drawing sealed
envelopes from a box. Two identically appearing 10 W
lasers were used for treatments (LiteCure LLT, Newark,
DE), however the sham laser light was disabled and only
the aiming beam (identical to that utilized on the true
device) remained, subjects and clinicians were unable to
discriminate between which instrument was which. The
true laser was a solid-state diode dual wavelength (980/
810 nm fixed ratio 80:20) laser. The aiming beam was a
single wavelength class 3a laser (650 nm), with a power
output 4 mW. All treatments were administered in a sport
medicine clinic (Toledo, OH) by a trained technician
according to the following schedule: three treatments on
consecutive days, four additional treatments over the next
10 days and one final treatment during the third week. The
testing protocol was repeated following the final treat-
ment, and again at 3, 6, and 12 months to generate the
primary outcome measures. The study flow diagram is
shown in Figure 1.

Subjects abstained from all other forms of treatment
including non-steroidal anti-inflammatory or topical med-
ications, braces, physical therapy, ultrasound, acupuncture
and shock wave therapy until completion of the study. If a
patient chose to institute an alternative treatment they
were withdrawn from the study at that point, their data was
only included in analyses performed when the original laser
or sham was the only treatment. Activities causing pain or
irritation of the tendon were restricted until the laser
treatment was complete (the first 3 weeks), after which
subjects were encouraged to resume normal activity.

Due to ethical considerations subjects randomized into
the sham group were offered the true treatment after the
3-month follow up (Fig. 1), since any sham subjects
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Assessed for eligibility (n=28)
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.

S

Allocation

) i

Allocated to sham intervention (n=8)

+ Received allocated intervention (n=7)

+ Did not receive allocated intervention (did not
want to risk receiving sham treatment) (n=1)

Allocated to laser intervention (n=8)
+ Received allocated intervention (n=8)
+ Did not receive allocated intervention (n=0)
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Follow-Up }

Lost to follow-up (Chose corticosteroid
injection at 3 months) (n=2)

Discontinued intervention (Opted for true laser
treatment at 3 months) (n=2)

Lost to follow-up (n=0)
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Analysed (n=8)

Analysed (n=7 at 3 mo; n=3 at 6 and 12 mo)
+ Excluded from analysis (opted for other
treatment) (n=4 at 6 and 12 mo}

+ Excluded from analysis (n=0)

Fig. 1. CONSORT flow diagram for the laser study.

choosing the true treatment were no longer blinded to the
treatment their data was not crossed over and was not
included in the treatment data analysis after the 3-month
assessment.

Procedure For Administration of the Laser
Treatment

The area to be treated was demarcated at 1/2 the
distance from the lateral epicondyle to the ulnarstyloid and
1/3 of the distance from the lateral epicondyle to the
acromion process. The non-contact laser probe was kept
perpendicular to, and approximately 2.5 cm above the
surface of the dermis, creating a spot size 5.7-9.6 cm?.
The laser was set at full power output of 10 W with a
continuous wave form generating a total dose per
treatment of 3000 J in 5 minutes or 6.6 + 1.3 J/cm?

within the recommended therapeutic guidelines [26,30].
The first 2.5 minutes of the laser treatment were adminis-
tered with the arm in full extension, and the second
2.5 minutes were administered while passively moving the
joint through its range of motion in order to better allow full
illumination of the tissue. The laser probe was moved in a
“painting” fashion with half of the treatment delivered along
the long axis to the tendon, with the other half delivered
transverse to the tendon while covering the anterior, lateral
and posterior aspects of the lateral epicondyle.

Safety precautions were placed in effect to minimize the
risk of exposure of the retina of the eye to laser light. Both
clinician and subject wore specifically designed safety
goggles provided by the manufacturer to shield against
reflected laser light. Jewelry and other reflective surfaces
were removed from the treatment area which was
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TABLE 1. Demographic Information for Sham and Laser Treatment Groups

Sex
% female % male Age (years) Duration of pain (months)
Sham (n = 7) 40 60 48 + 7 15+ 12
Treatment (n = 8) 36 64 53+ 9 16 £ 15

Data presented as mean + SD.

designated by MSDS signage, and was restricted access.
At no time was the laser probe directed upwards towards
the head of the clinician or subject.

Statistical Analysis

The data analysis was generated using the MIXED
procedure for repeated measures with unbalanced
design [31] (SAS/STAT software, Version 9.2 of the
SAS System for Windows, Cary, NC) with the level of
significance taken at P < 0.05. Power analyses were
performed for each parameter using G*Power3 [32].

RESULTS

Demographic information is presented in Table 1. No
differences were observed between the two groups prior to
treatment. Clinical exams and ultrasonography confirmed
a diagnosis of chronic tendinopathy of the extensor carpi
radialis brevis tendon in all subjects. The ultrasonography
revealed tendons to be thickened, with heterogeneous
areas. Regions of hypoechogenicity and anechogenicity
were noted, and in some cases, proximal calcifications were
also visible.

All subjects tolerated the treatments well; there were no
reports of discomfort during the laser therapy or adverse
reports made at any time, and all LT subjects completed
the full treatment course as well as returning for the full
12 months of follow-up testing. One SG subject withdrew
prior to the beginning of the treatment course because they
did not want to risk being randomized into the sham
treatment group, two SG subjects chose to obtain the true

60

50

treatment when it was offered following the 3-month exam
(their data were included prior to and including the
3-month assessment, but not afterwards as they were no
longer blinded to the treatment), two SG subjects opted for
corticosteroid injections following the 3-month assessment
(their data were included prior to and including the
3-month assessment, but not following the injection), and
the remaining three control subjects continued with no
alternate treatment until completion of the 12-month
follow up (Fiig. 1). No significant differences were observed
in any of the primary outcome measures of strength or pain
in the sham group until 12 months (Figs. 2-6). In contrast,
all pain measures as well as perceived functional im-
pairment were significantly improved by the end of the
treatment protocol in the laser group (Figs. 3-6). Handgrip
strength was slower to recover and was not significantly
improved over pre-treatment levels until 6 months post-
treatment (Fig. 2).

DISCUSSION

This study is the first report of a clinical trial of a10 W
laser for treatment of tendinopathy. Our findings confirm
the positive effects of PBM in enhancing tendon healing
that have previously been reported with LLLT tri-
als [19,21,27]. In the current study, reductions in pain
and return of strength and function were observed in the
treatment group with greater speed and magnitude than in
the sham group (Figs. 3-6), with improvement continuing
up to and including the final time point at 12 months post-
treatment. While it is possible that these effects were due
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Fig. 2. Handgrip strength (kg) in the affected arm, pre and post laser and sham treatment. Shown
P values are for the difference in strength between laser and sham treatment (df = 48). Results for
the unaffected arm are also shown for comparison. *Significantly different from pre-treatment.

P < 0.0001. Power = 0.74.



EFFECTIVENESS OF THERAPEUTIC CLASS IV 5

3.5

Functional Impairment (scale 1-5)
-
i

== Laser

p<0.0004

—l—Sham

Tima [manths post treatmant)

Fig. 3. Functional Impairment (1-5, 1 = Useless). Shown P values are for the difference in
perceived functional impairment between laser and sham treatments (df = 48). Significantly
different from pre-treatment. *P < 0.0001 for the laser group, P < 0.002 for the sham group at

12 months. Power = 0.77.

at least in part to neurological changes [33], we propose
that the improvements in the primary outcome measures
may have occurred due to tendon repair over time as
patients reported continued reduction of pain and
increased strength even though they increased their use
of the affected tendon over the same time period. In
contrast, pain, strength, and functional impairment in the
sham group remained undiminished until 12 months
(Figs. 2—-6). This outcome is as expected, as tendinopathy
has been shown to resolve itself in approximately
12 months without treatment other than reduced use [6].
That the laser group showed continued decline of
tendinopathy symptoms in spite of increased function
immediately post-treatment through to 12 months (Fig. 3)
indicates that PBM treatment provides a superior outcome
to no treatment.

One weakness in the current study is the small sample
size, particularly in the sham group. With continued pain
and dysfunction at 3 and 6 months, the majority of patients
in the sham group switched to the true treatment or sought
other modalities (Fig. 1). However, our statistical power
analysis of 0.62—0.89 supports the validity of our observa-
tions in spite of the small sample size [32].

Pain ‘With Lateral Palpation [VAS 1-10)

The higher power output of the 10 W laser allowed for
the delivery of an effective PBM dose in minutes. Here, a
total of 3000 J were delivered over the entire area of
the extensor carpi radialis brevis tendon from 1/2 the
distance from the lateral epicondyle to the lateral stylus of
the carpus and 1/3 of the distance from the lateral
epicondyle to the acromion process in 5 minutes. This
fluence (6.6 = 1.3 J/cm?) is within the published guide-
lines for LLLT [30] which are designed for much lower
power lasers using point treatment as opposed to the
current beam diameter of 5.7-9.6 cm?. The wider beam
diameter and higher power allow for a much more even
distribution of energy over a larger areas such as a whole
muscle or large tendon which is likely to be advantageous
due to the dose response effect of PBM. Furthermore,
because the point delivery of lower power lasers is so
narrow, some of the inconsistency in outcomes following
laser treatment has been attributed to the heterogeneity
of delivery of the laser to the affected tissue [34].

Studies of LLLT treatment with 0.5 W lasers and point
treatment have been shown to have beneficial outcomes
in the treatment of tendinopathy [26,27], thus we cannot
exclude that the 4 mW laser light in the aiming beam

Time (manths post treatment)

Fig. 4. Lateral Pain With Palpation (VAS 1-10). Shown P values are for the difference in perceived
pain between laser and sham treatments (df = 48). *Significantly different from pre-treatment
P < 0.001. "Significantly different from pre-treatment. P < 0.05. Power = 0.74.
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Fig. 5. Pain with resistance extension middle finger (VAS 1-10). Shown P values are for the
difference in perceived pain between laser and sham treatments (df = 48). *Significantly different
from pre-treatment, P < 0.001; "P < 0.02. Power = 0.89.

(650 nm) used in both the 10 W laser and the sham device
contributed to the PBM dose applied in the current
investigation. However, due to the short time period of
exposure the total energy delivered by the aiming beam
would have only amounted to 1.2 J, well under the level
that has been identified as being an effective dose [30],
making it unlikely that the aiming beam had any
therapeutic effect. Furthermore, in the current study
there was a clear difference in the effectiveness of the two
devices in ameliorating the pain, weakness and dysfunc-
tion associated with lateral epicondylitis. There is also a
possibility that the higher power output of the 10 W laser
resulted in some heating of the tissue exposed to the laser
and that the kinetic energy rather than PBM may have had
an effect on the tendon repair. While this cannot be entirely
discounted it is highly unlikely as the increase in skin
temperature after a 5 minutes exposure to the laser was
only 8°C (unpublished results) and the are no conclusive
reports of heat being an effective treatment for epicondy-
litis in the literature.

Numerous cellular findings support the suggestion that
the mechanism of the positive effect of laser treatment on
tendinopathy in increased function, strength, and reduced

pain may be due to enhanced repair of tendonous tissues.
Reports of reduced levels of pro-inflammatory mediators
TNF-q, IL-6, TGF-B cytokines, and COX-2 enzyme [35],
PGg [21], and increased activation of NO [23] in damaged
tendon have been made following LLLT treatment.
Fibroblast metabolism appears to be enhanced with
increased fibroblast proliferation [35] reduced fibroblast
apoptosis [36] and an increase incollagen fibril size [19] and
biomechanical strength [37] in response to PBM. Given
that tendinopathy tends to be characterized by tendon
degeneration that is persistent to existing treatment
modalities, these findings are very promising to the
many individuals who suffer from chronic tendon
dysfunction.

CONCLUSION

Laser therapy using a 10 W class IV solid state diode
dual wave-length (980/810 nm) laser with eight treat-
ments of 3,000 J each over 18 days was found to be a safe
and efficacious treatment for the reduction of pain and loss
of strength seen with chronic tendinopathy of the extensor
carpi radialis brevis tendon. The potential for a quickly

== Lasar
== Sham
pelL0s

Pain With Maximal Handgrip (VS 1-10)

Time {months post treatment)

Fig. 6. Pain With Maximum handgrip contraction (VAS 1-10). Shown P values are for the
difference in perceived pain between laser and sham treatments (df = 48). Significantly different
from pre-treatment; “P < 0.001, "P < 0.02. Power = 0.62.
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administered, safe and effective treatment of tendinopathy
warrants further investigation.
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