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ARTICLE INFO ABSTRACT

Plantar fasciitis affects nearly 1 million persons in the United States at any one time. Conservative therapies
have been reported to successfully treat 90% of plantar fasciitis cases; however, for the remaining cases, only
invasive therapeutic solutions remain. This investigation studied newly emerging technology, low-level laser
therapy. From September 2011 to June 2013, 69 subjects were enrolled in a placebo-controlled, randomized,
double-blind, multicenter study that evaluated the clinical utility of low-level laser therapy for the treatment
of unilateral chronic fasciitis. The volunteer participants were treated twice a week for 3 weeks for a total of 6
treatments and were evaluated at 5 separate time points: before the procedure and at weeks 1, 2, 3, 6, and 8.
The pain rating was recorded using a visual analog scale, with O representing “no pain” and 100 representing
“worst pain.” Additionally, Doppler ultrasonography was performed on the plantar fascia to measure the
fascial thickness before and after treatment. Study participants also completed the Foot Function Index. At the
final follow-up visit, the group participants demonstrated a mean improvement in heel pain with a
visual analog scale score of 29.6 &+ 24.9 compared with the placebo subjects, who reported a mean
improvement of 5.4 + 16.0, a statistically significant difference (p < .001). Although additional studies are
warranted, these data have demonstrated that low-level laser therapy is a promising treatment of plantar
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Plantar fasciitis is the most common cause of heel pain in adults,
affecting 1 million persons each year in the United States (1). Plantar
fasciitis is an inflammatory response that occurs along the fascia’s
insertion point (2). The plantar fascia, which is a dense fibrous tissue,
originates at the medial calcaneal tuberosity and inserts along the
transverse tarsal ligament flexor sheath, plantar plate, and the prox-
imal phalanges of the toes as it extends distally, separating into 5
bands and dividing into a superficial and deep layer (3). The plantar
fascia frames the structure of the medial arch of the foot and, as a
result, endures substantial mechanical stresses when the foot bears
weight. Over time, repetitive tension can weaken the fascia, which can
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present clinically as persistent heel pain. Terms such as “sharp” and
“stabbing” often describe the type of pain reported by patients (4).
Additional symptoms may include weakness, swelling, numbness,
and/or tingling over the plantar aspect of the foot.

Plantar fasciitis treatment ranges from rest to surgical interven-
tion. According to several studies, 90% of plantar fasciitis cases will be
cured with conservative methods that include rest, a change in ac-
tivity levels, stretching, physical therapy, foot orthotics, night splint-
ing, nonsteroidal anti-inflammatory agents (NSAIDs), oral analgesics,
and corticosteroid injections (1,5). Patients unresponsive to conser-
vative therapies can undergo treatment that is more aggressive,
including extracorporeal shock wave therapy and endoscopic or open
plantar fasciotomy.

A newly emerging noninvasive therapy for plantar fasciitis is low-
level laser therapy (LLLT). Numerous histologic and clinical in-
vestigations have reported LLLT to be a possible treatment of multiple
medical ailments, including acute and chronic pain, osteoarthritis,
lymphedema, oral mucositis, peripheral nerve degeneration, ligament
or tendon injury, and ischemic stroke (6-24). LLLT operates on the
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principles of photochemistry, which uses a discrete wavelength (co-
lor) of light to initiate a signal transduction cascade by stimulating a
protein capable of absorbing light energy, also known as a photore-
ceptor protein. According to several studies, activation of specific
photoreceptor proteins initiates secondary cascades linked to protein
and growth factor synthesis, cell proliferation, downregulation of
inflammatory cytokines, and expression of transcription factors (7-
11,13-26).

With its ability to modulate specific secondary cascades, LLLT may
promote a diverse clinical response depending on the specific wave-
length and intensity parameters used. Studies evaluating LLLT have
reported suppression of cyclooxygenase-2, enhancement of periph-
eral endogenous opioids, collagen synthesis in tendon and ligament
repair, a reduction in the extent of fibrosis, suppression of conduction
along unmyelinated C fibers, angiogenesis, and inhibition of hista-
mine release (7,27-41). We hypothesized that the use of LLLT could
serve as an effective treatment of plantar fasciitis. Accordingly, we
conducted a placebo-controlled, randomized, double-blind, multi-
center study to evaluate the effectiveness of LLLT at 635 nm with a
mean output intensity of 17.0 mW for the treatment of chronic plantar
fasciitis.

Patients and Methods

A total of 69 participants aged >18 years were consecutively qualified, enrolled,
treated, and observed from September 2011 to June 2013. All 69 participants had
satisfied all inclusion and exclusion criteria and participated to the study endpoint. Of
the 69 subjects, 37 were randomized to the active treatment group and 32 to the
placebo group. The Saint Alphonsus Regional Medical Center institutional review board
and the Western institutional review board approved the study, which was also
registered at clinicaltrials.gov (NCT01835743).

All participants who were deemed eligible for participation satisfied all the
following inclusion criteria: unilateral chronic plantar fasciitis; a primary complaint of
heel pain on weightbearing after a period of rest; pain that dissipated after a few mi-
nutes of walking but returned after prolonged periods of walking or standing; pain
located along the medial process of the calcaneal tuberosity and/or medial plantar band
of the plantar fascia; pain that developed on palpation of the medial calcaneal tuber-
osity with passive dorsiflexion of the foot; chronic heel pain that persisted >3 months
with no evidence of acute trauma to the heel; an average self-rating pain score of >50
using a 100-point visual analog scale (VAS) after taking some initial steps following a
period of rest both on the day of study qualification and at baseline; and heel pain that
was unresponsive to any conservative form of plantar fasciitis care (ie, rest, taping,
stretching, orthotics, shoe modifications, night splinting, casting, physical therapy,
prescription NSAIDs when taken for a minimum period of 2 weeks, or local cortico-
steroid injections). In addition, the subjects were required to be willing and able to
refrain from participating in any other over-the-counter and/or prescription medica-
tions indicated for pain relief (ie, NSAIDs, topical analgesics, anti-inflammatory drugs,
and corticosteroid medications) 48 hours before the start of the study until completion.
They were also required to be willing and able to refrain from participating in nonstudy
treatment or therapy for the relief of plantar fasciitis (including rest, taping, stretching,
orthotics, shoe modifications, night splinting, casting, physical therapy, prescription
NSAIDs when taken over a minimum period of 2 weeks, or local corticosteroid in-
jections) 48 hours before the start of the study until completion of the individual
clinical study course. If a patient had undergone a corticosteroid injection, they were
not enrolled until they were again experiencing pain (VAS score >50).

The study participants met none of the following exclusion criteria: mechanical
posterior heel pain categorized as insertional Achilles tendonitis or bursitis; neurologic
heel pain resulting from nerve entrapment (eg, posterior tibial nerve, medial calcaneal
branch of the posterior tibial nerve, abductor digiti quinti nerve, lumbar spine disorder,
neuropathy) as determined by the physical evaluation; arthritic heel pain (eg, sero-
negative arthritides, psoriatic arthritis, reactive arthritis, diffuse idiopathic skeletal
hyperostosis, rheumatoid arthritis, fibromyalgia, and/or gout); traumatic heel pain
(acute calcaneus trauma, stress fractures of the calcaneus, and/or soft tissue trauma);
bilateral plantar fasciitis; heel pain for <3 months; skin ulceration surrounding the heel
and treatment area; sciatica; benign and/or malignant tumors; acute infection of soft
tissue and bone; type 1 diabetes; sensory neuropathy; peripheral vascular disease or
autoimmune disease; fibromyalgia; chronic fatigue syndrome; significant heart con-
ditions (ie, congestive heart failure); unable or unwilling to consume the study-selected
rescue medication, acetaminophen; photosensitivity disorder; and pregnant or
lactating.

All participants were recruited from the senior authors’ (M.J.C. and K.Z.) pool of
participants who had presented for treatment of unilateral plantar fasciitis, signed the
informed consent form, and satisfied all the study eligibility criteria. The participants

were not offered any form of compensation to participate in the clinical trial nor were
they charged for the cost of the laser procedure or related evaluations. The participants
were financially responsible for any component of a session in which the clinical pro-
tocol was not performed.

Randomization and Blinding

The clinical study was a prospective, controlled, double-blind, parallel group,
multicenter design. A computer program was used to perform the participant group
assignment. The double-blind component of the study was established by including a
treatment investigator and an assessment investigator. The treatment investigator was
responsible for administering the active and placebo interventions. That investigator
was the only individual present in the room during the treatment phase and did not
participate in the pre- or post-treatment evaluation activities. The assessment inves-
tigator was responsible for conducting the pre- and post-procedure evaluations and
determining the diagnosis and eligibility of the participants for study participation. The
assessment investigator was never aware of the participants’ group allocation. Addi-
tionally, the study participants were never informed of their group assignment and
wore darkened protective glasses designed to filter out the laser light during the
treatment procedure.

Intervention

The participants assigned to the test group were treated with a multihead, low-
level, diode laser emitting a divergent 635-nm (red) laser light generating a 17-mW
output (MLS laser, Erchonia Corp, McKinney, TX). The device was fitted with 2
modes: active and placebo. However, the modes were labeled as A and B, and no study
personnel, except for the study monitor, knew which letter corresponded with which
treatment mode. Accordingly, the placebo and treatment group participants were
treated using the same multihead device, but the placebo group instead received
treatment from placebo light-emitting diodes rather than LLLT. Each subject received 6
total procedure administrations with the laser (active or placebo) across a consecutive
3-week period: 2 procedures per week, each procedure separated by 3 or 4 days. The
exposure time to the laser was 10 minutes across the top of the foot (dorsal aspect), the
myofascial junction of the heel, and the plantar aspect of the heel, simultaneously, for
each procedure administration. Each procedure administration occurred at the in-
vestigator’s test site.

Study Outcomes

The patients were asked to record a preprocedure pain rating using the VAS, with
0 representing “no pain” and 100 representing “worst pain.” The VAS has been previ-
ously validated in the published data (42). The pain rating was calculated as the average
VAS score reported by the patient over a 2-day period. They were asked to record the
VAS score immediately after taking their first steps in the morning or after a period of
prolonged sedentary behavior (eg, sitting at a desk for 6 hours). They were asked to
refrain from taking the rescue medication (acetaminophen) before scoring the VAS.

The study participants also completed the Foot Function Index (FFI), a self-
administered questionnaire measuring the foot pain’s impact on the patient’s quality
of life (43). The FFI has 3 distinct subsets, which evaluate pain, disability, and activity
limitation.

Additionally, Doppler ultrasonography was performed on the plantar fascia to
measure the fascial thickness. The plantar fascia was measured at the point of plantar
fascial insertion into the calcaneus. The measurements were recorded in millimeters.

Complications were also assessed. A priori, any complication that might develop in
association with treatment, at any time during the observation period, was to be
identified and recorded for comparison between the 2 groups. The participants were
evaluated across 6 time points: before the procedure and at weeks 1, 2, 3, 6, and 8. The
preprocedure and final follow-up subjective scores were used to assess the efficacy of
the procedure. The Doppler evaluation was performed only at the preprocedure and
final follow-up visits (8 weeks).

Statistical Analysis

The primary efficacy outcome measure was predetermined as a statistically sig-
nificant difference in the pain rating from the preprocedure baseline score to the final
follow-up score between the treatment and placebo groups. Overall, the study success
criterion was defined as at least a 35% difference in the statistically significant decrease
in the VAS score between the treatment groups, comparing the proportion of individual
successes in each group. A 35% difference in the pain scores for the study groups was
suggested as a minimum criterion for success in the present trial, with the expectation
that the results would be reviewed by the Food and Drug Administration. Fisher’s exact
test was conducted to test the association of success between the treatment and pla-
cebo groups. A paired samples t test was used to compare the change in pain ratings
from study baseline to study endpoint within each treatment group. At the final follow-
up visit, the subjects were asked to complete a 5-point satisfaction questionnaire, rating
their level of satisfaction concerning any perceived overall change in heel pain as very
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Table 1 Table 3
Duration of heel pain before treatment Comparison of baseline and final FFI scores between test and placebo cohorts
Duration of Heel Pain (mo) Mean Foot Function Index Domain Test Group (n = 37) Placebo (n = 32) p Value
Test (n = 37) 123 £11.0 Pain subscale
Placebo (n = 32) 122 + 124 Baseline 559 + 16.2 55.0 +11.9 .80
Difference 0.1 £11.6 Endpoint 40.8 +21.2 42.8 +20.2 .68
Significance p=.97 p Value <.01 <.01
.+ Student’s ¢ test Disability subscale
) Baseline 43.0 + 184 43.7 + 20.7 .87
Endpoint 31.5+19.6 33.5 + 203 .68
p Value <.01 <.01
. . . . . . - i~ Activity limitation subscale
satisfied, satisfied, neutral, dissatisfied, and very dissatisfied. The statistical significance .
0 Baseline 13.1 £6.8 121 £52 A8
was defined at the 5% (p < .05) level. Bailgatit 97479 98 + 71 97
p Value <.01 <.01
R I Total FFI score
esults Baseline 1119 + 342 110.8 + 323 89
Endpoint 82.0 +£43.6 86.1 +43.2 .70
Of the total study population, 61% were female and 39% were male, p Value <.01 <.01

with a mean age of 56.7 (range 31 to 75) years. The mean difference of
0.1 &+ 11.6 months in the duration of heel pain between the study
groups was not statistically significant (Table 1). Additionally,
comparing the mean plantar fascial thickness in the baseline Doppler
ultrasound-determined plantar fascial thickness between the 2 study
groups did not demonstrate a statistically significant difference
(Table 2). A comparison of the reported baseline FFI subscale scores
between treatment groups revealed no statistically significant dif-
ferences (Table 3).

For the test subjects, a baseline VAS heel pain rating of 69.2 + 12.7
was reported. The placebo participants reported a VAS heel pain
rating of 67.7 + 11.8 (Table 4). The difference of 1.5 between the study
groups was not statistically significant (p = .36).

For the test subjects, the reported heel pain mean VAS rating at the
study endpoint was 39.6 + 27.9. Compared with the baseline score, a
mean reduction of 29.6 + 24.9 points (44.2%) was reported, a statis-
tically significant difference (p < .001). In contrast, the placebo group
reported a study endpoint VAS heel pain rating of 62.3 4 18.2.
Compared with the baseline score, a mean difference of 5.4 + 16.0
(7.5%) was reported, not a statistically significant difference (p = .67).
The difference in the reduction of heel pain of 24.2 + 4.98 points
between the treatment and placebo cohorts was statistically signifi-
cant (p < .001; Fig.).

After the treatment administration phase, 23 of the test subjects
(62%) and 4 of the placebo subjects (12.5%) met the individual success
criteria, a statically significant difference in the proportion of study
success between the treatment groups (p < .001).

The plantar fascial thickness between the baseline and final
measurements for the test subjects revealed a mean decrease in
thickness of 0.4 + 1.3 mm, a statistically significant difference
(p = .003; Table 5). During the same period, the placebo participants
showed a mean change of 0.1 + 1.0 mm, not a statistically significant
difference (p = .072).

Concerning the change in the FFI scores, both groups reported
improvement in the total scores and all the subscores from the
baseline to the final follow-up assessment. No statistically significant
difference was found between the treatment and placebo groups in
the improvement in the total or subscore FFI scores (Table 3).

Table 2
Preprocedure plantar fascial thickness

Baseline Measurements Plantar Fascia Thickness (mm)

Abbreviation: FFI, Foot Function Index.
Data presented as mean =+ standard deviation.
= One-way analysis of variance.

At the final follow-up visit, all subjects completed the subject
satisfaction questionnaire (Table 5). The test group reported a much
greater level of satisfaction than the placebo group. The results of the
Fisher exact test to evaluate the proportion of “satisfied” responses
between the treatment groups found a statistically significant differ-
ence (p < .001). Finally, complications were recorded at each visit;
however, no adverse events were reported throughout the study.

Discussion

These data demonstrate the utility of LLLT for the reduction of
chronic heel pain arising from plantar fasciitis. The difference of 49.5%
exceeded the pre-established target of a 35% difference between the
treatment groups by 14.5%. The test group participants demonstrated
a significant reduction in pain between the baseline and study
endpoint observations. The observed reduction in heel pain was
associated with a statistically significant higher number of satisfied
test participants than placebo participants. With these results, we
have substantiated LLLT as a successful therapy for plantar fasciitis.

Few studies have evaluated LLLT for the treatment of plantar fas-
ciitis; therefore, we do not know the exact mechanism of action. We
used the MLS laser for the present study, which has a wavelength of
635 nm and 17 mW output. Basford et al (44) used an 830-nm laser
with an output intensity of 30 mW 3 times per week for 1 month. The
investigators failed to report a statistically significant difference in
the outcome measures between the groups (44). Kiritsi et al (45)
administered laser therapy using a 904-nm gallium-arsenide
infrared laser with an output intensity of 0.16 W/cm?® and
0.08 W/cm? 3 times weekly for 6 weeks for 18 total treatment ses-
sions. They reported a statistically significant difference in the VAS
pain scores between the study groups (45).

According to Cardinal et al (46), plantar fasciitis induces proximal
fascial hypertrophy, based on ultrasound evaluation (7 to 8 mm;
normal is 3 to 4 mm). In the study by Kiritsi et al (45), the investigators

Test (n = 37) 6.0 + 1.2
Placebo (n = 32) 5.7+10.9
Difference 0.26
Significance p=.34

* Student’s t test.

Table 4

Change in heel pain VAS ratings from baseline to study endpoint stratified by group
VAS Heel Pain Ratings Test (n = 37) Placebo (n = 32) p Value
Baseline 69.1 + 12.7 67.6 £ 11.8 .36
Study endpoint 39.5 + 279 62.3 + 18.2 <.001

Abbreviation: VAS, visual analog scale.
Data presented as mean + standard deviation.
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Fig. Change in visual analog scale across the study time points. Whiskers represent 95% confidence interval.

failed to show a statistically significant difference in the observed
plantar fascial thickness between the study groups at endpoint;
however, both groups did have a mean reduction in the plantar fascial
thickness at the final follow-up visit. In the present study, at the final
follow-up visit, we observed a reduction of 0.4 mm in the plantar
fascial thickness for the test group and an increase in the fascial
thickness of 0.1 mm for the placebo group. These measurements of
the plantar fascia are subject to both intra- and interobserver reli-
ability issues, because the measurement was performed using
Doppler ultrasonography, which is operator dependent. Although a
statistically significant change was seen in the plantar fascial thick-
ness, it would be difficult to determine whether that would correlate
with a clinically significant change owing to the short duration of our
study and the small reduction (0.4 mm) in thickness. Long-term
follow-up studies would be helpful to determine whether the
plantar fascia would continue to decrease in size.

Although the results are promising, 1 limitation in the present
study was the lack of long-term follow-up data. Our aim, however,
was to ascertain the primary efficacy within a period that we thought
would be consistent with a reasonable clinical response to treatment.
Thus, our primary efficacy endpoint was set at 6 weeks after inter-
vention. A study with 6- and 12-month postprocedure evaluations is
currently underway. Other limitations of the present study were the
measurements of the plantar fascial thickness using Doppler ultra-
sonography, which is a very user dependent modality. However,
Doppler ultrasonography has the benefit of being relatively inex-
pensive and noninvasive and can easily be performed in the clinic (in
contrast to computed tomography or magnetic resonance imaging).

In conclusion, LLLT is a promising therapy for heel pain resulting
from plantar fasciitis. We were able to demonstrate a statistically
significant reduction in pain for patients undergoing the laser therapy

Table 5
Satisfaction scores at study endpoint

Test Group Placebo Group p Value
(n=37) (n =32)
Very satisfied 14 (38) 1(3) <.001
Somewhat satisfied 8(22) 3(9) 17
Neither satisfied nor dissatisfied 9(24) 7 (22) .81
Not very satisfied 5(13) 15 (47) .002
Not at all satisfied 1(3) 6(19) .28

Data presented as n (%).

compared with those who received placebo treatment. In addition to
the reduction in pain, we did not see any complications, demon-
strating the safe and efficacious nature of LLLT. Although additional
studies are warranted, the noninvasive nature of LLLT enables this
technology to serve as a treatment of plantar fasciitis.
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