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Abstract
This study aimed at estimating the extent to which a combination therapy of low-level laser therapy (LLLT) with exercise and
orthotic support (usual care) affects functional ability in the patient with plantar fasciitis (PF) when compared to usual care alone.
Participants with PF were randomly allocated into two groups: LLLT (n = 27) and control (n = 22). All the participants received
home exercise program with orthotic support. In addition, the LLLT group received a gallium-aluminum-arsenide laser with a
850-nm wavelength for ten sessions, three times a week. Functional outcomes were measured by function subscale of American
Orthopedic Foot and Ankle Society Score (AOFAS-F) and 12-min walking test including walking speed, cadence, and activity-
related pain using visual analog scale (VAS).The scores were recorded at baseline, third week, and third month after the treatment.
Analysis was performed using repeated measures ANOVA and an intention to treat approach using multiple imputations. There
was a significant improvement in AOFAS-F total score at 3 weeks in both groups (LLLT, p < 0.001; control, p = 0.002), but the
improvements were seen only for the LLLT group for AOFAS-F total score (p = 0.04) and two individual items of AOFAS-F
(walking distance (p < 0.001) and walking surface (p = 0.01)) at 3 months. The groups were comparable with each other for both
walking speed and cadence at all assessment times (p > 0.05). Both groups showed significant reduction in pain over 3 months
(LLLT, p < 0.001; control, p = 0.01); however, the LLLT group had lower pain than the control group at 3 months (p = 0.03). The
combination therapy of LLLT with usual care is more effective to improve functional outcomes and activity-related pain when
compared to usual care alone.
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Introduction

Plantar fasciitis (PF) is one of the most common foot disorders
in adult population [1]. It results from degenerative changes in
plantar fascia, particularly observed near its attachment to

calcaneal tuberosity [2]. Although the exact pathology of PF
is not known, it is often sought as a result of pulling force to
plantar fascia due to excessive weight bearing (being obese or
overuse of the foot in weight-bearing condition), biomechan-
ical abnormalities of the foot, presence of calcaneal spur, and
inconvenient shoe usage [3]. The typical symptom of PF is
sharp or stabbing pain, felt at the first step inmorning or after a
period of prolong sitting, limiting daily activities and
impairing the walking performance [3]. Thus, treatment for
PF potentially targets both reduction in pain occurring in
weight-bearing conditions such as standing or walking, and
improvement in walking ability [4]. Conservative approaches
form the mainstay of the PF management and only around
10% of the patients who report an unsatisfactory response to
conservative therapy are referred for surgical release for plan-
tar fascia [5]. For a better management of PF, a combination
therapy is suggested including exercise and orthotic support
with a conservative approach such as extracorporeal shock
wave therapy, laser therapy, and ultrasound [6].
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Management of PFmostly focuses on painmanagement [7,
8]. Although impairment in functional ability is one of the
main concerns of patients with PF, therapeutic effect of differ-
ent conservative approaches on functional abilities including
walking performance is not well investigated. Existing studies
have investigated physical functioning in PF using only
patient-reported outcome measures to examine the effect for
few conservative approaches such as extracorporeal shock-
wave therapy [9]. However, low-level laser therapy (LLLT)
is one of the newest approaches used for PF, with higher
effectiveness for pain management than ultrasound and extra-
corporeal shock wave therapy (ESWT) [10], but the evidence
supporting the effectiveness of LLLTon functional abilities in
PF remains scarce.

In LLLT, visible or invisible laser lights are applied to the
surface of the body in order to stimulate or enhance the mito-
chondrial activity in cell tissues. Several clinical trials done with
animals in vivo and vitro demonstrated that photobiostimulation
through LLLT leads to an increase in cell proliferation, micro-
circulation, vascular neoformation, and collagen production
[11]; therefore, it is considered to alleviate degeneration in soft
tissues such as muscle, fascia, ligament, or cartilage [11, 12].
Recently, several human and animal trials have illustrated posi-
tive effect of LLLTon inflammatorymarkers such as prostaglan-
din E2 (PGE2), TNF-a, IL-1b, plasminogen activator, cycloox-
ygenase-1, and cyclooxygenase-2 [13–15]. These studies also
reported a reduction in edema, hemorrhagic formation, necrosis,
and neutrophil cell influx [13].

PF is considered to be a sequel of degenerative or inflam-
matory changes in plantar fascia; therefore, LLLT has been
included in the treatment of PF to decrease the degeneration or
inflammation of plantar fascia [10, 16, 17]. LLLT not only
modulates the inflammatory processes but also impacts mus-
cle fatigue, muscle contraction, and energy consumption [18].
In this respect, the randomized control trials investigating the
effect of photobiomodulation therapy on physical activity
demonstrated that athletes receiving laser therapy before or
after a physical activity have lower blood lactate levels and
muscle fatigue in comparison to other athletes who do not
[18–20]. But patients with PF are generally prescribed only
exercises and orthotic supports to enhance their activity and
function levels, and the studies evaluating the effect of LLLT
on PF usually focus on the pain-related symptoms rather than
physical function levels.

In order to fully ascertain the treatment effects of LLLT in
patients with PF, the contribution of LLLTon physical activity
should also be investigated. Therefore, this study aimed to
estimate the extent to which LLLT contributes to usual care
to improve foot function and walking performance in patients
with PFwhen followed up for 3 months.We hypothesized that
LLLT in combination with exercises and orthotic support
(usual care) improves foot function and walking performance
more than usual care alone in the patients with PF.

Methods

Study design

A randomized, prospective, single-blinded controlled trial was
conducted in out-patient physiotherapy department at the mul-
ticenter public hospital in Konya, Turkey. Participants were
consecutively screened, enrolled, and followed up between
September 2012 and April 2013 after obtaining ethics approv-
al from Hacettepe University Clinical Research Ethics Boards
(file number: 8.302.HAC.0.05.07.00/699). The participants
were informed about the test procedures and signed informed
consent forms were obtained. This study was carried out in
accordance with the World Medical Association Declaration
of Helsinki [21]. Assessments were performed at baseline,
after completion of the 3-week courses of treatment, and at
12-week follow-up assessment.

Participants

Selective purposive sampling was used to recruit 49 individ-
uals with a diagnosis of PF presenting to the clinics. The
participants were included per the following criteria: pain lo-
cated on medial tubercle or along the medial process of the
plantar fascia persisting at least 1 month with a minimum
score of 5 on 10-point visual analog scale (VAS), pain felt in
the morning at first step over the plantar fascia in the last week
before enrolling the study, tenderness to palpation over medial
calcaneal tuberosity or along plantar fascia, ≥ 18 years, and
agreement to participate and complete treatment and follow-
up assessments (without participating in any other therapies
including anti-inflammatory drugs and corticosteroid medica-
tion). The participants were excluded if they had a history of
calcaneal stress fracture, nerve entrapment syndrome, plantar
fascia rupture, prior foot surgery, any neurological or systemic
diseases including rheumatoid arthritis, tumor, and cancer and
are taking local corticosteroid injections in the last 6 months.
The sample size was calculated based on a previous study
using American Orthopedic Foot and Ankle Society Score
(AOFAS) score in the treatment of PF. A sample of 22 partic-
ipants for each group was calculated for detecting a mean
difference of 7.7 points on AOFAS total score with a standard
deviation with 80% power and a two-sided 5% significance
[22]. After adjusting for a 10% dropout rate, a total sample
size of 49 was calculated.

Interventions

Insole and exercise program All the participants were
instructed to wear a full-length silicone insole for 3 months
[23] and to practice home exercise for 3 weeks [24, 25]. All
the patients were asked to wear a prefabricated full-length
silicone insole (Santemol Group Medical) which is a non-
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custom shock-absorbing insole designed to provide gentle
support to the arch of the foot. The patients were guided to
wear for 3 months both indoors and outdoors as much as
possible [23]. The exercise program included gastrocnemius
stretching and plantar fascia stretching exercises [24, 25]. In
the gastrocnemius stretching protocol, each patient was
instructed to sit on a firm surface and to hold one leg straight
in front of him/her. A towel looped around the ball of subject’s
foot was used to pull foot toward the shin. Each stretching was
sustained for 30 s [24]. Plantar fascia stretching was per-
formed while sitting on a chair or seat. The subjects crossed
the affected leg over the contralateral leg and grabbed the base
of the toes to pull them toward the shin until feeling a stretch in
the arch or plantar fascia. This position was held for 30 s [26].
The participants were asked to do stretching exercises three
times in a day with ten repetitions for 3 weeks [27]. Along
with the demonstration of each exercise, each subject was
given a paper sheet showing the instructed exercises and a
template as a record for their home exercise.

Laser therapy The participants in the LLLT intervention
(LLLT group) were treated with a gallium-aluminum-
arsenide (GaAlAs) low-level diode laser emitting a divergent
830-nm laser light generating a 100-mW continuous wave
output. It consisted of a control console connected to a hand-
held delivery probe. The relevant LLLT parameters are pre-
sented in Table 1. The patients in this group (27) received
LLLT three times in a week with a total ten sessions. It was
applied over plantar fascia at tender points (five points). The
points where LLLT was applied are presented in Fig. 1. As
there was no study addressing the most appropriate dose and
duration for GaAlAs low-level laser, we did a pilot study to
decide dose, duration, and frequency [28]. In the pilot study,
low-level diode laser emitting a divergent 850-nm laser light
generating a 100-mW continuous wave output was used for
nine sessions three times in a week. In each session, a total
16.8 joule (j) (5.6 j × three points) in a total 240 s (80 s × three
points) was applied to plantar fascia (origin of plantar fascia).

In the pilot study, LLLT was only applied to origin of plantar
fascia at three points, yet in the current study, along with three
points in the origin of plantar fascia, we also applied LLLT at
two additional points located toward the medium part of plan-
tar fascia using same dose and duration (Fig. 1).

Outcome measures

The main outcome of this study was functional ability and
pain during activity. Functional ability was measured using
two methods—(a) function subscale of American
Orthopedic Foot and Ankle Society Score (AOFAS) [29].
The validity and reliability of AOFAS has been well docu-
mented for Turkish-speaking individuals who have foot and
ankle injuries [29]. It has three components: pain, function,
and alignment. This study used the function subscale that has
a total of 50 points distributed to seven questions (activity
limitations (0–10 points), walking distance (0–5 points), walk-
ing surfaces (0–5 points), gait abnormalities (0–8 points),
range of motion (flexion/extension (0–8 points), eversion/
inversion (0–6 points), and ankle-hindfoot stability (0–8
points)) [30], where higher score represents better function;
and (b) 12-min walking test. The participants were instructed
to walk on a 10-m walkway back and forth for 12 min.
Walking speed was measured by dividing the distance
(meters) walked in the last 2 min by time (2 min); cadence
was measured by the number of steps in the last minute of the
12-min walking test. Activity-related pain was evaluated after
the 12-min walking test using visual analog scale (VAS) [31].

Table 1 LLLT parameters

Wavelength (nm) 830

Equipment Chattanooga VECTRA Genisys Laser

Frequency Continuous

Power (mW) 100

Dose per point (j) 5.6

Number of point 5

Duration for each point (s) 80

Total duration per session (s) 400 (5 × 80)

Total dose per session (j) 28 (5.6 × 5)

Cumulative dose per patient (j) 280 (28 × 10)

j joule, nm nanometer, mW milliwatt, s second

Fig. 1 The location of points on plantar fascia treated by LLLT
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VAS has a horizontal line 10 cm in length representing sever-
ity of the pain where 0 cm indicates no pain and 10 cm indi-
cates worst imaginable pain [31]. The participants were asked
to mark experienced intensity of pain on the line. Clinically
meaningful change for pain levels on VAS is 3 cm [32] and
that for gait speed is between 0.1 and 0.2 m/s among adults
with pathologies [33].

Baseline assessment

Each participant was evaluated for medial longitudinal arch
(MLA) function and body mass index (BMI) as they are con-
sidered risk factors for PF [34]. MLA function was evaluated
by Feiss’ line and navicular drop test which is a valid and
reliable method to assess the structure and function of MLA
[35]. Feiss’ line was evaluated in standing position. The apex
of the medial malleolus, navicular tubercle, and first MTP
joint was marked, and a line was made from the malleolus to
the MTP. The distance from ground to line was measured and
divided by three and marked. If navicular tubercle was lower
than the line even at one third of distance, it was recorded as
pes planus [36]. Navicular drop test was evaluated in both
sitting and standing positions. In the sitting position, the na-
vicular tubercle was marked with a pen while the patient was
sitting and the distance of the navicular tubercle from the
ground was measured and recorded. Then, the patient stood
fully weight bearing and relaxed and the distance of the extent
to which the navicular dropped was recorded [35]. A navicular
drop greater than 10 mm is considered an indicator of exces-
sive pronation [37]. Bodymass index (BMI) was calculated as
the body mass divided by the square of the body height, and
was expressed in units of kilograms per square meter (kg/m2).
BMI of the patients then categorized based on the WHO
definition under the following categories: normal (18.5–24.
99 kg/m2), overweight (25–29.99 kg/m2), obese class
I—moderate obese (30–34.99 kg/m2), obese class II—severe
obese (35–39.99 kg/m2), and obese class III—very severely
obese (≥ 40 kg/m2) [38].

Randomization

Following screening, enrolment, and baseline assessment, the
participants were randomized to either the intervention
(LLLT) or control group. To conceal randomization, sequen-
tially numbered sealed opaque envelopes were prepared in
advance and opened in sequence by an independent advisor
blinded to intervention. In forty-nine participants, 27 were
assigned to the LLLT group, and 22 were assigned to the
control group. The participants were informed about the test
procedures and informed consent forms were signed before
the data collection. All evaluations were done by an investi-
gator who determined the eligibility of the participants and
performed pre-post assessments as well. After the participants

were qualified, the subjects were directed to one of the five
physiotherapists who were responsible for administering the
interventions. The participants and physiotherapists who ap-
plied the treatment were blinded to study outcome.

Statistical methods

Descriptive statistics were used to characterize the participants
and verify the distribution of variables. The outcomemeasures
were functional ability and pain during walking. The predictor
variable was the type of group (LLLT and control groups).
Baseline differences were analyzed using chi-square test for
the categorical variables, one-way analysis of variance
(ANOVA) for the continuous variables that were normally
distributed, and Kruskal-Wallis for the continuous variables
which were not normally distributed (Table 1). Further, a uni-
variate analysis was done to explore the relationships between
baseline variables and main outcome scores (AOFAS-func-
tion subscale, walking speed, cadence, and activity-related
pain). Repeated measures ANOVAs were used to analyze
the effect of three factors (time, group, time × group) on the
outcomes. ANOVA diagnostics, including the Shapiro-Wilk
statistic and residual by predicted plots, were generated to
verify the assumptions of normality and homoscedasticity.
When applicable, post hoc pairwise comparisons were used
to determine group and time differences. An intention to treat
analysis was conducted by including all the participants who
completed baseline assessments. Multiple imputation was
used to adjust the loss to follow-up. The effect size for each
outcome was measured by partial eta square (ɳ2p). The inter-
pretations was done as per the classification suggested by
Cohen which are small significant effect (ɳ2p = 0.01), medium
significant effect (ɳ2p = 0.06), and large significant effect
(ɳ2p = 0.14) [39]. The level of significance was set at
p < 0.05 for all the analyses. All analyses were done using
IBM SPSS Statistics version 23.

Results

A total of 49 participants were included in the study. One
subject from the LLLT group and two subjects from the
control group could not participate in the follow-up as-
sessment at 3 months due to scheduling issues (Fig. 2).
Table 2 summarizes the demographic information and
baseline characteristics of the participants. Mean age of
the participants was 45.51 ± 9.90 years. The participants
were mostly women (82%). Most participants were either
obese (46%) or overweight (40%) and had injuries in both
sides (53%). Univariate analysis showed that there were
no associations between AOFAS-function subtest total
score and age (p = 0.12), side of injury (p = 0.98), gender
(p = 0.50), foot pronation (p = 0.29), pes planus (p = 0.67),
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and BMI (p = 0.09). However, significant associations
were found between BMI and AOFAS-function subtest
total score (p < 0.05), and BMI was then included as a
covariate. Data related to AOFAS-function scale
(AOFAS-F), walking speed, cadence, and activity-related
pain were presented in Table 3 as mean and standard error
(SE) of pooled data obtained after five imputations.

AOFAS-function subscale

Repeated measures ANOVA for AOFAS-F revealed signif-
icant main effect for time (p = 0.03) and a significant inter-
action effect for time × group (p = 0.02). The effect of
group (p = 0.76) or BMI (p = 0.12) was not significant
(p > 0.05) (Table 4). Post hoc analysis on total score re-
vealed significant improvement in overall foot function
for both groups at the third week (LLLT group, p < 0.001;
control group, p = 0.002), but only for the LLLT group at
3 months (p = 0.04) (Fig. 3). Further analysis on individual
items of AOFAS-F showed that time × group interaction
effect was only significant for walking distance (p = 0.03)
and walking surface (p = 0.04), yet no main effect of time
and group was detected in any item score (p > 0.05)
(Table 4). Pairwise analysis on walking distance and walk-
ing surface showed that the LLLT group showed significant
improvement at 3 weeks for walking distance(p < 0.001)
and in both walking distance(p < 0.001) and walking
surface (p = 0.01) at 3 months. There were no significant
changes in both items in the control (p > 0.05).

Assessed for eligibility

n=49

Randomization 

n=49

29 participants 22 participants

29 participants 22 par�cipants

28 participants 20 par�cipants

Time 0

(Baseline)

Time 1

 (Three weeks)

Time 2

 (Three months)

ESWT group Control group

One pa�ent did not
par�cipate due to
scheduling issue

Two pa�ents did not
par�cipate due to
scheduling issue

Fig. 2 Flow chart of the study
design

Table 2 Demographic and clinical characteristics by group

Characteristic LLLT group (n = 27) Control group (n = 22)

Mean ± SD Mean ± SD

Age 46.59 ± 10.10 44.18 ± 9.73

Number (%) Number (%)

Gender

Female 19 (75) 22 (96)

Male 8 (25) 1 (4)

BMI

Normal 2 (7) 4 (18)

Overweight 10 (38) 10 (5)

Obese class I 12 (44) 4 (18)

Obese class II 3 (11) 4 (18)

Side of injury

Right 7 (26) 5 (22)

Left 10 (37) 1 (5)

Both 10 (37) 16 (73)

Foot pronation

Right 6 (22) 2 (9)

Left 6 (22) 2 (9)

Both 1 (7) 1 (5)

None 14 (51) 17 (77)

Pes planus

Right 2 (7) 2 (9)

Left 5 (19) 2 (9)

Both 3 (11) 1 (5)

None 17 (63) 17 (77)

SD standard deviation, n number, BMI body mass index
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Gait performance

For walking speed, only the main of effect of time was signif-
icant (p = 0.03), with no significant effects of group or BMI or
time × group (p > 0.05) (Table 4). There were no significant
main effects of time, group, and BMI or interaction effect for
cadence (p > 0.05) (Table 4). For activity-related pain, there
was a significant effect of time (p = 0.004) and time × group
interaction (p = 0.008), but the main effect of group (p =
0.059) and BMI (p = 0.11) was not significant. Both groups
showed significant reduction in pain at all time points (LLLT
group, p < 0.001; control group, p = 0.01), but the LLLT
group showed significantly greater reduction in pain at the
third month when compared to the control (p = 0.03) (Fig. 4).

Discussion

This study evaluated the additive effect of LLLT to usual care
on functional ability and activity-related pain in patients with
PF when followed over a period of 3 months. Our findings
demonstrated that LLLTsignificantly contributed to usual care
to increase functional ability such as walking greater distance

or different surfaces as well as to relief pain while walking
after the treatment (Figs. 3 and 4).

The current study findings are in line with the previous
evidence in showing the positive effect of LLLT on muscle
fatigue and walking performance [20, 40]. Previous animals
and human studies have suggested that LLLT is beneficial
with respect to increasing physical activity and oxygen con-
sumption and decreasing muscle fatigue or injury [6, 14]. An
experimental study done in rats with acute skeletal muscle
injury showed that rats having LLLT had better walking per-
formance and less inflammatory markers when compared to
control [40]. In another study, LLLT significantly delayed the
progression of pathological changes in the skeletal muscle
tissue and protected the size and number of muscle fibers in
the rats with Duchennemuscular dystrophy [41]. Parallel find-
ings were also reported in human experiments. LLLT with
exercise significantly reduced oxidative and muscle damage
after a high-intensity exercise in 40 healthy individuals [20].
Similarly, in rugby players, laser application during pre-
exercise session enhanced the performance and accelerated
the recovery of muscle fatigue [18]. However, most of the
human experiments included only healthy participants; thus,
the effect of LLLT on physical function levels in patients with
musculoskeletal conditions still needs to be ascertained.

Table 3 Analysis of mean, standard error, and confidence intervals of pooled imputed data of findings on outcome measures

Variable Groups Baseline 3 weeks 3 months
Mean (SE) [CI] Mean (SE) [CI] Mean (SE) [CI]

AOFAS-F

Activity limitations LLLT group
Control group

7.28 (0.27) [6.77–7.78]
7.92 (0.31) [7.35–8.49]

8.42 (0.33) [7.80–9.04]
8.78 (0.37) [8.08–9.49]

9.51 (0.23) [8.88–10.14]
9.15 (0.26) [8.46–9.85]

Walking distance LLLT group
Control group

4.21 (0.22) [3.79–4.64]
4.19 (0.25) [3.71–4.67]

4.69 (0.15) [4.41–4.97]
4.58 (0.17) [4.20–4.90]

4.92 (0.12) [4.68–5.17]
4.45 (0.14) [4.17–4.72]

Walking surfaces LLLT group
Control group

2.27 (0.30) [1.66–2.87]
2.88 (0.35) [2.20–3.57]

3.73 (0.34) [3.06–4.40]
3.53 (0.39) [2.76–4.29]

4.22 (0.28) [3.65–4.78]
3.52 (0.33) [2.87–4.18]

Gait abnormality LLLT group
Control group

6.85 (0.33) [6.19–7.50]
7.19 (0.38) [6.12–7.94]

7.44 (0.27) [6.90–7.97]
7.43 (0.31) [6.82–8.04]

7.72 (0.26) [7.09–8.18]
6.94 (0.30) [6.31–7.52]

Hindfoot motion LLLT group
Control group

8.00 (0.00) [NA]
8.00 (0.00) [NA]

8.00 (0.00) [NA]
8.00 (0.00) [NA]

8.00 (0.00) [NA]
8.00 (0.00) [NA]

Sagittal motion LLLT group
Control group

7.54 (0.27) [6.99–8.08]
7.25 (0.31) [6.63–7.87]

7.85 (0.11) [7.63–8.07]
7.99 (.12) [7.74–8.24]

7.56 (0.20) [7.12–7.95]
7.70 (.23) [7.29–8.22]

Ankle-hindfoot stability LLLT group
Control group

7.99 (0.05) [7.88–8.00]
8.00 (0.00) [NA]

8.00 (0.00) [NA]
8.00 (0.00) [NA]

8.08 (0.00) [NA]
8.00 (0.00) [NA]

Total score LLLT group
Control group

44.16 (0.80) [42.58–45.74]
45.55 (0.91) [43.75–47.34]

48.15 (0.65) [46.87–49.42]
48.32 (0.74) [46.87–49.77]

49.95(0.76) [48.45–51.45]
47.78(0.87) [46.07–49.49]

Cadence LLLT group
Control group

111.28 (1.89) [107.6–115.03]
114.36 (2.2) [109.74–118.10]

114.24 (1.73) [110.86–117.60]
113.96 (2.02) [109.77–117.42]

116.87 (2.94) [110.90–1122.91]
109.91 (3.43) [101.03–115.00]

Walking speed LLLT group
Control group

1.15 (0.04) [1.05–1.25]
1.15 (0.05) [1.04–1.26]

1.22 (0.05) [1.11–1.33]
1.04 (0.06) [0.92–1.17]

1.33 (0.05) [1.22–1.44]
1.16 (0.07) [1.01–1.32]

Pain score on VAS LLLT group
Control group

6.13 (0.36) [5.41–6.85]
5.49 (0.42) [4.67–6.31]

2.25 (0.47) [1.31–3.18]
3.72 (0.55) [2.66–4.79]

1.72 (0.45) [0.78–2.67]
3.67 (0.56) [2.56–4.77]

NA not applicable (all the participants had the same score), SE standard error, AOFAS American Orthopedic Foot and Ankle Society Score, VAS visual
analog scale
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Few studies used LLLT in the treatment of PF, yet they
reported conflicting results and none of which evaluated mus-
cle fatigue or damage as outcome measures. The inconsis-
tencies in results might be due to the variation in the dose
and type of LLLT. There are various types of laser such as
solid state, gas, and semiconductor having different wave-
lengths such as ultraviolet light (100–400 nm), visible light
(400–750 nm), and infrared (750 nm–1 mm). Generally, two
types of laser are used for musculoskeletal disorders: gas laser
(visible red light of He-Ne laser having wavelength between
594 and 632 nm) and semiconductor lasers (GaAs or GaAlAs
having wavelength between 780 and 905 nm). He-Ne laser for
six sessions with a total dose of 1.476 J/cm2 showed signifi-
cant improvement in pain (90% decline on visual analog
scale) and function (70% increase in functional ability) 1 year
after the treatment in the patient with PF [17]. However, this
study does not provide a strong evidence for the treatment
effect of laser therapy since there was no comparison group.
A second study that investigated the effectiveness of He-Ne

laser therapy included a placebo control group for comparison
and used the same dose and same frequency as the previous
study [16]. However, the improvements in outcomes were not
as high as those found in the previous study that had no con-
trol group. The experimental group had only 15% more re-
duction in pain than placebo group, and the improvement in
functional ability was comparable between the groups [16].

He-Ne laser have lower wavelength than semiconductor
lasers and have poor tissue penetration [8]. GaAs and
GaAlAs lasers are two different types of semiconductor lasers
that have deeper penetration causing acceleration in wound
healing, alleviation in pain, and reduction in inflammation
[42]. GaAs laser has been used only by one study evaluating
the changes in plantar fascia thickness after treatment, which
reported significant decrements in plantar fascia thickness
(1.6 mm) in active treatment group than in placebo control
group (0.9 mm) 6 months post treatment [43]. Plantar fascia
thickness is one of the indicators of PF, and more than 4-mm
thickness is considered as a sign of PF. Thus, the higher

Table 4 A comparison of
repeated measures of AOFAS,
cadence, walking speed, and pain
score between the groups

Variable Time × group Time Group BMI

p ɳ2p p ɳ2p p ɳ2p p ɳ2p

AOFAS

Activity limitations 0.10 0.09 0.19 0.07 0.54 0.008 0.86 0.006

Maximum walking distance 0.31 0.05 0.72 0.01 0.31 0.02 0.67 0.01

Walking surfaces 0.03* 0.14 0.07 0.10 0.81 0.001 0.07 0.10

Gait abnormality 0.04* 0.13 0.17 0.07 0.57 0.008 0.07 0.10

Hindfoot motion – – – – – – – –

Sagittal motion 0.56 0.02 0.12 0.09 0.98 < 0.001 0.13 0.08

Ankle-hindfoot stability 0.23 0.03 0.78 0.002 0.22 0.03 0.48 0.01

Total score 0.02* 0.14 0.03* 0.14 0.76 0.002 0.12 0.09

Cadence 0.09 0.10 0.24 0.06 0.60 0.006 0.34 0.04

Walking speed 0.07 0.11 0.03* 0.13 0.05* 0.07 0.11 0.09

Pain score on VAS 0.008* 0.19 0.04* 0.13 0.07 0.06 0.29 0.05

AOFAS American Orthopedic Foot and Ankle Society Score, VAS visual analog scale

*p < 0.05

Fig. 3 The comparison of
AOFAS-F total scores by group
and time. The line graph shows
the changes in AOFAS-F total
score over the period of 3 months
(solid line: LLLT group, dashed
line: control group)
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reduction in plantar thickness refers to better recovery. The
same study also reported a 20% higher reduction in pain in
laser group than in placebo group at the sixth week; however,
the effect of treatment on functional ability was not measured
[43]. In the current study, other type of semiconductor laser,
GaAlAs, therapy was used. It was also used by two other
studies in the treatment of PF that have conflicting results.
Basford et al. (1998) conducted a first randomized trial to
investigate the effectiveness of laser therapy on PF using
GaAlAs laser and reported no significant treatment effect of
laser on PF when compared to placebo [8]. In contrast, a
recent study by Ulusoy et al. (2017) showed positive effect
of GaAlAs laser on pain, function, and plantar fascia thickness
in patients with PF where they compared the GaAlAs laser
therapy with ultrasound and extracorporeal shock wave ther-
apy [10]. They reported that success rate of the treatment was
higher for the laser group than the shock wave or ultrasound
group [10]. The incompatible results between the studies con-
ducted by Ulusoy and Basford may be attributed to the differ-
ences in study design, frequency, and doses of therapy [8, 10].
Although the type of laser was the same for both studies,
Basford et al. used GaAlAs laser generating a 30-mW contin-
uous wave output for 12 sessions with a total dose of 3 J/cm2

for 33 s per session [8]. On the other hand, Ulusoy et al. used
GaAlAs laser generating a 50-mW continuous wave output
for 15 sessions, with a total dose of 8 J/cm2 for 200 s per
session [10]. As there is no designated treatment protocol for
LLLT, application of laser may vary as per the choice of wave
output, total dose, duration, and total sessions. In this study,
our treatment protocol for LLLT was different than the other
protocols used in the literature. We based our treatment pro-
tocol on our pilot study (Table 1), yet literature suggested to
apply LLLT with higher energy dose (50 j per site) through
multiple diodes for muscle performance and post exercise
recovery [19]. Our primary target while implementing LLLT
was plantar fascia rather than muscle tissue, so the optimal
dose for PF may be different from that is used for muscle
recovery. As no study provides the best method to apply
LLLT for PF, the parameters remain uncertain.

In our study, we only evaluated functional abilities and gait
function through a scale and walking test. The functional out-
comes were measured by AOFAS-function subscale [10, 25,
44]. Previous studies using AOFAS for different treatment
approaches generally reported positive results [25, 44]. One
such study illustrated higher improvement in functional ability
in LLLT (41%) than ultrasound (38%) and ESWT (32%) [10].
In this study, the improvement in function was 13% in the
LLLT group and 4% in the control group, and the improve-
ment continued to be present up to 3 months only in the LLLT
group. The difference in percentages between our study and
the previous study might be because we only used function
subtest of AOFAS without including pain and alignment sub-
scales [10]. We found that both treatments improved walking
speed, and adding LLLT to usual care did not result in any
further increase in walking speed. On the other hand, LLLT
significantly reduced the pain levels after 12-min walking
when used with usual care in comparison with usual care
alone. The activity-related pain measured in this study was a
performance-based measure, where the pain levels were mea-
sured just after the 12-min walking test. This method may
provide more precise data about activity-related when com-
pared to data from patient-reported pain levels.

The contribution of this study to the existing evidence on
effectiveness of laser therapy should be interpreted in the light
of some limitations. First, the optimal dose and frequency of
laser treatment are not known. Even though we conducted a
pilot study to decide dose, duration, and frequency of laser
application, it may still not be optimal and needs further val-
idation. Other points about delivery of laser are placing foot in
a proper position and exact locations of application. Although
there are some recommendations in literature, it still needs to
be clarified. Other limitations of this study were the lack of a
non-treatment group to account for the natural recovery in
patients with PF. To better understand the effect of treatments
on walking performance, more sophisticated measures such as
motion analysis system are needed. Moreover, measuring the
changes in biochemical markers related to recovery of PF after
LLLT could give a better understanding of the relationship

Fig. 4 The comparison of VAS
score by group and time. The line
graph shows the changes in VAS
score over the period of 3 months
(solid line: LLLT group, dashed
line: control group)
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between the effect of LLLT on cellular tissues and functional
ability.

In conclusion, the study findings reveal that LLLT might
contribute to better clinical outcomes for activity-related pain
and functional ability in patients with PF, when provided in
addition to exercises and orthotic support.
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