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ABSTRACT

Background: Plantar fasciitis is the most common cause of inferior heel pain resulted from repeated trauma leading
to a microscopic tear in the plantar fascia. There is a need to study the non-invasive nature of low-level laser therapy
in reducing pain and enhance healing. Therefore the study aimed to find out the efficacy of low-level laser therapy in
plantar fasciitis.

Methods: The study design is a pre-post experimental design. Thirty patients(21 females & 9 males) with plantar fasci-
itis who fulfilled the inclusion criteria participated in the study. Baseline parameters using musculoskeletal ultrasono-
gram of the plantar fascia, numerical pain rating scale, ankle joint mobility testing and foot and ankle ability measure
questionnaire were recorded. Subjects in the control group received ultrasonic therapy, while the experimental group
received irradiation of Low-Level Laser Therapy (LLLT) for two weeks comprising 12 sessions and the above-specified
outcome measures were re-evaluated after two weeks.

Results: The results showed significant improvement in pain severity (p<0.04) and ankle dorsiflexion range of motion
(p<0.00) and ankle ability measure but no significant change in plantar fascia thickness following low-level laser ther-
apy was observed. A positive correlation (r=0.9) was found between plantar fascia thickness and post foot and ankle
ability measure-ADL scores (p=0.02).

Conclusion: The findings suggest that low-level laser therapy helps in pain reduction and improving range of motion in
plantar fasciitis with minimal effect on the thickness of plantar fascia.
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INTRODUCTION

The most common foot pathology is the inflammation of
plantar fascia termed as plantar fasciitis causing heel pain.
Plantar Fascia originates from the medial calcaneal tuber-
cle which is a thick fibrous aponeurosis of the foot. It is
thought that repetitive force or overuse for long periods of
standing or running causes damage to the fascia which can
be acute or chronic. It is characterized by medial heel pain
in mornings and pain increases in weight-bearing activi-
ties. Most factors which influence plantar fasciitis includes
altered foot biomechanics, ill fit footwear, pronated foot,
and obesity. The increase of pain and inflammatory symp-
toms were found to correlate positively with an increase
in plantar fascia thickness. The various interventions in
treating plantar pain include manual therapy, stretching,
orthotics, physical agents and therapeutic exercises.

Inflammation to the fascia is found in both sedentary and
athletic people who are thought to be a result of repetitive
stress either from lifestyle or exercise.Due to its poorly un-
derstood mechanism, the treatment choice for plantar fas-
ciitis is quite challenging. Histopathology studies revealed
that plantar fasciitis possesses derangement of fibrous tis-
sue similar to degenerative changes leading to tendinosis
rather than inflammation.

Standardized symptoms for plantar fasciitis shows early
morning stiffness or pain after a rest period which aggra-
vates with movements and long periods of weight bearing.
The typical physical examination findings of plantar fasci-
itis were localized tenderness over the medial calcaneal tu-
bercle and presence of discomfort on passive dorsiflexion
of the great toe. Now the standardized method for diagno-
sis and confirmation of plantar fasciitis is ultrasonogram
and magnetic resonance imaging. Prevalence studies reveal
that 1 in 10 people develop plantar fasciitis and common
among middle-aged female individuals of obese category
and young male involved in athletic activities[1-3].

It was observed that the analysis of plantar fascia thickness
and echogenicity of tissue are the standard parameters be-
ing measured in sonographic studies. In symptomatic in-
dividuals, the thickness of fascia ranges from 2.9 mm to
6.2 mm and hypoechoic. If the thickness of plantar fascia
is more than 4mm, then it is considered as plantar fasci-
itis.The non-invasive, inexpensive musculoskeletal ultra-
sonography was found to be a reliable tool in affording
excellent spatial resolution of superficial tissues and the
procedure was well tolerated by patients [4].Mederic et al.,
2009 conducted a study on 39 runners who had a history
of heel pain in which 8% of individuals showed abnormal
fascia. This study stated that during evaluation of heel pain
syndromes musculoskeletal ultrasonogram can always be
considered[5].

Treatment mechanisms have broad ranging from cryo-
therapy, stretching, formal physical therapy, night splints,
custom orthotics, counter heel cups, low dye taping, varied
injection therapies, iontophoresis, extracorporeal shock
therapy, and fasciotomy. Recent studies suggest that less
invasive techniques are more effective in providing long-

term relief.

With the literature reviewed, the stretching maneuver has
been found to exhibit significant long-term results in Plan-
tar Fasciitis. It has been concluded that inflexibility of the
calf muscle can lead to extreme foot pronation and over-
compensation of the fascia at first toe, thereby increasing
the stress at the origin of the fascia. Therefore, it is assumed
that calf stretches are a profitable treatment at the initial
stage of rehabilitation program [6]. A study [7] stated that
noninvasive therapy showed more reduction of heel pain
in chronic plantar fasciitis.

A newly emerging technology has gained momentum over
the past three decades in treating injuries of soft tissue,
even though its acceptance rate and scientific evidence re-
mains diverse.Low-power lasers are effectively utilized to
enhance healing of wounds, reduction of pain and inflam-
mation for all musculoskeletal injuries. Despite all these
uses, its efficacy remains contentious.It was reported that
there were no side effects of the therapy and treatment ses-
sions were well tolerated by patients[8]. The revised heel
pain guidelines by Robroy et al. in 2014 advocates the use
of low-level laser therapyin reducing pain and enhance ac-
tivities of daily living [8].

It is noted that Low-Level Laser Therapy (LLLT) requires
further research to prove as an efficient treatment for plan-
tar fasciitis [9] and further studies are needed to confirm
its efficacy [10].In spite of its effects in chronic plantar fas-
ciitis, further studies are warranted [11]. Hence the present
study intends to analyze the effectiveness of low-level laser
therapy on plantar fascia thickness using musculoskeletal
ultrasonogram in plantar fasciitis.

METHODOLOGY

The experimental study using an evidence-based tool was
approved by the ethics committee for student’s proposal,
Sri Ramachandra University (REF:CSP/16/AUG/50/232).
The Quasi-experimental design (pre and post-test) was
conducted in the out patientphysiotherapy department of
Sri Ramachandra Hospital, Chennai.

The estimated sample to obtain a significance level of 5%
(p<0.05) and a power of 80% (open Epi Software Version
3) was considered. Based on a study [9], a sample of 26
subjects are required, but considering the attrition rate, a
minimum of 30 samples are needed.

Subjects with a medical diagnosis of plantar fasciitis of
both genders with a minimal duration of fewer than
three months and testing positive for windlass test in
weight-bearing were recruited for the study. The subjects
with the previous history of trauma, surgery and soft tissue
injuries around the ankle joint, subjects with rheumatoid
arthritis and connective tissue disorders were excluded.

The eligible subjects were allotted into two groups nam-
elythe control group and experimental group. Informed
consent was obtained from all the subjects for voluntary
participation in the study. The baseline evaluation of sub-
jects was assessed,and both groups received the active in-
tervention for 12sessions for two weeks. The baseline mea-
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surements included plantar fascia thickness measurement
and echogenicity using musculoskeletal ultrasonography,
pain severity using numeric pain rating scale (NPRS), an-
kle dorsiflexion range using goniometer and a functional
scale of Foot and Ankle Ability Measure (29 item Ques-
tionnaire).

The subjects were assessed for pain type, character, dura-
tion, severity, irritability, and nature. The study subjects
rated their pain severity in a scale often points using the
Numerical Pain Rating Scale (NPRS)[12]. All the details
were secured, and the same assessment procedure was fol-
lowed at the end of the session for the analysis.The pro-
cedure of performing the windlass test was by extending
the first metatarsophalangeal joint in weight bearing,and
the patient’s heel pain was reproduced when assessed. The
subject with heel pain was asked to stand on a step stool;
the procedure involves the passive extension of first meta-
tarsophalangeal joint with flexion of the interphalangeal
joint.The maneuver was continued to provoke the subject’s
pain responses.

The range of motion for ankle joint was measured in high
sitting with the axis of the goniometer over lateral malle-
oli; movable arm parallels to 5™ Metatarsal and stationary
arm in longitudinal axis with the fibula. The patient was
instructed to pull their foot towards them (for dorsiflex-
ion) and then drop down from the neutral position for
plantarflexion range of motion. The functional outcome of
the ankle and foot complex was assessed by using the Foot
and Ankle Ability Measure (FAAM) questionnaire [13].
The 100% scale used to identify the prognosis of activities
of daily living. The ADL subscale was used for the study
and sports subscale was not applicable for the above pop-
ulation.

After meeting the inclusion criteria and completion of
baseline measurements, 30 subjects with the diagnosis of
plantar fasciitis were enrolled in the study. The uninvolved
plantar fascia was measured and used for comparing the
involved side test values. Enrolled subjects were taken for
musculoskeletal ultrasonogram which was carried out ini-
tially and after which subjects are allocated to groups.

The noninvasive investigation was performed by the same
radiologist, who was blinded of group allocation, using a
7.5MHz linear array transducer. The fascia was scanned
in the origin and mid-distribution of the fascia with the
subject in prone lying, with extended knees and feet hang-
ing out of the examination bed.The coupling gel was used
as a conducting medium over the examining part with an
adjusted focus on the depth of the fascia is noted. Quanti-
tative measurement was taken at reference points thrice to
avoid errors and average values were considered. During
the ultrasonogram study, the radiologist analyzed the pres-
ence of bony spurs, perifascial edema/fluid collections, cal-
cifications, echogenic appearance and fibrillary pattern.

Control Group: Ultrasound therapy [14] was given with
patient in prone lying and foot out of the couch. Treatment
head of 3MHz was chosen with the intensity of 0.75W/cm2

was used with a duration of 10 minutes for two weeks and
12sessions.

Figure 1: Evaluation of Plantar fascia

Intervention Group: A portable laser machine with a
microprocessor was used with two probes - visible and
infrared probes. The subject was positioned in prone ly-
ing and foot placed out of the couch. The visible probe is
chosen first,which consisted of continuous irradiation of
stationary mode over the medial calcaneal tubercle and
then continuous scanning irradiation along the fascia. The
dosage averaged 240mW and the frequency of the laser
probe is 5000Hz. A depth of 4.5cm was calculated with
specific mark area almost 1.5cm? over the tendon insertion
and 3cm?” along the fascia with a power density of 0.16 W/
cm’and 0.08 W/cm? respectively [15]. The dosage of active
treatment was 8.4Joules at the origin and along the fascia.
The period was 30 minutes at the origin and 5 minutes
along the fascia for about two weeks and 12 sessions were
completed.

In both groups, the session was followed by Gastro-So-
leus stretching exercise for two weeks everyday with two
sessions. The subjects were positioned in long sitting; a
self-stretching was taught with the help of a towel with 30
seconds hold and five repetitions. After two weeks of inter-
vention, post measurements were taken.

Data analysis:

The results are presented with mean and standard devia-
tion. The unpaired t-test was used to test the differences
between pre and post measurements. The relationship be-
tween variables was analyzed using the Pearson correlation
coefficient (r). The p-values of <0.05 were considered sta-
tistically significant.

RESULTS

The experimental study analyzed the pre and post values
of 30 subjects with plantar fasciitis following low-level la-
ser therapy. The demographic characteristics of both the
groups are outlined in Table 1 depicting both groups were
similar at baseline measurements except ankle dorsiflexion
ROM.
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Table 1: Demographic Details

CONTROL EXPERIMENTAL
CHARACTERISTICS GROUP GROUP
Age (years) 33.2+12.51 (23-45) 28.6+11.81 (19-41)

Baseline plantar fascia

thickness at calcaneum 2.84+0.59 2.78+0.16
level (mm)

Baseline plantar fascia 2.4240.22

thickness at fascia level 2.62+0.50
(mm)
Pain severity 5.4+2.57 7.8£2.39
Dorsiflexion ROM 194278 6£5.20
(degrees)
FAAM-ADL(scores) 57+25.48 56+16.68

FAAM-ADL- Foot and Ankle Ability Measure-Activities of daily
living, ROM-Range of Motion

The mean scores of plantar fascia thickness, pain severity,
ankle joint dorsiflexion ROM and FAAM-ADL scale were
compared between groups using unpaired t-test. The broad
aim of this experimental study is to analyze the effective-
ness of low-level laser therapy on the thickness of plantar
fascia is tabulated in table 2. The between-group analysis
of variables exhibits no statistically significant improve-
ment in thickness of plantar fascia at two levels following
low-level laser therapy. Moreover, low-level laser therapy
was found to reduce pain severity (p-0.04) significant-
ly with improved ankle dorsiflexion range of motion (p-
0.003), and significant improvement in FAAM-ADL scores
(p-05) was noted between groups.

Table 2: Analysis of outcomes between groups

Control Experimen- .
Mean + SD tal Née:nndlf— p-value
Mean + SD erence

MSK-USG Calea- ) 70,049 2722018 0.06 0.37

neum level(mm)

Fascia level(mm) 2.52+0.47 2.34+0.23 0.18 0.18
Pain severity 3.8+£2.84 6.4£2.58 2.6 0.04*
Dorsiflexion "

ROM (degrees) 20+0 11+6.81 15.5 0.003
FAAM-ADL 51+36.88 66+23.83 15 0.05*
(scores)

MSK-USG-Musculoskeletal ultrasonogram, FAAM-ADL- Foot
and Ankle Ability Measure-Activities of daily living, ROM-Range
of Motion * Significant at p< .05, unpaired t-test

The within-group analysisof plantar fascia thickness was
better at fascia level than at the calcaneum level denoting
a reduction in thickness following intervention in both
groups. The mean difference of pain severity reduction was
equal in both groups whereas the within-group analysis
in experimental group bettered ankle dorsiflexion range
with a mean difference of 5 degrees. FAAM-ADL outcome
showed a greater mean difference of 10 points in the exper-
imental group, whereas a decline in functional score was
observed in the control group.

The Correlation was tested between the primary outcome

and functional outcomes using Pearson’s correlation(r)
test.A strong positive correlation was observed (r = 0.9)
between plantar fascia thickness and post FAAM score
(p=0.02) in table 3.

Table 3: Correlation between fascia thickness & FAAM-
ADL scores

Component 1 Component 2 Pearson Cor- p-value
relation(r)
Fascia thickness Post-FAAM-ADL 0.87 0.02*

FAAM-ADL- Foot and Ankle Ability Measure-Activities of daily
living
* Significant at p <.05, Pearson correlation coefficient

DISCUSSION

Musculoskeletal ultrasonography is an ideal imaging diag-
nostic tool for plantar fasciitis which has good sensitivity
and specificity. It is a non-invasive, inexpensive and easy
technique to be performed. Several studies have done to
label the characteristic findings of plantar fasciitis. The
thickened plantar fascia (more than 4mm) is an uncom-
promising criterion for diagnosing plantar fasciitis. There
is a marked increase in thickness is noted in the aponeu-
rosis of plantar fascia when compared with the uninvolved
foot. The inflamed fascia is hypoechoic and fibrillated in
a uniform manner representing reparative processes after
edema, micro tears, and degeneration of fiber.

The Qualitative assessment of fascia includes echogenicity,
spur formation at calcaneum, oedematous perifascia and
fibrillary pattern of the fascia. These parameters were con-
sidered for analysis which was similar to the outcomes of
previous studies. The origin of the fascia or the proximal
area of fascia was hypoechoic in all symptomatic heels and
six subjects presented with calcifications in the calcaneal
region — none of the subjects represented with a spur, per-
ifascial edema, and fibrillary pattern.Huerta in 2007 con-
cluded that gender is an absolute prognosticator of plantar
fascia thickness and current results also show insignificant
differences were observed between genders.

The current study findings on plantar fascia thickness in
both groups showed minimal and insignificant changes.
There was an even difference of 0.06 mm changes in plantar
fascia thickness at the calcaneal level between the groups.
However an insignificant change in plantar fascia thickness
was derived when compared with the control group. Eval-
uation of pain using NPRS showed improvement at all test
situations [16]. They [9] concluded insignificant differenc-
es between groups when compared for plantar fascia thick-
ness, but pain scores showed statistically significant when
compared between the groups.

The thickness of the plantar aponeurosis showed no sig-
nificant changes in both groups. It is important to make a
note that the subject’s contralateral asymptomatic side was
used as a for the normal aponeurosis thickness for that par-
ticular individual. The mean thickness of plantar fascia in
subjects without plantar fasciitis was 2.5mm at the calcane-
al level and 2.35mm at fascial level.
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The literature states the minimum clinically important
difference for FAAM-ADL is 8 points. The control group
receiving ultrasonic therapy showed a mean difference of
FAAM score as 9 points, whereas the experimental group is
receiving LLLT the difference was 12 points. These changes
were noted with 12 sessions for two weeks of duration of
the intervention. The MCID of FAAM-ADL of 8.9 points
was achieved at four weeks of intervention was reported
[17]. Hence within a short duration of LLLT, a clinical dif-
ference in functional outcomes was observed.

Of the outcomes, the range of motion for ankle dorsiflex-
ion was found to be highly significant (p=.003) in improve-
ment when compared between the groups. The significant
changes in dorsiflexion range were noted in a group which
received ultrasonic therapy. Even though gastro-soleus
stretching [18] was rendered in both groups evenly; the
study results of the within-group analysis were insignifi-
cant to changes in ankle ROM.

The physiological effect of ultrasonic therapy proves the
findings of the study results. The ultrasonic treatment
affected the sensitivity of sensory receptors, such mus-
cle spindle in skeletal muscle leading to increased ROM.
Secondly, the thermal effects of ultrasound therapy are
increasing the extensibility of the skin & muscle that has
influenced the tissue elasticity. These two physiological
changes of ultrasonic treatment[19] were postulated to be
the reasons to have a positive impact on ankle ROM.

In another study, it was concluded that laser irradiation
had shown relief in chronic pain because of suppressing
pain through serotonin metabolism. There are a lot of pos-
sibilities for LLLT to trigger fibrous tissue regeneration
and the healing process is enhanced. For almost a decade,
tissue healing and biostimulation effects are enhanced by
stimulating the tissue repair by laser therapy which has
been useful in treating musculoskeletal disorders.

By the context of this particular protocol, the findings of
the current study shall interpret with further clinical and
imaging studies which are required to support treatment
protocols. In summary, low-level laser therapy and ultra-
sonic therapy [20] contribute healing of fascia and reduc-
tionof pain severity.

The limitation of the current study includes a small sam-
ple size and duration of intervention with follow-up. De-
mographic data like BMI should have been considered as
obesity is a major contributing factor for plantar fasciitis.
Further randomized controlled trials in LLLT were war-
ranted to prove its efficacy in plantar fasciitis.

CONCLUSION

The study concludes that low-level laser therapy and ultra-
sonic therapy has minimal improvement on plantar fascia
thickness with two weeks of intervention. Low-level laser
therapy was found to be effective in reducing pain severity
in plantar fasciitis. Ultrasonic treatment with gastrosoleus
stretching has profound effects on ankle dorsiflexion range
of motion.There is a strong positive relationship between
plantar fascia thickness and FAAM-ADL scores.Overall-

low-level laser therapy exhibited positive results of clinical
outcomes in plantar fasciitis.
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