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Highlights
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* Quadratus plantae muscle dry needling significantly improves pain in patients with plantar fasciitis.

* Quadratus plantae muscle dry needling significantly reduces plantar fascia thickness in patients with plantar fasciitis.

Plain Language Summary

Plantar fasciitis (PF) is one of the main causes of foot pain and is essential to the quality of life (QoL). Trigger points
dry needling is an alternative treatment for heel pain. Using ultrasound imaging, this study aimed to evaluate the effect
of the needling on pain and changes in plantar fascia thickness in patients with plantar fasciitis. The results revealed
that quadratus plantae muscle dry needling significantly improves pain and reduces plantar fascia thickness in patients

with plantar fasciitis.

Introduction

lantar fasciitis is the most common cause

of non-traumatic adult heel pain [1] and

one of the common causes of pain and

disability, which occurs in approximately

10% of the general population through-

out their lifetime [2]. Diagnosis is usually
based on history, physical evaluation, and the presence
of pain on the inner side of the heel [3]. Plantar fasci-
itis has a gradual onset and often worsens after a few
weeks or months [4]. It is associated with persistent,
knifelike pain [5] in the bottom of the foot near the heel.
The pain usually occurs in the early morning on the first
step after immobility [5], and heel tenderness was also
reported [6]. Plantar fasciitis is associated with obesity
(body mass index [BMI] over 30), variations in physical
activity level, prolonged periods of standing, alteration
in foot arch [7], sedentary lifestyle [8], and calf muscle
shortness [9]. Even though heel pain is quite common
and significantly impacts quality of life (QoL), there is
no optimal treatment [10]. Several treatments are rec-
ommended for plantar fasciitis [11]. In the initial stage,
conservative treatments, including rest, custom-made in-
soles (orthotic insoles), night splints, and stretching exer-
cises, are widely used to relieve symptoms [12]. Manual
treatments, including joint and soft tissue mobilization,
manual stretching of calf muscles, the release of trigger
points [13], and nerve mobilization techniques [14], can
be effective on plantar fasciitis. Drug therapy, platelet-
enriched plasma treatment [15], shockwave therapy
[16], botulism toxin, ultrasound, tapping techniques [11,
17] and low level laser therapy [18] are suggested for
plantar fasciitis. Travell and Simons proposed that trig-
ger points (TrPs) in the intrinsic muscles of the foot and
surrounding muscles can significantly contribute to heel
pain [19]. Some studies reported trigger points of soleus

[20], gastrocnemius [13, 20-22], posterior tibialis [23],
popliteal [23], abductor halluces [20, 21, 24], flexor hal-
luces [21], peroneus longus [23], flexor digitorum bre-
vis [20, 24], and quadratus plantaris muscles [20, 21] in
patients with heel pain. Quadratus plantae has proximal
anatomic attachment sites and mechanical function with
the plantar fascia [24]. Several studies mentioned the role
of the quadratus plantae muscle in the pathogenesis of
heel pain [25]. The lateral plantar nerve contains sensory
fibers that serve the calcaneal periosteum, the plantar
ligament, the medial head of the quadratus plantae, and
motor fibers that innervate the quadratus plantaec muscle.
Consequently, if the lateral plantar nerve gets trapped
between the two heads of the quadratus plantae muscle,
it can lead to heel pain [26]. The quadratus plantac and
flexor hallucis brevis contain several active trigger points
in individuals experiencing plantar heel pain. Since both
muscles are anatomically and intrinsically linked to the
plantar fascia, the taut bands associated with their trig-
ger points can create tension at the calcaneal insertion
and the plantar fascia, which may exacerbate plantar heel
pain [21]. Dry needling of muscles is associated with the
foot and leg, which is suggested to improve the symp-
toms of plantar fasciitis [10]. Therefore, TrPs dry nee-
dling, an aggressive method, has recently been widely
used as a superseded procedure for plantar fasciitis [27].
In this method, a filiform metal needle is inserted into the
trigger point without the introduction of any substance.
Dry needling may be combined with electrical current
[28]. Dry needling produces pain-relieving effects near
the trigger point by activating the descending inhibito-
ry pathway of the central nervous system [29]. Several
studies evaluated the impact of TrPs dry needling in the
treatment of heel pain [13, 22, 29-31]. One of the vis-
ible diagnostic criteria in chronic plantar fasciitis is the
increased thickness and hypoechogenicity using ultraso-
nography [31]. Plantar fascia thickness is measured as a
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differential sign, before and after treatment, and suggest-
ed as a suitable indicator for an acceptable response to
non-surgical treatment of plantar fasciitis [32]. No study
was found that checked the effect of intrinsic plantar
muscles dry needling on plantar fascia thickness change
by ultrasound evaluation to prove the usefulness of dry
needling method. Therefore, we decided to peruse the
effect of dry needling on pain and thickness change of
the plantar fascia in subjects with plantar fasciitis using
ultrasound imaging.

Materials and Methods

Forty volunteers with plantar fasciitis participated in
this study using non-probability convenient sampling.
The inclusion criteria of the study included the follow-
ing: Age over 18 [22, 31], pain on the first step in the
morning, pain lasted more than one month [22], and pain
level on the visual analog scale (VAS) scale was at least
4 [22]. The exclusion criteria of the study included diabe-
tes and rheumatology diseases [22], fear of needles [22],
pregnancy [10, 22], presence of trigger points and muscle
shortening in gastrocnemius and hamstring muscles, in-
fection, neuropathy, and coagulation disorders [20], his-
tory of injection in the last 6 months [10, 22], and his-
tory of cardiovascular diseases [13]. The research was
a clinical trial with single-blind randomization and re-
ceived approval from the University’s Ethics Committee.
As for the dependent variable of plantar fascia thickness
changes, based on the article by Mahowald and Grady
[7], a Mean+SD thickness reduction of 0.82+1.04 mm
was reported. Based on this effect size and the applica-
tion of the sample size formula to compare the means in
two balanced groups, taking into account the o was 0.05
and the statistical power of 80%, the final sample size
was calculated by the following formula (Equation 1).

2
(Zl_% + Zl_ﬁ) (6% + 6%

(U — 12)?

l.n=

The sampling method in this study was convenient
sampling. The allocation of samples (into two groups)
was done randomly using the stratified permuted block
randomization method with 5 blocks of 8 assigned
to two groups. The order of interventions A and B in
blocks numbered 1 to 5 was determined by the design
methodological advisor and provided to the project ex-
ecutive supervisor. The researcher asked the executive
supervisor to attribute each eligible person and to avoid
possible bias. He was getting an assignment. The execu-
tive supervisor first selected the block using a random
number generator, and then eligible individuals were as-
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signed to one of two groups, A or B, in a predetermined
order. Note that if a block was selected based on random
numbers already filling all 8 sequences, another random
number was selected for that individual.

At the beginning of the study, the subjects read and
signed the consent form. Based on the list prepared be-
fore the study, a physiotherapist evaluated and treated the
individuals who met the criteria. First, the plantar fascia
thickness was measured with ultrasound, and the pain
level was calculated based on the VAS before interven-
tion in both intervention and control groups. Participants
in both groups performed plantar fascia massage and
stretch for 2 weeks. To stretch the plantar fascia, the pa-
tient was instructed to first sit on a chair, place the affected
foot on the contralateral knee, and then apply force distal
to the metatarsophalangeal joints with his/her hand and
pull them upwards until stretch was felt in the soles of
the feet. The participants held the stretch for 10 seconds
and repeated it 10 times. Participants were instructed to
repeat plantar fascia stretch exercises thrice daily [33]. To
massage the plantar fascia, the patient should sit in a chair
and place one foot on a small tennis ball or water bottle
with a sturdy surface, then gently move the ball or bottle
back and forth under their foot for 1-3 minutes, thrice dai-
ly [34]. In addition to exercise therapy, quadratus plantae
trigger points dry needling was performed twice a week in
the intervention group for 2 weeks. After 2 weeks, plantar
fascia thickness and VAS were assessed in both groups
again. An ultrasound (model HS2100 made in Japan with
a frequency of 7.5 MHz and a linear probe of 4.5 cm) was
used to measure plantar fascia thickness (Figure 1). The
patient was lying on a bed in a prone position, knees com-
pletely straight and ankles in 90 degrees of flexion. The
ultrasound transducer was positioned in the sagittal plane
over the medial band of the plantar fascia, 5 mm beneath
where the plantar fascia attaches to the medial tuberosity
of the calcaneus. Then, the plantar fascia thickness was
assessed [35]. A needle with a length of 50 mm and a di-
ameter of 0.3 mm was used to apply quadratus plantae dry
needling. The patient was placed in the prone position,
and ankles were free from the end of the bed. The physio-
therapist sat on the chair facing the patient’s leg. The pa-
tient’s leg was held firmly to prevent sudden movements.
First, the muscle trigger point was palpated, and then the
needle was inserted directly, from the inside or outside,
just under the calcaneus bone [35]. The VAS is a straight
line measuring 100 mm, marked with “no pain” at one
end and “worst pain imaginable” at the opposite end [36].
This ruler has two scales, qualitative and quantitative. The
patient marks his or her pain intensity with a vertical line
on the qualitative side, then the examiner turns the ruler
and reports the marked location numerically [37].
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Figure 1. Sonographic imaging of plantar fasciitis patient

Statistical analyses were conducted using SPSS soft-
ware version 22. The Shapiro-Wilk test was used to check
the normality. The independent t-test was used to evaluate
the difference between independent groups, and paired t-
test to assess the difference between dependent groups.
The significance level was considered 0.05 in all tests.

Results

Demographic characteristics of the patients in both
groups are listed in Table 1. The intervention and control
groups did not show any significant difference at base-
line. The results indicated that both groups exhibited a
normal distribution of variables. In the control group, the
results showed that a decrease in the VAS scale after ther-
apeutic exercise was statistically significant (P=0.015).
Still, there was no notable reduction in the thickness of
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the plantar fascia (Table 2). According to Table 3, plantar
fascia thickness and VAS scale following dry needling
significantly decreased statistically after 2 weeks. There
was no significant difference between the two groups
in plantar fascia thickness (P=0.988) and VAS scale
(P=0.064) at the beginning of the study (Table 2). The re-
sults showed that at the end of the study, there was no sig-
nificant difference (P=0.077) in the VAS scale between
the two groups. Still, the two groups had a significant
difference (P=0.001) in plantar fascia thickness (Table 4).

Discussion

This research aimed to examine how dry needling of
the quadratus plantac muscle impacts the thickness of
the plantar fascia and the level of pain experienced by
individuals with plantar fasciitis. Data statistical analysis

Table 1. Comparing the variable’s distribution between the control and intervention groups at the beginning of the study

Mean+SD
Variables P
Intervention (n=20) Control (n=20)

Age (y) 41.70+12.78 45.60+10.6 0.301
Weight (kg) 81+18.26 72.95+11.67 0.105
Height (cm) 168+8.66 165+11.07 0338

VAS 6.80%1.70 5.80%1.60 0.064
PFT 3.58+0.31 3.58+0.31 0.988

"The Independent samples t-test.
VAS: Visual analog scale; PFT: Plantar fascia thickness.
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Table 2. Intragroup comparison after intervention in the control group

Mean+SD
Variables P" Effect Size (Cohen’s d)
Before the Intervention After the Intervention
VAS 5.80+1.61 5.15+1.34 0.015 111
PFT 3.58+0.31 3.4510.28 0.057 0.27

"Paired samples t-test.

VAS: Visual analog scale; PFT: Plantar fascia thickness.
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Table 3. Effects of dry needling on plantar fascia thickness and pain in the intervention group

MeantSD
Variables P* Effect Size (Cohen’s d)
Before the First Session After the Last Session
VAS 6.80£1.70 3.90+2.73 <0.001 2.13
PFT 3.59+0.31 3.10+0.36 <0.001 0.29

"Paired samples t-test.
VAS: Visual analog scale; PFT: Plantar fascia thickness.

PHYSICAL TREATMENTS

Table 4. Between-group comparison (last session of the control and intervention group)

MeantSD
Variables P Effect Size (Cohen’s d)
Intervention (n=20) Control (n=20)
VAS 3.90+2.73 5.15+1.34 0.077 2.15
PFT 3.10£0.36 3.4610.28 0.001 0.33

"The Independent samples t-test.
VAS: Visual analog scale; PFT: Plantar fascia thickness.

showed no statistical difference between the two groups
regarding primary and background variables. Intra-
group comparison in intervention and control groups
showed that VAS significantly decreased after dry nee-
dling and therapeutic exercise. Additionally, the com-
parison within the intervention group indicated a marked
reduction in plantar fascia thickness following the two
weeks. However, there was no notable variation in the
thickness of the plantar fascia when compared with the
control group after 2 weeks of treatment. In between
groups, no significant difference was seen in VAS after 2
weeks of treatment. Still, a significant decrease in plan-
tar fascia thickness following dry needling was obtained
compared to the control group.

Visual analog scale (VAS)

Intra-group comparison in both groups showed a sig-
nificant decrease in VAS, so results showed that thera-
peutic exercise and dry needling effectively improved
pain caused by plantar fasciitis. No significant difference

PHYSICAL TREATMENTS

was seen in the VAS between-group comparisons after 2
weeks of treatment. This result can be due to the positive
effect of massaging and stretching plantar fascia in flex-
ibility improvement, increasing circulation, and reduc-
ing the subsequent pain [33]. On the other hand, it shows
that massage and stretch of plantar fascia are as effec-
tive as dry needling in improving pain. Although today,
dry needling of trigger points is widely used to manage
all types of myofascial pain syndromes caused by over-
stimulated points in skeletal muscle [38], the results of
the studies are contradictory. A systematic review found
that dry needling was not significantly superior to pla-
cebo in musculoskeletal pain control. This review only
included four clinical studies. The studies had a small
sample size and low quality, and their data sets showed
significant statistical heterogeneity, making it difficult to
draw definitive conclusions [39]. Conversely, Tough and
White investigated the impact of dry needling of trigger
points in a review study including 6 clinical trial studies.
The patient population was diverse and included trape-
zius muscle pain, gluteal muscle trigger points, chronic
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neck pain, and chronic back pain. Analysis of the results
of this review study showed that dry needling of trig-
ger points is effective in pain reduction [40]. Only a few
studies have been conducted on the effectiveness of dry
needling in treating heel pain [10, 13, 22]. Cotchett et al.
investigated the effect of a 6-week dry needling treat-
ment on pain based on the VAS scale and the foot health
status questionnaire. A statistically significant enhance-
ment in plantar heel discomfort was observed, although
caution was advised regarding potential unwanted side
effects [20]. In a case report study, Akhbari et al. inves-
tigated the effect of a 2-week dry needling treatment on
plantar fasciitis, which reported a 60%-70% reduction
in pain [13]. In the study of Eftekharsadat following dry
needling treatment of trigger points in the gastrocnemius
and soleus muscles, pain reduction was obtained based
on the VAS scale [22]. These studies are limited due to
some implementation limitations that reduced the qual-
ity. One of these studies was a case report where only
one patient was treated with dry needling [13]. Two stud-
ies lacked a control group to compare the effect of the in-
tervention (dry needling). It is challenging to accurately
analyze the absolute impact of dry needling due to the
absence of a control group [10, 22]. In Eftekharsadat’s
study, pain improvement after dry needling was assessed
in the intervention group and compared to the control
group, which is inconsistent with the present study. The
control group in both studies performed plantar fascia
massage and stretch. The different results of these two
studies could be due to the different target muscles. On
the other hand, the duration of treatment in Eftekharsa-
dat’s study was 4 weeks, and in the present study, it
was 2 weeks [22]. The purpose of the studies was dif-
ferent when studying the impact of dry needling on al-
leviating symptoms of plantar fasciitis. In two studies,
the myofascial pathway of the lower limb, such as the
gluteal, hamstring, gastrocnemius, and soleus muscles,
was treated [20]. In another study, TrP dry needling was
performed on gastrocnemius and soleus muscles [22].
Meanwhile, according to the Delphi study, quadratus
plantae is the main muscle for dry needling technique
in patients with plantar fasciitis treated in the present
study [41]. The main belief about trigger points is that
they are caused by excessive release of acetylcholine
from motor end plates. Long-term release of acetylcho-
line leads to chronic shortening and contraction of sar-
comeres, and reduced blood circulation leads to hypoxia
and local ischemia [42]. The secretion of prostaglandins,
bradykinins, cytokines, and histamine occurs as a conse-
quence, sensitizing muscle afferent sensory nerve fibers,
which may be associated with trigger point sensitivity.
These chemicals lead to central sensitization of posterior
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horn neurons [43]. The exact mechanism of the effect
of dry needling is not completely clear. Still, some stud-
ies showed that dry needling modulates the biochemical
environment around trigger points and mediators that
cause pain [27]. On the other hand, dry needling reduces
local sensory signals [44]. Another hypothesis suggests
that dry needling activates inhibitory interneurons and
disrupts the transmission of the normal pain message to
the sensory cortex [45]. Also, reduction of tissue blood
supply and hypoxia is one of the causes of trigger points,
so any treatment that increases blood circulation reduces
the effects of metabolites and pain [46]. Cagnie and Shah
reported that following TrPs dry needling blood circu-
lation and oxygen increased [47, 48]. According to the
mentioned reasons, the reduction of pain following dry
needling in the intervention group can be justified.

Plantar fascia thickness

In the intra-group comparison, plantar fascia thick-
ness decreased significantly in the intervention group
after 2 weeks of treatment, and the difference obtained
was more than the minimal detectable change (MDC),
which is clinically significant. On the other hand, there
was no significant difference in plantar fascia thickness
in the control group after 2 weeks of treatment. The be-
tween-group comparison showed that the decrease in the
plantar fascia thickness after dry needling is statistically
significant compared to the control group, and the differ-
ence obtained is outside the MDC range and is clinically
significant. Findings related to plantar fascia thickness
show that dry needling of the quadratus plantac muscle
effectively reduces the plantar fascia thickness as one of
the diagnostic criteria for plantar fasciitis. Several stud-
ies investigated plantar fascia thickness in people with
plantar fasciitis; these studies show that plantar fascia
thickness increases significantly in these people [11, 14,
29, 31, 44, 49]. Therefore, increasing the plantar fascia
thickness is a reliable diagnostic criterion in plantar fas-
ciitis patients. In a study similar to the present research,
Mahowald et al. examined the relationship between
plantar fascia thickness changes and pain reduction in
patients with plantar fasciitis. This study reveals a sig-
nificant relationship between pain reduction based on
the VAS scale and the reduction of plantar fascia thick-
ness, so in 74.4% of the involved feet, the reduction of
the plantar fascia thickness was associated with the re-
duction in pain [7]. In the present study, pain reduction
following dry needling was associated with a signifi-
cant reduction in plantar fascia thickness, which aligns
with Mahowald’s study. However, in the control group,
after 2 weeks of treatment, the significant reduction in
the VAS scale was not accompanied by a significant
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decrease in the plantar fascia thickness. This contradic-
tion can be due to the difference in the type of treatment
used. In Mahowald’s study, patients with plantar fasciitis
underwent various treatments, including cold therapy,
corticosteroid injection under ultrasound guidance, cus-
tom-made shoes (modifying shoes), and muscle stretch-
ing. The results of the study by Lao also showed that the
pressure pain threshold is significantly lower and plantar
fascia thickness is greater than that in people with plantar
fasciitis compared to the control group [50].

Puentedura investigated the effect of dry needling of
the multifidus muscles in the chronic back. He showed
that dry needling decreased the thickness of the muscle at
resting position and increased the thickness of the mus-
cle during maximum concentric contraction. The mecha-
nism of this effect is not completely clear, but mechanical
and neural theories are proposed [51]. The mechanical
effects include the breaking of the contraction in the trig-
ger point, the local stretching of the contractile structures
of the cell, and the reduction of the actin and myosin
filament overlap. The potential neural effects include the
reduction of metabolic mediators, the reduction of the
peripheral pain threshold, and the activation of the cen-
tral inhibitory mechanisms of the descending pathways.
The increase in muscle thickness during maximum con-
centric contraction is due to the increase in neuromuscu-
lar control following dry needling, and the decrease in
resting thickness can be considered a result of inhibiting
muscle over-activity. It seems that dry needling causes
more muscle relaxation during resting position and de-
creases thickness by activating the descending inhibitory
pathway. Relaxation increases the thickness and strength
of the muscle during contraction [52]. The plantar fascia
stretches from the medial tubercle of the calcaneus to the
proximal interphalangeal joints. As a connective tissue
layer, it significantly contributes to the transfer of forces
from muscles and the Achilles tendon [53]. Quadratus
plantaris originates from the medial and lateral aspect of
the calcaneus bone and extends to the front of the sole to
the flexor digitorum longus muscle [54]. Also, based on
Simmons’ suggestion, the existence of trigger points in
the muscles of the plantar region and near the foot can
significantly contribute to heel pain [30].

Conclusion

Dry needling of the quadratus plantaris muscle trigger
points can effectively affect the plantar fasciitis. Patients
should be followed up after the treatment to check the
long-term effects of dry needling in future studies. Also,
studies involving larger groups of participants could be
conducted to validate these results.
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