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Abstract

Aim: The aim of this study is to group patients with plantar heel pain and calcaneal spurs
detected via lateral foot x-rays based on the angle between the spur and the calcaneus
and compare the efficacy of an Extracorporeal shock wave therapy (ESWT) treatment
between these groups.
Materials and Methods: The patients were divided into three groups based on the
measurement the angle between the plantar calcaneal spur and the calcaneus. Those with
a measured angle of <30° were classified as Group 1, ranging between 30–60° as Group 2,
and >60° as Group 3. Demographic characteristics, spur length, visual analog scale (VAS)
and foot function index score (FFI), and pain and function evaluation were used as the
pre-and posttreatment data in each group.
Results: Out of the 170 patients, 96 (56.5%) were included in Group 1, 65 (38.2%) were in
Group 2, and 9 (5.3%) in Group 3. The posttreatment VAS and FFI scores of the patients
were significantly lower than the pretreatment scores (p<0.001). It was determined that
the highest and lowest VAS and FFI score changes in the posttreatment period was in
Group 3 and Group 1, respectively. In the correlation analysis, a positive correlation was
found between the measured angle value and pretreatment VAS and FFI scores, age, and
spur length.
Conclusion: ESWT is an effective treatment method for calcaneal spurs, but further
studies are needed on PCS classifications and the efficacy of the treatment selected based
on these classifications.

Copyright © 2023 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Plantar heel pain is a frequently encountered condition
that occurs at varying rates among people from different
ethnicities and impairs quality of life of people [1-3]. It
is usually seen in women aged between 40–50 years and
the incidence rate is increasing among obese individuals
[4, 5]. The pathology of plantar calcaneal spurs (PCS)
includes inflammation of the plantar fascia after exposure
to chronic microtraumas as a result of predisposing fac-
tors and calcification in plantar fascia proximal after such
inflammation [6]. Although plantar fasciitis appears to
be the most common pathological factor, it is not known
whether PCSs directly cause plantar fasciitis [7-10]. In
many studies, it has been observed that a PCS originates
from a calcaneal tuberosity and takes shape toward the
plantar posterior fascial surface [11]. However, in histolog-
ical studies of plantar fasciitis, it has been found that PCSs
can cause fragmentation and degeneration of the plantar
fascia base [12-15].
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Zhou and et al. [10] identified two types of PCS. Type A
was localized to the plantar fascia insertion, while Type B
was localized within the plantar fascia. In another study,
PCSs were classified according to their shape (horizontal,
vertical, or hook) and size. While the shape and size of the
spur before treatment were not related to symptom sever-
ity, the greatest improvement in post treatment function
and pain was observed in large and hook-shaped PCSs
[16]. Zhang et al. [16] classified PCSs according to the
angle between the calcaneus and the spur. Based on the
angle between two directions—one parallel to the central
axis of the calcaneus and the other parallel to the central
axis of the PCS—an angle <30° was classified as Type I,
between 30–60° as Type II, and >60° as Type III. In the
present study, Type II was the most commonly observed
type, where the highest pre-and postoperative visual ana-
log scale (VAS) scores and the lowest postoperative The
American Orthopaedic Foot and Ankle Society (AOFAS)
score were also found in Type II [16].

Different conservative, medical, and surgical methods are
available for the treatment of plantar heel pain and cal-
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caneal spurs. Among the conservative treatment meth-
ods, the extracorporeal shock wave therapy (ESWT) has
become increasingly widespread [17]. ESWT is a non-
invasive method that uses high amplitude sound waves
focused on a desired body area to treat conditions,
such as plantar fasciitis, medial and lateral epicondyli-
tis, tendinopathies, and calcaneal spur. The American
Food and Drug Administration approved the application
of ESWT for the treatment of chronic proximal plantar
fasciitis in 2000 [18]. However, the results of studies on
the efficacy of ESWT treatment are contradictory [19-
23]. Based on a meta-analysis, it has been argued that it
should be considered before surgical methods, especially
due to its symptomatic healing efficacy [24]. In another
study, ESWT was found to be effective in the treatment of
chronic plantar fasciitis compared to pain, especially in the
first six months compared to other conservative treatment
methods [25]. A common feature of the studies, which are
reported to be ineffective on pain, is the application of in-
effective doses of ESWT to the control group in the form
of a placebo [19, 20].
There are different opinions on the classification of cal-
caneal spurs and this study was planned due to the defi-
ciency in the literature. In the present study, we aimed
to classify the PCS types using the angle measurement
between PCS and the calcaneus and assess then efficacy
of the ESWT treatment according to the PCS types in
patients that presented with heel pain.

Materials and Methods

A total of 170 patients, between April and November 2021,
who presented to Physical Therapy and Rehabilitation
outpatient clinic with heel pain, were diagnosed with cal-
caneal spurs, and subsequently, received ESWT treatment,
a total of five sessions were performed three days a week,
were evaluated retrospectively. The study involved 125 fe-
male and 45 male patients. Treatment was given to the
right and left heels of 106 and 64 patients, respectively.
The approval of the Ethics Committee was obtained (Fırat
University Non-Invasive Clinical Research Ethics Commit-
tee, approval no. 2021/12/26). The patients were in-
formed about the procedure and their informed consent
was obtained. The study was carried out in accordance
with the principles of the Helsinki Declaration.
The clinical evaluation of the patients before and after the
treatment was evaluated with the pain intensity VAS. Foot
Function Index (FFI) was used to measure the impact of
foot pathology on function in terms of pain, disability and
activity restriction.
The angle between the PCS and the calcaneus was an-
alyzed by a radiologist using a lateral direct x-ray and
a computer-assisted program. In the computer-aided lin-
ear spur length measurement, the angle between the two
directions—one parallel to the center axis of the calcaneus
and the other parallel to the central axis of the PCS—
were evaluated, where patients with an angle of <30° were
classified into Group 1, between 30–60° into Group 2, and
>60° into Group 3 (Figure 1a, 1b, 1c) [16].
Patients aged <18 and >70 years and who had neurological
diseases that involve the foot area, neuropathy, peripheral

Figure 1. X-rays of classification of plantar calcaneal
spurs. Type I, angle was less than 30° (a). Type II, angle
was from 30° to 60° (b). Type III, angle was more than
60° (c).

vascular diseases, inflammatory rheumatic diseases, arthri-
tis in the foot and ankle, cardiac arrhythmia or pacemak-
ers, cancer or tumor formation anywhere in the body, sur-
gical operation in the foot area, outpatient deformities due
to paralysis, history of acute trauma in the foot area, and
had been administered steroids or any other local injection
in the last six months due to heel pain were excluded from
the study.
Application protocol; Using ESWT device (Intelect®
RPW, Chattanooga, USA) and a 9 mm application ap-
paratus, a total of five sessions were performed three days
a week with frequency, 12 Hz; energy density, 2 bar; and
number of beats, 2000.

Statistical analysis
We performed power analysis for the sample size estima-
tion. Type I error (α) was set at 0.05 and power of the
test was selected 0.95 and calculated sample size appro-
priate to test the hypothesis and have confidence was 69.
Statistical analyses were performed using the SPSS (Sta-
tistical Package for Social Sciences; SPSS Inc., Chicago,
IL) 22 package software. In the present study, descrip-
tive data were shown as values n, categorical data as per-
centages, and continuous as mean ± standard deviation,
median, and interquartile range (IQR) (25–75 percentile
values). Chi-square analysis (Pearson Chi-square) was
applied to compare categorical variables between groups.
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The Kolmogorov-Smirnov test was used to evaluate the
conformity of continuous variables to normal distribution.
The Wilcoxon test was performed to compare measurable
data in the pre- and posttreatment period. The Kruskal-
Wallis test was applied to run a comparison between more
than two groups. The Spearman correlation test was used
to examine the relationship of continuous variables. The
change scores for VAS and foot function index score (FFI),
for pre- and posttreatment were calculated. Statistical sig-
nificance level in analyses was accepted as p<0.05.

Results

The present study included 170 patients with an average
age of 49.4 ± 10.1 year (23–76). 125 (73.5%) of the patients
were female and 45 (26.5%) were male. 96 (56.5%) of the
patients were in Group 1, 65 (38.2%) were in Group 2, and
9 (5.3%) were in the Group 3 patient group. The mean
angle of the patients was 28.0 and the median spur length
was 8.7 mm. (Table 1).

The VAS and FFI score of the patients in the posttreat-
ment period were significantly lower than the pretreatment
scores (p<0.001) (Table 2). In the correlation analysis, a
positive correlation was found between the angle between
the PCS and the calcaneus and pretreatment VAS and FFI
scores and spur length (Table 3).

There was a significant difference between the groups
in terms of VAS change, FFI change, and spur length
(p<0.001). Accordingly, it was determined that both the
highest and lowest VAS and FFI changes and the max-
imum and minimum spur length were in Group 3 and
Group 1, respectively (Table 4).

Table 1. Characteristics of patients diagnosed with cal-
caneal spurs.

Number (n) %

Age (year) 49.4±10.1

Gender
Female 125 73.5

Male 45 26.5

Group

Group 1 96 56.5

Group 2 65 38.2

Group 3 9 5.3

Angle, Median (IQR)(°) 28.0 (20.0-36.0)

Spur Length, Median (IQR)(mm) 8.7 (4.3-12.3)

IQR: interquartile range.

Table 2. Comparison of VAS, and FFI scores of patients
in the pre- and posttreatment periods.

Pretreatment Posttreatment
p*

Median (IQR) Median (IQR)

VAS 6.0 (5.0-7.0) 4.0 (3.0-5.0) <0.001
FFI 56.0 (44.0-82.0) 25.5 (20.0-31.0) <0.001
IQR: interquartile range, VAS: visual analog scale FFI: foot function
index score *Wilcoxon analysis was performed.

Table 3. Correlation analysis of parameters of patients.

Pretreatment Posttreatment Pretreatment Posttreatment Angle

VAS VAS FFI FFI

Angle
R <440 <049 .304 <023

P .000 <527 .000 <765

Spur

length(mm)

R <530 <107 <449 <130 <511

P .000 <166 .000 <092 .000

VAS: visual analog scale FFI: foot function index score *Wilcoxon analysis was
performed.

Table 4. Comparison of VAS and FFI changes, plantar
calcaneal spurs angle, and spur lengths of patients accord-
ing to groups.

Group 1 Group 2 Group 3 p*

Median (IQR) Median (IQR) Median (IQR)

VAS change -1.0 (-2.0-.0) -2.0 (-3.0--1.0) -4.0 (-5.0--4.0) <0.001

FFI change -23.5 (-36.0--8.0) -30.0(-57.0--16) -59.0 (-66.0--57.0) <0.001

Spur

length(mm)

5.3;3.0-10.8 10.5;8.1-12.6 12.7;12.6-14.0 <0.001

IQR: interquartile range, VAS: visual analog scale FFI: foot function index score
*Kruskal Wallis test was performed.

Discussion
The aim of our study was to analyze the efficacy of ESWT
treatment in patients diagnosed with a PCS, based on the
angle between the PCS and the calcaneus. In the pathol-
ogy of a heel spur, inflammations of the plantar fascia after
exposure to chronic microtraumas with the effect of pre-
disposing factors and calcification in the proximal plantar
fascia after this inflammation are involved [6].
In studies carried out so far, the calcaneal spurs were clas-
sified as Type A or Type B according to their position
to the plantar fascia, as well as their shape (horizontal,
vertical, or hook) and size. Okçu et al. In their study,
patients were evaluated in 4 different types according to
their spur shapes. (Type 0 normal, type 1 hook-shaped,
type 2 horizontal and type 3 vertical). No relationship was
found between pain and spur type in the study. The mean
pain score, which was 8 before treatment, was 5 in the first
week after treatment and 3.5 in the 12-week follow-up. In
addition, vertical spurs were associated with worse treat-
ment outcomes in the study. Patients with longer spurs
provided more pain relief, and smaller spurs with ESWT
provided more relief. In our study, a significant correlation
was found with spur length and pain and FFI [26]. This
study is the first to evaluate the efficacy of ESWT therapy
based on the angular measurement of spur. There are few
studies examining the connection between spur type and
pain intensity. Ahmad et al. demonstrated that there was
no connection between spur kinds and pain or function
[15]. Ahmad et al.’s study was the only one to attempt
to address the issue of whether treatment outcomes were
impacted by the existence, size, or kind of spurs. They
discovered that CAM walking boots and therapeutic phys-
iotherapy improved horizontal and hook spurs more than
vertical spurs [15].
The variations in the structures that the spurs arise from
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are related to the variations in the types of spurs. The
medial process of the tuberosity is where the majority of
spurs develop, however in some people, they can also come
from the lateral processes and sulcus [9]. As a result, dis-
agreements in treatment outcomes across types may be re-
lated to differences in the structures from which the spurs
emerge. There is proof suggesting that bigger spurs exhibit
more cortical thickening than smaller spurs [28]. İn this
study, spur length, pre- and post-treatment VAS and FFI
changes were the highest in group 3 with the largest angle
value. It is unclear, however, whether the improved prog-
nosis of bigger spurs is related to the difference in cortical
thickness. More research on this subject is required.
ESWT decreased calcaneal spur lengths and discomfort in
individuals with symptomatic calcaneal spurs, according
to Hayta et al. [27]. Mishra et al. demonstrated that
ESWT and methylprednisolone injections were both ben-
eficial in relieving pain in PF patients, although ESWT
was more effective than methylprednisolone injections [28].
Yalçın et al. investigated the radiological changes due
to ESWT in spurs. They discovered that the radiologi-
cal alterations that occurred with ESWT were unrelated
to clinical outcomes [21]. Although studies have shown
that ESWT may be beneficial for PF and calcaneal spurs
treatment. In this study, the difference in VAS and FFI
values before and after treatment shows the effectiveness
of ESWT treatment. The significant correlation between
spur length and pretreatment VAS and FFI was consistent
with the literature.
The significant correlation between the angle value and the
pre-treatment VAS score could not be determined by FFI.
This shows that the effect of ESWT on functional recovery
may take longer. Its effectiveness on pain may be earlier
than functional recovery. We could not find a study in the
literature related to the efficacy of ESWT treatment with
angle typing.
However, Zhang et al [10,16-17]. recently reclassified cal-
caneal spurs into three categories (Types) according to the
angle between the calcaneus and the spur . This lack of
consensus on classification in the literature can also cause
problems in the planning and cost of treatment. Based on
the classification used by Zhang et al. [16] in the present
study, the Type 1 PCS exhibited by patients in Group 1
(56.5%) was most frequently observed, while the Type II
PCS exhibited by patients in Group 2 (40.8%) was most
frequently observed in the study by Zhang et al. Plan-
tar calcaneal spur is known to be seen at varying rates in
patients with different ethnicities [1]. Therefore, the dif-
ference seen in the present study and the study by Zhang
et al. may be due to the fact that they have worked on
patients from different ethnicities.
In the study by Zhang et al [16]. the preoperative VAS
score was the highest in patients with Type II PCS, while
it decreased at a similar rate in all three groups in the
postoperative period. Furthermore, the decrease in VAS
score was also observed in the patients with Type II PCS in
the 12-month postoperative follow-up period [16]. In the
present study, it was determined that the highest and low-
est VAS and FFI changes, based on calculating the changes
before and after ESWT treatment, were in Group 3 and
Group 1, respectively.

Kuyucu et al. [29] reported that spur length is an impor-
tant parameter that correlates with pain and foot function
index.. In our study, we found a significant correlation be-
tween spur length, age, and pretreatment VAS and FFI
scores, which is similar to previous studies. In addition,
Group 3 patients with the highest mean spur length had
the highest rate of posttreatment pain and function recov-
ery.
The fact that we have detected significant differences in
pain scores and foot function scales in the pre- and post-
treatment period in all patient groups suggests that ESWT
is an effective treatment for PCS. However, much more
participatory studies are required on classification and
treatment efficacy based on the measurement between the
calcaneus and the spur.
The limited number of patients, especially in Group 3, and
the lack of long-term follow-up results are among the lim-
itations of the present study. There may also be errors
in measurements during x-ray imaging on the computer-
aided program. Studying the differences between different
types of PCSs without investigating the differences be-
tween body weight and gender is another limitation of the
study.

Conclusion
The primary endpoint of our study was that ESWT treat-
ment was effective in all groups. However, it is important
to predict the result of the treatment that the most change
after treatment is in group 3, where the spur length and
angle value are the highest.
The results of the present study indicate that ESWT is an
effective treatment method for calcaneal spurs, but further
studies are needed on PCS classifications and the efficacy
of the treatment selected based on these classifications.
This study is important because it is the first study to
investigate the effectiveness of ESWT treatment from this
angle.
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