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Abstract

Background Shock-wave therapy (SWT) has been widely applied and proven to be an effective treatment in ameliorating
symptoms of plantar fasciitis (PF). Ultrasound therapy (UT) is another common treatment of PF, and several researches have
documented its advantages when compared to corticosteroid injection. Despite this, few studies have focused on comparing
the use of SWT and UT in the treatment of PF. The purpose of our meta-analysis is to evaluate whether SWT is better than
UT in managing PF, both in terms of ameliorating pain and improving functionality.

Methods A systematic search of the literature was conducted to identify relevant articles that were published in Pubmed,
Medline, Embase, the Cochrane Library, SpringerLink, Clinical Trials.gov and OVID from the databases’ inception to Octo-
ber 2018. All studies comparing the efficacy of SWT and UT in terms of pain levels and functionality improvement were
included. Data on the two primary outcomes were collected and analyzed using the Review Manager 5.3.

Results Five studies were included in the current meta-analysis. A significant difference in VAS score (MD =-13.14, Cl
—14.07 to —12.75 P <0.00001, I* = 100%) was noted between the SWT group and the UT group. No significant difference
was seen in the AOFAS (MD=3.19, C1 —1.72 to 8.10 P=0.20, P= 100%); FFI or PFPS score was not found significant
difference either (SMD=—1.17, Cl —4.45 t0 2.10 P=0.48, > =96%).

Conclusions The results from this meta-analysis highlight the effectiveness of both SWT and UT in the treatment of PF.
Although inter-group differences were not significant, the VAS score was better improved in the SWT group, suggesting
that SWT may be a superior alternative for the treatment of PF.
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PF Plantar fasciitis

VAS Visual analog scale

HTI Heel tenderness index

FFI Foot function index

LQ Laitinen questionnaire

PFPS Plantar fasciitis pain and disability scale
AOFAS American orthopaedic foot and ankle society
RMS Roles-maudsley score

RCT Randomized controlled trial
Introduction

Intractable heel pain is a common problem that affects mid-
dle-aged and elderly people [1]. And PF is a major cause
of heel pain, which is responsible for a reduction in quality
of life [2]. Many treatment modalities have been used in
PF including orthoses [3, 4], stretching [5, 6], taping [7],
extracorporeal shock wave therapy [8, 9], laser therapy [10],
percutaneous injection [11] and drug medication [12]. SWT
has been proven to be effective in achieving beneficial effects
for this disorder, [13, 14] but there exist limitations, and
an adequate choice of intense, pulse cycle, and modality is
vital for the curative effect of SWT and it is not enough for
some patients with intractable pain. Studies [15, 16] have
reported that the therapeutic response to SWT depends on
the intensity, pulse cycle and shock-wave modality. Ultra-
sound therapy (UT) is another common treatment of plantar
fasciitis, and several researches [17—19] have documented
its advantages over corticosteroid injection. Although both
methods are useful for PF, few studies have focused on com-
paring the use of SWT and UT in the treatment of the condi-
tion and which treatment is better, if either, is still uncertain
[20-24]. We aim to compare the efficacy between the SWT
and UT, and it is hoped that the question will be resolved
with our proposed meta-analysis.

Materials and methods

Search strategy

The databases searched were Pubmed, Medline, Embase,
the Cochrane Library, SpringerLink, Clinical Trials.gov and
OVID from inception to October 2018. The following search
terms were used: plantar fasciitis or PF; shock-wave or SW,
shock-wave therapy or SWT, ultrasound or US, and ultra-
sound therapy or UT.

Data selection

Inclusion eligibility was independently performed by two
investigators who screened the title and abstracts of all articles.
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Disagreements were resolved with discussion between the
authors. A third researcher was the adjudicator when the two
investigators did not reach agreement. The inclusion criteria
were: (1) studies were designed as RCTs; (2) participants were
at least 18 years old; (3) studies compared SWT with UT; and
(4) articles were written in the English language.

Data extraction

Two authors independently extracted the following data from
each eligible study: study design, type of study population,
age, number of participants and interventions. Any discrepan-
cies in data extraction were resolved by a third investigator.

Quality and risk of bias assessments

The modified Jadad scale was used to assess the methodologi-
cal quality of each study. A score of >4 indicated high quality.
The Cochrane Handbook for reviews of interventions (Revman
Version 5.3) was used to assess the risk of bias. Two independ-
ent authors subjectively reviewed all articles and assigned a
value of “high”, “low” or “unclear” based on the following
items: selection bias, performance bias, detection bias, attrition
bias, reporting bias and other bias. Any disagreements were
resolved with discussion to reach a consensus. If a consensus
could not be reached, a third investigator was consulted.

Statistical analysis

RevMan software was used to analyze the numerical data
extracted from the included studies. For binary data, the
risk ratios (RR) and 95% confidence intervals (CI) were
assessed (a=0.05 for the inspection standards). For continu-
ous data, means and standard deviations (SD) were pooled to
a weighted mean difference (WMD) and a 95% confidence
internal (CI) in the meta-analysis. Heterogeneity was tested
using the I statistic. Studies with an ? statistic of 25-50%
were considered to have low heterogeneity, those with an />
statistic of 50-75% were considered to have moderate heter-
ogeneity and those with an I statistic > 75% were considered
to have high heterogeneity. When the I statistic was > 50%,
sensitivity analyses were performed to identify any potential
sources of heterogeneity. Statistical significance was indi-
cated by a p value <0.05.

Results

Description of studies and demographic
characteristics

A total of 118 articles were identified as potentially relevant
studies (Fig. 1). Following screening of titles and abstracts
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(n=69) and removal of duplicates (n=27) resulted in a
total of 22 full publications. The 22 full manuscripts were
assessed and a further 17 trials were excluded, leaving 5
trials eligible to be included in the meta-analysis. The demo-
graphic characteristics are summarized in Tables 1 and 2.
All trials compared the effect of the SWT group versus the
UT group.

Risk of bias in included studies

Assessment of the risk of bias is presented in Fig. 2. All
trials included were randomized trial designs [20-24]. Four
trials [20-22, 24] did not describe the methods of alloca-
tion concealment. Blinding of participants and personnel

Records indentified through
Database searching
(n=116)

(performance bias) was unclear and incomplete outcome
data (attrition bias) was high risk in two trials [20, 22]. One
trial [23] had patients lost to follow-up.

SWT versus UT

From the five studies comparing SWT with UT, four studies
used the VAS to assess the improved condition after treat-
ment for pain and as shown in Fig. 3, SWT was found to
be superior to UT when calculating the pooled effect size
of VAS MD =-13.14, CI —14.07 to — 12.75 P <0.00001,
P=100%). A sensitivity analysis failed to determine any
one or two trials that might be causing the statistical het-
erogeneity. Further analysis of the different changes after

Additional records
identified
through other sources
(n=2)

Records after duplicates removed

(n=118)
N
Records screened | Records excluded by titles
(n=118) = and abstracts assessment
(n=96)
N
Full-text articles Full-text articles
assessed for eligibility > excluded,with reasons
(n=22) (n=17)
A

(n=5)

Studies included in
qualitiative synthesis

(n=5)

Studies included in
quantitative synthesis
(meta-analysis)

Fig. 1 Flowchart outlining the process of study identification, inclusion and exclusion
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Table 1 Characteristics of the included studies

Study Year Country Patients (n) Age (years) Average disease duration, Study design Quality score
month (week)
SWT UT SWT uT SWT uT
Krukowska J [20] 2016 Poland 27 20 51.40+7.80 51.10£8.60 >4 >4 RCT 7
Ulusoy A [21] 2017 Turkey 20 17 5445+690 5095+9.62 27.00+29.79 17.30+14.71 RCT 5
Bihter A [22] 2017 Turkey 18 18  50.00+6.54 50.11+9.29 >12 >12 RCT 6
Nipaporn K [23] 2015 Thailand 15 15 45.60+1.07 45.00+1.13 4833+9.79 50.01+6.79 RCT 5
Cheing G [24] 2007 China 12 15 46.80+10.30 48.80+7.50 31.40+50.40 31.40+35.40 RCT 4

accepting treatment in AOFAS (both including pain and
functional subscales) was performed and is shown in Fig. 4
(MD=3.19, Cl —1.72 to 8.10 P=0.20, I’=100%). No
significant difference was observed in this analysis and a
sensitivity analysis also failed to determine any one or two
trials that might be causing the statistical heterogeneity. In
addition, two trials outcomes assessed by the FFI or PFPS
score were also analyzed, and the result is displayed in Fig. 5
(SMD =significant difference 1.17, Cl significant difference
4.45t0 2.10 P=0.48, I*= 96%), and no significant differ-
ence in VAS score was noted between the SWT group and
the UT group.

Discussion

As far as we know, either SWT or UT is the frequently used
therapy for treatment of PF, in order to adequately com-
pare the efficacy of SWT and UT, our study extracted the
patients receiving steroid injections in the last 6 months or
exercised regularly (stretching, aerobic exercises such as
walking, running, swimming, etc.). When compared with
surgery, SWT is associated with fewer adverse complica-
tions [25, 26]. Due to producing controlled micro-disruption
of the plantar fascia, which preserving the gross structural
integrity and biomechanics of the foot, the recovery time
after SWT is short, and patients can generally continue their
normal daily activities and working [27-30]. UT is another
common treatment of PF, which is a mechanical wave with
constant amplitude, width and pulse interval. Treatment with
ultrasound induces changeable intra-cellular pressure, causes
changes in the nervous conductivity, raises the threshold of
pain, and contributes to muscle relaxation, which can accel-
erate metabolism and regenerative processes [31-33]. In the
present meta-analysis, we synthesize the efficacy of SWT
based on the comparison of UT, and it indicated that SWT
displayed similar efficacy to UT in improving self-reported
function, but better effect on relieving pain could be found
in the treatment of PF.

We confirm that this research is the first meta-analysis
looking at randomized controlled trails comparing the
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efficacy of SWT and UT, and prior to this analysis the out-
come of SWT and UT as primary treatments of PF remained
elusive. In 2017, Ulusoy A et al. [21] performed a rand-
omized controlled trial, which showed that SWT was as
useful as UT for improving symptoms of PF. However,
Krukowska et al. [23] revealed that the fewer number of
treatment sessions required by SWT compared to UT sug-
gests that SWT has better analgesic efficacy. According to
the previous literature, we cannot include a clear conclusion
regarding the superiority between SWT and UT for the treat-
ment of PF, and there are a few studies focused on compar-
ing the use of SWT and UT in the treatment of the condition
and which treatment is better. Thus, we hoped that the ques-
tion will be resolved with our proposed meta-analysis and
in our study, we found a moderately better outcome in the
SWT group in terms of symptom and pain control in AOFAS
score and FFI or PFPS scoring systems, although this differ-
ence was not statistically significant (P > 0.05). In addition,
a significant difference in VAS score was noted between the
SWT group and the UT group (MD =-13.14, Cl —14.07
to —12.75 P<0.00001, I>= 100%), which encouraged us to
believe that SWT is more effective in relieving pain for the
treatment of PF.

We compared the AOFAS scores between the groups.
The AOFAS clinical evaluation system includes pain and
functionality terms. Our result indicates that SWT and UT
are effective treatment methods but are not adequate in the
rehabilitation of multiple factors such as pain and functional-
ity. Moreover, from literature reading, using SWT or UT in
combination with other physical therapy modalities might
be more useful in the treatment of the PF and it is generally
suggested that these modalities need to be combined depend-
ing on the condition of the patient to obtain success [34—36].
However, the fact that AOFAS score is neither validated nor
reliable should be another weakness of our present study. It
seemed that the statistical heterogeneity could be minimized
using perfect blinding design; unfortunately, it was deter-
mined that methodological or clinical heterogeneity was still
present and hard to deal with. The shock-wave preparations
and ultrasound therapy, as well as intensity, pulse cycle, and
interval were not uniform among the different trials. Several
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researches revealed that shock wave with or without high
energy, and ultrasound with rich or poor treatment sessions
could all cause varying degrees of clinical responses [19,
37, 38]. Furthermore, the variance of populations, duration
time, and outcome scores also contributed to a high level of
heterogeneity and diverse clinical outcomes [39, 40].

Just like other meta-analyses, our study is not devoid
of limitations. First, the number of included trials with
high quality was relatively small and it was impossible to
retrieve all potentially eligible trials ideally. Secondly, the
current meta-analysis focuses only on papers published in
the English language. Inclusion of studies reported in other
languages may influence heterogeneity and affect the cur-
rent results. In addition, the variance of populations, pain
duration, and outcome scores contributed to a high level of
heterogeneity and diverse clinical outcomes. All these incon-
sistencies complicated data synthesis and increased the risk
of incorrect results. In addition, the follow-up time was not
consistent across studies. In summary, rigorously designed
RCTs with larger sample sizes should be better designed to
confirm the efficacy of SWT.

Bihter A 2017 @ 2 ?
Cheing G 2007 D € (=] )
Conclusion
Krukowska J 2016 ® O @ 2
In this meta-analysis, we can find the effectiveness of both
Nipaporn K 2015 » | @ ? . . y . W . . . v
SWT and UT in relieving pain and improving self-reported
function in the treatment of PF. Although inter-group dif-
Fig.2 Risk of bias summary ferences were not significant, the VAS score showed higher
Sw ut Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% ClI IV, Fixed. 95% CI
Aslihan U 2017 274 141 20 356 1.68 20 47.0% -0.82[1.78,0.14)
Cheing G 2007 34 7 12 10 17 15 0.5% -6.60 [-16.07, 2.87)
Krukowska J 2016 1424 226 27 1614 374 20 12.7% -1.90 [-3.75,-0.05]
Nipaporn K 2015 16 1.3 15 43 16 15 399% -32.00[-33.04,-30.96) v
Total (95% CI) 74 70 100.0% -13.41[-14.07,-12.75] |
Heterogeneity: Chi*= 2029.81, df= 3 (P < 0.00001); F=100% ; f T = i
Test for overall effect: Z= 39.91 (P < 0.00001) 100 =50 ,0 20 100
SW uUT
Fig. 3 Forest plot of VAS in the SWT group compared with the UT group
Sw ut Mean Difference Mean Difference
Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Aslihan U 2017 83.7 837 20 82 1071 67.8% 1.70[-4.26, 7.66]
Bihter A 2017 7472 13.55 18 68.39 129 322% 6.33[2.32,14.98)
Total (95% CI) 38 100.0% 3.19[-1.72,8.10]
Heterogeneity: Chi*= 0.75, df = 1 (P = 0.39); F= 0% F -} - = =
Test for averall effect: Z=1.27 (P = 0.20) 100 -50 WU uT 50 100

Fig.4 Forest plot of AOFAS in the SWT group compared with the UT group
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Sw ut Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI

Bihter A 2017 7472 1355 18 68.39 1291 18 50.8% 0.47 [[0.20,1.13)

Nipaporn K 2015 48.6 7.4 15 82 142 15 492% -2.87[-3.93,-1.81)

Total (95% CI) 33 33 100.0% -1.17 [-4.45, 2.10]

Heterageneity: Tau®= 5.37; Chi*= 27.45, df=1 (P < 0.00001); F= 96% b f - t 1
Test for averall effect: Z=0.70 (P = 0.48) 100 -50 SWU uT 50 100

Fig.5 Forest plot of FFI or PFPS in the SWT group compared with the UT

improvement in the SWT group; thus, SWT appears to be a
better alternative for the management of PF. Further studies
are needed to compare the efficacy of SWT and UT on long-
term follow-up patients.
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