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Abstract

Background Prolotherapy is the injection of a small volume of sclerosing or irritant solutions into an injured tissue.
We aimed to investigate the effect of dextrose prolotherapy (DPT) versus placebo/other non-surgical treatments on
pain in chronic plantar fasciitis.

Methods We searched seven electronic databases (PubMed/MEDLINE, Web of Science, EMBASE, Scopus, ProQuest,
CENTRAL, PEDro) from inception to December 31, 2021 with no language restriction for publications comparing
the effect of DPT with placebo/other non-surgical treatments in patients with chronic plantar fasciitis. Our primary
outcome was pain and the secondary outcomes were foot function and plantar fascia thickness. The risk of bias was
assessed using the Cochrane Collaboration’s tool.

Results Overall, eight studies with a total of 449 patients were included in the meta-analysis. All the included studies
reported short-term pain. A large effect size (dppc2 =-0.97, 95% confidence interval [Cl] -1.84 to -0.10) was observed
favoring the use of DPT to reduce pain in patients with chronic plantar fasciitis in the short-term. The results for foot
function improvement (dppc2 =-1.28, 95% Cl -2.49 to -0.07) and plantar fascia thickness reduction (dppc2 =-1.02,
95% Cl -1.99 to -0.05) in the short-term were also in favor of DPT.

Conclusions Since almost all the included studies had high risk of bias and multiple trials lacked long-term follow-
ups, further high-quality research is required to determine the long-term effects of DPT vs placebo/other non-surgical
interventions.
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have multiple unfavorable side effects [1, 3]. Corticoster-
oid and platelet-rich plasma (PRP) injections, exercise,
orthoses, prolotherapy, and extracorporeal shockwave
therapy (ESWT) are other treatment options for plantar
fasciitis [4—6].

Prolotherapy, which is the injection of a small volume
of a sclerosing or an irritant solution into an injured tis-
sue, has gained popularity for the treatment of plantar
fasciitis [7]. It is known to promote tissue regeneration
and repair, release substance P, and induce fibroblast
activity and vascular growth [8, 9]. Studies have shown
promising results with prolotherapy for plantar fasciitis
[1, 4, 10-16].

Previous systematic reviews and meta-analyses in this
regard have either evaluated the effects of prolotherapy
on musculoskeletal pain or lower limb tendinopathy and
fasciopathy, or investigated other treatment strategies for
the treatment of plantar fasciitis [17-20]. A very recent
systematic review and meta-analysis evaluated the effec-
tiveness of dextrose prolotherapy in plantar fasciitis and
reported potential long-term benefits for dextrose pro-
lotherapy [21]; however, some relevant studies were not
included. Therefore, we aimed to perform a more com-
prehensive systematic review and meta-analysis of clini-
cal trials evaluating the efficacy of dextrose prolotherapy
versus other non-surgical treatments on pain in chronic
plantar fasciitis.

Methods
We have registered the protocol of this systematic review
in the international prospective register of systematic
reviews (PROSPERO) under the code CRD42020211111,
available at https://www.crd.york.ac.uk/prospero/displ
ay_record.php?RecordID=211111. This protocol is in
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines [22].

Some amendments have been made to the registered
protocol which are listed below with their justifications:

+ We used dppc2 instead of standardized mean dif-
ference (SMD) mentioned in our PROSPERO pro-
tocol because dppc2 also takes into account before-
intervention values which can significantly influence
the outcomes after the interventions.

+ The Cochrane Collaboration’s tool for assessing
risk of bias was used instead of PEDro’s risk of bias
tool based on Armijo-Livo et al’s study, who pointed
out that many trials that have adequate quality base
on the PEDro cutoff of >5 points, do not meet the
accepted quality standards such as generation of
random sequence, concealment of allocation, and
blinding of study assessors defined by the Cochrane
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risk of bias tool. Previous studies have shown that
these features can have a substantial impact on the
estimates of treatment effect [23].

+ We expanded our search to a larger number of
databases such as PEDro because it is a physiother-
apy-specific database and to perform a more com-
prehensive search.

+ We did not search Persian-language databases sep-
arately to avoid publication bias.

« In addition, we did not limit our search to English
language to avoid language bias.

+ We used the Mendeley desktop software because it
was available free of charge and also provided more
options.

+ We also used the Stata software for meta-analysis
instead of RevMan for its better properties.

Study selection criteria

PICOS criteria for the study

Population

Male and female patients aged > 18 years with chronic
plantar fasciitis were included. Patients with Achilles ten-
dinopathy, a history of systemic inflammatory diseases
such as rheumatoid arthritis and coagulopathies, history
of trauma to the foot, especially the heel, uncontrolled
diabetes mellitus, and those with heel pain associated
with neuropathy, crystal arthropathy, or S1 radiculopathy
were excluded.

Intervention and comparator

Studies with more than two arms in which at least one
arm received prolotherapy and another received a non-
surgical treatment for plantar fasciitis were included.
Prolotherapy was defined as the injection of any concen-
tration of dextrose solution with or without any concen-
tration of lidocaine. Placebo-controlled trials were also
included. Moreover, studies using exercise or physiother-
apy along with prolotherapy were included.

Outcomes

The primary outcome of this systematic review was pain
using a visual analogue scale (VAS) or a numerical rating
scale (NRS) and the secondary outcome was foot function
using any available scale, including foot function index
(FFI), the American Orthopedic Foot and Ankle Score
(AOFAS), and foot and ankle ability measure (FAAM).
The follow-up time after the final session of treatment
was categorized into immediate (<1 month), short-term
(1-3 months), intermediate-term (3—6 months), and
long-term (>6 months).
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Study design

This systematic review included all clinical trials that
compared the effect of prolotherapy with placebo/other
non-surgical treatments on plantar fasciitis. Studies that
were either randomized or non-randomized, with par-
allel or cross-over designs, single-blind, double-blind,
or open-label with concurrent control groups were
included.

Eligibility criteria

All references were imported into Mendeley Desktop
software at the completion of the search and duplicated
records were removed. The titles and abstracts of the
primary articles that were found based on the search
strategy were reviewed to determine eligibility for inclu-
sion. Then, two reviewers (M. M., M. B.) independently
assessed the full text of the potentially relevant articles.
In case of disagreement between these reviewers, it was
resolved by discussion to achieve consensus. A third
reviewer with more experience in the field (T. A.) made
the final decision when they did not reach consensus.

Search strategy

The following databases were searched from inception
to December 31, 2021 with no language restriction:
PubMed/MEDLINE, Web of Science, EMBASE, Sco-
pus, ProQuest, CENTRAL via Cochrane, and PEDro.
Moreover, the National Institute of Health Clinical Tri-
als Register (https://ClinicalTrials.gov/), the IRCTN
registry (https://www.isrctn.com/), and the World
Health Organization (WHO) ICTRP Search Portal
(https://trialsearch.who.int/) were searched for unpub-
lished potential studies.

Relevant search terms based on the patient (plantar
fasciitis) and intervention (prolotherapy) components
of the current systematic review were extracted from
Emtree and Medical Subject Headings (MeSH), as well
as free text words. The complete search strategies for
PubMed, Web of Science, EMBASE, Scopus, ProQuest,
and CENTRAL are illustrated in supplementary Table 1.
Furthermore, all relevant primary studies and reviews
were evaluated in terms of bibliographies for additional
relevant studies. Annual meetings, ProQuest, Scopus,
and Web of Science were searched for theses, conference
papers, and meeting proceedings.

Data extraction

Two independent reviewers (M. M., M. B.) performed
data extraction using a pre-prepared extraction form.
Upon competition of this process, one of the authors
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(GR. R) crosschecked the extracted data to avoid
inaccuracies.

Quality (risk of bias) assessment

The Cochrane Collaboration’s tool for assessing risk of
bias was used for quality assessment [24]. The following
parameters were evaluated: random sequence generation,
allocation concealment, performance bias, detection
bias, attrition bias, and reporting bias. Two authors (L. J.,
G. Z.) performed quality assessment and disagreements
were resolved through discussion. A third author (T. A.)
was consulted when consensus was not achieved. Stud-
ies with high risk of bias in at least one of the aforemen-
tioned areas were assumed to have an overall high risk of
bias. We used the Cochrane risk of bias tool instead of
PEDro tool which has been documented in our PROS-
PERO protocol because the Cochrane tool more strictly
evaluates quality standards such as random sequence
generation, allocation concealment, and blinding of study
assessors compared to PEDro tool. These features have
been demonstrated to have a substantial impact on the
treatment effect estimates [23].

Statistical analysis

We used the Stata software (version 14.2, StataCorp LP,
College Station, TX, USA) for statistical analysis. Data
were quantitatively synthesized using the random effect
model and were presented in a forest plot. Heterogene-
ity was assessed using the Q Cochrane test and the I* test
[25]. Heterogeneity was then interpreted as mild (0 —
39.9), moderate (40 — 69.9), severe (70 — 89.9), and highly
severe (90 — 100) [26].

Subgroup analysis was used to determine the sources
of heterogeneity. Subgroup variables were the number of
DPT sessions, the interval between DPT sessions, perfor-
mance of DPT under ultrasound guidance, gauge of the
needle used for DPT, the volume and concentration of
the dextrose solution, concurrent use of anesthetics, as
well as the quality of the included studies such as blind-
ing and performance, detection, attrition, and total bias.

All studies reported short-term outcomes; therefore,
we used dppc?2 as the effect size [27], with interpretations
based on Cohen’s criteria [28]: 0.2-0.5, small effects;
0.5-0.8, medium effects; and > 0.8, large effects. We used
the Campbell Collaboration online effect size calcula-
tor available at https://campbellcollaboration.org/resea
rch-resources/effect-size-calculatorhtml with r=0.3.
Accordingly, we used the METAN command for three
variables for analysis. To convert other types of quanti-
tative reports into mean and standard deviation (SD) we
used the method proposed by Wan et al. [29].

Since one of the studies had multiple arms comparing
DPT to three other non-surgical intervention, in order
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to avoid the unit-of-analysis error, we divided the num-
ber of participants in the DPT group by three (13, 13, and
14) and used these sample sizes for the calculation of the
effect size when different control groups were concerned
[25]. Also, to avoid multiplicity, we pooled the three con-
trol arms of this study in terms of mean and standard
deviation.

Assessment of publication bias

The Egger’s weighted regression test was used for the
evaluation of reporting bias [30]. Besides, the “trim-and-
fill” method was performed to determine the potential
influence of a publication bias on the overall results [31].

Sensitivity analysis

The jackknife method (leave-one-out) was used for sensi-
tivity analysis to evaluate the influence of individual stud-
ies on the overall results [32].

Results

Identification of studies

The process of study inclusion is presented in Fig. 1. A
total of 276 publications were identified through search-
ing the databases, of which 186 remained after removal
of duplicates and 176 were excluded by their titles and
abstracts. The full-text of the remaining publications
were assessed for eligibility. Two studies were excluded
because they were conference papers or meeting pro-
ceedings [33, 34] and one was excluded because it was
a case-series [10]. One publication was found when the
references of relevant reviews and studies were assessed.
Finally, eight studies were included in the meta-analysis.

Overview of the included studies

General characteristics of the studies are summarized
in Table 1. Dextrose prolotherapy (DPT) was compared
with extracorporeal shockwave therapy (ESWT) in three
studies [1, 4, 16]. Platelet-rich plasma (PRP) was the com-
parator in two studies [15, 16]. Only one study admin-
istered DPT along with exercise, in which the control
group received saline injection plus exercise [13] and in
another the comparator was plantar fascia and Achilles
tendon exercise [14]. Dextrose prolotherapy was com-
pared with corticosteroid injection in two studies [11,
16].

A total of 449 adult patients (mean age, 36.2—
57.4 years) were evaluated in the included studies, with
sample sizes ranging from 20 to 158 and plantar fasciitis
symptom duration varying from eight weeks to 2.9 years.
The concentration of the dextrose solution ranged from
1.5% [16] to 20% [4]. Dextrose was combined with anes-
thetics such as lidocaine and bupivacaine in all studies
except for one [4]. The injections were performed under
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ultrasound guidance in all studies but two [12, 13]. The
frequency of DPT ranged from one to three injections,
1-3 weeks apart. The needles used for injections were
22-, 25-, and 27-gauge and one study did not report nee-
dle specifications [16].

The shortest follow-up time was two weeks and the
longest 36 months. Pain was evaluated in different stud-
ies using VAS, NRS, or the pain component of the FFIL
Meanwhile, foot function was assessed using FFI [12-15],
revised FFI (FEL-R) [16], AOFAS [13, 14], and FAAM [4,
11]. Plantar fascia thickness was also evaluated in three
studies [4, 11, 12]. No adverse events or complications
were reported with interventions in any of the studies.

Quality assessment

The results of the quality assessment are presented in
Table 2. Of the eight studies, only one (1/8) had unclear
risk of bias [13], while the rest (7/8) had high risk of bias
based on Cochrane’s Collaboration tool [1, 4, 11, 12, 14—
16]. All studies had low risk of reporting bias and random
sequence generation [1, 4, 11-16]. The majority of stud-
ies had high risk of attrition bias [1, 4, 11, 12, 14, 15] and
unclear allocation concealment [4, 11, 13, 14, 16].

Immediate-term effects on pain

All the included trials reported the short-term effects
of interventions on pain [1, 4, 11-16], while only six
reported immediate-term [1, 4, 11, 12, 14, 16], and three
long-term effects on pain [14-16]. Of the six studies
reporting immediate-term effects on pain, Ersen et al.
[14] and Mansiz-Kaplan et al. [12] showed significant
immediate-term pain reduction with DPT compared to
exercise and placebo, respectively. Overall, DPT was not
superior to placebo/other non-surgical interventions
for immediate-term pain reduction in plantar fasciitis
(dppc2=-0.46, 95% CI -1.37 to 0.45) (Fig. 2a).

Short-term effects on pain

Pooled dppc2 showed significant large short-term effects
of DPT compared to placebo/other non-surgical inter-
ventions on plantar fascia pain (dppc2=-0.97, 95% CI
-1.84 to -0.10) (Fig. 2b). Moreover, there was highly
severe heterogeneity in short-term pain among the
included studies (x>*=78.43, P=0.00, I*=91.1%). Umay
Atlas et al. showed that DPT was significantly more effec-
tive than placebo (saline) for pain reduction in the short-
term [13]. Mansiz-Kaplan et al. also reported a significant
short-term pain reduction with DPT compared to pla-
cebo [12]. Furthermore, Esrsen et al. illustrated similar
results with DPT compared to exercise [14]. On the other
hand, DPT was not superior to the control groups in this
regard in other studies [1, 4, 11, 15, 16].
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Records identified from databases
(n=276)
PubMed/MEDLINE (n=20)
Scopus (n=97)

EMBASE (n=64)

Web of Science (n=27)
CENTRAL (n=38)
ProQuest (n=15)

PEDro (n=15)

Identification

Page 5 of 17

Additional records from other
sources and registers (n=6)

Records after removal of duplicates (n=186)

Records screened (n=186)

Screening

A4

Full-texts assessed for
eligibility (n =10)

Records excluded by title and
abstract (n=176)

\ 4

Full-texts excluded (n=3):
Case series design (n=1)

Eligibility

\4

Conference paper and
meeting proceeding (n=2)

Manual search of the

A

Studies included in qualitative
synthesis (n=8)

Included
<

Studies included in
quantitative synthesis (meta-
analysis (n=8)

reference list of retrieved
reviews and relevant studies
(n=1)

Fig. 1 Preferred reporting items for systematic reviews and meta-analyses flow diagram

Subgroup analysis based on different control groups
showed that DPT was only significantly superior to exer-
cise and placebo for short-term pain reduction, while it
was not better than PRP, corticosteroids, or ESWT in this
respect (Fig. 3).

Long-term effects on pain
Of the three trials evaluating long-term effects on pain,
only Ersen et al. reported significantly better long-term

pain reduction with DPT than exercise. Also, the overall
effect of DPT compared to the control groups was non-
significant (dppc2 =0.00, 95% CI -0.68 to 0.68) (Fig. 2¢).

Immediate-term effects on foot function

Two trials used FAAM for the evaluation of foot function
[4, 11], in which an increase in the total scores indicates
improvement in foot function; therefore, they were not
included in the meta-analysis for foot function outcome.
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Table 2 Risk of bias assessment by different items using the cochrane’s collaboration tool
Author, Year Selection bias Performance Detection bias Attrition bias Reporting bias Total
bias _

Random Allocation Score Category

sequence concealment

generation
Kim, 2014 [15] Low High Low Low High Low 4 High
Ersen, 2018 [14] Low Unclear High Low High Low 3 High
Ugurlar, 2018 [16] Low Unclear High High Low Low 3 High
Umay Atlas, 2018 [13] Low Unclear Low Low Low Low 5 Unclear
Mansiz-Kaplan, 2020 [12]  Low Low Low Low High Low 5 High
Asheghan, 2020 [4] Low Unclear High High High Low 2 High
Raissi, 2021 [11] Low Unclear Low Low High Low 4 High
Kesikburun, 2021 [1] Low Low High High High Low 3 High

Of the remaining six studies, immediate-term effects on
foot function was reported in 4 [1, 12, 14, 16], short-term
effects in all six, and long-term effects in three [14—16].
Of the four studies reporting immediate-term effects
on foot function, Ersen et al. [14] and Mansiz-Kaplan
et al. [12] showed significant immediate-term foot func-
tion improvement with DPT compared to exercise and
placebo, respectively. Overall, DPT was not superior to
placebo/other non-surgical interventions for immedi-
ate term foot function improvement in plantar fasciitis
(dppc2=-0.89, 95% CI -2.21 to 0.43) (Fig. 4a).

Short-term effects on foot function
Pooled dppc2 showed significant large short-term effects
of DPT compared to placebo/other non-surgical inter-
ventions on foot function (dppc2=-1.28, 95% CI -2.49 to
-0.07) (Fig. 4b). Moreover, there was highly severe heter-
ogeneity in short-term foot function among the included
studies (x> =47.50, P=0.00, I?=93.2%). Umay Atlas et al.
showed that DPT was significantly more effective than
placebo (saline) for foot function improvement in the
short-term [13]. Mansiz-Kaplan et al. also reported a sig-
nificant short-term foot function improvement with DPT
compared to placebo [12]. Furthermore, Esrsen et al.
illustrated similar results with DPT compared to exer-
cise [14]. On the other hand, DPT was not superior to the
control groups in this respect in other studies [1, 15, 16].
Subgroup analysis based on different control groups
showed that DPT was only significantly superior to exer-
cise and placebo for short-term foot function improve-
ment, while it was not better than PRP, corticosteroids,
or ESWT in this regard (Fig. 5).

Long-term effects on foot function

Of the three trials evaluating long-term effects on foot
function, none reported significantly better long-term
foot function improvement with DPT than placebo/other

non-surgical interventions. Also, the overall effect of
DPT compared to the control groups was nonsignificant
(dppc2=-0.06, 95% CI —-0.60 to 0.48) (Fig. 4c).

Immediate-term effects on plantar fascia thickness

Plantar fascia thickness was assessed in three studies in
immediate- and short-term [4, 11, 12]. Dextrose prolo-
therapy significantly reduced thickness in the immediate-
term compared to placebo in one study [12]. However,
the overall effect of DPT compare to placebo/other
non-surgical interventions on plantar fascia thickness
was nonsignificant (dppc2=-0.41, 95% CI —-1.53 to 0.71)
(Fig. 6a).

Short-term effects on plantar fascia thickness
Mansiz-Kaplan et al. showed that DPT was significantly
more effective than placebo (saline) for plantar fascia
thickness reduction in the short-term [12]. Moreover,
DPT significantly reduced plantar fascia thickness in the
short-term compared to ESWT in the study by Asheghan
et al. [4], while DPT was not superior to methylpredni-
solone injection as reported by Raissi et al. [11]. Pooled
dppc2 showed significant large short-term effects of DPT
compared to placebo/other non-surgical interventions
on plantar fascia thickness (dppc2=-1.02, 95% CI -1.99
to -0.05) (Fig. 6b). Also, there was severe heterogeneity in
short-term plantar fascia thickness among the included
studies (x*=12.13, P=0.002, I*=83.5%).

Potential sources of heterogeneity

To determine the potential sources of the highly severe
heterogeneity observed with short-term effects on pain
we performed several subgroup analyses (Table 3).
Accordingly, although the country in which the stud-
ies were conducted, the needle gauge used for DPT, the
interval between DPT sessions, ultrasound guidance for
DPT, blinding, and detection bias reduced the 2 index,
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Fig. 2 Forest plot of comparison: DPT vs placebo/other non-surgical interventions, outcome “pain’, a) immediate-term; b) short-term; and c)

long-term
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Study %
D ES (95% CI) Weight
Favors DPT Favors placebo/other non-surgical interventions
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Fig. 3 Forest plot of comparison: DPT vs placebo/other non-surgical interventions by different control groups, outcome “short-term pain”

the number of studies included in each subgroup were
not sufficient to reach conclusive results. However, when
studies were grouped based on having low or high per-
formance bias, I? reduced to 59.2%.

Assessment of publication bias

The results of the Egger’s linear regression (inter-
cept=-5.66, standard error=23.29, 95% CI -13.72 to 2.39,
P=0.136) showed a minor probability of publication
bias. Also, the trim-and-fill method identified no missing
studies leaving the pooled estimates unchanged (Fig. 7).
Due to the limited overall number of trials included
(< 10), we did not obtain a funnel plot.

Sensitivity analysis
By using the leave-one-out sensitivity analysis we tried to
assess the influence of individual studies on the overall

estimates of the effect of DPT compared to placebo/other
non-surgical interventions on short-term pain (Fig. 8).
The results revealed that the included studies did not
influence the pooled dppc2 of this outcome.

Discussion

The current study systematically reviewed and meta-
analyzed the efficacy of DPT on chronic plantar fasciitis
compared to placebo/other non-surgical interventions.
We found that overall, DPT was superior in terms of
pain reduction, foot function improvement, and decreas-
ing plantar fascia thickness in the short-term. Another
finding of this review was the highly severe heterogene-
ity among the included studies for the short-term pain
and foot function outcomes. Performance bias, i.e. the
blinding of participants, was the most probable source of
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Fig. 4 Forest plot of comparison: DPT vs placebo/other non-surgical interventions, outcome “foot function’, a) immediate-term; b) short-term; and

) long-term
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Fig.5 Forest plot of comparison: DPT vs placebo/other non-surgical interventions by different control groups, outcome “short-term foot function”

heterogeneity, yet it appears that this factor has not influ-
enced the overall meta-analysis estimates.

As a non-surgical regenerative injection technique,
prolotherapy is in fact the administration of an irritant
solution in small amounts to a degenerated tissue [35,
36]. Although the mechanism of action of prolotherapy is
not yet completely understood, growth factor stimulation
through the inflammatory healing process is believed to
be involved [36]. This process appears to be activated as
a result of the localized trauma caused by the injection
of hypertonic dextrose, leading to soft tissue healing [37—
39]. In a pilot study on 20 patients with plantar fasciitis,
ultrasound-guided dextrose injection led to a significant
decrease in pain both at rest and during activities [10].
Another small before-and-after study on recreational
athletes with chronic plantar fasciitis reported significant
functional and symptomatic improvements with 15%

dextrose solution [40]. The proliferative effects of DPT on
the connective tissue has also been demonstrated in ani-
mal models [41-43], as well as human knee osteoarthritis
and low back pain [44, 45].

In an earlier systematic review conducted by Sander-
son et al. limited evidence was found regarding the
safety and efficacy of DPT for lower limb tendinopa-
thy and fasciopathy, including plantar fasciitis, Achil-
les tendinopathy, and Osgood-Schlatter disease [17].
In another systematic review by Hauser et al., DPT
was reported to be useful for the treatment of chronic
musculoskeletal pain, such as in the knee and finger
joints, pelvic or spinal pain, and tendinopathies; nev-
ertheless, they were unable to determine its effective-
ness in myofascial pain [18]. A similar, more recent
systematic review and meta-analysis showed the supe-
riority of DPT to saline injection or exercise and its
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Fig. 6 Forest plot of comparison: DPT vs placebo/other non-surgical interventions, outcome “plantar fascia thickness’, a) immediate-term; and b)
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Table 3 Sub-group analysis for the potential heterogeneity sources of the DPT effects compared to placebo/other non-surgical

interventions based on short-term pain

Potential factors dppc2 (95% Cl) No. of Heterogeneity x> P-value 12
studies
Country Iran -0.158 (-0.729, 0.413) 2 1.46 0.228 31.3%
Turkey -1.558 (-2.925,-0.190) 5 68.39 0.000 94.2%
Korea 0.278 (-0.768, 1.324) 1 - - -
Dextrose volume <10 ml -0.778 (-1.653,0.097) 6 33.74 0.000 85.2%
10 ml -1.499 (-4.564, 1.566) 2 44.58 0.000 97.8%
Dextrose concentration > 15% -1.321(-2.903, 0. 261) 5 64.71 0.000 93.8%
<15% -0.437(-1.084,0.210) 3 6.77 0.034 70.5%
Needle 22-gauge 1.755 (-3.570, 0.061) 4 45.10 0.000 93.3%
25-gauge -0.009 (-0.509, 0.492) 2 0.36 0.546 0.0%
27-gauge -0.997 (-1.682,-0.312) 1 - - -
Number of DPT sessions 1 -0493 (-1.234,0.248) 1 - - -
2 -0.908 (-3.054, 1.238) 3 47.74 0.000 95.3%
3 38(-2.391,0.115) 4 34.23 0.000 91.2%
Interval between DPT sessions None -0.493 (-1.234, 0.248) 1 - - -
1 week 0.061 (-0.286, 0.409) 2 0.02 0.892 0.0%
2 weeks -0.019 (-0.699, 0.661) 2 0.54 0463 0.0%
3 weeks -2.577 (-4.296,-0.857) 3 2237 0.000 91.1%
Ultrasound guidance Yes -0.217 (-0.589, 0.154) 6 8.78 0.118 43.1%
No -3.292 (-3.980, -2.605) 2 0.88 0.347 0.0%
Use of anesthetics Yes -0.750 (-1.671,0.171) 6 49.26 0.000 89.8%
No -1.816 (-5.644,2.013) 2 29.15 0.000 96.6%
Blinding Yes -1.588 (-2.921,-0.255) 5 46.96 0.000 91.5%
No 0.022 (-0.301, 0.346) 3 0.39 0.823 0.0%
Performance bias Low -1.755 (-3.570,0.061) 4 4510 0.000 93.3%
High -0.236 (-0.726,0.253) 4 7.35 0.062 59.2%
Detection bias Low -1.588 (-2.921, -2.255) 5 46.96 0.000 91.5%
High 0.022 (-0.301, 0.346) 3 0.39 0.823 0.0%
Attrition bias Low -0.747 (-1.694, 0.201) 6 44.97 0.000 88.9%
High -1.834 (-5.613, 1.944) 2 31.27 0.000 96.8%
Total bias High -0.623 (-1.405,0.158) 7 53.08 0.000 88.7%
Unclear -3.812(-5.096, -2.529) 1 - - -

comparability to PRP or steroid injection in the treat-
ment of chronic musculoskeletal pain [46]. In addi-
tion, Tsikopoulos et al. showed comparable effects for
DPT and PRP in the treatment of plantar fasciitis [20].
Another systematic review and meta-analysis illus-
trated insufficient evidence of the clinical benefits of
DPT for tendinopathies, fasciopathies and ligament
injuries [47]. The contradictory findings of these sys-
tematic reviews and meta-analyses may be due to the
inclusion of a broad range of conditions.

Our findings are to some extent in line with those of
Lai et al. [21], who included a fewer number of trials in
their meta-analysis. However, we were able to pool the

eight included studies for the short-term pain and foot
function outcomes, leaning towards more conclusive
results. On the other hand, Lai et al. reported that DPT
was inferior to corticosteroid injection in the short-term
[21], which is contrary to our results. This can be justi-
fied by the different classifications of follow-up periods
in their study and ours, as well as combining two het-
erogeneous foot function indices by Lai et al. [21].

The major strength of the current study was that by
using dppc2 as the effect size we were able to perform a
pooled analysis. We performed publication bias assess-
ment and found it highly improbable. Furthermore,
the sensitivity analysis using the leave-one-out method
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Fig. 7 The trim-and-fill diagram for the assessment of publication bias for the outcome “short-term pain”
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Fig. 8 The leave-one-out sensitivity analysis for the outcome “short-term pain”

revealed that the individual included studies did not
influence the pooled dppc2 of short-term pain.

Our study had several limitations. First, due to the rela-
tively few number of the included studies, there were insuf-
ficient trials in most of the subgroups to achieve conclusive
results. Second, two trials assessed the effects of DPT on
foot function using the FAAM score, in which contrary

to FFI and FFI-R, an increase in the total score indicated
improvement in foot function; thus, their reports could
not be included in the meta-analysis of the foot function
outcome. Third, one trial had multiple arms and to assess
each intervention against DPT we had to divide the sam-
ple size of the DPT group to avoid a unit-of-analysis error
while this makes the estimates prone to multiplicity.



Ahadi et al. Journal of Foot and Ankle Research (2023) 16:5

Conclusions

Dextrose prolotherapy appears to be efficacious for
the treatment of chronic plantar fasciitis, especially in
terms of short-term pain, foot function, and plantar
fascia thickness. Dextrose prolotherapy was only sig-
nificantly superior to exercise and placebo for short-
term pain reduction, while it was not better than PRP,
corticosteroids, or ESWT in this respect. This was also
the case for short-term foot function. Regarding short-
term plantar fascia thickness reduction, DPT was only
superior to ESWT and placebo. As performance bias
was the most potential source of heterogeneity in this
study, future clinical trials should consider blinding the
patients where possible. Also, randomized clinical trials
with lower risk of bias and longer and more frequent
follow-ups are required to determine the long-term
efficacy of DPT in the treatment of chronic plantar
fasciitis.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513047-023-00605-3.

[ Additional file 1. }

Acknowledgements

We sincerely appreciate the dedicated efforts of the personnel at the Neuro-
musculoskeletal Research Center, Iran University of Medical Sciences, Tehran,
Iran.

Authors’ contributions

Conceptualization and study validation: TA and GRR, Implementation and
supervision: MM, Data analysis and interpretation: MBC, Writing and reviewing:
MM, LJ, GZ.The author(s) read and approved the final manuscript.

Funding
The current study received no funding.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study received ethics approval from the Ethics Committee of Iran Univer-
sity of Medical Sciences under the ethics code: IRIUMS.FMD.REC.1399.292.
We have also registered the protocol of this systematic review in the interna-
tional prospective register of systematic reviews (PROSPERO) under the code
CRD42020211111, available at https://www.crd.york.ac.uk/prospero/display_
record.php?RecordiD=211111.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no competing interests.

Received: 4 August 2022 Accepted: 6 February 2023
Published online: 10 February 2023

Page 16 of 17

References

1. Kesikburun'S, San AU, Kesikburun B, Aras B, Yasar E, Tan AK. Comparison
of ultrasound-guided prolotherapy versus extracorporeal shock wave
therapy in the treatment of chronic plantar fasciitis: a randomized clinical
trial. J Foot Ankle Surg. 2021.

2. Martin RL, Davenport TE, Reischl SF, McPoil TG, et al. Heel pain—plantar
fasciitis: revision 2014. J Orthop Sports Phys Ther. 2014;44(11):A1-33.

3. Sostres C, Gargallo CJ, Lanas A. Nonsteroidal anti-inflammatory drugs
and upper and lower gastrointestinal mucosal damage. Arthritis Res Ther.
2013;15(3):1-8.

4. Asheghan M, Hashemi SE, Hollisaz MT, Roumizade P, Hosseini SM, Ghanjal
A. Dextrose prolotherapy versus radial extracorporeal shock wave therapy
in the treatment of chronic plantar fasciitis: a randomized, controlled
clinical trial. Foot Ankle Surg. 2021;27(6):643-9.

5. Tabrizi A, Dindarian S, Mohammadi S. The effect of corticosteroid local
injection versus platelet-rich plasma for the treatment of plantar fasciitis
in obese patients: a single-blind, randomized clinical trial. J Foot Ankle
Surg. 2020;59(1):64-8.

6. Hasegawa M, Urits |, Orhurhu V, Orhurhu MS, et al. Current concepts of
minimally invasive treatment options for plantar fasciitis: a comprehen-
sive review. Curr Pain Headache Rep. 2020,24(9):1-11.

7. Distel LM, Best TM. Prolotherapy: a clinical review of its role in treating
chronic musculoskeletal pain. PM&R. 2011;3:578-81.

8. Rabago D, Slattengren A, Zgierska A. Prolotherapy in primary care prac-
tice. Prim Care. 2010;37(1):65-80.

9. Reeves KD, Sit RWS, Rabago DP. Dextrose prolotherapy: a narrative review
of basic science, clinical research, and best treatment recommendations.
Phys Med Rehabil Clin N Am. 2016,27(4):783-823.

10. Ryan MB, Wong AD, Gillies JH, Wong J, Taunton JE. Sonographically
guided intratendinous injections of hyperosmolar dextrose/lidocaine: a
pilot study for the treatment of chronic plantar fasciitis. Br J Sports Med.
2009;43(4):303-6.

11. Raissi G, Arbabi A, Rafiei M, Forogh B, et al. Ultrasound-guided injection
of dextrose versus corticosteroid in chronic plantar fasciitis manage-
ment: a randomized, double-blind clinical trial. Foot Ankle Spec.
2021:1938640020980924.

12. Mansiz-Kaplan B, Nacir B, Pervane-Vural S, Duyur-Cakit B, Genc H. Effect
of dextrose prolotherapy on pain intensity, disability, and plantar fascia
thickness in unilateral plantar fasciitis: a randomized, controlled, double-
blind study. Am J Phys Med Rehabil. 2020,99(4):318-24.

13. Umay Alta$ E, ASKin A, Tosun A. Is hypertonic dextrose injection effective
in the tre-atment of plantar fasciitis: A clinical randomized study. Ege
Klinikleri Tip Dergisi. 2018;56(3):102-8.

14. Ersen O, Koca K, Akpancar S, Seven MM, et al. A randomized-controlled
trial of prolotherapy injections in the treatment of plantar fasciitis. Turk J
Phys Med Rehabil. 2018;64(1):59.

15. Kim E, Lee JH. Autologous platelet-rich plasma versus dextrose prolo-
therapy for the treatment of chronic recalcitrant plantar fasciitis. PM&R.
2014;6(2):152-8.

16. Ugurlar M, Sénmez MM, Ugurlar OY, Adiyeke L, Yildinm H, Eren OT. Effec-
tiveness of four different treatment modalities in the treatment of chronic
plantar fasciitis during a 36-month follow-up period: a randomized
controlled trial. J Foot Ankle Surg. 2018;57(5):913-8.

17. Sanderson LM, Bryant A. Effectiveness and safety of prolotherapy injec-
tions for management of lower limb tendinopathy and fasciopathy: a
systematic review. J Foot Ankle Res. 2015;8(1):1-15.

18. Hauser RA, Lackner JB, Steilen-Matias D, Harris DK. A systematic
review of dextrose prolotherapy for chronic musculoskeletal pain.
Clinical medicine insights: arthritis and musculoskeletal disorders.
2016;9:CMAMD-539160.

19. FranceschiF, Papalia R, Franceschetti E, Paciotti M, Maffulli N, Denaro V.
Platelet-rich plasma injections for chronic plantar fasciopathy: a system-
atic review. Br Med Bull. 2014;112(1):83-95.

20. Tsikopoulos K, Vasiliadis HS, Mavridis D. Injection therapies for plan-
tar fasciopathy (‘plantar fasciitis’): a systematic review and network
meta-analysis of 22 randomised controlled trials. Br J Sports Med.
2016;50(22):1367-75.

21. Lai W-F, Yoon CH, Chiang MT, Hong Y-H, et al. The effectiveness of
dextrose prolotherapy in plantar fasciitis: a systemic review and meta-
analysis. Medicine. 2021;100(51):e28216.


https://doi.org/10.1186/s13047-023-00605-3
https://doi.org/10.1186/s13047-023-00605-3
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=211111
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=211111

Ahadi et al. Journal of Foot and Ankle Research

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.
37.

38.
39.
40.

41.

42.

43.

44,

45,

46.

(2023) 16:5

Liberati A, Altman DG, Tetzlaff J, Mulrow C, et al. The PRISMA statement
for reporting systematic reviews and meta-analyses of studies that
evaluate health care interventions: explanation and elaboration. J Clin
Epidemiol. 2009;62(10):e1-34.

Armijo-Olivo S, da Costa BR, Cummings GG, Ha C, et al. PEDro or
Cochrane to assess the quality of clinical trials? A meta-epidemiological
study. PLoS ONE. 2015;10(7): e0132634.

Higgins JPT, Altman DG, Ggtzsche PC, Jini P, et al. The cochrane col-
laboration’s tool for assessing risk of bias in randomised trials. Bmj.
2011;343:d5928.

Higgins JPT, Thomas J, Chandler J, Cumpston M, et al. Cochrane hand-
book for systematic reviews of interventions: John Wiley & Sons; 2019.
Deeks JJ, Higgins JPT, Altman DG, Cochrane Statistical Methods G.
Analysing data and undertaking meta-analyses. Cochrane handbook for
systematic reviews of interventions. 2019:241-84.

Morris SB. Estimating effect sizes from pretest-posttest-control group
designs. Organ Res Methods. 2008;11(2):364-86.

Cohen J. Statistical Power Analysis for the Behavioral Sciences (2nd ed.):
Routledge; 1988.

Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard
deviation from the sample size, median, range and/or interquartile range.
BMC Med Res Methodol. 2014;14(1):1-13.

Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997,315(7109):629-34.

Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of
testing and adjusting for publication bias in meta-analysis. Biometrics.
2000;56(2):455-63.

Patsopoulos NA, Evangelou E, loannidis JPA. Sensitivity of between-study
heterogeneity in meta-analysis: proposed metrics and empirical evalua-
tion. Int J Epidemiol. 2008;37(5):1148-57.

Demir G, Okumus M, Karagoz A, Kultur T. Prolotherapy versus corticoster-
oid injections and phonophoresis for the treatment of plantar fasciitis: A
randomized controlled trial. 2015.

Emad MR, Tajlili M. Efficacy of prolotherapy versus methylprednisolone
acetate injection in treatment of chronic plantar fasciitis. The 7th world
congress of the World Institute of Pain; The Netherlands2014.

Linetsky FS, Manchikanti L. Regenerative injection therapy for axial pain.
Tech Reg Anesth Pain Manag. 2005;9(1):40-9.

Prolotherapy GA. J Pain Palliat Care Pharmacother. 2012;26(4):376-8.
DeChellis DM, Cortazzo MH. Regenerative medicine in the field of

pain medicine: prolotherapy, platelet-rich plasma therapy, and stem

cell therapy—Theory and evidence. Tech Reg Anesth Pain Manag.
2011;15(2):74-80.

Banks AR. A rationale for prolotherapy. J Orthop Med. 1991;13(3):54-9.
Cloutier D. Prolotherapy: a brief overview of indications, efficacy, and
injection protocols. J Orthop Physician Assist. 2021,9(3):e21.

Apaydin AH, ORsCEIIK A, Yildiz Y. The effects of prolotherapy in
recreational athletes with plantar fasciitis. Spor Hekimligi Dergisi.
2018;53(1):37-46.

Kim H-J, Jeong T-S, Kim W-S, Park Y-S. Comparison of histological changes
in accordance with the level of dextrose-concentration in experimental
prolotherapy model. Journal of the Korean Academy of Rehabilitation
Medicine. 2003:935-40.

Oh'S, Ettema AM, Zhao C, Zobitz ME, et al. Dextrose-induced subsynovial
connective tissue fibrosis in the rabbit carpal tunnel: a potential model to
study carpal tunnel syndrome? Hand. 2008;3(1):34-40.

Kim S-A, Kim E-H, Kim S-Y, Lee S-Y, Yoon J-N, Lee Y-K. The effects of hyper-
osmolar dextrose and autologous serum injection in the experimental
articular defect of rabbit. Journal of the Korean Academy of Rehabilitation
Medicine. 2006:173-8.

Topol GA, Podesta LA, Reeves KD, Giraldo MM, et al. Chondrogenic effect
of intra-articular hypertonic-dextrose (prolotherapy) in severe knee
osteoarthritis. PM&R. 2016;8(11):1072-82.

Maniquis-Smigel L, Reeves KD, Rosen HJ, Lyftogt J, et al. Short term anal-
gesic effects of 5% dextrose epidural injections for chronic low back pain:
a randomized controlled trial. Anesth Pain Med. 2017;7(1).

Bae G, Kim S, Lee S, Lee WY, Lim Y. Prolotherapy for the patients with
chronic musculoskeletal pain: systematic review and meta-analysis.
Anesth Pain Med. 2021;16(1):81.

Page 17 of 17

47. Chung M-W, Hsu C-Y, Chung W-K, Lin Y-N. Effects of dextrose prolother-
apy on tendinopathy, fasciopathy, and ligament injuries, fact or myth?:
a systematic review and meta-analysis. Medicine. 2020;99(46):23201.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	The effect of dextrose prolotherapy versus placeboother non-surgical treatments on pain in chronic plantar fasciitis: a systematic review and meta-analysis of clinical trials
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study selection criteria
	PICOS criteria for the study
	Population
	Intervention and comparator
	Outcomes
	Study design

	Eligibility criteria
	Search strategy
	Data extraction
	Quality (risk of bias) assessment
	Statistical analysis
	Assessment of publication bias
	Sensitivity analysis

	Results
	Identification of studies
	Overview of the included studies
	Quality assessment
	Immediate-term effects on pain
	Short-term effects on pain
	Long-term effects on pain
	Immediate-term effects on foot function
	Short-term effects on foot function
	Long-term effects on foot function
	Immediate-term effects on plantar fascia thickness
	Short-term effects on plantar fascia thickness
	Potential sources of heterogeneity
	Assessment of publication bias
	Sensitivity analysis

	Discussion
	Conclusions
	Acknowledgements
	References


