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EFFICACY OF PROLOTHERAPY FOR OSTEOARTHRITIS: A SYSTEMATIC REVIEW
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Objective: Current treatments for osteoarthritis do
not resolve the underlying cause. Dextrose pro-
lotherapy is an alternative method that has been
proposed for treatment of osteoarthritis, due to its
ability to aid tissue regeneration, improve clinical
manifestations, and repair damaged tissue struc-
tures, which are pathological conditions in osteo-
arthritis. The aim of this systematic review was to
evaluate the efficacy of dextrose prolotherapy com-
pared with other interventions in the management
of osteoarthritis.

Methods: Electronic databases PubMed, Google
Scholar, Cochrane, and BioMed Central were sear-
ched from inception to October 2021. Search terms
included [(prolotherapy) OR (prolotherapies) OR
(dextrose prolotherapy)] AND [(osteoarthritis) OR
(osteoarthritides) OR (knee osteoarthritis) OR (hip
osteoarthritis) OR (hand osteoarthritis) OR (shoul-
der osteoarthritis)]. Randomized controlled trials
that compared the use of dextrose prolotherapy
with other interventions (injection, placebo, the-
rapy, or conservative treatment) in the treatment of
osteoarthritis were included. Potential articles were
screened for eligibility, and data were extracted
by all authors. Risk of bias was assessed using the
Cochrane Risk of Bias tool. Study population, met-
hods, and results data were extracted and tabulated
by 3 authors.

Results: 12 studies reported that DPT was as effective
or even more effective in improving functional outco-
mes compared with other interventions whilst others
found that HA, PRP, EP, and ACS were more effec-
tive. 14 studies assessed the effectiveness of DPT and
ten of them reported that DPT was more effective in
reducing pain compared with other interventions.
Conclusion: Dextrose prolotherapy in osteoarthritis
confers potential benefits for pain and functional
outcomes, but this systematic review found that the
studies to date are at high risk of bias.
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(LAY ABSTRACT A
Osteoarthritis is a long-term chronic illness defined by
the degeneration of cartilage in joints, causing bones
to rub together and causing stiffness, discomfort, and
decreased movement. Current treatment options for
osteoarthritis do not address the fundamental cause.
Dextrose prolotherapy is a potential alternative approach
for OA, due to its capacity to help tissue regeneration,
improve clinical symptoms, and repair damaged tis-
sue structures, which are pathogenic in osteoarthritis.
Despite several comparison studies, the superiority of
dextrose prolotherapy in osteoarthritis remains equivo-
cal due to contradictory outcomes. Based on this review,
dextrose prolotherapy should be considered as a pos-

Qible treatment for osteoarthritis. )
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Osteoarthritis (OA) is a long-term chronic condition
characterized by deterioration of the cartilage in joints,
which causes bones to rub together and creates stiffness,
pain, and impaired movement. OA can affect any joint,
but is most common in the knees, hands, feet and spine,
and relatively common in the shoulder and hip joints (1).
Based on the American college of rheumatology (ACR)
Guideline for osteoarthritis (OA), only exercise, lifestyle
modification, orthosis, knee brace, oral non-steroidal anti-
inflammatory drugs (NSAID), topical NSAID, and intra-
articular steroid are strongly recommended for treatment of
OA (2). However, those treatment modalities do not resolve
the underlying cause of OA.

Regenerative therapy is an alternative method proposed
for OA, due to its capability to aid tissue regeneration,
enhance clinical manifestations, and repair damaged tis-
sue structures, which are pathological conditions in OA
(3). Prolotherapy is a non-surgical regenerative injection
technique, in which small amounts of an irritant solu-
tion are applied to painful sites and degenerated tendon
attachments (entheses), joints, ligaments, and adjacent
joint spaces during multiple treatment sessions to pro-
mote the growth of normal cells and tissues (4, 5). The
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most commonly used prolotherapeutic agent is dextrose,
in concentrations ranging from 12.5% to 25% (6).
The mechanism of action of prolotherapy is not fully
understood. However, current theory suggests that the
injected proliferant mimics the natural healing process of
the body by initiating a local inflammatory cascade that
triggers the release of growth factors and collagen depo-
sits. This is achieved when induced cytokines mediate
chemomodulation, which leads to the proliferation and
strengthening of new connective tissue, joint stability,
and reduction in pain and dysfunction (4, 5, 7).

Despite numerous comparison studies evaluating
the effectiveness of dextrose prolotherapy (DPT) in
OA, the superiority is inconclusive due to inconsis-
tent results. Several previous systematic reviews and
meta-analyses have examined the use of DPT in knee
OA, but no recent studies have reported the effects
of DPT in OA in general. The aim of this systematic
review was to evaluate the efficacy of DPT compared
with other interventions in the management of OA
in all joints.

METHODS

A systematic review of relevant studies was conducted
following Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guideli-
nes. This study was registered with PROSPERO
(CRD42021286037).

Eligibility criteria

Inclusion criteria included: (i) all randomized trials
that compared the use of DPT with other interventions
(injection, placebo, therapy, or conservative treatment)
in treatment of OA; (i) participants at least 18 years of
age; (iii) OA diagnosis as defined by the various study
authors; (iv) follow-up duration of all time-points; (v)
English language articles. Exclusion criteria were: articles
other than randomized controlled trials (RCT), including
reviews, case series, case reports, conference abstracts,
non-human studies, and studies performed other than OA.

Search strategy

Potential studies were identified via a thorough syste-
matic search of PubMed, Google Scholar, Cochrane
databases, and BioMed Central (BMC). The search
period spanned from inception to 12 October 2021. The
search terms included [(prolotherapy) OR (proloth-
erapies) OR (proliferation therapy) OR (proliferation
therapies) OR (therapies, proliferation) OR (therapy,
proliferation)] AND [(osteoarthritis) OR (osteo-
arthritides) OR (osteoarthrosis) OR (osteoarthroses)
OR (arthritis, degenerative) OR arthritides, degenera-
tive) OR (degenerative arthritides) OR (degenerative
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arthritis) OR (arthrosis) OR (arthroses) OR (osteoarth-
roses deformans)].

Types of outcome measures

Eligible studies should include an assessment of self-
reported pain or functional outcome. The primary
outcome of interest is pain assessed using visual ana-
logue scale (VAS) or numeric rating scale (NRS). The
secondary outcome of interest is functional outcome
and is evaluated by each functional outcome tool.

Selection process

One investigator (SRA) ran the search strategy and
removed the duplicates. Two authors (SRA and INW)
evaluated all titles and abstracts to determine if the
articles met the inclusion criteria. The full text of
potentially eligible articles was then retrieved and inde-
pendently screened by the same 2 investigators. Any
disagreement was resolved through mutual discussion.
The third author (Y W) would have the casting vote ifa
consensus could not be achieved. The reference lists of
the full-text articles were further screened for relevant
articles for inclusion.

Data collection

AT extracted the data independently, which was separa-
tely verified by AA. Disagreements on data extraction
were resolved through consensus discussion between
AT and AA. If a consensus could not be achieved,
then a third author (Y W) would have the casting vote.
Relevant information from each included article was
extracted and recorded in an electronic spreadsheet.
These information were: first author and year of publi-
cation, sample size, mean age of participants, symptom
duration, OA diagnosis methods, total number of injec-
tions, volume of injectate per dose, type of injectate,
control, injection technique, interval of injection, and
outcome measures.

Study risk of bias assessment

Two investigators (SRA and INW) independently
assessed the methodological quality and risk of bias
based on the Cochrane Handbook for Systematic
Reviews of Interventions recommendations for
each included study. The domains included random
sequence generation, allocation concealment, blinding
of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective
reporting, and other biases. The risk of bias for each
domain was classified as low, high, or unclear. A trial
was considered to have low risk of bias only when all
key domains were rated as low. If all key domains were
classified as low or unclear risk of bias, the trial was
considered to have an unclear bias risk; if 1 or more
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key domains were classified as high risk of bias, then
it was considered a trial with high bias risk (8). For
risk of bias across included trials: if most information
(>50%) is from trials at low risk of bias it was classified
as low risk of bias. It was considered a moderate risk of
bias if most information is from trials at low or unclear
risk of bias. A high risk of bias was considered if the
proportion of information from trials at high risk of bias
is sufficient to affect the interpretation of results (8).

RESULTS

Study selection

A total of 163 citations were identified from all sear-
ches, and 62 duplicates were excluded. The titles and
abstracts of the remaining studies were screened, lea-
ving 47 studies for retrieval, but only 25 were assessed
for eligibility. Of these, 11 studies were excluded for
the following reasons: no other intervention (n=3),
narrative review (n=1), non-OA (n=1), combined
prolotherapy (n=1), no functional outcome assess-
ment (n=1), publication in Arabic language (n=1),
non-RCT (n=1), poster (n=2). Fourteen studies were
eligible for systematic review, 11 evaluated knee OA,
2 hand OA, and 1 study hip OA (Fig. 1).

Risk of bias

The results of the risk of bias assessment are shown
in Fig. 2. One study (9) had uncertain risk in terms
of selection bias due to an unclear explanation of
randomization and allocation process. Seven studies
(10-16) were classified as high risk in terms of perfor-
mance bias because there was no blinding for partici-
pants and these studies applied different techniques or

% Records identified through Records removed before
o database searching 5| screening
f (n = 163) Duplicate records removed
i (n=62)
[ l

Records excluded
(n = 54)

Records screened

(n=101)

Reports sought for retrieval Reports not retrieved
(n=47) = (n=21)

Reports excluded (n=11)

Reports assessed for eligibility »| Mo other intervention: 3
{n = 28) Narrative review: 1

Non OA: 1
l Combined prolotherapy: 1

No functional outcome: 1
Arabic language: 1
Mon RCT: 1
Poster: 2

Sereening

Studies included in review
(n=14) (11 KOA, 2 OA Hand, 1
OA Hip)

Included [

Fig. 1. Flow chart. OA: osteoarthritis; KOA: knee osteoarthritis; RCT:
randomized controlled trial.
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treatments to the participants. Four studies (9, 11, 15,
16) were classified as high risk in terms of detection
bias because there was no blinding in the outcome
assessor and the items of outcome likely to be influ-
enced (ROM, deformity, and self-reported questionn-
aire). One study (14) was classified as high risk and 5
studies (3, 9, 15, 17, 18) were classified as an unclear
risk in terms of attrition bias. The high-risk study has
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Fig. 2. Risk of bias summary.
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Fig. 3. Risk of bias graph.

additional participants in the result without further
explanation. Meanwhile, the unclear risk studies did
not provide any information regarding incomplete
outcome data. Two studies (3, 16) were classified as
high risk in terms of reporting bias due to reported
outcomes in protocol and research articles that were
different. Two studies (11, 13) were classified as high
risk and 3 (18-20) were classified as unclear risk in
terms of other bias due to imbalance in baseline score
and no data available, respectively.

Risk of bias was assessed across trials. One study was
classified as low-risk (21), 4 studies were classified as
unclear risk (17-20), and 9 studies were classified as
high-risk (3, 9-16). Therefore, the risk of bias for all
studies is classified as high risk.

Characteristics of eligible studies

All 14 included studies were RCTs, conducted in 6
different countries, with a total of 936 participants.
Of the 14 studies, 11 evaluated knee OA, 2 hand OA,
and 1 hip OA. Characteristics of the eligible studies
are summarized in Table 1.

In the control group, there were 5 studies comparing
prolotherapy with saline (10, 11, 18-20), 3 studies
compared prolotherapy with exercise intervention
(10, 11, 15), 3 studies compared prolotherapy with
intra-articular injections of hyaluronic acid (HA)
(13, 14, 16), 2 studies compared prolotherapy with
platelet-rich plasma (PRP) (3, 12), 1 study compared
prolotherapy with ozone prolotherapy (OPT) (9), eryth-
ropoietin (EP) (17), pulsed radiofrequency (PRF) (17)
and local corticosteroid (LC) (21). These studies used
Western and Ontario McMaster Osteoarthritis Index
(WOMAC), Harris Hip Score (HHS), Knee Injury
and Osteoarthritis Outcome Score (KOOS), Health
Assessment Questionnaire Disability Index (HAQ-
DI), and ROM scores to assess functional outcomes
based on the type of osteoarthritis and pain evaluated
using visual analogue scale (VAS) and numerical rating
scale (NRS).

Dextrose prolotherapy on functional outcome in
generalized osteoarthritis

Fourteen studies assessed the effectiveness of DPT
on functional outcomes in general OA patients with
a total of 936 participants (3, 9, 18-21, 10-17). Nine
studies (10, 11, 15-21) reported that DPT was more
effective in improving functional outcomes compared
with other interventions (saline, exercise, LC, HA,
PRF), 3 other studies reported that DPT had the same
effectiveness as OPT (9), HA (13), BN (16), and PT
(16). Meanwhile, 4 studies reported that HA (14), PRP
(3), EP (17), and ACS (12) were more effective than
DPT in improving functional outcomes. These studies
found that DPT shows promising results to improve
functional outcomes in generalized OA.

Dextrose prolotherapy on pain in generalized
osteoarthritis

Fourteen studies assessed the effectiveness of DPT
with a total of 936 participants (3, 9-17, 18-21). Ten
studies (10, 11, 13, 15-21) reported that DPT was more
effective in reducing pain compared with other inter-
ventions (saline, exercise, LC, PRF, HA, PT), 3 other
studies reported that DPT had the same effectiveness as
OPT (9), PRP (12), and BN (16). Meanwhile, another
study showed that HA (14), PRP (3), EP (17),and ACS
(12) was more effective compared with DPT. These
studies showed that DPT has potential to reduce pain
in patients with generalized OA.

Dextrose prolotherapy compared with saline

Five studies compared DPT with saline in a total of
280 participants (10, 11, 18-20). Three studies used
WOMAC scores for functional outcomes (10, 11, 20), 1
study used flexion ROM (19), and the rest used flexion
ROM and buckling frequencies (18). One study used
pain WOMAC scores to assess pain (10), while others
used VAS (11, 18-20). All studies reported that pain
intensity and WOMAC scores were improved signifi-
cantly in DPT compared with saline.
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Dextrose prolotherapy compared with exercise

Three studies, with a total 0f193 participants, compared
DPT with exercise (10, 11, 15). Two studies used the
WOMAC scale to assess functional outcomes (10, 11)
and 1 study used the HHS scale (15). One study used
WOMAC scores for pain (10) and 2 other studies used
VAS for pain (11, 15). All studies reported that pain
intensity and functional outcomes were more improved
in the DPT group than in the exercise group.

Dextrose prolotherapy compared with hyaluronic acid
Three studies compared the effectiveness of DPT with
intra-articular HA in a total of 271 subjects (13, 14,
16). Two studies used the WOMAC scale to assess
functional outcomes (13, 14), and the other study used
the KOOS scale (16). One study used NRS scores to
evaluate pain (13), and the other 2 used VAS (14, 16).
Two studies reported that DPT outperformed HA in
reducing pain (13, 16), only 1 study found HA to be
more effective than DPT (14). Regarding functional
outcomes, the result was different; 1 study reported that
HA outperformed DPT (14), 1 study found that HA and
DPT have similar effectiveness (13), and another study
reported that DPT was superior to HA (16).

Dextrose prolotherapy compared with platelet-rich
plasma

Two studies compared DPT with PRP, in a total of
134 participants (3, 12). Both used the WOMAC
scale to assess functional outcome. One study used
pain WOMAC scores to assess pain intensity 3, and
the other used VAS (12). Both studies reported that
PRP outperformed DPT in improving functional out-
comes. One study stated that PRP outperformed DPT
in reducing pain (3). One study reported that PRP and
DPT have similar effectiveness in reducing pain (12).

Dextrose prolotherapy compared with other
interventions

Five studies compared DPT with other interventions (9,
12, 16, 17, 21). Three studies compared DPT with OPT,
ACS, and LC (9, 12, 21), 1 study compared DPT with
PT and BN (16), and 1 study compared DPT with EP
and PRF (17). The total number of participants in these
studies was 422. Two studies used the WOMAC scale
to assess functional outcomes (9, 12), 1 study used the
KOOS scale (16), 1 study used HAQ-DI (21), and 1
study used the ROM scale (17). All studies used VAS to
evaluate pain. The study that compared DPT with OPT
(9) and BN (16) reported that both groups had similar
effectiveness in reducing pain and improving functional
outcomes. Meanwhile, compared with PT, DPT was more
effective in reducing pain, but both groups have similar
effectiveness in functional outcomes (16). DPT outperfor-
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med PRF (17) and LC (21) in both respects. Only 1 study
reported that EP outperformed DPT in both respects (17).

DISCUSSION

Prolotherapy is an alternative injection-based modality
used to treat chronic musculoskeletal pain, through the
use of several substances, most often dextrose (22).
Despite some studies into the mechanism of action of
prolotherapy, this process remains unclear. The main
mechanism hypothesized by researchers is the regene-
rative effect. Previous studies have reported that human
cells produce various growth factors after exposure to
hypertonic dextrose. Normal human cells exposed to
hypertonic dextrose begin to produce growth factors,
such as platelet-derived growth factor, transforming
growth factor-beta, epidermal growth factor, basic
fibroblast growth factor, and insulin-like growth factor
(23). These growth factors activate fibroblasts to form
mature collagen precursors (7). In addition, a low-level
chondrogenic effect of dextrose has been demonstrated
by Topol et al. (24) and Waluyo et al. (13), through ob-
servation using arthroscopy and biomarker changes. In
addition, dextrose is also thought to provide nutrients
necessary for restoring damage cells, to exert a potential
direct effect on peripheral nerves (25), and to strengthen
the ligament and tendons through the production of
fibrous tissue (26). This systematic review provides
an update of current knowledge regarding the use of
DPT in OA. Overall, it appears that DPT is effective in
reducing pain and improving function in patients with
OA; however, the results are at high risk of bias.
While most studies reported a positive effect of DPT
in OA, this review found some inconsistent results when
comparing DPT with HA. Rezasoltani et al. (16) and
Waluyo et al. (13) reported that DPT outperformed HA in
reducing pain, while Hosseini et al. (14) found HA to be
more effective than DPT. Regarding functional outcomes,
all studies reported different results. This could be due to
differences in the concentration of DPT, time intervals of
injection, and sites of injection. Hosseini etal. used 12.5%
dextrose, peri-articularly only, injection was performed
3 times, with 1-week intervals (14). Rezasoltani et al.
(16) used 16% dextrose, intra-articularly only, injection
3 times, with 4-week intervals. Waluyo et al. (13) used
25% dextrose intra-articularly and 15% peri-articularly,
injection 3 times, with 4-week intervals. Therefore, the
optimum effectiveness of DPT would be obtained if the
concentration of dextrose was more than 15%, with at
least 4-week intervals between injections. Because all
the current studies about prolotherapy has concentrated
on knee OA. This systematic review also found that
all injections with the biological agent as the active
substance (EP, PRP, and ACS) were superior to DPT.
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However, in clinical settings, when physicians consider
cost-effectiveness in treating OA, DPT might be cheaper
than biological agent-based modalities.

Based on our findings, the concentration and time-
interval of DPT would differ depending on the type
and severity of OA. The suggested concentration for
hand OA is dextrose 10% with a 1-2 month interval. In
hip and knee OA patients, Dextrose 15% was recom-
mended for extra-articular injection and D25% for
intra-articular injection. With a 21-day interval for hip
OA and a 2-4-week interval for knee OA.

The limitations of this study are related to the limited
number of RCTs regarding the effects of DPT on OA
other than knee OA. In addition, several data were
unavailable from some included studies. Despite these
limitations, this systematic review discusses OA in a
more comprehensive manner, not limited to knee OA,
compared with previous publications.

CONCLUSION

Although DPT confers potential benefits for pain and
functional outcome in OA, variation in study protocols
and intervention choices, and a high risk of bias made it
difficult to consolidate its therapeutic benefit. Thus, we
can recommend only that DPT could be considered for
use in osteoarthritis management. Further high-quality
RCTs are warranted to establish the benefits of this inter-
vention. To improve study quality, future studies should
include blinding of participants, outcome assessors, and
better documentation of missing data and drop-outs.
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