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ABSTRACT

Objectives: To compare the efficacy of dextrose prolotherapy
(DPT) and alternative treatments for lateral elbow tendinopathy
(LET) patients.

Study design: A systematic review and meta-analysis.
Setting: Not applicable.

Subjects: Patients in all stages of LET.

Methods: The authors searched databases of studies that com-
pared the efficacy of DPT to alternative treatments for LET pub-
lished in PubMed and Scopus from 1 January 2001 to 20 April
2021. The primary outcomes were the visual analog scale for
pain (VAS) at rest and during movement. Secondary outcomes
included pain-free grip strength, Quick Disabilities of the Arm,
Shoulder and Hands (QuickDASH) scores, and Patient-Rated
Tennis Elbow Evaluation (PRTEE) scores. The data, provided as
means and standard deviations, were converted to standardized
mean differences (SMD) with 95% confidence intervals (CI). The
Review Manager 5.3 Software, Risk of Bias 2, and Grading of
Recommendations, Assessment, Development and Evaluations
(GRADE) were used for data analysis, risk of bias assessment,
and quality assessment.

Results: Six randomized controlled trials (RCTs) which met
the eligibility criteria were included. In each of those trials, the
DPT group had significantly reduced VAS pain scores at rest and
during movement at 12 weeks post-treatment compared to the
other treatment groups. In terms of function improvement, the
DPT group also had significantly greater improvement in Quick-
DASH scores than the other treatment groups at 12 weeks.
However, these positive findings were based on methodologies
which had a moderate to high risk of bias and were underpowered.
Conclusions:DPTrequires additional high-quality RCTs todeter-
mine the benefits to patients with LET. The main reason for the
inconclusive results in this study was that most of the reviewed
RCTs demonstrated a moderate to high risk of bias.

Keywords: dextrose prolotherapy, lateral epicondylitis, regenera-
tive medicine, tennis elbow, treatment
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Introduction

Lateral elbow tendinopathy (LET) or tennis elbow is con-
sidered a common musculoskeletal pain disrupting normal
daily functions and work activities. There are various alterna-
tive treatments for LET, including non-invasive and invasive
management. The non-invasive treatments are usually the
initial approaches and include “wait and see,” elbow splint,
physical modalities, exercise of wrist extensor muscles,
and pain-relieving medications." Some patients for whom
non-invasive treatment failed are still suffering due to their
pain. Practitioners caring for those patients should provide
other options to help alleviate pain. Intervention procedures,
including injection of corticosteroid, botulinum toxin, autolo-
gous blood products, hyaluronic acids, and prolotherapy,
should also be considered.?*

Recent discoveries about the pathophysiology of LET
have revealed it to be a degenerative, rather than an inflam-
matory, process.*® This has been confirmed by a meta-analy-
sis showing that corticosteroids do not provide benefits in
pain relief or improved function in patients with enthesopathy
of the extensor carpi radialis brevis in the short-, interme-
diate-, or long-term when compared to a placebo.” Studies
in regenerative medicine have provided a growing body of
data regarding treatment of tendinopathy. In the area of pain
reduction, several meta-analyses have reported that the long-
term effects of Platelet-Rich Plasma (PRP) and autologous
blood injection are superior to corticosteroid injections;?*8
however, this finding has been questioned in a recently pub-
lished meta-analysis comparing PRP with a placebo injec-
tion.® Another treatment, extracorporeal shockwave therapy
(ESWT), which involves the application of regenerative mech-
anisms, has been reported to show efficacy in both pain and
disability reduction;'®'" however, the treatment is expensive
and may be beyond the financial resources of some develop-
ing countries.

Prolotherapy, which uses a regenerative mechanism
without biologic agents, is gaining interest for treatment of
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chronic tendinopathy. Hypertonic dextrose (10-20% dextrose)
is one of the substances commonly injected in prolotherapy.
Dextrose prolotherapy (DPT) produces an inflammatory
response and stimulates fibroblast proliferation which ac-
celerates the healing process." In recent years, meta-anal-
yses have described the efficacy of DPT in common chronic
musculoskeletal problems such as knee osteoarthritis and
tendinopathy.™"® DPT is a low-cost, easily accessible, and
non-toxic treatment, accessible even to patients in low- and
middle-income countries.

The efficacy of DPT for LET has been studied in a ran-
domized controlled trial (RCT) comparing a variety of arms
categorized into two groups: a non-active control group (“wait
and see” treatment or placebo saline injection) and an active
control group (physiotherapy, corticosteroid injection, hyalu-
ronic acid injection, and radial ESWT)."®%' The present study
aimed to compare the efficacy of DPT with other treatments
for patients with LET.

Methods

The present study was conducted following PRISMA
(Preferred Reporting Items for Systematic Review and Meta-
Analysis) guidelines.

Inclusion and exclusion criteria

Inclusion criteria for this study were set based on the
Population, Intervention, Control, Outcomes (PICO) frame-
work as follows: (1) population: all stages of LET patients
(2) intervention: dextrose prolotherapy, (3) control: any other
comparators e.g., other treatments, placebo, “wait and see”,
(4) outcomes: pain scores and functional outcomes, (5) study
design: RCTs. The exclusion criteria were: (1) articles not
written in the English language, (2) articles which did not re-
port major outcomes or which lacked data, (3) studies which
included participants who had arthritis or connective tissue
disease, e.g., rheumatoid arthritis.

Data sources

The search for randomized controlled trials was con-
ducted using the PubMed and Scopus electronic databases
for the period 1 January 2001 to 20 April 2021. The present
study was registered with the International Prospective Reg-
ister of Systematic Reviews (PROSPERO). The registration
(CRD42021258117) is available from https://www.crd.york.
ac.uk/prospero/display_record.php?ID=CRD42021258117.

Search strategy

Keywords used during searches included the following:
(((tennis elbow) OR (lateral epicondylitis) OR (lateral elbow
pain) OR (lateral humeral epicondylitis) OR (lateral epicon-
dylalgia)) AND ((dextrose) OR (prolotherapy) OR (injection)))
AND ((randomized controlled trial [Publication Type] OR
(randomized [Title/Abstract] AND controlled [Title/Abstract]
AND trial [Title/Abstract]))).

Selection process

Covidence systematic review software?? was used in
screening for titles and abstracts compatible with the study
criteria. Two reviewers independently reviewed the articles
identified in the literature search. Duplicate articles were
identified and excluded. Eligible articles were selected based
on adherence to the inclusion and exclusion criteria. Disa-
greements regarding enrollment eligibility of articles were
discussed and resolved by the two reviewers.

Data collection process

The two reviewers independently extracted data from
each of the articles. Discrepancies in the extracted data
were evaluated and rechecked. Extracted items included
background information, e.g., study design, number of par-
ticipants, baseline characteristics of the participants, as well
as details of the intervention and comparators, outcomes
assessment, and follow-up timing. The primary outcome of
interest was the pain scores, e.g., Visual Analogue Scale (VAS)
pain score ratings at rest and during movement. Secondary
outcomes included functional outcomes, e.g., pain-free grip
strength (PFG) (newton-force values were converted to
kilogram-force), Quick disabilities of the arm, shoulder and
hands (QuickDASH) scores and Patient-Rated Tennis Elbow
Evaluation (PRTEE) questionnaire scores.

In assessing the effects of treatment, in this study short-
term effects were defined as data recorded at between 4 and
12 weeks after the interventions. Intermediate effects were
defined as effects recorded at more than 12 weeks but less
than 24 weeks. Outcome data reported as median and range
in the original article were converted to mean and standard
deviation for data synthesis and analysis.?*#* Missing stand-
ard deviations of changes from baseline were imputed using
imputed correlation coefficient values.® PFG data in some
articles were represented as a ratio; in those cases, the au-
thors contacted the authors of those articles who were avail-
able to clarify the data.

Risk of bias and quality assessment

The authors used the Risk of Bias 2 (RoB 2) tool? for
the risk of bias assessment which included the following
domains: bias arising from the randomization process, bias
due to deviations from intended interventions, bias due to
missing outcome data, bias in the measurement of out-
comes, and bias in the selection of reported results. Both
reviewers independently rated the bias concerns, giving a
score of “Low concern”, “Some concern,” or “High concern”
for each item. Risk of traffic light plot and summary plot bias
were generated using Risk-Of-Bias VISualization (robvis).?

In rating the quality of the evidence, the authors worked
independently using Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE).? A final con-
sensus was reached through discussion.
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Studies included in review
(n=6)

Reports of included studies
(n=6)

Table 1. Characteristics of included studies

Figure 1. Flow chart of study selection.

Study Year  Design  Number of subjects Age (years)' Female (%) Onset (months)'
DPT Control Control DPT  Control DPT Control

Rabogo et al. 2013 RCT 10 12 50.4 (6.8) 51.7(6.8) 14.0 400 61.7(48.2) 555(734)
Yelland et al. 2019 RCT 40 40 492(72)  51(9) 45.0 40.0 5.8 (4.07) 5.25(6.37)
Bayat et al. 2019 RCT 14 14 46.2 (6.4) 50.7(7.5) 43.0 79.0 5.7 (2.5) 10.3 (8)
Ahadi et al. 2019 RCT 17 16 46.7 47.3 64.7 75.0 6.82(5.73) 4.13(1.48)
Akcay et al. 2020 RCT 27 23 48.1(8.9) 46.7(8.3) 783 704 21(32.81) 12 (4.76)
Apaydin et al. 2020 RCT 16 16 433(74) 456(¢4.7) 813 81.3 >6 >6

'Mean (SD); SD, standard deviation; DPT, dextrose prolotherapy; RCT, randomized control trial

Statistical methods

The authors used Review Manager (RevMan) 5.3 soft-
ware for data analysis. Continuous data that were originally
presented as means and standard deviations were converted
to standardized mean differences (SMD) and 95% confi-
dence intervals. Statistical significance was set at p-value <
0.05. The 12 statistic was used to analyze the heterogeneity of
the data which was categorized as follows: low heterogeneity
(25-50%), moderate heterogeneity (50-75%), high heteroge-
neity (greater than 75%). For outcomes with high heteroge-
neity, a random-effects model was used.

Results

Study selection

Searches of the literature databases identified 1,323
potential studies from which a total of 476 duplications were
removed. After screening the remaining titles and abstracts
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following the PICO model (population, intervention, con-
trol, and outcomes),33 studies were selected for inclusion
in a comprehensive review. Two studies which had used a
combination of sclerotic agents in addition to dextrose, e.g.,
sodium morrhuate, phenol, and glycerine were excluded.?
Finally, six articles'®?" which met the study eligibility criteria
were included in the meta-analysis. Figure 1 shows the flow
of study selection.

Study characteristics

All six of the included articles, all published between
2013 and 2020, were RCTs. In those studies, a combined
total of 124 patients were enrolled in the DPT group with an
additional 121 patients in the comparator group. The demo-
graphics of the participants and general information about
the included studies are shown in Table 1 and Table 2, re-
spectively.
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Figure 2. Summary of risk of bias assessment of the included study
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Figure 3. Risk of bias summary

Risk of bias and quality assessment

Only two articles described the allocation concealment
process used.””? One study had a high risk of bias in the
domain of deviations from intended intervention detected us-
ing per-protocol analysis despite a larger than five percent
drop-out rate among the prolotherapy group.? Two studies
raised some concerns regarding bias in missing outcome
data.”®? One study did not blind the assessor which could
potentially have influenced participant-reported outcomes
resulting in a high risk of bias in the domain of measurement
of the outcome.'® There was a low risk of bias in the selective
report of the outcome of all included articles. (Figures 2 and
3). In summary, the study of Yelland et al." demonstrated a
low risk of bias whereas the others evidenced a moderate to
high risk of bias. Quality assessment with GRADE revealed
that Yelland et al.” had a high quality of evidence compared
to the low-to-moderate quality in the other studies which was
primary due to their higher risk of bias and their small sample
size which can lead to imprecision.

Clinical outcomes

Pain VAS at rest

Four studies'™?' reported the short-term effects (ranging
from 4 to 6 weeks) (Figure 4A) and three studies'®?' men-
tioned the intermediate-term effects (at 12 weeks) of the
pain VAS at rest for DPT versus other comparators (Figure

ASEAN J Rehabil Med. 2022; 32(1)

4B). The results showed that DPT significantly reduced pain
scores in the intermediate term (SMD, -0.62; 95% CI [-1.00
to —0.23], P = 0.002, I> = 0%) (Figure 4B). However, there
was no statistically significant difference in the short-term ef-
fects (SMD, 0.18; 95% CI [-0.54 to 0.90]; P = 0.62; I = 77%)
(Figure 4A).

Pain VAS during movement

Two studies reported pain VAS during motion in the short
term (4 to 6 weeks) (Figure 5A) and the intermediate term
(at 12 weeks)(Figure 5B).2°2' The results showed that DPT
significantly reduced pain scores in the intermediate term
(SMD, -0.80; 95% CI [-1.30 to -0.29]; P = 0.002; I* = 17%;
Figure 5B). However, there was no significant difference in
the short-term effects. (SMD, -0.37;95% CI [-0.81 to 0.07]; P
=0.10; I>= 0%; Figure 5A).

Pain-free grip strength

Four studies'®'®?' reported PFG effects in the short term
(4 to 8 weeks) and three studies'®'"?" reported intermediate-
term effects (12 to 16 weeks). Two studies'? reported PFG
as an affected/unaffected ratio, but only one study provided
the raw PFG data for the affected side alone."” There was
no statistically significant difference between DPT and other
comparators in the short-term and intermediate-term effects
on PFG. ((SMD, -0.13; 95% CI [-0.73 to 0.48]; P = 0.68; I?
= 71%; Figure 6A), (SMD, 0.27;95% CI [-0.95 to 1.48]; P =
0.67; 1> = 90%; Figure 6B)).
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Figure 4. Forest plot of pain VAS at rest in the short (A) and intermediate term (B)
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Figure 5. Forest plot of pain VAS during movement in the short (A) and intermediate term (B).
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Figure 6. Forest plot of pain-free grip strength in the short (A) and intermediate term (B)

Quick disabilities of arm, shoulder, and hands

(QuickDASH)

Three studies®'®?' reported QuickDASH outcomes in
the short term (4-6 weeks) (Figure 7A) and two studies'?'
reported outcomes in the intermediate term (at 12 weeks)
(Figure 7B). One RCT used DASH instead of QuickDASH,

so that outcome was excluded from our study.? The results
revealed that DPT could improve QuickDASH scores better
than the other treatments (steroid and hyaluronic injections)
in the intermediate term. (SMD, -1.30; 95% CI [-1.86 to -0.73];
P < 0.001; I> = 0%; Figure 7B) However, the short-term ef-
fects as measured by QuickDASH scores demonstrated no
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Figure 7. Forest plot of QuickDASH in the short (A) and intermediate term (B)
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Figure 8. Forest plot of PRTEE in the short (A) and intermediate term (B)

statistically significant difference. (SMD, -0.14; 95% ClI [-1.33
to 1.05]; P 0.82; I* = 87%,; Figure 7A)

Patient-Rated Tennis Elbow Evaluation (PRTEE)
Three studies''"? evaluated the effects of PRTEE in the
short term (4 to 6 weeks) and in the intermediate term (12
to 16 weeks). The results revealed no statistically significant
difference between DPT and other comparators in PRTEE
outcome at any of the assessment points. ((SMD, -0.23; 95%
Cl [-1.34 to 0.87]; P = 0.68; I = 89%; Figure 8A), (SMD,
-0.08; 95% CI [-1.30 to 1.13]; P = 0.89; I* = 91%; Figure 8B)).

Discussion

A comprehensive review of evidence related to the effi-
cacy of DPT among LET patients found that the DPT group
has significantly reduced pain both at rest and during motion
in the intermediate term (12 weeks). In function improve-
ment, the DPT group had significantly improved QuickDASH
scores compared to other treatments at 12 weeks. Never-
theless, there were only insignificant short-term improve-
ments in pain and function in the DPT group. These results
appear to be explained by the fact that the mechanism of
DPT requires several months for the regenerative process.
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Overall, we found that the positive findings were based on
underpowered studies with a moderate to high risk of bias,
and which thus should be interpreted with a high degree of
caution.

We found moderate to high heterogeneity in some out-
comes, a result which could be explained by several factors.
First, participants included in the studies had subacute to
chronic onset of pain, with the mean initial onset occurring
between 5.7 and 61.7 months prior to the start of the study.
Second, there was a high variation in the injection formula
in the DPT group, with the injected volume ranging from 1.5
to 10 ml and the total number of injections varying from 1 to
4. The concentration of DPT, however, was quite consistent,
ranging from 15 to 20% dextrose, the amount commonly
used in the treatment of tendinopathy.’ Finally, there were
differences in the comparators to DPT, including active and
non-active treatments which could have increased the hetero-
geneity of the results. Unfortunately, we were not able to per-
form further sensitivity analyses due to the small number of
included studies.

Two RCTs of prolotherapy injected solutions that com-
bined dextrose with other sclerosing substances.?*® The
authors excluded these two studies to in order to determine
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the effect of a pure dextrose-containing solution. Finally, only
two studies included a comparison of DPT with non-active
comparators.'®2 Rabago et al.™® compared the efficacy of
DPT to “wait and see”, the natural history of the disease. The
findings of that study demonstrated that DPT could improve
functional outcomes as assessed with PTREE better than
‘wait and see” in both the short and intermediate term. PFG
of the DPT group was also greater than the “wait and see”
group at 12 weeks. Another RCT? which compared DPT
with saline injection showed greater pain reduction in the
short and intermediate term in the DPT group. Nevertheless,
only insignificant differences in improvement of the affected/
unaffected PFG were found between the two groups. Although
their findings showed that DPT seemed to be more effec-
tive than non-active comparators in reducing pain and pro-
viding functional improvement, the authors found these two
studies's?° had a rather high risk of bias, making it difficult to
draw conclusions.

One of the included RCTs had a low risk of bias and
high quality of evidence comparing the efficacy of DPT with
physiotherapy.” That study reported that physiotherapy
demonstrated superior results to DPT in functional outcome
as evaluated by PFG and PTREE. That form of treatment
is easily accessible in low- and middle-income countries,
although physiotherapy has the drawback of requiring multi-
ple out-patient visits.

A previous meta-analysis reported greater results in pain
and functional outcomes with PRP injection compared to
corticosteroid injection in LET patients.?® Treatment which
focuses on the regenerative process has recently been ex-
plored in chronic tendinopathy as well as DPT. The studies of
Bayat et al."® comparing the efficacy of DPT to corticosteroid
injection found significant pain reduction and reduced disability
in QuickDASH scores with DPT, although the study had a
moderate risk of bias and a high probability of imprecision.
Additionally, corticosteroid injection was found to have a
detrimental effect at 12 weeks, so the superior efficacy of the
DPT compared to the corticosteroid injection should be inter-
preted cautiously.” However, in one study of overall chronic
musculoskeletal pain, there was evidence that DPT had a
therapeutic effect comparable to that of corticosteroid and
PRP injection. Another study reported that steroid injection
leads to a higher rate of surgery, although injection could
delay the time to surgery.®' Hence, based on the pathophy-
siology of the disease and the adverse effects related to
injection therapy in LET, DPT or the other regenerative therapy
can be considered an alternative to corticosteroids.

Hyaluronic acid (HA) has a proven efficacy in pain reduc-
tion and functional improvement in osteoarthritis as well as
tendinopathy.*2*3 The main mechanism of HA for osteoarthri-
tis is chondroprotection. In tendinopathy, promoting collagen
synthesis in the extracellular matrix is the key mechanism.*
Results from Apaydin et al.?! reported greater efficacy of DPT
than HAin LET, suggesting consideration should be given to

the use of DPT injection in patients living in low- and middle-
incomes countries.

When compared to radial ESWT, DPT demonstrated sig-
nificantly lower efficacy in terms of pain reduction and func-
tional improvement in the short term."® However, intermediate
to long-term effects were not assessed in that study. In
practice, a limitation of ESWT in developing countries is the
expense of machine maintenance.

Two important points were identified in this present meta-
analysis. First, DPT seems to reduce the severity of pain and
disability by 12 weeks. Second, DPT is a good option among
the injection therapies even though it has demonstrated lower
efficacy than physiotherapy and radial ESWT because it can
be performed without ultrasound guidance, using palpation
to determine the precise anatomical location, and because
it maintains a constant dextrose concentration of 15-20%.

There were some limitations in the present study. (1) The
authors selected RCTs that used only pure dextrose, lead-
ing to a smaller number of studies included for analysis. The
authors did not perform subgroup analysis; thus, the cause
of the heterogeneity could not be clearly explained. (2) The
comparator groups were varied and there were few studies
which included a non-active control. (3) The total injected
volume and number of injections varied among the included
studies. (4) Only one study" evaluated long-term outcomes, so
the long-term effect of DPT for treating LET patients could not
be evaluated. Further high-quality RCTs which compare DPT to
a non-active control is required to obtain more explicit results.

Conclusions

More high-quality RCTs of dextrose prolotherapy are
needed to determine its benefit for patients with LET. The
main reason for the inconclusive results of most of the RCTs
reviewed was a moderate to high risk of bias. The only study
with a reasonable number of participants and a low risk of
bias reported that DPT was significantly inferior to the physio-
therapy.
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