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Background: As sports have increased in popularity, the incidence of tendinopathy has also grown dramatically. Nonoperative
techniques and treatments used to address these pathologies continue to evolve and improve. One such treatment, prolotherapy
(PrT), has become increasingly popular and may provide patients with an alternative nonoperative treatment option.

Purpose: To review high-quality randomized controlled trials (RCTs) that analyzed PrT treatments for the most common tendino-
pathies. Specifically, this review aims to provide meaningful data regarding methods and outcomes for each condition treated and
guide professionals who are considering PrT as a treatment option.

Study Design: Systematic review; Level of evidence, 2.

Methods: All RCTs published in English between January 1, 1980, and July 30, 2021, and reported in Embase, Medline, and Web
of Science databases were reviewed according to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses) guidelines. After the initial search, a total of 3264 articles were identified. Studies analyzing sports medicine injuries and
musculoskeletal pathologies using an RCT design were included, while case-reports, case-studies, reviews, and observational
studies were excluded. Two independent researchers reviewed the search results, and conflicts were resolved by discussion
of inclusion and exclusion criteria among all authors. The articles’ quality was evaluated using the Cochrane tool for assessing
the risk of bias. Statistical analysis and graphical representations were performed using SPSS Version 28.00.

Results: A total of 20 articles, including 1136 patients, met the inclusion criteria and were included in the study. Overall, in 85% of
the studies, PrT was found to be effective in the treatment of tendinopathy. Specifically, PrT was superior to or as effective as the
control in 83% (10/12) of the studies analyzing lateral epicondylitis (LE) and rotator cuff (RC) tendinopathies and in 88% (7/8) of the
studies on plantar fasciitis (PF), Osgood-Schlatter disease (OSD), and Achilles tendinosis (AT). LE, RC, and PF tendinopathies were
the most studied conditions (17/20 studies), while AT and OSD were the least studied (3/20 studies). Of the studies, 95% (19/20)
used dextrose solutions, with only 1 using solutions of 2.5% phenol, 25% glycerin, and 25% dextrose in sterile water.

Conclusion: Our systematic review suggests that PrT appears to be a promising alternative treatment for common tendinopa-
thies. Most studies used a hypertonic dextrose solution. Even though further, larger randomized controlled trials comparing
PrT with other orthobiologics would be beneficial, based on this review, sports medicine physiciansmay safely pursue PrT as
an additional component of conservative treatment.

Keywords: Biologic healing enhancement; muscle injuries; physical therapy/rehabilitation; prolotherapy; tendinopathy; dextrose;
hypertonic glucose; sclerotherapy

account for the associated growth of sports-related inju-
ries. 14163132 Thig compels health care professionals to con-
sider nonsurgical approaches to sports-related disorders,
as they can be cost-effective, safer, and less invasive than

With an increased portion of the US population practicing
high—calorie burning activities,'” there is the need to
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surgical options.?2 Prolotherapy (PrT) is a promising treat-
ment for a wide variety of common musculoskeletal condi-
tions, including lateral epicondylitis (LE),! rotator cuff
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(RC) tendinopathy,* plantar fasciitis (PF),2° and Osgood-
Schlatter disease (OSD).?* Prolotherapy solutions may be
divided into 3 main classes: irritants (phenol, guaiacol,
tannic acid, and phenol-glycerin-glucose), osmotics (dex-
trose), and chemotactics (sodium morrhuate).” At the core
of their mechanism of action is the initiation of the inflam-
matory cascade, consequent recruitment of macrophage
and fibroblast at the site of injection, and collagen deposi-
tion. This deposition is thought to aid in the strengthening
and regeneration of damaged tendons, ligaments, and car-
tilage.'®354° The first class, irritants, are compounds con-
taining phenolic hydroxyl groups. These are readily
oxidized within body tissues, damaging the cells’ mem-
branes, and initiating the inflammatory cascade.”'® On
the other hand, chemotactic agents are biosynthetic pre-
cursors able to directly attract inflammatory cells at the
site of injections. Finally, osmotic agents such as hyper-
tonic dextrose are the most widely used. These create
a hypertonic environment causing the lysis of cells whose
content releases growth factors and proteins able to recruit
granulocytes and fibroblasts.”1%364° Because of its pro-
posed regenerative actions, PrT has been used in the treat-
ment of various tendinopathies.*%15242944 Degpite these
studies, a review of high-quality evidence and protocols for
PrT administration in tendinopathy is lacking. This system-
atic review aimed to provide a summary of the current
applications of PrT in the treatment of sports-related tendi-
nopathies and provide an assessment of bias within these
studies. We hypothesized that PrT would improve pain
and functional scores in the treatment of tendinopathy.

METHODS

A systematic review of English-language papers published
between January 1, 1980, and July 30, 2021, was per-
formed using Embase, Medline, and Web of Science data-
bases. Emtree terms, Medical Subject Headings terms,
and keywords included were sclerotherapy, PrT, sports
medicine, sports injuries, and musculoskeletal pain/inju-
ries. Other keywords included orthopaedics, orthopaedic
injuries, and tendinopathies. PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses)
guidelines®® were followed (Figure 1). Inclusion criteria
were randomized controlled trials (RCTs) written in
English and reporting on PrT injections for sports medicine
injuries or other orthopaedic pathologies. Exclusion crite-
ria were non-English language papers, papers focusing
on nonmusculoskeletal problems, review articles, case
reports, animal studies, symposia, conference abstracts,
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and letters to the editor. Duplicates were eliminated
through Endnote. The remaining articles were screened
by titles, followed by abstracts, and then by full-text anal-
ysis. Most of the initial articles screened by titles and
abstracts were not focused on PrT applications for the
treatment of orthopaedic pathologies. The remaining
excluded articles comprised non-RCTs (prospective and
retrospective cohort studies, case studies, conference
abstracts) and treatment of intra-articular and spine
pathologies. Data were extracted using an Excel spread-
sheet (Microsoft 2023) to record the following characteris-
tics: author, year, journal, title, and abstract. Under the
supervision of a senior sports medicine orthopaedic sur-
geon (J.P.) and an experienced bioengineer with a doctorate
(D.E.K.), 2 researchers including a fifth-year orthopaedic
surgery resident (A.K.N.) and a medical student (S.C.)
independently performed the screening. If conflicts arose,
articles and selective criteria were simultaneously reviewed
by the senior attending surgeon (J.P.), bioengineer with
PhD (D.E.K)), resident (A.K.N.), and student (S.C.) using
Rayyan software (Rayyan Systems Inc). Agreement on
articles’ inclusion was reached by all the authors. The
articles’ quality was evaluated using the Cochrane tool for
assessing the risk of bias.2® Statistical analysis (descriptive
statistics and frequency values) and graphical representa-
tions were created using SPSS Version 28.00 (IBM Corp).

RESULTS

Application of the inclusion and exclusion criteria yielded
20 RCTs.} The included studies were subsequently grouped
based on the pathology treated, resulting in 6 studies
on LE,1,2,5,13,38,50 6 on RC injuries,4’9’15’24’29’44 5 on
PF,520:26,3047 9 on OSD,>**® and 1 on Achilles tendinosis
(AT).5! Overall, PrT was found superior to control in all out-
comes in 25% of the studies, superior to control in specific
outcomes such as pain and function scores in 30% of the stud-
ies, as effective as the control in 30% of the studies, while
inferior to control in 15% of the studies (Figure 2). Patients’
Baseline Characteristics are summarized in Table 1.

Lateral Epicondylitis

Six studies examined the effectiveness of PrT in treating
LE.12513:3850 mhe most utilized solution was dextrose
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines followed for systematic
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Figure 2. Effectiveness of prolotherapy treatment compared with controls.
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TABLE 1
Patients’ Baseline Characteristics®

Patients’ Characteristics Value Range (total)

Sex ratio, F:M (18 studies/ 1:1 N/A
1071 patients)

Number of patients (20 studies/ 1136 17-120
1136 patients)

Age, y (20 studies/1136 patients) 43.8 44.4-57.8

Symptom duration, mo (15 studies/898) 23.8 5.5-64.3

Visual analog scale baseline 6.6 3.4-7.8

(15 studies/898 patients)

“Ranges reported as minimum and maximum for the studies
examined. F, female; M, male; N/A, not available.

(95%; 19/20 studies),?%3® with limited use of phenol-
glycerin-glucose (5%; 1/20 of the studies).!® For LE, PrT
was superior to control in 50% of the cases (3/6 studies)
and equal to control in 33.3% (2/6 studies) of the cases,
while it was inferior to control in 16.7% of the cases (1/6
studies). The preferred method of injection was adminis-
tering the solution at the lateral epicondyle, annular liga-
ment, radial collateral ligament, and/or at the most
tender points. Rabago et al®® injected solutions of dextrose
and dextrose plus morrhuate (PrT groups) in 2 distinct
treatment groups while the control population was coun-
seled about lifestyle changes and activity modification.
The PrT groups showed improved patient-related tennis
elbow evaluation (PRTEE) composite and subscale scores
of 41.1% and 53.5%, respectively, and both groups achieved
more than the minimal clinically important difference
(MCID) at 16 weeks. In contrast, the control group showed
no significant improvements in PRTEE scores nor met the
MCID. Additionally, the dextrose plus morrhuate group
demonstrated greater improvements in grip strength at 8
and 16 weeks when compared to the dextrose only and con-
trol group (P < .05). Another study® showed improvements
in the PrT group (15% dextrose solution) over hyaluronic
acid (HA) injections in pain with activity, pain at night,
pain at rest, and the shortened version of Disabilities of
the Arm, Shoulder and Hand (QuickDASH) (all P < .05).
However, no difference was found for grip pain (P = .38).
Interestingly, Ahadi et al! injected a 20% dextrose solution
into the point of maximal tenderness and compared it with
extracorporeal shock wave therapy (ESWT) administered
at weekly intervals. At 4 and 8 weeks, visual analog scale
(VAS) and QuickDASH scores were superior in the control
group, leading the authors to conclude that ESWT was
more effective in treating LE pain and restoring function.

RC Tendinopathy

Six studies examined the effectiveness of PrT on RC inju-
ries. 916242944 A]] the studies utilized dextrose solutions.
For the RC, PrT was superior to control in 66.7% of the
cases (4/6 studies) and equal to control in 16.7% (1/6 stud-
ies) of the cases, while it was not clinically significant in
16.7% of the studies (1/6). Five (83%) studies analyzed
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included patients with partial RC tears <1.2 cm, calcific
tendinosis, and chronic shoulder pain, while 1 study®®
included patients with bursitis. Multiple methods of injec-
tion were used for RC tendinopathy ranging from neurofas-
cial injections®* to injections at the muscle insertions** or
points of maximal tenderness.!® Two RCTs, Kazempour
et al?* and Lin et al,2® demonstrated superior improve-
ments for the PrT groups in alleviating overall pain, as
well as improving Shoulder Pain and Disability Index
(SPADI) scores and shoulder active range of motion
(ROM) 2 weeks after injection when compared with physi-
cal therapy (PT) and saline, respectively. The injections
done by Kazempour et al were extra-articular neurofascial
injections performed superficially in the anterior, poste-
rior, and lateral sides of the shoulder along the suprascap-
ular nerve (0.5-1 mL). Tender points were also injected
with ultrasound-guided myofascial injections (2 mL).
Intra-articular injections were avoided.?* Using a different
approach, Lin et al®® injected the dextrose solution suba-
cromially into the supraspinatus tendon insertion site
using ultrasound guidance. In another RCT, Seven et
al** compared a 25% dextrose solution with a PT protocol
by performing injections into the subacromial bursa,
supraspinatus, infraspinatus, teres minor insertion along
the greater tuberosity, and tendons inserting on the cora-
coid process using ultrasound guidance. The study showed
improvements in both groups, and the authors concluded
that PrT is an easily applicable and satisfying auxiliary
method for the treatment of chronic RC lesions. Chang et
al'® injected a 15% dextrose solution into the point of max-
imal tenderness and compared it with normal saline plus
xylocaine. At 3 months, both the treatment and the control
groups showed significant improvement in VAS, active
ROM, and SPADI scores compared with the control (all
P < .05). A major limitation of this study was the short fol-
low-up period.

Plantar Fasciitis

Five RCTs have examined the potential of PrT in the treat-
ment of PF.520:26:3047 por PR, PrT was superior to control
in 60.0% of the cases (3/5 studies) and equal to control in
40.0% (2/5 studies) of the cases, while it was inferior to con-
trol in none of the studies examined. Injections were made
at the insertion of the plantar fascia over the media calca-
neus. Kim and Lee?® and Mansiz-Kaplan et al®* compared
dextrose PrT with platelet-rich plasma (PRP) and saline
injection to evaluate their effectiveness in improving
VAS, Foot Function Index (FFI), and plantar fascial thick-
ness. Both studies concluded that there were improve-
ments in VAS during activity and at rest, as well as
improvements in FFI and plantar fascial thickness. In con-
trast, Ugurlar et al*” compared PrT dextrose injections
with corticosteroids to PRP injections and ESWT. The out-
comes compared were VAS and revised FFI. The authors
concluded that corticosteroids and ESWT were more effec-
tive than PrT at 3 and 6 months respectively, but
there were no differences between groups at the 36-month
follow-up.
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Osgood-Schlatter Disease

Two RCTs have been performed to evaluate PrT injections
in treating OSD.34%¢ Of the 2 studies, PrT was superior to
the control in one®* while as effective as the control in the
other.*® Nakase et al®* compared 20% dextrose solution
with saline plus lidocaine injections. Both solutions were
injected under ultrasound guidance into the deep and
superficial infrapatellar bursa and infrapatellar fat pad.
They concluded that there were no differences between
dextrose PrT and lidocaine plus saline injections. The
mean Victorian Institute of Sport Assessment (VISA)
improved in both groups (P < .01). On the other hand,
Topol et al*® performed 4 injections of 0.5 mL of a 12.5%
dextrose solution starting at the most distal point of ten-
derness (tibial tubercle) and moving proximally toward
the patellar tendon, which showed greater improvements
in the dextrose-treated patients compared with PT or lido-
caine-only groups. Outcomes measured were Nirschl Pain
Phase Scale and symptom reduction. The authors con-
cluded that dextrose injections were safe, well tolerated,
and resulted in more rapid and frequent achievement of
return to asymptomatic sport than PT and nonsteroidal
anti-inflammatory drugs (NSAIDs) alone.*®

Achilles Tendinosis

Yelland et al®! injected a hypertonic glucose PrT solution
in patients with AT, comparing it with eccentric loading
exercise (ELE) and a combined ELE/PrT treatment. The
injections were made at the tender points mostly antero-
medial and anterolateral to the tendon 2 to 7 cm from
the calcaneal insertion. The outcome measured was the
VISA-Achilles questionnaire, with a MCID of 20 points.
PrT and the combined treatment were more effective
than ELE in treating AT with mean increases in the
VISA-Achilles score of 27.5 and 41.1, respectively, versus
23.7 in the ELE-only group (P = .003).

Risk of Bias

The risk of bias was overall low. In particular, all studies
except Apaydin et al,® Ersen et al,?° and Nakase et al,3*
who did not clearly describe their randomization process,
provided detailed information regarding random sequence
generation and allocation concealment. Blinding was
clearly described in most of the studies with the exception
of Ahadi et al,'! Asheghan et al,® Ersen et al, Kim and
Lee,?® Ugurlar et al,*” and Yelland et al.®! In Ahadi et al,
participants were not blinded but the outcome assessor
was. On the other hand, in both Kim and Lee and Yelland
et al, participants were blinded but the outcome assessors
were not. In both Ersen et al and Ugurlar et al, there was
not a clear description of the blinding process. In Asheghan
et al, it was not possible to blind either the participants or
the outcome assessors due to the nature of the treatment-
s—an injection versus ESWT. Finally, all the studies com-
prehensively reported relevant clinical outcomes and were
at low risk for other biases.
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DISCUSSION

This systematic review identified 20 articles, of which all
were RCTs aimed to assess the efficacy of PrT injections
for common tendinopathies. Results were promising in 17
of the 20 studies examined (85%) with some variations
among the conditions treated.

When compared with HA, saline, corticosteroids, and
PT for the treatment of LE and PF, PrT showed promising
results, outperforming or equivalent to control
groups.2%133850 However, in 2 studies,*” ESWT yielded
better outcomes than the PrT treatment. It is worth men-
tioning that even though Ugurlar et al*” demonstrated
superiority of ESWT for PF at 6 months, this did not
endure at 36 months, where there was no difference
between groups. When PrT was compared with corticoste-
roids, saline, ESWT, and PT in the treatment of RC tendin-
opathy, 915242944 it nrovided superior or equal results.
Only 1 study, that reported by Chang et al,'® showed insuf-
ficient evidence when compared with saline solution; how-
ever, in contrast to the other papers that analyzed
tendinopathies, this study analyzed the effects of PrT on
subacromial bursitis and was limited by a short follow-up.

For the other 2 conditions examined, OSD3446 and AT,?!
PrT use demonstrated mixed outcomes. Although Nakase
et al>* did not establish superiority of PrT to lidocaine/saline
injections, patients treated with PrT reported significant
improvements in the VISA score. AT is currently under-
studied, with only 1 study reported as of the time of this
review.?! In this study, the control group, which proved to
be superior, was still treated with PrT but in combination
with eccentric loading exercise; therefore, for AT, PrT treat-
ment remains worthy of further investigation.

PrT is a broad term that applies to the injection of an
irritant into an injured structure to promote a healing
response.® The most used solution for PrT includes hyper-
osmolar dextrose.'® It is thought that PrT acts through 2
main pathways: chemical and mechanical. Indeed, dex-
trose may act directly through a sensorineural mechanism
by the opening of potassium channels in nerve fibers,
resulting in their hyperpolarization and inhibition.'? Addi-
tionally, dextrose has been shown to positively modulate
inhibitory glycine receptors, which mediate and inhibit
the propagation of nociceptive signals to higher cortical
structures.'’ Its hyperpolarizing and modulatory effects
would support its analgesic potential reported by patients.

In addition to its analgesic mechanism, PrT solutions
induce immune responses at the injection sites, which stim-
ulate hypertrophy and hyperplasia of injured tissues
through the recruitment of granulocytes, macrophages,
and fibroblasts, and subsequent collagen deposition.” This
enables the natural creation of a stronger extracellular
matrix, enhancing the structure of tendons and ligaments
and potentially contributing to joint stability.'® The
mechanical effect of PrT, a hypertonic solution, is proposed
to be through its induced “osmotic shock” and dehydration
of cells.” Specifically, synoviocytes are dehydrated and dam-
aged, initiating an inflammatory reaction and a wound-
healing cascade. The release of chemotactic agents from
the lysed cells attracts granulocytes and macrophages.



6 Capotosto et al

This initiates the recruitment of fibroblasts, which begin
secreting collagen directly for tendons and ligaments.2148
Interestingly, if inducing an inflammatory response is at
the core of PrT treatment, it is reasonable to postulate
that anything interfering with its physiology would limit
the healing process. Indeed, practitioners have observed
a diminished clinical result of PrT when NSAIDS are pre-
scribed to alleviate the discomfort of PrT injections.”

Understanding the pathology of tendinopathy, includ-
ing the distinction between tendinitis and tendinosis, is
crucial for comprehending the regenerative effects of PrT.
Tendinitis involves inflammation caused by excessive
loads on the musculotendinous unit, while tendinosis
results in the degeneration of tendons from chronic over-
use.? Biopsy is necessary for a complete differentiation,
but both are generally referred to as tendinopathy. Many
cases are erroneously classified as tendinitis when they
are, in fact, tendinosis. For example, tennis elbow is usu-
ally reported as tendinitis of the extensor carpi radialis
brevis; however, no signs of chronic or acute inflammation
have been found on pathological surgical specimens.'® This
would provide a mechanistic and molecular explanation
supporting the use of PrT, which may induce a positive
healing response in tendons and ligaments. Similarly, AT
is mainly characterized by noninflammatory processes*?;
however, contrary to LE, there is more variation to the pos-
sible etiologies of Achilles tendon disorders,®” and further
studies delineating these pathologies would be beneficial.

In the treatment of PF, it has been shown that repeated
corticosteroid injections into the plantar fascia are associ-
ated with heel pad atrophy and plantar fascial rupture.*3
This association has not been reported for PrT, but addi-
tional long-term studies would help better determine if
a relationship does exist. In OSD, the pathophysiology
occurs at the tendon insertion. This traction apophysitis is
theorized to be either due to the fragmentation of the tibial
tubercle or an inflammation of the patellar tendon itself.?
The inflammation theory is supported by a study in which
only one-third of patients with symptomatic OSD had an
ossicle present on imaging, while 100% of patients showed
signaling changes and changes to the tendon shape and
appearance.’® Therefore, this pathology remains within
the scope of the discussion regarding tendinopathy. Further
studies regarding the safety and efficacy of PrT in pediatric
musculotendinous conditions are warranted.

Studies on RC tendinopathy have shown mixed results
with subacromial injections. Corticosteroids have been
effective at short-term pain relief, between 4 and 8 weeks,
but have not demonstrated superiority to placebo over the
long term.3® Seemingly, orthobiologics have not been sig-
nificantly different than placebo. An RCT by Kesikburun
et al?® found no difference between PRP injections and pla-
cebo for chronic RC tendinopathy. Scarpone et al*' ana-
lyzed the efficacy of PRP injection in RC tendinopathy
refractory to corticosteroids and PT, showing improved
pain control and functional outcomes. However, this study
did not include a control group for comparison. Due to the
rising interest in orthobiologics, further studies including
a PRP group may also be beneficial in determining the
comparative efficacy of PrT.
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Limitations

Limitations of the study include the potential for publica-
tion bias where only analysis resulting in positive out-
comes is reported. Additionally, a large number of the
RCTs included in the analysis were from nonorthopaedic
journals, and a clear conclusion about PrT is challenging
to achieve because of the high heterogeneity between stud-
ies. Indeed, there were important variations regarding the
dextrose solutions utilized (eg, 12.5% vs 15% vs 25%) and
control groups (eg, HA vs steroids vs saline). With regard
to injection techniques, the most variation was seen in
the treatment of RC tendinopathies, where injections
were made at the insertion of the RC muscles, into the sub-
acromial bursa, or with the addition of neurofascial injec-
tions along the suprascapular nerve. Despite these
limitations, the studies are of higher-level evidence due
to their prospective nature, randomization, and inclusion
of control groups. Furthermore, the mean age across the
studies, excluding OSD, was 43.8 years. In the OSD stud-
ies, the mean age was 12.8 years. This corresponds with
the increase in pediatric tendinopathy as children
approach the age of 18 years®® and the greater prevalence
of adult tendinopathy in older patients.?

CONCLUSION

Our systematic review suggests that PrT appears to be
a promising alternative treatment for common tendinopa-
thies, both acute and chronic, including LE, RC tendinop-
athy, PF, and AT. No significant adverse events or
prolonged complications were reported in any of the RCTs
evaluated. It is worth noting, however, that PrT should be
managed by an experienced practitioner to avoid potential
injury to surrounding neurovascular structures.>®
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