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ABSTRACT

OBJECTIVE: The aim of this study was to systematically review dextrose (p-glucose) prolotherapy efficacy in the treatment of chronic musculoskeletal pain.
DATA SOURCES: Electronic databases PubMed, Healthline, OmniMedicalSearch, Medscape, and EMBASE were searched from 1990 to
January 2016.

STUDY SELECTION: Prospectively designed studies that used dextrose as the sole active prolotherapy constituent were selected.

DATA EXTRACTION: Two independent reviewers rated studies for quality of evidence using the Physiotherapy Evidence Database assessment scale
for randomized controlled trials (RCTs) and the Downs and Black evaluation tool for non-RCTs, for level of evidence using a modified Sackett scale, and
for clinically relevant pain score difference using minimal clinically important change criteria. Study population, methods, and results data were extracted
and tabulated.

DATA SYNTHESIS: Fourteen RCTs, 1 case—control study, and 18 case series studies met the inclusion criteria and were evaluated. Pain conditions
were clustered into tendinopathies, osteoarthritis (OA), spinal/pelvic, and myofascial pain. The RCTs were high-quality Level 1 evidence (Physiotherapy
Evidence Database =8) and found dextrose injection superior to controls in Osgood—Schlatter disease, lateral epicondylitis of the elbow, traumatic rota-
tor cuff injury, knee OA, finger OA, and myofascial pain; in biomechanical but not subjective measures in temporal mandibular joint; and comparable in
a short-term RCT but superior in a long-term RCT in low back pain. Many observational studies were of high quality and reported consistent positive
evidence in multiple studies of tendinopathies, knee OA, sacroiliac pain, and iliac crest pain that received RCT confirmation in separate studies. Eighteen
studies combined patient self-rating (subjective) with psychometric, imaging, and/or biomechanical (objective) outcome measurement and found both posi-
tive subjective and objective outcomes in 16 studies and positive objective but not subjective outcomes in two studies. All 15 studies solely using subjective
or psychometric measures reported positive findings.

CONCLUSION: Use of dextrose prolotherapy is supported for treatment of tendinopathies, knee and finger joint OA, and spinal/pelvic pain due to liga-
ment dysfunction. Efficacy in acute pain, as first-line therapy, and in myofascial pain cannot be determined from the literature.

KEYWORDS: dextrose, prolotherapy, musculoskeletal pain, evidence-based medicine, systematic review, osteoarthritis chronic pain

CITATION: Hauser et al. A Systematic Review of Dextrose Prolotherapy for Chronic
Musculoskeletal Pain. Clinical Medicine Insights: Arthritis and Musculoskeletal Disorders
2016:9 139-159 doi: 10.4137/CMAMD.S39160.

TYPE: Review

RECEIVED: February 15, 2016. RESUBMITTED: April 20, 2016. ACCEPTED FOR
PUBLICATION: May 03, 2016.

ACADEMIC EDITOR: Chuanju Liu, Editor in Chief

COPYRIGHT: © the authors, publisher and licensee Libertas Academica Limited. This is
an open-access article distributed under the terms of the Creative Commons CC-BY-NC
3.0 License.

Paper subject to independent expert blind peer review. All editorial decisions made

by independent academic editor. Upon submission manuscript was subject to anti-
plagiarism scanning. Prior to publication all authors have given signed confirmation of
agreement to article publication and compliance with all applicable ethical and legal
requirements, including the accuracy of author and contributor information, disclosure of
competing interests and funding sources, compliance with ethical requirements relating
to human and animal study participants, and compliance with any copyright requirements
of third parties. This journal is a member of the Committee on Publication Ethics (COPE).

PEER REVIEW: Three peer reviewers contributed to the peer review report. Reviewers’
reports totaled 515 words, excluding any confidential comments to the academic editor.

FUNDING: Authors disclose no external funding sources.
COMPETING INTERESTS: Authors disclose no potential conflicts of interest.
CORRESPONDENCE: hauserr@caringmedical.com

Published by Libertas Academica. Learn more about this journal.

Background

The Institute of Medicine defines chronic pain as pain that
persists for a period of three to six months or beyond the time
of normal healing.! Musculoskeletal disorders are the most
common source of chronic pain experienced by American
adults.? In 2012, the National Health Interview Survey indi-
cated that half of all adults (aged 18 years and over) reported
suffering from a musculoskeletal condition lasting three
months or longer, with higher prevalence in women and those
in lower income groups.® In the United States, musculoskel-
etal conditions are the single most common reason for patients
visiting their physicians (Fig. 1). According to the data col-
lected by the Centers for Disease Control and Prevention 2010
National Ambulatory Medical Care Survey, over 97 million

American adults visited a physician for musculoskeletal-related
complaints or symptoms during that year.*

Of all the musculoskeletal complaints, cervical and lum-
bar back pains are the most common symptoms for which
adult patients seek medical intervention.® Of these, one in
four individuals is 65 years or older. In 2012, between 12%
and 14% of the United States population visited primary
care physicians with complaints of back pain. Data indicate
that the number of physician visits for pain is increasing. In
2012, more than 52.3 million patients visited a physician with
symptoms of back pain, compared to 44.6 million in 2004.%°
No estimation has been made of the great number of those
who seek chiropractic care or physical therapy for treatment
of back pain.
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Proportion of United States Population Reporting
Chronic Medical Conditions, 2012

Musculoskeletal 54%
Circulatory 31% |
Respiratory 28%
Diabetes 13% |
Cancer 9%
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Figure 1. Prevalence of musculoskeletal diseases in the United States.

Note: National Center for Health Statistics, National Health Interview Survey, 2012.

Joints of the upper and lower extremities are other
common sites of musculoskeletal pain. Between 2002 and
2009, almost 30% of American adults reported recent symp-
toms of pain, aching, or swelling around a joint.® The second
and third most common sites for chronic musculoskeletal pain
reported by adults are knee joints and shoulder joints, which
affect 40 million and 19 million people, respectively.?> One in
four adults aged 18—64 years report chronic joint pain from
multiple joints, and among those 65 years and older, the ratio
jumps to more than two in five.®

Not only are musculoskeletal conditions the most com-
mon cause of chronic pain, but they also result in significant
disability in one out of every two individuals affected. In the
United States, 55% of adults with joint pain have difficulty
with basic activities, such as movement and sensory, emo-
tional, and mental functioning, or have limitations in complex
activities that include full participation in social, occupational,
and household functioning.® In 2014, nearly 18 million adults
reported that they were unable to perform at least one daily
activity, such as self-care, walking, and rising from a chair due
to their musculoskeletal conditions.® The disabling nature of
chronic pain stemming from musculoskeletal conditions can
result in isolation, disruption of social activities and relation-
ship involvement, financial hardship, lost productivity, and
potential unemployment.®

The economic impact of musculoskeletal conditions in the
United States is staggering. In 2011, they cost $796.3 billion,
nearly 6% of the annual GDP.? According to the Institute of
Medicine and the United States Bureau of Labor, nearly one
million people take time away from work every year to treat and
recover from pain or loss of function due to musculoskeletal
conditions in the low back or upper extremities. In 2012, one
in eight adults of prime working age reported lost work days
due to a musculoskeletal condition — totaling 216 million

days.”® Such injuries are often more severe than the average
nonfatal workplace injury or illness and require longer recov-
ery time, entailing an average of nine recovery days compared
to an average seven days for all other workplace injuries.®

'The predictable aging of the baby boomer cohort is pro-
jected to intensify the burden of musculoskeletal disease and
disorders. Currently, these disorders account for more than
50% of all chronic conditions in people older than 50 years
and are the most common cause of severe, long-term pain
and disability in those aged over 65 years.® The rising obe-
sity epidemic also adds to the burden, and there is a signifi-
cant positive association between musculoskeletal disorders
and obesity. Increased body mass index puts a substantial
stress and strain on weight-bearing joints, especially the
lower back, hips, and knees, increasing the severity of mus-
culoskeletal disorders. According to the Centers for Disease
Control, obese adults receive a diagnosis of arthritis twice
as often as nonobese individuals.” Obese individuals are
also particularly at high risk for injuries to upper extrem-
ity joints, due to biomechanical compromises linked with
higher body weight.?

The increasing prevalence and burden of musculoskeletal
conditions has led to an interest in effective nonsurgical solu-
tions, which are more cost efficient and do not have the risks or
require the recovery time of surgical approaches. Prolotherapy
is one such viable solution.

Prolotherapy. Prolotherapy has been used in clinical
practice for more than 80 years to treat various chronic mus-
culoskeletal conditions. Formalized by Dr. George Hackett
in the 1950s, prolotherapy is a practical and efficacious
therapeutic strategy to treat ligamentous laxity and related
musculoskeletal and arthritic conditions.!»? Interest in
prolotherapy has intensified over the past two decades among

both physicians and patients,'3* accompanied by an increasing
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number of published treatment outcome studies that confirm
anecdotal findings that prolotherapy is effective in treating
many conditions with few adverse effects, including osteoar-
thritis (OA),"> musculoskeletal pain,'® joint pain and laxity,!

1718 refractory lateral epicondylosis,”

chronic low back pain,
painful overuse tendinopathy, refractory,'® disabling low back
pain,!® and refractory tendinopathies, and OA.?°

Prolotherapy is a nonsurgical regenerative injection tech-
nique that introduces small amounts of an irritant solution to
the site of painful and degenerated tendon insertions (enthe-
ses), joints, ligaments, and in adjacent joint spaces during
several treatment sessions to promote growth of normal cells
and tissues.?'23 Irritant solutions most often contain dextrose
(p-glucose), a natural form of glucose normally found in the
body, but may also contain combinations of polidocanol, man-
ganese, zinc, human growth hormone, pumice, ozone, glyc-
erin, or phenol.!? In severe cases, autologous cellular solutions
may also be needed, such as platelet-rich plasma (PRP), bone
marrow, or adipose tissue.>* A major goal of prolotherapy
in chronic musculoskeletal conditions is the stimulation of
regenerative processes in the joint that will facilitate the resto-
ration of joint stability by augmenting the tensile strength of
joint stabilizing structures, such as ligaments, tendons, joint
capsules, menisci, and labral tissue.?

The most common prolotherapy agent used in clini-
cal practice is dextrose, with concentrations ranging from
12.5% to 25%.2° Dextrose is considered to be an ideal pro-
liferant because it is water soluble, a normal constituent
of blood chemistry, and can be injected safely into multi-
ple areas and in large quantity. Hypertonic dextrose solu-
tions act by dehydrating cells at the injection site, leading
to local tissue trauma, which in turn attracts granulocytes
and macrophages and promotes healing. Dextrose prolifer-
ant has been approved for injection by United States Food
and Drug Administration but not for prolotherapy; thus, it is
currently used in prolotherapy as an off-label substance. The
mechanism of action behind prolotherapy is not completely
understood. However, current theory holds that the injected
proliferant mimics the natural healing process of the body
by initiating a local inflammatory cascade, which triggers
the release of growth factors and collagen deposition. This is
accomplished when induced cytokines mediate chemomod-
ulation, which leads to proliferation and strengthening of
new connective tissue, joint stability, and a reduction in pain
and dysfunction.?>?32% Figure 2 is a schematic depiction of
the application of the therapeutic principle of prolotherapy
— encompassing the inflammatory, proliferation, and tissue
remodeling phases of the healing and restoration processes
of injured ligaments/tendons.

In vitro studies on human fibroblasts and chondrocytes
exposure to extracellular dextrose concentrations of only
0.5% have resulted in the proliferation and production of a
number of growth factors, several of which are essential to
the repair, structural and functional integrity, and growth of

tendons, ligaments, and other soft tissues.??” These include
platelet-derived growth factor,?$% transforming growth fac-
tor 3,%° epidermal growth factor,?! basic fibroblast growth
factor,® insulin-like growth factor,® and connective tissue
growth factor.?” In vitro growth factors have been found to
promote the expression of types 1 and 3 collagen in teno-
cytes and are pertinent to the growth of tendon, ligament,
and cartilage.’273

Stimulation of the production of these key growth factors
for ligaments, tendons, and cartilage through dextrose prolo-
therapy could be an inexpensive method of growth stimula-
tion that may prove to be cost effective for the long term.®
When injected into tissue, exogenous dextrose has been found
in animal and human studies to stimulate inflammatory

38-40

response,3® ligament size,’ tendon hypertrophy, extra-

cellular matrix,**~* fibroblastic proliferation,**~*?

and repair
of articular cartilage defects.*>*> When used clinically, dex-
trose concentrations higher than 10% operate in part through
inflammatory mechanisms, while concentrations less than

10% are considered noninflammatory.**

Methods

Objective. The objective of this systematic review is to
determine the efficacy of dextrose prolotherapy in chronic
musculoskeletal pain.

Search strategy and selection criteria. A systematic
review of English and non-English literature published from
1990 to January 2016 was performed using the PubMed,
OmniMedicalSearch, Healthline, Medscape, Medline, and
EMBASE databases. Keywords included prolotherapy, dex-
trose, regenerative injection therapy, and musculoskeletal pain.
Medical Subject Headings (MeSH) terms included glucose/
therapeutic use, intraarticular injections, glucose/administra-
tion and dosage, and sclerotherapy. Inclusion criteria were the
involvement of human subjects, publication in a peer-reviewed
journal, prospective study design, and use of dextrose as the
sole prolotherapy proliferant. Exclusion criteria included use
of prolotherapy solutions containing P2G, pumice, PRP, bone
marrow, lipoaspirate, stem cells, or sodium morrhuate?®; retro-
spective study design; or high velocity manipulation as adjunc-
tive therapy. No lower limit was placed on sample size due
to the small overall number of published trials. Non-English
studies were considered if they met inclusion criteria, provided
an abstract in English, and presented sufficient tabular/graphic
data for data abstraction.

Rating the quality of evidence. The selection of instru-
ments to assess the quality of evidence was influenced by
the systematic reviews performed by Teasell et al.*® and
Krassioukov et al.*®, where both controlled and uncontrolled
studies were evaluated.

*A study utilizing a proliferate of sodium morrhuate combined with dextrose for the
treatment of lateral epicondylitis of the elbow was included; however, studies where
sodium morrhaute was the only proliferant used were excluded.®’
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The Biology of
Prolotherapy

Inflammatory Cascade.

After tissue damage by injury, the body attempts to heal the area by
mediating this cascade. When the body is unable to heal itself, which
s often the case when avascular (no or little blood supply) tissues
such as ligaments, tendons, cartilage and fibrocartilage (meniscus
and labrum) are injured, Prolotherapy is utilized to stimulate healing.

Hours

Ligament and tendon tissue repair timeline.

Bleeding

Inflammation

Prolotherapy treatments are
typically done every four to six
weeks to simulate the normal
healing tissue repair cascade.

Proliferation

Remodeling

Days Weeks Months

Proliferation Cascade.

Prolotherapy stimulates healing via inflammation. After Prolotherapy
solutions are injected into the injury site, a cellular reaction takes
place in which various cells including fibroblasts, endothelial cells
and myofibroblasts form new blood vessels and ultimately lay down
collagen which enhances tissue repair and strength.

Tissue Remodeling Cascade.

The final phase of healing is tissue remodeling. For many
months after an injury or Prolotherapy, tissue continues

to remodel. The new tissue that results looks and functions
very closely to the original tissue before the injury. Once the
tissue strength approaches that of the normal parent tissue,
pain resolves.

Figure 2. The biology of prolotherapy. Prolotherapy induces the three stages of healing and restoration: inflammation, proliferation, and tissue
remodeling. Reused from: Steilen D, Hauser R, Woldin B, Sawyer S. Chronic Neck Pain: Making the Connection Between Capsular Ligament Laxity and
Cervical Instability. The Open Orthopaedics Journal. 2014;8:326—345, under the terms of a CC-BY 2.5 license.

'The methodological quality of each study was scored with
use of the Physiotherapy Evidence Database (PEDro) tool for
randomized controlled trials (RCTs)*” and the Downs and
Black (D&B) evaluation tool for non-RCTs.*® The PEDro is
an 11-item scale that measures external validity (question 1)
and internal validity (questions 2—11). The maximum score is
11; higher scores indicate better methodological quality, with
9-11 excellent, 6—8 good, 4-5 fair, and <4 poor.*”*’ The D&B
tool contains 27 items that assess reporting, external valid-
ity, internal validity (bias), and internal validity (confound-
ing) and has a maximum score of 28.* In an evaluation of
194 different instruments, the D&B tool was among six tools
identified as most suitable for use in systematic reviews for
assessing methodological quality in nonrandomized studies®’;
a further comparison of 18 tools identified the D&B as pos-
sessing the best reliability and validity to evaluate the quality
of nonrandomized trials.’! For this review, PEDro and D&B
scores were obtained by two independent reviewers. Hetero-
geneity and interrater agreement between reviewers in qual-
ity scoring was not formally assessed. The level of evidence of
each study was determined with a modification of Sackett’s
description of levels of evidence? as described in Krassioukov
et al.* Accordingly, Sackett’s levels of evidence were collapsed
into five categories (Table 1).°

Efficacy studies of pain therapy typically assess change
in pain intensity from baseline with patient-reported ratings,
usually with the visual analog scale (VAS) or numerical rating
scale (NRS). Changes in pain score sufficient for clinical rel-

evance can be determined by applying the minimal clinically
(MCID) 53
quantification, and validation studies found that a reduction
of three points represents the MCID using VAS,** a reduc-
tion of two points represents the MCID using NRS** and a
decrease of =1.5 points with VAS and NRS represents a clini-

cally irrelevant change in pain self-rating.>>% Studies using

important change criteria. Developmental,

VAS or NRS as outcome measurement were dichotomously
rated as either MCID or NOT MCID. Study heterogene-
ity and limited RCTs in each pain subcategory prevented the
aggregation of statistical data necessary to perform a meta-
analysis. Studies assessing efficacy of dextrose prolotherapy
for treatment of OA used the Western Ontario McMaster
University Osteoarthritis Index (WOMAC; 100-point scale),
which measures pain, stiffness, and functional movement.*’
Although the number of published studies on prolother-
apy using RCT design demonstrating high levels of evidence

are becoming more common, most published research on

Table 1. Sackett’s levels of evidence.??

Level 1 RCTs with PEDro scores =6

Level 2 RCTs with PEDro scores =5, nonrandomized
prospective controlled trials, and cohort studies

Level 3 Case-control studies

Level 4 Pre-test/post studies or case series

Level 5 Observational reports, single-subject case
reports, or clinical consensus
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prolotherapy has been nonrandomized prospective controlled
trials, cohort studies, case—control series, case series, or
single-subject case reports. Systematic reviews have largely
been condition specific’® or have compared different types
of injection therapies within the prolotherapy milieu. Fur-
thermore, with the exception of one review by Sanderson

t,°® which is limited to dextrose prolotherapy for

and Bryan
the management of lower limb tendinopathy and fasciopathy,
no recent systematic review has been published that solely
addresses the efficacy of dextrose prolotherapy for multiple
areas of chronic musculoskeletal pain and includes findings
provided not only from RCTs but also those stemming from
less rigorous research designs. Although designated lower lev-
els of evidence, the studies discussed here, in addition to those
using RCT design, provide useful information that can assist

health-care practitioners in clinical decision making.

Results

Search execution and application of the inclusion/exclusion cri-
teria identified 33 studies, including 15 RCTs, 1 case—control
study, and 17 case series studies. Studies meeting inclusion
were broadly clustered into four musculoskeletal pain condi-
tions based on underlying pathophysiology and/or anatomical
pain location. These included 17 studies on tendinopathies,**~7°
8 studies on arthritic and degenerative conditions,”’ % 7 stud-

ies on spinal and pelvic pain,36—2

and 1study on myofascial
pain.”® MCID criteria were assessed where applicable.

In the rating of RCTs with the PEDro tool, one item
was eliminated in the evaluation of two studies. In the study
by Topol et al, item seven was eliminated because the sole
outcome measure was a patient-administered psychometric
instrument.”’ A summary of each reviewed study is shown in
Table 2. Except where otherwise stated, all studies utilizing a
local anesthesia injection control used an identical agent and
concentration contained in the dextrose injection.

Tendinopathies. The most robust data supporting the
efficacy of prolotherapy for musculoskeletal conditions, com-
pared to control injections, are for chronic, painful overuse
tendon conditions.>!® Independent of location, tendinopa-
thies from repetitive motion, and overuse injury share mark-
edly similar characteristics.”” Cases of tendinopathies in the

Achilles tendon,3% common elbow extensor, %’

and patellar
tendon’® possess similar histological, sonographic, and clini-
cal features believed to represent an underlying noninflamma-
tory painful degenerative pathophysiology.”* Histopathology
of tendon biopsies in patients undergoing surgery for painful
tendinopathy has revealed collagen separation, thin, frayed,
and fragile tendon fibrils with lengthwise separation from
other fibrils, disruption in cross section, and increase in teno-
cytes with myofibroblastic differentiation (tendon repair cells),
proteoglycan ground substance, and neovascularization.
Consensus is growing regarding the efficacy of dex-
trose prolotherapy as an alternative to surgery for patients
with chronic tendinopathy who have persistent pain despite

appropriate rehabilitative exercise.” The efficacy of dextrose
injections in tendinopathy is believed to involve the initiation
of a healing response secondary to cell membrane perturbation
that follows a significant change in osmotic pressure between
the extracellular matrix and tendon fibroblasts.”* Granulocytes
and platelets gravitate to the inflammatory cytokines and
chemotactic factors that are released from the cell membrane,
which in turn release prohealing growth factors.3>36:40

Reviewed studies. Osgood—Schlatter disease. Several
trials enrolled patients with athletic injury resulting in ten-
dinopathy unresponsive to conservative treatment. In one
double-blinded study, young athletes aged 9-17 years with
Osgood—Schlatter disease were randomized to dextrose injec-
tion, control injection, or to a noninjection (supervised exer-
cise) group. Dextrose prolotherapy patients had substantially
greater pain reduction during sport activity than either group
at follow-up, with many pain-free during sport involvement.
At one year, 84% of the dextrose-treated knees were pain free
compared to 46% of the lidocaine-treated knees.”

Temporal mandibular joint syndrome. Few studies have
examined the effectiveness of prolotherapy for the treatment
of temporal mandibular joint (TM]J) syndrome. One RCT
found a significant functional improvement in TM] patients
who underwent dextrose prolotherapy compared to patients in
the control group who only received injections of local anes-
thetic. Pain reduction, however, did not reach significance.®
Another RCT compared patients treated with dextrose prolo-
therapy and patients given a placebo. For both groups, mas-
ticatory efficiency increased, and general pain complaints and
joint sounds decreased significantly. There was no significant
difference in VAS scores between groups. However, the mea-
surements of the maximum interincisal opening among the
treatment group significantly decreased.®’ One single case
design study in which patients with TM] were treated with
injections of dextrose demonstrated decreased pain, increased
quality of life as measured by the VAS, and absence of further
dislocation or subluxation for more than six months.%?

Achilles tendinopathy. Four studies of Achilles tendi-
nosis were evaluated.®3-% Yelland et al designed a treatment
comparison study of eccentric loading exercise versus dex-
trose injection treatment versus combined exercise and injec-
tion to determine the best treatment for Achilles tendinosis.
The VISA-A questionnaire (a valid and reliable index of the
clinical severity of Achilles tendonopathy that measures the
domains of pain, stiffness, function in daily living, and sport-
ing activity) was used in this study. At 12 months, reduc-
tion in stiffness and limitation in activity was seen in 73%
of the exercise only group, 79% of the injection only group,
and 86% of the group treated with a combination of eccen-
tric loading and dextrose injection. However, it is interest-
ing to note that positive results were obtained fastest with
prolotherapy alone.®

In another study, Maxwell et al injected a dextrose solu-
tion into abnormal areas in the tendon and intrasubstance par-
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POPULATION AND SELECTION

Table 2. (Continued)
AUTHOR AND

Myofascial Pain Syndrome
Kim MY, et al. (1997)%

DESIGN, EVIDENCE
South Korea

YEAR, COUNTRY,
SCORES

Active group: dextrose 5% Change in VAS pain score:

Myofascial pain syndrome

n==64

Dextrose: 6.87 and 2.39 (P < 0.01)

Saline: 6.50 and 3.85 (NS)
Lidocaine: 6.95 and 4.05 (NS)

Pressure threshold tolerance:

Control group: lidocaine 0.5%
e Mean changes from baseline at

Control group: saline
Outcome measure(s):

Double-blind RCT

Level 2
PEDro 8

Dextrose: 1.79 and 2.49 (P < 0.05)

Saline: 1.70 and 1.91 (NS)

7 days in VAS pain score
e Pressure threshold (algometer,

Lidocaine: 1.75 and 2.07 (NS)

kg/cm?)

significant; OA, osteoarthritis; Oswestry, Oswestry Disability Index; PEDro, Physiotherapy Evidence Database; PRS, Pain Rating Scale; PSFS, Patient Specific Functional Scale; RMDQ, Roland-Morris Disability Questionnaire;
SD, standard deviation; S, sacro-iliac; SPADI, Shoulder Pain and Disability Index; TMJ, temporomandibular joint; US, ultrasound; USPRS, Ultrasound Shoulder Pathology Rating Scale; VAS, Visual Analog Scale; VISA-A,

tomography; GS, gray scale; KPS, Knee Pain Scale; MMO, maximum mouth opening; MVA, motor vehicle accident; NDI, Neck Disability Index; NPPS, Nirschl Pain Phase Scale; NRS, Numeric Rating Scale; NS, not
Victorian Institute of Sports Assessment; WOMAC, Western Ontario Macmaster University Osteoarthritis Index.

Abbreviations: ACL, anterior cruciate ligament; ADD, anterior displacement difference; ADL, activities of daily living; AROM, active range of motion; BMI, body mass index; Cl, confidence interval; CT, computerized

tial tears (as visualized with ultrasound) in patients suffering
from chronic Achilles strain. Using ultrasonographic imaging,
significant reductions from baseline were found in the size of
hypoechoic region in patients with midportion tendinosis,
and in the size of intratendinous tear in patients with tendon
thickness. In addition, pain decreased with treatment in 78%
of the patients, and ultrasounds showed that the tendons
became healthier as demonstrated by fewer discontinuities in
the tendon and better organization of the fibers.*

Ryan et al enrolled 99 patients with chronic Achilles
tendon symptoms and objective evidence of Achilles degene-
ration by ultrasound who had failed all previous therapies.
Treatment method involved injection inside the tendon with
ultrasound guidance into areas of degeneration (hypoechoge-
nicity or tear) with 0.5 mL or less 25% dextrose in 1-3 spots
at each treatment. At follow-up, improvement in pain with
everyday living improved from 57% at a mean of 28 weeks
into treatment to 81% at a mean of 14 months posttreatment.
More change was seen by ultrasound at a mean of 28 weeks in
the mid-Achilles tendinosis group with significant reductions
in the size of hypoechoic regions, intratendinous tears, and
neovascularization.®® Lyftogt also found an absence of pain in
78.5% of their small sample of patients with Achilles tendi-
nopathy when treated with prolotherapy.®®

Lateral epicondylitis of the elbow. Three studies have dem-
onstrated that lateral epicondylitis of the elbow is responsive to
treatment with dextrose prolotherapy.®’-% Scarpone et al con-
ducted a small double-blind RCT with adults with lateral epicon-
dylosis. The treatment group was injected at 0, 1, and 3 months
with 0.72% sodium morrhuate, 10.7% dextrose, 0.29% lidocaine,
and 0.04% sensorcaine. The treatment group showed significant
improvement in pain levels compared with patients given saline
injection with the same number of needle punctures and volume
(91% versus 33%). In addition, extension strength and grip strength
was markedly improved in the treatment group as well.*”

Shin et al studied 84 patients with lateral epicondylitis
who were treated with dextrose prolotherapy. The pain score
was evaluated by using VAS before treatment and one and six
months after the third treatment. Ultrasonography was per-
formed on 49 patients who were suspicious of a tendinous tear.
Dextrose prolotherapy decreased VAS from 6.79 to 2.95, which
reached statistical significance.®® Park et al.*? achieved a signifi-
cant reduction in pain with VAS from baseline patients with lat-
eral epicondylosis as well with treatment of the lateral epicondyle
with 15% dextrose. Evidence of tendon healing was observed via
ultrasound imaging, manifesting as diffuse fibrillar patterns in

67,68 and areas of hypervascularity.®’

previously anechoic lesions

Patellar tendinopathy. A case series conducted by
Ryan et al examined whether ultrasound-guided injection
of hyperosmolar dextrose for treatment of patellar tendi-
nopathy decreased pain scores and normalized the appear-
ance of the patellar tendon on ultrasound. Findings revealed
significant reductions in pain at rest and during activity, an

overall downgrading of severity in intratendinous tearing
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and neovascularity as evident with ultrasonography, and a
significant correlation between the differences in pain and
echotexture severity.”

Plantar fasciitis. Few studies have been conducted exam-
ining the effect of prolotherapy on chronic plantar fasciitis.
However, Kim and Lee conducted a single-blinded, random-
ized, controlled study comparing autologous PRP versus dex-
trose prolotherapy treatments for chronic recalcitrant plantar
fasciitis. Patients in both treatment groups received two injec-
tions into the plantar fascia under ultrasound guidance at an
interval of two weeks. The outcome measures included the
pain, disability, and activity limitation subscales measured by
means of the Foot Functional Index. Each treatment seems to
be effective for chronic recalcitrant PF, expanding the treat-
ment options for patients in whom conservative care has failed.
Although PRP treatment resulted better initial improvement
in function compared with dextrose prolotherapy treatment,
at two- and six-month follow-ups, sustained improvement was
comparable in both groups.”!

Groin pain. Two uncontrolled trials in athletes with
chronic groin pain from osteitis pubis and/or adductor ten-
dinopathy were conducted by Topol et al.”>7® The treatment
consisted of monthly injections of 12.5% dextrose with 0.5%
lidocaine in abdominal and adductor attachments on the
pubis. Therapy yielded substantial reductions in VAS pain
and Nirschl Pain Phase Scale (NPPS), a 7-point measure of
sports-related symptoms and level of participation, scores and
an absence of pain at follow-up in 88.8% and 83.3% of patients,
respectively.”? In the second study. Topol et al.”® treated elite
rugby and soccer players experiencing chronic groin pain with
similar results in pain reduction.

Shoulder joint pain. Dextrose prolotherapy has been
shown to reduce pain and disability of traumatic and nontrau-
matic rotator cuff conditions. A RCT conducted by Bertrand

1.7 revealed that treatment of moderate to severe rotator

eta
cuff tendinopathy due to injury with injections of hypertonic
dextrose on painful entheses resulted in superior long-term
pain improvement and patient satisfaction compared with
blinded saline injection over painful entheses, with intermedi-
ate results for entheses injection with saline. In a retrospective
case—control study, Lee et al.”> demonstrated dextrose prolo-
therapy improved in pain, disability, isometric strength, and
shoulder active range of motion in patients with refractory
chronic nontraumatic rotator cuff disease.

Conclusions regarding tendinopathies. Although there is
a dearth of studies on treatment with prolotherapy for these
two conditions, there is strong Level 1 evidence that dextrose
prolotherapy results in substantially reduced pain levels and
pain-free resumption of sport activities in Osgood—Schlatter
disease® and functional improvement and pain reduction
in TMJ® Dextrose injections present a low-cost and safe
treatment alternative with good long-term evidence for sig-
nificant reduction of pain from pathology at either the inser-
tion or midportion of the Achilles tendon, at rest and during

tendon-loading activities. There is strong Level 4 evidence of
statistically and clinically significant reduction in pain from
63,64

baseline to follow-up in Achilles tendinosis, and specifi-
cally evidence of substantial and comparable pain reduction
in patients with midportion or insertion site tendinopathy in
Achilles tendinosis,® and somewhat greater tendon healing in
patients with midportion versus insertion site tendinopathy.®
There is strong Level 4 evidence of statistically and clinically
significant reduction in pain from baseline to follow-up in
dextrose prolotherapy treatments to lateral epicondylitis,*’~%’
overuse patellar tendinopathy,”® chronic groin pain,’>”® and
traumatic and nontraumatic shoulder pains.”*”> Sonographic
evidence of tendon repair and healing after dextrose prolother-
apy treatments has been shown in Achilles tendinosis,**®° lat-

68,69 and overuse patellar tendinopathy with

eral epicondylitis,
a significant correlation between pain reduction and tendon
healing in overuse patellar tendinopathy.”® Prolotherapy has
also demonstrated a good response in patients with chronic
plantar fasciitis reducing pain during rest and activity”; how-
ever, further studies including a control group are needed to
validate these outcomes.

OA and degenerative conditions. OA is characterized
by progressive breakdown of articular cartilage, proteoglycan
degradation, and disruption of the collagen network result-
ing in joint destruction and loss of function.”® In addition to
genetic and biochemical factors, several external factors have
been associated with OA. These include sudden impact, direct
trauma, overuse or repetitive motion injuries, avascular necro-
sis, corticosteroids, obesity, and ligamentous injury culminat-
ing in joint hypermobility and instability.”” Ligament damage
resulting in weakness is an important factor in the develop-
ment of OA as it prevents normal distribution of weight and
increases stress on the articular surfaces of the joint causing
cartilage injury and joint degeneration. Ligament laxity and
joint capsule disruption increases joint hypermobility and also
risk of articular cartilage injury due to loss in the stabilization
of joint motion by the ligament structure.”®=*

Experimental studies have shown the positive effect of
hypertonic dextrose in promoting direct intracellular expres-
sion of growth factors in tenocytes and fibroblasts.3* Dextrose
prolotherapy may also benefit those with knee OA through the
stabilization of interarticular ligaments by its positive effect on
joint mechanics to promote articular cartilage recovery and
improvement in range of motion.3>*4

Reviewed studies. Knee OA. A three-arm randomized con-
trolled double-blinded study conducted by Rabago et al found
significantly greater improvement in pain reduction, swelling,
buckling episodes, and flexion range with dextrose compared
with lidocaine injections or exercise. Furthermore, prolother-
apy patients showed significantly greater improvement at 52
weeks than control patients.”” In a recently published analysis,

Rabago et al.”®

reported that most participants have continued
to experience progressive improvement of knee pain, function,

and stiffness scores at 2.5 years after the initiation of the study.
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An RCT conducted by Reeves and Hassanein” revealed
that patients with knee laxity treated with dextrose injections
experienced significant improvement in knee flexion range
and anterior displacement difference (ADD), with 61.5%
exhibiting an absence of laxity as compared with the control
group. A long-term open-label continuation of this trial
involving the patient subgroup with knee laxity found conti-
nuity of effect with significant improvements from baseline in
pain during walking and stair use, flexion range, ADD, and
a similar proportion of patients with an absence of laxity at
follow up.®

Dumais et al conducted a crossover study where partici-
pants were randomly assigned to receive exercise therapy for
32 weeks in combination with dextrose injections on weeks 0,
4, 8, and 12 or dextrose injections on weeks 20, 24, 28, and 32.
Both groups showed significant reduction of knee OA symp-
toms as measured by WOMAC scores that were sustained at
six-month follow-up.5!

Eslamian and Amouzandeh also demonstrated the long-
term effects of dextrose prolotherapy in a single-arm pro-
spective study. Significant therapeutic effects of prolotherapy
with intraarticular dextrose injection in patients with mod-
erate knee OA were achieved. Pain severity, as measured by
WOMAC scores, was reduced at rest and during activity, and
articular range of motion was increased. Improvements were
still present at six-month follow-up.%?

In one RCT by Hashemi et al, the efficacy of dextrose
versus ozone as a proliferant was compared in two groups of
40 patients suffering from mild to moderate knee OA. Both
groups received intraarticular injections, and the treatment was
performed three separate times at 10 days intervals. VAS and
WOMAC scores at pretreatment and three months posttreat-
ment were significantly improved for both groups, although
were not statistically different between one other.3

Finger and thumb OA. A randomized control trial of
patients with thumb and finger joint OA conducted by Reeves
and Hassanein found significantly greater improvement
among dextrose versus lidocaine patients in pain with move-
ment, flexion motion, and joint narrowing. However, the dif-
ference in movement pain was the most impressive, reaching
statistical significance with 42% versus 15% improvement.3*

In a second randomized control trial of patients with
thumb joint OA, Jahangiri et al.® demonstrated dextrose/
lidocaine injections resulted in more favorable VAS scores and
improved total function at six months compared to corticos-
teroid injections, which at one month were offered more pain
relief than prolotherapy but without sustained benefit.

Conclusions regarding OA/degenerative conditions. There is
strong Level 1 evidence that in patients with knee OA, dex-
trose prolotherapy results in significant sustained improve-
ment, including reduction of pain and swelling,””%3 fewer
buckling episodes, increased knee flexion range, increased lat-
eral patellofemoral cartilage thickness, and decreased ADD
and laxity.”® There is Level 1 evidence demonstrating that in

patients with osteoarthritic finger and thumb joints, dextrose
prolotherapy results in significant improvements in pain with
movement, flexion range, and joint narrowing.®%> There is
Level 4 evidence of significant improvements in OA-related
pain, stiffness, and function in patients with knee OAS®!
and significant improvements in pain during rest, walking,
and stair use, flexion range, and ADD in OA patients with
anterior cruciate ligament (ACL) laxity.”’

Spinal and pelvic pain. In approximately 90% of
patients, low back pain is mechanical in nature, typically
originating from overuse, straining, lifting, or bending that
results in ligament sprains, muscle pulls, or disk herniation.”
'The popular understanding of back pain is disk herniation as
a frequent cause, but to a much greater extent, ligament injury
forms the underlying basis.?>!% Ligaments hold the disk in
place, and with ligament weakness, the disk is more likely
to herniate.101102

'The source of low back and buttock pain as related to the
sacroiliac (SI) joint is present in as many as 15%—-30% of back

pain patients,!03104

and perhaps up to 40% in patients who
have had a previous lumbar fusion.!% ST joint dysfunction may
also produce pain similar to a herniated lumbar disk along the
same sciatic nerve distribution.'’®” Low back pain patients
who remain symptomatic despite tailored physiotherapy are
believed to possess deficient ligament strength in the poste-
rior elements of the SI joint, resulting in insufficient stability
to permit effective muscle recruiting strategies.!®® Experi-
mental studies have found prolotherapy effective in stimu-
lating the production of collagen fibers, thus strengthening
ligaments.1%

Reviewed studies. Discogenicleg pain. Dextrose prolother-
apy has been effective in treating patients with coccygodynia
pain in both case series studies and RCTs. In a prospective
case series with patients experiencing advanced degenerative
discogenic leg pain who had failed other treatment, Miller
et al.¥ found that 43% showed sustained improvement with
an overall reduction in NRS pain of 71%. In a case series
study, Khan et al.}” found that patients with coccygodynia
pain experienced a substantial reduction in pain with mean
VAS pain scores dropping from 8.5 at baseline to 2.5 after two
dextrose injections spaced 15 days apart. Two RCTs compared
the effects of dextrose and steroid injections for low back pain.
In patients with SI joint pain, Kim et al.%% found a signifi-
cantly greater cumulative incidence of pain reduction (=50%)
in dextrose versus steroid-injected patients. In contrast, a trial
conducted by Kim et al.%, with brief follow-up in patients
with iliac crest pain syndrome found no difference between
dextrose and triamcinolone in VAS pain and disability scores;
both groups showed significant pain decrease from baseline.

Hooper et al compared treatment outcomes in patients
with cervical, thoracic, or lumbar pain who were involved or not
involved in pain-related litigation. Both groups showed signif-
icant improvement in pain and disability with dextrose prolo-
therapy.”® Using radiographical imaging and VAS pain scores
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one month following dextrose injections in six patients with
traumatic cervical instability and neck pain, Cenento et al.’!
found that patients experienced significant pain reduction and
reduction in cervical flexion and extension translation, with a
correlation between differences in pain score and translation

reduction. Lee et al.”?

performed a prospective uncontrolled
trial in patients with SI pain and found a mean duration of
pain reduction =50% of 12.2 months in patients who received
dextrose injections into their SI joints.

Conclusions regarding spinal and pelvic pain. There is Level 1
evidence that dextrose prolotherapy results in significantly
greater long-term pain reduction than corticosteroid injection
in patients with SI joint pain,3® and Level 2 evidence of compa-
rable short-term pain reduction versus corticosteroid injection
in patients with SI pain.®’ There is strong Level 4 evidence of
significant and comparable improvement in pain and disabil-
ity between patients with chronic cervical, thoracic, or lumbar
pain actively involved versus not involved in litigation.”® There
is Level 4 evidence of significant pain reduction and associa-
tion between changes in pain level and radiographical find-
ings in patients with post-motor vehicle accident neck pain
and disability,” significant reduction in pain and disability in
patients with low back and pelvic pain,’? and significant pain
reduction in patients with coccygodynia.®”

Myofascial pain syndrome. The theoretical basis for dex-
trose prolotherapy in myofascial pain syndrome (MPS) sug-
gests that since MPS is a state of deficient energy metabolism,
dextrose injection into myofascial trigger points may stimulate
energy production to relieve the associated pain syndrome.”

Reviewed Studies. In an RCT, patients received injec-
tions of dextrose 5%, saline solution, or lidocaine 0.5%. At
7 days postinjection, dextrose-treated patients were improved
from baseline in pain (VAS) and pressure threshold tolerance
(algometer; kg/cm?) (P < 0.05); saline and lidocaine patients
did not show improvement from baseline on either measure.”
Conclusions regarding MPS. Improvement in pain follow-

ing dextrose prolotherapy comes from Level 2 evidence.”?

Discussion

'This systematic review identified 33 studies evaluating the efli-
cacy of dextrose prolotherapy for chronic musculoskeletal pain.
Of the studies reviewed, 14 were RCTs, 1 was a case—control
study, and 18 were case series. Fifteen of the 33 studies used
subjective VAS/NRS measures only. The remaining 18 stud-
ies combined subjective measures with objective measures,
including imaging/biomechanical and/or psychometric mea-
sures. Collectively, these studies showed relative consistency
in treatment outcome — noteworthy considering the overall
heterogeneity. Sixteen of the 18 studies reported positive con-
sistency between subjective and objective outcomes; one study
found positive subjective and objective outcomes at short-term
tollow-up and positive objective but not subjective outcomes
at long-term follow-up; and one study reported positive out-
comes on objective measures only. Both studies analyzing

the association between subjective and objective outcomes
reported significant correlational data. In aggregate, the stud-
ies showed wide variation in patient characteristics, study
design, and outcome measurements. Grouping the studies
into four musculoskeletal pain conditions based on underlying
pathophysiology and/or anatomical pain location provided
substantially greater homogeneity within pain groups.

The quality of evidence for the RCTs was very high
with those evaluated with the PEDro tool producing scores
=8. RCT results found that patients randomized to dextrose
showed significantly greater improvement in Osgood—Schlat-
ter disease,’® rotator cuff injury,”3 knee OA,””"® osteoarthritic
finger and thumb joints,%* and MPS?® than patients random-
ized to anesthetic injection. Dextrose-treated patients also
showed significantly greater improvement compared with
patients randomized to saline injections in knee OA® and
MPS? and with patients randomized to treatment-as-usual
in Osgood—Schlatter disease® and knee OA.®2 In an RCT
involving patients with TM], patients assigned to dextrose
injection showed comparable subjective improvement to the
anesthetic control group but significantly greater improve-
ment on biomechanical measures.*”

In RCTs comparing dextrose to corticosteroid injection,
Kim et al.3% found comparable pain reduction when injected
into the SI joint, while Kim et al.® found superior pain reduc-
tion with dextrose. This outcome discrepancy islikely explained
by the patient follow-up duration of 3 versus 15 months in

1.88 versus Kim et al.8?

Kim et a , respectively. A recent meta-
analysis concluded that corticosteroid injection for chronic
musculoskeletal pain is associated with definite short-term
(<8 weeks) benefits and worse intermediate and long-term
outcomes compared with other treatment options.!®® Two
aspects of the Kim et al’s.® study warrant additional men-
tion: the very high baseline patient pain levels [mean + SD
VAS pain score 8.04 + 1.17 (dextrose group) and 8.13 + 1.28
(steroid group) (NS)], and the superiority of dextrose injection
in short-term pain relief compared with a standard therapy for
moderate—severe musculoskeletal pain.

To replicate the experimental group protocol, eight
RCTs utilized local anesthesia injection, four utilized
saline, and one study utilized lidocaine/saline as a pla-
cebo control conditions in (other than dextrose injection).
While in the narrow sense, these control conditions differ
from conventional placebo in that they are not completely
inert, these conditions are difficult to achieve outside of
pharmaceutical trials, and this protocol fulfills a goal of
placebo-control in blinding patients and investigators to
treatment assignment.!%’

Prolotherapy for musculoskeletal pain has been in clini-
cal use for decades but only recently has the methodologi-
cal quality of the published research evolved beyond the
minimum level necessary for consideration in the practice of
evidence-based medicine.!’®!!! The Grading of Recommen-
dations Assessment, Development and Evaluation (GRADE)
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is a widely accepted and utilized criterion for evaluating the
evidence quality in treatment recommendations. The types of
evidence are hierarchically ranked based on study design, with
RCTs at the highest level of clinical study and uncontrolled
studies at a much lower level.!'2113 This ranking reflects the
greater ability of RCTs to minimize the effect of bias and
confounding factors on outcome, such that stricter experi-
mental control can produce observed treatment effects that
more closely approximate the true treatment effect, and with
it a more valid inference of causality.!**

Uncontrolled studies possess a greater capacity for dis-
torted outcome reporting than RCTs given the inability to
experimentally control many forms of bias and confounding
factors.!** However, the GRADE system also recognizes that
uncontrolled studies with rigorous methodology, a large treat-
ment effect, consistent evidence from multiple studies, and
to the extent possible the ruling out of alternate explanations
for positive findings possess strengths that increase the study
grade and level of evidence.!'?!13 It bears mention that several
therapies, such as insulin for diabetes and defibrillation for
ventricular defibrillation, have been accepted as the standard
of care without RCT confirmation of the results from less rig-
orously designed studies.!!>11

The GRADE system also gives consideration to the bala-
nce between the health benefits and harms of a therapy.!?
The reviewed studies were primarily comprised of patients
with moderate to severe levels of pain and functional impair-
ment refractory to established therapies. When outcome con-
sistency, durability of effect, safety, lack of other treatment
options, short of surgery or invasive interventional procedures,
and low cost are considered, dextrose prolotherapy for chronic
musculoskeletal pain surpasses this threshold.

Particular strong points in many of the uncontrolled
studies serve to elevate their quality of evidence. For example,
many studies combined objective measures, such as sono-
graphic, radiographical, or biomechanical data with subjec-
tive assessment. Objective measurements were utilized and
revealed positive outcomes in several uncontrolled studies,
including Achilles tendinopathy,®*% lateral epicondylitis of
the elbow,*”® knee OA,”#%% finger and thumb OA3%

8990 and myofacial pain.”® The

chronic SI/iliolumbar pain,
positive findings in tendinopathies, knee OA, SI pain, and
iliac crest pain were confirmed by the results of RCTs. The
rigorous study design, data reporting, and clinical generaliz-
ability found in many of these studies were reflected in their
D&B score. Interestingly, while many uncontrolled studies
used highly stringent inclusion/exclusion criteria and exten-
sive diagnostic screening for highly specific patient enroll-
ment, others included patients with nonspecific pain, more
closely mirroring real-world clinical practice.

Many studies assessed treatment response with VAS
or NRS patient self-rating. The reliability and validity of
these measures has been questioned based on the subjective
nature of pain, and wide variations in patient reporting of

baseline pain scores and in applying self-rating to their own

pain experience.'

However, no objective pain measurement
exists, and VAS/NRS remains the clinical standard in assess-
ing baseline pain level and treatment response.”® Both scales
are also widely used in pharmacotherapy efficacy studies; for
instance, the pivotal trials of two recently approved opioid
formulations for chronic moderate—severe pain, tapentadol
ER,181Y and hydromorphone ER12%12! ytilized pain NRS in
the assessment of primary study objectives.

Dextrose prolotherapy is a safe therapy, and few adverse
events were reported in the reviewed studies. No serious or
protracted complications were observed, including nerve dam-
age, pneumothorax, and infection. Although adverse events
have the potential for greater severity in the treatment of spi-
nal and intraarticular structures, injection by an experienced
prolotherapist can help mitigate this risk.!! Dextrose itself is
extremely safe, even with intravenous administration. In a
1998 Food and Drug Administration document, no adverse
events had been reported to Abbott Labs for 25% intravenous
dextrose solution in 60 years.122123

Study limitations. The findings in this review may be
influenced by publication bias, where studies reporting nega-
tive findings are not prepared, submitted, or accepted for
publication. Potentially present is reference bias, where the
outcomes of references obtained from secondary sources, such
as review articles, meta-analyses, and practice guidelines, may
be biased in the direction desired by the authors of the review
article or practice guideline. It is unlikely that this review pos-
sesses reference bias, in that all reviewed studies were obtained
from database searches.

Summary

This systematic review evaluated 32 studies on dextrose pro-
lotherapy for chronic musculoskeletal pain. Based on the level
of evidence, quality of evidence, and factors directly and indi-
rectly related to evidence quality including the consistency of
significant reductions in pain and impairment found within
pain groups, between pain groups, across uncontrolled stud-
ies between pain groups and conditions, between uncon-
trolled studies and RCTs in multiple specific pain conditions,
between VAS/NRS outcomes and psychometric, biomechani-
cal, and imaging outcomes within studies, the consistent sta-
tistically significant improvement in pain and functioning
among patients randomized to dextrose versus control groups,
the consistent achievement of clinically meaningful reduc-
tions in pain level among studies using VAS/NRS outcomes,
and the absence of reported side effects other than transient
injection site irritation, the following conclusions are made:
dextrose prolotherapy is supported in the treatment of tendi-
nopathies in patients who fail conservative therapies; dextrose
prolotherapy is supported in the treatment of OA of the knee
and finger joints in patients who do not respond to conserva-
tive therapies; dextrose prolotherapy is supported in the treat-
ment of spinal and pelvic pain in patients who fail to respond
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to conservative therapies; the efficacy of dextrose prolotherapy
in myofascial pain cannot be determined from a single RCT
of brief follow-up duration. With inclusion limited to patients
with pain >3-6 months in the reviewed studies, the efficacy
of prolotherapy for acute (<3 months) musculoskeletal pain
cannot be determined. Overall, dextrose prolotherapy has
been demonstrated to be efficacious and should be conside-
red as a treatment for pain and dysfunction associated with
chronic musculoskeletal conditions, particularly tendinopaties

and OA.
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