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ABSTRACT

This review delves into the potential of hypertonic dextrose prolotherapy (HDP) as a treatment for knee
osteoarthritis (KOA), a prevalent condition, that significantly impacts individuals' quality of life, particularly
affecting older adults. HDP involves injecting a hypertonic dextrose solution into or around the affected joint,
inducing inflammation and subsequent tissue healing. This review examines various aspects of HDP, including
its mechanism of action, comparative effectiveness with other therapies, dosage, and safety considerations as
well as HDP's cost-effectiveness, safety profile, and efficacy in providing pain relief and improving function.
Comparative studies indicate its superior effectiveness compared to other therapies such as saline, exercise,
and steroids, with persistent benefits observed over extended follow-up periods. However, careful
consideration of contraindications and potential side effects is crucial. Further research is warranted to
conclusively establish its safety and long-term efficacy. In summary, HDP offers a promising avenue for
managing KOA, potentially improving outcomes and enhancing the quality of life for affected individuals.
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Introduction

Osteoarthritis (OA) is the most common form of
arthritis, affecting about 15% of the world's
population®. Knee OA (KOA) is the most frequently
diagnosed joint site, with a lifetime risk of
developing KOA  at 45%.
Approximately 32.5 million adults in the U.S. have
been clinically diagnosed with OA, and of these, 14

symptomatic

million have symptomatic KOA. About 6 million are
between the ages of 45 and 64, and another 6
million are 65 or older. The prevalence of
symptomatic KOA is higher in women across all age
groups?. The progression of KOA is generally slow
and can take years, with the disease often going
through stages or gradually worsening over time3,
KOA involves cartilage damage and is influenced by
factors such as aging, genetics, metabolicsyndrome,
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obesity, repetitive use of joints, bone density,
muscle weakness, and trauma. Key factors in OA
progression include the degradation of cartilage by
enzymes like aggrecanase and collagenase, driven
by inflammation and mechanical stress. The
infrapatellar fat pad and synovial membrane forma
functional unit that contributes to OA through
inflammatory pathways. Understanding these
pathways is crucial for guiding the treatment of
KOA*. X-rays are the primary method for diagnosing
KOA. The Kellgren-Lawrence scale, agrading system
based on AP knee radiographs, categorizes OA
severity from 0 (no OA) to 4 (severe OA with
significant joint narrowing, marked sclerosis and
bone deformity, and large
osteophytes)® (Figure 1). While most OA patients
eventually need knee replacement,they can
typically manage with pain medication and other
non-surgical treatments for an average of 13 years
surgery is necessary?. 1950s,
prolotherapy (Proliferation therapy) has been used
as a treatment for knee osteoarthritis. Dr. Hackett's
work in 1958 laid the groundwork for this approach®.
While other substances have been explored, the
most common and well-studied injection used in
prolotherapy for KOA is a hypertonic dextrose
solution’. When injected, the hypertonic dextrose
induces mild cellular injury via a rapid osmotic shift
of fluid, initiating an inflammatory response?.
Prolotherapy offers a cost-effective treatment
option for KOA. This review explores the
mechanism, technique, limitations, and side effects
of hypertonicdextrose prolotherapy (HDP) for KOA.

before Since

Review: Knee osteoarthritis management includes
interventional  techniques beyond
traditional options like corticosteroid injections and

various

viscosupplementation. Newer methods such as
prolotherapy with hypertonic dextrose (HD),
platelet-rich plasma (PRP), stem cells, and bone
marrow aspirate are being extensively investigated
for their effectiveness. Genicular nerve blocks with
radiofrequency ablation or cryoneurolysis are also
emerging as promising alternatives. Each method

has a distinct mechanism of action and clinical
impact. These techniques provide pain relief and
may help patients delay or avoid knee replacement
surgery®!% HDP has gained attention of clinicians
due to its cost-effectiveness, safety profile and
efficacy.

HD is thoughtto be an ideal choice for prolotherapy
because it dissolves easily in water, is a natural
component of blood, and can be safely injected in
large amounts into various tissues. For decades,
clinicians have used HD injections, both intra-
articularly and extra-articularly, to treat
musculoskeletal pain. Recent years have seen an
increase in controlled trials investigating its
effectiveness in treating symptomatic KOA?°,
Mechanism of action: HDP likely work through a
factors. The  high
concentration dehydrates cells at the injection
site, causing some to lyse and triggering an initial
inflammatory response*'2 This inflammation is
followed by a healing process driven by cells like
granulocytes and  macrophages. The initial
inflammation and the later healing phase are
interconnected. This controlled stress response
seems to activate the inherent healing ability of
injured soft tissues'?314, Inflammatory cytokines
like Prostaglandins, along with other
factors, regulate the cellular environment that

combination  of sugar

guides tissue repair.

Cells from the initial inflammation stage
(granulocytes and macrophages) may releasesignals
attracting and activating fibroblasts, which are key
players in collagen production.This collagen
deposition helps rebuild the tissue until stability is
restored. The newly formed collagen matures and
tightens, potentially strengthening the tendon or
ligament.!? Reeves et al., discussed also cartilage
proliferation mechanisms based on human
studies °.
confirm or deny cartilage proliferation, although a
small sample study supports its occurrence®?,
Larger studies with more effective designs are
needed to establish this fact.

There is no compelling evidence to
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Figure 1: The example of the Kellgren—Lawrence scale. In grade 0, there are no pathological features of KOA.
Grade 1 shows potential joint space narrowing with doubtful osteophyte formation. Grade 2 demonstrates

definite osteophyte formation and possible

Technique: Intra-articular versus peri-articular

The site of injection has been a topic of interest in
recent times. 1719 Supra lateral *°2° and
inferiolateral 1’ are the most common techniques
used for intra-articular method. Risk of intra-
articular infection and hemearthrosis are possible
side effects to this technique.® For peri-articular
injection, different techniques have been used with
comparable efficacy observed.!’'® Multiple points
are injected in different sites of knee for this purpose
(Figure 2). Pain during these multiple infections and
post-injection pain are the usual points of concem
forthe patients!®. From Rezasoltanietal. (2017).%8In
terms of results, both techniques are
comparable.?”*® While the peri-articular technigque
may provide more pain relief, shorter pain periods,

and less joint limitation, both techniques improve

morning stiffness, difficulty rising from a seated
position, joint locking, walking, climbing stairs, and
sitting/standing pain.'® The better pain alleviation
profile of peri-articular injections can be attributed
to the lower concentration of HD used, as its
analgesic ability at lower doses (5-15%) has been
documented.??

Figure 2: Points of
peri-articular injection
around the knee are
indicated by blue dots,
while the articular
nerves of the left knee
are shown as red lines.
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In order to achieve the optimal benefits of HDP,
different researchers have used both intra-articular
and peri-articular techniques simultaneously?!%,
This approach seems plausible as it avoids any
unwanted bias and provides optimal relief.
Comparison with other therapies

Cortez et al. 22 compared HDP to other treatments
forknee osteoarthritis (KOA) using WOMAC and VAS
scores. They found HDP superior to saline, physical
therapy, and exercise, but inferior to
PRP, erythropoietin, and autologous conditioned
serum. HDP was similar to
radiofrequency, botulinum toxin A, and hyaluronic
acid in some studies. Another review by Wee et
al.?* also yielded mixed results, but suggested
potential benefits of HDP.However, this review
raised concerns about bias in the
studies. Notably, HDP showed similar pain relief to
PRP but was less effective in reducing stiffness at 6
months.?* No studies have yet compared the
effectivenessof HDP injections to corticosteroids for
treating knee osteoarthritis.?*This presents a
valuable research opportunity.It would be
interestingto see if locally injected HD offers similar
benefits in knee osteoarthritis as it has shown
promise in treating musculoskeletal
conditions,such as general musculoskeletal
pain?’, supraspinatus tendinopathy,?®and carpal
tunnel syndrome?’. HDP's effectiveness in treating
chronic musculoskeletal pain has been compared to
saline, exercise, PRP, and steroids in several studies.
A systematic review revealed that HDP significantly
reduced pain scores compared to saline at 6 months

other

to 1 year of therapy, but not at other time points.
Compared to exercise, HDP showed greater pain
reduction from 1 to 3 months and 6 to 12 months,
but no difference was observed at baseline.?®

When compared to PRP, HDP showed similar
effectiveness with no significant differences in pain
reduction. Similarly, HDP was comparable to
steroids in terms of therapeutic effects.2>HDP is a
relatively new and safe treatment option for KOA. It
may be a good choice for patients who cannot afford

other options, have exhausted other therapies, are
poor surgical candidates, or are not willing to go for
surgery.

Dosage and duration of therapeutic effect:
Accordingto available literature, HDP has been used
in grade 2 and 3 KOA.*37-° The number of doses
rangesfrom 1 to 5, with 3 beingthe most common,
andintervals vary from weekly to every two months,
typically monthly. Intra-articular injections generally
use a 25% dextrose concentration with a volume of
2-8 ml, while peri-articular injections typically use a
15% dextrose concentration. 2-6 sessionsat monthly
intervals may be ideal.?>?® Multiple studies on HDP
effectsin treating KOA with follow-up periods of 2-3
months, 5-6 months, and 12 months show persistent
benefits.?® Rabago et al. reported these beneficial
effects lasting up to 2.5 years.?®° These findings
suggest that HDP offers long-term advantages,
potentially outlasting other treatments like steroids
and hyaluronic acid, and comparable to PRP.%®
Contraindications

HDP for KOA has few absolute contraindications,
similar to other injectable treatments. Active
infections nearthe injection site (cellulitis) or within
the joint (septic arthritis) are absolute
contraindications due to the risk of spreading
infection.  Additionally, acute inflammatory
conditions such as acute gouty arthritis and acute
flares of rheumatoid arthritis can worsen with HDP
due to their inflammatory nature. Acute fractures
require proper healing, and prolotherapy might
disrupt this process. Although uncommon, an allergy
to corn is a contraindication for HDP.?33% Medical
professionals should carefully assess patients for
these contraindications before proceeding with
prolotherapy for KOA.

Common side effects and adverse effects

While studies haven't reported adverse events in
HDP for KOA, potential safety concerns remain.
Injecting irritant solutions near tendons, ligaments,
and joints carries inherent risks.

Existing studies lack sufficient power to detect
uncommon adverse events. Potential complications
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include infection, allergic reactions to dextrose,
lightheadedness, and damage.
Recommendations for safe practice include
adhering to universal precautions to minimize

nerve

infection risk, positioning patients prone or supine
to reduce vasovagal episodes, and monitoring for
potential side effects, including mild to moderate
pain, inflammation, and

hematomas.?%30

self-limiting

HDP for KOA appears to have a low-risk profile, but
further studies are needed to definitively assess its
safety, particularly regarding uncommon adverse
events. HDP has gained interest for its potential
benefits: affordability, safety, and effectiveness. It's
believed to work by inducing inflammation through
dehydration, which then triggers a healing process
involving collagen deposition. While studies since its
introduction in 1958 have been promising, high-
quality, large-scale research is lacking. Conducting
such studies would be crucial for establishing proper
guidelines for HDP use.

Conclusion

In conclusion, HDP presents a promising avenue

for managing KOA. Its cost-effectiveness, safety
profile, and demonstrated efficacy in providing
pain relief and improving function position it as a
viable treatment option. Comparative studies
have shown its superior effectiveness compared
to other therapies such as saline, exercise, and
steroids, with persistent benefits observed over
extended follow-up periods. However, careful
consideration of contraindications and potential
side effects is essential, and further research is
needed to conclusively ascertain its safety and
long-term efficacy. Overall, HDP represents a
novel and promising addition to the multifaceted
approach to managing KOA, offering hope for
improved outcomes and enhanced quality of life
for affected individuals.
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