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Prolotherapy is a type of therapy that involves injections of an irritant solution into joints, tendons or ligaments to spur an inflammatory
response that can expedite healing in damaged tissues.  It is currently used in chronic pain clinics as an alternative treatment for
patients who are resistant to the standards of care. It can be utilized in various patient populations, including patients who have knee
osteoarthritis, tendinopathy, chronic lower back pain, sacroiliac pain, and other types of chronic pain.  Prolotherapy shares many
similarities to modern regenerative medicine, which focuses on stem cell treatment and tissue engineering to regrow tissue.
Prolotherapy can restore joint and tissue function by enabling cells to regenerate and restore normal function without stem cells.
Patient outcomes have included a reduction in pain/stiffness, improved strength and function, a return to baseline, improved exercise
lifestyle, and most importantly, improvement in quality of life.  

Background History
Prolotherapy has been used in medicine since 1937.  The physician who developed the therapy, George Hackett MD, initially used it for
subluxation of the temporomandibular joint. His conclusion at that time was that sodium psylliate, his proliferant of choice, was a
dependable fibrosing agent for long-term stabilization and a return to normal function of the temporomandibular joint. Since then, many
proliferants have been used, including glycerine, phenol, platelet-rich plasma, and sodium morrhuate.  Today, the most used proliferent
is hypertonic dextrose. Also known as hyperosmolar dextrose, this injectant is thought to cause remodeling and regeneration of the joint
space and to impact specialized cell types like synoviocytes and chondrocytes.

Treatment Schedule
Proliferants are usually injected as a series of injections over a specified time period. There are no formal guidelines for prolotherapy,
but most institutions have a protocol of solution injection in 2-to-8-week intervals over the course of several months.  Each
appointment involves injection of proliferants (thus, the name prolotherapy), and volume varies depending on the type of solution used.
Most injections are done in an office setting, and patients may receive topical local anesthetic solutions or subcutaneous lidocaine at the
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site of injection. Using ultrasound as a guide, articular spaces or tendons and ligaments are identified, and the proliferant is injected.
Patients are usually instructed to continue their daily routine or physiotherapy regimen. It is important that patients who are going to
receive prolotherapy do not take anti-inflammatory medications because they would prevent the inflammation that is required for cell
regeneration.

Mechanism of Action
Proliferants such as hyperosmolar dextrose, saline, platelet-rich plasma, mesenchymal stem cells, and hyaluronic acid are injected into
intra-articular spaces, enthesis, intervertebral disc spaces, ligaments, and tendons, which leads to irritation and damage to surrounding
tissue.  This induces an immune response at the site of injection, resulting in hypertrophy and hyperplasia of damaged tissue.
This inflammatory response creates stronger tissue and matrix structure, which in turn improves joint stability, function, and
tendon/ligament attachment.  Platelet-rich plasma is generally evaluated to be a safe and effective means of prolotherapy.
Platelets have innate immune modulatory properties. When activated, cytokines and growth factors are released that play a role in cell
growth, cell recruitment, and cell repair.  This proves to be advantageous for cells that do not have innate healing abilities such as
cartilage. A study by Cole et al found a statistically significant decrease in IL-1ß and TNF-α within the knee when platelet-rich plasma
was used as the proliferant agent versus hyaluronic acid, suggesting that there are anti-inflammatory properties contributing to
improvement of osteoarthritic symptoms.  The combined effects of prolotherapy are hypothesized to result in decreased pain that
enables patients to reach their original baseline.

Hyperosmolar Dextrose
Hyperosmolar dextrose is the most popular type of prolotherapy because of its safety profile, cost effectiveness, and water-soluble
properties.  Hyperosmolar dextrose (10-30%) causes osmotic shock to synoviocytes, which acts to dehydrate the cells.  This cellular
damage causes a release of cytokines and growth factors that lead to migration of macrophages and neutrophils, and eventually to
cellular and tissue proliferation.  The result is new cells, tissue, and matrix deposited at the damaged site. Dextrose prolotherapy has
been used for chronic musculoskeletal pain, lower back pain, sacroiliac joint pain, and knee and ankle osteoarthritis.  A meta-analysis
by Nagori et al looked at the efficacy of dextrose prolotherapy over placebo for temporomandibular joint hypermobility and found a
statistically significant reduction in pain and maximal mouth opening versus placebo.  The metanalysis was limited by the total number
of studies included. A 2020 randomized control trial by Chung et al looked at intraarticular dextrose prolotherapy vs hyaluronic acid and
found a statistically significant difference in immediate pain relief up to 3 months for patients who received hyperosmolar dextrose vs
those who received hyaluronic acid.

Conclusions
Overall, prolotherapy is a safe in-office procedure. A recent meta-analysis by Bae et al. found that hyperosmolar dextrose prolotherapy
provided pain relief similar to that provided by platelet-rich plasma or steroid injection. The meta-analysis also found that hyperosmolar
dextrose prolotherapy was more effective in the treatment of chronic pain than saline injection or exercise.  A majority of the literature
focuses on knee osteoarthritis, while literature discussing the use of prolotherapy for other articulating joints is lacking. There is
mounting evidence that prolotherapy should be used in clinical practice, and that it is becoming a commonly employed therapy in chronic
joint patients. To establish the true benefit of prolotherapy, more randomized control trials with longer durations, larger sample sizes,
and standardized protocols are required. Such trials would allow the chronic pain community to establish guidelines and more
uniformity as to which proliferant would produce the best outcomes for chronic joint-pain patients. Prolotherapy continues to be an
important topic of discussion in the field of chronic pain. Further research to determine optimal proliferants and the number and timing
of injections would be beneficial for the clinical utility of this therapy.
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