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Definitions of prolotherapy and growth factors 

Prolotherapy is injection of growth factors or growth factor production stimulants to grow normal cells or tissue.1  Growth factors are powerful (hormone like) polypeptides that induce wide-ranging effects including cell migration, proliferation and protein synthesis.   These powerful proteins may be produced by the cell affected or may be produced in other cells.  In order to be effective these growth factors (GFs) must avoid the binding proteins which could cause their inactivation, find their way to the area needing growth, and hook onto an appropriate receptor protein.  

Growth Factor Injection Prolotherapy and Growth Factor Production Prolotherapy: Scientific Literature 

There are two major methods of prolotherapy.  The first such method is GF injection in which already-produced growth factors are injected.  Examples of this include injection of blood, and injection of mass-produced recombinant growth factors.   The second method is growth factor production stimulation in which there is the injection of a solution that initiates production of growth factors.  Examples of this method include injection of dextrose, injection of inflammatory agents that initiate an inflammatory cascade to produce growth factors, and injection of plasmid DNA that produces growth factors. 1-2

Non-musculoskeletal prolotherapy   

Non-musculoskeletal prolotherapy is a very large area of research, with examples of current use including erythropoietin (erythrocyte growth factor) injection for treatment of anemia 3 and injection of magakaryocyte growth factor injection for platelet production in aplastic anemia patients.4   Other examples of growth factor injection uses in humans that are in process of study include injection of non-graftable heart muscle with fibroblast growth factor (FGF),5  or injection of vascular endothelial growth factor in the heart muscle of inoperable patients with coronary artery disease.6  Clinically significant benefit has been demonstrated in animal work in a variety of areas such as in hepatocyte growth factor (HGF) injection to reverse renal failure after injury,7 femoral artery infusion of vascular endothelial growth factor in intermittent claudication,8 intravenous infusion of FGF-18 in acute middle cerebral artery occlusion, 9    or   injection of growth factors to treat induced diabetic neuropathy, 10

Although the primary object of this chapter is to summarize research and describe methods for musculoskeletal prolotherapy, there are several key points to learn from non-musculoskeletal prolotherapy that apply to musculoskeletal prolotherapy.   The first is that the names of growth factors do not correspond to their effects and that some growth factors affect a variety of cells.  For example, erythrocyte growth factor has recently been found to have potent neural cell protective effects.11   The growth factors are usually names by the cell in which they were first found to have an effect. A second key point is that injection needs to be in the correct area, as non-discriminant IV injection of growth factor can make a variety of cells grow that are bathed by the circulation, rather than the one desired.  An example of this is the creation of proteinuria by IV administration of fibroblast growth factor which affects renal cells rather than the cell intended. 12      A third key is that the presence of a growth factor can be brief and still create a substantial clinical effect.  Lederman et al provided an example in their femoral artery infusion study of FGF-2 in which a single intraarterial infusion of FGF-2 with a short half life led to an increased walking time 90 days later. 8

Animal Research In Musculoskeletal Prolotherapy 

Animal research in prolotherapy has predominantly looked at one of the following areas:  Collagen fiber diameter, ligament/tendon thickness/mass, tendon strength, or cartilage growth.  

1.  Collagen fiber diameter:  Liu et al demonstrated a highly significant 56% increase in collagen fiber diameter in rabbit medial collateral ligaments after injection of an inflammatory solution (sodium morrhuate) compared to normal saline control.13 

2.  Ligament/tendon thickness/mass: Liu et al also demonstrated a mass increase of 47% in medial collateral ligaments injected by sodium morrhuate.   The ligaments were removed and weighed to determine this increase (or change).13   

3.  Ligament/tendon strength: Growth factor injection (cartilage-derived morphogenetic protein-2  = CDMP-2) was performed in the Achilles tendon equivalent in rats within 6 hours of injury of an induced injury to that tendon.14   Eight days later those rats injected with CDMP-2 were 39% stronger to the point of rupture than controls.   More recently, injection of TGF beta 1 immediately post repair of transected Achilles tendon in rats increased force to rupture 4 weeks post-op.15   Blood contains platelets which have a variety of growth factors such as platelet derived growth factor (PDGF), transforming growth factor beta (TGF beta) and epidermal growth factor (EGF).  Autologous platelet concentrate has been injected in the post-surgical hematoma after Achilles transection and repair with resultant increase in tendon strength of 30%.16   The ability of whole blood injection to strengthen even normal tendons was demonstrated by Taylor et al when they injected normal rabbit  patellar tendon equivalent just once with 0.15 ml of autologous blood.17  Twelve weeks after injection the tendon was normal in morphology under the microscope but was 15% stronger. (P < .014) .  

4.  Cartilage growth:    Exposure of full thickness defects in the medial femoral condyle in immature rabbits to a collagen sponge impregnated with Insulin-like growth factor -1 led to full thickness repair of hyaline cartilage.18  However no studies designed to demonstrate full thickness hyaline cartilage repair in mature animals using injection of multiple growth factors simultaneously have been reported. 



Human research in musculoskeletal prolotherapy 

Human studies have primarily been in 4 areas: low back pain, arthritis, ligament tightening, and sports.  

1.  Low Back Pain: In the treatment of low back pain there are four treatment comparison studies. 19-22   They are published as placebo-controlled studies, but the control group in all back studies involved needle contact with attachments of ligaments and tendons.   By injecting ligaments and tendons there is needle contact with cell membranes of connective tissue cells.  Disrupting cell membranes releases lipids which in turn cause signaling of fibroblasts.  In addition micro bleeding from needle contact is expected, and Edwards et al have demonstrated the potential healing effect of whole blood injection previously with injection of patients with recalcitrant tennis elbow.23


Despite better-than-placebo improvement in the control group the first two blinded studies of chronic low back pain (using phenol/dextrose/glycerine as active solution) demonstrated significant (p < .001)19 and near significant (p = .056) 20 evidence for superior effect of the inflammatory proliferant solution over saline needling (study one) and anesthetic needling(study two). These two studies were weakened somewhat by multiple simultaneous treatments, although the injection solution  was the only significant difference between the injection with proliferant and the simple injection groups.  Unfortunately the third21 and fourth22 blinded studies were hampered by technique issues, especially the third.  Study three was led by a chief investigator who did not know referral patterns for ligaments, excluded patients with leg pain,   and arranged for prolotherapy from another physician who was allowed to treat only areas that would treat leg pain rather than back pain.21   Study results clearly demonstrated the importance of examination and knowledge of ligament referral patterns, in that these patients who were injected in the incorrect areas with inflammatory proliferant did worse than the controls.  Study four showed an excellent design in general and showed substantial benefit to needling with proliferant (dextrose) and without proliferant both, even at 1 year followup, with no significant difference for the inclusion of proliferant solution.22  However incomplete injection method in this study was also present and likely affected the ability to demonstrate a difference between inclusion of proliferant and simple needling.     

The hope is that future studies on low back pain will include a near-placebo arm which avoids connective tissue contact or blood effects and that standard injection methods will be utilized.   In the treatment of low back pain, standard treatment methods are now taught in cadaver courses offered by the American Academy of Orthopedic Medicine. (www.aaomed.org)  An example of such a near-placebo would be needle insertion through skin without contacting bone or ligament.  Meanwhile consecutive patient studies with complete technique continue to support a high percentage of response to prolfierant injection in chronic back pain patients. 24  

2 . Arthritis:   Simple dextrose injection has been researched in several double blind studies on arthritis.  The reason why dextrose is of interest as a potential growth stimulant is related to  the effects of serum (and related tissue) dextrose (glucose) elevation in humans with the diagnosis of diabetes.  A variety of cell growth occurs in diabetic humans, and this includes retinal proliferation of blood vessels, mesangial cell proliferation in kidneys, and endothelial cell proliferation in blood vessels.   Table one lists major growth factors for both ligament, tendon, and cartilage.25  Cells in the animal or human body either produce the growth factors necessary for their own repair and multiplication or nearby cells do.  In vitro studies on human fibroblasts and chondrocytes show that glucose elevation to 0.5-0.6% (normal cell concentration is 0.1%) results in prompt and powerful stimulation of growth factor production by a variety of human cells, including fibroblasts and chondrocytes within two hours. 26-29   Table one demonstrates that the growth factors produced by glucose elevation are the same as those that stimulate ligament, tendon, and cartilage repair.  It is important to note that glucose elevation is not associated with production of disrepair factors or bone growth factors.  Glucose elevation in fact appears to elevate gremlin, an inhibitor to bone growth factor30 and to decrease levels of disrepair factors such as collagenase and tissue inhibitor of matrix metalloproteinase.31   

Double-blind placebo-controlled studies on glucose injection in arthritis have been conducted on large and small joints.  A large joint study was conducted on patients with knee osteoarthritis. 32  One hundred and eleven knees were injected with 9 ml of 10% dextrose at 0, 2, and 4 months. Knee pain had been present an average of greater than 8 years, <3 mm of cartilage remained on average, and 35/111 knees were bone on bone in at least one compartment.   The treatment thus amounted to injection of less than one ounce of 10% dextrose total over the 6 month period, and resulted in  35% reduction of pain, 45% improvement in swelling and a 67% improvement in knee buckling. Treatment solution was superior to placebo solution. (P = .015).   Knee flexion improved 13.2 degrees  (P <.0001) from baseline.  A small joint double-blind placebo-controlled study was conducted on finger osteoarthritis (OA). 33   Subjects were patients with OA of fingers by standard radiographic criteria34  and had pain for more than 5 years.   In this study symptomatic finger joints were injected with 1/4 to 1/2 ml of 10% dextrose on both sides of each joint at 0,2, and 4 months.  This resulted in a  42% improvement in pain and an 8 degree improvement in range of motion, with dextrose superior to bacteriostatic water in pain improvement (p = .027) and flexibility of joints (p = .003).   Note that in these studies a 10% concentration of dextrose was chosen, a concentration not shown to cause any inflammation, thus helping to ensure that clinical benefit was an effect of elevated dextrose but not from elevation of the inflammatory cascade.  This also ensured blinding accuracy since no inflammation post injection occurred.  

3.  Ligament Tightening: A pilot study on ligament tightening on humans was conducted by Ongley in which a Genucom knee apparatus was used to measure knee laxity in anterior drawer fashion.35  This was a very small study, but objective measurement of ACL excursion decreased from a mean of 9.4 mm to a mean of 6.2 mm.  A three year followup study of patients with ACL laxity treated with simple dextrose injection was published in 2003.36 All but 2 of the 16 patients also had symptomatic osteoarthritis with minimal or no residual cartilage.  All knees were machine measured on both sides with a KT-1000 arthrometer to determine a side to side difference, (termed ADD or anterior displacement distance),which is the definitive way to determine laxity objectively.   They were injected bimonthly with 10-25% dextrose solution for 1 year and then PRN for knee looseness or pain complaints until 3 year followup.  Ten out of 16 knees were no longer loose by machine measurement at time of follow-up.  In addition, despite advanced osteoarthritis, data showed a gain of range of motion of 10.5 degrees over the course of the study without other intervention , and a continuing improvement in pain and feeling of swelling and in knee laxity measures over the three year follow-up period.  (Fig 1) 

4.  Sports: The ability to demonstrate objective determine radiographic healing of sprain and strain is now available via high resolution CT and high resolution ultrasound.  The first case study has been published, demonstrating healing of a complete Achilles tendon rupture in a soccer athlete.37   Topol has recently submitted a consecutive patient prospective study involving 24 elite athletes (22 rugby and 2 soccer players) with >6 months chronic groin pain preventing full sports participation, non-responsive to therapy and graded sports reintroduction.38  Patients received monthly injection of 12.5% dextrose/0.5% lidocaine in adductor and abdominal insertions and symphysis pubis, depending on palpation tenderness. Injections were given until complete resolution  or lack of improvement for 2 consecutive treatments. A mean of 2.8 treatments were given.  Reduction in visual analogue pain scale for pain with sports was from a mean of 6.3 to 1.0 (P < .0001) and reduction in Nirschl pain phase scale was from 5.25 to 0.79.  (P < .0001)  22 of 24 athletes were unrestricted with sports at an average 17 months follow up, and 20 of 24 patients had no pain in the groin.   



Needling: A Cousin of Prolotherapy 

The power of traumatic needling was illustrated by Altay when he published a double blind study of steroid injection versus anesthetic in lateral epicondylosis in which 56/60 patients in the anesthetic group had excellent results defined as no pain, no loss of grip strength, and no pain with resisted dorsiflexion at 1 year followup.39   Also powerfully illustrated was that steroid did not blunt the healing response to traumatic needling as the group that received traumatic needling with steroid included did just as well.  Needling is not technically prolotherapy since the solution itself did not contain growth factors or growth factor stimulants.  However, earlier in this chapter we considered the effects of non-traumatic injection of blood to strengthen rabbit tendon even without trauma17 and the ability to benefit patients with lateral epicondylosis without trauma with blood injection.23   With trauma of tapping,  bleeding would be expected and thus traumatic tapping would be similar to injecting with blood.   One may ask why bother to include a proliferant in the solution if traumatic needling is so good?   The answer is found in practicality.  Areas that are larger in size may require sedation for aggressive tapping to be tolerated. Also, if small nerve branches are touched in the process of injection, additional trauma can occur if tapping is underway and not stopped at the first indication of an electrical response.

Specificity of Response of Ligaments and Tendons to Growth Factors

Chun et al published a critical observation that showed differences in fibroblast cell response in rabbit MCL and ACL ligament.40  Specifically rabbit MCL fibroblast cells respond substantially faster in terms of growth than ACL fibroblasts when exposed to TGF beta.  Tang et al illustrated the cooperative nature of injectants by demonstrating that in culture hyaluronic acid plus bFGF together had an additive effect on growth of both ACL and MCL ligament cells.41    These observations are critical as we look to the future, as we are treating a complex human body in which one treatment may work best for certain ligaments and not for others and in which combinations may be more effective than single components. Inexpensive approaches currently available such as  needling and dextrose stimulate a variety of growth factors simultaneously. 

General Indications for  musculoskeletal prolotherapy 

1.  Sprain/Strain: A sprain by definition is damage to a ligament and a strain is damage to a tendon.  The poor result from steroid injection in chronic sprain and strain is consistent with lack of evidence of inflammation as the primary or even a critical secondary pathology in most cases . Thus, many of the recommendations for the use of local corticosteroid injections in chronic sprain/strain do not rely on sound scientific basis. 42   Prolonged administration of non steroidal anti-inflammatory drugs (NSAIDs) is a common practice following musculoskeletal injuries, but without good scientific data on the effect of NSAIDs on tendon healing. Many cellular and subcellular events occurring during the inflammatory response lead to the release of a variety of growth factors that appear critical in the healing phase.  Thus, with respect to acute sprain/strain, there may be reason to avoid interfering with the body’s natural inflammation-induced fibroblast activation. Traditional and cyclooxygenase-2--specific nonsteroidal anti-inflammatory drugs have been shown to significantly inhibit tendon-to-bone healing in a study of rotator cuff repair in rats.43 The use of non-steroidal anti-inflammatory drugs (NSAIDs) to treat most muscle, ligament and tendon injuries should be limited until further scientific data are available. NSAIDs have, at best, a mild effect on relieving symptoms and are potentially deleterious to tissue healing. 44

In chronic sprain/strain, the connective tissue has lost strength and may be stretched out as well.  The usual best result of a completed natural repair process after significant injury is a return to normal connective tissue length but only 50 to 70% of pre-injury tensile strength. 45   Load bearing on an area of connective tissue which has insufficient tensile strength via acute or degenerative change will stimulate pain mechanoreceptors.46  As long as connective tissue remains functionally insufficient, the pain mechanoreceptors can continue to malfunction.47  When connective tissue becomes weaker, symptoms can unpredictably be noted, even with a few percent additional weakness.   The term for this change in tendon and ligament and joint capsule in which tissue becomes weaker and/or stretched out is “connective tissue insufficiency”.  

2.  Myofascial syndrome: The relationship of connective tissue insufficiency to myofascial syndrome is potentially critical.  Myofascial syndrome has been defined as “Pain and/or autonomic phenomena referred from active myofascial trigger points.” 48    A trigger point is defined as  “A small, exquisitely tender area in soft tissue, including muscles, ligaments, periosteum, tendons, and pericapsular areas” 49    “Mechanoreceptors in connective tissue are not only capable of triggering nociception but also can trigger myotendinous reflexes.” 47 These myotendinous reflexes would clinically be termed twitch contractions.  Also, since tendons fail fiber by fiber much as a frayed rope, and each fiber connects to a section of a muscle, connective tissue insufficiency can easily explain taut bands by reflex effects.  A twitch contraction from trigger points in ligaments or tendons can only be seen in nearby contractile tissue (muscle). This is why myofascial pain research has ignored connective tissue, with virtually all biopsy studies addressing muscular changes rather than looking at connective tissue pathology.   Since triggers in muscle may largely be secondary to primary triggers in connective tissue, trigger injection of muscles or myofascial releases will often have temporary benefit.   

3.  Arthritis.  Arthritis pain does not come from interarticular cartilage, which is aneural, but rather originates from the joint surface which has a thin cartilage layer, or the joint capsule, or other peri or intraarticular soft tissue structures.   Growth factors critical for cartilage growth have been previously described in Table 1.  One aspect unique to synovial joints, however, is that the levels of disrepair factors may be elevated and this may serve as a blocking effect to growth factors injected in such joints.   Indeed, studies have shown an elevation of collagenase up to 100 times normal and elevation of binding proteins up to 24 times normal in synovial joints. 50-51   Injection to elevate growth factor levels appears to be likely to benefit arthritis, depending on levels of interarticular binding proteins and collagenase.   

Patient Selection, Solution Choice,  and Complications

1.  Patient Selection: An eight week delay after injury before prolotherapy treatment is recommended to allow the body time to self-repair. If the patient is severely affected after sprain/strain, stopping the pain cycle prior to development of secondary complex pain syndromes has merit, and prolotherapy effectiveness in aborting conversion to chronic pain syndrome will be an important area of future research.    Reasons for earlier intervention than eight weeks may include previous chronic sprain/strain in a region such that spontaneous healing is not expected to be efficacious, or patient inability to work. 
Pregnant patients are not generally treated during the first trimester (except for focal peripheral joint issues,) and during the last trimester due to positioning issues.  Before initiating proliferation therapy, if inflammatory prolotherapy methods are to be performed, it is preferable to discontinue all nonsteroidal antiinflammatory drugs (NSAIDs) 2 days prior to treatment and 10 days subsequent to treatment.    However clinical benefit occurs in patients on regular prednisone, so taking antiinflammatories does not preclude treatment.  

2.  Solution preparation:  
Syringes or bags can be prepared using 1/4 volume of 50% dextrose, (IE: 3 cc in a 12 cc syringe) to make 12.5% soft tissue solution, or ½ volume for 25% joint injection solution.   Xylocaine percentage varies from 0.4 to .075 percent, depending on how large an area is injected.   Bacteriostatic water is recommended for the diluent.  Discarding single use containers at days end is recommended. Solution made in advance should be refrigerated.  Benzyl alcohol can be obtained from the manufacturer for large volume solution preparation if other than bacteriostatic water is used as diluent. 
Phenol is obtainable as a bottle from the manufacturer, allowing for small amounts to be added to 250 cc or larger volumes of 12.5% dextrose to convert solution to phenol/dextrose. Concentrations of 0.5 to 0.75 are alternatives to the 1.25% phenol concentration in the Ongley solution, remembering to keep the volume of injection low. The glycerine component function has not clearly been determined or studied individually.  Sodium morrhuate can be obtained, and comes as a 5% solution.  1-2 cc of this per 10 cc syringe makes a .5 to 1% concentration.  Again low volumes should be used in each injection aliquot if sodium morrhuate is in the solution.  


Except for the most experienced practitioner, phenol use should be avoided and usually for the first treatment it is best to establish how the patient handles low grade inflammation (dextrose 12.5%)  prior to stronger inflammation attempts.   In patients with central hypersensitivity who will misinterpret post-injection soreness, a gentle proliferant is recommended.  In extreme cases, use of the non-inflammatory 10% dextrose solution used in double blind studies on arthritis may be preferable.  

3.   Complications: The most common complication is an exacerbation of pain that lasts 2-7 days following the injection session.   If pain persists beyond this time, residual ligament or tendon trigger points may be present, excess volume injection may have occurred, or a stronger proliferant may have resulted in an overreaction in central hypersensitivity.   A superimposed inflammatory process may also be present which would potentially benefit from NSAID use and/or rarely from steroid injection.   Avoiding anaphylaxis is imperative.  The risk of this is real with sodium morrhuate even when shellfish allergy is not recalled by the patient..  Methyl paraben free lidocaine and methyl paraben free bacteriostatic water are recommended as diluents, and the usual caution with latex allergies.  Epinephrine should be readily available, preferably pre-drawn.    Injections around the thorax can lead to pneumothorax, although with proper technique this is rare.  (Estimated at 1 in 10,000 insertions over ribs).  Injection into a vertebral artery is avoided by aspiration with lateral neck injection and with injection about the base of the skull in the deepest row.  However injection in a vertebral artery is safe when dextrose solution contains the equivalent of less than 3/4 ml of 1% lidocaine.52   Inadvertent Intrathecal injection of phenol greater than 1% concentration can cause inflammation of the spinal cord.  This appears to be very rare, and symptoms are primarily temporary.   Note that intrathecal infiltration in the cases in question occurred despite fluoroscopy, and is another reason to avoid phenol about the facet ligaments unless limiting concentration to 1.25% and very small volume at a time (0.5 cc) and only with the most experienced physicians.  Other local nerve trauma may occur despite good technique, because of the nearly ubiquitous presence of nerve fibers.   No cases of permanent dysesthesia have been reported, even from mixed somatic nerve block with phenol.53  However, to minimize dysesthesia time and preserve good range of motion, aggressive treatment of any neuralgia is recommended.


The risk of joint infection with proliferant injection appears to be no more than that with steroid injection, which is generally regarded as approximately between 1/10,000 and 1/50,000. 54-55  This compares to a post-arthroscopic joint sepsis risk of as much as 1/200,56 and a rate of joint sepsis after a total joint as much as 1/100.57-58  Skin prep is advised, either with chlorhexidine or betadine or alcohol. Trigger injection of multiple locations, with or without proliferant included, is typically given using a single needle.  If the needle and syringe are to be set down between injections it is recommended that a bacteriostatic or bacteriocidal surface be available.  


Another issue, due to interventionalists performing prolotherapy more often and their preference for fluoroscopic guidance, is whether fluoroscopic guidance is necessary.    Since the proliferant solution spreads, it is not necessary to use fluoroscopy for prolotherapy pinpoint precision is not necessary.  In addition for more extensive cases, especially when conscious sedation is given, fluoroscopy will slow the treatment enough that conscious sedation time would be prolonged which is inadvisable.  With or without fluoroscopy the injector needs to be aware of the anatomy of the bony skeleton and practice appropriate depth injection for the bony landmarks in question.  Fortunately, prolotherapy is often a regional treatment in which one bony landmark assists in recognition of the next. The common guiding factor is the one never injects unless one touches bone first unless one is injecting into a joint.  Other than the spinal cord, most structures such as nerve to be aware of, must be learned anatomically rather than avoided by fluoroscopy. The most serious complications this author has seen were those that occurred from the treating physician assuming he was in a safe location by fluoroscopy and then injecting more than the recommended dosage of a phenol containing solution in one location. 

Commonly Resistant Pain Conditions Amenable to Prolotherapy 

TMJ Syndrome 
This condition in isolation is addressed very simply with interarticular injection.  Bruxism is considered to be a reflexive phenomenon by this author.  This opinion is bolstered by a typical immediate elimination of bruxism after injection at least for a period of time, likely as a  result of neurologic (reflex) effects of the distension itself.   The goal, however, is to tighten ligaments and joint capsule to allow the jaw to find a position of rest.   With the patient’s mouth closed and teeth not clenched (closed-mouth approach), the physician palpates the zygomatic arch adjacent to the condylar process of the mandible with a finger of the injecting hand.   A 1 inch 30 gauge needle or 1-1/4 inch, 27 gauge needle is inserted 1/4 inch inferior to the apex of this palpable structure, felt as a semicircle.  (Fig 2)   The needle is advanced about 3/4 to 1 inch, and ½ ml of 25% dextrose solution is injected unless the sensitivity is severe in which case as little as 10% dextrose can be injected. 

Arthritis of shoulder:   Interarticular injection is with a typical posterior approach.  (Fig 3)  The needle insertion point is 1 full cm inferior to the posterior angle of the acromion, with needle directed superiorly at about 30 degrees and on line mediolaterally with the coracoid process or medial to that with a 1-1/2" needle.  Five cc of 10-25% dextrose is sufficient here.  If needle contact with bone is felt, this is usually because the needle is not aimed far enough medially. 

Rotator cuff injury: Symptoms can be minimized, even with a full tear, by interarticular 10 to 25% dextrose, but definitive surgical repair should not be delayed with a complete tear if patient is a candidate.  Sprain without tear is another matter and is quite amenable to prolotherapy.     Injection of the posterior cuff starts with outlining the palpable scapulae with arm in internal rotation, resting at the patient’s side. (Fig 4) The teres major and minor origin are injected along the lateral edge, injecting medially to be certain to touch bone and then redirecting the needle be coming out nearly to skin surface and redirecting to the very edge of the scapula. (Also described as “walking off the bone”), but the needle must come out mostly before redirection to avoid having a needle follow the previous tract. (Fig 5)  If painful to palpation, the posterior humeral attachments of the infraspinatus and teres minor are addressed. (Fig 6)  The infraspinatus bulk commonly requires injection, with numbness or pain radiating as far as the hand. (Fig 7)  The supraspinatus insertion can be injected from a superior approach or a lateral approach but often interarticular injection is sufficient to eliminate symptoms from the supraspinatus.   Anteriorly the pectoralis and subscapularis insertions are injected in several rows along the anterior humerus, typically with hand palm up.  (Fig 8) 

Biceps tendinitis(Tendinosis):  The subscapularis, coracobrachialis, and pectoral insertions are often sources of anterior shoulder pain mimicking bicipital tendinosis. The subscapularis and pectoralis major insertions sites are injected with the shoulder in external rotation to expose the anterior insertions as above.  (Fig 8)    Injection is given in two to three rows over the proximal 3-4 inches of the anterior humerus.   Coracobrachialis and pectoralis minor insertions are injected vertically down onto the coracoid process.  

Shoulder bursitis/Shoulder laxity: Injection into the subacromial bursa is accomplished with needle entry 1/4 inch below the acromion and with a slightly cephalad angulation. (Fig 9) As long as fluid goes in easily, fluid will be effectively entered into the space.   This space is one where inflammation is the underlying cause of pain in a number of cases, and steroid injection is a reasonable initial choice for the injectant.   However, with recurrent symptoms, the key is finding the source of subacromial dysfunction.  If the shoulder capsule is lax in either anterior or posterior portions, abnormal motion with use will lead to impingement, perpetuating the syndrome.  Therefore, the anterior capsule is infiltrated from the anterior aspect, inserting the needle 1 cm lateral and 1-2 cm inferior to the coracoid process tip and injecting several times in a vertical line. (Fig 10)  This is best done with the palm up to keep the arm in external rotation.   The posterior capsule is easily addressed by injecting the rotator cuff posteriorly. (Fig 11)   Typically ½ ml each is injected in 4-6 locations.  

Tennis elbow :  Proliferation treatment of medial and lateral epicondylosis is preferable to use of steroids, and is best performed early, prior to the development of prominent disorientation of tissue common with this disorder.  Abundant tapping and low volume (3-4 cc total) gentle proliferant are recommended to avoid excess inflammatory effect, particularly with the first treatment.  In lateral epicondylosis the common extensors are injected starting at the supracondylar ridge, with injections also medial to the condyle (Fig 12), down onto the radial head ligament and directly onto the condyle as tender.  Exercise caution to position needle prior to injection when injecting medial to the condyle and in the supracondylar lesion, as temporary radial nerve palsy can be created via nerve trauma. The usual precaution of waiting to inject until bone contact is made is recommended.   A pronation position of the forearm is advised to minimize any potential nerve contact issues. 

Golfer’s Elbow   Similar spread of fluid about the medial epicondyle is recommended for medial epicondylosis with 3 insertion points,  but on the distal insertion aiming back toward the condyle do not go too far posteriorly to avoid traumatizing the ulnar nerve. (Fig 13)

Pseudo DeQuervain’s /Sprained wrist   In this author’s experience a chronic wrist sprain of the radial wrist is often misdiagnosed as DeQuervain’s stenosing tenosynovitis. If results are not excellent with first dorsal compartment infiltration with steroid, a switch to connective tissue treatment is recommended.  In typical chronic wrist sprain treatment, injection is usually not just in the vicinity of the radial collateral ligament, (Fig 14) but also is across the dorsal aspect of the wrist where tenderness is palpable with ligament stretch by finger pressure. (Fig 15)   

Finger joint sprain/ Finger arthritis: Metacarphangeal (MCP) injection for painful  function is performed by entering over the palpable joint line with the MCP in about 70 degrees of flexion, applying a little distal traction for joint separation and entering with about a 20 degree distal inclination. (Fig 16) Proximal and distal interphalangeal injections are from a lateral approach and medial approach, approximating the joint line. (Fig 17)  This results in capsular infiltration rather than joint infiltration which is quite adequate and results in diffusion into collateral ligaments which is productive as well, as painful joints often have mediolateral laxity.   Injection slightly above midline (slightly dorsal) is better to minimize contact with digital nerves.  A special joint to consider is the trapeziometacarpal (CMC) of the thumb, which tends to have some inflammation baseline, and a small amount of steroid may need to be included in the injection for patients in which a small amount of 25% or 12.5% dextrose flares their pain.  Use thumb orthoses as necessary to minimize repetitive stresses as needed.   Injecting in circle about the CMC may be more effective, (Fig 18) and is advocated by some to address capsular attachments more thoroughly, but the total load within the joint should be limited to 1 ml maximum to minimize post injection discomfort.   

Bursitis of hip: Although again this area has an inflammatory mediation of pain and may benefit from an initial steroid injection, (Fig 19) shows marks in several lines about the trochanter, going down the leg.  Treating the entheses to strengthen them addresses the bursitis, which is probably secondary to muscle dysfunction. 

Hip arthritis: Injection of the hip is conducted from entries along a semicircle about an inch away from the trochanter. (Fig 20) Injection is conducted both vertically and proximally and distally, altering angle of attack to inject proximal attachments of hip ligaments and distally for distal portion, and infiltrating the hip capsule in between.  

Leg cramping/Medial knee pain/Anserine bursitis/Feeling of unstable knee:   Sensory input from medial attachments about the knee appear to be critical for a feeling of knee stability.  Irritation of adductors or hamstrings appears to result in a feeling of untrustworthiness upon weight bearing, and results in cramping in the thigh or calf at rest and can contribute to restless leg syndrome.   Injection of steroid in the anserine bursa is rarely utilized by this author, because injecting the hamstring insertion injection with dextrose resolves the medial pain without need for steroid in over 90%  of cases.  The thigh adductor insertions and vastus medialis insertions are injected from a semicircle about the medial condyle of the femur (Fig 21) and the hamstring insertions from several rows oriented vertically below the knee articular line. (Fig 22) This can most easily be done with the knee bent and leg in external rotation resting on the examiner’s bent leg.     

Knee laxity/Arthritis of knee/Knee pain The collateral ligament origins and insertions are injected when painful and the coronary ligaments as well. Most knee interarticular ligaments will respond nicely, however, to a simple interarticular approach either inferomedially or inferolaterally with 4-6 ml of 12.5% to 25% dextrose. (Fig 23)  The latter dextrose concentration is stronger, but if interleukins/metalloproteinases are high in the joint, a steroid injection may be needed or followup of 10% dextrose used with a small amount of steroid (IE one tenth the usual dose). Insertion is along the line of the femur superoinferiorly and the mediolateral direction aims for what would be the estimated joint center.    In some patients there may be a membrane separating the tibiofemoral from infrapatellar joint such that chondromalacia patients or anterior compartment patients may merit infrapatellar injection of 3 cc of 12.5 to 25% dextrose.  This injection is about 1/4 inch off edge of patella with patella pushed away if feasible to open the space underneath, using a 45 degree angle from vertical to table and entry depth of about 3/4 inch due to the rhomboid shape of the patella.

Achilles tendinosis: Achilles tendinosis is injected as painful over the entire length from calcaneus to muscle belly. (Fig 24) (Fig 25)   Proliferants with no inflammation nor low grade inflammation (10 to 12.5% dextrose) are recommended for this injection since there is a low grade inflammatory component in some cases.  Injection is from both medial and lateral aspects,  inserting gently through the skin and advancing until slight resistance to inject about the peritendinous area.  Entering the tendon is not an issue, however,  as with steroid injection, since proliferation, not weakening, is the expected result.  

Repetitive ankle sprain/Chronic pain post ankle sprain:   Nociceptive limits from excess connective tissue length appear to related to repetitive tendency to roll the ankle in especially, predisposing to repetitive sprain/strain. Injection of the distal tibiofibular ligament, anterior talofibular, calcaneofibular and posterior talofibular ligaments is performed via a semicircle about the lateral malleolus, aiming superiorly and inferiorly to infiltrate both the origins and insertions. (Fig 26) The subtalar joint is helpful to inject as well, as its interosseous ligaments appear to be of significant importance in chronic pain.  The injector will drop into the subtalar joint almost invariably during the above semicircle injection. (Fig 27)   Injection of the medial ankle is similar, with palpation revealing tenderness in the tibionavicular, tibiotalar, and tibiocalcaneal portion.  

Plantar ligament sprain/Posterior tibialis strain: Arch sprain typically involves both  spring and plantar ligaments.  Although single medial insertion techniques are available, it is more reliable for the usual injector to utilize a 27 gauge 1-1/4 inch needle and separately inject the spring and plantar ligaments. (Fig 28) (Fig 29) It is a common experience that some patients benefit from steroid injection initially, but if a patient presents with recurrent pain, staying with a gentle proliferant such as 10% dextrose may be best to help weight bearing not to be unfavorably affected post injection and to avoid the need to go back in with steroid. A medial arch support is recommended to also avoid overuse post injection.  The posterior tibialis is usually injected vertically onto its primary insertion on the navicular.  (Fig 30) 

Metatarsalgia/Morton’s neuroma/Arthritis of toes/Hallux valgus: Metatarsalgia relief by footwear is recommended of course, but elimination of symptoms appears to require addressing connective tissue insufficiency about the metatarsophalangeal joints.  Injection for this is from the dorsum of the foot with the toes flexed. Injection can be both distal to the bony prominence felt with toe flexion and proximal, since both joint and capsule injections are beneficial.   A 27 gauge needle is typically used although as little as ½ inch of needle length may be adequate. (Fig 31)     Entering the joint is not critical as injection under the joint capsule appears to give equivalent result.  Morton’s neuroma appears to relate to irritation from instability of the metatarsal row,  and simple metatarsal injection from the dorsum relieves pain that would otherwise lead to surgery in this author’s experience.    Injection over Hallux valgus can also address pain from a commonly associated mediolateral laxity but does not correct the valgus. 

Pseudo costochondritis: For medial chest pain, palpation typically  localizes pain over an entire row of chondrosternal ligaments or medial pectoralis origins. (Fig 32)   Injecting that row with a 27 gauge 1-1/4 inch needle starting 1 inch from midline and aiming 30 degrees toward midline of body from vertical, addresses the entire row.  

Groin pain/Osteitis pubis/Dyspareunia: These common maladies are addressed from an anterior approach only except for the latter.   Anteriorly the symphysis pubis and adductor insertions are treated, depending on palpation tenderness. (Fig 33)  The symphysis pubis is injected vertically at a depth of 2-4 cm., and then the top of the lower pelvic rim is injected as painful at 1 cm intervals, covering pectineus and pyramidalis insertions and abdominal muscle insertions.  For ischiopubic ramus injection (adductor origins) the patient lays supine with their opposite leg extended and injected-leg foot touching the medial border of the other knee. (Fig 34)  The needle direction is at 90 degrees to skin surface and starts at the palpable ischial tuberosity.  Injection sites  follow essentially a straight line in ventral direction.  Typically this injection method utilizes a 2 inch 25 gauge needle.  These injections address adductors magnus, brevis, and longus origins, and the insertion for the rectus abdominis (on pubic tubercle).  In addition the gracilis and obturator externus origins are close enough to the adductor attachments to expect solution spread to affect them as well.   When pain with intercourse is a complaint of the patient, the posterior pelvic floor is the common source and is addressed effectively by using good antisepsis, and injecting in a vertical/lateral direction along the ischiopubic ramus from a posterior direction.   (Fig 35) 

Pseudo carpal tunnel syndrome/Pseudoradiculopathy /Pseudo RSD:  In the absence of corroborating reflex changes, motor changes, or dermatomal findings of radicular nature  with MRI correlation, connective tissue should be suspected as a very frequent source of radiating numbness of unclear mechanism, but it should be noted that not only referred numbness but also autonomic changes can occur as a result of trigger activity in connective tissue.  Chief culprits for radiating numbness into the hand include the infraspinatus and teres, common wrist extensors at the elbow, pectoralis and subscapularis, cervical paraspinals, and sometimes even costotransverse ligaments. 


Upper back pain: Positioning for injection is important to allow comfort for upper back, neck and base of head and shoulder injections. (Fig 36)  Key ligaments are costotransverse and facet ligaments for interscapular pain.  A non-indenting technique is preferred by this author as this method allows the treating physician to know exactly how far from skin surface the needle is going which is useful for ribs which cannot accurately be palpated, and works for patients in excess of 300 pounds.   This method begins at about T5-6 where the ribs are most superficial.  (Fig 37)  Use of a short (IE ½-1 inch) needle is recommended, palpating, inserting, and searching at ½ inch depth with 5-10 degree angulation changes of the needle.  Redirection is performed by coming out nearly fully to avoiding bending of the needle and then reinserting at different angle.   If the rib is not found, re-palpate if rib is palpable, and then reinsert and search again with a 1/8 inch-1/4 inch increase in depth.   Repeat the process until the rib is found.   Because of the many re-angulations attempted at each depth, it appears very difficult to pass the rib.  (See complication section) 


Once the most superficial costotransverse ligament (CTL)  is found, mark that rib, and use that depth to find the other levels.  Note that depth increases about 1/4 inch at about T1 level and similarly at about T12 level in an average size patient..  Slowly increasing the length of the needle may be helpful to the physician.  At each level, insert to a level known to be safe from previous rib, and if the rib is not touched, search in a similar manner to that described above.   This method is used for both costotransverse ligaments and iliocostalis thoracis, commonly involved in upper back pain and with referral pain as far as the hand or up into the head.  Note in this picture there is an additional line present.    Thoracic facet ligament injection depth is usually about ½ inch deeper with needle directed slightly medially. (Fig 38) Note the inner row is the multifidi injection row which may not be utilized unless facet ligament and costotransverse ligament injections are inadequate.   The multifidi can also be easily injected from the same row as the facet ligament row, but aiming more medially.   For each injection a finger is on the spinous process, ensuring that the distance from midline stays at about an inch and ruling out or compensating for scoliosis.  Injection of interspinous ligament at thoracic levels is often reserved for initial lack of adequate response to more lateral injection.  (Fig 39) Supraspinous injection is similar and often both inter and supraspinous ligaments are addressed along with multifidi insertions for patients with clearly medial more than lateral pain. 



Injection of the posterior superior trapezius is facilitated by bringing the arm up such that the elbow is even with the shoulder. This elevates the clavicle such that the posterior superior trapezius insertion can be injected posteriorly.   Insertion can at 90 degrees to the plane of the table but then angling laterally is advised to find the clavicle with the least distance traveled, aiming just under a palpating finger on top of the clavicle. (Fig 40) Approximately 3 insertion points are used to cover the lateral 2 inches of the lateral clavicle.  For the rhomboid and levator scapulae injection the patient’s arm is either resting with shoulder in internal rotation on their back, or on the leg of the examiner, and usually both. (Fig 41) If this position is uncomfortable, the arm can be injected with arm down by side or even off the side of the table.  The reason the scapulae appears lateral compared to the line of needle insertion is that when the arm is laid down to the side after rhomboid/levator injection, the scapulae moves and needs to be re-marked.  Levator scapulae injections are above the spine of the scapula, traveling up medially to the scapular tip. (Fig 42) Depth for this about ½ inch deeper than that for the rhomboid injection.

Neck pain: 
The depth of the costotransverse ligament at T1 approximates the depth for injection of the posterior cervical vertebral body at C7 laterally and medially. (Fig 43) Injections are typically along a line to evenly distribute the proliferant.  At cervical levels the needle is directed about 10-20 degrees inferiorly to avoid any possibility of passing between vertebral bodies.  The top level injected is C2.  This is recognized by palpating the posterior spinous process of C2, which is palpated about 1 cm below the base of the skull. 


Attachments of the scalenes to the cervical tubercles appear critical in patients with lateral neck pain or autonomic dysfunction symptoms (Posterior cervical sympathetic syndrome or Barre-Lieou Syndrome) with symptoms previously labeled as hysterical such as intermittent blurry vision, intermittent hearing loss, ringing in ears, dysphagia, vague off balance sensations, or tendency to fainting.  A simple technique for lateral injection is available which appears to be as effective as touching each tubercle.  This is done by starting at C5 on a line between the anterior most portion of the ear and midline in the neck. (Fig 44)  Needle entry is typically about 3/4 inch or until an electricity sensation is felt with needle insertion or bony contact is made.  (Bony contact or electricity both indicate that the needle is at least at tubercle level)   The injections are then made at that same depth in 5 total locations on a line starting 2 finger breaths between the mastoid process and 3 finger breaths above the clavicle.  This then amounts to an exception to the “inject only when bone is felt” rule which is used for all injections except into joints with proliferant.  Aspiration is recommended before injection at each level.   This injection does require that anesthetic concentrations be kept low since bony contact is not necessarily made and intravascular infiltration can still occur.  

Headaches: Multiple sources of headache pain have been described already, including trapezii, TMJ, scalenes, levator scapulae, or cervical paraspinals.  Chief among causes of musculoskeletal headache, however, are the entheses at the base of the skull, including  rectus capitis, semispinalis, and splenius capitis.   Marks for insertion are made on a line across the width of the neck about 1 finger breadth inferior to the base of the skull.  (Fig 45)  Entry at that level is about C2 spinous process level, with needle directed superiorly to touch skull at about 1 inch.  After some infiltration of fluid, the physician then redirects caudally to feel the needle deepen to about 1 and ½ inches to touch the deeper rows. (Fig 46) An injection here may inadvertently get the vertebral artery, so aspiration is recommended prior to injection, and/or use of a low concentration of anesthetic (0.1- 0.25%) so that intravascular infiltration is of little concern.   The rectus capitis row should not be missed.  Four insertion points are typically used on each side, beginning about ½ inch from midline to avoid midline injection.  The more distal base-of-head insertions are injected in two rows about ½ and 1 inch above the first row, with a 1 inch needle typically satisfactory.  (Fig 47) (Fig 48)   

Low back pain:   Acute and chronic back, hip, buttock, and lower extremity pain can often be attributable to referred pain from trigger points within ligaments or tendon structures around the sacrum or lumbar spine.  Failed back syndrome from surgery may be due to instability of ligament and tendon structures.  Chronic pain from osteoporotic fractures can be due to traumatic laxity of spinal ligaments with pain from the facet and costotransverse ligaments or longissimus muscle attachments.  Thorough palpation is necessary to identify abnormal ligaments that appear to be painful, keeping in mind that the SI ligament is deeply situated and may not be palpably painful. 

For injections in this area, anatomic localization can be difficult.  For that reason, placement of a needle vertically is helpful, (Fig 49)  as the most common error is misjudging the top the iliac crest, thinking it is up to 2-3 cm higher than actual.  Once the top of the iliac crest is localized, keeping in mind that the tip of L5 transverse process is below the top of the iliac crest, vertically place the needle to a depth of about 1/4 inch deeper than the iliac crest height and 1/4 inch below the marked top of the iliac crest.  (Fig 50)  This will touch or be close to the L5 transverse process.  Then, depending on tenderness, the transverse process of L4 through L2 are injected.  (Fig 51)  This author prefers to inject fairly vertically for L4 and L3 to get a good idea of distance from midline, using the same depth as for the L5 transverse process and entering about 1 and ½ inch from midline.   L2 does not stick out as far and 20 to 30 degrees medial angulation will allow it to be contacted.  Depth is the same for L5 and L4, with transverse process depth of L3 and L2 shallowing about 1/4 inch or more.  However, with medial angulation of the needle, they may not appear to be more shallow.  It may be wiser to depend on solution spread to travel from L2 to L1 to avoid any pneumothorax risk, due to a not-infrequent error by novices of misjudging the top of the crest.    The facet ligament regions are injected similar to those in thoracic and cervical regions with a slight inferior and medial direction of needle, (Fig 52)  entering from 1 inch lateral to spinous processes. The point of contact is typically medial to the facet joints with this, and diffusion is utilized to reach the facet joints themselves.  It is not established that fluoroscopy with direct facet injection is necessary.  After facet ligament injection, the top of the sacrum is usually injected and a needle is chosen that is short enough (IE: 1-1/2 inch) such that the epidural space cannot be entered. (Fig 53)   The medial sacrum is part of the origin of the sacroiliac ligament and can be injected in areas of tenderness. (Fig 54) However, these injections enter 3/4 inch from midline and angulate 30 degrees medially to avoid entering a sacral foramina.  Sacroiliac and iliolumbar ligaments attachments are injected entering about 1 and ½ inches away from the iliac crest, which by now has been localized by needle superiorly and by palpation medially. (Fig 55)  Several re-directions are needed to cover thoroughly the medial ilium and deep SI and IL ligaments, but as long as the needle is directed laterally, these injections are quite safe. ( Fig 56)  The physician will often feel the needle slip into the SI joint and that area is beneficially injected as well. However, as with other joint injections, capsular injection does about as well.   The volume of injection is typically 2 cm with each needle insertion but that is spread between 3-4 individual areas with needle redirection.  

Sciatica: In the posterior gluteal region, multiple ligaments and muscular attachments are potential radiating pain generators.  Groin or inferior abdominal pain is often from the iliolumbar ligament, pain to the great toe is often from the hip articular ligament, and SI ligament and gluteal attachments can refer pain in a variety of directions into the leg.  The lower portion of the SI ligament under the posterior superior iliac spine (PSIS) is injected commonly, and this area is often responsible for posterior leg pain. (Fig 57) This injection covers the area between the tip of the lower PSIS and the point of bone fall off in the sciatic foramen.   Posterior leg pain is also commonly from sacrospinous and sacrotuberous ligament attachments to the edge of a sacrum, which are injected with an emphasis on being sure to touch bone before walking off the edge of the sacrum. (Fig 58)  Keep in mind that this needle can be 1½ inches long or less, with an emphasis on less for thin patients.  One must make sure they first are on the sacrum before walking off the edge of the sacrum.   Bowel puncture, although never reported, should be avoided by first starting medially to be certain of bone contact and depth needed.   Insertions in the gluteal bulk over the entire gluteal origin can be helpful, and is typically along several lines to ensure rather even coverage. (Fig 59)   For piriformis syndrome the critical entheses is thankfully the attachment on the posterior trochanter, injected vertically, keeping in mind to not inject until bone contact since the sciatic nerve passes fairly close to the lesser trochanter in its route down the leg. (Fig 60)   For success the  inferior SI ligament is usually addressed, and often the SI joint proper since it can imitate posterior leg pain.   Note also that if patients still have pain when sitting, the gemelli can be culprits.  Both chronic hamstring sprain and gemellar sprain/strain are addressed proximally by direct vertical injection down onto the ischial tuberosity posteriorly (Fig 61).  Then several injections are given, with entry points along the back of the ischium toward the ischial spin.  Bone touch before injection is again particularly critical here, since the sciatic exits the pelvis through the greater sciatic foramen just above the ischial spine. 






Conclusion 


Trigger injection that contacts bone or connective tissue may cause proliferation from cell membrane disruption or bleeding, but prolotherapy is specifically injection to create growth of normal cells or tissue. The literature on low back pain treatment with proliferant injection is complicated by multiple simultaneous treatment methods, technique issues, and control groups that were actually active treatment groups only due to injection effects, but results of ligament/tendon injection are substantial and lasting even without proliferant.  Double blind studies have occurred in arthritis with significant results, tightening of loose ligament (ACL) has been demonstrated, initial sports studies look favorable, and a variety of growth factor based proliferants are being studied and other basic science and clinical studies are underway.    The use of current high intensity ultrasound imaging will soon provide many radiographic demonstrations of sequential healing from simple dextrose injection and will be applied to other proliferant solutions as well.   Future studies on growth factor use should include low cost (growth factor stimulation) options as well as high cost (primary growth factor application) options to determine cost efficacy factors.  Prolotherapy is expected to offer a unique, vital and inexpensive role in the field of sprain and strain, arthritis, and chronic pain. For further information the web site of the American Academy of Orthopedic Medicine is particularly useful.   (www.aaomed.org)   
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Table One: Growth factors associated with ligament, tendon and cartilage repair and proliferation compared to those growth factor produced by cells exposed to elevated dextrose levels (0.4 to 0.6%)   
Growth

Factor   (GF)
Ligament and Tendon GFs
      Cartilage 

         GFs
     Dextrose

          GF 

       Effects

PDGF
       Yes
         Yes
        Yes

TGF-$
       Yes
         Yes
        Yes

bFGF
       Yes
         Yes
        Yes

IGF
       Yes
         Yes
        Yes

CTGF

         Yes
        Yes

Fig 1: Percentage improvement in walking pain, swelling and joint laxity measure (KT1000 ADD) at 6, 12, and 24 months.   





LEGENDS (Note for all injections depicted expect joint injection, needle contact is always on bone at the time of the photograph) 

Table 1:  Growth factors associated with ligament and tendon healing and those that elevate with cellular exposure to dextrose 0.5%.

Fig 1:  Fig 1: Percentage improvement in walking pain, swelling and measurable joint. laxity (KT1000 anterior displacement) difference at 6, 12, and 24 months.

Fig 2: TMJ injection with 30 gauge needle 1 inch needle. 

Fig 3: Glenohumeral injection with 25 gauge 1-1/2"needle.

Fig 4: Positioning from rhomboid and levator scapulae injection.

Fig 5: Injection of teres major/minor origin with 25 gauge 1-1/2" needle. 

Fig 6: Injection of infraspinatus/teres minor insertion with 25 gauge 2" needle.

Fig 7: Origin of Infraspinatus injection with 25 gauge 2" needle. 

Fig 8: Injection of pectoralis/subscapularis insertions with 25 gauge 2" needle.

Fig 9: Subacromial bursa injection with 27 gauge 1-1/4" needle. 

Fig 10; Anterior shoulder capsule injection with 25 gauge 2" needle. 

Fig 11: Posterior shoulder capsule injection with 25 gauge 2" needle.

Fig 12: Common wrist extensor injection with 27 gauge 1-1/4" needle.

Fig 13: Common wrist flexor injection with 25 gauge 1-1/2" needle. 

Fig 14: Radial collateral ligament injection with 27 gauge 1-1/4" needle.

Fig 15: Injection of radio/ulnar articulation with first carpal row using 27 gauge 1-1/4" needle. 

Fig 16:MCP injection with 30 gauge 1" needle.

Fig 17: PIP injection with 27 gauge ½" needle

Fig 18: CMC thumb injection with 27 gauge 1-1/4" needle.

Fig 19: Tensor/gluteal injection with 22 gauge 3" needle. 

Fig 20: Hip capsule/hip injection with 22 gauge 3-1/2" needle. 

Fig 21: Distal adductor/medial collateral ligament origin injection with 22 gauge 2" needle. 

Fig 22: Hamstring insertion and soleus origin injection with 22 gauge 2" needle. 

Fig 23: Medial tibiofemoral joint injection with 27 gauge 1-1/4" needle. 

Fig 24: Achilles tendon sheath injection with 27 gauge 1-1/4" needle. 

Fig 25: Distal Achilles tendon insertion injection with 27 gauge 1-1/4" needle. 

Fig 26: Posterior calcaneofibular ligament injection with 27 gauge 1-1/4" needle. 

Fig 27: Anterior talofibular ligament/sinus tarsi injection with 27 gauge 1-1/4" needle. 

Fig 28: Spring ligament injection with 27 gauge 1-1/4" needle

Fig 29: Proximal plantar ligament injection with 27 gauge 1-1/4" needle. 

Fig 30: Posterior tibialis insertion injection with 27 gauge 1-1/4: needle 

Fig 31: MTP injection with 27 gauge 1-1/4" needle.

Fig 32: Chondrosternal ligament/medial pectoralis injection with 27 gauge 1-1/4" needle. 

Fig 33: Injection abdominal attachments/symphysis pubis capsule with 25 gauge 1-1/2" needle. 

Fig 34: Adductor origin injection with 25 gauge 2" needle. 

Fig 35: Posterior pelvic floor injection with 22 gauge 3-1/2" needle 

Fig 36: Positioning for back injection (Optimal for neck, upper and lower back injections)

Fig 37: Costotransverse ligament injection using 25 gauge 1" needle 

Fig 38: Facet ligament injection using 25 gauge 1-1/2" needle. 

Fig 39: Interspinous ligament injection with 25 gauge 1-1/2" needle. 

Fig 40: Posterior superior trapezius injection with 25 gauge 2" needle. 

Fig 41: Injection of rhomboid insertion with 25 gauge 1"needle. Note scapular markings are made with arm at side, but for this injection patients arm is elevated on examiner’s leg so the medial border of the scapula will be medial to marks made with arm at side. 

Fig 42: Levator scapulae injection with 27 gauge 1-1/4" needle. 

Fig 43: Cervical intertransversarii injection using 25 gauge 1-1/2" needle.

Fig 44: Scalene insertion infiltration with 27 gauge needle. 

Fig 45: Marking base of head for base of head injection sites (C2 level for skin puncture) 

Fig 46:   Injection of deep attachments base of skull. (IE rectus capitis) with 25 gauge 2" needle. 

Fig 47:   Base of head 2nd row injection with 25 gauge 1" needle. 

Fig 48: Top base of head injection with 25 gauge 1" needle. 

Fig 49: Finding top of iliac crest for orientation to lumbar spine using 25 gauge 2" needle. 

Fig 50; L5 transverse process mid portion injection with 25 gauge 2" needle. 

Fig 51: L3 transverse process injection with 25 gauge 2" needle. 

Fig 52: Lumbar facet ligament injection with 25 gauge 2: needle. 

Fig 53: Top of sacrum injection with 25 gauge 1-1/2" needle. 

Fig 54: Medial SI ligament origin injection with 25 gauge 1-1/2" needle. 

Fi g 55: Injection top of ilium using 22 gauge 3-1/2" needle, anticipating diffusion to iliolumbar ligament. 









Fig 56: Medial posterior SI ligament injection using 22 gauge 3-1/2" needle. 

Fig 57: Interior posterior SI ligament injection with 22 gauge 3-1/2" needle. 

Fig 58: Sacrospinous/sacrotuberous ligament injection with 22 gauge 2" needle. 

Fig 59: Mid gluteal insertions on ileum with 22 gauge 3-1/2" needle. 

Fig 60: Posterior trochanter injection using 22 gauge 3-1/2" needle. 

Fig 61: Gemellar origin injection using 22 gauge 3-1/2" needle. 
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