
R

F

a

b

M
c

d

S
p
i

o
a
c
t
p
i
t
t
u
g
l
a
a
l

e
b

M

1
d

Techniques in Regional Anesthesia and Pain Management (2005) 9, 40-49
egenerative injection therapy for axial pain
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Chronic pain is considered epidemic coupled with claims of inadequate treatment. While the under-
standing of pain, including diagnosis and treatment, is in its infancy, significant progress has been made
with diagnostic and therapeutic interventional techniques during the past two decades. Though the
structural basis of spinal pain is well established, some patients continue to present a diagnostic and
therapeutic challenge. In addition to target-specific fluoroscopically guided techniques, Regenerative
Injection Therapy (RIT), also known as prolotherapy, is a viable treatment in managing chronic spinal
pain. Proponents suggest effectiveness of RIT in treating musculoskeletal pain, while opponents
suggest otherwise. Multiple published studies show (RIT) is effective despite continued controversy.
This review will describe various aspects of regenerative injection therapy, technical aspects and
clinical effectiveness.
© 2005 Elsevier Inc. All rights reserved.
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Chronic spinal pain is highly prevalent in the United
tates, placing an enormous burden on society in terms of
atient suffering and cost. A search for effective treatments
s a priority.1

Interventional pain management is defined as the discipline
f medicine devoted to the diagnosis and treatment of pain by
pplication of interventional techniques independently or in
onjunction with other modalities of treatment.2 Interventional
echnique is defined as a minimally invasive procedure for
recise percutaneous delivery of therapeutic/diagnostic modal-
ties to targeted areas in managing chronic, persistent or intrac-
able pain.3 Based on these definitions, regenerative injection
herapy (RIT) is the oldest interventional technique in current
se. RIT triggers influx of macrophages, fibroblasts, release of
rowth factors and ultimately, new collagen formation. RIT
eads to strengthening of connective tissues, reduction of pain
nd disability. A variety of agents including phenol, dextrose,
nd glycerin, alone or in various combinations, mixed with
ocal anesthetics have been used in RIT.

Nonradicular axial or somatic pain may be felt in the
xtremities. Kuslich and coworkers4 identified interverte-
ral discs, facet joints, dura of the nerve root, ligaments,

Address reprint requests and correspondence: Felix S. Linetsky,
D, 34672 US 19 North, Palm Harbor, FL 36472.
“E-mail address: prolopain@aol.com.

084-208X/$ -see front matter © 2005 Elsevier Inc. All rights reserved.
oi:10.1053/j.trap.2005.01.004
ascia and muscles as tissues capable of transmitting pain in
he low back. The same philosophy is applicable to thoracic
nd cervical areas. Pain due to nerve root irritation, facet
oint, discogenic and sacroiliac joint pain are proven to be
ommon causes of pain by appropriate diagnostic tech-
iques.2 However, vertebrae, muscles, and ligaments are not
proven” to be common sources of spinal pain due to lack
f adequate, reliable and valid diagnostic technology.5 Uti-
izing advanced imaging, neurophysiologic and precision
iagnostic techniques, spinal pain can be identified in ap-
roximately 50% to 80% of patients.2 Nonetheless, there
ontinues to be 20% to 50% of patients without appropriate
iagnosis.2,5–9 Further, axial and periaxial pain patterns
rom ligaments, muscles, intervertebral discs and facet
oints overlap significantly. Therefore, patients continue to
resent with a diagnostic dilemma and a therapeutic chal-
enge.2,4–14

A short definition of RIT, also known as prolotherapy, is
n interventional technique for chronic pain caused by con-
ective tissue diathesis.15–26

erminology

efore the 1930s, all injections were under one umbrella of

Injection Treatment” with the addition of a pathological
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41Linetsky and Manchikanti Regenerative Injection Therapy
escriptor, for examples: “Injection Treatment of Hernia”16

r “Injection Treatment of Varicose Veins.” The term “scle-
otherapy” was coined by Biegeleisen in 1936.17

In 1956, Hackett concluded that sclerotherapy implied
car formation, and introduced the term “prolotherapy” as
the rehabilitation of an incompetent structure by generation
f new cellular tissue.”12 Current understanding of the basic
cience is such that regenerative/reparative healing process
onsists of three overlapping phases: inflammatory, prolif-
rative with granulation, and remodeling with contraction.
he regeneration and repair extend beyond the proliferative
tage.27-29 RIT was coined to reflect currently prevailing
natomic and pathophysiologic trends in nomenclature.18-20

RIT stimulates chemomodulation of collagen by repeti-
ive induction of inflammatory and proliferative stages lead-
ng to tissue regeneration and repair, thus increasing tensile
trength, elasticity, mass and load-bearing capacity of col-
agenous connective tissues. The process is mediated by
ormones and numerous growth factors. This makes RIT a
iable treatment for painful chronic enthesopathies, tendi-
osis, ligamentosis and ligament laxity, which in turn are a
ommon histopathologic component of the following enti-
ies: disc, facet, dorsal rami and iliac crest syndromes.18–20

ocal anesthetics in diagnosis of
usculoskeletal pain

t was understood in the 1930s that posterior primary rami
rovide motor and sensory supply to muscles, tendons,
horacolumbar fascia, ligaments, aponeuroses, their origins
nd insertions, and NO definite diagnosis could be made
ased on clinical presentation alone. To facilitate the dif-
erential diagnosis of musculoskeletal pain infiltration of
rocaine at the nociceptive tissue beds, specifically at the
bro-osseous junctions, was introduced by Leriche, Halde-
an and Soto-Hall, Steindler and Luck.20,30,31 The follow-

ng criteria were established to prove a causal relationship
etween the structure and pain symptoms: (1) reproduction
f local and referral pain by needle contact and (2) suppres-
ion of local tenderness and referral/radiation pain by pro-
aine infiltration.30

The same basic principles have been advocated since the
nception of RIT as well as other currently employed injec-
ion procedures, to objectively confirm the source(s) of pain
nd augment clinical diagnosis by local anesthetic
locks.8,9,30–46

athophysiologic considerations

Ligaments and tendons are fibrous collagenous tissue
ith a crimped, wave-like appearance under a light micro-

cope. This crimped pattern unfolds during initial collagen
oading.20,47,48 Elongated beyond 4% of the original length,
igaments and tendons lose elasticity and recoil capability to
he original crimp wave appearance. They become perma-
ently laxed leading to joint hypermobility. Sub failure was
eported at earlier stages of elongation in degenerated liga-

ents. Natural healing, at best, may restore connective b
issue to its preinjury length but only 50% to 75% of its
reinjury tensile strength.15,18,20,47–49

Collagenous tissues are deleteriously affected by
teroid administrations, NSAIDs, inactivity and denerva-
ion.27–29,48 –50 In the presence of repetitive microtrauma
ith insufficient time for recovery, use of steroids and
SAIDs, tissue hypoxia, metabolic and hormonal abnor-
alities as well as other less defined causes, connective

issue divert toward a degenerative pathway.27–29,49

herefore, “a judicious utilization of antiinflammatory
herapy remains useful, albeit adjunctive, thera-
y.”27,28,49,51

Connective tissue response to trauma is inflammatory/
egenerative/reparative and varies with the degree of injury.
n the presence of cellular damage, regenerative pathway
akes place; in case of extracellular matrix damage, a com-
ined regenerative/reparative pathway takes place. Both are
ontrolled by hormones, chemical and growth fac-
ors.27,28,48,49 Central denervation such as in quadriplegia
eads to a statistically high, accelerated degeneration.28 Cor-
icosteroids do not arrest or slow the course of degenerative
rocess.27,28

Neoneurogenesis and neovasculogenesis are integral
omponents of both regenerative/reparative and degenera-
ive processes. Nerve and vascular tissue in-growth into
egenerated intervertebral discs, posterior spinal ligaments,
ard niduses of fibromyalgia, together with neuropeptides in
he facet joint capsules, sacroiliac ligaments have been doc-
mented.29,52–55

ationale

Rationale for RIT in chronic painful pathology of fibrous
onnective tissue such as ligaments and tendons evolved
ainly from clinical, experimental and histological research

erformed for injection treatment of hernia. In hernias,
nflammatory response to injectate induced proliferation and
ubsequent regenerative/reparative healing phases lead to a
brotic closure of the defect. This process actually repro-
uced the healing by second intention. Of specific interest is
he intense neovasculogenesis and neoneurogenesis accom-
anying the inflammatory phase and regressing during the
ontraction phase. It is the regression of neoneurogenesis
hat probably explains the pain reduction.16–20 Ability to
nduce proliferative regenerative repetitive response in lig-
ments and tendons was demonstrated in experimental and
linical studies with up to a 65% increased diameter of
ollagen fibers.17,23–25,56

linical anatomy in relation to RIT

Irregularly tubular shape of a human body is maintained
y continuous compartmentalized fascial stocking. This
tocking, cross-sectionally and longitudinally, incorporates,
nterconnects and supports various ligaments, tendons, mus-
les, neurovascular and osseous structures. Collagenous
onnective tissues, despite slightly different biochemical
ontent, blend at their boundaries and at the osseous struc-
ures functioning as a single unit.15,20,47,57 This arrangement
rovides bracing and hydraulic amplification effect to lum-

ar muscles, increasing contraction strength up to 30%.58
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Movements of the spine and cranium are accomplished
hrough various well innervated joints, which are located in
he anterior, middle and posterior columns. These joints are
yndesmotic, synovial and symphyseal. Syndesmotic joints
re anterior and posterior longitudinal ligaments (ALL,
LL), anterior and posterior atlanto-occipital membranes
AAOM, PAOM), supraspinous and interspinous ligaments
SSL, ISL), and ligamentum flavum (LF). Symphyseal
oints are intervertebral discs (IVD). Synovial joints are
tlanto-axial (AA), atlanto-occipital (AO), zygapophyseal
ZJ), costotransverse (CT) and costovertebral (CVJ) sacro-
liac (SI) joint is a combined synovial–syndesmotic
ne.47,57,58 Differential diagnosis is based on understanding
f the regional and segmental anatomy, pathology, as well
s segmental, multisegmental, and intersegmental commu-
ications in innervation of the compartments and their con-
ents around the spine. This is provided by ventral rami
VR), dorsal rami (DR), gray rami communicants (GRC),
inuvertebral nerves (SVN) and sympathetic chain
SC).20,31,47,57,58

Lumbar interspinous ligaments receive innervation from
he medial branches of the dorsal rami. Three types of nerve
erminals in posterior spinal ligaments have been confirmed
icroscopically. They are the free nerve endings, the Pacini

nd the Ruffini corpuscles. A sharp increase in free nerve
ndings quantity at the spinous processes attachments (en-
hesis) were documented rendering them putatively noci-
eptive.50 Experimental and empiric observations suggest
hat similar arrangement may exist at the cervical and tho-
acic spinous processes also rendering them putatively no-
iceptive.10,11

Based on the IASP criteria59 utilizing controlled local
nesthetic blocks, in patients without radiologic or neuro-
hysiologic evidence of nerve root compression, cervical
acet joints have been shown to be responsible for pain in
4% to 67% of the patients, thoracic facet joints have been
esponsible 42% to 48% in chronic thoracic pain, lumbar
acet joints have been responsible for 15% to 45% pain in
hronic low back pain, and sacroiliac joints have been
esponsible for 10% to 19% pain in low back pain. Utilizing
ASP criteria, discogenic pain has been established in 26%
o 39% of the patients.9,42 There are no studies evaluating
he prevalence of the pain secondary to atlantooccipital or
tlantoaxial joints. Overall, strong evidence was shown for
iagnostic facet joint blocks for the diagnosis of facet joint
ain, and lumbar provocative discography for discogenic
ain.32 Moderate evidence was shown for sacroiliac joint
ain, and for transforaminal epidural injections in the pre-
perative evaluation of patients with negative or inconclu-
ive imaging studies, but with clinical findings of nerve root
rritation, the evidence was shown to be limited.2 The ef-
ectiveness of multiple interventional techniques also varies
ubstantially based on the evaluators. Moderate to strong
vidence was shown for multiple therapeutic interventional
echniques including medial branch blocks and medial
ranch neurotomies; caudal epidural steroid injections and
ransforaminal epidural steroid injections; lumbar percuta-
eous adhesiolysis and implantable therapies.2,60,61 Based
n the extensive review of precision diagnostic blocks, and

herapeutic interventional techniques in managing spinal t
ain, it appears that multiple hidden or unproven pain gen-
rators continue to persist.

Spondyloarthropathies with enthesopathies are rarely, if
ver, included in the differential diagnosis or therapeutic
lan by the interventional pain community. The reason why
he other pain generators are not included in differential
iagnosis can be explained by the spinal uncertainty prin-
iple, in a simple example of two motion segments, where
isc, facets and musculotendinous compartments, each con-
idered as one putative nociceptive unit, and the total num-
er of clinically indistinguishable combinations rises to 63
ossibilities. It is practically impossible to address such a
agnitude of possibilities under fluoroscopic guidance.62

The primary target for RIT is the tissue bed pathology
nd pain, taking innervation into account. Therefore, RIT
ay afford evaluation of many putative pain generators

rom the variety of pain presentations of the axial spinal
ain and, when correctly implemented, can offer an attrac-
ive, practical alternative that can be accomplished at the
ame office visit (Table 1).

ndications

Multiple indications for RIT are described in Table 2.
Seronegative spondyloarthropathies accompanied by en-

Table 1 The proposed RIT mechanism of action is complex
and multifaceted as follows20,22,25,58,63,64:

● Cellular and extracellular matrix damage induced by
mechanical transection with the needle stimulates
inflammatory cascade, governing release of growth factors.

● Compression of cells by relatively large extracellular volume
as well as cell expansion or constriction due to osmotic
properties of injectate stimulates the release of
intracellular growth factors.

● Chemomodulation of collagen through inflammatory,
proliferative, regenerative/reparative response is induced
by the chemical properties of the injectates and mediated
by cytokines and multiple growth factors.

● Chemoneuromodulation of peripheral nociceptors provides
stabilization of antidromic, orthodromic, sympathetic and
axon reflex transmissions.

● Modulation of local hemodynamics with changes in intra-
osseous pressure leads to reduction of pain. Empirical
observations suggest that a dextrose/lidocaine
combination has a much more prolonged action than
lidocaine alone.

● Temporary repetitive stabilization of the painful
hypermobile joints, induced by inflammatory response to
the injectates, provides a better environment for
regeneration and repair of the affected ligaments and
tendons.

● Additional possible mechanisms of action include the
disruption of adhesions by that have been created by the
original inflammatory attempts to heal the injury by the
large volume of injectate the relatively large volume of
chemically non-irritating injectate assumes the role of a
space occupying lesion in a relatively tight and slowly
equilibrating extracellular compartment of the connective
tissue.
hesopathies comprise the list of syndromes and conditions
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43Linetsky and Manchikanti Regenerative Injection Therapy
epresenting a multi-etiological connective tissue diathesis
ith common pathogenesis treated with RIT as described in
able 3.15,17–20,49,58,64–70

Contraindications to RIT include general contraindica-
ions that are applicable to all injection techniques such as:

. Allergy to anesthetic solutions;

. Bacterial infection, systemic or localized to the region to
be injected;

. Bleeding diathesis secondary to disease or anticoagu-
lants;

. Fear of the procedure or needle phobia;

. Paraspinal neoplastic lesions involving the musculature
and osseous structures;

. Recent onset of a progressive neurologic deficit includ-
ing but not limited to severe intractable cephalgia, uni-
laterally dilated pupil, bladder dysfunction, bowel incon-
tinence, etc.;

. Requests for large quantity of sedation and/or narcotics
before and after treatment; and

. Severe exacerbation of pain or lack of improvement after
local anesthetic blocks.

Specific contraindications are:

. Acute arthritis (septic, gout, rheumatoid or posttraumatic
with hemarthrosis);

. Acute bursitis or tendonitis;

. Acute nonreduced subluxations, dislocations or frac-
tures; and

. Allergy to injectable solutions or their ingredients such
as dextrose, sodium morrhuate or phenol.

linical effectiveness

There have been multiple publications including systematic

Table 2 Multiple indications described in the literature for
RIT include the following18–20,25,58,65–68:

1. Painful enthesopathies, tendinosis or ligamentosis from
overuse, occupational and postural conditions known as
Repetitive Motion Disorders

2. Painful enthesopathies, tendinosis or ligamentosis
secondary to sprains or strains

3. Painful hypermobility, instability and subluxation of the
axial joints secondary to ligament laxity accompanied by
restricted range of motion at reciprocal segment(s) that
improve temporarily with manipulation

4. Vertebral compression fractures with a wedge deformity
that exert additional stress on the posterior ligamento-
tendinous complex

5. Recurrent painful rib subluxations at the costotransverse,
costovertebral, sternochondral, articulations

6. Osteoarthritis, spondylolysis and spondylolisthesis
7. Post surgical cervical, thoracic, and low back pain (with or

without instrumentation)
8. Posterior column sources of nociception refractory to

steroid injections, nonsteroidal anti-inflammatory therapy
(NSAID) and radiofrequency procedures

9. Enhancement of manipulative treatment and physiotherapy
10. Internal disc derangement
eviews,21,71 randomized controlled trials (RCTs),22,72–75 nu-
erous nonrandomized reports including prospective and ret-
ospective clinical studies.76–80 Prolotherapy is most effective
hen it is practiced in conjunction with manipulation. Conse-
uently, the first RCT evaluated prolotherapy in conjunction
ith manipulation.73 Thirty-five patients out of 40 in the treat-
ent group and 16 of 41 in the control group achieved �50%

mprovement in pain and disability, sustained at 6 months. The
reating solution was dextrose/phenol/glycerin (DPG) and the
ontrol solution was normal saline. These findings have been
isconstrued as evidence of manipulation efficacy rather than

rolotherapy.81

The second RCT72 also evaluated DPG solution but with
.25% lidocaine/normal saline control. This study reported
hat 30 of 39 patients in the treatment group and 21 of 40 in
he control group achieved a 50% or greater improvement in
ain or disability at 6 months. Overall, both treatment
roups improved markedly.

A third RCT74 using a lidocaine control group provided
hree injection treatments with much lower volumes of
njectate than in the other trials and without manipulation or
xercises. No changes in mean pain or disability scores in
ither group were reported over 6 months; therefore, it was
oncluded that prolotherapy was ineffective.

Most recent RCT22 had 110 participants with nonspecific
ow-back pain back, average duration of 14 years. Study
as conceived with a null hypothesis that prolotherapy
ould be no more effective than control. It compared 20%
extrose solution with normal saline injections and either
exion/extension exercises or normal activity. At 2 years
oth groups reported a sustained 50% reduction in pain and
isability. It was concluded that in chronic nonspecific low-
ack pain, significant and sustained reductions in pain and
isability occur with ligament injections irrespective of the
olution injected or the concurrent use of exercises. Such
uccess rates were as good as those reported for surgery,
pinal cord stimulation82,83 or multidisciplinary treatment84

r for patients with low-back pain of shorter duration. This

Table 3 Conditions treated with RIT

● Cervico-cranial syndrome, cervicogenic headaches (atlanto-
axial, atlanto-occipital joint and mid-cervical facet joint
sprains)

● Barré Lieou Syndrome
● Torticollis
● Cervical, thoracic and lumbar midline spinal pain “of

unknown origin”
● Cervicobrachial syndrome (shoulder/neck pain)
● Hyperextension/hyperflexion injury syndromes
● Cervical, thoracic and lumbar sprain/strain syndrome
● Costovertebral and costotransverse arthrosis, ligament

strain/strain and joint pain
● Sacroiliac joint instability, hypermobility, repetitive sprain/

strain, pain
● Myofacial pain syndromes
● Marie-Strumpell disease
● Ligament laxity with hypermobility and pain, Ehler’s-

Danlos syndrome
● Iliac crest syndromes, iliocostalicis friction syndrome,

iliolumbar syndrome
● Piriformis syndromes
● Ankylosing spondylitis
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ongitudinal study demonstrated that: (1) pain and tender-
ess at the enthesis is a significant clinical finding treatable
y injection in “nonspecific” low back pain, and (2) seren-
ipitously chosen combination of volume and concentration
f injectates combined with needle placement into liga-
ents, produced equally beneficial results in both arms of

he experiment and is highly unlikely to present a placebo
ffect.85-87

A systematic review by Yelland and coworkers21 echoed
rends observed in the earlier RCTs and uncontrolled stud-
es. It found that repeated ligament injections, regardless of
njectate, provide long-lasting relief of pain and disability
nd that prolotherapy is more effective when combined with
anipulation. There is substantial evidence of prolotherapy

ffectiveness from nonrandomized prospective and retro-
pective studies as well as case reports75–79 and testimonials
ncluding one from the former Surgeon General of the
nited States, C. Everett Koop, MD.88 Because of techni-

alities and heterogeneity, present literature offers moderate
vidence of prolotherapy effectiveness in select patients
tilizing appropriate technique and cointerventions. They
oncluded that more research is needed to compare pro-
otherapy with noninjection therapies and its effectiveness
or discogenic pain.

linical presentation and evaluation

As is obvious from the list of syndromes, there is a wide
ariety of presenting pain complaints from headaches (oc-
ipital and suboccipital), neck, cervicothoracic, between the
houlder blades, scapular and shoulder regions, thoracolum-
ar, low back, buttocks, sacroiliac, trochanteric area and any
ombination of the above.13,15,17–20,49,58,63,64-70,72,75,76,89

he intensity, duration and quality of pain are variable, as
ell as the onset, which may be sudden or gradual. The

valuation may reveal postural abnormalities, functional
symmetries, combinations of kyphoscoliosis, flattening of
ervical and lumbar lordosis, arm and/or leg length discrep-
ncies. Variable combinations of flexion/extension, rotation
nd lateral bending combined with contractions against re-
istance provoke pain.

The pertinent subjective clinical finding is exquisite ten-
erness at the fibro-osseous junctions (enthesis). The area(s)
f such tenderness are identified and marked to become the
ubject of needle probing, “needling,” and infiltration with
ocal anesthetic. Initial needle placement at the fibro-osse-
us junction usually reproduces the pain that becomes
orse on infiltration of local anesthetic, typically to subside
ithin 15 seconds after infiltration. Abolishment or persis-

ence of tenderness, local or referred pain objectifies the
nding of tenderness, concludes the clinical examination
nd becomes the basis for clinical diagnosis and further
njections with RIT.

adiologic evaluation

Plain radiographs are of limited diagnostic value in pain-
ul pathology of the connective tissue but may detect struc-
ural or positional osseous abnormalities such as anterior or

osterior listhesis on flexion/extension lateral views and t
egenerative changes in general with deformity of
-joints.1,90

MRI may detect pathology of intervertebral disc, liga-
entous injury, interspinous bursitis, enthesopathy, z-joint

isease, sacroiliac joint pathology, neural foraminal pathol-
gy, bone contusion, infection, fracture or neoplasia. MRI
ay exclude or confirm spinal cord disease and pathology

elated to extramedullary, intradural and epidural spac-
s.90,91 CT scans may detect small avulsion fractures of
acets, laminar fracture, fracture of vertebral bodies and
edicles, neoplasia, or degenerative changes.90 Bone scans
re useful in assessment of the entire skeleton to rule out
etabolically active disease process.90 However, medical

iterature continues to report back pain cannot be diagnosed
n up to 85% of cases.92 Thus pivotal to the proper man-
gement of chronic spinal pain is the ability to pinpoint an
natomical diagnosis. For this purpose physical examina-
ion is neither reliable nor valid.93 Medical imaging pro-
ides little sound information.94 No technique of physical
xamination has sufficient reliability and validity to allow a
atho-anatomic diagnosis to be made.93,94 Radiographic in-
estigations, including magnetic resonance imaging, reveal
nly some conditions with certainty.93

echnical considerations

Any structure that receives innervation is a potential pain
enerator. Because pain maps overlap significantly, the
uestion is, “How to navigate in this sea of unknown?” For
he purpose of RIT, the following step by step approach is
ecommended. Patients’ “pain and tenderness” is accepted
or face value without dismissal or allocation to a distant
proven” source. It is the knowledge of clinical anatomy,
ain patterns and pathology that guides the clinical inves-
igation, based on clinical experiments of many clinicians
nd researchers over the years.

Initially, pain generators are identified by reproducible
enderness and movements that provoke pain; the areas are
arked. Tenderness over posterior column structures is

onsidered an objective finding until proven otherwise, es-
ecially in the midline.20,58,64,89,95 Confirmation is obtained
y needling and local anesthetic blocks of the tissue at the
nthesis taking the nerve supply into account.

In experienced hands, using palpable landmarks for guid-
nce, the following posterior column elements innervated
y the dorsal rami may be safely injected with or without
uoroscopic guidance: tendons and ligaments enthesis at the
pinous process, lamina, posterior ZJ capsule, transverse
rocess and thoracolumbar fascia insertions.

The 0.5% lidocaine solution is an effective, initial diag-
ostic option for pain arising from posterior column ele-
ents when utilized in increments of 0.5 to 1.0 mL injected

fter each bone contact initially blocking the structures
nnervated by terminal filaments of the MBDRs with the
equence as follows:

1) (a) In the presence of midline pain and tenderness,
nthesis of various structures inserting to the spinous pro-
ess are blocked initially in the midline at the previously
arked level(s). (b) The area(s) reexamined about one
inute after each injection for tenderness and movements
hat provoked pain.
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45Linetsky and Manchikanti Regenerative Injection Therapy
2) If tenderness remains at the lateral aspects of
he spinous processes, injections are performed to the
ateral aspects of their apices thus continuing on the
ourse of medial branches or dorsal ramus. Step (b) is
epeated.

3) Persistence of paramedial pain dictates blocks of ZJ
apsules (cervical, thoracic and lumbar), costotransverse
oints or posterior tubercle of the transverse processes in the
ervical region with their respective tendon insertions. Step
b) is repeated.

4) Perseverance of lateral tenderness dictates investiga-
ion of the structures innervated by the lateral branches of

igure 1 Abbreviated interventional options for anterior and pos
odified excerpt from Percutaneous Management Options for Sp
he dorsal rami, ie, enthesis of iliocostalis at the ribs, ventral m
heath of thoracolumbar fascia at the lateral aspects of the
umbar transverse processes, iliac crests insertions. Step (b)
s repeated.

In this fashion, all potential nociceptors on the course of
edial branches or dorsal ramus and lateral branches are

nvestigated from its periphery to the origin. Consequently,
differential diagnosis of pain arising from vertebral and

aravertebral structures innervated by medial branches or
orsal ramus and lateral branches can be made (Figures 1
nd 2).

Manipulation under local anesthesia may be performed
t any stage after local anesthesia has taken effect and the

olumn pain without dural irritation—begin with posterior column.
in by Richard Derby and Felix Linetsky.
terior c
inal Pa
usculature sufficiently relaxed.96
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Pain from the upper cervical synovial joints presents a
iagnostic and a therapeutic challenge. Because pain pat-
erns overlap, it is usually a diagnosis of exclusion. Intra-
rticular atlanto-axial and atlanto-occipital joint injections
f 3% phenol have secured a long-lasting therapeutic effect
n selected patients.70 Also a good therapeutic effect with
ntraarticular injections of 25% dextrose to the same joints
nd mid-cervical synovial joints, were reported to relieve
ersistent pain after RF and capsular injection failure.65

ecause of the possible serious complications, all intraar-
icular injections of the axial Synovial joints including AA,
O, ZJ, costovertebral, and intervertebral discs should be
erformed only under fluoroscopic guidance by an experi-
nced practitioner.

Painful connective tissue proximal to enthesis are com-
only injected at the following sites: spinous processes,

ccipital bone at inferior and superior nuchal lines, mastoid
rocesses, posterior tubercles of transverse processes, pos-

igure 2 Schematic drawing demonstrating sites of origins and
endon insertions (enthesis) of the vertebral and paravertebral and
eripheral musculature in the cervical, thoracic and lumbar regions
nd partly upper and lower extremities. Clinically significant pain-
ul enthesopathies are common at these locations defined by dots.
ots also represent most common locations of needle insertions

nd infiltration during RIT (please note: not all of the locations
ust be treated in each patient). Modified from Sinelnicov’s Atlas

f Anatomy (vol 1), Meiditsina Moskow, 1972. Modified and
repared for publication by Tracey Slaughter. (Color version of
gure is available online.)
erior tubercles and angles of the ribs, proximal and distal 5
ortions of the clavicle, superomedial margin and spine of
he scapula, sternum and xyphoid, capsular ligaments of
ervical, thoracic and lumbar ZJs, and costotransverse
oints, posterior sacroiliac, interosseous and sacrotuberous
igaments and occasionally SI joint. Tendon insertions to
he medial and lateral aspects of the iliac crests.

omplications

omplications do occur with RIT but statistically, they are
are. The most recent statistical data are from a survey of
50 physicians performing prolotherapy. A hundred twenty
espondents revealed that 495,000 patients received injec-
ions. Twenty-nine instances of pneumothorax have been
eported, 2 of them requiring chest tube placement. Twenty-
our nonlife threatening allergic reactions were also re-
orted. Stipulating that each patient had at least 3 visits and
uring each visit receives at least 10 injections; the occur-
ence of pneumothorax requiring chest tube is 1 per 247,500
njections. Self-limited pneumothoraces is 1 per 18,333 and
llergic reaction is 1 per 20,625 injections.97

In the 1960s, five cases of postinjectional arachnoiditis
ere reported.98 Two of them were fatal.99,100 One was a
irect sequence of arachnoiditis; another was a sequence of
ncompetent shunt and persistent hydrocephalus with in-
reased intracranial pressure.99 Of the three other cases, the
rst, with mild paraparesis, recovered after a ventriculo-

ugular shunt. The second recovered spontaneously with a
ild neurological deficit.100 The third case remained para-

legic.98 Three cases of intrathecal injections have not been
eported in the literature because of medico-legal issues.
wo of them resulted in paraplegia. The first occurred after

njection at the thoracic level, the second after a lumbar
njection. A third case was performed by an untrained per-
on who injected zinc sulfate solution at the cranio-cervical
evel resulting in immediate onset of severe neurologic
eficit, quadriplegia and subsequent hydrocephalus.

One case of self-limiting sterile meningitis after lumbo-
acral sclerosing injections was reported in 1994.101 Adja-
ent endplate fractures associated with intradiscal dextrose
njections was recently reported.102 Postspinal puncture
eadaches have been reported after lumbosacral injec-
ions.22 Two such cases occurred in the first authors practice
uring the past 14 years. Patients recovered after 1 week
ith bed rest and fluids. Overall, pneumothorax is the most

ommon reported complication. Injections of anterior syno-
ial joints, such as sternoclavicular, costosternal and inter-
hondral, may also result in pneumothorax in the same
ubset of patients.

olutions for injections

he most common solutions are dextrose-based. To achieve
12.5% concentration, dilution is made with local anes-

hetic in 1:3 proportions, ie, 1 mL of 50% dextrose mixed
ith 3 mL of 1% lidocaine. A 1:2 proportion, ie,1 mL of

0% dextrose with 2 mL of 1% lidocaine, will equal 16.5%
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extrose. Further, a 1:1 dilution makes a 25% dextrose
olution.

For intraarticular injections, a 25% dextrose solution is
ommonly utilized though a recent double-blind study sug-
ests that 10% dextrose solution may be equally effec-
ive.103

If dextrose proves ineffective, progression to a stronger
olution such as sodium morrhuate up to full strength has
een described. A 5% sodium morrhuate is a mixture of
odium salts of saturated and unsaturated fatty acids of cod
iver oil and 2% benzyl alcohol, which acts as a local
nesthetic and a preservative. Note that benzyl alcohol
hemically is very similar to phenol.

Dextrose/phenol/glycerin solution consists of 25% dex-
rose, 2.5% phenol and 25% glycerin and is referred to as
PG, a.k.a. P2G. It is diluted in concentrations of 1:2; 1:1
r 2:3 with a local anesthetic before injection.

Diluted 6% phenol in glycerin solution is advocated by
ilkinson for injections at donor harvest sites of iliac crests

or neurolytic and proliferative responses.67

onclusion

hronic spinal pain is common and an expensive problem in
he United States. Prolotherapy is one of the interventional
echniques utilized in managing spinal pain. Present evi-
ence with inclusion of systematic reviews, randomized and
onrandomized evidence indicates effectiveness of RIT in
ainful spinal conditions with enthesopathies.
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