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Abstract: Regenerative therapy involves the injection of a small volume of solu
multiple sites of painful ligament and tendon insertions (entheses) and adjacent join
with the goal of reducing pain and ostensibly promoting tissue repair and growth.
and platelet-rich plasma solutions have been shown to increase expression of grow
in vivo and have shown promising clinical results in the treatment of tendinosu
treatment of osteoarthritis, small clinical trials and case series to date sugge
symptomatic improvement, and functional improvement at up to a year of fo
however, most of these studies are uncontrolled. Given the methodological limit
clinical research on regenerative injections for osteoarthritis to date, this treatmen
be considered only after execution of a comprehensive assessment and treatm
including optimization of biomechanics, weight loss, cardiovascular exercise, r
training, and judicious use of more established topical, oral, and injectable medic
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INTRODUCTION

Regenerative therapies that use injectable agents such as dextrose prolotherapy a
ogous platelet-rich plasma (PRP) are thought to promote new collagen deposi
remodeling in degenerative tissue by triggering the healing process (ie, inflam
proliferation, and remodeling). The clinical applications of these therapies are bein
explored in a variety of disciplines including dentistry, plastic surgery, and muscul
medicine and may have clinical application to the treatment of osteoarthritis (OA
article, we will review anatomic pain generators relevant to OA, introduce the th
basis of regenerative injection therapy, review basic science and clinical studies
describe the injection technique, and discuss the potential role of regenerative
therapy in the treatment of OA.

BACKGROUND AND DEFINITIONS

OA is the most common cause of joint pain [1]. In one survey, the prevalence of hi
pain on most days among adults ages 65-74 years was estimated at 40% [2]. OA i
a leading cause of disability among persons older than 60 years, and its prev
expected to increase dramatically in the next 30 years as the population ages [3
radiographically defined as intra-articular cartilage loss, bony hypertrophy, and
thickening [4]. In a case-control study comparing radiographic findings in pers
discordant pain between 2 knees, Neogi et al [5] demonstrated a strong correlation
radiographic joint space narrowing and frequent, severe knee pain. However, many
have debilitating joint pain in the setting of minimal radiographic findings. Oth
radiographic evidence of joint space narrowing in the absence of symptomatic or fu
decline [6]. Large population studies have demonstrated that the radiographic grad
joint pathology does not consistently correlate with physical function [7].

The discordance between radiographic findings and clinical manifestations o
OA invites deeper exploration of pain generators. For example, radiographs
minimal information about meniscal and ligamentous tissue. Exploration of the neuro

basis of pain and the biomechanics of joints is warranted for target- and tissue-spe
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treatment of OA; it also is a prerequisite for under
the concepts behind regenerative injection thera
their potential uses in osteoarthritic joints.

NEUROANATOMIC BASIS OF PAIN IN

Human synovial joints are richly innervated. Histo
studies reveal plentiful type IVa free nerve endin
joint capsule, tendons, retinacula, fat pads, synovi
chondral bone, and surrounding ligaments; these
same nerve endings that detect pressure and mediat
oception during joint movements [8]. Muscle and
rich in substance P�positive free nerve endings, w
known to mediate nociception [9-11], as well as n
mechanoreceptors, including stretch-sensitive mus
dles, stretch- and contraction-sensitive Golgi recep
pressure-sensitive paciniform and Ruffini receptors

Immunohistochemical studies in cadavers revea
the setting of degenerative disease, substance P a
tonin gene-related peptide are increasingly expresse
of the aforementioned structures compared with
knees [13]. Further, anatomic studies reveal that th
teum is richly innervated by myelinated and unm
sensory fibers, including calcitonin gene-related pep
by sympathetic nerve fibers expressing tropomyosin
kinase A [14]. These fibers become progressively le
in bone marrow and mineralized bone. Although
cartilage itself is avascular and aneural [14], cartil
may be associated with local inflammation, which ca
a nociceptive response in adjacent tissues.

CONCEPT OF REGENERATIVE INJECTI
THERAPY

The healing process comprises 3 phases: (1) inflam
(2) proliferation, and (3) remodeling. The first p
cludes recruitment of inflammatory mediators, he
and vasodilation. The second phase involves develo
the extracellular matrix with granulation and epit
tion. The third phase involves production of collag
and matrix maturation [15]. Regenerative therapy
injection of a small volume of solution into multipl
painful ligament and tendon insertions (entheses) a
cent joint spaces, with the goal of reducing pain and
bly promoting tissue repair and growth. The term “p
apy” implies proliferation of cells and is synonym
regenerative injection therapy. A variety of injec
designed for this purpose, such as sterile dextrose a
ogous PRP. These substances, which are thought t
the healing cascade and thereby facilitate collagen d
and remodeling, are both forms of regenerative inje

prolotherapy.
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REGENERATIVE AGENTS: EVIDENCE BA

Sterile Dextrose

The most common prolotherapy agent used in clini
tice is dextrose, with solutions ranging from 12.5%
vitro studies on human fibroblasts and chondrocytes
strate stimulation of growth factors with dextrose co
tions of 0.5% [16,17]. These growth factors include
derived growth factor, transforming growth facto
insulin-like growth factor, which have been found in
promote the expression of type 1 and 3 collagen in t
[18]. In additional in vitro studies, human osteo
synovial tissue exposed to glucosamine and gluc
duced increased levels of hyaluronic acid productio

The clinical efficacy of dextrose prolotherapy in t
ment of OA has been investigated in several studies
et al [20] performed a double-blinded, prospective,
ized controlled trial of dextrose prolotherapy for sy
atic chronic knee OA using 3 interventions: dextr
lotherapy, saline injections, and a home exercise p
Subjects assigned to the injection arms received inje
1, 5, and 9 weeks, with as-needed repeat injection se
weeks 13 and 17. Extra- and intra-articular injecti
sisted of 15% and 25% dextrose, respectively, in
lotherapy group. At each session, both periarticular a
articular injections were performed without image g
Outcome measures were the composite Western On
Master University Osteoarthritis Index (WOMAC) and
Pain Scale. The groups receiving dextrose prolother
significantly greater improvement in WOMAC sco
weeks compared with the saline injection and
groups, exceeding the WOMAC minimal clinical im
difference. Knee Pain Scale scores demonstrated sim
provement in the prolotherapy group compared wi
injection and exercise. No significant adverse effe
reported in any group, and patient satisfaction
treatment was high in the prolotherapy group.

Reeves and Hassanein [21] performed a prospec
domized, double-blind, placebo-controlled trial in
with chronic knee OA with and without anterior
ligament laxity. The treatment group received 3 bi
injections of 10% dextrose mixed with lidocaine an
riostatic water. The control group received the same
without the dextrose. The groups treated with dextr
received 3 additional bimonthly injections of 10%
in an open-label fashion. The prolotherapy group
strated statistically and clinically significant improve
Visual Analogue Score pain scores, swelling, buckl
flexion range of motion compared with the control g
months. At 12 months, the prolotherapy group
strated reduced anterior displacement difference
sured by the KT 100 arthrometer, but no control gr
available for comparison of this measure. Inter

blinded radiographic readings at 0 and 12 months revealed
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improvement in lateral patellofemoral cartilage thick
distal femur width. Three-year follow up data also
improvement in pain during walking, subjective r
swelling, and range of motion in the group trea
dextrose [22].

In a study of patients with at least 6 months of t
finger pain and radiographic evidence of hand OA
and Hassanein [23] administered 3 bimonthly inje
the lateral and medial aspects of each affected jo
dextrose prolotherapy versus bacteriostatic water in
Active flexion range of motion and pain with joint m
improved more in the dextrose group than in th
group. Pain at rest and with grip improved mor
dextrose group but was not statistically significant.

Autologous PRP

PRP is a bioactive regenerative therapy that the
augments tissue healing through the natural healing
Growth factors (insulin-like growth factor-1, tran
growth factor-�, platelet-derived growth factor, vas
dothelial growth factor, and basic fibroblast growt
are released from the � granules of platelets and
chemotaxis, cell migration, angiogenesis, prolifera
ferentiation, and matrix production, among a comp
iad of cellular functions that promote the healing c
tissue repair [24]. In a recent controlled laboratory s
administration of PRP releasate was associated w
crease in inflammatory cellular effects on osteoarthri
drocytes [25]. In cultured synovial fibroblast cells
patients with OA, 72 hours of exposure to platelet
growth factors significantly enhanced hyaluronic acid
compared with cells exposed to a platelet-poor prepara
A subsequent study of fibroblast cultures from ten
posed to platelet-rich growth factors duplicated thi
and also detected increased release of angiogenic
factor compared with controls [27].

To formulate PRP, autologous whole blood is ce
to separate the platelet layer based on its specific gra
process results in a hyperphysiologic 3-8-fold conc
solution of platelets, depending on the preparat
addition of citrate binds ionized calcium and th
inhibit the clotting cascade. The addition of calcium
or thrombin activates the PRP and releases the gro
tors. Preactivation with calcium chloride or throm
activate the PRP, leading to the release of 70% of th
factors from the � granules within 10 minutes and
ation of this release during the span of an hour [24

In an uncontrolled case series, Kon et al [28] adm
intra-articular PRP injections at 21-day intervals to
teoarthritic knees, for a total of 3 sets of injections.
tional Knee Documentation Committee scores demo
statistically significant improvements at the 6-mo

low-up compared with baseline levels, although some dim
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ishment of scores was observed at the 12-month fo
Older patients with greater severity of OA, wom
patients with higher body mass index scores far
poorly than their counterparts.

Subsequently, Kon et al studied PRP versus hy
acid injections in 150 patients with knee OA and d
tive lesions in cartilage. Three PRP intra-articular in
were administered to 50 patients and compared wit
injected with high molecular weight versus low m
weight hyaluronic acid. At the 6-month follow-up,
group demonstrated better results with Internation
Documentation Committee scores, particularly
younger patients with cartilage lesions. However, no
groups had significant improvements in cases of a
OA [29].

In a prospective, uncontrolled preliminary stud
injections were administered at 4-week intervals t
tients with knee OA. Significant improvements were
Knee Injury and Osteoarthritis Outcome scores, with
pain and symptoms [30]. In a second prospective,
domized, longitudinal study, 261 patients with k
(Outerbridge grades I-IV) were given 3 intra-articu
tions of platelet concentrate suspended in plasma
tologous blood at 2-week intervals. Participants had
cally significant improvements in pain and funct
months [31]. A third case series of PRP injections
tered to 90 patients with knee OA revealed statisti
nificant improvements in pain and function at 6-mo
1-year follow-up. At the 2-year follow-up, patients
minished gains compared with their results at th
follow-up, although outcomes remained better than
levels. Younger patients and milder cases had be
comes and longer-lasting results [32].

A recent Italian pilot study revealed positive r
their group of 27 patients with knee degenerative j
ease. The patients were treated with 3 weekly PRP in
and were found to have improvements in Numeric
Scale and WOMAC scores at 7 days after treatment,
had further improvements at 6-month follow-up [3

In addition to knee degenerative joint disease, hip
has been investigated. In a noncontrolled prospecti
40 patients with severe hip OA were treated with 3
ultrasound-guided PRP injections and were found
statistically significant improvements in pain and
scores at 7 weeks and 6 months after treatment [34

Clinical Approach to Regenerative
Injections

On the basis of clinical studies and the authors’ exp
the following guidelines for regenerative injections fo
proposed. Indications for regenerative injections inc
tients with clinical and radiographic evidence of OA
in- periarticular joint sprain, or connective tissue laxity that
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impairs function across a joint, for whom standa
ments have been ineffective in improving pain or
These treatments include but are not limited to biom
cal correction, exercise, oral and topical analgesics,
therapy, weight loss, use of a cane, bracing, and
corticosteroid or viscosupplementation injections [

No comparative studies of PRP versus dextrose p
apy have been published yet. If a large area is to be
dextrose solutions are preferred because more volum
used; a standard large kit requires a 60-mL blood
yield 10 mL of PRP.

Contraindications for both PRP and dextrose p
apy include infection, immunocompromise, and in
comply with guidelines for postprocedure instruc
activity and exercise. In the setting of anticoagula
injection can be considered if the International No
Ratio is less than 2.5 [36,37], but needle size is limi
gauge, and spinal or noncompressible structures
injected. In patients with prosthetic joints, intra
injections are not performed; however, extra-articu
tions may be carefully considered for these patients
as the clinician recognizes the rare but catastroph
prosthetic hardware infection. As discussed pr
milder degrees of OA have been associated with be

Figure 1. Schematic representation of the layered str
AC � articular capsule; FC � fascia cruris; Gcm �
aponeurotic membrane from gracilis tendon; MM � m
muscles; Sa � sartorius muscle; Sm � semimembra
semitendinosus tendon; TCL � tibial collateral ligam
bundle; Œ � tendinous expansion of semimembranos
fascia of the medial head of gastrocnemius muscle; Œ
Reprinted with permission from Mochizuki T, Akita K, M
of the knee. Clin Anat 2004;17:50-54.
comes compared with more severe cases of advanced OA
at-
on.
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25
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cases with major anatomic structural deformity. I
tient’s arthritis is sufficiently advanced that the patie
be better served by arthroplasty, regenerative injec
not offered.

Risks and benefits are thoroughly reviewed with
The risks and benefits are similar to any other intra-
or periarticular injection and include infection, b
bruising, peripheral nerve injury, allergy to local an
and temporary exacerbation of stiffness and soren
may last up to 2-7 days. Potential benefits include
pain, increased joint stability, and improved functio

Through a comprehensive physical examination,
the clinician considers both extra-articular and intra-
structures, potential pain generators are identified. F
ple, in the knee, extra-articular pain generators migh
the proximal tibia-fibular articulation, medial an
collateral ligamentous attachment sites or entheses
cotibial ligaments, pes anserine attachments, iliotib
attachments, and insertions of the patellar and qu
tendons (Figure 1).

Simple analgesics such as acetaminophen can be
manage postinjection soreness. Occasionally a pat
require a stronger analgesic, such as tramadol o
codone. Nonsteroidal anti-inflammatory drugs are

s on the medial side of the knee joint. (A) Anterior view. (B) Supe
l head of gastrocnemius muscle; Gr � tendon of gracilis mu

l meniscus; P � patella; PL � patellar ligament; QF � quadricep
St � tendon of semitendinosus muscle aponeurotic membra

� superficial longitudinal fibrous bundle; ** � deep longitudin
scle; Œ1 � tendinous expansion of semimembranosus muscle fu
ndinous expansion of semimembranosus muscle fused with fas
T, et al. Pes anserinus: Layered supportive structure on the me
ucture
media

edia
nosus;
ent; *
us mu
2 � te
uneta
or during this time because they may impair the inflammatory
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phase of healing. Immediately after PRP injections, reg
activities and cross-training can be resumed as toler
gentle range of motion is recommended. However, th
advise patients to initially avoid impact loading of the
area, such as running or jumping in the case of t
extremities, or racquet sports in the case of the uppe
ities. Initially, isometrics can be commenced (witho
of motion) for about 2 weeks, and then the pat
advance to isotonic exercises with low-level resis
about a week. At 6 weeks after the injection, if the pa
tolerated the exercise program, eccentric exercise
added. Generally, at 8-10 weeks, full physical ac
sports retraining can take place.

Practices vary as to the frequency of treatment.
dextrose prolotherapy often is performed in 4-we
vals, and PRP generally is performed with at least 2
between treatments. Although most of the studies
this article report monthly treatments, no clinical
shows that less frequent treatment intervals woul
effective. Injections may be repeated until the patien
80% relief in symptoms or has reached a plateau cli
no improvement occurs after 2 injections, alternati
pies should be strongly considered. Outcome me
measure clinical progress include pain scores, global
age improvement, and functional gains, including bo
ities of daily living and recreational activities.

A full discussion of prolotherapy technique is be
scope of this review. The reader is referred to excel
[38-40] and comprehensive training programs thr
Hackett-Hemwall-Hackett Foundation and the A
Academy of Orthopedic Medicine. The authors stro
ommend that interested clinicians invest the time
sources in formal education and training to optimiz
selection, safe and effective technique, and outcom
lotherapy traditionally has been taught through th
precise physical examination findings and anatomic
tion. Needling techniques include the standard
technique (one needle pass through the tissue), p
technique (several needle passes through the tissu
layering or fanning techniques, but thus far no stud
evaluated superiority of one over another. The au
minister injections by using a comprehensive appro
treatment of painful or hypermobile intra-articular a
articular structures, including the joint capsule, li
and tendons, treating all tender regional enthesis po
authors use musculoskeletal ultrasound guidance
tional to palpatory guidance with the aim of achiev
precise delivery of the injectate; however, the adv
ultrasound guidance for regenerative injections has
studied formally.

Currently neither prolotherapy nor PRP is co
insurance. The cost differences vary from practice to
but generally, in light of the greater costs of the c

equipment and individual sterile kits, PRP can be 2- to 4-f
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higher in cost. Logistic issues also must be consider
one uses PRP, which requires venipuncture, coor
among office staff, time spent processing the sam
meticulous identification and matching of each sam
corresponding patient; these considerations are not
with dextrose solutions, which can be prepared in
time for more than one patient.

SUMMARY

OA pain is multifactorial; bony compression is not
pain generator. Numerous regional intra-articular an
articular structures such as ligaments, tendons, and
tissue are richly innervated with nociceptive fiber
structures should be considered when determining p
erators and tailoring a rehabilitation plan.

Regenerative injection treatments may stimulate
deposition in the ligaments, tendons, and capsule of
thritic joints. Platelet-rich solutions have been foun
hance hyaluronic acid and angiogenic growth fact
tion in human synovial cells in vitro. Although sma
to date have suggested safety, pain relief, and fu
improvements among patients with OA receiving r
tive injections, many of these studies are uncontro
more clinical studies are needed.

Given the methodological limitations of clinical
on regenerative injections for OA to date, this t
should only be considered after execution of a com
sive physiatric assessment and treatment plan, i
optimization of biomechanics, consideration of c
weight loss, cardiovascular exercise, resistance train
judicious use of more established topical, oral, and i
medications.
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