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Prolotherapy in Orthopedic Field
Min Soo Shon, M.D., Jae Chul Yoo, M.D.

From the Department of Orthopaedic Surgery, Samsung Medical Center, Sungkyunkwan University School
of Medicine, Seoul, Korea

To describe the background, mechanism, clinical results and complications of prolotheapy based on the literature
review. Prolotherapy is a minimally invasive injection-based treatment of chronic musculoskeletal pain, including liga-
ment and joint laxity. The mechanism of this injection-based technique is to initiate a local inflammatory response with
resultant tissue healing. The used proliferants are classified by bio-mechanism to act in three different ways as osmot-
ic, irmitants, and chemotatics. The most commonly used proliferant is hyperosmolar (10~25%) dextrose to act by
osmotic rupture of cells. High resolution ultrasound imaging of musculoskeletal structure provide a more accurate
diagnosis. Also ultrasound-guided intervention provides a more high efficacy and low rate of complications. The most
common complication is local pain at the injected site, that is self-limited and good responsive to anti-inflammatory
agents. Other complications are rare. It is reported that prolotherapy appears safe when performed by an experienced
clinician. Prolotherapy has grown in popularity and has received significant recent attention. However there are limited
evidence-based data supporting the indication and efficacy of prolotherapy in the treatment of chronic musculoskeletal
pain or soft tissue injuries. Future studies are necessary to determine whether prolotherapy can play an independent
and definitive role in a treatment for chronic musculoskeletal pain

Key Words: Musculoskeletal, Prolotherapy, Ultrasound imaging
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Fig. 1. Number of published clinical studies on prolotherapy since 1937.
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Fig. 2. Healing response cascade.
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Table 1. Randomized controlled trial data of prolotherapy for Osteoarthritis

bl
W RE EF
g vl gl

wel A BaE sglth. o] Aol 47EAA R
a8l Vs el adpH o R B

3) &N Z2AH (Plantar fasciitis)

Ryan 572 HEZ 279 }801 A= 207 9
Ty SAEE Ak giste] 253 f % 8 T4
A7 (25% dextrose/hdocame) = 67 7H4
Hat 33 Al=skslS W 80%lA A =:ol R
Hom §2 A T35 A FFo] 5 A

Subjects Methods F/U Outcomes
Reeves® 68 (M39/F29) Proliferants 12 mo Reported improved pain, swelling,
2000 Mean age:63y 10% Dextrose and 0.075% buckling, and knee flexion compared
Knee OA pain Lidocaine in bacteriostatic H,O to control (p=.015)
Placebo Decreased laxity (p=.025), increased
H.O/lidocaine flexion (p=.005) in uncontrolled
follow-up compared to baseline.
Reeves® 27 (M11/F16) Proliferants 12 mo Improvement in pain with finger

2000 Mean age:64y 10% Dextrose and 0.075%
Finger OA pain Lidocaine in bacteriostatic H,O

Placebo
H,O/lidocaine

movement compared to controls
(p=.027)

Improved flexion range compared to
controls (p=.003)

Non-significant (p=.096) improvement
in multiple pain scores compared to
controls.

Improved joint space narrowing
compared to controls at 1 yr
(p=.006)

Table 2. Randomized controlled trial data of prolotherapy for Lateral epicondylitis

Subjects Methods F/U Outcomes
Glick® 8 (M6/F2) Proliferants 9 wks McGill score improved (p=0.086) by
2006 Mean age:50y 15% Dextrose/1% lidocaine/ 7.75 points compared with baseline
>3 mo of Placebo and 7 points compared with control.
Lateral 0.9% Saline/1% dextrose Physical Composite score improved
epicondylitis (p=0.05) by 8.4 points compared
with baseline and control.
Scarpone® 24 Proliferants 12 mo Differences in pain scores were
2008 Lateral 5% sodium morrhuate/ significant compared to baseline
epicondylitis 50%Dextrose/4% lidocaine/ scores within and between groups
0.5% sensorcaine/ saline (p<.001).
Placebo Prolotherapy subjects also reported
Saline improvement extension strength

compared to Controls (p<0.01) and
grip strength compared to baseline
(p<0.05).
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2 1599 #x+, =22 2 A (hypertonic glu—

=

cose/lignocaine alongside) & AF&3F S22 A5

4) 0tZef|A Z4Z(Achilles tendinopathy) (Table 3) Alg uke 14 o) shabt W F X B E W Ekslo] A
W obdel s el e FAXEE B AR g e 1499 BATOE o] 124€ F 9
& Hole Zo® 44 k. 20119 Yelland & A3 A2 nwstgon ZAXNEE A g w2 3
We A AT obduA 1% (painful mid— A, 53] TAA RS @4 HAY +EeHe
portion achilles tendinosis) < 7}zl 4394 2] sz} ghslo] A B ube FoA] A E Qlo] A &%
= e R 3 A9 AaE Husigiv A4 QWu Ajg wke FrT) o WE A SAS B
% 9 (Eccentric loading exercise) & A3 9+ o= ST 35 A=
Table 3. Randomized controlled trial data of prolotherapy for Achilles tendinosis
Subjects Methods F/U Outcomes
Yelland® 43 (n=15) 12 weeks program of 12 mo For Achilles tendinosis, prolotherapy
2011 Achilles eccentric loading exercise and particularly ELE combined with
tendinosis (n=14) prolotherapy with prolotherapy give more rapid

20% hypertonic glucose/
0.1% lidocaine/
0.1% ropivacaine

(n=14) combined treatment

improvements in symptoms than ELE
alone but long-term VISA-A scores
are similar.

Table 4. Randomized controlled trial data of prolotherapy for Low Back Pain or Sacroiliac dysfunction

Subjects

Methods

F/U Outcomes

Ongley®
1987

Klein®
1993

Dechow*®
1999

Yelland®
2004

Kim*®
2010

81 (M38/F43)
Mean age:44y
Mean 10y of LBP

79 (M47/F 32)
Mean age:44y
Mean 11y of LBP

74 (M36/F38)
Mean age:46y
>10y of LBP

110 (M63/F 47)
Mean age:50y
Mean 14y of LBP

48
>3 mo of
Sl joint pain

Proliferants
P2G
Placebo
Saline/lidocaine
Proliferants
P2G
Placebo
Saline/lidocaine
Proliferants
P2G
Placebo
Saline/lidocaine
Proliferants

20% Dextrose/0.2% lidocaine

Placebo
Saline
(n=23)
Intraarticular prolotherapy
with 50% Dextrose/
0.25 levobupivacain
(n=25)

Intraarticular Steroid injection

with 40 mg Triamcinolone/

6 mo 88% of intervention subjects achieved
>50% pain reduction vs. 39% in
control group (p=.03)

6 mo  77% of intervention subjects achieved
>50% pain reduction vs. 53% in
control group (p, 0.05)

6 mo  No significant improvement in
primary or secondary outcome scores
between groups
50% pain or disability reduction
24 mo No significant improvement in
primary or secondary outcome scores
between groups
50% pain or disability reduction
15 mo The cumulative incidence of >50% pain
relief at 15 months was 58.7%
(95% confidence interval [CI]
37.9%-79.5%) in the prolotherapy
group and 10.2% (95% ClI
6.7%-27.1%) in the steroid group,
as determined by Kaplan-Meier

0.125% levobupivacaine analysis; there was a statistically

significant difference between the
groups (log-rank p<0.005).
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or Sacroiliac dysfunction) (Table 4)

T HlEeld 9F =2 AARd S5 g
SAAEE 7HE ¥ AF-H Al E gtom AR
7HAl 7 Eol RaE A Qle %*—WEQ Z—qngz
T o]_]%O]];}ZSSOSJ 43) ]:1]_0 Cﬁi;}L 01 }\:1}1_:_
AR 57t adA o)tz diE EO%—ZrEi
BAE A AU E A4 FY6)
SAA "7 afAoldvta His| = §tQ
stAIRE AgHtE ARE Histes A% 3
2004 Yelland 5% 7 B] 50l 4 315 QE
st SAAEL AAA =4
review) & AAIgH A3} FAAE dEoR =
7h ok ®agk bk gl

2010 Cusi o' 2579 A &4 %5
(SI joint pain, deficient stability of the SI joint)
= 7H 3AkE g o R 3 S22 X 5 (50% Dextrose/
1% bupivicaine/lsovue (iopamidol)) ¢ H34

[r

_I_/
<

g
ofN

&11
1

f
o b oly of

-

rir
¢

=

O ;.u.;

.
v

I Z (systemic

a3

AN BE ZaloA] =& A A7 E B}
SLstgow, tsAe) gae AE, 91799
£ 5 AR AP e BEaAA.

==}
1 =

6) 1 2 AS 2 S8 & (Other ten-

d\opath\es or joint instabilities)

234 F499 71135 (Rotator cuff tendinopa—
thy), %4 2 AT 79 8] BAYF 5o
Yetel 5ol Ho] g AHA Aurt wad 9
E]_adlll) 20041/;] Jo 1:1a>8 7:]31}7‘(_1 _Zr_(?,] O]]’,Hﬁ:/\]-ol

A HA 37]Y o)At BHEZA X Fo|E HESo]
A= 2999 A nﬂnoi e
(15% dextrose) & A &3k qu 83% 0] A Tk 2
A d3E Blvka a3tk 3 Topol 572
13 - (Hip adductor) 2 AZ o3 55
L TAGE 2E HASFELS AR ZAARE
(12.5% dextrose) & Aldste] = &3l2 HA
A AEZ AR BRI sbeskd v kit

2 B

ZA X & (Prolotherapy) & -2 2% 4 #
2 olge Anuosn A2 AzEHT oo

AA7HA Bae Ad3EL v x 7 (Control group)
ol Ao, t)atskate] tet Aeke] &3 theksA F

Q) FARA 24, A
A= 1 Fatel) ojg)
oh e Axvict

NEAel A %

1. Gedney E. Special technic hypermobile joint: a
preliminary report. Osteopath Prof. 1937;4:30-1.

2. Hackett GS. Joint stabilization through induced
ligament sclerosis. Ohio Med. 1953;49:877-84.

3. Linetsky FS, Botwin K, Gorfin L, et al.
Regeneration injection therapy (RIT): effective-
ness and appropriate usage. Florida Academy of
Pain Medicine [Internet]. 2001;1-12 Available at:
http://www.gracermedicalgroup.com/resources/
articles/rf_file_0025.pdf

4. Linetsky FS, Frafael M, Saberski L. Pain
management with regenerative injection therapy
(RIT). In: Weiner RS, ed. Pain management.
Boca Raton (FL): CRC Press;2002. 381-402.

5. Reeves KD. Basic Science, Clinical Studies, and
Technique. In: Lennard TA, ed. Pain procedures
in Clinical Practice 2nd Ed. Hanley and Belfus.
Philadelphia; 2000. 172-90.

6. Di Paolo S, Gesualdo L, Ranieri E,
Grandaliano G, Schena FP. High glucose con-
centration induces the overexpression of trans-
forming growth factor-beta through the activa-
tion of a platelet-derived growth factor loop in
human mesangial cells. Am J Pathol. 1996;149:
2095-106.

7. Fukuda K, Kawata S, Inui Y, et al. High con-
centration of glucose increases mitogenic respon-
siveness to heparin-binding epidermal growth
factor-like growth factor in rat vascular smooth
muscle cells. Arterioscler Thromb Vasc Biol.
1997;17: 1962-8.

.Oh JH, Ha H, Yu MR, Lee HB. Sequential

107



e
@

dgu=SIEElXl: M4 2 M2 2011

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

effects of high glucose on mesangial cell trans-
forming growth factor-beta 1 and fibronectin
synthesis. Kidney Int. 1998; 54: 1872-8.

. Murphy M, Godson C, Cannon S, et al.

Suppression subtractive hybridization identifies
high glucose levels as a stimulus for expression of
connective tissue growth factor and other genes
in human mesangial cells. J Biol Chem. 1999;274:
5830-4.

Liu YK, Tipton CM, Matthes RD, Bedford
TG, Maynard JA, Walmer HC. An in situ
study of the infuence of a sclerosing solution in
rabbit medial collateral ligaments and its junc-
tional strength. Connec Tissue Res.1983;11:95-
102.

Maynard JA, Pedrini VA, Pedrini-Mille A,
Romanus B, Ohlerking F. Morphologic and
biochemical effects of sodium morrhuate on ten-
dons. J Orthop Res.1985;3:236-48.

Forslund C, Aspenberg P. Tendon healing
stimulated by injected CDMP. Med Sci Sports
Exerc. 2001;33:685-7.

Jensen KT, Rabago DP, Best TM, Patterson
JJ, Vanderby R Jr. Response of knee ligaments
to prolotherapy in a rat injury model. Am J
Sports Med. 2008; 36:1347-57.

Klein RG, Dorman TA, Johnson CE.
Proliferant injections for low back pain:
Histologic changes of injected ligaments and
objective measurements of lumbar spine mobility
before and after treatment. J Neurol Orthop Med
Surg.1989;10:141-4.

Fullerton BD. High-resolution ultrasound and
magnetic resonance imaging to document tissue
repair after prolotherapy: a report of 3 cases.
Arch Phys Med Rehabil.2008;89:377-85.

Banks AR. A Rationale for Prolotherapy.
Journal of Orthopaedic Medicine.1991;12(3):54-9.
Rabago D, Slattengren A, Zgierska A.
Prolotherapy in primary care practice. Prim
Care. 2010;37:65-80.

Coombes BK, Bisset L, Vicenzino B. Efficacy
and safety of corticosteroid injections and other
injections for management of tendinopathy: a
systematic review of Randomised controlled tri-
als. Lancet. 2010; Nov 203:76(9754):1751-67.
Hoksrud A, Ohberg L, Alfredson H, Bahr R.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Ultrasound-guided sclerosis of neovessels in
painful chronic patellar tendinopathy: a random-
ized controlled trial. Am J Sports Med. 2006;
34:1738-46.

Zeisig E, Fahlstrom M, Ohberg L, Alfredson
H. A two-year sonographic follow-up after intra-
tendinous injection therapy in patients with ten-
nis elbow. Br J Sports Med. 2010;44:584-7.
Taylor MA, Norman TL, Clovis NB, Blaha
JD. The response of rabbit patellar tendons after
autologous blood injection. Med Sci Sports Exerc.
2002;34:70-3.

Ravin T. The use of Testosterone and Growth
Hormone for Prolotherapy. Journal of Prolotherapy.
2010;2:495-503.

Fullerton BD, Reeves KD. Ultrasonography in
regenerative injection (prolotherapy) using dex-
trose, platelet-rich plasma, and other injectants.
Phys Med Rehabil Clin N Am. 2010;21:585-605.
Davidson J, Jayaraman S. Guided interven-
tions in musculoskeletal ultrasound: what's the
evidence?. Clin Radiol. 2011;66:140-52.

Louis LJ. Musculoskeletal ultrasound interven-
tion: principles and advances. Radiol Clin North
Am. 2008;46:515-33.

Ryan M, Wong A, Taunton J. Favorable out-
comes after sonographically guided intratendi-
nous injection of hyperosmolar dextrose for
chronic insertional and midportion achilles tendi-
nosis. Am J Roentgenol. 2010;194:1047-53.

Kim SR, Stitik TP, Foye PM, Greenwald BD,
Campagnolo DI. Critical review of prolothera-
py for osteoarthritis, low back pain, and other
musculoskeletal conditions: A physiatric perspec-
tive. Am J Phys Med Rehabil. 2004;83:379-89.
Yelland MJ, Del Mar C, Pirozzo S, Schoene
ML. Prolotherapy injections for chronic low back
pain: a systematic review. Spine. 2004;29:2126-
33.

Kim YU. Prolotherapy for the Lower Extremities.
J Korean Orthop US Soc. 2009;1:37-44.

Ongley MJ, Dorman TA, Eek BC, Lundgren
D, Klein RG. Ligament Instability of Knees: a
New Approach to Treatment. Manual Med.
1988;3:152-4.

. Reeves KD, Hassanein K. Long-term effects of

dextrose prolotherapy for anterior cruciate liga-

108



2014 9):

S AWML SAXIZ

32.

33.

34.

35.

36.

37.

38.

39.

ment laxity. Altern Ther Health Med. 2003;9:58-
62.

Reeves KD, Hassanein K. Randomized
prospective double-blind placebo-controlled
study of dextrose prolotherapy for knee
osteoarthritis with or without ACL laxity. Altern
Ther Health Med. 2000;6:68-80.

Reeves KD, Hassanein K. Randomized,
prospective, placebo-controlled double-blind
study of dextrose prolotherapy for osteoarthritic
thumb and fnger (DIP, PIP, and trapeziometacarpal)
joints: Evidence of clinical effcacy. J Altern
Complement Med. 2000;6:311-20.

Lyftogt J. Subcutaneous prolotherapy treatment
of refractory knee, shoulder and lateral elbow
pain. Australas Musculoskel Med. 2007;12:110-2.
Scarpone M, Rabago DP, Zgierska A,
Arbogast G, Snell E. The efficacy of prolothera-
py for lateral epicondylosis: a pilot study. Clin J
Sport Med. 2008;18:248-54.

Rabago D, Best TM, Zgierska AE, Zeisig E,
Ryan M, Crane D. A systematic review of four
injection therapies for lateral epicondylosis: pro-
lotherapy, polidocanol, whole blood and platelet-
rich plasma. Br J Sports Med. 2009;43:471-81.
Ryan MB, Wong AD, Gillies JH, Wong J,
Taunton JE. Sonographically guided intra-
tendinous injections of hyperosmolar dextrose/
lidocaine: a pilot study for the treatment of
chronic plantar fasciitis. Br J Sports Med.
2009;43:303-6.

Yelland MJ, Sweeting KR, Lyftogt JA, Ng
SK, Scuffham PA, Evans KA. Prolotherapy
injections and eccentric loading exercises for
painful Achilles tendinosis: a randomised trial.
Br J Sports Med. 2011;45:421-8.

Klein RG, Eek BC, DeLong WB, Mooney V.
A randomized double-blind trial of Dextrose-glyc-
erine-phenol injections for chronic, low back

40.

41.

42.

43.

44,

45,

46.

47.

48.

pain. J Spinal Disord. 1993;6:23-33.

Dechow E, Davies RK, Carr AJ, Thompson
PW. A randomized, double-blind, placebo-con-
trolled trial of sclerosing injections in patients
with chronic low back pain. Rheumatology
(Oxford). 1999;38:1255-9.

Cusi M, Saunders J, Hungerford B, Wisbey-
Roth T, Lucas P, Wilson S. The use of pro-
lotherapy in the sacroiliac joint. Br J Sports Med.
2010;44:100-4.

Dagenais S, Yelland MJ, Del Mar C,
Schoene ML. Prolotherapy injections for chron-
ic low-back pain. Cochrane Database Syst
Rev.2010;18:1-29.

Kim WM, Lee HG, Jeong CW, Kim CM,
Yoon MH. A randomized controlled trial of
intra-articular prolotherapy versus steroid injec-
tion for sacroiliac joint pain. J Altern Complement
Med. 2010;16:1285-90.

Shin KM. Prolotherapy for the Upper Extremity.
Korean Orthop US Soc. 2008;2:117-21.

Jo DH, Ryu KG, Yang SJ, Kim MH. The
Effects of Prolotherapy on Shoulder. Pain Korean
J Anesthesiol. 2004;46:589-92.

Topol GA, Reeves KD. Regenerative injection
of elite athletes with career-altering chronic
groin pain who fail conservative treatment: a
consecutive case series. Am J Phys Med Rehabil.
2008;87:890-902.

Topol GA, Reeves KD, Hassanein KM.
Efficacy of dextrose prolotherapy in elite male
kicking-sport athletes with chronic groin pain.
Arch Phys Med Rehabil. 2005;86:697-702.

Glick RM. Prolotherapy for the treatment of lat-
eral epicondylitis: A double-blind pilot study.
North American Research Conference on
Complementary and Integrative Medicine;
Edmonton, Canada: 2006.24-7.

109



PSRl ESTSEIN: Al 42 K25 2011

SAXI=O| O|2H i 7|H, A

=~

e
ron

>
[ols

[0

ZARRE MEXMoR 7 B2 Ity ojoR QI5t E52 malst ot
XIZHIS FABH0] BB WSS RE5H0] QX0

dl

iz

U O[M
>
rr
L
=
>
N
Ral
N
rx
=2
10
Q,E
X
1A
(1)
_o'u
=
N
021
ron
ol
>0

=

il
M
K

0 -
o[
oot mjo
M
U
1
s

el SAXI=0l AHM= 7ESE

ol

10
=
=)
()
mn
kI
o
I
gl
gl
HE
I
™
Pl
ojo
=]
oM
Pl
Q'E
>
>
fjo
oim
=OII=I
on T
0

o

ro ki
A

o

ot

>

ﬂ

Hu

e 2
oY
oot
k=]
G2
rlo
oo
0z
1o
2
1o
gl=l
02
m
3Q

mjo
oY
40
B
il
kel
2]
ro
Pl
|0
HU
HT
kI
Il

N T

1
N

PR

oo H

m

T

o

o=

|0

o o B
]
o M
N
TS
on '
=
|l
2
re
-
Job
rlo
M
Pl
0]
IE
=
o
T
HT
I
1A
Rall
HU
o
o
==
El
Q
-

110



