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ABSTRACT 
Objective: The aim of the present study was to compare the effectiveness of 
intraarticular injections of hyaluronic acid (HA) versus dextrose (DX) in combination 
with periarticular prolotherapy (PrT) in the treatment of recreational athletes with knee 
osteoarthritis. 
Material and Methods: A total of 54 patients who had chronic knee osteoarthritis (OA) 
were included in the study. The patients were divided into two groups as PrT+HA 
(intraarticular hyaluronic acid combined with periarticular prolotherapy, n=27) and 
PrT+DX (intraarticular dextrose combined with periarticular prolotherapy, n=27). Clinical 
efficacy and pain were evaluated via the Visual Analog Scale (VAS) and the Western 
Ontario and McMaster Universities Arthritis Index (WOMAC) at pre-treatment and one, 
three and six-month follow-ups. 
Results: Intra-group statistical analyses revealed significant improvements in PrT+HA 
and PrT+DX groups for WOMAC and VAS scores compared with baseline (p<0.001). 
When the two groups were compared, VAS and WOMAC scores in the first month 
follow-ups were significantly better in the PrT+DX group (p=0.022 and p=0.03, 
respectively) while sixth month follow-up scores were significantly better in the PrT+HA 
group (p<0.001 and p<0.005 respectively). 
Conclusions:  Both of the intraarticular injections (HA and DX) are efficacious and safe 
in treating knee osteoarthritis. HA offers advantage of higher treatment success, while 
DX offers clinical efficacy with less cost. 
Keywords: Dextrose, hyaluronic acid, injection, knee, osteoarthritis, prolotherapy 

 
ÖZ 
Amaç: Bu çalışmanın amacı, rekreasyonel sporculardaki diz osteoartritinin tedavisinde 
periartiküler proloterapi (PrT) ile birlikte uygulanan eklem içi hiyalüronik asit (HA) ve 
dekstroz (DX) enjeksiyonlarının etkinliğini karşılaştırmaktır. 
Gereç ve Yöntemler: Kronik diz osteoartriti (OA) olan toplam 54 hasta çalışmaya dahil 
edildi. Hastalar PrT+HA (periartiküler PrT ile kombine intraartiküler HA, n=27) ve 
PrT+DX (periartiküler PrT ile kombine intraartiküler DX, n=27) olarak iki gruba ayrıldı. 
Klinik etkinlik ve ağrı, Visual Analog Skala (VAS) ve Western Ontario ve McMaster 
Üniversitesi Artrit İndeksi (WOMAC) kullanılarak tedavi öncesi, bir, üç ve altı aylık 
izlemlerle değerlendirildi. 
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Bulgular: Grup içi değerlendirmede her iki grupta da WOMAC ve VAS skorlarında tedavi öncesine göre anlamlı 
iyileşme gözlendi (p<0.001). Gruplar arası karşılaştırmada, VAS ve WOMAC skorları ilk ay takipleri PrT+DX grubunda 
anlamlı olarak daha iyi iken  (sırasıyla p=0.022 ve p=0.03),  altıncı ay takiplerde PrT+HA grubunda daha iyi olarak 
saptandı (sırasıyla p<0.001 ve p<0.005). 
Sonuç: Her iki intraartiküler enjeksiyon yöntemi de (HA ve DX), diz osteoartritinin tedavisinde etkili ve güvenlidir. HA, 
daha yüksek tedavi başarısı avantajı, DX ise daha az maliyetle anlamlı klinik etkinlik sunmaktadır. 
Anahtar Sözcükler: Dekstroz, diz, enjeksiyon, hiyalüronik asit, osteoartrit, proloterapi 
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INTRODUCTION
Osteoarthritis	(OA)	 is	 the	most	common	degen-
erative	 knee	 disorder,	 accompanied	 by	 joint	
pain	and	dysfunction,	and	reduced	quality	of	life	
(1).	Many	 treatment	methods	 ranging	 from	 an-
algesic	 medications	 to	 complex	 surgical	 meth-
ods	 to	 reduce	 complaints	 and	 improve	 knee	
functions	 have	 been	 described	 for	 the	manage-
ment	of	OA	(2).	

Proliferative	 methods	 have	 recently	 gained	
popularity	in	the	management	of	OA.	In	this	con-
text;	 stem	 cell	 therapies,	 prolotherapy,	 hyalu-
ronic	acid	and	platelet	rich	plasma	injections	are	
most	commonly	used	methods	described	 in	 the	
literature	 (3).	 Prolotherapy	 (PrT)	 is	 a	 popular	
method	with	high	success	rates	 in	clinical	stud-
ies	due	to	regeneration	of	ligamentous	and	carti-
lage	 structures	 of	 joints.	 The	 therapeutic	 effect	
of	 PrT	 depends	 on	 initiation	 of	 inflammatory	
processes	 in	 the	 applied	 region.	 The	 inflamma-
tory	process	triggers	fibroblast	proliferation	and	
collagen	 synthesis	 in	 damaged	 tissues,	 thereby	
initiating	 tissue	 healing	 and	 regeneration	 (4).	
PrT	 has	 long	 been	 used	 in	 the	 treatment	 of	
chronic	 joint-ligament	 pathologies	 and	 chronic	
musculoskeletal	 pathologies	 including	 osteoar-
thritis,	and	most	studies	have	reported	success-
ful	clinical	results	(4-14).	

In	 recent	 studies,	 periarticular	 PrT	 has	 been	
combined	with	intraarticular	injections	(6,7,12).	
These	 studies	 suggest	 that	 combining	 intraar-
ticular	 injection	 with	 prolotherapy	 increased	
treatment	 success	 by	 healing	 and	 regeneration	
of	both	intra-	and	periarticular	structures	in	OA	
cases.	 Different	 concentrations	 of	 hypertonic	
dextrose	 (ranging	 from	 15	 to	 25%)	were	most	

commonly	 used	 solutions	 in	 combination	 with	
periarticular	PrT.	Hyaluronic	acid	(HA)	is	one	of	
the	most	 common	 used	 intraarticular	 solutions	
with	 lower	complication	rates	and	higher	treat-
ment	 success	 in	 the	 management	 of	 OA	 (15).	
Even	if	some	studies	reported	contradictory	re-
sults,	 HA	 has	 been	 strongly	 recommended	 by	
the	American	Academy	of	Orthopaedic	Surgeons	
(AAOS)	since	it	provides	improved	results	com-
pared	with	saline	placebo	injections	(13,16).	

We	 hypothesized	 that	 different	 intraarticular	
regenerative	solutions	might	increase	the	effica-
cy	 of	 PrT	 injections.	 Therefore	 our	 aim	was	 to	
evaluate	 efficacy	 of	 intraarticular	 hyaluronic	
acid	(HA)	and	dextrose	solutions	in	combination	
with	 periarticular	 PrT	 injections	 in	 the	 treat-
ment	of	recreational	athletes	with	knee	osteoar-
thritis.	

MATERIAL	and	METHODS	

Research	Design	and	Subjects	

This	 is	 a	 retrospective	 cohort	 study	 conducted	
to	evaluate	 the	 clinical	 efficacy	of	 intraarticular	
HA	 injections	 and	 dextrose	 combined	 with	
prolotherapy	 for	 the	 treatment	 of	 OA.	 Recrea-
tional	 athletes	 in	 the	 study	were	officers,	 petty	
officers,	recruits	and	cadets	who	were	perform-
ing	regular	exercise,	especially	running.	The	Lo-
cal	Ethics	Committee	 approved	all	 study	proto-
cols	 (Date:	05.02.19,	No:	19-KAEK-020),	and	an	
informed	 consent	 was	 signed	 by	 each	 patient	
enrolled	in	the	study.	

Ages	of	 the	patients	ranged	between	50	and	85	
years.	Two	of	the	patients	were	at	the	age	of	85	
years	and	walked	30	min	daily,	while	the	others	
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were	 younger	 and	 had	 regular	 walks	 three	 to	
five	 days	 a	 week	 or	 did	 regular	 indoor	 sports.	
The	patients	had	knee	osteoarthritis	of	Kellgren-
Lawrence	grade	II,	III	or	IV.	They	had	at	least	six	
months	 of	 symptoms	 resistant	 to	 at	 least	 three	
months	of	 conservative	methods	 (non-steroidal	
anti-inflammatory	 drugs,	 lifestyle	 modification,	
weight	reduction,	regular	exercise,	physiothera-
py),	 and	 they	 were	 recreational	 athletes	 who	
were	performing	regular	exercise.	Patients	with	
immune	 diseases,	 rheumatic	 diseases,	 or	 other	
systemic	 inflammatory	 diseases,	 patients	 with	
acute	 or	 chronic	 infection	 or	 osteomyelitis	
around	the	knee	 joint,	patients	who	had	under-
gone	 previous	 surgery	 on	 the	 knee	 joint,	 pa-
tients	who	had	history	of	hereditary	or	acquired	
bleeding	 tendency	 were	 excluded	 from	 the	
study.	

A	total	of	54	patients	with	chronic	knee	OA	who	
had	 received	 three	 sessions	 of	 injections	 be-
tween	 June	 2016	 and	 June	 2018	 were	 divided	
into	two	age,	gender	and	osteoarthritis	severity-
matching	 groups.	 Twenty-seven	 patients	 re-
ceived	 PrT	 combined	 with	 intraarticular	 HA	
(PrT+HA	 Group),	 while	 a	 matched	 group	 re-
ceived	 PrT	 combined	 with	 intraarticular	 dex-
trose	(PrT+DX	Group)	during	the	same	period.	

Intervention	

Each	protocol	 consisted	of	 three	 sessions	 (with	
three	weeks	of	intervals)	of	intra	and	periarticu-
lar	 injections.	All	 injections	were	performed	by	
the	same	researcher	who	had	eight	years	of	clin-
ical	 experience.	 The	 injections	were	 performed	
under	 aseptic	 conditions	with	 ultrasound	 guid-
ance.	The	patients	were	supinely	positioned	and	
the	knee	was	 flexed.	27G	(Gauge)	needles	were	
used	 for	 injections.	 The	 injection	 points	 were	
determined	based	on	tenderness	in	physical	ex-
amination.	A	maximum	of	18.0	mL	dextrose	so-
lution	(16.2	mL	of	15%	dextrose	and	1.8	mL	 li-
docaine)	 was	 injected	 to	 periarticular	 sites	 of	
the	knee	(medial	collateral	 ligament,	pes	anser-
inus,	 patellar	 tendon,	 tuberositas	 tibia,	 medial	
patellar	 retinaculum,	 lateral	 collateral	 ligament	
&	 biceps	 femoris	 tendon,	 coronary	 ligaments,	
and	rectus	femoris).	The	PrT+DX	group	received	
4.0	 mL	 of	 25%	 dextrose	 whereas	 the	 PrT+HA	

group	 had	 4.0	 mL	 of	 hyaluronic	 acid	 solution	
slowly	infiltrated	on	the	lateral	side	of	the	knee	
next	 to	 the	 patella,	while	 the	 patella	was	 being	
mildly	subluxated	(Figure	1).	

Patients	were	 recommended	 to	 rest	 and	 to	 ap-
ply	hot	water	bags	to	injection	points	for	20	min	
every	two	hours	for	the	first	three	days.	All	anti-
inflammatory	drugs	were	prohibited.	If	pain	be-
came	 unbearable,	 500	 mg	 of	 acetaminophen	
with	a	maximum	dosage	of	four	times	a	day	was	
recommended.	 For	 the	 PrT+HA	 group,	 2.0	 ml	
sterile,	 pre-filled	 syringes	 containing	 20	 mg	 of	
sodium	 hyaluronate	 were	 used.	 A	 standard	
physiotherapy	protocol	as	described	by	O’Reilly	
et	 al.	 (17)	 was	 prescribed	 to	 patients	 for	 five	
days	 after	 injections.	 The	 same	physiotherapist	
performed	 the	 protocol	 in	 three	 sessions	 per	
week	 for	 two	weeks.	The	patients	carried	out	a	
home	 exercise	 program	 including	 the	 same	 ex-
ercises	three	times	a	day	for	the	remaining	days.	

	
Figure	 1.	 The	 injection	points;	 I:	 intraarticular,	
P:	pes	anserinus,	TT:	tuberositas	tibia,	M:	medial	
collateral	 ligament:	 B&L:	 lateral	 collateral	 liga-
ment	&	 biceps	 femoris	 tendon,	 CL:	 coroner	 lig-
aments	 (meniscus	 stabilizers),	MPL:	medial	 pa-
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tellar	retinaculum,	RF:	rectus	femoris,	PT:	patel-
lar	tendon	

Assessment	of	Clinical	Efficacy		

Pain	 was	 evaluated	 using	 a	 visual	 analog	 scale	
(VAS)	(0:	no	pain	and	10:	the	most	severe	pain).	
Western	Ontario	and	McMaster	Universities	Ar-
thritis	Index	(WOMAC)	was	used	for	the	evalua-
tion	of	knee	functions.	This	is	a	24-item	index	to	
assess	pain,	stiffness	and	physical	 function.	Fol-
low-up	 examinations	 were	 performed	 inde-
pendently	 by	 one	 of	 the	 coauthors	 at	 baseline,	
one,	three	and	six	months	after	the	treatment.	

Statistical	Analyses	

Scores	were	expressed	as	mean	±	SD.	Two-way	
repeated	 measures	 ANOVA	 was	 used	 for	 time	
comparison	 of	 group	 effects.	 Analyses	 were	
conducted	 using	 a	 commercial	 software	 (IBM	
SPSS	 Statistics	 19,	 SPSS	 Inc.,	 IBM	 Co.,	 Somers,	
NY).	A	 level	of	p<0.05	was	considered	as	statis-
tical	significance.	

RESULTS	

Demographic	 features,	 baseline	 WOMAC	 and	
VAS	scores	of	PrT+HA	and	PrT+DX	groups	were	
similar	 (Table	1-3).	 Intra-group	 statistical	 anal-
yses	 revealed	 significant	 improvements	 in	
PrT+HA	 and	 PrT+DX	 groups	 for	 WOMAC	 and	

VAS	scores	compared	to	baseline	(p<0.001).	All	
repeated	 measures	 displayed	 significant	 im-
provements	(p<0.001)	 in	the	PrT+HA	group	for	
WOMAC	 and	 VAS	 scores.	 There	was	 no	 signifi-
cant	 differences	 between	 the	 first	 and	 third	
months	 in	 the	 PrT+DX	 group	 for	 WOMAC	 and	
VAS	 scores.	 When	 the	 two	 groups	 were	 com-
pared,	 VAS	 and	 WOMAC	 scores	 in	 the	 first	
month	 follow-ups	 were	 significantly	 better	 in	
PrT+DX	 group	 (p=0.022	 and	 p=0.030,	 respec-
tively),	while	VAS	scores	were	significantly	bet-
ter	 in	 PrT+HA	 group	 in	 the	 third	 and	 sixth	
month	 follow-ups	 (p=0.033	 and	 p<0.001,	 re-
spectively),	 and	 WOMAC	 scores	 were	 signifi-
cantly	 better	 in	 the	 PrT+HA	 group	 in	 the	 sixth	
month	 follow-ups	 (p<0.005).	No	difference	was	
observed	between	PrT+HA	and	PrT+DX	groups	
for	 WOMAC	 scores	 in	 the	 third	 month	 follow-
ups	(p=0.273)	(Table	3).	

In	the	PrT+HA	group,	erythema	and	slight	swell-
ing	 occurred	 in	 three	 patients	 and	 excessive	
pain	 was	 observed	 in	 one	 patient,	 while	 slight	
swelling	 occurred	 in	 one	 patient	 and	 excessive	
pain	 was	 observed	 in	 two	 patients	 in	 the	
PrT+HA	group.	All	these	patients	fully	recovered	
after	 an	 average	 of	 two	 days	 hospitalization	
with	cold	application,	elevation	and	intravenous	
acetaminophen	administration.	

	

Table	1.	General	characteristics	of	variables	

Variables	 Group	 	 p	
	 PrT+HA	 PrT+DX	 	
N	 27	 27	 	
Gender	(male/female)	 7	/	20	 6	/	21	 0,377	
Side	(right/left)	 12	/	15	 13	/	14	 0,394	
Age	(yrs)	 56.3	±	8.9	 58.9	±	5.2	 0,101	
Severity	of	the	disease	 Grade	II:	n=9	(33%)	 Grade	II:	n=11	(41%)	
	 Grade	III:	n=12	(44%)	 Grade	III:	n=11	(41%)	
	 Grade	IV:	n=6	(22%)	 Grade	IV:	n=5	(19%)	

Data	are	shown	as	mean	±	SD	or	frequency/%;	p:	independent	samples	t-test	or	chi-square	test;	

PrT:	periarticular	prolotherapy;	HA:	hyaluronic	acid;	DX:	intraarticular	dextrose		
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Table	2.	VAS	scores		

Measurements	 Group	 	 p1	

	 PrT+HA	 PrT+DX	 	
VAS	baseline	 8.11	±	0.97	(a)	 7.70	±	1.10	(a)	 0,078	
VAS	1	mo	 5.96	±	0.80	(b)	 5.29	±	1.46	(b)	 <0.05	
VAS	3	mo	 3.74	±	1.16	(c)	 4.67	±	2.27	(b)	 <0.05	
VAS	6	mo	 1.15	±	0.76	(d)	 2.59	±	2.09	(c)	 <0.001	
p2	 <0.001	 <0.001	 	

	

ANOVA	was	used	for	repeated	measures.	Means	
with	 the	same	 letters	 (in	 the	same	column)	are	
not	 statistically	 different,	 p1:	 between-subject	

effect,	p2:	within-subject	effect;	mo:	month;	PrT:	
periarticular	prolotherapy;	HA:	hyaluronic	acid;	
DX:	intraarticular	dextrose	

	

Table	3.	WOMAC	scores		

Measurements	 Group	 p1	

	 PrT+HA	 PrT+DX	

WOMAC	baseline	 78.0	±	7.9	(a)	 75.4	±	5.3	(a)	 0.082	

WOMAC	1	mo	 63.5	±	8.0	(b)	 58.4	±	11.2	(b)	 <0.05	

WOMAC	3	mo	 52.1	±	11.4	(c)	 54.5	±	16.9	(b)	 0.273	

WOMAC	6	mo	 22.4	±	5.0	(d)	 33.0	±	19.3	(c)	 <0.05	

p2	 <0.001	 <0.001	 	

	

ANOVA	was	used	for	repeated	measures.	Means	
with	 the	same	 letters	 (in	 the	same	column)	are	
not	 statistically	 different,	 p1:	 between-subject	
effect,	p2:	within-subject	effect;	mo:	month;	PrT:	
periarticular	prolotherapy;	HA:	hyaluronic	acid;	
DX:	intraarticular	dextrose	

DISCUSSION	

OA	 is	 a	 debilitating	 problem	 accompanied	 by	
joint	 pain	 and	 dysfunction	 in	 the	 middle-aged	
and	over,	and	 it	reduces	 life	quality.	 In	 the	pre-
sent	 study,	 two	 intraarticular	 approaches	 (DX	
versus	HA)	combined	with	periarticular	PrT	 in-
jections	in	the	management	of	OA	were	evaluat-
ed	 and	 it	 was	 concluded	 that	 both	 treatment	
modalities	 were	 effective	 as	 measured	 by	 pain	
and	 clinical	 scores	 compared	 to	 baseline.	How-
ever,	HA	was	more	efficient	than	DX.	

PrT	is	one	of	the	regenerative	methods	success-
fully	 used	 in	 common	 degenerative	 diseases.	

The	therapeutic	effect	of	PrT	depends	on	initiat-
ing	 an	 inflammatory	 process	 in	 the	 applied	 re-
gions.	 The	 inflammatory	 process	 causes	 fibro-
blast	 proliferation	 and	 collagen	 synthesis	 in	
damaged	tissues,	which	in	turn	results	 in	tissue	
healing	 and	 regeneration	 (4).	 PrT	 was	 investi-
gated	 for	 the	 treatment	of	OA	 in	previous	stud-
ies,	and	 improvements	varying	 from	36	to	55%	
were	observed	 in	pain	 scales	and	WOMAC	sub-
scales	(12,18,19).	

PrT	protocols	vary	in	studies.	Some	studies	pre-
ferred	periarticular	injections	of	PrT,	while	oth-
ers	used	intraarticular	injections	combined	with	
PrT.	Robago	et	 al.	 (12)	 compared	 intraarticular	
DX	 combined	with	PrT,	 saline	 injection	 and	 ex-
ercise	 in	 a	 randomized	 controlled	 study,	 and	
concluded	 that	 clinical	 results	 of	 intraarticular	
DX	 combined	 with	 PrT	 was	 better	 than	 saline	
injections	and	home	exercises.	In	another	triple-
blinded	 randomized	 controlled	 study,	 Sit	 et	 al.	



Turk	J	Sports	Med	 Treatment	of	Recreational	Athletes	with	Knee	Osteoarthritis	
 

 11	

(20)	used	 intraarticular	prolotherapy	 injections	
in	 the	 treatment	 of	 OA	 and	 concluded	 that	 PrT	
injections	were	an	effective	non-surgical	option	
for	OA.	

Another	 study	 revealed	 that	 clinical	 efficacy	 of	
prolotherapy	 continued	 for	 up	 to	2.5	 years	 (6).	
Mechanic	 instability	was	one	of	 the	 culprits	 for	
OA	 due	 to	 degeneration	 or	 chronic	 injury	 in	
knee	ligaments.	Combined	intra-	and	periarticu-
lar	 treatments	may	both	provide	mechanic	 sta-
bility	 of	 the	 knee	 and	 regenerate	 intraarticular	
structures	 and	 cartilage	 defects.	 In	 the	 present	
study,	 we	 used	 intraarticular	 DX	 versus	 HA	
combined	with	PrT	injections	and	obtained	suc-
cessful	 results	 in	 both	 groups.	 Our	 protocol	 in	
the	PrT+DX	group	was	similar	to	previous	stud-
ies	 in	 terms	 of	 using	 15%	 dextrose	 concentra-
tion	 for	 PrT	 and	 25%	 dextrose	 concentration	
into	 the	 intraarticular	 space.	 In	 the	 present	
study,	 results	 for	 the	DX	 group	were	 similar	 to	
those	 from	 the	 previous	 studies	 (12,18,20).	
However,	clinical	results	for	the	HA	group	were	
better	than	those	for	the	DX	group.	We	hypothe-
sized	that	a	combination	of	PrT	with	intraarticu-
lar	 injections	 increases	 the	clinical	efficacy,	and	
combination	 of	 different	 regenerative	 solutions	
might	further	improve	it.	

Intraarticular	 DX	 is	 the	 most	 commonly	 used	
solution	 in	 combination	with	 periarticular	 PrT.	
Previously	 hypertonic	 dextrose	was	 thought	 to	
provide	 liquid	 support	 to	 the	 intraarticular	 re-
gion	through	withdrawing	joint	fluid	in	the	peri-
articular	 region	 and	 Baker’s	 cyst,	whose	 osmo-
lalities	are	 lower	than	hypertonic	DX	(21).	Sub-
sequent	 studies	 showed	 that	 DX	 solutions	 pro-
vide	 regeneration	 not	 only	 in	 the	 periarticular	
joint	 structures	 but	 also	 in	 the	 intraarticular	
structures	 and	 joint	 cartilage.	 Topol	 et	 al.	 (22)	
reported	 that	 cases	who	 received	 prolotherapy	
injections	 had	 metabolically	 active	 joint	 carti-
lage	 featuring	 variable	 cellular	 organization,	
parallel	 fibers	 and	 fibro-	 and	 hyaline-like	 carti-
lage	 typing	 patterns.	 It	 was	 shown	 in	 animal	
studies	 that	 inflammatory	 reactions	 increased,	
and	 ligament	 and	 cartilage	 structures	 enlarged	
considerably	after	prolotherapy	(23).	

In	 the	 present	 study	 VAS	 and	 WOMAC	 scores	
significantly	 improved	in	the	DX	group.	All	pro-
cedures	were	performed	in	a	state	hospital,	and	
the	average	cost	of	the	procedure	was	215	Turk-
ish	Liras	($41.3)	while	the	cost	of	the	HA	proce-
dure	was	1,654	TL	($318.0).	We	concluded	that	
intraarticular	HA	is	clinically	more	efficient	than	
DX.	However,	DX	is	a	cost-effective	and	efficient	
method	 in	 the	 treatment	of	OA.	Further	studies	
are	needed	to	compare	the	cost-effectiveness	of	
these	methods.	

HA	 is	one	of	 the	most	commonly	used	methods	
to	regenerate	cartilage	and	intra-articular	struc-
tures	of	the	knee	joint.	It	protects	chondrocytes	
and	lubricates	the	joint	to	stabilize	cartilage	and	
synovium,	 and	 also	 has	 analgesic	 and	 anti-
inflammatory	effects	 (24).	Even	 if	 some	studies	
reported	 contradictory	 results,	 most	 clinical	
studies	had	promising	results	about	intraarticu-
lar	HA	 use	 (13,16).	 Elmorsyl	 et	 al.	 used	HA	 for	
the	treatment	of	knee	OA	in	rabbits	and	showed	
that	 HA	 has	 chondroprotective	 potency,	 im-
proves	joint	lubrication	and	delays	the	progres-
sion	of	OA	considerably.	In	a	meta-analysis	con-
ducted	by	Miller	 and	Block,	HA	was	mentioned	
to	 be	 a	 safe	 and	 efficient	 method	 in	 the	 treat-
ment	of	knee	OA	(25).	On	the	contrary,	HA	was	
concluded	to	have	only	minimal	clinical	benefits	
and	 some	 serious	 side	 effects	 in	 another	meta-
analysis	by	Rutjes	(26).	In	our	study,	the	clinical	
success	 of	 intraarticular	 HA	 was	 significantly	
better	than	that	of	DX.	Therefore,	the	efficacy	of	
periarticular	 PrT	 was	 improved	 by	 intraarticu-
lar	HA	application.	Contrary	to	Rutjes	et	al.	(26),	
no	serious	complications	were	encountered.	We	
conclude	 that	 intraarticular	 HA	 could	 be	 com-
bined	with	periarticular	PrT	in	order	to	improve	
clinical	success.	

Studies	dealing	with	HA	examined	various	 con-
centrations	and	administered	doses	of	HA	(27).	
Hafez	 et	 al.	 (28)	 studied	 the	 efficacy	 of	 single-
dose	low	and	high	cost	 injections	with	different	
concentrations.	 Crespine	 (14	 mg	 HA)	 and	 In-
tragel	 (14	mg	HA)	were	used	as	 low-cost	 injec-
tions	while	Crespine	plus	(14	mg	HA)	and	Mon-
ovisc	 (22	 mg	 HA)	 constituted	 high-cost	 injec-
tions.	They	concluded	that	all	products	resulted	
in	 improved	 therapeutic	 effects	 compared	with	
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baseline	 state,	 and	 that	 the	 differences	 among	
different	HA	formulations	were	not	significant.	

There	is	no	consensus	regarding	the	dose	of	HA	
administered.	 Some	 authors	 preferred	multiple	
intraarticular	injections	of	HA,	while	others	pre-
ferred	 single	 injection.	 Navarro-Sarabia	 et	 al.	
(29)	evaluated	multiple	injections	of	HA	and	re-
ported	 considerable	 improvements	 in	 pain	 and	
functional	scales	in	most	patients	in	a	multicen-
ter	 randomized	 placebo	 controlled	 study.	 An-
other	study	reported	similar	results	from	multi-
ple	 injections	of	HA	with	28-54%	reductions	 in	
pain	scores	(30).	Some	studies	suggested	single	
HA	 injection	 because	 of	 comparable	 functional	
outcomes	and	 less	 side	 effects	 (31).	 In	 the	pre-
sent	 study,	 we	 observed	 an	 85%	 reduction	 in	
pain	 scores	 and	a	72%	 improvement	 in	 clinical	
scores	 in	 the	HA	group	with	multiple	HA	 injec-
tions	 combined	 with	 PrT.	 Erythema	 and	 slight	
swelling	occurred	in	two	patients	and	excessive	
pain	was	observed	 in	one	patient.	All	 these	pa-
tients	 fully	 recovered	 after	 an	 average	 of	 two	
days	 of	 hospitalization	 with	 cold	 application,	
elevation	 and	 intravenous	 acetaminophen	 ad-
ministration.	 Because	 a	 procedure	 combining	
peri-	and	 intraarticular	procedures	was	used	 in	
the	 present	 study,	 clinical	 improvements	 were	
higher	 and	 side	 effects	 were	 negligible	 despite	
the	 fact	 that	 knee	 was	 traumatized	 at	 multiple	
points.	

In	the	treatment	of	knee	OA,	various	intraarticu-
lar	regenerative	methods	were	used	to	date.	HA,	
platelet	rich	plasma	(PRP)	and	stem	cell	therapy	
were	 the	most	 commonly	used	approaches	and	
various	 clinical	 outcomes	 were	 reported.	 Rae-
issadat	et	al.	 (32)	compared	effectiveness	of	 in-
traarticular	platelet	rich	plasma	(PRP)	and	HA	in	
the	 treatment	of	knee	OA	 in	a	 randomized	pro-
spective	 study,	 and	 concluded	 that	 PRP	 injec-
tions	 were	 more	 effective	 than	 HA	 injections	
regarding	 the	 improvement	 of	 clinical	 results	
and	 life	 quality.	 In	 their	 systematic	 review	 and	
meta-analysis,	 Chang	 et	 al.	 stated	 that	 intraar-
ticular	 PRP	 provides	 significant	 improvements	
in	knee	function	and	better	healing	effect	on	car-
tilage	defects	than	HA	(33).	Lamo-Espinosa	et	al.	
evaluated	 single	 intraarticular	 injection	 of	 in	
vitro	 expanded	 autologous	 bone	 marrow-

derived	MSCs	in	a	multicenter	randomized	con-
trolled	 clinical	 trial	 and	 obtained	 clinical	 and	
functional	improvement	of	knee	OA	in	the	long-
term	 (34).	 In	 the	 present	 study	 a	 regenerative	
intraarticular	 solution	 (HA)	 with	 periarticular	
PrT	 was	 combined,	 and	 higher	 treatment	 suc-
cess	was	obtained.	Other	regenerative	solutions	
(PRP,	stem	cell	therapy,	etc.)	could	also	be	com-
bined	with	PrT	to	increase	the	success	rate.	

Small	 sample	 size,	 short	 follow-up	 periods	 and	
retrospective	 design	 are	 limitations	 of	 the	 pre-
sent	study.	Both	DX	and	PrT	were	concluded	to	
be	 efficient	 and	 safe	 intraarticular	 methods	 in	
combination	with	 PrT	 in	 the	 treatment	 of	 knee	
OA.	 HA	 offers	 advantages	 of	 higher	 treatment	
success,	while	DX	has	 clinical	 efficacy	with	 less	
cost.	
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