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Background: Knee osteoarthritis (KOA) is the most prevailing form of joint disease.
Despite the importance of minimally invasive therapeutic methods of KOA, there is a lack
of evidence to compare intraarticular hyaluronic acid injection vs traditional dextrose
prolotherapy.

Objective: The aim was to compare the therapeutic effects of prolotherapy with hypertonic
dextrose vs hyaluronic acid on function and pain in KOA cases.

Materials and methods: One hundred and four KOA patients were enrolled and randomly
assigned into two groups, each containing 52 patients. The hyaluronic acid (HA) group were
treated by 2.5 mL of hyaluronic acid intraarticulary, and the hypertonic dextrose (HD) group
received 10 mL of 12.5% dextrose periarticulary. Injections were repeated three times with 1-
week intervals. Pain intensity, measured by visual analog scale, and knee function, scaled by
the Western Ontario and McMaster university arthritis index scores were compared between
the two groups before and 3 months after intervention. Pain and function of the knee
improved significantly (P<0.001) in all patients. However, significantly more symptom relief
was found in the HA over the HD group. Prolotherapy with hypertonic dextrose and
intraarticular injection of hyaluronic acid results in the same pain reduction and symptom
relief as a noninvasive therapeutic method of KOA.

Conclusion: These results recommended intraarticular hyaluronic acid rather than prolotherapy
by hypertonic dextrose for KOA symptoms relief.
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Introduction

Knee osteoarthritis (KOA) is the most prevailing form of joint disease, the symptoms of
which involve nearly 15% of adults over 60." An estimated 80% of them are affected by
movement limitations, and a quarter are disabled to carry out daily activities.”

KOA treatment begins by nonpharmacological treatments, focuses on joint-
unloading therapies, and includes weight loss, exercise, physiotherapy, and orthotic
devices.>* Pharmacological add-on regimens such as acetaminophen, nonsteroidal
anti-inflammatory drugs (NSAIDs), cyclooxygenase 2 (COX2) inhibitors, and dis-
ease-modifying drugs were prescribed regularly for short-term pain management, if
symptoms do not.>°
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Conservative therapy at final session includes intraarti-
cular injections by corticosteroids, hyaluronic acid (HA),
blood-derived products, and mesenchymal stem cells.’

Prolotherapy, introduced recently as a peri- or intraarti-
cular injection-based treatment to pain relief and symptoms
improvement of KOA. However, the mechanism of action is
not well understood. Small amounts, maximum 6 mL, of an
irritant solution, usually hypertonic dextrose, were injected at
painful tendons and ligaments.® Prolotherapy is an injection-
based treatment for chronic musculoskeletal pain.” The
mechanism of action is probably multifactorial and seems
to work via fibroblast stimulation and proliferation of vascu-
lar, deposition of dense collagen, and growth of cartilage.”
Moreover, dextrose solutions may have high sensorineural
analgesic effects as recommended recently by the effect of
epidural injection of dextrose in the treatment of chronic non-
surgical low back pain.'' It may treat KOA by targeting
structural dysfunction, dropping nociceptive drive, and
diminishing peripheral sensitization.'?

Although considerable trials support the therapeutic
effects of hyaluronic acid on KOA pain and symptoms,
there is still insufficient evidence to permit a conclusion
concerning the effect of this treatment, if any, on the progres-
sion of osteoarthritis in humans. The therapeutic benefits of
hyaluronic acid are increasingly being considered, especially
for musculoskeletal disorders including KOA. However evi-
dence on the efficacy of this therapy on KOA patients and its
mechanism of action is unknown. '

The aim of the authors was to compare two different
and common therapeutic modalities in terms of their effect
on pain relief of knee osteoarthritis. In the current rando-
mized clinical trial, we aimed to compare the effects of
prolotherapy with hypertonic dextrose vs hyaluronic acid
on function and pain in KOA cases.

Materials and methods

The study was reviewed and approved by the Ethics
Committee of the Shahid Beheshti University of Medical
Sciences. Also, his trial was conducted in accordance with
the Declaration of Helsinki. All procedures performed in
this study were in accordance with the ethical standards of
the institutional and/or national research committee.
Information about the study was given comprehensively
both orally and in written form to all patients or their
accompanying adult. They gave informed consent in writ-
ing prior to inclusion in the study. The clinical trial num-
ber for this study is IRCT20130518013364N6.

During a 14-month study, from February 2016 to April
2017, 104 patients with mild-to-moderate KOA, grade II or
more, were enrolled. Diagnosis of KOA knee was diagnosed
according to American College of Rheumatology Criteria,'*
and grade was determined according to Kellgren-Lawrence
grade.'® All patients were aged between 5075 years and had
experienced less than 30 minutes of morning stiffness.
Patients were excluded if they met any exclusion criteria,
such as severe underlying diseases like diabetes'® and/or
hypothyroidism,'” immune suppression or deficiency, ser-
ious local infectious or inflammatory knee disease, antic-
oagulant drug history during the last 3 months, lateral knee
compartment involvement,'® being a candidate for knee joint
replacement, any intraarticular injection based treatment as
prolotherapy during the last year, and opioid drugs addiction,
as studies revealed a strong association between them and
KOA. KOA was diagnosed upon clinical examinations and
radiographic documents in standing position. At the begin-
ning, all patients gave their written informed consent.

To allocate patients into two groups, blocked randomi-
zation in a 1:1 ratio was used.'” Random Allocation
Software was used to sequence. Random sequence was
concealed by sequentially numbered, opaque sealed envel-
opes (SNOSE) technique.”®

Two previous RCTs guided a priori sample size
calculations.?'** Therefore, 32 participants per arm would
provide 80% power to detect a 20% difference in mean
composite WOMAC scores between two groups at an
alpha level of 5%.

Therefore, 104 eligible cases were randomly divided
into two groups, the hyaluronic acid (HA) group and the
hypertonic dextrose prolotherapy (HD) group, each of
which contained 52 patients.

Before the main injections, lidocaine 2% was used as
local anesthetic. For the HA group, 2.5 mL of hyaluronic
acid was injected intraarticulary via the inferomedial of
patella. The HD group received 10 mL of 12.5% hyper-
tonic dextrose through four point injections, two points at
superolateral of patella, one point at the medial knee joint
line and another point was at the anterior of fibula head,
via a fan wise technique, 2.5 cc for each point (Figure 1).
All injections were done by a 23-G needle subcutaneously
under ultrasound guidance. The injections were done,
three times within 2 weeks, at days 0, 7, and 14.

Both groups completed a 100 Scales questionnaire, the
Western Ontario and McMaster University Arthritis Index
(WOMAC), in which higher Points show better knee status.
Also, the pain intensity was measured by visual analog scale,
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Figure | Fan wise approach for hypertonic dextrose injection.

VAS (a 10-cm colored ruler) which was scaled 0 to 10. In
this, 0 indicates “no pain” and 10 reflects the “worst pain” felt
ever. At the first injection time and 3 months later, the pain
intensity and the WOMAC scores were obtained for all
patients and compared intra and between groups.

Statistical analysis

SPSS version 20 was used to analyses the data. Student’s
t-test was used to compare the VAS and WOMAC before
and after intervention and to compare between two groups.

Results
The demographic data, such as gender, age, and Body
mass index, which are detailed in Table 1, were obtained
and compared between the two groups. There is no statis-
tically significant difference between the two groups.
Pain level and knee function (WOMAC score) were
gathered and compared between the two groups, before and
after treatment. Post-treatment, pain level and WOMAC
scores significantly improved in both groups (P<0.001)
(Table 2). Moreover, between-groups comparison of pain
intensity and WOMAC scores at 3 months after injection

Table | Demographic data between two groups

HD HA P
Age (years) 61.2x11.5 63.7+12.2 0.42
Gender Male 29 33 0.78
Female 25 21
BMI 30.7x1.2 29.5+1.3 0.64

Abbreviations: HD, hypertonic dextrose; HA, hyaluronic acid.

had shown significantly more improvement with hyaluronic
acid (Table 2).

Discussion
Our results show that both prolotherapy with hypertonic
dextrose and pre-articular injection of hyaluronic acid
have positive therapeutic effects, as a nonoperative regi-
men in patients with KOA. However, intraarticular hya-
luronic acid appears to have most advantages when
compared to classic prolotherapy with hypertonic dex-
trose. Prolotherapy as an injection-based technique is
shown to relieve pain and some other symptoms of chronic
musculoskeletal disorders such as KOA. However, the
baseline chains of action that lead to pain relief and dis-
ease modification are not yet clearly understood, although
this method is being increasingly used worldwide.”
Osteoarthritis, a mild inflammation process, which is
characterized as a complex of degradative and reparative
disease in the articular cartilage and subchondral bone
usually, according to marginal osteophyte. In order to
avoid unwanted general effects, therefore, local therapeu-
tic regimens and methods have been considered recently.
Hyaluronic acid, a macro polysaccharide constructed by a
long chain of disaccharides, which has a very high-water
binding capacity, plays a main role in the viscosity of the
synovial fluid. Water absorbent properties of hyaluronic acid
build it as a physiological factor in the trophic status of
cartilage. Hyaluronic acid of the synovial fluid is the main
cause of viscous acts of this lubricant fluid, especially during
slow movement of the joint, and also has a protective role
during rapid movement, like running.** Parenteral hyaluronic
acid as a viscosupplementation is novel, and probably effec-
tive for OA symptoms modification. Replacement of hyaluro-
nic acid as a main goal of this method may could return and
maintain the viscosity of the synovial fluid at normal level.*®
Upon In recent trials, a clinical positive effect of treat-
ment by hyaluronic acid has been reported compared with
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Table 2 Pain intensity and WOMAC score comparison between two groups, pre- and post-injection

HD HA P (between groups)
Pain intensity (VAS) Before 78+14 82+%1.7 —
After 2.5%1.1 2.1£0.6 0.02
P (Within group) 0.02 0.03 —
WOMAC Score Before 52.749.8 55.9+10.4 —
After 83.7£12.7 88.5%15.6 <0.001
P (Within group) 0.01 0.02 —

Abbreviations: HD, hypertonic dextrose; HA, hyaluronic acid; WOMAC, McMaster University Arthritis Index.

the Placebo group and also vs local corticosteroids. In a
short time, during the first few weeks, the analgesic effects
of hyaluronic acid are reported as the same as local corti-
costeroids. However hyaluronic acid demonstrates more
sustained advantages of up to 2 months.?®

Hyaluronic acid as an intraarticular approach is rela-
tively safe; however, some side-effects have been reported.
In some cases, acute synovitis in associated with joint swel-
ling, which remains up to 3 weeks.”” The most reported
adverse event was pain at the injection site, with relief
spontaneously. Other side-effects included post-injection
“flares”, hemarthrosis, muscle pain, and pseudogout,
which occurred rarely.?’>* Lussier et al*’ evaluated 336,
oderate KOA patients in a period of 2.5 years and proposed
that the incidence of post-injection adverse events of hylan
G-F 20 was low and the injection technique affected the rate
of side-effects. They suggested that a medial approach when
the knee is flexed partially is most related to transient side-
effects. In sequence straight knee medial approach and
straight knee lateral approach were supposed to be less
related to adverse events. Our results have shown no serious
adverse events; however, all patient in this trial were treated
through straight knee medial.

Some controversial comments about the effects of
injection based hyaluronic acid on the KOA path remain.

Maillefert et al®® investigated the modifying effects of
Hyalgan through a 1-year follow-up trial study, used by an
arthroscopic score. This study proved hyaluronic acid super-
iority over placebo to modify the severity of osteoarthritis
lesions.

Henderson et al** treated 91 KOA patients by intra-articu-
lar 750 kD hyaluronic acid. They suggested no significant
therapeutic effect over placebo by 5 weeks after injection.

Another prospective control trial enrolled 52 KOA cases
and compared the therapeutic effects of intra-articular

hyaluronic acid vs placebo. This found no statistically sig-
nificant difference during a 5-week follow-up.>

The clinical benefit of hyaluronic acid in comparison to
placebo was proved in the majority of clinical trials.

The beneficial events of prolotherapy with hypertonic
dextrose have been considered recently. Also, there is some
dissension. Reeves and Hassanein®' found a significant
decrease in pain, knee swelling, and bulking episodes, and
also an improvement in knee function among KOA patients
treated by intra-articular 10% dextrose. Hashemi et al*®
compared hypertonic dextrose with intraarticular ozone on
80 mild-to-moderate KOA pateints through a prospective 3-
month trial. They proved that prolotherapy with either dex-
trose or prolozone results in the same pain reduction and
knee functional improvement in patients with mild-to-mod-
erate KOA. Rezasoltani et al’’ compared the effect of
periarticular vs intraarticular prolotherapy on pain and dis-
ability in patients with knee OA. They proved that periarti-
cular prolotherapy has comparable effects on pain and
disability due to knee OA to intraarticular injections,
while avoiding risks of complications.

Upon our knowledge, unfortunately there is no evi-
dence comparing therapeutic effects of prolotherapy with
hypertonic dextrose and prearticular injection of hyaluro-
nic acid. However, our findings are in accordance with
previous studies in supporting the therapeutic advantages
of prolotherapy with dextrose or hyaluronic acid.

In conclusion, we discussed that both Intraarticular
injection-based techniques, hypertonic dextrose and hya-
luronic acid could significantly improve knee function,
range of motion and decrease pain among patients with
moderate KOA. However, our study suggested that hya-
luronic acid was more effective than hypertonic dextrose
in KOA pain and symptoms control. More trials are
recommended to find the more efficient technique.
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