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Abstract. Background and aim: To determine the efficacy of the synergistic use of High Power Laser Therapy 
(HPLT) with glucosamine sulfate (GS) in knee osteoarthritis. Methods: This 2-arm randomized controlled 
trial (RCT) enrolled 90 subjects (M=53, F=37, y= 55±11.2) and randomly allocated using a stratified sampling 
method in experimental group (A) with HPLT+GS 1500mg (GS - Dona®, Rottapharm, Monza, Italy) (n=45) 
or in a control group (B) with HPLT + placebo (n=45). Results: VAS score in Activities of day Living (ADL), 
Standardized stair climb test (SSCT), Zohlen’s sign (RASPING) and Rabot test were used, to evaluate 
patients at the beginning of the study (T0), at 2 months (T1) and at 6 months (T2). In the mean scores for 
VAS in ADL, SSCT, RABOT and RASPING at T1, no significant differences were found between the 
experimental and the control group with paired T and ANOVA test. But significant differences between 
groups (p<0.05) in all outcomes were observed at 6 months (T2). Conclusions: HPLT is useful in treating knee 
osteoarthritis, but when combined with Glucosamine Sulfate, thanks to the synergy of two interventions, can 
achieve a long-term effect up to 6 months after treatment. (www.actabiomedica.it)

Key words: High Power Laser Therapy, glucosamine sulfate, knee osteoarthritis

Acta Biomed 2021; Vol. 92, N. 3: e2021237 DOI: 10.23750/abm.v92i3.10952 © Mattioli 1885

O r i g i n a l  a r t i c l e

Introduction

Knee osteoarthritis (OA) is typically defined by 
cartilage fissures and erosion, osteophytic genesis, and 
subchondral sclerosis (1). Defects of the articular car-
tilage, still today, represent an important clinical con-
cern, particularly in young people, and are related to 
joint pain and disability (2). Osteoarthritis of the knee 
can be caused by mild and repeated trauma or notice-
able injury (3). Mathematical modeling and clinical 
trials on animals confirm the shear forces as a critical 
component of the arthritic process (4). Chondrocyte 
turnover is essential to limit erosion of the matrix and 

stimulate cartilage regeneration, but shear stress can 
alter this process, damaging cartilage. 

As a consequence of altered loads, the sever-
ity of the cartilage injury appears to be related to an 
expression of biological factors that influence matrix 
integrity and cellular metabolism (4). Glucosamine 
sulfate is one of the main components of the car-
tilage matrix and was used in the treatment of OA 
Glucosamine sulfate sodium chloride (Dona®, Viartril-
S®, Arthryl®, Xicil®, Osaflexan®, Glusartel®, or other 
trademarks by Rottapharm, Italy) is also known as 
crystalline glucosamine (5). Glucosamine is a glycosa-
minoglycan component of the extracellular cartilage 
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matrix. Oral administration of glucosamine is unlikely 
to be a key element in aggrecans or synovial fluid hya-
luronate.  Orally administered glucosamine has a direct 
cellular effect on reducing the production of inflamma-
tory cytokines (6). Glucosamine inhibits the gene ex-
pression stimulated by the IL-1 of different markers of 
inflammation or degradation of the matrix in a cellu-
lar model similar to human chondrocytes, precisely at 
the concentrations of glucosamine detected in human 
plasma after the administration of oral therapeutic 
doses (7). Recently the use of high power laser therapy 
is widespread in physical medicine and develops con-
tinuously (8). By its high intensity power and a specific 
wavelength, it enables the treatment of different clini-
cal conditions, p.e. OA (9). The proliferation of joint 
chondrocytes (photobiology effects)  can be stimulated 
by laser irradiation (10,11). It has been shown that the 
average depth and width of the area to be treated are 
directly proportional to the laser power and exposure 
time, regardless of the irradiation method (12). Atik 
et al. stated that photobiomodulation is an option for 
the management of cartilage damage, for positive ef-
fects of biostimulation on cartilage tissue (13). But, so 
far, several studies have investigated the use of HPLT 
(14), few of its in combination. The present study aims 
to demonstrate the association efficacy of HPLT with 
glucosamine sulfate in osteoarthritis of the knee com-
pared to HPLT alone.

Materials and Methods

The study, conducted according to the Helsinki 
Declaration, obtained ethical clearance from the local 
committee. Two physicians examined all participants 
with knee pain for eligibility for the study, a third au-
thor was involved, to clarify any disagreements. The 
inclusion criteria were: Age range 45-60 (y); Diagnosis 
of knee OA according to the criteria of the American 
College of Rheumatology (15);  Grade 2 according to 
the radiographic scale of Kellgren- Lawrence; body 
mass index less than 30. 

The exclusion criteria were: varus or valgus mala-
lignment; neurological and cognitive disorders; recent 
knee surgery, physiotherapy or intra-articular infiltra-
tions; oral corticosteroid or NSAIDs therapy in the 

last month; infectious arthritis; language/cognitive 
deficits; unable to walk unaided (Figure 1). 

All participants signed written informed consent 
and were randomized into two groups using the mini-
mization, a stratified sampling method (16). A total of 
90 subjects (M=53, F=37, y= 55±11.2) were allocated 
in group A with HPLT + Glucosamine sulfate 1500mg 
(GS - Dona®, Rottapharm, Monza, Italy) (n=45) or in 
group B (control group) with HPLT + placebo (n=45) 
(Table 1). 

Glucosamine was administered as a sachet of 
powder in a 1500 mg oral solution (5), once daily with-
out food. Patients were instructed to avoid taking an 
analgesic, corticosteroids, or other NSAIDs  for the 
duration of the study. GS treatment lasted 2 months. 

Each group performed 12 sessions,  3 per week, 
with  diode laser (Laserix© ph10, GNmed, Italy ) ap-
plied in the perirotulum area, at the level of the articular 
hemirimes for a duration of 20 minutes with a wave-
length  of  905 nanometer, power of 4.5 Watt, dose of 70 
J/cm2, pulse duration of 100 nanoseconds (17). 

The visual analogue scale (VAS) was utilized to 
evaluate the intensity of pain perceived by the patient 
(a 10 cm line, from 0 or “no pain” to 10 “severe pain”). 

Figure 1. Study flow chart
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We assessed the pain experienced as the outcome: (1) 
during the activities of daily living (ADL), (2) during 
Standardized Stair Climbing Task (SSCT), (3) dur-
ing the patellar grind evaluation (Rabot test) (18) and 
the Zohlen’s sign or Rasping test (4). Evaluations were 
performed at the first visit (T0), after the end of treat-
ment (T1) and at 6 months (T2).

Statistical analysis

The R software (R version 3.6.0, R Core Team, 
USA) was used to perform the statistical analysis. 
Gaussian distributions were analyzed using the Sha-
piro-Wilk test. Using the paired T test and ANOVA, 
the experimental group was compared to the control 
group. 

Results

All results were represented as Mean±SD (Table 2). 
Significant improvement was reported in both 

groups at T1 compared to T0 (p<0.05). No signifi-

cant differences were found between the experimental 
group and control group in mean scores for VAS in 
ADL, SSCT, RABOT and RASPING at T1.  A sig-
nificant reduction in VAS-ADL, VAS-RABOT and 
VAS-RASPING was observed in the experimental 
group at T2 compared to T1. In the control group no 
improvement in all VAS scores were assessed. At T2, 
in both groups there was an evident reduction of VAS 
scores (p<0.05) (Figure 2). 
 In the experimental group 2 patients presented side 
effects (nausea, heartburn, headache) mostly mild and 
self-limiting. No side effects were recorded in the pla-
cebo group. No patient dropped out of the study due 
to side effects.

Discussion

In the treatment of symptomatic OA glucosamine 
has proven to be superior to control (19) and in chronic 
OA HPLT has proven effective in both small and large 
joints (20, 21,22), but so far there is no study on the 
association between HPLT and glucosamine sulfate in 
knee osteoarthritis. Glucosamine sulfate is one of the 
main components of the cartilage matrix, such as gly-
cosaminoglycan. Synthesized from chitin of marine ori-
gin, it is a pure substance (MW = 573.31) (5). Glucosa-
mine, sulphate, chloride and sodium ions are present in 
stoichiometric ratios of 2: 1: 2: 2 7. The crystalline form 
includes 384 mg of sodium chloride, in addition to the 
standard dose of 1500 mg (5). Glucosamine sulphate 
has the following therapeutic effects: anti-inflammatory, 
pro-anabolic, osteo-anabolic and anti-catabolic (23,24). 
Lippiello has shown that, in vitro, chondrocytes are 
more sensitive to chondro-protective agents in condi-
tions that simulate joint stress in vivo (25). 

Largo et al. described glucosamine sulfate as a drug 
able to modify symptoms and showed that glucosamine 
sulfate inhibits NFκB activation and COX-2 expression 

Table 1. Characteristics of the patients

Characteristics HPLT+Placebo (n = 42) HPLT+Glucosamine (n = 30)

Mean±SD age (y) 54 ±11 56±9

Mean±SD duration of arthritis (y) 14±11 12±11

Mean±SD weight (kg) 80 ±19 81±11

Table 2. Outcome measures

Group T0 T1 T2

VAS - ADL

experimental 7.5±0.8 2.6±1.7 2.0±1.6

control 7.5±0.9 3.4±2.1 3.6±2.0

VAS - SSCT

experimental 8.8±0.8 2.2±2.0 2.7±2.0

control 8.8±0.7 3.5±2.6 4.3±2.1

VAS - RABOT

experimental 2.7±0.5 1.5±0.6 0.9±0.6

control 2.2±0.4 1.7±0.7 1.7±0.5

VAS - RASPING

experimental 3.4±0.5 1.8±0.7 1.4±0.6

control 3.6±0.5 2.5±0.6 2.6±0.8
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induced by IL-1β (7). Successively Chan et al. indicated 
that physiologically relevant concentrations of glucosa-
mine decline gene expression and formation of NO and 
PGE2, decreasing the proteoglycan loosing and increase 
proteoglycan synthesis (26). Hochberg et al demon-
strated that glucosamine and chondroitin sulfate are not 
inferior to celecoxib in improving pain and disability in 
knee OA at 6 months (27). But the role of glucosamine 
sulfate in the treatment of osteoarthritis of the knee is 
still controversial in the literature, in particular regarding 
pain relief or improved function (28). So, in the present 
study the synergy among the HPLT and glucosamine 
sulfate administration in patients affected by knee os-
teoarthritis was assessed to have in same time the anti-
inflammatory action of the glucosamine sulfate and the 
analgesic effect of the HPLT (8). Lin et al. reported that 
laser treatment improved stress protein levels in experi-
mental arthritic chondrocytes. Their synthesis is linked 
to the action of the laser in the preservation of chondro-
cytes and in the repair of cartilage (29). Thus, the abil-
ity to stimulate a similar cytokine pattern explains the 
significant differences found between groups not at the 
end of treatment (T1), but at 6 months (T2). At the end 
of the treatment, the anti-inflammatory and analgesic 

effect is guaranteed in both groups by laser therapy (17). 
The short-term effects of glucosamine sulfate depend 
on the inhibition of IL-1 and inducible NO production 
and the suppression of the COX-2 pathway on cartilage 
(7,26). Furthermore, since glucosamine is incorporated 
in the chondrocytes, it stimulates the production of 
physiological proteoglycans and inhibits catabolic ex-
change. These long-term effects explain the significant 
results at 6 months in the experimental group compared 
to control group. No side effects was observed about the 
use of HPLT, but 2 patients in a group treated with glu-
cosamine sulfate referred some self-limited side effects, 
under literature data (30,31). 

The limits of the study are the number of partici-
pants and the methods for micro and macro structural 
evaluation in the knee joint following treatment with 
HPLT and glucosamine sulfate, which could highlight 
the exact mechanism of its effect in the OA.

Conclusion

The results report a significant reduction of all 
VAS assessments in the experimental group compared 

Figure 2. VAS scores in ADL, SSCT, RABOT and RASPING
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to the control group not at T1 but at T2. Thus, at T1 
both groups achieved similar improvements, while at 6 
months the experimental group maintained significant 
pain relief improvements over the control group. Our 
data suggest that HPLT is effective and safe, but its ef-
fectiveness in treating the symptoms of osteoarthritis 
of the knee improves when combined with the admin-
istration of glucosamine sulfate up to 6 months after 
the end of treatment. 
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