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Symptomatic slow acting drugs for OA 
(SYSADOA)   

• Symptomatic slow acting drugs for OA (SYSADOA) have a 

slow onset of action but have additional benefits such as 

global efficacy similar to NSAIDs and a carry-over effect (the 

effect lasts for months even after treatment suppression). 

• Moreover, these drugs have a high safety profile and the 

ratio cost/effectiveness is low. 

• The main SYSADOAs are chondroitin sulfate (CS), 

glucosamine sulfate (GLU) and hyaluronic acid (HA).They 

are specially indicated in elderly patients, often 

polymedicated. 

• SYSADOAs, apart from their symptomatic effect, also have a 

structure disease modifying effect slowing OA progression. 



Recommendation for use of symptomatic 

slow-acting drugs for osteoarthritis 

(SYSADOAs) in the treatment of OA  





Both glucosamine (GlcN) and diacerein 

promoted a differentiated chondrocytic 

phenotype of immortalized human C-28/I2 

chondrocytes by altering proliferation, 

morphology, and collagen type I 

COL2/COL1 mRNA ratios. Moreover, both 

agents antagonized inhibitory effects of IL-

1b by enhancing aggrecan and COL2 as 

well as by reducing COL1 mRNA levels. 



This study shows that 

subchondral bone turnover, 

structure, and mineralization 

are significantly altered in 

the early stages of 

experimental OA, and that 

these changes are 

attenuated by glucosamine 

treatment. 



Serum cartilage oligomeric 

matrix protein (COMP) 

decreased significantly over the 

12-week training period when 

treatment with glucosamine. 

This suggests an effect by 

glucosamine on the response 

of the OA cartilage to a period 

of joint loading in humans with 

knee OA. 



Both glucosamine sulfate and 

chondroitin are safe 

medications, with no 

difference in adverse effects 

compared with placebo, 

which would also strengthen 

their role as chronic 

background treatments. 



The findings of this study 

indicate that glucosamine 

sulfate at the oral once-

daily dosage of 1,500 mg 

is more effective than 

placebo in treating 

knee OA symptoms. 



Chondroitin sulfate plus 

glucosamine hydrochloride 

(CS+GH) has comparable 

efficacy to celecoxib in reducing 

pain, stiffness, functional 

limitation and joint 

swelling/effusion after 6 months 

in patients with painful knee 

osteoarthritis, with a 

good safety profile. 







Compared to placebo, 

glucosamine showed a 

significant improvement 

with unstandardized 

mean differences in total 

WOMAC, pain WOMAC, 

function WOMAC, and 

Lequesne score 



The Pharmaco-Epidemiology of 

GonArthroSis (PEGASus) Was   a 

cohort study of continuous 

recruitment o fpatients with 

“dynamic” exposure to the 

investigated SYSADOA (crystalline 

glucosamine sulfate,glucosamine 

hydrochloride,chondroitin sulfate, 

diacerein,and  avocado–soybean 

unsaponifiables, all a tapproved 

dosages) 

Crystalline 

glucosamine sulfate 

was the only 

SYSADOA that 

decreased the use 

of NSAIDs in this 

study in patients 

with knee OA  



Study results may suggest that the 

Glucosamine Sulfate has a 

carryover effect like Disease-

modifying agents. Long-term 

treatment of Glucosamine Sulfate 

may reduce the dependence of 

NSAIDs usage and delay the 

disease progression. Thereby we 

can reduce the NSAIDs side effects 

and improve the patient’s quality of 

life. 

The objective of this 

study was glucosamine 

sulfate versus 

combination of 

glucosamine sulfate and 

Non-Steroidal anti 

inflammatory drugs 

(NSAID) in mild to 

moderate knee 

osteoarthritis. 



Mean costs associated with use of OA medication and OA-related healthcare resources per 

patient per year among OA patients who had received patented crystalline glucosamine sulfate 

(pCGS) 5 years previously versus placebo  

Real-life pharmacoeconomic studies demonstrate a long term reductionin the need for 

additional pain analgesia and non-steroidal anti-inflammatory drugs (NSAIDs) with 

pCGS,with a significant reduction of over 50% in costs associated with medications, 

healthcare consultations and examinations over 12 months.  





Evidence for a disease-modifying effect of patented crystalline glucosamine 

sulfate (pCGS): prevention of joint space narrowing in knee osteoarthritis  



Allocation to the 

glucosamine–

chondroitin 

combination resulted 

in a statistically 

significant reduction in 

JSN at 2 years.  

A double-blind randomised 

placebo-controlled clinical trial 

with 2-year follow-up. 605 

participants, reporting chronic 

knee pain and with 

evidence of medial tibio-femoral 

compartment narrowing 

Were randomised to once daily: 

glucosamine sulfate 1500 mg, 

chondroitin sulfate 800 mg, both 

dietary supplements or matching 

placebo capsules . 



Knees with K/L grade 

2 radiographic OA 

appeared to have the 

greatest potential for 

modification by these 

treatments. 

A 24-month, double-blind, 

placebocontrolled study, 

conducted at 9 sites in the United 

States as part of the 

Glucosamine/Chondroitin Arthritis 

Intervention Trial (GAIT), enrolled 

572 patients with knee OA 

treatment effects on K/L grade 2 

knees, but not on K/L grade 3 

knees, showed a trend toward 

improvement relative to the 

placebo group. 



Glucosamine sulfate 

decreased the risk of 

developing 

radiographic knee OA 

over 2.5 years in 

overweight, middle-

aged women at risk, as 

determined by medial 

mJSN progression. 

The PRevention of knee 

Osteoarthritis in Overweight 

Females (PROOF) study described 

a trend for a decrease in the 

incidence of knee osteoarthritis 

(OA) by a tailored diet and 

exercise program (DEP) or by oral 

glucosamine sulfate in women at 

risk for the disease, using a 

composite clinical and/or 

radiological outcome. 



Real-life patient cohort 

follow-up studies have 

demonstrated that the 

structure-modifying 

effects of pCGS 

appear to translate 

into clinically relevant 

benefits in knee 

OA,i.e., a delay in the 

need for total joint 

replacement 



Only patented crystalline 

glucosamine sulfate (pCGS) 

Only pCGS is given as a 

highly bioavailable once-daily 

dose (1.500 mg) with a proven 

pharmacological effect that 

equates to a clear clinical 

benefit in trials and real-life 

studies of knee OA.  







Favero M, Ramonda R, Goldring MB, et al. Early knee osteoarthritis. RMD Open 

2015; 

Conventional radiographs 





Apparente 

assottigliamento 

della cartilagine e 

riduzione della rima 

articolare in 

corrispondenza 

della parte posteriore 

del condilo femorale 

(freccia 

blu) in caso di 

posizionamento del 

paziente con ginocchio 

in semi-flessione (B), 

rispetto all’immagine 

ottenuta con il 

ginocchio in completa 

estensione (A). 

Effetti della variazione dell’angolo 

femoro-tibiale sulla valutazione 

dell’ampiezza della rima articolare e 

dello spessore della cartilagine 

articolare.  



Favero M, Ramonda R, Goldring MB, et al. Early knee osteoarthritis. RMD Open 2015; 



Stages of OA incorporating the new taxonomy. Three stages can be 

imagined e a no disease/no illness stage, a subclinical stage (with disease 

manifestations only) and a clinical stage (with illness manifestations). 



The tissue functional threshold for establishment of a clinical symptomatic disease differs by organ 

system. The horizontal dashed lines depict the transition from disease to illness for different diseases. 

The threshold is relatively high in heart, liver and kidney disease but anticipated to be relatively low for 

the transition of joint disease to illness (symptoms, disability and joint failure). It is possible that the 

threshold will vary according to type of joint disease. Both the kidney and liver have a large “functional 

reserve”. 

Disease vs illness.  

functional reserve 





MRI can detect 

OA with an 

overall high 

specificity and 

moderate 

sensitivity when 

compared 

with various 

reference 

standards 

Plot showing specificity of MRI use in OA viewing various tissue types in the 16 studies 



MRI can detect 

OA with an 

overall high 

specificity and 

moderate 

sensitivity when 

compared 

with various 

reference 

standards 

Plot showing sensitivity of MRI use in OA viewing various tissue types in the 16 studies 



The MRI approach proved to be a 

superior analysis tool for 

detecting changes in cartilage 

morphology over a 1-year period. 

Radiographically defined 

JSN was found to be the least 

responsive measurement 

method of knee OA disease 

progression. 



Evidence suggests that 

semiquantitative (SQ) 

assessment of OA by MRI 

is valid, reliable and 

responsive, which helps 

investigators to 

understand the natural 

history of this complex 

disease and to evaluate 

potential new drugs in OA 

clinical trials. 



MRI may prove to 

be a good 

alternative to 

radiography in 

definitions of knee 

replacement.  



The best evidence synthesis 

showed strong evidence 

that age, ethnicity, body mass 

index, co-morbidity count, 

magnetic resonance imaging (MRI) 

- detected infrapatellar 

synovitis, joint effusion and 

baseline OA severity (both 

radiographic and clinical) are 

associated with clinical knee 

OA progression. 



MRI may become the imaging modality of choice in the future. MRI 

measures currently investigated include quantitative cartilage morphometry, 

bone marrow lesions and other joint structure changes on semi-quantitative 

analysis, bone shape/attrition and subchondral bone area. 







The inflamed SM is the 

source of pain in the 

OA joint. There are 

changes in nociception, 

sensitization by 

inflammatory 

mediators, and 

production of specific 

neuropeptides 



Fluid sensitive sequences are capable of delineating intraarticular joint 

fluid. However, a distinction between true joint effusion and synovial 

thickening is not possible as both are visualized as hyperintense 

signal within the joint cavity. For this reason the term effusion-

synovitis has been introduced (T2 fat sat) 

MRI of markers of inflammation in OA  



Effusion-

synovitis 

strongly 

predicted the 

development of 

radiographic 

knee OA (ROA). 



Infrapatellar fat pad (IPFP) signal 

intensity alteration at baseline 

was associated with knee 

structural abnormalities and 

clinical symptoms cross-

sectionally and longitudinally in 

older adults, suggesting that it 

may serve as an important 

imaging biomarker in knee OA. 



Current view of the infrapatellar fat pad (IFP) and its interaction with other joint tissues 

The IFP (Hoffa) is a source of 

several soluble factors. 

Moreover, it is composed of 

adipocytes and stromal 

vascular cells, such as 

macrophages, T cells, and 

mesenchymal stem cells 

(MSCs). Cellular interactions 

have been described within 

the IFP, such as between 

adipocytes and macrophages 

or T cells but also between IFP 

and other joint tissues. 



Anatomy of 

Hoffa's fat 

pad 

Sagittal T1 



Hoffa-synovitis: intermediate-

weighted fat suppressed image shows 

infrapatellar areas of hyperintensity 

within Hoffa’s fat pad (grade 2). 

Hoffa-synovitis: Another knee 

exhibits marked signal 

alterations within Hoffa’s fat pad 

representing grade 3 Hoffa-

synovitis (arrows) 



Signal changes in Hoffa's fat pad are commonly used as a 

surrogate for synovitis on non contrast-enhanced MRI.  

Hoffa-synovitis 

Grade 1 

Grade 2 

Grade 3 

Sagittal T2 fat sat  



Of the 3 locations 

for synovitis, 

changes in the 

infrapatellar fat 

pad were most 

strongly related to 

pain change.  

Change in synovitis was 

correlated with change 

in knee pain.  

 

Treatment of knee 

osteoarthritis (OA) 

needs to consider 

treatment of synovitis. 



Magnetic resonance 

imaging (MRI) provide 

powerful tools for 

scoring and measuring 

morphological and 

compositional aspects 

of most articular 

tissues, capturing 

longitudinal change 

with reasonable to 

excellent sensitivity. 



Salaffi F  et al. in press 2016 

Effusion-

synovitis 

volume 



Synovitis severity on 

contrast enhanced (CE-

MRI) assessed by a 

new whole knee 

scoring is a valid, non-

invasive method to 

determine synovitis as 

it is significantly 

correlated with both 

macroscopic and 

microscopic features of 

synovitis in knee OA 

patients. 





A reduction in central 

medial femoro-tibial 

compartment cartilage 

thickness was strongly 

associated with 

radiographic 

progression 

(OR 4.0 P < 0.0001) 



Sagittal proton 

density-weghted 

suppressed  

3D fast low-angle 

shot 

Coronal proton 

density–weighted fat-

suppressed image shows 

excellent differentiation of 

articular cartilage, subchondral 

bone, and intraarticular joint 

fluid. 



Sagittal intermediate-weighted fat 

suppressed image) shows focal 

fullthickness cartilage defect (arrows) on 

posterior aspect of lateral tibial plateau. 

Defect is well delineated because of high 

contrast between intraarticular fluid and 

cartilage surface 

Focal 

fullthickness 

cartilage defect  



Sagittal  T2 fat sat 3D image 

depicts full-thickness chondral 

defect (arrows). 

Accompanying osteochondral 

depression at the lateral 

femoral condyle. 

Standard sagittal T2 fat 

sat  2D Image shows 

defect (arrows) in similar 

fashion. 



Evolution of cartilage 

damage over time 

Baseline fat-suppressed 

intermediate-weighted MRI 

shows an intact articular 

cartilage surface 

12 months later areas of partial and 

full thickness cartilage damage 

Another 12 months later there 

is definite increase in area 

extent of lesion 



3D reconstruction and visualization of knee cartilage plates from a 

sagittal MR imaging data set: medial tibial cartilage marked blue, medial 

femoral cartilage marked yellow, lateral tibial cartilage marked green, 

lateral femoral cartilage marked red, femoral trochlear cartilage marked 

turquoise, and patellar cartilage marked magenta.  



Glu/CS has a 

positive effect on 

cartilage volume 

loss assessed by 

quantitative MRI in 

symptomatic knee 

OA patients.  

In summary, this study argues 

for a structural beneficial 

effect of treatment with 

Glu/CS in subsets of knee OA 

patients, as assessed by 

qMRI. This study is the first to 

describe, using qMRI, the 

impact of medial meniscal 

extrusion on the Glu/CS 

treatment response. 



Treatment with combined glucosamine (Glu) and 

chondroitin sulfate (CS) significantly reduced the 

cartilage volume loss in the global knee, associated with 

the lateral compartment. Multivariate analysis further 

demonstrated that the extent of the treatment’s positive 

effect was related to exposure time to treatment, the 

protective effect at 6 years being significant in 

participants exposed to two or more years of treatment 



In analgesic/NSAIDs groups and – 

analgesic/NSAIDs groups, 

participants who took Glu/CS had 

reduced loss of cartilage volume 

over 24 months in subregions 

when assessed with qMRI, 

arguing for a disease-modifying 

effect of Glu/CS which could not 

be identified by X-rays. 

These data are consistent 

with the hypothesis that 

individuals with milder 

structural changes would 

benefit more from structure-

modifying agents, such as 

Glu/CS, than those with a 

more advanced disease. 





Bone marrow lesion (BML) 

size may be an important 

imaging biomarker for 

osteoarthritis-related 

clinical trials and reducing 

BML size may be an 

important therapeutic goal. 

Large baseline BMLs are 

associated with greater baseline 

knee pain, the presence of JSN at 

baseline, and disease 

progression. Additionally, BML 

regression is associated with 

decreased knee pain but not a 

reduced risk of concurrent JSN 

progression. 



Bone marrow edema and bone 

marrow lesions depicted on the 

medial femur on a T2-weighted 

fat suppressed MRI (A) and 

medial tibial plateau on an 

intermediate-weighted fat 

suppressed MRI (B). 

A 

B 

Bone marrow 

edema in OA  



a: Sagittal intermediate-weighted (IW) fat-suppressed (fs) image shows a large 

(grade 3) subchondral bone marrow edema-like lesion at the lateral femoral 

trochlea (white arrows). Within this lesion, there is a small subchondral cyst 

(grade 1) directly adjacent to the subchondral plate (black arrowhead). b: 

Corresponding sagittal Dual Echo Steady-State (DESS) image only shows the 

small cyst (white arrow).  



SEGMENTAZIONE SEMIAUTOMATICA CON OSIRIX 

Salaffi, in press  2016 

Sagittal GRE - T2 



MR Imaging of Biochemical 

Properties of Articular 

Cartilage 



Morphologic and 

quantitative 

ultrashort echo 

time (TE) images 

of the knee. 



Mapping software allows visualization 

of the spatial distribution; notice the 

increased T2 relaxation times in Fig. 

B. The T2 relaxation time is overlaid 

on the images using a color map, with 

the scale in milliseconds. 

T2 mapping of articular 

cartilage in the medial 

femur of a patient with 

osteoarthritis at two time 

points.  

A 

B 



Compositional MR imaging. 

A) Sagittal proton density–weighted high-spatial-resolution 3-T MR image of medial compartment 

of a knee with tibiofemoral OA shows peripheral (black arrows) and central (arrowhead) 

osteophytes.  

B) (B) Delayed gadolinium-enhanced MR imaging of cartilage (dGEMRIC) T1 map corresponding 

to a shows multiple areas with low T1 values, corresponding to low GAG content in superficial 

layers of femoral cartilage and in posterior part of tibial cartilage (dark blue).  

C) Sagittal T2 map corresponding to a reveals several areas of increased T2 values in femoral 

medial condyle. 



Sodium maps of 

articular cartilage in 

a healthy volunteer 

(A) and a patient with 

OA (B) overlaid onto 

proton images. The 

increased sodium 

signal correlates 

with higher 

glycosaminoglycan 

(GAG) concentration. 

As cartilage 

degenerates and 

GAG concentration 

decreases, sodium 

signal declines 

A 

B 



Stages of OA incorporating the new taxonomy. Three stages can be 

imagined e a no disease/no illness stage, a subclinical stage (with disease 

manifestations only) and a clinical stage (with illness manifestations). 



Schematic diagram summarizing current concepts in pharmacological treatment of OA 



Representation of the 

multiple biological 

effect areas within 

the OA joint and key 

pathways to exploit 

for the development 

of pharmacological 

DMOADs. 


