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ABSTRACT
Osteoarthritis is a common condition in dogs. Non-steroidal anti-inflammatory drugs are currently the most widely 

used treatment option; however, their chronic use is associated with numerous malefic side effects, including death. 
There has been increased interest in alternative treatments and nutraceuticals have assumed fundamental importance. 
A number of individual studies and systematic reviews have been done, but no meta-analysis has been produced to 
date. By conducting a meta-analysis, we aimed to fill this research gap. We combined the results of 13 case placebo 
controlled trials in a single major study, to determine the efficacy of nutraceuticals in alleviating symptoms of 
osteoarthritis. A population of 638 dogs was used, from which 327 were treated with nutraceuticals and 321 were 
used as controls. A successful random effects model was adjusted (P<0.001), with a risk ratio of 0.62 within a 95% 
CI of [0.47; 0.81], favouring the use of nutraceuticals. The nutraceuticals used in the trials were green-lipped mussel, 
chondroitin sulphate, an extract of India and Java turmeric (P54FP), a homeopathic combination preparation known 
as Zeel®, Ω-3 fatty acids, deep sea fish oil, a mix of glucosamine with chondroitin sulphate and hyaluronic acid, and 
cannabidiol.
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Introduction
Arthritis is a chronic condition commonly seen 

in large breed, obese and older dogs (D’ALTILIO 
et al., 2007) as well as in dogs suffering from a 
genetic predisposition, such as Labrador Retrievers 
and German Shepherds (ANDERSON et al., 2018). 
There are several types of arthritis: septic, immune-
mediated and osteoarthritis (KAHN, 2010). 
Osteoarthritis (OA) is the most common form of 

canine arthritis (GUPTA et al., 2011), and according 
to JOHNSON et al. (2020) it affects around 20% 
of dogs over one year of age and 90% over five. 
Osteoarthrosis may affect any diarthrodial joint 
in the body including the hips, elbows, stifles, 
vertebral facet joints and metacarpophalangeal 
joints (FRANKLIN et al., 2009) and it affects all 
tissues within the joint (HENROTIN et al., 2005).
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Osteoarthrosis occurs as a result of 
morphological, biochemical, molecular and 
biochemical changes of cells and matrices, 
resulting in the softening and loss of articular 
cartilage, degeneration of subchondral bones, 
and the formation of osteophytes at bone margins 
(BUDSBERG and BARTGES, 2006). A reduction 
in the rate of cartilage synthesis and an imbalance 
between proteolytic enzymes and their inhibitors, 
regulated by proinflammatory cytokines, is the 
main cause (MOREAU et al., 2003). Chronic 
inflammation of the synovial membrane is also 
often present (FRITSCH et al., 2010). Dogs with 
clinically present OA show stiffness of joints, 
lameness and pain while moving (TEIXEIRA et 
al., 2016). 

Clinical signs associated with canine OA 
include joint pain, limited movement, crepitus, 
and inflammation (BUDSBERG and BARTGES, 
2006). Dogs presenting with OA are reluctant to 
perform normal daily activities such as walking 
and climbing stairs (MOREAU et al., 2007). As a 
result, OA often reduces the quality of life of the 
affected animal (IMHOFF et al., 2011).  

Canine OA can be assessed qualitatively 
by radiographic and clinical examinations, and 
quantitatively most commonly using ground reaction 
forces (GRFs) on affected limbs (MOREAU et al., 
2007).  Kinematic gait analysis can also be used 
to evaluate objectively changes in joint angles, 
velocity, and the acceleration of changes in joint 
angles, but it tends to be used less frequently as 
it is more specialised and time consuming (FOX, 
2007). Radiography is a useful tool when assessing 
canine osteoarthritis as it allows the visualisation 
of the disease pathology by non-invasive means 
(BUCKLAND-WRIGHT, 1994). However, 
radiography can only detect advanced OA rather 
than early cartilage degeneration (POLLARD et al., 
2006). Clinical examinations objectively evaluate 
pain and abnormalities associated with canine OA, 
but are subject to discrepancies due to differing 
opinions on the level of pain an animal is suffering 
(FOX, 2007). There are a number of pain scoring 
systems available, however as there are variations, 
including the use of different outcome measuring 
units, the results are not standardized.

The condition cannot be cured and therefore 
treatment aims at managing the disease by 
preventing and slowing the progression and 
controlling the clinical signs associated with it 
(FRITSCH et al., 2010; ROUSH et al., 2010). 
Specifically, the primary aim of OA treatment 
is to the keep the dog mobile by managing pain 
associated with the disease (RYCHEL, 2010). This 
can be achieved through preventing inflammatory 
reactions and the breakdown of cartilage (BEYNEN 
and LEGERSTEE, 2010). Secondary aims of OA 
treatment include protecting the affected joint, 
providing nutritional support to the animal, and 
strengthening the joint (RYCHEL, 2010). 

There are a wide range of management 
options available for canine OA, including 
surgery, pharmaceuticals, nutraceuticals, weight 
management and exercise, with the selected 
treatment option depending on both the affected 
joint and the patient (BOUND et al., 2011). 

The techniques used in controlling OA can be 
categorised into two broad groups: management 
factors and pharmaceutical techniques. 
Management factors include correct nutrition, 
weight management, exercise, and physical therapy, 
whereas pharmaceutical techniques include the use 
of anti-inflammatory and analgesic medications 
such as non-steroidal anti-inflammatory drugs 
(NSAIDs) (FRITSCH et al., 2010).  Currently, 
NSAIDs are the most widely used treatment option 
for canine OA as the evidence supporting their 
use is strong. However, chronic use of NSAIDS is 
associated with numerous side effects, including 
gastrointestinal bleeding and ulceration, renal 
failure, hepatic failure and death. There is also some 
evidence to suggest that long-term use of NSAIDS 
may accelerate cartilage degeneration (INNES et 
al., 2010). As a result, there has been increased 
interest in alternative treatments for canine OA 
(HIELM-BJÖRKMAN et al., 2009a). 

Nutraceuticals are an alternative treatment 
option used in the treatment of human arthritis and 
as a result they have gained popularity in veterinary 
medicine (BUDSBERG and BARTGES, 2006). 
Nutraceuticals are food products with medical 
or health benefits, including the prevention and 
treatment of disease (VANDERWEERD et al., 
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2012). It is believed that some nutraceuticals 
provide the body with several nutrients, essential 
for cartilage repair and reduction of inflammation 
(BIERER and BUI, 2002). So far there has been 
no evidence to suggest that nutraceuticals are 
associated with adverse effects (PUCHEU and 
DUHAUTOIS, 2009). However, there is conflicting 
evidence regarding the efficacy of these products.  

Nutraceuticals are promoted as safe and 
effective treatments for canine OA (BEYNEN 
and LEGERSTEE, 2010). However, there are no 
legal requirements in Europe for the efficacy of 
nutraceuticals to be tested in order to market them. 
(VANDERWEERD et al., 2012). A systematic 
review conducted by VANDERWEERD et al. 
(2012) assessed the efficacy of nutraceuticals in 
alleviating clinical signs of osteoarthritis in several 
species. They found good evidence to suggest 
that canine diets supplemented with high quality 
omega-3 fatty acids or GLM significantly improved 
clinical signs of canine OA. Studies conducted 
by ROUSCH et al. (2010) and FRITSCH et al. 
(2010) also found that fish oil diet supplementation 
(including omega-3 fatty acids) resulted in the 
improvement of clinical signs of canine OA. A 
number of studies conducted by BIERER and BUI 
(2002) found evidence to suggest GLM powder 
is effective in reducing clinical signs associated 
with canine OA. However, there are also several 
studies that question the efficacy of nutraceuticals 
in alleviating clinical signs associated with 
canine osteoarthritis. A study conducted by 
DOBENECKER et al. (2002) found that clinical 
signs of OA in dogs did not significantly improve 
when the dogs were treated with GLM extract. 

There have already been many studies 
conducted to assess the safety and efficacy of 
various nutraceuticals in treating canine OA, 
originating from systematic reviews (HEROITIN 
et al., 2005; ARAGON, et al., 2007; SANDERSON 
et al., 2009; VANDERWEERD, 2012). It would 
therefore be useful to combine the results of these 
studies to determine the efficacy of these products 
over a greater study population. By conducting this 
meta-analysis, we aim to contribute to this process.

Materials and methods
Identification of clinical trials. Trials were 

identified using the search engine b-on Biblioteca do 
Conhecimento Online (b-on.pt). The following key 
word and booleans were used: (Nutraceuticals or 
dietary supplements or fish oils) and (osteoarthritis 
or joint disease or arthritis) and (dogs). In total 12,783 
hits were retrieved. Then we selected academic 
peer reviewed journals only and refined the list to 
6482 hits. Then we selected relevant data bases 
only (Complementary Index, Academic Search 
Complete, Gale In Context-Science, Medline, 
Science Citation Index, Scopus, Directory of Open 
Access Journals, Science Direct, Supplemental 
Index, Scielo) and arrived at 6357 hits. Then we 
searched for articles from the last 20 years (2001 to 
2021) and retrieved 5857 hits. Finally, we had 1066 
hits by selecting the following topics: osteoarthritis, 
therapeutics, nutrition, dietary supplements, diet, 
dogs, dog, pharmacology, clinical trials, medicinal 
plants, pain. At this point we searched manually for 
relevant systematic reviews and clinical trials. We 
also used the systematic reviews to search for any 
possible relevant trials in their references.

Inclusion and exclusion criteria. We used only 
peer reviewed journal articles, selected according to 
the rules of the previous section. Moreover, we only 
included trials with a treatment group compared 
against a control group, where the control group 
was given a placebo. Also, the trials selected were 
based on dogs with clinical signs of osteoarthritis 
in any synovial joint. 

Trials including a positive control group only, 
such as receiving NSAID, were excluded. However, 
we found two trials (HIELM-BJÖRKMAN et al., 
2009a and HIELM-BJÖRKMAN 2009b) with a 
treatment group (nutraceutical), a positive control 
group (NSAID) and a negative control group 
(placebo). These two trials were included in this 
meta-analysis (data from the treatment and the 
negative control groups only). 

We also included as one, three trials reported 
in the same article (the trials reported by BIERER 
and BUI, 2002) using exactly the same approach. 
We merged the data from these three trials since 
they differed only in the presentation of the 
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nutraceutical, using different versions of green-
lipped mussel (GLM) (as a powder, incorporated 
into a treat or incorporated into a main meal) with 
same dosage.

We split the trial reported by DOBENECKER et 
al. (2002) in two. These authors used three groups 
of dogs, two fed with different nutraceuticals and 
a third control group. The same control dogs were 
used for both groups of treated dogs and therefore 
19 dogs were entered twice as controls.

Several different outcome measures are used 
to evaluate the degree of OA in dogs: the pain 
score (visual analogue or Likert scale grading); 
locomotion score (visual analogue or Likert scale 
grading); the quality-of-life index (a mixture of 
scores including pain and lameness); vertically 
orientated ground reaction force, measured in a 
platform; and serum analysis normally used to 
complement one or more of the previous scores. 
Most trials in fact use a mixture of the above. 

It is, therefore, difficult to find an outcome 
measure common to all the trials, allowing 
comparisons in a meta-analysis. We only selected 
trials reporting information allowing us to build a 
2 x 2 table with positive and negative outcomes for 
both the treatment and control. With this strategy 
we were able to identify 13 trials with common 
grounds enabling comparisons.

The meta-analysis was performed using these 13 
trials, identified in Table 1. Data collected ranged 
from 2001 to 2021. There were 648 dogs in these 
investigations, with 327 subjected to treatment 
with nutraceuticals, and 321 dogs used as controls. 
As explained before, 19 dogs used as controls were 
counted twice.

Statistics. The logarithm of the risk ratio 
(RR) was the outcome variable considered. The 
homogeneity of the data and the moderators were 
tested using Cochran’s Q-test. The percentage 
of the total variability due to heterogeneity was 
estimated with the Î2 statistic.

Both random and mixed effects models were 
tested. As moderators, we used the factor “type of 
nutraceutical” and the covariates “duration of the 
trial”, “year of publication” and “number of dogs 
in the trial”. The different nutraceuticals used in the 

selected trials were green-lipped mussels (GLM), 
fish oil, chondroitin sulphate, P54FP, Zeel®, 
omega-3 fatty acids, and cannabidiol. One trial 
used a mixture of glucosamine HCl, chondroitin 
sulphate and hyaluronic acid. P54FP is an extract 
of Indian and Javanese turmeric, Curcuma 
domestica and Curcuma xanthorrhiza respectively, 
containing a mixture of active ingredients 
including curcuminoids and essential oils (INNES 
et al., 2003). Zeel® is the commercial name of a 
homeopathic preparation. 

For the purpose of this meta-analysis, the levels 
of the factor “type of nutraceutical” considered 
were GLM and others, due to the variety of 
nutraceuticals used in the different trials, with 
GLM being predominant.

The publication bias was evaluated via funnel 
plot and tested with the regression test (weighted 





Table 1: The 13 trials included in the meta-analysis and 
the variables used as moderators.

Trial Dogs Days Nutr.*

BUI and BIERER, 2001 31 42 GLM†

BIERER and BUI, 2002 96 42 GLM
DOBENECKER et al., 2002-1 37 21 GLM
DOBENECKER et al., 2002-2 40 21 CS‡

INNES et al., 2003 54 22 P54FP§

POLLARD et al., 2006 79 56 GLM
HIELM-BJÖRKMAN et al., 
2009a 30 56 GLM

HIELM-BJÖRKMAN et al., 
2009b 29 56 Zeel®¶

ROUSH et al., 2010 38 90 Ω-3ll

HIELM-BJÖRKMAN et al., 
2012 71 112 DSFO¥

MUREAU et al., 2013 30 91 Ω -3
ALVES et al., 2017 20 152 Mixџ

BRIOSCHI et al., 2020 21 84 Can

*nutraceutical, †green-lipped mussel, ‡chondroitin sulphate 
§extract of India and Java turmeric Curcuma domestica 
and Curcuma xanthorrhiza, ¶commercial name of an 
homeopathic combination preparation, llomega-3 fatty acids, 
¥deep sea fish oil, џmixture of glucosamine, chondroitin 
sulphate and hyaluronic acid,   cannabidiol
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regression with multiplicative dispersion). The 
assumption of normality in the distribution of the 
residuals was evaluated using a Q-Q normal plot. To 
assess the consistency of the individual outcomes 
of the different trials, we used a radial plot. A 
cumulative meta-analysis was also performed to 
observe the evolution of the risk factor over time.

The statistical analysis was performed using 
the freeware R CRAN for Windows® version 
4.0.4 platform x86_64-w64-mingw32/x64 (64-bit) 
(Comprehensive R Archive Network, http://cran.r-
project.org/). The specific meta-analysis package 
“metafor” (VIECHTBAUER, 2010) was used. 

Results
A successful random effects model was 

adjusted (P<0.001). The residuals were found 
to be heterogeneous (Q=25.5, df=12, P<0.05), 
with Î2=51%, but no moderator was found to be 
significant. The model has an estimate log RR 
of -0.485 with a 95% confidence interval (CI) of 
[-0.759; -0.211], or a RR of exp(-0.485) ≈ 0.62 
[0.47; 0.81]. The forest plot is presented in Fig. 1. 

Fig. 1. Forest plot of the adjusted random effects 
model.

The log of the relative risk or risk ratio (RR) 
of clinical signs of OA favours nutraceuticals. 
Therefore, there is evidence confirming the 
effectiveness of the use of nutraceuticals in the 
alleviation of the symptoms of canine OA. The 
cumulative forest plot shown in Fig. 3 shows how 
the RR has evolved over time. We can see that CIs 
are growing narrower as result of the increasing 
sample size and therefore, the accuracy of the 
prediction improves.

Fig. 2. Cumulative forest plot. The value of the log RR 
approaches 1 and the confidence interval decreases 

with time.

Fig. 3 represents the funnel plot for evaluating 
the publication bias. As can be observed there is 
comfortable symmetry in the residual distribution 
to allow the declaration of the non-existence of 
publication bias. The regression test confirms this 
(Z=0.495, P=0.62). We also checked the assumption 
of the normal distribution of the residuals of the 
model, which is confirmed by the Q-Q plot in Fig. 
4 showing the distribution of the residuals within 
the 95% confidence envelope. Finally, we assessed 
and confirmed the consistency of the individual 
outcomes of the different trials, using a radial plot 
(Fig. 5).
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Fig. 3. Funnel plot showing a good symmetry of the 
residuals of the model, with two small deviations from 

the 95% pseudo confidence interval.

Fig. 4. Q-Q plot showing the distribution of the 
residuals of the model.

Fig. 5. Radial plot showing the consistency of the 
individual outcomes of different trials.

Discussion
The green lipped mussel (GLM) (Perna 

canaliculus) and fish oils have very similar 
pharmacologically active ingredients, including 
Ω-3 and other long chain fatty acids (ROUSH et 
al., 2010). These contain eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) that 
compete for the cyclooxygenase enzyme (COX); 
synthesis of prostaglandins) and the lipoxygenase 
enzyme. These two enzymes are involved in the 
synthesis of the inflammatory agents prostaglandin 
and leukotriene (TRESCHOW et al., 2007). 
Therefore, DHA and EPA reduce the levels of these 
inflammatory agents. The similarities in the active 
ingredients of the different nutraceuticals used in 
the trial part of this meta-analysis may explain the 
lack of significance of the type of nutraceutical in 
the moderation. In humans, several nutraceuticals 
have been shown to provide essential components 
needed to maintain cartilage health (FRECH and 
CLEGG, 2007). A study conducted by KROMANN 
and GREEN (1980) looked at the effect of the Inuit 
Eskimo diet, which is rich in Ω-3 polyunsaturated 
fatty acids, on the incidence of musculoskeletal 
disease in the population of the Upernavik district, 
Greenland. It was found that the incidence of 
musculoskeletal disease was low in this population 
due to their diet. There was also a reduced incidence 
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of heart disease, indicating that nutraceuticals may 
be beneficial in preventing and treating a number 
of diseases. A further study conducted in cats found 
that dietary supplementation with long-chain Ω-3 
polyunsaturated fatty acids over a 10-week period 
was effective at alleviating behavioural and clinical 
signs of feline OA (CORBEE et al., 2012). 

In comparison to GLM and fish oil, little is 
known about HCP Zeel®, thus further research is 
necessary to enhance our knowledge on both the 
nutraceutical effect and safety of that compound. 
This product contains extracts of plants with 
anti-inflammatory and anti-microbial properties: 
Arnica montana and Solanum dulcamara (anti-
inflammatory, Rhus toxicodendron (anti-microbial) 
and Sanguinaria canadensis (both) (BIRNESSER 
and STOLT, 2007).

The treatment option for a dog suffering from OA 
may be influenced by clinical experience, patient 
response and the cost of treatment (JOHNSON et 
al., 2020). Nutraceuticals are relatively inexpensive 
agents that have the potential to treat a number of 
diseases as well as helping to maintain normal 
body systems (LOPEZ, 2012). A multimodal 
management approach for canine OA that includes 
the administration of medicinal therapy is likely to 
be more successful at alleviating the clinical signs 
of the disease than one management technique 
used alone (ZHANG et al., 2014; JOHNSON et 
al., 2020). Current treatment recommendations for 
OA include a combination of non-pharmacological 
treatments such as weight loss and exercise, and 
pharmacological treatments including the use of 
NSAIDs (JOHNSON et al., 2020).

The duration of the trial was not found to be 
a significant moderator in this meta-analysis. 
However, the effects of nutraceuticals are thought 
to build up over time, therefore it could have been 
predicted that longer trials yield better results, as 
suggested by AMEYE and CHEE (2006) in humans. 
The shortest duration of the trials included in this 
meta-analysis was 21 days (DOBENECKER et al., 
2002). The longest duration of the trials included 
in this meta-analysis was 157 days (ALVES et al., 
2017). Interestingly, the trial of longest duration 
yielded non-significant results showing that deep-
sea fish oil was not effective at alleviating clinical 

signs of canine OA, whereas the trial of shortest 
duration yielded significant results showing that 
GLM was effective at alleviating clinical signs of 
canine OA. Due to the discrepancies and lack of 
understanding associated with this concept, long-
term trials conducted over a period of months 
or years may be beneficial in understanding the 
effects of the long-term use of nutraceuticals. There 
have been several systematic reviews conducted 
previously looking into treatment methods for 
canine OA, including the use of nutraceuticals, 
therefore a meta-analysis is the logical next step 
(ARAGON, et al., 2007; SANDERSON et al., 
2009, VANDERWEERD et al., 2012). 

Meta-analyses are very time consuming 
and require great effort. Despite an exhaustive 
search of literature, it is impossible to find every 
study relevant to the meta-analysis. Although the 
methodologies of the studies included in this model 
were very similar, some of the studies only included 
subjective assessment of pain (e.g. BIERER and 
BUI, 2002; BUI and BIERER, 2001; ROUSH 
et al., 2010) whereas others used this subjective 
assessment in combination with an objective 
methodology using GRFs (HIELM-BJÖRKMAN 
et al., 2009a; HIELM-BJÖRKMAN et al., 2012). 
The use of GRFs may provide a standardized means 
of measuring OA, whereas subjective assessment 
allows for variation therefore decreasing the 
internal validity. A limitation of this meta-analysis 
are the different and unstandardized methodologies 
used in the different studies, preventing objective 
comparisons. Therefore, any meta-analysis 
methodology, including the one used in the present 
study, may leave out some relevant studies. 
Nevertheless, we were able to use a significant 
number of studies conducted over the past 20 years, 
combining 648 dogs in a single study.

Conclusions
A meta-analysis was conducted to determine 

the efficacy of nutraceuticals in alleviating clinical 
signs of canine OA. This study suggests that 
nutraceuticals are effective at alleviating clinical 
signs of canine OA. None of the moderators used 
(“year of publication”, “nutraceutical”, “duration 
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of the study” and “number of dogs in the trial”) 
significantly affected the efficacy of nutraceuticals 
(P>0.05). Further research to assess the long-
term efficacy and safety of nutraceuticals is now 
needed, to understand the long-term effects of these 
products. Firstly, the efficacy of these drugs may 
improve in the long-term due to the accumulation 
of their action over time. Secondly, there is some 
evidence to suggest that nutraceuticals may be 
beneficial in preventing musculoskeletal diseases 
such as OA. This is in addition to a wealth of other 
diseases, including cardiovascular problems if 
nutraceuticals are provided throughout the lifetime 
of the animal. Nutraceuticals are an exciting 
prospect in the prevention and treatment of OA and 
other chronic diseases as they are relatively cheap, 
easy to administer and have no adverse side effects 
associated with them. 
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SAŽETAK
Osteoartritis je često stanje u pasa. Trenutačno se u liječenju najčešće upotrebljavaju nesteroidni portuupalni lijekovi, 

no njihova kontinuirana primjena može uzrokovati brojne teške nuspojave, uključujući i smrt. Stoga se povećava zanimanje 
za alternativne načine liječenja, pri čemu su nutraceutici od temeljne važnosti. U navedenom području proveden je niz 
pojedinačnih istraživanja i sustavnih pregleda ali još uvijek nije provedena njihova metaanaliza. Ovim istraživanjem 
nastoji se popuniti ta praznina, pri čemu su kombinirani rezultati 13 istraživanja parova uz uporabu placeba. Uključeno je 
ukupno 638 pasa od kojih je 327 liječeno nutraceuticima, dok je 321 pas poslužio kao kontrola. Uspješno prilagođavanje 
modela slučajnih učinaka (P<0,001) provedeno je s omjerom rizika od 0,62 unutar 95 % CI od [0,47; 0,81] u korist 
nutraceutika. Nutraceutici upotrijebljeni u istraživanjima bili su zelena dagnja, hondroitin-sulfat, ekstrakt indijske i 
javanske kurkume (P54FP), homeopatska kombinacija preprarata poznatog kao Zeel®, omega-3 masne kiseline, ulje ribe 
iz dubokih mora, mješavina glukozamina s hondroitin-sulfatom i hijaluronskom kiselinom te kanabidiol.

Ključne riječi: metoda istraživanja parova; osteoartritis u pasa; metaanaliza; nutraceutici; smanjenje boli 


