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Introduction
Cranial cruciate ligament disease is the most common 
degenerative condition of the stifle joint in the dog 
(Perrone et al., 2018). The degenerative process 
is present in the early stages, before the clinical 
development of joint instability (Yarnall et al., 2019). 
Although it is a complex genetic disease with moderate 
heritability, it is considered a multifactorial pathology, 
with genetic and risk factors such as breed, age, gender, 
reproductive status, and weight (Whitehair et al., 1993; 
Duval et al., 1999). For this reason, treatment should 
not only focus on providing joint stability through 
surgery but also on the adequate management of 
chronic pain and progressive degeneration caused by 
osteoarthritis. Among the pharmacological options 
accompanying surgical stabilization are slow-acting 
drugs, such as chondroprotective and diacerein (DAR) 
(Beale, 2004). These decrease symptomatology and 
degeneration with a wide margin of safety (Reginster 

et al., 2001). Although a wide variety of studies can 
be found, the results remain controversial due to the 
lack of prospective studies with a reasonable number 
of cases, control groups, and strictly controlled 
methodology. DAR, an alkaloid with a low molecular 
weight anthraquinone structure (Martel-Pelletier and 
Pelletier, 2010), acts at the cytokine level by inhibiting 
IL1-β production and activity (Dougados et al., 2001; 
Permuy et al., 2015) causing a decrease in caspase-3 
(related to a reduction in the level of programmed cell 
death), and a decrease in nitric oxide synthase and nitric 
oxide production (Pelletier et al., 2003). It also acts by 
reducing the phagocytic migration of macrophages 
(Yaron et al., 1999) and inhibiting the secretion of 
metalloproteinases (MMPs) (Tamura et al., 2002; 
Mongil et al., 2006). In the case of DAR, there is little 
research on animals, but the existing ones are promising 
(Carney, 1996; Nganvongpanit et al., 2014). This study 
aimed to evaluate the effect of the administration of 
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chondroprotective and DAR in the postoperative period 
on the progression of osteoarthritis, physical activity 
(claudication and muscular atrophy), and quality of life. 

Materials and Methods
Study design
The prospective study was carried out at the Veterinary 
Hospital Center of the Small Animal Clinic and Surgery 
Unit of the Faculty of Veterinary Medicine (UdelaR) 
between 2017 and 2019. 
Patients: inclusion and exclusion criteria
Canines of both sexes, aged between 2 and 8 years old, 
with a body weight between 25 and 57 kg, and cranial 
cruciate ligament disease were included. Animals with 
a history of previous surgical interventions in the joint 
to be treated or with other associated joint pathologies 
were omitted. No pregnant or lactating females 
participated in the study, either.
Clinical evaluation
Before entering the study, after the general objective 
assessment, blood samples were taken to assess the state 
of health through a complete blood count and blood 
biochemistry (kidney and liver function). Subsequently, 
in the orthopedic evaluation, the following items were 
recorded: body weight, claudication score (from 0 to 
4 according to support and muscular atrophy), tibial 
compression test response, presence of seat test, medial 
reinforcement, and crepitation. The orthopedic clinical 
examination was performed on the day of the first 
consultation (T0) and on days 7, 15, 30 (T1), 60 (T2), 
and 90 (T3) postoperatively. The same person in the 
same environment carried out these procedures. 
Surgical procedure
All animals were operated on by the same surgeon 
using the extracapsular fabelo-tibial technique. They 
were premedicated with acepromazine (0.05 mg/
kg) and morphine IM (0.5 mg/kg); induction was 
performed with propofol IV (maximum dose: 5 mg/
kg) and maintenance of anesthesia with isoflurane 
in oxygen by a semi-closed circular valve circuit. 
Amoxicillin (22 mg/kg) was administered 30 minutes 
before the surgery, to which were added IV: dipyrone 
(25 mg/kg), ketoprofen (1 mg/kg), and fentanyl (5 µg/
kg). The patients were positioned in dorsal decubitus 
and shaved from the distal region of the tarsus to the 
proximal part of the femur, which was subsequently 
prepared with 2% chlorhexidine, 70% isopropyl 
alcohol, and 5% povidone-iodine. The approach to 
the knee was through a craniolateral incision from the 
distal femoral region to the mid-proximal part of the 
tibia. A medial arthrotomy was performed to assess the 
degree of osteoarthritis in the femoral condyles and the 
condition of the medial meniscus, which, in the event of 
injury, underwent meniscectomy. The anchor points for 
the fabellotibial suture were, caudally, to the femoro-
fabellar ligament surrounding the lateral sesamoid, and 
cranially, a hole made through the tibial crest at the 
quasi-isometric point, two-thirds of the way from the 

long digital extensor tendon to the crest, at the level of 
the attachment of the patellar tendon to the tibial crest 
(Roe et al., 2008).
In the postoperative period, all patients received 
tramadol (5 mg/kg every 8 hours for 2 days) and 
dipyrone (25 mg/kg every 12 hours for 4 days). 
Applying cold to the surgical wound site and 
restricted physical activity was also recommended. In 
addition, the groups were randomly assigned: DAR, 
Chondroprotectors, or Control. The animals belonging 
to the DAR group received Artrodar (Artrodar, TRB 
Pharma S.A. Laboratory, Buenos Aires, Argentina) at a 
dose of 2 mg/kg once a day with food, and the animals 
belonging to the CP group received Artrin (Artrin, 
Brouwer Laboratory, Buenos Aires, Argentina) 1 tablet 
every 24 hours. Both drugs were administered during 
the 90 days of the study. The Control group was not 
medicated. Guardians were asked to report any changes 
or events in their dogs once the suggested medication 
was started. They were clinically evaluated at the 
agreed follow-ups and by telephone.
Radiologic study
The radiologic study was performed on days 0, 30, 60, 
and 90 in the Imaging Department of the Veterinary 
Hospital of the Faculty of Veterinary Medicine. The 
animals were sedated with morphine 0.5 mg/kg and 
acepromazine 0.05 mg/kg IM. Two images were taken 
of the stifle joint: latero-medial and craniocaudal. The 
images were taken on the same equipment (Vetter-
Rems 100, Kodak DirectView digitizer, Classic 
CRCarestream System), and the technique used was 
an average of 0.05 mAs and 65 kv. The images were 
evaluated by three radiologists unrelated to the study 
based on the Bioarth scale, ignoring the identity of 
the patients or the group they belonged to (Sánchez 
Carmona et al., 2006). 
Multidimensional scaling
From day 0 to day 90, guardians completed the Brown 
scale weekly (Brown et al., 2009) to assess chronic pain 
and the Helsinki scale (Hielm-Bjorkman et al., 2009) to 
determine the quality of life. 
Statistical analysis
Statistical analysis was based on a descriptive analysis 
of the sample using measures of central tendency: 
mean and median, and dispersion: standard deviation, 
minimum value, and maximum value. For the qualitative 
variables, relative frequency tables were made. Graphs 
were also made according to the nature of the variables 
(quantitative or qualitative). The radiologists' scores 
for the Bioarth scale were evaluated and plotted using 
measures of central tendency. The Friedman test was 
used to evaluate changes over time, corrected by the 
Wilcoxon signed-rank test for pair comparisons. The 
Kruskal-Wallis rank-sum test was used to evaluate 
differences between groups. The claudication score 
over time was evaluated using the Friedman test and 
corrected using the Wilcoxon signed-rank test for pair 
comparisons. The Kruskal-Wallis rank-sum test was 
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used to evaluate differences between groups. For the 
chronic pain and quality of life scales, the Friedman test 
was performed for each treatment group, and the post-
hoc Wilcoxon signed-rank test was used to evaluate 
the different scores over time. Likewise, the Wilcoxon 
rank sum test was used to evaluate the time differences 
for each treatment group. Values of (p < 0.05 were 
considered significant. The data was analyzed using 
the RStudio Environment (version 4.0.0, Copyright (C) 
2020).
Ethical approval
Both the consultations and surgical interventions, as 
well as the clinical and radiological follow-up, were 
carried out in the Veterinary Hospital Center of the 
Small Animal Clinic and Surgery UdelaR, with the 
prior approval of the Ethics Commission of the Faculty 
of Veterinary Medicine (CEUA) (Ethics Commission 
on Animal Use).

Results
A total of 17 patients completed the study, nine females 
and eight males; the distribution in the study groups 
was randomized, and the final allocation was: DAR 
(6 animals), CP (6 animals), and Control (5 animals). 
Table 1 details the descriptive analysis for weight, age, 
and tibial plateau angle (APT). In addition, 13 of the 17 
animals presented meniscus tears.
Clinical examination: claudication score
In all three groups, the claudication score tended to 
decrease over time. The effect of time on the decrease 
in claudication was consistent for the groups treated 
with CP (p-value = 0.02) or DAR (p-value = 0.001) but 
not for the Control group (p-value = 0.06). Differences 
within treatment groups over time were not significant. 
However, significant differences were detected between 
the three groups at times 0 (p-value = 0.05), 60 (p-value 
= 0.01), and 90 (p-value = 0.0079). The DAR group 
was significantly different from the other two groups at 
both 60 and 90 days (p-value < 0.05) (Fig. 1).
Radiologic evaluation
There were differences in the assessment using the 
Bioarth scale for the radiologists since one of them 
rated the images with higher values for all the study 
groups. Therefore, in addition to the mean and standard 
deviation, the median of the data was taken into 
account for data analysis and subsequent graphical 
representation. All the patients at the beginning of the 
study (Day 0) presented some degree of osteoarthritis; 

several animals of the three groups also increased the 
degree (Table 2). Although changes in the osteoarthritis 
score are observed over time in the Control group 
(p-value = 0.03), the DAR group (p-value = 0.0004), 
and the CP group (p-value = 0.029), these differences 
do not were significant (p-value > 5) (Fig. 2). As for 
the differences between study groups, they were not 
significant (p-value > 0.05).
Evaluation of chronic pain and quality of life 
Helsinki Chronic Pain Index (HCPI) 
The variations for each animal and each group can be 
observed in Figure 3. Overall, for the three treatment 
groups, the Helsinki scale showed consistent variation 
throughout the study (p-value 0.05). Regarding the 
differences between the groups, significant differences 
were observed at 28 days (p-value = 0.05679), but no 
differences were observed when the post-hoc test was 
performed. If we consider the ranges over time, the 
decrease was only significant in the DAR group, with a 
46% decrease in the HCPI value at 28 days of treatment 
(p-value = 0.01). In the CP group, the reduction in the 
score was significant after 56 days (p-value < 0.05). 
In the case of the Control group, the values remained 
constant without finding significant differences 
(p-value = 0.1)
Canine brief pain inventory (CBPI) 
The variations for each animal and each group are 
shown in Figure 4, respectively. Overall, for the three 
treatment groups, the Brown scale showed consistent 
variation throughout the study (p-value < 0.05). As 
for the differences between the groups, significant 
differences were observed at 56 days (p-value = 0.02) 
and 91 days (p-value = 0.01), but when the post hoc 
test was performed, no differences were observed. If 
we consider the ranges over time, the decrease was 
significant in the DAR group as of day 28, which 
showed a decline of more than 30% compared to day 
0 of the study (p-value = 0.02). The decrease is also 
significant from day 28 to 56 (p-value = 0.05). The 
CP group reached a significant reduction at 91 days 
(p-value = 0.03). In the Control group, no significant 
differences were observed at 91 days of the study 
(p-value = 0.1).
Canine brief pain inventory, the overall impression
At time 0, 69% of the animals rated their quality of 
life as “reasonable,” 23% as “poor,” and one patient 
as “very good.” At the end of the study, in the DAR 
group, 66% of the animals rated their quality of life as 
“very good” and the remaining 33% as “excellent.” In 
the CP group, 100% rated it as “very good.” Finally, in 
the Control group, two animals rated it as “good” and 
one as “very good.”
Complications of the surgical technique and  
treatment safety 
After the extracapsular fabelo-tibial technique, no major 
complications were observed. Five animals presented 
mild seroma in the first postoperative days. Blood 
count and biochemistry values did not show variations 

Table 1. General data of the studied group: mean, deviation, 
minimum value (min. V.), and maximum value (max. V.).

Weight (kg) Age (years) APT (°)
Mean 34.5 4.6 24.8
Deviation 8.4 2.3 2.8
Min. V. 25.0 2.0 19.0
Max. V. 57.0 8.0 28.5
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at 91 days of treatment with CP. No patient presented 
adverse effects after administration. Blood count and 
biochemistry values did not show variations at 91 days 
of treatment with DAR. One patient presented a change 
in stool consistency, slightly softer than usual.

Discussion
There is now consensus that the degenerative process 
precedes cranial cruciate ligament rupture (CCLR), 
where persistent synovitis and the development 
of inflammatory-based arthritis are likely factors 

Fig. 1. Mean claudication score of the study groups. The behavior of the control group, CP, and 
diacerein is shown.

Table 2. Osteoarthritis progression for each animal and treatment according to the Bioarth scale.

Animal Group Grade of OA (day 0) Grade of OA (day 90)
1 DAR Mild arthritis Mild arthritis
2 DAR Mild arthritis Moderate arthritis
3 DAR Mild arthritis Mild arthritis
4 DAR Mild arthritis Mild arthritis
5 DAR Mild arthritis Moderate arthritis
6 DAR Mild arthritis Mild arthritis
7 CP Mild arthritis Moderate arthritis
8 CP Mild arthritis Mild arthritis
9 CP Mild arthritis Moderate arthritis
10 CP Mild arthritis Moderate arthritis
11 CP Mild arthritis Mild arthritis
12 CP Moderate arthritis Moderate arthritis
13 Control Moderate arthritis Severe arthritis
14 Control Moderate arthritis Severe arthritis
15 Control Mild arthritis Moderate arthritis
16 Control Mild arthritis Moderate arthritis
17 Control Mild arthritis Moderate arthritis
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promoting degenerative ligament rupture (Fujita et al., 
2006; Muir, 2010). In our study, no patient had a history 
of trauma, and all showed some degree of osteoarthritis 
(OA) at the time of CCLR diagnosis. In addition, the 

affected breeds were large, the mean age was 4.6 years, 
and the female-male distribution was even, which is 
consistent with other authors (Grierson et al., 2011). 

Fig. 2. Scoring for the degree and progression of osteoarthritis according to the Bioarth scale. The 
curves represent the average median values of the observers for the control group, CP, and diacerein.

Fig. 3. Evaluation of quality of life according to the HCPI. The curves represent the means of the values 
for the control group, CP, and diacerein.
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The purpose of treatment, in addition to stabilization, 
is the long-term maintenance of joint function, as well 
as pain reduction and treatment of existing meniscal 
damage. The medial meniscus, due to its attachment to 
the medial collateral ligament, has less mobility and, 
therefore, a higher rate of injury, which over time, 
stimulates the development of OA (Flo, 1990; Pozzi and 
Cook, 2010). In our study, 13 of 17 patients underwent 
partial meniscectomy, coinciding with the 75.86% 
reported by other authors (Ferrigno et al., 2012; Dal-
Bo et al., 2014). 
Regarding surgical treatment, the extracapsular fabelo-
tibial technique is based on periarticular fibrosis 
produced in the long term (Kowalesky et al., 2012). 
Its results vary depending on technical features such as 
tibial anchor point (Roe et al. 2008) or nylon suture 
tension (Dunn et al., 2012) and depending on animal 
characteristics such as weight, physical activity, and age 
(Casale and McCarthy 2009). It is also the technique 
where OA advances the fastest; in one study, it was 
determined that animals treated with extracapsular 
suturing are 5.78 times more likely to have a more 
significant difference in their postoperative OA score 
than dogs treated with TPLO (Lazar et al., 2005). The 
extracapsular technique presents the best results in terms 
of claudication 6 months after surgery (Alzate Gómez 
and Tamayo Arango, 2004; Conzemius et al., 2005). In 
the present case, although the claudication score tended 
to decrease over time in the three study groups (DAR, 
CP, and Control), only the DAR treatment showed 
significant differences at 60 days, which leads us to 

suspect that stabilization accompanied by adjuvant 
therapy improves support functionality in less time. 
None of the currently available techniques can restore the 
normal kinematics of the stifle joint after CCLR, which 
is related to late meniscal injury, cartilage damage, and 
OA progression, leading to chronic pain. Mölsä et al. 
(2013) found long-term chronic pain in approximately 
30% of dogs after surgery for CCLR. All the patients 
in the study presented some degree of pain at time 0 
and, as we could observe, surgical stabilization without 
adjuvant treatment was not enough to reduce pain 
scores since the Control group (without treatment) did 
not present significant differences, neither in the scales 
nor in claudication, three months after surgery. This is 
evidence that the treatment of cruciate ligament disease 
should go hand in hand with treating the degenerative 
process secondary to it, which seeks to reduce pain 
and increase limb function, improving quality of life 
(Aragon et al., 2007). 
DAR shows the maximum clinical effect between one 
and three months after the start of treatment (Nguyen 
et al., 1994; Martel-Pelletier and Pelletier, 2010) 
and a transporter effect that determines its long-term 
permanence. Our results coincide with the onset of 
action since, at 30 days, improvements in clinical and 
pain scores are observed. However, due to the duration 
of the study, we cannot evaluate its effects in a period 
longer than 90 days. Several studies evaluate whether 
DAR modifies OA progression, but they use induced 
OA models and evaluate morphological changes by 
histology and arthroscopy (Carney, 1996; Brandt et al., 

Fig. 4. Evaluation of quality of life according to the CBPI. The curves represent the means of the values 
for the control group, CP, and diacerein.
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1997; Smith et al., 1999). One study group established 
that DAR administered daily for 6 months at 50 mg/dog 
or 100 mg/dog does not prevent pathophysiological 
changes in OA. However, the study population could be 
considered too heterogeneous as they included animals 
of various weights and ages with hip, elbow, or knee OA 
without distinguishing the cause (Nganvongpavit et al., 
2014). Another study (Di Sevo, 2017), which included 
dogs with hip OA that were administered DAR at 2 mg/
kg per day for 90 days, did not find the progression 
of the disease using the Bioarth scale, however, they 
highlighted the importance of repeating the test over a 
more extended period, to detect if this trend continues. 
Similarly, in this study, in the group treated with DAR, 
only two patients progressed from mild to moderate 
OA; however, these differences were insignificant. 
Regarding the clinical examination, the group treated 
with DAR showed consistent improvements at 60 and 
90 days, reaching a score of 0 at the end of treatment. 
Likewise, Nganvongpanit et al. (2014) administered 
DAR at 50 and 100 mg/dog, in dogs with hip OA, 
with significant improvements after three months 
of treatment. In our study, as in another region (Di 
sevo, 2017), pain reduction was evidenced clinically 
and in the multidimensional scales. At 28 days of 
treatment, there was a 46% reduction in the HCPI 
value, indicating a favorable treatment outcome since 
a 30% decrease is considered sufficient to confirm pain 
reduction. The same applies to the CBPI, which at the 
end of the study reached values close to 0. Regarding 
adverse effects, like Smith et al. (1999), Brandt et al. 
(1997), and Nganvonpavit et al. (2014), we found that 
it is safe to administer DAR for 90 days because of its 
safety margin since no alterations were found in renal 
or hepatic function or the blood count. However, the n 
of this study is insufficient to conclude in this regard. 
In dogs, dark urine and diarrhea, and to a lesser extent, 
vomiting, have been reported (Carney, 1996; Brandt 
et al., 1997; Nganvongpanit et al., 2014). In humans, 
the causes of diarrhea and dark urine may be due to 
the chemical structure of DAR and rhein, which are 
derivatives of anthraquinone, a laxative agent. The 
darkening of urine is caused by chemical reactions 
occurring in an acidic medium, directly related to the 
anthraquinone structure of the molecule (Nicolas et al., 
1998).
In the case of chondroprotective, there is a lack 
of sensitive analytical methods that can quantify 
these agents in biological matrices, added to many 
commercial products available on the market 
(Comblain et al., 2015). Regarding the influence 
on the progression of OA, while one study found no 
differences after administration, possibly attributed to a 
study period shorter than that recommended to expect 
any effect (180 days) (Bonastre Ráfales, 2002), others 
revealed less progression in dogs that received CP 
compared to placebo dogs (Velasco et al., 2009). In this 

study, four of the animals receiving chondroprotective 
progressed to moderate OA, yet these differences were 
insignificant. To discuss this in greater depth, it would 
be desirable for the studies to be consistent in their 
methodology. In the physical assessment, some authors 
find positive effects on claudication scores, physical 
performance, degree of muscle atrophy, and return to 
function at 60 days (Arias et al., 2007; Velasco et al., 
2009; Bonastre Ráfales, 2012). In our study, although 
there was a tendency to decrease, we did not find 
significant improvements, which agrees with Moreau 
et al. (2003), who, in addition to the subjective clinical 
evaluation, used a force platform to measure stride 
objectively. These differences between studies could be 
attributed to insufficient doses or administration time 
since there is evidence that only at 5 months an increase 
of glycosaminoglycans can be detected in the synovial 
fluid (Johnson et al., 2001). However, we detected 
improvements in the multidimensional scales, with a 
significant decrease in the HCPI value at 56 days of the 
study and in the CBPI at 90 days. In this context, Scott 
et al. (2017) observed an improvement in pain severity 
and interference scores in the treated groups and the 
control group that received a placebo. This caused them 
to adjudicate a placebo effect on the guardians when 
performing the CBPI. Other authors do not find such 
benefits in its administration (Alves et al., 2017). In 
our study, all patients achieved a perfect score, while 
the results of Alves et al. (2017) were somewhat lower. 
This could be because they included OA secondary 
to different causes (not only to CCLR). Therefore, 
we can assume that we found better results due to 
surgical treatment added to the use of articular cartilage 
protectors. Regarding side effects, as in several studies 
(Moreau et al., 2003; Alves et al., 2017; Scott et al., 
2017), in this study, no patient showed a significant 
change in blood count and blood biochemistry 
values, although some hemostatic and gastrointestinal 
alterations have been reported (McNamara et al., 1996; 
Mc Carty et al., 2007; Scott et al., 2017). 
One of the limitations of our study was that the dogs 
in the Control group were neither medicated nor 
received a placebo. This could interfere especially 
with differences in scores on multidimensional scales 
by guardians. Furthermore, since radiographic changes 
do not necessarily correspond to the degree of clinical 
signs, and clinical examination using the claudication 
and muscle atrophy scale can be considered semi-
objective, it would be convenient to have the analysis 
of the force plate as an objective method to be able to 
conclude. 

Conclusion
All patients with cranial cruciate ligament disease had 
osteoarthritis with evidence of chronic pain at diagnosis 
before surgical stabilization. Surgical stabilization 
by the extracapsular fabello-tibial technique, as the 
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sole treatment, is insufficient to reduce pain. The 
administration of DAR at a dose of 2 mg/kg per day 
for 90 days was proven effective in controlling clinical 
signs and improving quality of life through a decrease 
in chronic pain without triggering side effects or 
alterations in blood parameters. The administration 
of the combination of glycosaminoglycan (GA), 
chondroitin sulfate (CS), and manganese for 90 days 
tends to improve claudication scores and significantly 
improves chronic pain scores without being associated 
with adverse effects. 
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