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Thirty-one dogs with patellar luxation (grades 2 and 3) were 

categorized into three groups. Group 1 (G.1; n = 12) had 

sodium hyaluronate (SHA) intra-articularly injected into the 

stifle joint that received surgery. Group 2 (G.2; n = 10) 

received SHA twice: first after surgery and then 1 week later. 

Group 3 (G.3; n = 9) served as a control, without injection. 

Blood was collected before injection and then once a week for 

4 weeks after injection for evaluation of chondroitin sulfate 

(CS-WF6) and hyaluronan (HA). The results revealed 

significantly (p ＜ 0.05) improved clinical scores by the end of 

week 4 in G.1 and G.2 relative to G.3; however, there was no 

significant difference between G.1 and G.2. There was a 

significant decrease (p ＜ 0.05) in serum CS-WF6 levels 

beginning at week 2 in G.1 and G.2. At weeks 3 and 4, serum 

HA in G.1 and G.2 differed from that in G.3 (p ＜ 0.05). No 

significant difference (p ＞ 0.05) was observed in serum 

biomarkers between G.1 and G.2. In conclusion, 

intra-articular injection with SHA after joint surgery may 

improve homeostasis of the joint, retarding the process of OA.

Keywords: biomarker, dog, joint surgery, osteoarthritis, sodium 
hyaluronate 

Introduction

The major component of synovial fluids is hyaluronan 
(HA), which is also an important component of articular 
cartilage. HA (also known as hyaluronic acid) provides a 
hydrodynamic fluid with viscoelastic properties that 
allows efficient movement of joints. Hyaluronic acid is 
composed of repeating sequences of disaccharides, 
glucuronic acid and N-acetylglucosamine, which are 

mainly synthesized by synoviocytes [12]. A decrease in the 
concentration of synovial fluid and a reduction in its 
viscoelastic properties can lead to osteoarthritis [20]. 
During joint surgery, synovial fluid is drained out and the 
joint is occasionally washed with normal saline. Moreover, 
some of the synovial membrane is destroyed as a 
consequence of the surgical procedure. These situations 
could lead to decreased synthesis of synovial fluid after 
joint surgery is performed. 

Hyaluronan preparations are viscous solutions derived 
from extracts of rooster combs or bacterial fermentation. 
Many hyaluronan products are commercially available 
worldwide. Several clinical studies of human patients with 
chronic osteoarthritis conducted using placebos and other 
drugs have demonstrated the beneficial effects of 
intra-articular injection of hyaluronic acid [2,6,7,14, 
15,20,32]. Some studies have also reported beneficial 
effects of hyaluronan in cases of canine osteoarthritis (OA) 
[4,8,17,18,30,34]. However, previous research has 
focused on the effects of hyaluronan in the treatment of 
canine OA induced by anterior cruciate ligament 
transection or other models. Indeed, there is no existing 
literature on the use of hyaluronan for the prevention of OA 
after joint surgery in dogs or humans. Therefore, this study 
was conducted to investigate the effects of hyaluronan 
injected after joint surgery on clinical signs and biomarker 
changes in dogs. 

Materials and Methods

Animals 
Thirty-one client-owned dogs with patellar luxation 

(grades 2 and 3) were used as subjects in this study and 
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Table 1. Patient information in each group

Breed Weight (Kg) Sex Age (month) Grade of luxation Affected limb

First group
1
2
3
4
5
6
7
8
9

10
11
12

Second group
1
2
3
4
5
6
7
8
9

10
Third group

1
2
3
4
5
6
7
8
9

Yorkshire Terrier
Yorkshire Terrier 
Chihuahua
Chihuahua
Pomeranian
Pomeranian
Pomeranian
Pomeranian
Pomeranian
Pomeranian
Shih Tzu
Poodle

Yorkshire Terrier
Yorkshire Terrier 
Chihuahua
Chihuahua
Chihuahua
Pomeranian
Pomeranian
Pomeranian
Shih Tzu
Shih Tzu

Yorkshire Terrier
Yorkshire Terrier 
Yorkshire Terrier
Chihuahua
Chihuahua
Pomeranian
Pomeranian
Pomeranian
Poodle

1.9
1.2
2.3
1.5
3.2
4.5
4.1
3.2
3.8
3.5
4.5
3.6

1.1
1.3
1.3
1.5
1.2
4.2
4.1
3.2
3.4
2.3

1.2
1.4
1.3
1.1
1.3
2.8
4.1
3.6
4.2

Male
Female
Female
Male
Female
Female
Female
Female
Male
Female
Male
Female

Male
Female
Male
Male
Female
Female
Female
Male
Male
Female

Female
Female
Female
Male
Female
Female
Male
Male
Male

12
15
22
34
21
16
52
14
23
19
41
23

41
28
12
16
35
32
36
11
19
43

24
27
19
15
42
12
15
31
45

3
3
3
2
2
2
2
3
2
3
3
2

3
3
3
2
3
2
3
3
2
2

2
3
2
3
3
3
3
2
2

Right
Left
Left
Right
Left
Right
Right
Left
Left
Right
Right
Left

Left
Right
Left
Right
Right
Left
Left
Right
Right
Left

Right
Right
Left
Right
Left
Left
Right
Left
Left

were categorized into three groups (Table 1). After surgery 
was performed, the first group (G.1) of 12 dogs (age = 24 
± 12 months, weight = 3.11 ± 1.13 kg) was injected once 
with 0.5∼1.0 mL of sodium hyaluronate (Hyalgan; TRB 
Chemedica, Switzerland). The second group (G.2) of dogs 
(n = 10, age = 27 ± 12 months, weight = 2.36 ± 1.25 kg) was 
injected with sodium hyaluronate after immediately 
surgery and again one week after surgery. The final group 
(G.3) of dogs (n = 9, age = 26 ± 12 months, weight = 2.33 
± 1.33 kg) served as a control and did not receive 
intra-articular injection of sodium hyaluronate after 
surgery. To eliminate potential errors from surgical 
techniques, all dogs underwent the same procedure for the 
correction of patellar luxation performed by the same 

surgeon. All animals were operated on using a combined 
technique that included medial desmotomy, overlap of 
lateral retinaculum, fascia lata overlap, patellar and tibial 
antirotational suture ligament. Informed owner consent 
was obtained, and the trial protocol was approved by the 
Faculty of Veterinary Medicine and the Ethics Committee, 
Chiang Mai University, Chiang Mai, Thailand. 

Assessment protocol
Two veterinarians recorded the severity of clinical signs 

at each visit (weekly) using a clinical scoring system 
applied from Nganvongpanit [27] (Table 2). All 
veterinarians were blinded to the study. During the 
experiment, 3 mL of blood was collected from the cephalic 
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Table 2. Clinical lameness scoring system for assessing dogs

Criterion Grade Clinical evaluation

Lameness

Pain on
 palpation

Weight-
 bearing

1
2
3
4
5

1
2
3
4

5
1
2

3
4

5

Walks normally
Slightly lame when walking
Moderately lame when walking
Severely lame when walking
Reluctant to rise and will not walk more
 than five paces
None
Mild signs; dog turns head in recognition
Moderate signs; dog pulls limb away
Severe signs; dog vocalizes or becomes
 aggressive
Dog will not allow palpation
Equal on all limbs standing and walking
Normal standing; favors affected limb
 when walking
Partial weight-bearing standing and walking
Partial weight-bearing standing; non- weight-
 bearing walking
Non-weight-bearing standing and walking

vein of each dog for evaluation of the level of biomarkers 
for OA weekly [21,27].

Clinical score 
Efficacy of the treatment was assessed by a clinical 

scoring system [17] that assessed the specific animal’s 
lameness, pain on palpation, and weight-bearing. The dogs 
walked and trotted 6 m three times for evaluation of 
lameness by two veterinarians. This was followed by 
palpation of the stifle joint for determination of joint 
mobility and pain evaluation. The palpation was 
performed by two veterinarians 30 min apart. This 
evaluation was performed weekly (four times) after 
surgery. 

Blood collection 
Blood (3 mL) was collected from the cephalic vein of 

each dog five times during the study, before surgery, and 
then every week for the next 4 weeks. Blood samples were 
used to evaluate hematology, biochemistry and 
biomarkers.

Hematology and biochemistry
Blood samples were analyzed for complete blood counts 

(CBCs), including hematocrit and hemoglobin levels, red 
blood cell count, white blood cell count (WBC) and platelet 
count. Additionally, 2 mL of serum were analyzed for 
aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), blood urea nitrogen (BUN) and creatinine.

Competitive immunoassay using monoclonal antibody 
WF6

A mouse monoclonal antibody, WF6, was raised against 
a shark cartilage aggrecan preparation. Quantitative 
ELISA for the epitope recognized by the monoclonal 
antibody WF6 was modified from a previous study 
[21,25,27]. The antibody was specific for intact 
chondroitin sulfate chains and showed no interaction with 
other sulfated glycosaminoglycans, hyaluronan, or other 
polyanions such as DNA, RNA or dextran sulfate. The 
standard used in the assay was shark cartilage aggrecan 
(A1 fraction) at concentrations of 19∼10,000 ng/mL in 
6% bovine serum albumin (BSA) in TE buffer (0.1 M 
tris-HCl, pH 7.4, containing 0.15 M sodium chloride, 0.1% 
Tween 20 and 0.1% BSA). Diluted human serum samples 
(1 : 5 in 6% BSA-TE) were added to 1.5 mL plastic tubes 
containing an equal volume of WF6 (cell culture 
supernatant, 1 : 200 dilution in TE buffer). Samples were 
incubated at 37oC for 1 h, after which they were added to 
the microtiter plate, which was precoated with shark 
aggrecan (A1 fraction). Non-specific protein binding was 
blocked with BSA. The plates were incubated at 37oC for 
1 h, after which the wells were washed and 
peroxidase-conjugated anti-mouse IgM antibody (1 : 
2,000) was added (100 μL/well, in TE buffer). The bound 
conjugate was detected by adding o-phenylenediamine 
dihydrochloride (OPD) substrate (100 μL/well in 0.05 M 
citrate buffer, pH 5.0). The reaction was stopped after 10 
min by the addition of 50 μL/well of 4 M sulfuric acid, at 
which time the absorbance at 492 ~ 690 nm was measured 
using a microplate reader. The concentration of WF6 
epitope in supernatant samples was calculated by reference 
to a standard curve.

ELISA-based assay for HA using biotinylated 
HA-binding proteins (HABPs)

Human serum samples or standard HA (Healon) at 
various concentrations (19∼10,000 ng/mL in 6% bovine 
serum albumin-phosphate buffered saline [BSA-PBS], pH 
7.4) were added to 1.5 mL plastic tubes containing 
biotinylated HABPs prepared as described above (1 : 200 
in 0.05 M tris-HCl buffer, pH 8.6). The tubes were 
incubated at room temperature for 1 h, after which samples 
were added to a microplate that had been precoated with 
umbilical cord HA (100 μL/well at 10 mg/mL) and blocked 
with 1% BSA (150 μL/well). The plate was then incubated 
at room temperature for 1 h. Next, the wells were washed 
and 100 μL/well peroxidase-conjugated anti-biotin 
antibody (1 : 2,000 dilution) in PBS was added. The plate 
was then incubated at room temperature for another hour. 
OPD substrate was then used for detection of the 
conjugated antibody, and plate reading was carried out as 
described above. The concentration of HA in samples was 
calculated from the standard curve [21,25,27].
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Fig. 1. Mean (± SD) score of weight-bearing, lameness, 
and pain on palpation. Values with different superscripts 
(a, b) are significantly different (p ＜ 0.05) when compared 
in the same week. 

Data collection and statistics
The results of serum CS-WF6 and HA analysis are 

presented as the mean ± SD. A non-parametric 2-sample 
Mann-Whitney procedure was used to test for differences 
between groups in the same week, as well as before and 
after treatment. Clinical scores were calculated as the mean 
± SD. The relative data were analyzed using the Statistical 
Analysis System (SAS) version 8.0 (SAS Institute, USA) 
software package. A p ≤ 0.05 was considered to be 
statistically significant.

Results

The dogs in this study (male = 13, female = 18) were small 
breeds, including Yorkshire terrier (n = 7), Chihuahua (n = 
7), Pomeranian (n = 12), shih tzu (n = 3) and poodle (n = 2). 
Only dogs with a unilateral medial patellar luxation of 
grade 2 (n = 14) or grade 3 (n = 17) (left = 16, right = 17) 
were used as subjects in this study. During joint surgery, all 
articular cartilages were observed; however, OA lesions 
were not found in all joints. Complete blood counts and 
serum biochemistry in all animals were normal during the 
study (data not shown). 

Clinical sign evaluations are shown in Fig. 1. Weight- 
bearing and pain on palpation scores for G.1 (2.8 ± 0.7, 1.5 

± 0.5) and G.2 (2.8 ± 0.5, 1.4 ± 0.5) were significantly 
lower (p ＜ 0.05) than for G.3 (3.4 ± 0.5, 2.1 ± 0.7) at week 
4 after surgery. Evaluation of the lameness score revealed 
that only G.2 (1.9 ± 0.6) was significantly lower than G.3 
(2.5 ± 0.5).

The levels of serum CS-WF6 were elevated in all groups 
in the first week after surgery (Fig. 2). In G.3, this increase 
continued over the next 3 weeks, and was found to be very 
high in week 4 (2,575.33 ± 941.73). Conversely, in G.1 and 
G.2, the levels of serum CS-WF6 decreased after week 2. 
The level of CS-WF6 in G.3 was significantly higher (p ＜ 
0.05) than in G.1 and G.2 during weeks 2 to 4, while there 
was no significant difference between G.1 and G.2 (p ＞ 
0.05). 

The level of serum HA in all groups decreased during the 
first two weeks, then increased over the last two weeks in 
G.1 and G.2, while it continued to decrease until the end of 
the study in G.3 (Fig. 2). The level of serum HA in G.3 was 
significantly lower (p ＜ 0.05) than in the other two groups.

Discussion

This study revealed that there was no significant 
difference in animals that received one- or two 
intra-articular injections of sodium hyaluronate after joint 
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Fig. 2. Mean (± SD) of relative change (%) of serum chondroitin sulfate epitope WF6 (CS-WF6) and hyaluronan (HA). Values with 
different superscripts (a, b) are significantly different (p ＜ 0.05) when compared in the same week.

surgery and that both treatments were effective at 
preventing development of OA in canine stifle joints. 
These findings are similar to the results of a study 
conducted by Kolarz et al. [16], and suggest that sodium 
hyaluronate administered as either a single or repeat course 
is an effective and well-tolerated therapy for the long-term 
treatment of pain in OA. However, since no long-term 
effect was observed in our study, we terminated the 
experiment after 1 month. Accordingly, additional studies 
are needed for a thorough analysis of the effects of using 
single or multiple intra-articular injections of sodium 
hyaluronate, preferably experimental studies using 
animals rather than clinical studies so that all variable 
factors that have an effect on the results can be controlled.

This is the first report of the use of sodium hyaluronate 
after joint surgery in dogs. However, there were several 
limitations of this study. First, the injections were limited 
to once or twice during the first week, even though other 
studies have recommended 3∼5 injections weekly [3,32]. 
This limitation was due to the procedure of intra-articular 
injection, during which dogs must undergo general 
anesthesia. In the present study, dogs were anesthetized 
much less often. Second, the number of samples was 
restricted because this was a clinical trial and not an 
experimental trial; consequently, the number of animals 
was limited by the number of cases in our hospital. 
Moreover, to avoid the effects of stage of disease and 
surgical technique, we limited the study to cases of 
unilateral medial patellar luxation grades 2∼3. Finally, all 
procedures were performed by the same surgeon. Because 
of these restrictions, the number of animals that might have 
participated in the study was reduced by more than 50%. 
Third, we did not report the long-term effects (6 months or 
12 months) after treatment because the number of dogs in 
each group was reduced due to owner conditions (time 
restrictions, moving away from the area, etc.). However, 
we are presently attempting to design an experiment to 

investigate the long-term effects of sodium hyaluronate 
injection during joint surgery for both single and multiple 
doses. 

Human studies have shown that intra-articular injection 
of sodium hyaluronate is a relatively safe approach [9]. 
However, the side effects of sodium hyaluronate injection 
in dogs have not been reported. In this study, 32 
intra-articular injections of sodium hyaluronate resulted in 
no observed side effects or adverse reactions. 
Nevertheless, some adverse effects have been reported in 
humans. Specifically, in a US study of 164 patients, 23% 
(n = 38) showed injection site pain [1]. Additionally, acute 
synovitis was associated with joint swelling lasting up to 3 
weeks in some cases [28]. These reactions were typically 
mild and resolved without treatment. Based on our 
experience over the past three years, out of 154 joints 
injected with steroids or sodium hyaluronate, we found 
only 2 (1.3%) that showed side effects, which consisted of 
septic arthritis following injection (data not yet 
published). We believe that these side effects did not arise 
from the drugs, but from the intra-articular procedure 
itself. 

Some previous human studies have shown that sodium 
hyaluronate injection (3 to 5 times) did not improve pain 
scores in OA patients [15,32]. However, the clinical 
scores in this study (including pain) were significantly 
improved in G.1 and G.2 at week 4 after surgery when 
compared to G.3, while there was no difference between 
G.1 and G.2 One important difference in our study may be 
that other studies primarily included OA patients who 
were mostly at the chronic stage, while the subjects in this 
study were at an early stage. It is possible that injection 
with sodium hyaluronate following joint surgery could 
improve clinical signs by decreasing pain and increasing 
function of the joint. Moreover, many other human 
studies have reported a significant reduction of pain. For 
example, sodium hyaluronate provided pain relief when a 
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cycle of 3 to 5 injections was employed [22,26]. The 
effect of pain relief from sodium hyaluronate is not 
clearly understood; however, it may be due to its effects 
on nerve impulses and nerve sensitivity [26]. The 
analgesic effect of sodium hyaluronate is related to a 
reduction in sensitivity to mechanical forces of 
stretch-activated channels present in the membrane of 
joint mechanonociceptors [23]. The other possible 
mechanism of sodium hyaluronate in reducing pain is its 
effect on substance P (a small peptide involved in the 
transmission of pain signals). Sodium hyaluronate has 
been shown to inhibit increased vascular permeability 
induced by substance P [19]. Moreover, a previous review 
[20] reported that sodium hyaluronate has significant 
effects on inflammatory mediators such as decreased 
levels of prostaglandin E2 (PGE2) and leukotriene, 
suppressed production of tumor necrosis factor alpha 
(TNF-α), reduced arachidonic acid release or reduced 
nitric oxide (NO) production. It possible that reducing 
those inflammatory mediators has an effect on decreasing 
pain in sodium hyaluronate injected groups.

A novel monoclonal antibody, CS-WF6, recognizes an 
epitope in the native CS chain [25]. For anterior cruciate 
ligament (ACL) injury patients, instability results in an 
initial increase of proteoglycan content and collagen 
breakdown of articular cartilage within one year of injury 
[27,33]. This finding corresponds with the increasing 
proteoglycan level in synovial fluid and serum detected 
by cartilage markers. The present study also showed that 
after joint surgery dogs have increasing levels of serum 
CS-WF6, which indicates that the articular cartilage in the 
joint has degraded and developed a catabolism pathway. 
We found the levels of CS-WF6 in the first week of the 
study to be 1,450 ± 266% higher than pre-surgery levels. 
However, in the second week, CS-WF6 levels decreased 
in the sodium hyaluronate-injected groups (to 900 ± 
105%) when compared to pre-surgery groups, while in 
the non-injected group the serum level increased to 
2,085%. At the end of the study (week 4), the level of 
CS-WF6 between one-time and two-time sodium 
hyaluronate injection was not significantly different 
(618% and 530% higher than pre-surgery), while the level 
of CS-WF6 in the non-injected group was 2,575% greater 
than the pre-surgery level. Thus, it can be concluded that 
sodium hyaluronate injection can inhibit degradation of 
the cartilage matrix. In a review by Moreland in 2003 
[20], many in vitro experiments indicated that sodium 
hyaluronate can enhance the synthesis of extracellular 
matrix proteins (i.e. chondroitin, keratin sulfate, and 
proteoglycans) and reduce expression of interleukin-1β 
and matrix matelloproteinase-3. 

Previous studies have reported that sodium hyaluronate 
concentrations in the joint fluid and serum of animals with 
diseased joints were lower than normal [3,10,24]. 

Additionally, several studies using acute injury models 
have demonstrated decreasing HA concentrations in 
synovial fluid [3,10]. Our study revealed decreases of HA 
of 13 ± 3% and 30 ± 4% in the first and second weeks after 
surgery, respectively. The level of serum HA in the sodium 
hyaluronate-injected group was increased to close to 
pre-surgery levels in weeks 3∼4, but there was no 
significant difference between groups that received one 
and two injections. However, in the non-injected group, 
serum HA levels decreased by 45% and 62% in weeks 3 
and 4, respectively. Exogenous sodium hyaluronate may 
facilitate the production of newly synthesized HA by 
synoviocytes [31]. Although HA is a good biomarker, it is 
not suitable in all cases. For example, this biomarker 
cannot be used in hepatic disease because the level of 
serum HA may be elevated if liver function is interrupted 
by disease or chemicals [29]. To avoid these effects, we 
investigated the CBC and blood chemicals in all dogs; 
however, no abnormal liver signs were observed in either 
group. These results indicate that the level of serum HA in 
this study is a direct effect of cartilage metabolism and not 
a result of liver function.

More than 20 types of sodium hyaluronate are now 
commercially available worldwide. The sodium 
hyaluronate used in this study is a highly purified, viscous 
solution of natural SHA (molecular weight range 500 ~ 
730 kDa, concentration 10 mg/mL) extracted from rooster 
combs. Sodium hyaluronate with the molecular weight 
used in this study has demonstrated many advantages over 
that with other molecular weight ranges [5,11]. However, 
some animal studies of OA conducted using sodium 
hyaluronate in a molecular weight range of 500∼1,000 
kDa have been found to be more effective at reducing 
inflammation and restoring the rheological properties of 
synovial fluid [11]. Moreover, this molecular weight range 
has shown the advantage of inducing newly synthesized 
HA by synoviocytes [31].

Although many reports have demonstrated the 
advantages of sodium hyaluronate intra-articular 
injection in human joint disease, few have been 
performed in dogs. Some previous reports of dogs have 
shown that sodium hyaluronate intra-articular injection 
could decrease the progress of OA [8,13]. Echigo et al. [8] 
found that dogs treated with intra-articular or 
intra-venous injection of sodium hyaluronate after ACL 
transection had fewer apoptotic chondrocytes than 
non-treated dogs. Together with these reports, we have 
demonstrated the usefulness of sodium hyaluronate in 
preventing OA development after joint surgery. In 
conclusion, intra-articular injection of sodium 
hyaluronate after joint surgery may prevent OA. No 
significant difference was shown between animals that 
received one and two injections based on both clinical 
signs and biomarker levels.
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