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Spontaneous Osteoarthritis in Dogs - Clinical Effects of Single  
and Multiple Intra-articular Injections of Hyaluronic Acid 
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ABSTRACT

Background: The treatments of osteoarthritis (OA) are commonly conservative and multimodal to relieve pain and improve 
movement. Intra-articular injection of hyaluronic acid (IAHA) has been studied as a treatment option for OA in dogs. IAHA 
helps restore the viscoelasticity of the synovial fluid and relieves the clinical symptoms of OA. However, the efficacy of 
IAHA in dogs is still a controversial subject. This study aims to confirm the IAHA effect in dogs with spontaneous OA 
and to compare the effectiveness depending on the number of injections.
Materials, Methods & Results: Thirty dogs with spontaneous OA were assigned to a single injection group (n=17) and 
a 3-weekly injections group (n=13). Dogs weighing less than 10 kg were injected 1 mL of HA to the OA joint, and more 
than 10 kg dogs were injected 2 mL of HA. In the case of the 3-weekly injections group, the same amount was adminis-
tered 3 times at 1-week intervals. After the injection, physical and orthopedic examinations were performed to check for 
complications. Radiographic OA score was evaluated before and 3 months after the injection to confirm and to evaluate the 
progression of OA. Clinical symptom evaluations were performed on pre-injection, 1-, 2-, and 3-months post-injection. They 
consisted of the clinical lameness score by veterinarians and Canine Brief Pain Inventory (CBPI) by owners. Results were 
compared with unpaired t-test, repeated-measures ANOVA with Tukey’s or Sidak’s multiple comparison test, or Wilcoxon 
test, with P < 0.05. Patients had a median age of 9 years (range 3 to 16 years) and a bodyweight of 4.8 kg (range 2 to 48 
kg). No systemic side effects or major complications were detected during the trial period. IAHA produced temporary 
pain and discomfort in 6 cases. There was no change in the radiographic OA score before and 3 months after injections 
in both groups, and the difference between groups was not confirmed. In both groups, the clinical lameness score signifi-
cantly decreased at 1, 2, 3 months after injection compared with pre-injection. The score was lower at 3 months after the 
injection than at 1 month. The clinical lameness score had no significant difference between the groups. Similarly, CBPI 
was all decreased in the single injection group and 3-weekly injections group compared to pre-injection, and the score at 
3 months post-injection was lower than at 1 month. No significant differences between the groups were found in CBPI.
Discussion: Most studies on the efficacy of IAHA in canine OA have been conducted using an experimental model, so 
studies on spontaneous canine OA are insufficient. This study confirmed that IAHA improves clinical symptoms such as 
pain relief and movement improvement in spontaneous OA dogs using CBPI and clinical lameness score. In order to confirm 
the optimal IAHA protocol, a single IAHA and 3-weekly IAHA were compared. The result shows that clinical symptoms 
improved in both single and 3-weekly injections groups, but no significant difference was confirmed during the 3-month 
study period. These findings  may suggest that a single IAHA may have a similar effect to multiple IAHA, and repeated 
injections are unnecessary. In humans and canine OA models, it is reported that the effect of IAHA was maintained for 6 
months. This study showed that the effect of IAHA was maintained for 3 months study period and that clinical symptoms 
improved at 3 months than at 1 month. In conclusion, these findings suggested that IAHA improves clinical symptoms in 
dogs with spontaneous OA, and a single IAHA showed a similar effect to 3 weekly IAHA.
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INTRODUCTION

The goal of osteoarthritis (OA) management 
is to alleviate pain, slow the progression of cartilage 
damage, increase joint flexibility and, ultimately, im-
prove quality of life [2,5,22]. Although nonsteroidal 
anti-inflammatory drugs (NSAIDs) are the most com-
monly prescribed medication for OA, long-term use 
may have negative effects on the gastrointestinal tract, 
kidneys, and liver [10,13]. As a result, complementary 
and alternative medicine has increasingly been offered 
as an additional OA treatment option.

Hyaluronic acid (HA) is a hydrophilic gly-
cosaminoglycan found in synovial fluid and cartilage 
matrix. HA imparts viscoelasticity and lubricity to 
synovial fluid, thereby smoothing joint movement and 
absorbing shock [9,14]. The molecular weight and 
concentration of HA in osteoarthritis synovial fluid 
decrease due to dilution, fragmentation, and abnormal 
production by synoviocytes [11]. As a result, the visco-
elasticity of the synovial fluid is reduced, and the joint’s 
homeostasis is disrupted. Intra-articular injection of 
HA (IAHA) helps restore synovial fluid viscoelasticity 
and alleviate the clinical symptoms of OA [22]. 

However, the efficacy of IAHA in spontaneous 
canine OA is still a controversial subject [2,12,23]. 
Furthermore, previous studies have reported on the 
safety and efficacy of HA in the treatment of canine 
OA, but most of them used the experimental OA model 
[16,18,21,27]. This study aims to determine whether 
IAHA helps improve clinical symptoms in dogs with 
naturally occurring OA and to compare the clinical 
symptom improvement effects of a single HA injection 
versus 3 weekly HA injections.  

MATERIALS AND METHODS

Study design

The study was planned as a multicentre, pro-
spective, and open-label clinical trial.

Inclusion criteria

This study included 30 dogs with clinical 
symptoms of OA in the stifle or hip joints. All of the 
dogs were client-owned and came to the veterinary 
hospitals to be treated for clinical symptoms of OA. 
Dogs were chosen for this trial if they were more than 
1-year-old, weighed > 2.5 kg, had clinical symptoms 
that lasted more than 1 month and had radiologic 
abnormalities. If a dog had OA in more than one 
joint, the most severely affected joint was evaluated 
to determine the effectiveness of the treatment. The 
exclusion criteria were as follows: underlying dis-
ease that could affect the study’s outcome, lameness 
caused by neurological issues, neoplasia or immune-
mediated disease and oral medication administration 
or intra-articular injection within 2 weeks before and 
during the trial.

Administration of hyaluronic acid

The dogs were divided into 2 groups: single 
injections and 3 injections. Seventeen dogs were 
assigned to the single injection group and 13 to the 
3 injections group. Following aseptically preparing 
the injection site, arthrocentesis was performed 
with a 23-gauge needle and a 3 mL syringe. To 
ensure that the needle was properly positioned 
in the joint, synovial fluid was withdrawn before 
injecting HA. For less than 10 kg dogs, 1 mL of 
HA1 was injected, while dogs weighing more than 
10 kg received 2 mL of hyaluronic acid. In the 3 
injections group, 3 IAHA were administered at 
weekly intervals. 

Radiographic evaluation

At the start of the study and 3 months after the 
IAHA, radiographs of the affected joint were taken. 
The radiographic images were evaluated for osteo-
phytes, subchondral sclerosis, and bone remodelling 
(Table 1) to determine the severity of OA [4]. 

Table 1. Osteoarthritis severity radiographic scoring scale.

Score Clinical evaluation

0 Normal joint

1 Radiographic evidence of instability; no degenerative change

2 Mild degenerative change (occasional osteophytes)

3 Moderate degenerative change (osteophytes, subchondral sclerosis)

4 Severe degenerative change (osteophytes, subchondral sclerosis, bone remodelling)
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Veterinary assessment

Veterinarians performed a basic physical exami-
nation, palpation and visual evaluation of the injection 
site and orthopaedic examination 3 days after IAHA to 
check for complications. Before, 1, 2, and 3 months after 

the IAHA, orthopedic examinations were performed. 
Standing posture, lameness, weight-bearing, range of 
motion, pain at mobilization and overall clinical condi-
tion were assessed and scored by veterinarians using the 
previously described criteria (Table 2) [16].

Table 2. The criteria for evaluating clinical sign and activity in osteoarthritis dog (vet score).

Score Criteria

V-Q1 Standing posture

1 Normal stance

2 Slightly abnormal stance (partial weight-bearing of the limb, but the paw remains firmly in contact with floor)

3 Markedly abnormal stance (partial weight-bearing of the limb, with minimal contact between the paw and floor)

4 Severely abnormal stance (no weight-bearing)

V-Q2 Lameness at walk

1 No lameness; normal weight-bearing on all strides observed

2 Mild lameness with partial weight-bearing

3 Obvious lameness with partial weight-bearing

4 Marked lameness with no weight-bearing

V-Q3 Lameness at trot

1 No lameness; normal weight-bearing on all strides observed

2 Mild lameness with partial weight-bearing

3 Obvious lameness with partial weight-bearing

4 Marked lameness with no weight-bearing

V-Q4 Willingness to allow the clinician to lift the limb contralateral to the affected limb

1 Readily accepts contralateral limb elevation, bears full weight on the affected limb for more than 30 s

2 Offers mild resistance to contralateral limb elevation, bears full weight on the affected limb for more than 30 s

3 Offers moderate resistance to contralateral limb elevation and replaces it in less than 30 s

4 Offers strong resistance to elevation of contralateral limb and replaces it in less than 10 s

5 Refuses to raise contralateral limb

V-Q5 Range of motion (ROM)

1 Full ROM

2 Mild decrease (10%-20%), with no crepitus

3 Mild decrease (10%-20%), with crepitus

4 Moderate decrease (20%-50%)

5 Severe decrease (≥ 50%)

V-Q6 Pain at palpation/mobilisation

1 No pain elicited on palpation/mobilisation of the affected joint

2 Mild pain elicited, e.g. turns the head in recognition

3 Moderate pain elicited, e.g. pulls the limb away

4 Severe pain elicited, e.g. vocalises or becomes aggressive

5 Severe pain elicited, e.g. not allow examiner to palpate/mobilise the joint

V-Q7 Evaluation of overall clinical condition

1 Good

2 Mildly poor

3 Moderately poor

4 Severely poor

5 Very severely poor
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Owner assessment

During the orthopaedic examination, own-
ers used the Canine Brief Pain Inventory (CBPI) 
to assess the condition of their dogs. The CBPI, 
which consists of pain severity scores (PSS) and 
pain interference scores (PIS), can quantify the 
severity of chronic pain in dogs with OA [6,7]. 
To confirm clinical improvement, the PSS and 
PIS values, as well as the sum of these, CBPI 
scores were compared. Lower scores denote less 
severe pain.

Statistical analysis

GraphPad Prism2 was used for statistical 
analysis, and a P < 0.05 was considered significant. 
Each graph’s data and bar represent the mean value ± 
standard deviation (SD).

To confirm appropriate population assignment, 
the unpaired t-test was used to compare weight, age 
and baseline of veterinary assessment and owner as-
sessment between groups.

The Wilcoxon test was used to compare 
differences in radiographic OA scores before and 
after injection in all dogs and groups. To com-
pare radiographic scores between groups at each 
period, repeated measure analysis of variance 
(ANOVA) with Tukey’s multiple comparison test 
was used. 

To determine the significance of differences 
within groups over time, repeated measure ANOVA 
with Tukey’s multiple comparison test was used for 
orthopaedic examination and owner assessment. 
To compare groups at each time point, a Two-way 
ANOVA with Sidak’s multiple comparison test was 
used.

RESULTS

Animals

The clinical trial included 30 dogs, and in-
formation about the dogs is summarised in Table 3. 
Dogs ranged in age from 3 to 16 years old (median 
9 years old), with weights ranging from 2 to 48 
kg (median 4.8 kg). All dogs had a mean vet score 
of 16.70 and a mean CBPI score of 126.30. There 
were no significant differences in weight, age, the 
baseline of vet score and CBPI between the single 
and 3 injections groups.

Radiographic evaluation

For all dogs, radiographic OA scores at 3 
months post-injection were not significantly dif-
ferent from pre-injection. There was no significant 
difference in OA scores between the single and 3 
injections groups. The OA scores were not signifi-
cantly different between groups at each time point 
(Figure 1).

Veterinary assessment

After the IAHA, no systemic complica-
tions, injection site swelling, redness, or heat were 
found. However, 6 dogs (6/30 = 20%) experienced 
discomfort and pain for 2-3 days following injec-
tion. In all 6 dogs, the discomfort and pain sub-
sided within 3 days without additional treatment. 
There was no significant difference between the 
single (3/17 = 17.6%) and 3 injections groups 
(3/13 = 23%) in the veterinary assessment out-
comes (P > 0.05).

The vet scores for each index were summed 
and evaluated to compare before and 1, 2, and 3 
months after intra-articular injection. When all pa-
tients were analysed, the vet scores at post-injec-
tion were significantly lower than at pre-injection, 
and the scores at 2 and 3 months post-injection 
were lower than at 1 month post-injection (P < 
0.05). Vet scores significantly decreased after the 
IAHA in both the single and 3 injections groups, 
and the vet score at 3 months post-injection was 
lower than at 1 month post-injection (P < 0.05) 
[Figure 2]. Over time, there was no significant 
difference between the single and 3 injections 
groups (P > 0.05).

Owner assessment

When the owner assessment for all patients 
was evaluated, PIS, PSS, and CBPI decreased 1 
month after injection compared to pre-injection 
scores, and the scores were lower at 3 months after 
injection than at 1 month after injection (P < 0.05). 
Similarly, in the single and 3 injections groups, PIS, 
PSS and CBPI were all lower 2 months after IAHA 
(P < 0.05). There was no significant difference in 
CBPI, PSS or PIS between the 2 groups at any time 
point (P > 0.05) [Figure 3].
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Table 3. Characteristics of clinical trial population of dogs with clinical symptoms of osteoarthritis (OA) in the stifle or hip joints.

Patient data

 
One injection  

(n = 17)

Three injections 

(n = 13)
P-value

Body weight (kg, mean ± SD) 7.87 ± 2.8 8.87 ± 3.4 0.82

Age (years, mean ± SD) 9.52 ± 0.84 9.3 ± 1.21 0.88

Male/female 6/11 5/8  

Affected joint (n/total)      

Left stifle joint 10/17 9/13  

Right stifle joint 6/17 4/13  

Left coxofemoral joint 1/17    

Breed (n/total)      

Poodle 2/17    

Pomeranian 2/17 1/13  

Yorkshire Terrier 4/17 2/13  

Mixed 5/17 1/13  

Cocker Spaniel 1/17    

Shih Tzu 1/17    

Maltese 1/17 6/13  

Shetland Sheepdog   1/13  

Spitz   1/13  

Malamute 1/17 1/13  

CBPI† (baseline, mean ± SD) 137.2 ± 9.58 112 ± 13.49 0.13

Vet score (baseline, mean ± SD) 17 ± 1.29 16.31 ± 1.23 0.7

†CBPI= Canine Brief Pain Inventory score.

Figure 1. Radiographic OA score evaluation. A- Comparison of OA score before and 3 months after injection in all dogs. B- Comparison of OA scores 
between single and three injections groups at each time point. No significant differences compared to before injection and between the group.
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Figure 2. Vet score assessment. A- In all dogs, the sum of vet scores was compared over time before and after injection. B- Comparison of vet score 
summation over time in each group and between groups.*Significant difference compared to before injection (P < 0.05). #Significant difference compared 
to after 1 month (P < 0.05). No significant differences between groups were identified.

Figure 3. Canine Brief Pain Index (CBPI, a) assessment consisting of pain severity score (PSS, b) and pain interference scores (PIS, c). A- Comparison 
of time-specific differences in all patients. B- Comparison of time-specific differences in each group and group-to-group differences. *Significant differ-
ence compared to before injection (P < 0.05). #Significant difference compared to after 1 month (P < 0.05). No significant differences between groups.

DISCUSSION

This study aimed to confirm the effects of a 
single and 3 weekly IAHA on spontaneous canine OA 
using subjective measures of lameness severity (vet 
score) and pain (CBPI). When analyzing all dogs with 
IAHA, the results showed that all assessment param-
eters significantly improved throughout the 3-month 

post-injection. These findings provide empirical evi-
dence that IAHA relieves pain and assists functional 
recovery in canine OA.

This study was carried out on client-owned 
dogs suffering from spontaneous OA. Most of the 
previous studies on the efficacy of IAHA in canine OA 
have been conducted using an experimental OA model 
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induced by transecting the cranial cruciate ligament 
[16,18,21]. The pathology of surgically induced OA 
differs from that of naturally occurring OA [15,17], 
and the symptoms and progression of OA greatly vary 
from dog to dog, necessitating research into naturally 
occurring OA. Few studies have been published on the 
efficacy of IAHA in client-owned dogs with hip dys-
plasia [1,24] and undergoing joint surgery [20,26]. In 
contrast to previous studies, this study was performed 
IAHA primarily on the stifle joint (29/30 joints) in 
dogs undergoing conservative treatment for OA. These 
findings, along with previous research, suggest that 
IAHA may be a viable treatment option for spontane-
ous canine OA.

The efficacy of IAHA was tracked for 3 months 
in the present study. The effects of IAHA in humans 
and canine OA models have been reported to last for ap-
proximately 6 months [21,25]. To accurately determine 
IAHA duration, a longer evaluation period is required. 
However, since the beneficial effect of HA has been 
reported to be remarkable at 5-13 weeks [28] and peaks 
at 4-8 weeks [3,21], 3 months was deemed adequate to 
evaluate the effect of IAHA. Furthermore, the fact that 
the efficacy of IAHA was maintained for 3 months and 
improved more than at 1 month at 3 months suggests 
that the efficacy of IAHA can be sustained for at least 
3 months and may last for a longer period. 

There are no consensus protocols for IAHA in 
veterinary medicine. Prior research on IAHA in canine 
OA has found that single and multiple injections at 
weekly intervals are effective [18,21,24], but it has not 
been determined which HA injection dosing regimen 
is superior. In human medicine, 3-5 times IAHA at 
weekly intervals for low-molecular-weight (MW) HA 
and a single high dose for high-molecular-weight HA 
are commonly recommended [25]. A human knee OA 
study found that a single larger dose of intermediate 
MW HA is as effective as repeated doses and is more 
economical [25]. In order to confirm the optimal IAHA 
protocol, single intra-articular injection and 3 intra-
articular injections at a weekly interval were performed 
in this study, as is commonly recommended when using 
intermediate MW HA. Single intra-articular injections 
may be a viable injection option if the difference be-
tween single and multiple effects is not significant. 
During the 3-month study period, no significant dif-
ference in subjective assessment using CBPI and vet 
score was observed between the single and 3 injections 

groups. Both groups gradually recovered up to the 
third month, with post-injection scores significantly 
higher than pre-injection. In the canine OA research, 
single and 2 IAHA after patella luxation repair sur-
gery showed similar amelioration effects [20]. In the 
experimental model, no significant difference in the 
effects of single and 3 weekly high-molecular-weight 
HA injections was found [21]. Having the same effect 
as multiple doses with a single injection may mean 
that repeated administration is unnecessary. Repeated 
injections may increase the risk of infection, treatment 
cost and patient stress and repeated sedation is required 
because sedation is recommended during the intra-
articular injection. The findings of the current study 
may suggest that a single IAHA may have the same 
effect as multiple injections and repeated injections 
would not be required. Furthermore, a single IAHA 
may be a feasible and convenient treatment method.

Transient pain and discomfort were noted fol-
lowing injection in some dogs (6 of 30 dogs) and all 
these events naturally resolved within 3 days without 
treatment. During the study period, no dogs experi-
enced systemic problems or serious adverse events 
such as septic arthritis. This finding is consistent with 
previous research, which found that IAHA in dogs 
could cause minor side effects such as transient mild 
pain, redness, heat and swelling but did not result in 
serious complications [8,19,20]. In this study, no cor-
relation was found between the number of injections 
and the local response. Both single and 3 weekly IAHA 
in canine OA are well-tolerated and relatively safe 
methods. Furthermore, IAHA may be an effective OA 
treatment option in dogs for whom NSAIDs or other 
analgesics are contraindicated. 

This study has some limitations since it was 
conducted only with subjective methods (CBPI and 
vet score), and objective evaluation like kinetic gait 
analysis was not performed. However, the CBPI used 
in this study is known as a way to confirm the effect 
of OA treatment and is a widely used method [6,7]. In 
addition, for more precise evaluation, vet scores were 
evaluated using the modified clinical lameness score 
system, including subdivided evaluation items. Another 
limitation is that this study was conducted for a short 
period. If the evaluation period was extended, the dura-
tion of the single and multiple IAHA could be checked 
and compared. As a result, further research with a larger 
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population and over a longer time is required to expand 
on the findings of this study.

CONCLUSION

In conclusion, this study demonstrate that 
IAHA relieves pain and enhance functional movement 
in dogs with naturally occurring OA through CBPI and 
veterinary assessment, and a single IAHA showed a 
similar effect to 3 weekly injections. These findings 
support that both single and 3 weekly IAHA are a 
practical treatment option for canine OA.
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