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a b s t r a c t

The aim of this study was to investigate the efficacy of intra-articular (IA) botulinum toxin A (IA BoNT A)
for the treatment of osteoarthritic joint pain in dogs. The study was a placebo-controlled, randomized,
double-blinded clinical trial with parallel group design and 12-week follow-up. Thirty-six dogs with
chronic lameness due to stifle, hip or elbow osteoarthritis were randomized to receive an IA injection
of 30 IU of BoNT A or placebo. The main outcome variables were vertical impulse (VI) and peak vertical
force (PVF) measured with a force platform, and Helsinki chronic pain index (HCPI). Subjective pain score
and the need for rescue analgesics were secondary variables. The response to treatment was assessed as
the change from baseline to each examination week. The variables were analyzed by ANOVA with
repeated measurements and results were considered statistically significant if P 6 0.05.

The improvement from baseline to 12 weeks after baseline was statistically significant in VI, PVF and
HCPI in the treatment group (P = 0.001, P = 0.054 and P = 0.053, respectively). Additionally, there were
statistically significant improvements in VI in the treatment group at 2, 4 and 8 weeks after baseline
(P = 0.037, P = 0.016 and P = 0.016, respectively). The difference between groups in improvement in VI
was statistically significant at 12 weeks after baseline (P = 0.005). There was no significant change in
the subjective pain score or in the requirement for rescue analgesics in either group. No major adverse
events thought to be related to trial protocol were detected. These results suggest that IA BoNT A has
some efficacy in reducing osteoarthritic pain in dogs.

� 2014 Elsevier Ltd. All rights reserved.

Introduction

The treatment of advanced osteoarthritis (OA) in dogs poses a
challenge to veterinarians. In the latter stages, OA can produce con-
stant and progressive discomfort and pain, significantly diminish-
ing the quality of life in affected individuals (Lamont et al.,
2000). Oral nonsteroidal anti-inflammatory drugs (NSAIDs) are
the current mainstay of pain therapy in canine OA (Sanderson
et al., 2009; Bound et al., 2011), but they can be associated with
insufficient pain relief and unacceptable adverse events, especially
in older dogs with concurrent illness. New therapeutic modalities
are needed to improve the wellbeing of painful osteoarthritic dogs.

Botulinum toxin A (BoNT A) is a potent neurotoxin produced by
the bacterium Clostridium botulinum (Sugiyama, 1980). It inhibits
acetylcholine release into the synaptic cleft in cholinergic nerve
terminals causing muscle paralysis (Dressler and Adib Saberi,
2005). In humans, BoNT A administered IM is used in the treatment
of neuromuscular disorders associated with painful muscle hyper-
activity such as spasticity, cervical dystonia and blepharospasm
(Balash and Giladi, 2004; Simpson et al., 2008). However, BoNT A
also inhibits the release of neurotransmitters involved in direct
pain perception, including substance P (Ishikawa et al., 2000;
Welch et al., 2000) and calcitonin gene-related peptide (Durham
et al., 2004). Interestingly, these neuropeptides are involved in
peripheral pain perception in OA (Kirker-Head et al., 2000; Saxler
et al., 2007). This has led to the hypothesis that BoNT A might have
direct local antinociceptive properties when injected intra-
articularly (IA) into a painful osteoarthritic joint.
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Recently, IA BoNT A has shown antinociceptive efficacy on
refractory joint pain in controlled clinical trials in human patients
with arthritis (Mahowald et al., 2009; Singh et al., 2009a; Boon
et al., 2010; Lee et al., 2010). BoNT A administered IA was consid-
ered effective in a review on knee injections for the management of
arthritic pain by Cheng et al. (2012), and a recent systematic re-
view and meta-analysis reported a small to moderate analgesic ef-
fect in some specific chronic musculoskeletal pain conditions
(Zhang et al., 2010). In veterinary medicine, Hadley et al. (2010)
examined the effect of IA BoNT A on joint pain in osteoarthritic
dogs and reported improvement in 4/5 (80%) dogs. The antinoci-
ceptive efficacy of IA BoNT A for joint pain has also been reported
in experimental studies of horses and mice (DePuy et al., 2007;
Mahowald et al., 2009). To the authors’ knowledge, there are no
published placebo-controlled clinical trials on IA BoNT A in dogs.

The objective of our study was to investigate the efficacy of IA
BoNT A in dogs with chronic osteoarthritic joint pain in a randomized,
double-blinded, placebo-controlled clinical trial and to report possi-
ble adverse events. We hypothesized that IA BoNT A would produce
significant pain relief compared to placebo and that the number of
adverse events would be similar to those for the placebo group.

Materials and methods

The study was performed at the Small Animal Teaching Hospital of the Univer-
sity of Helsinki and was approved by the Committee of Experimental Animals (ESA-
VI-2010-04178/Ym-23) and the Finnish Medicines Agency. Owners of dogs enrolled
in the trial signed a written informed consent form, having received and understood
written information about the study. Dog owners were free to discontinue the trial
at any time during the study.

Animals

Privately owned dogs with chronic lameness due to OA were eligible for partic-
ipation in the study. Each dog underwent complete physical, orthopaedic, and neu-
rological examinations by one of the authors (HMH) prior to study entry. A serum
biochemistry profile and haematology were performed. In dogs with stifle or hip
OA, bilateral radiographs were taken of the stifle and hip joints and of the lumbar
spine. In dogs with elbow OA, bilateral radiographs were taken of the elbow, shoul-
der and hip joints. The inclusion criteria were lameness present for at least
3 months, radiographic diagnosis of OA in the stifle, elbow, or hip joint, and pain
on palpation of the joint. Dogs were excluded from the trial if lameness was due
to diseases other than OA; if they had a neurological, systemic or infectious disease;
if they were <1 year of age, or weighed <15 kg. Dogs were also excluded from the
trial if they had received any IA treatment, corticosteroids or pentosan polysulfate
injection <1 month before the study, or treatment with NSAIDs or tetracy-
clines <1 week before the study.

Study design

The study was performed as a placebo-controlled, randomized, double-blinded
clinical trial with stratified parallel group design. The dogs were stratified into six
groups based on administration of treatment into the stifle, elbow or hip joint
and on moderate or severe joint pain evaluated by Helsinki chronic pain index
(HCPI), a validated questionnaire to assess chronic pain in dogs (Hielm-Björkman
et al., 2009). A moderate pain score was 616, and a severe pain score was P17.
Grouping was based on the median of the HCPI results acquired from the screening
visit. Randomization was performed using randomly permuted blocks.

Dogs were randomized within each stratum in blocks of two in a 1:1 ratio to re-
ceive an IA injection of either 30 IU of BoNT A (Botox, Allergan) or an equivalent vol-
ume of placebo (sterile 0.9% saline) into the most painful osteoarthritic joint. The
randomization list was generated using SAS/Proc Plan (SAS for Windows version
9.2; SAS Institute) and provided by a statistician to the research technician, who pre-
pared the treatment for each dog by following the list. The dog owners and the veter-
inarians (HMH, MM) performing the trial were masked to treatment allocation.

The trial continued for 12 weeks. The response to treatment was evaluated by
gait analysis, HCPI, subjective pain score and the requirement for rescue analgesia.
A detailed schedule for the follow up evaluations is provided in Fig. 1.

Arthrocentesis and intra-articular injection

The IA injection was performed at the baseline visit. Dogs were sedated with
medetomidine (Domitor vet, Orion Pharma) and butorphanol (Butordol, MSD Ani-
mal Health), or only butorphanol, depending on the age of the animal. This was

followed by IV propofol (Propovet, Orion Pharma) anaesthesia, if necessary. The
joint was aseptically prepared. A synovial fluid sample was obtained before IA injec-
tion to confirm the correct location of the needle and to obtain a baseline synovial
fluid sample. A research technician prepared the injections and covered the syringes
with non-transparent tape; HMH and MM performed the injections. Arthrocentesis
was repeated under sedation 2 and 8 weeks after the BoNT A/placebo, to obtain
synovial fluid for further analysis. The results of the synovial fluid analysis will be
reported elsewhere.

Fig. 1. Recruitment of the dogs and the evaluation of response to treatment after
intra-articular botulinum toxin A (BoNT A) or placebo (0.9% saline). The gait
analysis was performed with a force platform. Veterinary evaluation consisted of
subjective pain score and physiological and neurological examinations. Dog owners
used the Helsinki chronic pain index (HCPI) and recorded the requirement for
rescue analgesia. The results obtained from the baseline visit were considered to be
baseline. Response to treatment was defined as the change from baseline in each
examination week.
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