
Prof. Christelle Nguyen MD, PhD

Physical and Rehabilitation Medicine

Université Paris Cité, Faculté de Santé, UFR de Médecine, Paris, FRANCE

INSERM UMR-S 1124, UFR des Sciences Fondamentales et Biomédicales, Paris, FRANCE

Rééducation et Réadaptation de l’Appareil Locomoteur et des Pathologies du Rachis, Cochin, AP-HP, Paris, FRANCE

Rediscovering botulinum neurotoxin A (BoNT-A) in OA



I have financial relationships with

• Advisory Board: Ipsen, Merz

AND

My presentation does include a discussion of off-label or investigational use

I am investigator in 5 RCTs assessing BoNT-A for RMDs

• 2 RCTs in base-of-thumb OA (RHIBOT I, RHIBOT II)

• 1 RCT in shoulder OA (SHOTOX)

• 1 RCT in piriformis syndrom (PIRITOX)

• 1 RCT in lateral epicondylitis (EPITOX)

Christelle Nguyen, MD, PhD

Full Professor of Physical and Rehabilitation Medicine

Université Paris Cité, Paris, FRANCE

Hôpital Cochin, Paris FRANCE

INSERM UMR-S1124, Paris France



Only small interest from the OA community?
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Outlines

• What rationale for BoNT-A in (RMDs and) OA?

• What indications? What evidence?

• Safety concerns?

Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months
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Botulinum toxin

• Neurotoxin isolated in 1944

• Produced by Clostridium Botulinum

o 1 heavy chain ➔ receptor binding

o 1 light chain ➔ proteolytic activity

• Inhibits acetylcholine release at the

neuromuscular junction

• Causes the disease botulism

• 7 main types from A to G

o A and B for medical use
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Label indications

• Ophtalmology, neurology, aesthetic and pain medicine

o Oculomotricity disorders (1993)

o Blepharospasm (1994)

o Hemifacial spasm (1994)

o Cervical dystonia (1994)

o Bladder dysfunction (2000)

o Limb spasticity (2003)

o Severe axillary hyperhidrosis (2003)

o Wrinkles (2003)

o Chronic migraine (2021)

All utilisations of BoNT-A in RMDs are off-label or investigational

• First use in 1978 for strabismus
(Alan B. Scott, San Franciso)
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Approved products (France)

Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months

• Botox
®
: onabotulinumtoxin A (AbbVie)

• Xeomin
®
: incobotulinumtoxin A (Merz)

• Dysport
®
: abobotulinumtoxin A (Ipsen)

• Dose equivalent units

Scaglione F, Toxins 2016
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A Swiss army knife molecule

Paralyzing effects

Neuromuscular junctions

Analgesic effects

Nociceptive neurons

(Posterior horn of the spinal cord)

Effects on the ANS

Sympathetic and 

parasympathetic neurons

Effects are

• Delayed ~ 1 week

• Maximal ~ 6 weeks

• Transient ~ 3-6 months
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Effects on neuromuscular junctions

Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months

Rampel L et al. Toxins 2024
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Effects on nociceptive neurons

Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months

Yoo KY et al. Neurotox Res 2014

Pavone F et Luvisetto S. Toxins 2010

Namazi H. Int Immunopharmacol 2006
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BoNT-A potential positionning in OA pain?

Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months

BoNT/A

Malfait AM, Schnitzer TJ. Nat Rev Rheumatol 2013
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Outlines

• What rationale for BoNT-A in (RMDs and) OA?
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What would be the anatomical targets in RMDs and OA?

First report of intramuscular BoNT-A injection for epicondylitis by Morré et al. in 1997

3 months
Morré HHE et al. Lancet 1997

 Traction on the components of the enthesis  Peripheral and central sensitization

INTRAMUSCULAR INJECTION INTRA-ARTICULAR INJECTION

Paralyzing effects

NMJ

Analgesic effects

Nociceptive neurons
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Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months

Morré HHE et al. Lancet 1997

Uncontrolled open study, N=14

• 43 yo, 9 women

• Pain duration ~ 2.4 years

• IM BoNT-A 30 UI

• Outcome: Δ pain at 6-8 months
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Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months

Wong SM et al. Ann Int Med 2005

RCT, N=60

• 45 yo, 49 women

• Pain duration ~ 8 months

• Pain intensity ~ 6.5/10

• Exp group: IM aboBoNT-A 60 UI

• Ctrl group: IM saline

• Primary outcome: Δ pain NRS

(0-100) at weeks 4 and 12

 40 pts  15 pts
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63%

Wong SM et al. Ann Int Med 2005
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Injecting the right muscle to reduce off-target effects

Wong SM et al. Ann Int Med 2005

Creuzé A et al. J Bone Joint Surg Am 2018

Extensor carpi radialis brevis (ECRB) =

main muscle that pulls the common

tendon of epicondylar muscles

 frequency of paresis of the 3
rd

-4
th

fingers ~17% (vs 63% in Wong's study)
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Injecting the neuromuscular junction

Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months

Diffusion of BoNT-A is limited➔ parallel to muscle fiber

Optimization of the injection techniques to efficiently access motor endplate zones 

• US or EMG guidance

• At different depths perpendicular to the direction of the muscle fiber

• At higher volume

Elwischger K et al. J. Neurol Sci 2014
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Intra-articular injections: 14 RCTs since 2009

Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months

Age 63

Pain intensity (/100) 60

Joints assessed - Knee

- Base-of-thumb

- Shoulder

- Ankle

10 (N=814)

1 (N=60)

2 (N=68)

1 (N=75)

Conditions - OA

- Painful TKR

- OA/RA

- Frozen shoulder

11 (N=900)

1 (N=58)

1 (N=40)

1 (N=28)

Comparators - IA saline

- IA corticosteroids

- IA hyaluronan

- Non-IA comparator (PT, education)

7 (N=611)

4 (N=223)

3 (N=255)

2 (N=93)

JADAD score - ≥ 4/5 10

Gagnière M et al. Ann Phys Rehab Med 2024 (in revision)
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Many « positive » meta-analyses

Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months

Some concerns

• Different locations lumped

together

• Non-IA comparators lumped

with IA comparators

• Omission of arms

Gagnière M et al. Ann Phys Rehab Med 2024 (in revision)
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Knee OA: only one very high-quality RCT

Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months

McAlindon T et al. Osteoarthritis Cartilage 2018
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Knee OA: only one very high-quality RCT

Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months

• Experimental group 1: IA onaBoNT-A 400 UI (n=39)

• Experimental group 2: IA onaBoNT-A 200 UI (n=37)

• Control group: IA saline (n=82)

McAlindon T et al. Osteoarthritis Cartilage 2018
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Knee OA: only one very high-quality RCT

Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months

McAlindon T et al. Osteoarthritis Cartilage 2018

RCT, N=176

• 61 yo, 107 women

• Knee OA, KL II/III

• Pain duration ~ 9 years

• Pain intensity ~ 6/10

• Primary outcome: pain

NRS at 8 weeks
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Quantitative synthesis for knee OA (only IA comparators)
K
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I
N

100-400 UI

RCT=6

N=549

Gagnière M et al. Poster 849, OARSI 2024
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Shall we throw out BoNT-A for RMDs with the bath water?

Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months
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Changes in intra-articular biomarkers

McAlindon T et al. Osteoarthritis Cartilage 2018



27UNIVERSITÉ PARIS CITÉ

 in pain sensitization in a « nociceptive » subpopulation

Arendt-Nielsen L et al. Scand J Rheumatol 2017

RCT, N=121

• 62 yo, 62 women

• Knee OA, KL I/II/III

• Pain duration ~ 9 years

• Exp group: IA OnaBoNT-A 200 UI

• Ctrl group: IA saline

• Primary outcome: pain

biomarkers

• « Nociceptive » subpopulation:

PainDetect-Questionnaire ≤ 12
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What about smaller, non-weight-bearing, upper limb joints?

RHIBOT TRIAL 

RCT, N=60

• 65 yo, 47 women, base-of-thumb OA

• Pain duration ~ 6.5 years

• Pain intensity ~ 6/10

• Experimental group: IA onaBoNT-A 50 UI + splint

• Control group: IA saline + splint

• Primary outcome: Δ pain NRS (0-100) at 3 months

RHIZORTHESE TRIAL

Splinting:  pain,  function at 12 months

➔ Gap between baseline and 12 months

• IA GC and hyaluronan not recommended

• Safety profile concerns with other medication

• Candidate molecule: IA BoNT-A?

– Prolonged effects ~ 3-6 months

– Analgesic + paralyzing effect (joint rest)

Nguyen C et al. Lancet Rheumatol 2022

Rannou F et al. Ann Int Med 2009 Gil C et al. BMJ Open 2018

+
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Results

Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months

OnaBoNT-A + Orthosis

(n=30)

Saline + Orthosis

(n=30)

Absolute difference

(95% CI)

P

• Δ pain NRS (0-100) at 1 month -34.3 (-42.9 to -25.7) -18.0 (-26.2 to -9.8) -16.3 (-27.9 to -4.7) 0.004

• Δ pain NRS (0-100) at 3 months -25.7 (-35.5 to -15.8) -9.7 (-17.1 to -2.2) -16.0 (-28.1 to -3.9) 0.043

• Δ pain NRS (0-100) at 6 months -18.3 (-26.9 to -9.8) -11.7 (-21.2 to -2.2) -6.7 (-19.2 to 5.9) 0.367

• OARSI responders at 3 months 22 (73) 18 (60) 13.3 (-10.3 à 37.0) 0.273

Effect-size: 0.7 (0.2-1.2)

Nguyen C et al. Lancet Rheumatol 2022
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Inconsistent results with knee OA trials

4 key differences with knee OA trials

• Participants in a « more » chronic

phase of OA:  sensitization?

• Add-on therapy to the rest orthosis

• Synergistic effects with muscle

motor deficit: -30.8 (N=14) vs -22.2

(N=16) points at 3 months, in

participants with and without deficit,

respectively

• Smaller joint ➔ higher dose

injected related to the joint volume

Gagnière M et al. Poster 849, OARSI 2024
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Efficacy may depend on BoNT-A dose related to joint volume

Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months

50 UI/ml

12.5 UI/ml
10 UI/ml

2-4 UI/ml

Base-of-thumb Shoulder Ankle Knee

(1 ml) (25 ml) (20 ml) (100 ml)
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Base-of-thumb 12.5 to 25 times higher than knee

One cannot inject > 400 UI onaBoNT-A per visit (FDA)

Gagnière M et al. Poster 849, OARSI 2024
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Intramuscular instead of intra-articular injection?

RCT, N=46

Hypothesis:  activation of

adductor muscles in hip OA

• 62 yo, 25 women, hip OA, KL II/III

• Pain intensity ~ 7/10

• TG: IM aboBoNT-A 400 UI

• PG: IM saline

• Primary outcomes: HHS and pain

VAS at 4 weeks
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Eleopra R et al. Toxins 2018
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Safety concerns?

Primary objective: to compare the effects of oral t-Res with those

of matched oral placebo for individuals with painful knee OA on

knee pain variations at 3 months

OnaBoNT-A + Orthosis

(n=30)

Saline + Orthosis

(n=30)

Serious adverse events 0 0

Minor adverse events 48 40

• Hand pain 6 (20) 11 (37)

• Tenar muscle motor deficit 14 (47) 2 (7)

• Musculoskeletal pain 5 (17) 6 (20)

• Infection 1 (3) 2 (7)

• Hand paresthesia 1 (3) 1 (3)

• Local bleeding 0 (0) 1 (3)

• Thrombophlebitis 0 (0) 1 (3)

In the 14 RCTs of intra-articular BoNT-A

• No studies reported any serious adverse events

• The frequency of minor adverse events was similar in both groups

Gagnière M et al. Poster 849, OARSI 2024

Nguyen C et al. Lancet Rheumatol 2022
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Rapidly progressive OA?

First study on cartilage explants

BoNT-A (0, 1, 10, 50, 100, 500 pg/mL) for 96 hrs

No effects on cartilage homeostasis:

inflammation (PGE2), ECM degradation (sGAGs

CS846), cell apoptosis (TUNEL)

McCarthy MB et al. Am J Vet Res 2023

12 weeks after intra-articular injection

Heikkilä HM et al. PLoS One 2018
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Take home messages

Repositioning “old” molecules like BoNT-A as IA targeted biologics for OA pain

• Strong rationale for OA pain ➔ effects on peripheral and central sensitization

• Evidence from small RCTs ➔ epicondylitis and base-of-thumb OA

• No evidence in other indications ➔ dose related to joint volume ? Weight-bearing ?

In our department

• Offered off label after first-line treatments have failed

• In well-phenotyped patients (consistent anatomical target, nociceptive OA)

• Never as a stand alone treatment

• All injections under US-guidance, by experienced operator

Primary objective: to compare the effects of oral t-Res with those of matched oral

placebo for individuals with painful knee OA on knee pain variations at 3 months
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Future directions

Going back to the bench

• Effects (and harms) of IA BoNT-A on specific preclinical models of OA

• Effects (and harms) of IA BoNT-A on joint biomechanics, cinematics

• Optimized effects with newly engineered BoNT-A or from other Clostridium

Getting back to colleagues with experience of BoNT-A: 5 D’s of BoNT

Primary objective: to compare the effects of oral t-Res with those of

matched oral placebo for individuals with painful knee OA on knee pain

variations at 3 months

de Sa Earp AP et al. J Cosmet Laser Ther 2008

Launching of RHIBOT II trial: 

September 2024
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Thank you! 
christelle.nguyen2@aphp.fr

@cchnguyen
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