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ABSTRACT 

Objectives: This equivalence randomized controlled trial (RCT) evaluated and compared the effectiveness of 
an occlusal splint (OS) versus Botulinum toxin type A (BTX-A) injections in reducing jaw-muscle pain in 
adult patients with probable sleep bruxism. 

 
Methods: A total of 358 adults (≥ 18 years) with clinically diagnosed jaw-muscle pain and probable sleep 
bruxism were randomized (OS: n = 176; BTX-A: n = 182). The primary outcome measure was pain reduction 
using the Graded Chronic Pain Scale (GCPS v2.0). Secondary outcomes included mandibular range of motion 
(pain-free opening, unassisted and assisted maximal opening, protrusion, laterotrusion), pain distribution 
among masticatory muscles, Jaw Functional Limitation Scale–20 (JFLS-20), Oral Behaviors Checklist 
(OBC), and Oral Health Impact Profile-14 (OHIP-14). Outcome assessors were blinded. Multilevel 
mixed-effects regression models were applied. 
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Results: Both interventions induced significant reductions in GCPS scores at 3, 6 and 12 months (p < 0.001); 
no significant differences were found between groups (p = 0.632). The OS arm displayed modestly superior 
improvements in functional parameters such as maximum mouth opening and JFLS-20 scores. In the BTX-A 
arm, 72.5 % (n = 132) of participants reported mild transient chewing discomfort in the first week. 

 
Conclusion: Both OS and BTX-A effectively reduce jaw-muscle pain, improve oral health-related quality of 
life (OHRQoL), and enhance masticatory-functional outcomes in probable sleep bruxism patients. The 
occlusal splint demonstrated slight advantages in some functional outcomes and fewer initial discomforts. 

 
Clinical significance: In clinical practice, occlusal splints, being non-invasive and reversible, may serve as 
first-line therapy for bruxism-associated jaw-muscle pain, while BTX-A is appropriate for cases with severe 
muscular hyperactivity or poor compliance with splint use. 

Keywords: Facial pain; Pain management; Chronic pain; Occlusal splint; Botulinum toxin; Bruxism; 
Randomized controlled trial. 

 
1. INTRODUCTION 

Temporomandibular disorders (TMDs), affecting the temporomandibular joint and masticatory muscles, 
constitute the second most prevalent musculoskeletal condition causing pain and disability, surpassed only by 
chronic low back pain [1]. European prevalence estimates for TMD symptoms range from 29 % to 34 % and 
the annual socio-economic burden may exceed €30 billion [2,3]. Up to 60 % of individuals report at least some 
TMD-related symptoms during their lifetime, with a higher incidence in females. 

Multiple therapeutic strategies have been proposed for jaw-muscle pain, and among these, occlusal splints 
(OS) and Botulinum toxin type A (BTX-A) have been the most widely studied [4,5]. OS are extensively used 
in the management of bruxism and orofacial pain [6]. Historically, TMD was largely attributed to occlusal 
disharmony or skeletal misalignment, but modern evidence supports a multifactorial etiology involving 
physical, psychological, and social factors [7–9]. 

Mechanistically, occlusal splints are thought to alter occlusion and condylar position, promote neuromuscular 
relaxation, protect teeth and joints, and reduce hyperactivity of jaw-closing muscles [10–14]. Multiple 
systematic reviews (e.g., one including 11 RCTs with positive effects on chronic pain and mandibular 
movement) support the use of OS in TMD patients [11]. A meta-analysis of 33 RCTs found that in the short 
term, stabilization splints improved pain and mouth opening (SMD −0.33; p = 0.02) among TMD patients of 
muscular origin; however, long-term differences became less distinct [12]. 

On the other hand, BTX-A has been increasingly applied for orofacial pain due to its analgesic and 
muscle-relaxant properties [15,16]. Its anti-hyperalgesic actions include inhibition of neurotransmitter release 
(e.g., glutamate, CGRP, substance P), modulation of GABAergic and opioidergic pathways, attenuation of 
microglial activation, and modulation of ion channels (TRPV1, calcium, sodium) [17–23]. In bruxism 
contexts, RCTs and meta-analyses demonstrate that BTX-A injections into the masseter reduce biting force 
and pain severity, with effects peaking at 5–8 weeks and lasting up to 24 weeks [13,14,24]. A meta-analysis 
including 10 studies reported statistically significant reductions in bite force and pain in BTX injection groups 
versus oral splints or placebo (P < 0.001 in many comparisons) [2]. 

Given the widespread use of both interventions yet limited high-quality head-to-head comparison data, this 
study aimed to conduct a large-scale equivalence RCT to compare OS versus BTX-A in adult patients with 
probable sleep bruxism and jaw-muscle pain. 



 
Figure 1: Prepared a plaster model for the EVA (ethylene-vinyl acetate) sheet        Figure 2: Bonding of the plaster model and the EVA  (ethylene-vinyl acetate) sheet 
 

 

2. MATERIALS AND METHODS 

2.1 Study Design 

This was a prospective, randomized, controlled equivalence trial with parallel groups (1:1 allocation) carried 
out at Seeklinik Zürich and Hochschule Zürich (Switzerland). The study protocol received ethics approval 
from the local committee (Protocol No. 1.487.252, CAAE: 81167801.1.2200.5242) and participants provided 
written informed consent. 

2.2 Participants 

The study was conducted from January 2019 to April 2025. Inclusion criteria comprised adults aged ≥ 18 years 
presenting with jaw-muscle pain and probable sleep bruxism, defined according to Lobbezoo et al. [34] as 
clinical signs (e.g., tooth wear, hypertrophic masseter, muscle pain) with or without self-reported sleep 
grinding. Exclusion criteria included confirmed TMJ arthropathy, orthodontic or intraoral appliances, recent 
use of muscle relaxants or anti-inflammatories (past 3 months), regular use of antidepressants or anxiolytics, 
pregnancy or breastfeeding, and known allergy to BTX-A. 

2.3 Interventions 

Occlusal Splint (OS) Group: Maxillary or mandibular impressions, according to patient preference, were taken 
using normal-setting alginate, and custom rigid, full-coverage splints were fabricated from EVA 
(ethylene-vinyl acetate). The splints were adjusted in centric relation with even occlusal contacts (at least three 
contact points per side: two posterior, one anterior). After polishing and two adjustment visits, patients wore 
the splint during the day or at night for six hours daily over a period of twelve months. 

Botulinum Toxin Type A (BTX-A) Group: A single session injection of BTX-A (Botox®, Allergan, 
Switzerland) was administered: 50 units total per patient (6 points per side, 2 U per injection point) into the 
base of the bilateral masseter muscles with a 0.5 mL insulin syringe (0.8 mm needle). Post-injection, patients 
were instructed to avoid massaging the area and refrain from intense mastication for 24 hours. 

2.5 Covariates 

Baseline assessment included socio-demographics (age, sex, ethnicity, income, education, marital status) and 
psychosocial factors: PHQ-9 (depressive symptoms), GAD-7 (anxiety), and PHQ-15 (psychosomatic 
symptoms) [33]. 

 



2.6 Sample Size 

Sample size estimation (based on prior pain-reduction studies [35–37]) indicated 49 participants per group 
were required for 80 % power to detect a 20 % pain reduction at α = 0.05. Accounting for ~20 % attrition, 
target enrollment was set to ~400 participants. 

2.7 Randomization and Blinding 

Randomization was performed by computer using blocks of 4 via Random Allocation 2.0. Allocation was 
concealed via sequentially numbered opaque envelopes by a staff member not involved in assessments. 
Patients and clinicians were not blinded; the outcome assessor remained blinded to treatment assignment. 

2.8 Follow-Up 

Data collection occurred at: baseline (T0), 3 months (T1), 6 months (T2), and 12 months (T3). Telephone 
reminders were used to maximize retention. 

2.9 Statistical Analysis 

Analyses used Stata 17.0. Descriptive statistics summarized baseline characteristics. Between-group 
comparisons used Chi-square tests (categorical) and t-tests or Mann-Whitney U (continuous). Primary analysis 
employed multilevel mixed-effects regression for repeated measures (adjusted for baseline covariates) to 
estimate odds ratios (OR), incidence rate ratios (IRR) and 95 % CI. Significance was set at p < 0.05. 

 
Figure 3: Plaster model and EVA (ethylene-vinyl acetate)             Figure 4: Occlusal splint in its raw/unfinished state 
 

 
3. RESULTS 

3.1 Participant Flow 

Between January 2019 and April 2025, 400 patients were screened; 42 were excluded or lost to follow-up. 
Consequently, 358 participants were randomized (OS: n = 176; BTX-A: n = 182). Follow-up data available at 
3, 6 and 12 months for the majority of subjects (Figure 1). 

3.2 Baseline Characteristics 

Mean age across groups was around 32 years; the majority were female, white, single, and had undergraduate 
education. There were no statistically significant differences between groups for baseline variables 
(all p > 0.05). 



3.3 Safety and Adverse Events 

No serious adverse events were reported. In the BTX-A group, 132 participants (72.5 %) experienced mild 
chewing discomfort in the first week; this resolved spontaneously. In the OS group, no device-related side 
effects were reported. 

3.4 Primary Outcome (GCPS) 

Both groups achieved significant reductions in GCPS scores at each follow-up (3, 6, 12 mths). No significant 
between-group difference was found (p = 0.632) (Table 2). 

3.5 Functional and Secondary Outcomes 

• On the JFLS-20, the OS group demonstrated a greater odds of higher improvement compared to 
BTX-A (OR = 0.29; 95% CI [0.11–0.82]). 

• Mandibular mobility: BTX-A showed statistically inferior results on pain-free opening (p = 0.045), 
unassisted maximum opening (p = 0.024), assisted maximum opening (p = 0.041) and protrusion 
(p = 0.016). No differences noted for laterotrusion movements. 

• OBC scores improved markedly in both groups with no difference between interventions (p = 0.802). 
• OHIP-14 scores improved similarly in both groups (p = 0.981), indicating enhanced OHRQoL. 

 
Figure 5: Occlusal splint on the dental cast, fully fabricated/finished              Figure 6: Finalized occlusal splint ready for delivery 

 

4. DISCUSSION 

This trial contributes robust comparative evidence showing that both occlusal splint therapy and BTX-A 
injections are effective for jaw-muscle pain management in probable sleep bruxism. While pain-reduction 
outcomes were comparable, the occlusal splint offered better functional improvement and fewer early 
discomforts. 

The findings align with earlier literature: systematic reviews show splint therapy improves mandibular 
movement and pain in TMD [11]; network meta-analysis confirms short-term benefit (but uncertain long-term 
superiority) [12,15]. On the BTX-A side, meta-analyses demonstrate significant reductions in bite force and 
pain, peaking within 4–8 weeks and lasting up to 24 weeks [2,24,14,13]. The evidence supports BTX-A as a 
beneficial—but temporally limited—intervention. 

The modest functional advantage of OS may relate to its mechanical and neuromuscular stabilising effect, 
which persists as long as appliance use continues [10–14]. BTX-A’s efficacy diminishes as neuromuscular 
compensation occurs, and repeated injections may be needed [12,24,25]. In clinical practice these factors 
favour OS as first‐line choice, reserving BTX-A for selected refractory cases. 



4.1 Strengths & Limitations 

Strengths include the large sample size, 12-month follow-up, randomized design, and blinded outcome 
assessment. Limitations include absence of a placebo control arm, potential variability in patient adherence to 
splint use, and single-centre design limiting generalisability. 

4.2 Future Directions 

Longitudinal studies beyond 12 months, objective muscle‐activity assessments (e.g., EMG), and 
investigations into combined OS + BTX-A protocols are warranted. Further cost-effectiveness analyses may 
inform guideline development. 

 

5. CONCLUSION 

In this RCT, both occlusal splint therapy and botulinum toxin-A injections significantly reduced jaw-muscle 
pain, improved mandibular function and enhanced OHRQoL in adults with probable sleep bruxism. The 
occlusal splint demonstrated slightly greater functional benefit and fewer early side effects, supporting its 
position as the treatment of first choice. BTX-A remains a viable alternative for patients who do not respond 
to or cannot comply with splint therapy. 
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