
De Luca Canto et al. 
BMC Medical Research Methodology          (2025) 25:125  
https://doi.org/10.1186/s12874-025-02547-9

RESEARCH Open Access

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

BMC Medical Research
Methodology

Spin Bias in randomized controlled trials 
of botulinum toxin for bruxism management: 
a meta-epidemiologic study
Graziela De Luca Canto1,2,3,4, Patrícia Pauletto5*, Cristine Miron Stefani1,6, Thais Marques Simek Vega Gonçalves2, 
Nelson Carvas Junior3, Carlos Flores-Mir8, Ana Carolina Pereira Nunes Pinto3,4,9,10 and 
Virginia Fernandes Moça Trevisani3,4,7 

Abstract 

Objective To perform a quantitative and qualitative analysis of spin bias in randomized clinical trials (RCTs) focus-
ing on botulinum toxin (BTX-A) for managing bruxism.

Study design and protocol This is a meta-epidemiologic study. The protocol was registered on the Open 
Science Framework.

Study selection We included RCTs that evaluated the effectiveness of BTX-A for managing bruxism, associated 
or not with signs and symptoms of temporomandibular disorders. The outcomes were changes in pain and bruxism 
events. Spin bias was investigated in abstract and main text. The frequency of spin bias was assessed, and a qualita-
tive analysis was conducted. The study was classified as effective if the outcome analyzed was statistically signifi-
cant (p-value 0.05) and reached the minimum important difference of 20% and ineffective if the reported outcome 
was statistically nonsignificant or the study did not report the p-value or the results did not reach the minimum 
important difference of 20%.

Results An overall frequency of 59.4% spin bias was identified in eight included RCTs. The conclusion in the main text 
(87.5%) was the section with the highest frequency of spin bias. In the qualitative analysis, the most common strate-
gies identified were inadequate extrapolation to a large population (30.61%), inadequate implication for clinical prac-
tice (20.41%), and misleading reporting (12.25%).
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Conclusion There is a high frequency of spin bias in RCTs that evaluated BTX-A for bruxism management. Close 
to 90% of the selected RCTs presented spin bias in the main text’s conclusion. The most common spin was the inad-
equate extrapolation of the results.

Clinical Significance Applying BTX into the temporalis did not reduce muscle activity and the results for mas-
seter injections remain controversial. It seems that BTX-A injections can reduce pain from two weeks to one year. It 
is not possible to have certainty about the efficacy and safety of using BTX-A to reduce pain and bruxism events.

Keywords Spin bias, Bruxism, Botulinum toxin, Controlled trials

Introduction
Randomized Controlled Trials (RCTs) are widely con-
sidered the gold standard for evaluating the efficacy of 
health interventions [1]. Various methodologies have 
been developed to optimize the design, execution, anal-
ysis, reporting, and critical evaluation of RCTs [2–4]. 
However, despite rigorous efforts to enhance their meth-
odological integrity, RCTs remain vulnerable to biases 
that undermine the accurate interpretation of results [5].

The CONSORT guidelines for RCTs emphasize the 
importance of precise and transparent reporting and 
interpretation based on the available evidence [6]. Accu-
rate reporting is essential for disseminating knowledge, 
guiding future research, and informing clinical practice 
guidelines [6]. However, reporting can be complex, as 
there is a risk of both conscious and unconscious misin-
terpretation of results, which may introduce "spin" into 
the narrative. Spin bias refers to the distortion of result 
interpretation, potentially misleading readers. This bias 
can arise from a lack of understanding of the scientific 
subject, unconscious biases, or even a deliberate intent to 
mislead [5].

The BMJ introduced the concept of spin bias in bio-
medical research in 1995 [7]. Boutron et  al. [8] ini-
tially defined spin bias as specific reporting tactics that, 
regardless of intent, present an experimental treatment 
as beneficial despite statistically non-significant pri-
mary outcomes or divert attention from such outcomes. 
More recently, spin bias has been further defined as the 
intentional or unintentional misrepresentation of study 
findings [9], with different forms identified, such as 
emphasizing statistically significant but clinically irrel-
evant results or interpreting non-significant findings 
as positive [10]. The prevalence of spin in abstracts has 
been explored across various fields of medicine [11] and 
dentistry [12–17], as a reminder for readers to critically 
evaluate new treatment options that may seem too good 
to be true.

In recent years, growing interest has been shown in 
the therapeutic potential of Botulinum toxin type A 
(BTX-A) for bruxism management. This toxin inhibits 
acetylcholine release from presynaptic nerve endings in 

striated muscle, causing temporary muscle paralysis [18, 
19]. Numerous trials have investigated its effects on pain 
and bruxism event reduction [20–27]. Given the prom-
ising nature of this intervention and the possible com-
mercial interests involved, researchers may be inclined to 
accentuate its benefits when interpreting RCTs findings. 
To our knowledge, no study has examined spin in RCTs 
assessing BTX-A use in bruxism management. Hence, 
this study aims to identify the frequency of spin bias in 
such studies and conduct a qualitative analysis of spin 
bias in publications of RCTs evaluating botulinum toxin 
use for bruxism management to reduce pain and bruxism 
events. Also, we aimed to analyze whether the studies are 
effective from a statistical and clinical point of view.

Methods
Study design and setting
This meta-epidemiological study was conducted at 
the Universidade Federal de São Paulo, Brazil. The 
study adhered to a pre-established protocol accessible 
through the Open Science Framework (OSF) under Doi: 
10.17605/OSF.IO/QASC9. 

Criteria for including publications
Types of studies
We considered only published RCTs evaluating the effec-
tiveness of BTX-A for managing bruxism, with no restric-
tions on time or language. To be included, the study must 
have evaluated pain and/or bruxism events as outcomes. 
BTX-A could have been applied alongside other thera-
pies (co-interventions) if its effect could be isolated.

Types of participants
We included studies comprising patients diagnosed with 
bruxism. Bruxism may manifest as an isolated condition 
or be accompanied by signs and symptoms of temporo-
mandibular disorders. Participants of any age, sex, race, 
or socioeconomic status were eligible. We accepted stud-
ies involving sleep or awake bruxism management. The 
bruxism could have been identified by different methods: 
sleep/wake bruxism based solely on positive self-report; 
probable sleep/wake bruxism based on positive clinical 
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inspection, with or without positive self-report; defini-
tive sleep/wake bruxism based on positive instrumental 
assessment (polysomnography-PSG or electromyogra-
phy-EMG), with or without positive self-report and/or 
positive clinical inspection, adhering to the criteria out-
lined by Lobbezoo et al. (2018) [28].

Types of interventions
We considered any form of BTX-A used for therapeutic 
purposes for bruxism. The drug should have been admin-
istered into the masseters and/or temporalis muscles, 
employing various administration protocols and follow-
up periods.

Types of comparators
The effects of the intervention should have been assessed 
through any of the following comparisons: versus sham 
therapy or placebo; no treatment; other interventions 
alone (e.g., occlusal splints, medication use); or BTX-A 
plus other interventions versus other interventions alone.

Types of outcomes
We considered only RCTs in which the outcomes were 
in pain and/or bruxism events. The pain must have been 
measured using a Visual Analog Scale (VAS) or another 
validated instrument. In case more than one scale was 
used, the results from the VAS were prioritized for the 
analysis to improve the consistency and comparability of 
our analysis. The bruxism events must have been meas-
ured by EMG or PSG and expressed as masticatory mus-
cle activity or number of bruxism episodes per hour.

Exclusion criteria

1. Study types other than published RCTs (observa-
tional studies, non-randomized clinical trials, pilot 
studies, and study protocols).
2. Studies that do not present the outcome of inter-
est.
3. Studies in which the sample was composed only of 
people presenting congenital abnormalities, cerebral 
palsy, orofacial or craniocervical dystonia, Parkin-
son’s disease, autism, etc.
4. Studies involving patients with secondary bruxism 
(caused by or associated with neurological disorders 
or medication use).
5. Studies in which BTX-A was applied for another 
purpose than bruxism.
6. Studies that analyzed BTX-A in different adminis-
tration doses in both groups and/or studies without a 
control group that did not receive BTX-A.

Identification and selection of publications
The Cochrane Highly Sensitive Search Strategy [29] was 
used in the string strategy on MEDLINE (via PubMed) 
to identify RCTs that evaluated BTX-A for bruxism. We 
applied this string, and one author (GDC) read the titles, 
abstracts, and keywords of the identified references to 
collect terms to improve the search strategy. Afterward, 
with the assistance of a Health Science Librarian, appro-
priate word combinations were adapted in new search 
strategies for each electronic database: MEDLINE (via 
PubMed), Cochrane (Central), Embase, and LILACS 
(via BVS), from inception to June 10th, 2024, when the 
strategies were applied. No language or publication date 
restrictions were set. The final strategy for each database 
is available in Appendix A.

Study selection process
The reference files of each database were imported into 
a reference software manager (EndNote X9®; Thom-
son Reuters, Philadelphia, PA, USA). EndNote initially 
managed duplicate removal, which was then manually 
reviewed using Rayyan® Online Software (Qatar Com-
puting Research Institute, Qatar).

The Rayyan® Online Software (Qatar Computing 
Research Institute, Qatar) was used throughout the 
study selection process. Two authors (GDC; PP) were 
calibrated by reading ten abstracts, according to the eli-
gibility criteria, before the selection process. Then, these 
authors (GDC; PP) participated in the study selection 
process. If any disagreements arise, the third author 
(TMSVG) was involved in reaching a final decision. The 
selection process was conducted in two phases. During 
phase 1, the identified RCTs underwent an initial screen-
ing process based on their titles and abstracts. In phase 2, 
RCTs that passed the initial screening stage underwent a 
full-text assessment.

Data extraction
One author (GDC) collected data from the selected arti-
cles using standardized spreadsheets previously prepared 
by the authors. A second author (TMSVG) cross-checked 
all the data.

Spin bias analysis
Quantitative analyses of spin bias (Frequency)
Spin bias was investigated in four sections of the publica-
tion: the abstract results, abstract conclusions, main text 
results, and main text conclusions.

Based on the concept of spin bias, “the intentional or 
unintentional misrepresentation of study findings [9],” 
two independent authors (GDC and TMSVG) classified 
the sections with spin (yes) or without (no) to identify 
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spin bias. After that, the two authors (GDC and TMSVG) 
held a consensus meeting to decide on the presence or 
absence of spin in each section. Then, we determined the 
spin frequency in each section and across the sample of 
the included studies.

The proportion of spin in each section was calculated 
considering the number of spin × 100, divided by the 
total of RCTs included in the analysis. The proportion of 
spin in all studies was calculated considering the sum of 
spins × 100, divided by the total of RCTs included in the 
analysis.

Qualitative analysis
A qualitative analysis of spin bias was conducted by quot-
ing sentences related to the identified spin bias and offer-
ing plausible explanations for any disagreements with the 
original wording. If spin bias was detected, it was clas-
sified by two authors (GDC and TMVG) into categories 
as recommended by Lazarus [30] (Appendix B). A third 
author (CMS) crosscheck the data. Descriptive statistics 
were used to summarize the frequency and character-
istics of the spin, and they were categorized into three 
types: (1) misleading reporting, (2) inadequate interpre-
tation, and (3) inadequate extrapolation [30].

Statistical analysis and clinical applicability
We tabulated the p-values for the differences between the 
groups described in each article. This data was also used 
to calculate the change in mean values after the interven-
tion (across different follow-up periods) compared to 
baseline, with the differences expressed as percentages. 
We defined the minimum important difference (MID) as 
the smallest meaningful change in the scores of both out-
comes. For our study, we defined the Minimum Impor-
tant Difference (MID) as a 20% improvement for both 
pain and bruxism events. Given the absence of estab-
lished MID values for bruxism events in the literature, 
we based our decision on Calixtre et al [31]. Calixtre et al 
[31]. found that the MID for general chronic pain, meas-
ured using the Visual Analog Scale (VAS), ranges from 
1.5 to 3.2 cm, and a pain reduction of 3.2 cm on the VAS 
may not be necessary to demonstrate clinically meaning-
ful improvement in TMD patients [31].

Based on this threshold, we classified the study results 
as either effective or ineffective. The study was classi-
fied as effective if the analyzed outcome was statistically 
significant (p-value < 0.05) and achieved a 20% improve-
ment (MID). It was classified as ineffective if the reported 
outcome was statistically non-significant, the p-value 
was not provided, or the results did not reach the 20% 
improvement threshold.

Results
Study selection
We identified 211 references, of which 125 remained 
after duplicate removal to begin phase 1. Based on the 
eligibility criteria, 110 references were excluded, leav-
ing 15 studies for the full-text analysis in phase 2. At 
the end of phase 2, eight articles were included in the 
final analysis. A flowchart outlining the study selection 
process is presented in Fig. 1. The excluded references, 
along with the reasons for their exclusion, are provided 
in Appendix C.

Study characteristics
The studies were published between 2010 [22] and 
2024 [23], with sample sizes ranging from 12 [22] to 73 
patients [23], totaling 244 participants. Six studies were 
conducted in Asia [20–23, 25, 26], one in the Americas 
[24], and one in Turkey [27]. The main characteristics of 
the included studies are summarized in Table 1.

Most of the studies focused on sleep bruxism. One 
study [23] included patients with both awake and sleep 
bruxism, while in another, this information was unclear 
[27]. Bruxism diagnosis was made using a variety of 
methods, including questionnaires [22], questionnaires 
combined with clinical assessment [20, 21, 23, 25, 26], or 
EMG/PSG [24]. One study relied solely on clinical assess-
ment to identify bruxism patients [27].

The BTX-A was injected bilaterally in the masseter 
muscle [20, 22, 23] or in the masseter and temporalis [21, 
24, 27].

Of the eight included studies, only two [25, 27] reported 
using the CONSORT guidelines [6], and just four studies 
provided a flow diagram outlining the participant selec-
tion process [23, 25–27]. Two studies were funded by 
the pharmaceutical industry [24, 26]. Only two studies 
included a sample size calculation [23, 25]. Three studies 
used a random number generator program for randomi-
zation [24, 25, 27], while one used the slot method [23]. 
The bibliometric characteristics of the included studies 
are detailed in Table 2 and Appendix D.

Spin bias analysis
Quantitative analyses of spin bias (Frequency)
We identified spin bias in all of the included articles. 
Across the four sections analyzed in the eight RCTs, 
59.4% exhibited spin bias. When considered individually, 
a high frequency of spin bias was observed in each sec-
tion. The section with the highest frequency of spin bias 
was the conclusion in the main text, which occurred in 
87.5% of the studies (Fig. 2/Appendix E).
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Qualitative analysis
The most common spin strategies identified were inad-
equate extrapolation to a larger population (30.61%), 
inadequate implications for clinical practice (20.41%), 
and selective reporting (12.25%). Table  3 presents the 
qualitative analysis of the spin bias and the classification 
of the identified spin types. Table 4 shows the frequency 
of each spin classification, while Fig. 3 illustrates the most 
frequent forms of spin.

Clinical and Statistical Effectiveness
Pain (Fig. 4 / Appendix F):

Five studies evaluated pain [20, 21, 23, 25, 27], con-
sidering different types of pain: pain at rest and during 
chewing, pain upon palpation of the chewing muscles, 
perceived pain, and unspecified pain types.

The results for BTX-A application were statistically sig-
nificant and led to a reduction of more than 20% in pain, 

meeting the MID at various time points: two weeks [23, 
25], one month [25], two months [20], three months [25], 
four months [25], six months [20, 25, 27], and one year 
[20]. However, Al-Wayli (2017) [20] did not show effec-
tiveness for three weeks. The studies by Al-Wayli (2024) 
[23] and Jadhao et al. (2017) [21] were classified as non-
effective because they did not report the p-value.

Among these five studies, two exhibited 25% spin bias 
[21, 25], one showed 50% spin bias [27], and two had 
100% spin bias [20, 23], meaning spin bias was present in 
all four sections analyzed for these studies.
Bruxism (Fig. 5/ Appendix G):
Four studies evaluated bruxism events using different 

measures: muscular activity (microvolts) [25], the num-
ber of bruxism events [22, 24], and rhythmic masticatory 
muscle activity (RMMA) episodes per hour [26].

The results of BTX-A application to the masseter were 
statistically significant, reducing muscle activity by more 
than 20%, and meeting the MID at two weeks [25] and 

Fig. 1 Flow diagram
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two months [22]. The results were inconsistent at one 
and three months, and by six months, no effects were 
observed [25].

On the other hand, applying BTX-A to the temporalis 
muscle was ineffective and did not reduce muscle activity 
[22], regardless of the follow-up period.

Among these four studies, two exhibited 25% spin bias 
[25, 26], one showed 50% spin bias [22], and one had 
100% spin bias [24].

Discussion
This study aimed to identify the frequency of spin bias 
in RCTs evaluating BTX-A use for bruxism management 
and conduct a qualitative analysis of the spin bias present 
in these publications. We found that 100% of the included 
RCTs exhibited spin bias in at least one section analyzed. 
The frequency of spin bias was particularly high in the 
conclusions of the main text.

Numerous studies have examined spin bias in dentistry, 
revealing a high frequency of spin bias in the dental lit-
erature [12–17]. The prevalence of spin bias in dental 
articles’ abstracts has been reported to range from 31% 
[16] to 60% [12]. Spin bias has been observed across vari-
ous dental specialties, with 62.2% in orthodontics [14], 
69% in periodontology and oral implantology [17], 78.4% 
in pediatric dentistry [15], 79% in dental caries [32], and 
85% in endodontics [13]. In the field of sleep medicine, 
Guo et al. (2023) [15] evaluated the prevalence and char-
acteristics of spin in RCT abstracts, finding that 78.1% 
contained at least one form of spin bias, with 57.9% 
exhibiting spin in the results section and 71.9% in the 

Table 2 Summary of bibliometric characteristics of the included 
studies

Description % (n)

Presence of flow diagram No = 50% (4)
Yes = 50% (4)

Consort adherence No = 75% (2)
Yes = 25% (2)

Report the sample calculation No = 37,5% (3)
Yes = 25% (2)
Unclear = 37,5% (3)

Randomization method Not reported = 50% (4)
Slot = 12,5% (1)
Computer generation numbers = 37,5% (3)

Blinding Unclear = 25% (2)
Single = 12,5% (1)
Double = 50% (4)
Triple = 12,5% (1)

Continent Asia 75% (6)
America 12,5% (1)
Euro Asia 12,5% (1)

Number of authors 1 author = 12,5% (1)
3 authors = 25% (2)
5 authors = 25% (2)
6 authors = 37,5% (3)

Journal American Journal of Physics 12,5% (1)
Cranio 12,5% (1)
Cureus 12,5% (1)
Indian Journal Dental Research 12,5% (1)
J Clin Exp Dent 12,5% (1)
Journal of Oral and Maxillofacial Surgery 
12,5% (1)
Neurology 12,5% (1)
Toxins 12,5% (1)

Funding Unclear 12,5% (1)
Declared without conflict 12,5% (1)
No funding declared 25% (2)
University’s financial support 25% (2)
Pharmaceuticals 25% (2)

Fig. 2 Frequency of spin bias in the included studies
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Table 3 Qualitative and categorical analysis of included publications where spin bias was detected

Author, year, 
country

Quoted text Categories of spin 
accordingly Lazarus 
et al. [30]

Spin Analysis

Al-Wayli 2017 [20] Results in the abstract
“Mean pain score due to Bruxism events in the masseter mus-
cle decreased significantly in the botulinum toxin injection 
group A (P = 0.000, highly significant).”

2 K, 3 M The study did not evaluate bruxism events. Then 
the conclusion is not supported by the results
In the main text, the statistical analysis did not evaluate 
the changes in both the control and the BTX-A group, 
only compared the difference between both groups. 
In the abstract, on the other hand, the authors inform 
the before and after results for each group and not the 
comparison between them
The results did not show that the reapplication 
is necessary because the patients were not reevaluated 
after 15 days and there is no information on reapplica-
tion. Also, according to the results the improvement 
in the pain was stable in 6 months and one year
The authors use linguistic spin (“highly significant”) 
to emphasize the results

Conclusion in the abstract
“Our results suggest that BTX injection reduced the mean pain 
score and number of bruxism events, most likely by decreas-
ing the muscle activity of masseter rather than affecting 
the central nervous system.”

2 J, 3 M, 3O

Results in the main text
“There was highly significant difference in mean pain score 
post-operatively at 3 weeks in group I and group II (p = 0.000). 
The mean pain score at 2nd month post-operatively in group 
I was 2.5 ± 0.59 and in group II was 4.3 ± 0.48. There was highly 
significant difference in mean pain score at post-operative 2nd 
month in group I and group II.”

1D, 2 K, 2 J, 3 M, 3O

Conclusion in the main text
“20 UI per side BTX injection in the masseter muscles 
is an effective and safe means of intervention in cases 
of moderate to severe chronic myofascial and TMJ pain associ-
ated with bruxism. The patient should be evaluated 15 days 
after the application and return for control after three or four 
months after the application for a new evaluation and another 
application, if needed.”

3 M, 3N

Alwayli et al. 2024 
[23]

Results in the abstract
“The study included 24 females and 16 males aged 21 
to 52 years (mean 33.9 ± 31.0). The mean VPS score on the first 
day was 5.75 (± 1.9), significantly decreasing after two weeks 
to 0.44 (± 0.727). The mean difference of VPS from 8 weeks 
up to 24 weeks gradually increase from 0.69 at 8 weeks to 2.00 
at 24 weeks.”

1B, 2G The results are not clearly reported. The outcomes 
are described as “Pain at rest and chewing, assessed 
by using a VPS from 0 to 10, with the extremes being 
no pain and pain as bad as the patient has ever expe-
rienced, assessed at baseline and follow-up appoint-
ments, i.e., at 2 weeks, 4, 8, 12, 16, 18, 20, and 24 weeks.” 
However, in the results the authors have presented 
two different measurements. The first one is “the 
mean subjective VPS”. For this outcome, only results 
from the BTX-A group were reported at 2 weeks, 4, 8, 
12, 16, 18, 20, and 24 weeks. The second is “the mean 
pain score”. For this one, the authors have presented 
the results for both groups only at 2, 8 and 24 weeks. 
Also, it is important to highlight that the results 
from the control group can be correct, but they are 
exactly the same in the three follow-up points
Besides that, the BTX-A was evaluated alone, then, can-
not be considered “a useful adjunct” treatment
So, we considered that this study has selective reporting, 
claims of significant difference despite lack of statisti-
cal test and the conclusion cannot not be supported 
by the results. Also, the authors use linguistic spin 
(“highly significant”) to emphasize the results

Conclusion in the abstract
“This study provides evidence that BTX-A could reduce 
the pain of nocturnal bruxism in affected patients.”

1B, 3 M, 3N

Results in the main text
“This study shows that BTX-A could reduce the pain of noc-
turnal bruxism in affected patients. The VPS scores showed 
significant decrease of pain initially. Very mild pain returned 
after 12 weeks; however, tolerability and subjective efficacy 
of treatment were rated by most as either good or excellent.”

1B, 2G, 2 J, 3 M

Conclusion in the main text
“It can be concluded that injectable BTX-A is a useful adjunct 
in the management of bruxism.”

1D, 3 M, 3N

Jadhao et al. 2017 
[21]

Results in the abstract
No spin

- The results of the statistical analysis for “Duration 
of clenching and releasing” are not presented anywhere 
in the main text
“To determine the precision of the occlusal analysis 
system” was not described as a purpose of the study. 
Therefore, the conclusion should not consider this 
variable
The authors use linguistic spin (“obvious advantages”) 
in the conclusion

Conclusion in the abstract
No spin

-

Results in the main text
No spin

-

Conclusion in the main text
“We also achieve that the occlusal analysis system precisely 
imitates the characteristics of occlusal force during treatment 
of bruxism.”
“BTX-A has obvious advantages for the treatment of bruxism 
in terms of tumbling the occlusal force.”

1D, 3 M, 3O
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Table 3 (continued)

Author, year, 
country

Quoted text Categories of spin 
accordingly Lazarus 
et al. [30]

Spin Analysis

Lee et al. 2010 [22] Results in the abstract
No spin

- The results for this study were positive only for masseter 
muscle, not for temporalis
So, we considered that this study has selective report-
ing, claimed an effect for non-statistically significant 
results (temporalis) and the conclusion cannot not be 
supported by the results. Therefore, we considered 
a spin interpreting statistically nonsignificant results 
of the temporalis muscle as showing treatment equiva-
lence or comparable effectiveness

Conclusion in the abstract
“Our results suggest that BTX injection reduced the num-
ber of bruxism events, most likely mediated its effect 
through a decrease in muscle activity rather than the central 
nervous system.”

1B

Results in the main text
No spin

-

Conclusion in the main text
“Our results showed that the injection of BTX in the masseter 
muscle reduced the number of bruxism events during sleep, 
most likely mediated through its effect on muscle tone rather 
than central nervous system. BTX injection can be used 
as an effective treatment for nocturnal bruxism.”

1B, 2G, 3 M, 3N

Ondo et al. 2018 [24] Results in the abstract
“CGI (p < 0.05) and VAS of change (p < 0.05) favored the BTX-A 
group. None of the exploratory endpoints changed signifi-
cantly, but total sleep time and number/duration of bruxing 
episodes favored the BTX-A group. Two participants rand-
omized to BTX-A reported a cosmetic change in their smile. 
No dysphagia or masticatory adverse events were reported.”

1B There is selective reporting in the abstract, 
because the results did not report the number of brux-
ism events in both groups
The results for pain and bruxism (assessed by VAS) 
were not described and they were only presented 
in “Table 1—Demographics and efficacy points”
Also, the results for Bruxism Quest score, which shows 
that there was no difference in the changes from base-
line to four weeks between both groups (p = 0.11), were 
not described in the text
We also considered that the study did not evaluate 
efficacy, presented a selective reporting and claimed 
for a significant difference despite the lack of statistical 
test. Moreover, inadequate extrapolation and inade-
quate implication for clinical practice were also detected

Conclusion in the abstract
“BTX-A effectively and safely improved sleep bruxism in this 
placebo-controlled pilot trial.”

3 M, 3N

Results in the main text
Table 1 Demographics and efficacy points

, 2 K

Conclusion in the main text
Not described in the main text

3 M, 3N

Shehri et al. 2022 
[25]

Results in the abstract
No spin
Conclusion in the abstract
No spin
Results in the main text
Table 2 (no comparison between different follow up points 
and the baseline – the statistically significant difference may 
be misleading)
Conclusion in the main text
No spin

3O Table 2 presents comparisons for each evaluation 
time with the previous one. The existence of statistical 
significance from 3 months onward means a worsen-
ing of the condition, but since there is no comparison 
with the baseline, it is difficult to interpret and may be 
misleading to the reader

Shim et al. 2020 [26] Results in the abstract
No spin

- The authors state that the study evaluated “long-term 
effect” when 3 months is the usual duration of the botu-
linum toxin
The study did not evaluate occlusal splints and there-
fore, this conclusion was not supported by the results

Conclusion in the abstract
“The injection decreased the peak amplitude of EMG 
bursts during SB only in the treatment group for 12 weeks 
(p < 0.0001). A single BTX‐A injection cannot reduce the gen-
esis of SB. However, it can be an effective management option 
for SB by reducing the intensity of the masseter muscle.”

3 M, 3N

Results in the main text
No spin

-

Conclusion in the main text
“This study is significant for evaluating the long‐term effect 
of BTX‐A for SB using PSG evaluation in a randomized, pla-
cebo‐controlled trial.”
“Changing the concept of SB, i.e., from disorder to behav-
ior, we can use BTX-A as an effective modality in reduc-
ing the intensity of masticatory muscle during SB 
along with occlusal splints. In the future, we need randomized, 
double-blind, placebo-controlled clinical studies with an accu-
rate SB diagnosis by several consecutive PSG recordings 
and large sample size.”

1D, 3 M, 3N, 3O
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conclusions section. These findings align with the results 
of our study, which identified approximately 59% of spin 
bias across the included studies.

Our comprehensive literature search identified only 
eight RCTs that compared patients who received BTX-A 
with those who did not (control, sham, placebo, or other 
treatment) for bruxism management. These studies 
included a total of 244 patients, with 143 receiving BTX-
A. The studies were highly heterogeneous, which made 
it challenging to synthesize results and draw meaning-
ful comparisons. Despite several attempts to group the 

findings in systematic reviews [33–45], only three of 
these reviews conducted a meta-analysis to synthesize 
the results [34, 35, 44]. Recently, Coelho et al. [46] pub-
lished an overview protocol, highlighting that these sys-
tematic reviews yield controversial results, underscoring 
the need for further clarification.

For over 100  years, the results of scientific research 
have been primarily analyzed by focusing on the p-value, 
using an arbitrary threshold of < 0.05 as a "magic" cutoff 
to determine statistical significance [47]. A new concept 
has recently emerged in the literature that encourages 

Table 3 (continued)

Author, year, 
country

Quoted text Categories of spin 
accordingly Lazarus 
et al. [30]

Spin Analysis

Yurttutan et al. 2019 
[27]

Results in the abstract
No spin

- In the main text, the conclusion is not clear. In fact, 
the results showed that the combined therapy is more 
effective in comparison to the other treatments. 
However, the authors concluded that the BTX therapy 
and combined occlusal splint and BTX therapy were 
more effective
Thus, we considered that the authors claimed equiva-
lence for non-statistically significant results, and there 
is an inadequate interpretation of the results and, conse-
quently, inadequate implications for clinical practice

Conclusion in the abstract
“Occlusal splints might not be necessary for patients treated 
with botulinum toxin injections.”

3 M, 3N

Results in the main text
No spin

-

Conclusion in the main text
“According to our findings, the use of an occlusal splint 
will benefit patients.” although BTX therapy and combined 
occlusal splint and BTX therapy were more effective. BTX 
therapy effectively improved myofascial pain with or without 
the use of an occlusal splint.”

3 M, 3N

BTX botulinum toxin, PSG polysomnography, SB sleep bruxism, VAS visual analog scale, VPS visual pain scale

Table 4 Categorization of Spin according to Lazarus [30]

Type Category of Spin Strategy Used Definition Quantity Frequency(%)

3 M Inadequate extrapolation Inadequate extrapolation to larger 
population

Results are generalized to another popula-
tion, intervention or outcome than those 
of the study (such as surrogate outcomes)

15 30.61

3N Inadequate interpretation Inadequate implication for clinical practice Authors recommend the use of therapeu-
tic intervention for clinical practice

10 20.41

1B Misleading reporting Selective reporting Only a subset of the original outcomes 
or analysis planned in a study is fully 
reported

6 12.25

3O Inadequate extrapolation Other Evidence of spin not classified under other 
criteria

5 10.21

1D Misleading reporting Use of linguistic spin Any word or expression emphasizing 
the beneficial effect of the therapeutic 
intervention

4 8.16

2G Inadequate interpretation Claim an effect for non-statistically signifi-
cant results

Therapeutic intervention is presented 
as effective despite a non-statistically 
significant result

3 6.12

2 J Inadequate interpretation Causal language or causal claim Results are presented with a sentence 
implying a cause-and- effect link 
between the intervention and the out-
come

3 6.12

2 K Inadequate interpretation Claim of any significant difference 
despite lack of statistical test

Therapeutic intervention and comparator 
are compared despite no proper statistical 
test reported

3 6.12
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a more critical analysis of clinical study results. This 
approach emphasizes that, beyond statistical significance, 
an intervention must also be clinically meaningful for 
patients. Schünemann and Guyatt (2005) [48] defined 

exhibited less than 50% spin bias [25]. Furthermore, 
these RCTs had a significant conceptual flaw. Most of the 
studies evaluated pain and bruxism events as outcomes, 
yet bruxism itself does not directly cause pain. Bruxism 

Fig. 3 Types of spin and frequency

Fig. 4 Results for pain outcome in different follow-ups (n = 4)
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the Minimum Important Difference (MID) as the small-
est difference in an outcome that patients or their proxies 
perceive as important, either beneficial or harmful, and 
which would lead to a change in clinical management. 
Therefore, the interpretation of research results should 
go beyond just the numbers. As illustrated by the qualita-
tive analysis in our study, many authors [20–22, 26, 27, 
49] tend to exaggerate the significance of their findings, 
offering overly assertive conclusions that, in some cases, 
are not based on actual data but on assumptions [8]. This 
highlights the importance of critically evaluating both 
statistical and clinical relevance in research.

The qualitative analysis in our study revealed that more 
than half of the identified spin bias involved the inade-
quate extrapolation of results—either to a larger popula-
tion or to clinical practice. This type of spin can mislead 
inattentive readers, potentially prompting them to apply 
ineffective therapies based on a cursory reading of only 
the abstracts of scientific articles.

In this context, we must consider the importance of 
the linguistic perspective [7]. Authors should be trained 
to report only what is directly supported by the results, 
avoiding strategies that exaggerate or extrapolate the 
findings [7]. Similarly, readers should be equipped with 
the necessary tools to identify the author’s intentions in 
their writing [7]. When spin bias goes unnoticed by read-
ers, it can lead to clinical misconduct by adopting ineffec-
tive or unproven interventions [50]. To reduce spin bias, 
training journal reviewers to detect it is crucial [8].

For clinicians, it is important to recognize that although 
BTX-A has been used for bruxism treatment for over 
15 years [22], its efficacy and safety remain unproven. The 
articles included in our study have significant limitations: 
only two RCTs reported sample size calculations [25, 
48]; only two [25, 27] adhered to CONSORT guidelines 
[6], and two studies were funded by the pharmaceutical 
industry [24, 26], raising potential conflicts of interest. Of 
the eight studies, only five evaluated adverse effects [20, 
22, 24, 25, 27], with three reporting no adverse effects [20, 
22, 27], one mentioning cosmetic changes in two patients 
[22], and another citing pain and discomfort at the injec-
tion sites in some patients [25]. Additionally, all the RCTs 
focused on young adults, primarily in Asia, which limits 
the generalizability of the results to global clinical prac-
tice. These limitations reduce the study’s external validity, 
as bruxism was assessed using varying eligibility criteria 
and detection methods.

Regarding bruxism events, the results showed that 
BTX-A had no lasting effect after six months [25], and 
injections into the temporalis did not reduce muscle 
activity [22]. The results for masseter injections were 
inconsistent, based on only four studies [22, 24–26], 
which collectively analyzed just 76 patients.

In terms of pain, there is a common belief that BTX-A 
reduces pain. However, these conclusions are based on 
just four studies, with a total sample of 183 patients 
[20, 25, 27, 49]. In addition to the small sample size, 
it is important to note that only one of these studies 

Fig. 5 Results for bruxism events in different follow-ups
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is a central-origin activity characterized by repetitive 
jaw-muscle movements, including clenching or grinding 
of the teeth, and/or bracing or thrusting of the mandible 
[51, 52]. While bruxism can be correlated with painful 
temporomandibular disorder (TMD) [53], a definitive 
causal relationship between bruxism and TMD has yet 
to be conclusively established [54]. The prevalence of 
spin in studies of botulinum toxin A (BTX-A) for brux-
ism suggests potential weaknesses in the design and 
execution of these clinical trials. These methodologi-
cal shortcomings may contribute to difficulties in con-
ducting the research and subsequently complicate the 
reporting of findings.

The main strength of this study lies in the robust 
methodology employed, with the selection and analy-
sis process carried out by two independent evaluators, 
reducing the potential for bias. However, there are some 
limitations. One is the subjectivity inherent in qualita-
tive analysis. Additionally, our research does not allow 
us to determine the underlying reasons for the spin 
biases identified—whether they were intentional, a lack 
of knowledge, or a combination of both. The small num-
ber of included studies also limited our ability to conduct 
more sophisticated quantitative analyses.

Clear, transparent, and objective reporting of research 
results is crucial for ensuring the accurate reflection of 
data and preventing misinterpretations that could nega-
tively impact clinical practice. Inadequate reporting 
can lead to poor clinical decisions and potentially harm 
patients. Our study revealed spin bias in 87.5% of main 
text conclusions and 62.5% of abstract conclusions, a 
finding particularly concerning given that clinicians may 
rely solely on these conclusions when making treatment 
decisions. To mitigate this risk, clinicians should receive 
training in critically appraising published research, 
including education on study design, potential biases, 
and conflicts of interest. This is especially important in 
therapeutic areas with substantial industry funding, such 
as botulinum toxin therapies.

Given the current state of the literature, more RCTs 
are needed to establish the efficacy and safety of BTX-A 
for reducing pain and bruxism events, as there is insuf-
ficient evidence to draw definitive conclusions.

Conclusion
This study suggests that spin bias is highly prevalent in 
RCTs evaluating BTX-A for bruxism management. Spe-
cifically, nearly 90% of the reviewed RCTs showed spin 
bias in their conclusions, with excessive extrapolation of 
results being the most common issue.
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