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Abstract 
Background:  The ARRIVE 2.0 guidelines were introduced to improve the reporting of animal studies. The aim of this study was to assess the 
reporting adherence of orthodontic speciality animal studies in relation to ARRIVE 2.0 guidelines. Associations between the reporting and study 
characteristics were explored.
Materials and method:  An electronic database search was undertaken using Medline via PubMed (www.pubmed.ncbi.nlm.nih.gov) to identify 
studies meeting the eligibility criteria published between 1 January 2018 and 31 December 2023. Data extraction was performed in duplicate 
and independently. Descriptive statistics and frequency distributions for the responses to each checklist item were calculated. Mean values for 
adequate reporting per ARRIVE item were calculated. A sum score was calculated by adding the responses (0 = not reported, 1 = inadequate 
reporting, 2 = adequate reporting) per item and sub-questions. On an exploratory basis, univariable linear regression between summary score 
and study characteristics (year of publication, continent of authorship, type of centre, and number of authors) was performed.
Results:  Three hundred and eighty-four studies were analysed. Variability in the adequate reporting of the ARRIVE 2.0 guideline items was evi-
dent. In particular, in 32% of studies, there was a lack of reporting of the priori sample size calculation. Overall, the mean reporting score for the 
sample was 57.9 (SD 6.7 and range 34–74). There were no associations between score and study characteristics except for a weak association 
for year of publication with a small improvement over time (each additional year).
Conclusions:  The reporting of animal studies relevant to the speciality of orthodontics is sub-optimal in relation to the ARRIVE 2.0 guidelines. 
There was a tendency for the non-reporting of items pertaining to study sample size, eligibility, methods to reduce bias and interpretation/sci-
entific implications. Greater awareness and reporting adherence to the ARRIVE 2.0 guidelines are required to reduce research waste involving 
animal models.
Keywords: ARRIVE guidelines; orthodontics; animal model

Introduction
Despite the introduction of computer models and tissue and 
cell cultures within scientific research, studies involving animal 
models remain a viable and important research resource [1]. 
This is highlighted by the fact that in 2005 over twelve mil-
lion animals were used for experiments in Europe [2]. Studies 
involving animal models are commonly utilized to assess the 
safety and efficacy of interventions, where the results are then 
extrapolated to understand the possible mechanism of ac-
tion of the intervention in humans [3]. The validity of this 
approach has been questioned [4], as extrapolation of results 
on a 1:1 basis with human samples is hindered by variation 
in study design, bias, confounders, and innate differences in 
the underlying physiology between human and animal spe-
cies. Furthermore, animal research is utilized when the re-
sults must be obtained by sacrifice of the animal and further 
histological investigation. The benefits of animal studies in 
orthodontics have been highlighted [5]. For instance, using 

the mice model, the use of local RANKL gene transfer has 
been reported to accelerate tooth movement and hence has 
the potential to reduce treatment duration [6].

It has been reported that animal studies suffer from poor 
reproducibility which can ultimately affect the validity and 
impact of the findings [7, 8]. Errors and incomplete reporting 
of key components of study methodology leading to hetero-
geneity between animal studies have been highlighted [9]. 
Importantly omissions in reporting hinder the translatability 
of animal research to humans [10, 11]. This is highlighted by 
the fact that the reported effects of an intervention in animal 
studies tend to be greater than those reported in human studies 
[12]. However, the lack of homogeneity in study design and 
data analysis precludes direct comparisons between both 
study types [12]. It is commonly accepted that Randomised 
Clinical Trials (RCTs) are considered the optimal study de-
sign to investigate clinical efficacy, effectiveness, and safety 
of interventions. Although the aims and objectives of animal 
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studies may differ from those of randomized clinical trials, 
reporting of both study types should be subject to the same 
level of scrutiny and rigor [13].

To facilitate clear and transparent reporting of animal 
studies the ARRIVE guidelines were initially developed and 
introduced in 2010 [14] and subsequently updated and super-
seded by the ARRIVE 2.0 guidelines in 2020 [15]. The ori-
ginal guidelines consisted of 20 items whereas the updated 
version is split into ten essential and 11 recommended items. 
The authors of the updated guidelines state they ‘reordered 
items and split them into two sets based on their import-
ance to assess the reliability of the study. There is no ranking 
within each set, items are ordered logically’ [15]. The updated 
ARRIVE 2.0 guidelines cover aspects such as study design, 
methodology, animal welfare, interpretation, and generalis-
ability of results [15]. New items added comprise of stating 
the inclusion and exclusion criteria, protocol registration, 
analysis plan, and data access [15]. Previous studies assessing 
reporting adherence to the original ARRIVE guidelines have 
identified several areas of deficient reporting including items 
pertaining to a description of the housing and husbandry, 
information regarding the sample size calculation, and allo-
cation of animals to experimental groups [16, 17]. The intro-
duction of the new ARRIVE 2.0 guidelines has led to better 
reporting, but further improvement is still required [18].

As far as we are aware, an assessment of the reporting of 
animal studies published in the orthodontic literature has not 
been previously undertaken. The aim of this investigation was 
to assess the reporting adherence of animal studies relevant 
to the speciality of orthodontics in relation to ARRIVE 2.0 
guidelines. Associations between the reporting of studies and 
study characteristics were explored.

Materials and methods
Eligibility criteria
Studies involving any type of animal model were eligible for 
inclusion in this assessment. Studies published in English were 
only sourced. Studies involving human participants, system-
atic reviews, randomized clinical trials, prospective studies, 
case reports, pilot studies, and protocols were excluded.

Search for relevant articles
An electronic database search was undertaken using Medline 
via PubMed (www.pubmed.ncbi.nlm.nih.gov). One author 
(J.S.) performed a literature search of this database using 
medical subject headings and free-text terms related to 
‘orthodontic’. The following search filters were applied in the 
search: articles published between 1 January 2018 and 31 
December 2023, English language only and involving animal 
models. The title, abstract and methodology section of each 
study were screened for the reported use of animal models. 
The applicability of the study to the orthodontic speciality 
was agreed by discussion between two assessors (D.F. and 
J.S.).

Selection and data extraction
The titles, abstracts, and full text of articles meeting the eli-
gibility criteria were assessed independently by two assessors 
(D.F. and J.S.). Disagreements were discussed between both 
assessors (D.F. and J.S.) and resolved by a third assessor if 
required (N.P.). Data from each eligible animal study were 

extracted by both assessors (D.F. and J.S.) independently. Any 
disagreements were discussed between both assessors and 
resolved by a third assessor (N.P.). A standardized and pre-
piloted data extraction form was used. Prior to data extrac-
tion, both assessors (D.F. and J.S.) individually undertook an 
initial pilot calibration. The results were discussed between 
both assessors (D.F. and J.S.). Any disagreements were re-
solved by discussion a third assessor (N.P.). 100% agreement 
was achieved.

At the study level, the following study characteristics 
were extracted: year of publication, journal title, continent 
of corresponding author (Europe, Americas and Asia, and 
other), number of authors, centre (single or multi), statis-
tical significance of primary outcome (yes or no), and type of 
animal model. The reporting adherence of each animal study 
was assessed in relation to the ARRIVE 2.0 guidelines [15] 
(Supplementary Table I). This checklist consists of two parts: 
essential 10 and the recommended set (11 items), totalling 
21 items. Further sub-type questions are required in 13/21 
checklist items. The reporting of each item was assigned to 
one of three categories (0 = not reported, 1 = inadequate re-
porting and 2 = adequate reporting). To ensure consistency in 
the interpretation of each checklist item by the assessors, the 
pre-defined description of each item was directly referred to 
during data extraction. Furthermore, each item and their sub-
type questions were scored based on applicability. Each article 
and supplementary data files were also screened to determine 
if the authors had explicitly stated if they had reported their 
study (yes or no) in relation to the ARRIVE guidelines.

Statistical analysis
Descriptive statistics and frequency distributions for the re-
sponses to each checklist item were calculated. Mean values 
for adequate reporting per ARRIVE item were calculated 
and plotted using a radial plot. A sum score was calculated 
by adding the 0/1/2 per item response per question. On an 
exploratory basis, univariable linear regression between 
summary score and the following study characteristics was 
performed: year of publication, continent of authorship, 
type of centre, and number of authors. All analyses were 
conducted using the R programming language version 4.3.1 
(Vienna, Austria).

Results
The initial search identified 2310 studies, of which 384 
were deemed eligible for inclusion in this study (Fig. 1) 
(Supplementary Table II). The most frequent years of publica-
tion were 2020 (21.3%) and 2022 (21.1%). Corresponding 
authors of animal model studies were likely to be based in 
Asia and other countries (69.2%). Studies were typically 
multicentre (80.0%) and reporting a significant finding for 
the primary outcome. The median number of authors was 
7 (IQR 4). The rat (61.9%) followed by mice (24.7%) were 
commonly used as the animal models (Table 1).

The distribution of scores per category (0 = not reported, 
1 = inadequate reporting, and 2 = adequate reporting) for 
the ARRIVE 2.0 items are presented in Table 2. Items that 
tended not to reported include those pertaining to study 
sample size (item 2 sub-item b [32%]), eligibility (item 3 sub-
item a [33.3%] and b [41.1%]), blinding (item 5) (76.8%), 
results (sub-item 10 b 57.0%), animal care and monitoring 
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(item 16 sub-item c [44.8%]), interpretation/scientific im-
plications (item 17 sub-item b) (49.7%), generalisability/
translation (item 18 [33.6%]), protocol registration (item 19 
[35.2%]), and data access (item 20 [54.9%]). Conversely, ad-
equate reporting included the following: study design (item 1 
sub-item a [86.6%] and b [97.1%]), sample size (item 2 sub-
item a [85.2%]), randomization (item 4 sub-item a [64.5%] 
and b [77.3%]), outcome measure (item 6 a [100.0%] 
and b [97.2%], statistical methods (item 7 a [79.7%] and 
b [89.3%]), experimental procedures (item a [98.2%], b 
[97.9%], c [59.3%] and d [99.3%]), results (item 10 sub-item 
a [99.7%]), abstract (item 11 [99.0%]), objectives (item 13 
[99.5%]), ethical statement (item 17 [71.1%]) and declar-
ation of interest (item 21 sub-item a [89.3%] and b [93.9%]) 
and housing and husbandry (item 15) (Fig. 2).

The mean score for the sample was 57.9 (SD 6.7 and range 
34–74). The mean score for the essential and recommended 
set items was 34.2 (SD 64.6 and range 17–44) and 23.8 (SD 
3.5, range 13–32), respectively. Between journal titles, the 
mean score varied but interpretation of these scores needs to 
consider the number of studies published in each journal. For 
instance, the journal ACS Biomaterials Science & Engineering, 
only published one study which scored a mean score of 63. In 
contrast, American Journal of Orthodontics and Dentofacial 
Orthopaedics published 29 studies and the mean score was 
60.9 (Supplementary Table III).

Table 3 shows the estimates, 95% confidence intervals and 
P-values for the effect of study characteristics on the ARRIVE 
2.0 score. There were no associations between score and 
study characteristics except a weak association for year of 
publication with a small improvement over time: 0.41 for 
each additional year which translates to an average score in-
crease by 2 units from the first to the last year of publication 
of the included studies.

Discussion
The ARRIVE guidelines were introduced to improve the re-
porting of animal studies [15]. It is important to recognize 
that this distinct from assessing the quality of a study [8]. 
However, there are also wider and more ethical considerations 
as by improving reporting, the guidelines aim to improve the 
quality of life of animals, quality of animal experiments, and 
reduce the need for animals to be used in research [18]. Within 
this sample of animal studies published in the wider litera-
ture, the adequate reporting of certain ARRIVE 2.0 items was 
lacking in particular domains. These findings support the no-
tion that reporting of key aspects in animal studies acts as 
one of the most common barriers against study reproduci-
bility [19, 20]. Items that tended not to be reported include 
those pertaining to study sample size, eligibility, methods to 
reduce bias such as blinding, interpretation/scientific impli-
cations, and data access. Parallels can be drawn from pre-
vious studies which have reported similar findings [16, 17]. 
However, it should be borne in mind that these studies as-
sessed reporting adherence in relation to the original ARRIVE 
guidelines. Although blinding is an important methodological 
step to reduce bias, its applicability to orthodontic in-vitro 
animal model studies needs to be considered for each study. 
For instance, PCR analysis of oral tissue may not require the 
need for blinding of the observer.

In almost a third of studies, there was a lack of clear re-
porting of the priori sample size calculation. It is well estab-
lished that studies with animals tend to have small samples 
[21, 22]. When the sample is small, questions are raised as to 
the ability of the study to detect differences between the inter-
vention or control/alternative intervention groups. The issue 
is further compounded by the lack of appropriate power/
sample size calculations. In this scenario, the risk of detecting 

Figure 1. Flow diagram for study identification (N = 384). (*Others = could not retrieve full-text of article).
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a Type I error (false positives) against a null hypothesis of no 
treatment effect is increased. Therefore, these studies will be 
prone to reporting overestimated treatment effects [12]. This 

has been highlighted in an interesting study, where the au-
thors compared the reported treatment effects in animal and 
human studies for the non-surgical and surgical management 
of peri-implantitis and mucositis. Although not significant, 
compared to human trials larger treatment effects were re-
ported in animal studies. The authors observed a large degree 
of heterogeneity between studies which hindered direct com-
parison and that animal studies were poorly reported [12].

Although not statistically significant, there appeared to 
be an improvement in reporting of animal studies in rela-
tion to the ARRIVE guidelines across the study timeframe. 
Additionally, the mean score for the essential set (34.2) of 
items was higher than the recommended set (23.8). This may 
be an indication of authors prioritizing the reporting on the 
essential set items. However, the variation in reporting items 
in both the essential and recommended set may reflect au-
thors reporting items which they perceive relevant/important 
to their study.

The lack of adequate reporting of animal studies has been 
attributed to a lack awareness by researchers of the ARRIVE 
guidelines [18]. Furthermore, regional influences have been 
postulated as a barrier to widespread global adoption of the 
ARRIVE guidelines, which were devised in the United Kingdom 
[23]. Regardless, it is evident that recommendations to im-
prove the reporting adherence of orthodontic studies using 
animal models in relation to the ARRIVE 2.0 guidelines are re-
quired. These should be directed at all stakeholders including 
journal editors, authors of studies, peer reviewers, and insti-
tutions [24]. Measures that can be undertaken by journal edi-
tors include insisting upon submission of a reporting checklist 
with the manuscript and removal of article word restrictions 
to allow researchers to fully describe all sections [23]. Journal 
editors should note that the active implementation of reporting 
checklists has been reported to result in improved reporting of 
studies such as Randomised Clinical Trials within orthodon-
tics [25]. To further raise awareness, both journal editors and 
authors should be signposted to the Equator Network (www.
equator-network.org) which aims to enhance the quality and 
transparency of health research.

The ARRIVE 2.0 guidelines replaced the initial guidelines 
published in 2010. It may be the case that our results rep-
resent some degree of underestimation of the reporting ad-
equacy of the checklist items, as researchers may have been 
familiar with the initial version of the reporting guideline. In 
this investigation, animal studies relevant to the speciality of 
orthodontics published in the wider literature were analysed. 
This approach was adopted as it is more common for ortho-
dontic studies that utilize animal models to be published in 
non- orthodontic journals. This is supported by the fact that 
an initial search of the top five orthodontic impact factor 
journals only identified 81 studies that met the study eligi-
bility criteria. To reduce any subjectivity, the applicability of 
the study to the orthodontic speciality was agreed by discus-
sion between two assessors. The possible introduction of bias 
into the current study maybe further increased by exclusion 
of non-English studies. However, it should be considered that 
our aim was to report a baseline of the general standard of 
reporting which shows there is a lack of adherence to certain 
items of the ARRIVE 2.0 guidelines.

Measures to reduce bias undertaken in this study were in-
dependent and duplicate screening and selection of studies, 
pre-piloting prior to data extraction, and referring directly to 
the description of each ARRIVE 2.0 guideline item to ensure 

Table 1. Study characteristics (N = 384).

Variable N (%)

Year of publication

 � 2018 71 (18.5)

 � 2019 53 (13.8)

 � 2020 82 (21.3)

 � 2021 64 (16.7)

 � 2022 81 (21.1)

 � 2023 33 (8.6)

Continent of corresponding author

 � Europe 44 (11.5)

 � Americas 74 (19.3)

 � Asia and other 266 (69.2)

Number of authors

 � 1 1 (0.3)

 � 2 17 (4.4)

 � 3 20 (5.2)

 � 4 29 (7.5)

 � 5 52 (13.5)

 � 6 58 (15.1)

 � 7 50 (13.0)

 � 8 46 (11.9)

 � 9 49 (12.6)

 � 10 28 (7.3)

 � 11 12 (3.1)

 � 12 7 (1.8)

 � 13 3 (0.8)

 � 14 6 (1.6)

 � 15 3 (0.8)

 � 19 1 (0.3)

 � 20 1 (0.3)

 � 21 1 (0.3)

Median 7 IQR 4

Centres

 � Single 76 (20.0)

 � Multi 308 (80.0)

Statistical significance of primary outcome

 � No 13 (3.4)

 � Yes 371 (96.6)

Type of animal model

 � Rat 238 (61.9)

 � Mice 95 (24.7)

 � Canine 19 (4.9)

 � Pig 7 (1.8)

 � Avarian 1 (0.3)

 � Bovine 5 (1.3)

 � Fish 1 (0.3)

 � Horse 1 (0.3)

 � Monkey 1 (0.3)

 � Guinea pig 1 (0.3)
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Table 2. Reporting adequacy of each ARRIVE 2.0 guideline item (N = 384).

ARRIVE 2.0 checklist item Not 
reported
N (%)

Inadequate 
reporting
N (%)

Adequate 
reporting
N (%)

1. Study design

a.	 The groups being compared, including control groups. If no control group has been 
used, the rationale should be stated.

38 (9.9) 15 (3.9) 331 (86.2)

b.	 The experimental unit (e.g. a single animal, litter, or cage of animals). 1 (0.3) 10 (2.6) 373 (97.1)

2. Sample size

a.	 Specify the exact number of experimental units allocated to each group, and the total 
number in each experiment. Also indicate the total number of animals used.

30 (7.8) 21 (7.0) 327 (85.2)

b.	 Explain how the sample size was decided. Provide details of any a priori sample size 
calculation, if done.

123 (32.0) 175 (45.6) 86 (22.4)

3. Inclusion and exclusion criteria

a.	 Describe any criteria used for including and excluding animals (or experimental units) 
during the experiment, and data points during the analysis. Specify if these criteria 
were established a priori. If no criteria were set, state this explicitly.

128 (33.3) 150 (39.1) 106 (27.6)

b.	 For each experimental group, report any animals, experimental units or data points 
not included in the analysis and explain why. If there were no exclusions, state so

158 (41.1) 139 (36.2) 87 (22.7)

c.	 For each analysis, report the exact value of n in each experimental group. 38 (9.9) 19 (4.9) 327 (85.2)

4. Randomisation

a.	 State whether randomization was used to allocate experimental units to control and 
treatment groups. If done, provide the method used to generate the randomisation 
sequence.

125 (32.6) 11 (2.9) 248 (64.5)

b.	 Describe the strategy used to minimize potential confounders such as the order of 
treatments and measurements, or animal/cage location. If confounders were not con-
trolled, state this explicitly.

5 (1.3) 82 (21.4) 297 (77.3)

5. Blinding

Describe who was aware of the group allocation at the different stages of the experiment 
(during the allocation, the conduct of the experiment, the outcome assessment, and the 
data analysis).

295 (76.8) 3 (0.8) 86 (22.4)

6. Outcome measures

a.	 Clearly define all outcome measures assessed (e.g. cell death, molecular markers, or 
behavioural changes).

0 (0.0) 0 (0.0) 384 (100.0)

b.	 For hypothesis-testing studies, specify the primary outcome measure, i.e. the outcome 
measure that was used to determine the sample size.

2 (0.5) 9 (2.3) 373 (97.2)

7. Statistical methods

a.	 Provide details of the statistical methods used for each analysis, including software 
used.

27 (7.0) 51 (13.3) 306 (79.7)

b.	 Describe any methods used to assess whether the data met the assumptions of the stat-
istical approach, and what was done if the assumptions were not met.

3 (0.8) 38 (9.9) 343 (89.3)

8. Experimental animals

a.	 Provide species-appropriate details of the animals used, including species, strain and 
substrain, sex, age or developmental stage, and, if relevant, weight.

3 (0.8) 9 (2.3) 372 (96.9)

b.	 Provide further relevant information on the provenance of animals, health/immune 
status, genetic modification status, genotype, and any previous procedures.

65 (16.9) 197 (51.3) 122 (31.8)

9. Experimental procedures

For each experimental group, including controls, describe the procedures in enough detail 
to allow others to replicate them, including:
a.	 What was done, how it was done and what was used.

1 (0.3) 6 (1.5) 377 (98.2)

b.	 When and how often. 2 (0.5) 6 (1.6) 376 (97.9)

c.	 Where (including detail of any acclimatization periods). 79 (20.6) 77 (20.1) 228 (59.3)

d.	 Why (provide rationale for procedures). 0 (0.0) 3 (0.7) 381 (99.3)

10.Results

For each experiment conducted, including independent replications, report:
a.	 Summary/descriptive statistics for each experimental group, with a measure of vari-

ability where applicable (e.g. mean and SD, or median and range).

0 (0.0) 1 (0.3) 383 (99.7)

b.	 If applicable, the effect size with a confidence interval. 219 (57.0) 64 (16.7) 101 (26.3)
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consistency in the interpretation of each item during data ex-
traction. Articles published approximately 3 years after the 
introduction of the latest version of the guidelines were in-
cluded. We also included articles published 2 years before the 
introduction of the latest guideline to allow us to observe any 
trends in reporting. However, it could be argued that an ad-
equate time period has not expired to allow the acceptance 
and awareness of the ARRIVE 2.0 guidelines by journal edi-
tors and researchers. This could be the hypothesis of future 
investigations.

Conclusions
The reporting of animal studies relevant to the speciality of 
orthodontics are sub-optimal in relation to the ARRIVE 2.0 
guidelines. There was a tendency for the non-reporting of 
items pertaining to study sample size, eligibility, methods to 
reduce bias, and interpretation/scientific implications. Greater 
awareness and reporting adherence to the ARRIVE 2.0 guide-
lines is required to reduce research waste involving animal 
models.

ARRIVE 2.0 checklist item Not 
reported
N (%)

Inadequate 
reporting
N (%)

Adequate 
reporting
N (%)

11. Abstract

Provide an accurate summary of the research objectives, animal species, strain and sex, 
key methods, principal findings, and study conclusions

2 (0.5) 2 (0.5) 380 (99.0)

12. Background

a.	 Include sufficient scientific background to understand the rationale and
context for the study, and explain the experimental approach.

0 (0.0) 5 (1.3) 379 (98.7)

b.	 Explain how the animal species and model used address the scientific objectives 
and, where appropriate, the relevance to human biology.

2 (0.5) 22 (5.7) 360 (93.8)

13. Objectives

Clearly describe the research question, research objectives and, where appropriate, 
specific hypotheses being tested

0 (0.0) 2 (0.5) 382 (99.5)

14. Ethical statement

Provide the name of the ethical review committee or equivalent that has approved the 
use of animals in this study, and any relevant licence or protocol numbers (if applic-
able). If ethical approval was not sought or granted, provide a justification.

102 (26.6) 9 (2.3) 273 (71.1)

15. Housing and husbandry

Provide details of housing and husbandry conditions, including any environmental 
enrichment.

93 (24.2) 55 (14.3) 236 (61.5)

16. Animal care and monitoring

a.	 Describe any interventions or steps taken in the experimental protocols to reduce 
pain, suffering and distress.

61 (15.9) 58 (15.1) 265 (69.0)

b.	 Report any expected or unexpected adverse events. 72 (18.8) 127 (33.1) 185 (48.1)

c.	 Describe the humane endpoints established for the study, the signs that were 
monitored and the frequency of monitoring. If the study did not have humane 
endpoints, state this.

172 (44.8) 113 (29.4) 99 (25.8)

17. Interpretation/Scientific implications

a.	 Interpret the results, taking into account the study objectives and hypotheses, cur-
rent theory and other relevant studies in the literature.

1 (0.3) 0 (0.0) 383 (99.7)

b.	 Comment on the study limitations including potential sources of bias, limitations 
of the animal model, and imprecision associated with the results.

191 (49.7) 42 (10.9) 151 (39.4)

18. Generalisability/translation

Comment on whether, and how, the findings of this study are likely to generalize to 
other species or experimental conditions, including any relevance to human biology 
(where appropriate).

129 (33.6) 90 (23.4) 165 (43.0)

19. Protocol registration

Provide a statement indicating whether a protocol (including the research question, 
key design features, and analysis plan) was prepared before the study, and if and 
where this protocol was registered.

135 (35.2) 61 (15.9) 188 (48.9)

20. Data access

Provide a statement describing if and where study data are available. 211 (54.9) 44 (11.5) 129 (33.6)

21. Declaration of interest

a.	 Declare any potential conflicts of interest, including financial and non-financial.
If none exist, this should be stated.

40 (10.4) 61.(0.3) 343 (89.3)

b.	 List all funding sources (including grant identifier) and the role of the funder(s) in 
the design, analysis and reporting of the study.

50 (13.0) 12 (3.1) 322 (93.9)

Table 2. Continued

D
ow

nloaded from
 https://academ

ic.oup.com
/ejo/article/46/4/cjae032/7713787 by U

niversity of Bern user on 16 July 2024



D. Flitti et al. 7

Acknowledgements
The first author (D.F.) was supported by the King’s 
Undergraduate Research Fellowship (KURF) provided by 
King’s College London. All authors would like to express their 
gratitude for the support provided by King’s College London.

Author contributions
Dihya Flitti (Data curation [Equal], Formal analysis [Equal], 
Investigation [Equal], Writing—original draft [Equal], 
Writing—review & editing [Equal]), Nikolaos Pandis (Data 
curation [Equal], Formal analysis [Equal], Investigation 

Figure 2. Radial plot displaying mean adequate responses per ARRIVE 2.0 checklist items.

Table 3. Estimates, 95% confidence intervals and p-values for the effect of study characteristics and ARRIVE 2.0 summary score.

Study characteristics Coef. P-value

Year of publication 2018 Reference

2019 0.46 (−1.93, 2.84) .71

2020 1.01 (−1.12, 3.14) .35

2021 1.11 (−1.15, 3.38) .33

2022 1.95 (−0.19, 4.09) .07

2023 1.70 (−1.06, 4.47) .23

Continent of corresponding author Europe Reference

Americas −0.76(−3.26, 1.74) .55

Asia and others −1.34 (−3.48, 0.79) .22

Centre Single Reference

Multi 0.15 (−1.53, 1.83) .86

Number of authors Per unit −0.18 (−0.41, 0.05) .13

D
ow

nloaded from
 https://academ

ic.oup.com
/ejo/article/46/4/cjae032/7713787 by U

niversity of Bern user on 16 July 2024



8 European Journal of Orthodontics, 2024

[Equal], Methodology [Equal], Supervision [Equal], Writing—
original draft [Equal], Writing—review & editing [Equal]), 
and Jadbinder Seehra (Conceptualization [Equal], Data cur-
ation [Equal], Formal analysis [Equal], Investigation [Equal], 
Methodology [Equal], Supervision [Equal], Writing—original 
draft [Equal], Writing—review & editing [Equal])

Conflict of interest
The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Ethical approval
Ethical approval was not required for this study.

Data availability
The data underlying this article are available in the article and 
in its online supplementary material.

Supplementary material
Supplementary material is available at European Journal of 
Orthodontics online.

References
1.	 Freires IA, Sardi JC, de Castro RD, et al. Alternative animal and 

non-animal models for drug discovery and development: bonus 
or burden? Pharmaceutical Research 2017;34:681–6. https://doi.
org/10.1007/s11095-016-2069-z

2.	 Liebsch M, Grune B, Seiler A, et al. Alternatives to animal testing: 
current status and future perspectives. Archives of Toxicology 
2011;85:841–58. https://doi.org/10.1007/s00204-011-0718-x

3.	 Pearce AI, Richards RG, Milz S, et al. Animal models for implant 
biomaterial research in bone: a review. European Cells and Mater-
ials 2007;13:1–10. https://doi.org/10.22203/ecm.v013a01

4.	 Pound P, Ebrahim S, Sandercock P, et al; Reviewing Animal Trials 
Systematically (RATS) Group. Where is the evidence that animal 
research benefits humans? BMJ. 2004;328:514–7. https://doi.
org/10.1136/bmj.328.7438.514

5.	 Hassan MG, Zaher AR, Athanasiou AE. How orthodontic research 
can be enriched and advanced by the novel and promising evo-
lutions in biomedicine. Journal of Orthodontics 2021;48:288–94. 
https://doi.org/10.1177/14653125211006116

6.	 Kanzaki H, Chiba M, Arai K, et al. Local RANKL gene transfer 
to the periodontal tissue accelerates orthodontic tooth move-
ment. Gene Therapy 2006;13:678–85. https://doi.org/10.1038/
sj.gt.3302707

7.	 Song F, Parekh S, Hooper L, et al. Dissemination and publication 
of research findings: an updated review of related biases. Health 
Technology Assessment 2010;14:iii,-ix-xi, 1–193.

8.	 Song J, Solmi M, Carvalho AF, et al. Twelve years after the ARRIVE 
guidelines: Animal research has not yet arrived at high standards. 
Laboratory Animals 2024;58:109–15.

9.	 Landis SC, Amara SG, Asadullah K, et al. A call for transparent 
reporting to optimize the predictive value of preclinical research. 
Nature 2012;490:187–91. https://doi.org/10.1038/nature11556

10.	van der Worp HB, Howells DW, Sena ES, et al. Can animal 
models of disease reliably inform human studies? PLoS Medicine 
2010;7:e1000245. https://doi.org/10.1371/journal.pmed.1000245

11.	 Perel P, Roberts I, Sena E, et al. Comparison of treatment effects be-
tween animal experiments and clinical trials: systematic review. BMJ. 
2007;334:197. https://doi.org/10.1136/bmj.39048.407928.BE

12.	Faggion CM Jr, Chambrone L, Gondim V, et al. Comparison of 
the effects of treatment of peri-implant infection in animal and 
human studies: systematic review and meta-analysis. Clinical 
Oral Implants Research 2010;21:137–47. https://doi.org/10.1111/
j.1600-0501.2009.01753.x

13.	Muhlhausler BS, Bloomfield FH, Gillman MW. Whole animal 
experiments should be more like human randomized controlled 
trials. PLoS Biology 2013;11:e1001481. https://doi.org/10.1371/
journal.pbio.1001481

14.	Kilkenny C, Browne WJ, Cuthill IC, et al. Improving bioscience 
research reporting: the ARRIVE guidelines for reporting animal re-
search. PLoS Biology 2010;8:e1000412. https://doi.org/10.1371/
journal.pbio.1000412

15.	Percie du Sert N, Hurst V, Ahluwalia A, et al. The ARRIVE 
guidelines 2.0: updated guidelines for reporting animal research. 
PLoS Biology 2020;18:e3000410. https://doi.org/10.1371/journal.
pbio.3000410

16.	Aleman-Laporte J, Alvarado G, Sa Garcia-Gomes M, et al. Quality 
of adherence to the ARRIVE guidelines in the material and methods 
section in studies where swine were used as surgical biomodels: 
a systematic review (2013-2018). Animals (Basel) 2019;9:947. 
https://doi.org/10.3390/ani9110947

17.	Schwarz F, Iglhaut G, Becker J. Quality assessment of reporting 
of animal studies on pathogenesis and treatment of peri-implant 
mucositis and peri-implantitis. A systematic review using the AR-
RIVE guidelines. Journal of Clinical Periodontology 2012;39:63–
72. https://doi.org/10.1111/j.1600-051X.2011.01838.x

18.	Liu H, Gielen M, Bosmans J, et al. Inadequate awareness of ad-
herence to ARRIVE guidelines, regarding reporting quality of 
hernia models repaired with meshes: a systematic review. Hernia. 
2022;26:389–400.

19.	 Jilka RL. The road to reproducibility in animal research. Journal 
of Bone and Mineral Research 2016;31:1317–9. https://doi.
org/10.1002/jbmr.2881

20.	Macleod M, Mohan S. Reproducibility and rigor in animal-based 
research. ILAR Journal 2019;60:17–23. https://doi.org/10.1093/
ilar/ilz015

21.	Vesterinen HM, Sena ES, ffrench-Constant C, et al. Improving 
the translational hit of experimental treatments in multiple 
sclerosis. Multiple Sclerosis 2010;16:1044–55. https://doi.
org/10.1177/1352458510379612

22.	Kilkenny C, Parsons N, Kadyszewski E, et al. Survey of the quality 
of experimental design, statistical analysis and reporting of research 
using animals. PLoS One 2009;4:e7824. https://doi.org/10.1371/
journal.pone.0007824

23.	Baker D, Lidster K, Sottomayor A, et al. Two years later: journals 
are not yet enforcing the ARRIVE guidelines on reporting standards 
for pre-clinical animal studies. PLoS Biology 2014;12:e1001756. 
https://doi.org/10.1371/journal.pbio.1001756

24.	Hua F, Walsh T, Glenny AM, et al. Surveys on reporting guideline 
usage in dental journals. Journal of Dental Research 2016;95:1207–
13. https://doi.org/10.1177/0022034516657803

25.	Pandis N, Shamseer L, Kokich VG, et al. Active implementation 
strategy of CONSORT adherence by a dental specialty journal 
improved randomized clinical trial reporting. Journal of Clin-
ical Epidemiology 2014;67:1044–8. https://doi.org/10.1016/j.
jclinepi.2014.04.001

D
ow

nloaded from
 https://academ

ic.oup.com
/ejo/article/46/4/cjae032/7713787 by U

niversity of Bern user on 16 July 2024

https://doi.org/10.1007/s11095-016-2069-z
https://doi.org/10.1007/s11095-016-2069-z
https://doi.org/10.1007/s00204-011-0718-x
https://doi.org/10.22203/ecm.v013a01
https://doi.org/10.1136/bmj.328.7438.514
https://doi.org/10.1136/bmj.328.7438.514
https://doi.org/10.1177/14653125211006116
https://doi.org/10.1038/sj.gt.3302707
https://doi.org/10.1038/sj.gt.3302707
https://doi.org/10.1038/nature11556
https://doi.org/10.1371/journal.pmed.1000245
https://doi.org/10.1136/bmj.39048.407928.BE
https://doi.org/10.1111/j.1600-0501.2009.01753.x
https://doi.org/10.1111/j.1600-0501.2009.01753.x
https://doi.org/10.1371/journal.pbio.1001481
https://doi.org/10.1371/journal.pbio.1001481
https://doi.org/10.1371/journal.pbio.1000412
https://doi.org/10.1371/journal.pbio.1000412
https://doi.org/10.1371/journal.pbio.3000410
https://doi.org/10.1371/journal.pbio.3000410
https://doi.org/10.3390/ani9110947
https://doi.org/10.1111/j.1600-051X.2011.01838.x
https://doi.org/10.1002/jbmr.2881
https://doi.org/10.1002/jbmr.2881
https://doi.org/10.1093/ilar/ilz015
https://doi.org/10.1093/ilar/ilz015
https://doi.org/10.1177/1352458510379612
https://doi.org/10.1177/1352458510379612
https://doi.org/10.1371/journal.pone.0007824
https://doi.org/10.1371/journal.pone.0007824
https://doi.org/10.1371/journal.pbio.1001756
https://doi.org/10.1177/0022034516657803
https://doi.org/10.1016/j.jclinepi.2014.04.001
https://doi.org/10.1016/j.jclinepi.2014.04.001

	Still to ARRIVE at adequate reporting of orthodontic studies involving animal models
	Introduction
	Materials and methods
	Eligibility criteria
	Search for relevant articles
	Selection and data extraction
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


