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Abstract

Background

Orthodontic systematic reviews (SRs) include studies published mostly in English than non-
English languages. Including only English studies in SRs may result in a language bias. This
meta-epidemiological study aimed to evaluate the language bias impact on orthodontic
SRs.

Data source

SRs published in high-impact orthodontic journals between 2017 and 2021 were retrieved
through an electronic search of PubMed in June 2022. Additionally, Cochrane oral health
group was searched for orthodontic systematic reviews published in the same period.

Data collection and analysis

Study selection and data extraction were performed by two authors. Multivariable logistic
regression was implemented to explore the association of including non-English studies
with the SRs characteristics. For the meta-epidemiological analysis, one meta-analysis from
each SRs with at least three trials, including one non-English trial was extracted. The aver-
age difference in SMD was obtained using a random-effects meta-analysis.

Results

174 SRs were included in this study. Almost one-quarter (n=45/174, 26%) of these SRs
included at least one non-English study. The association between SRs characteristics and
including non-English studies was not statistically significant except for the restriction on lan-
guage: the odds of including non-English studies reduced by 89% in SRs with a language
restriction (OR: 0.11, 95%CI: 0.01 0.55, P< 0.01). Out of the sample, only fourteen meta-
analyses were included in the meta-epidemiological analysis. The meta-epidemiological
analysis revealed that non-English studies tended to overestimate the summary SMD by
approximately 0.30, but this was not statistically significant when random-effects model was
employed due to substantial statistical heterogeneity (ASMD = -0.29, 95%Cl: -0.63 to 0.05,
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P =0.37). As such, the overestimation of meta-analysis results by including non-English
studies was statistically non-significant.

Conclusion

Language bias has non-negligible impact on the results of orthodontic SRs. Orthodontic sys-
tematic reviews should abstain from language restrictions and use sensitivity analysis to
assess the impact of language on the conclusions, as non-English studies may have a lower
quality.

Introduction

Systematic reviews (SRs) of randomised controlled trials provide the best summary of evidence
to fill the gap by answering a research question, thus, drawing evidence-based practice. Sys-
tematic reviews are useful when they have a high methodological quality and include studies
with a low risk of bias in the conduct, analysis and reporting [1]. Several shortcomings of SRs
were reported in the orthodontic literature. For instance, the lack of grey literature searches
[2], the language restriction in the search [2], lack of prediction interval reporting [3], high sta-
tistical heterogeneity in the meta-analysis [4], meta-analysis results distorted by small-study
effects and publication bias [5], and flaws in the reporting and interpretation of their abstracts
[6]. The limitations mentioned above may lead to low-quality evidence [7], as SRs should use
standardised and transparent methods to reduce bias and introduce reliable evidence [8].

A well-conducted SR should identify all relevant studies to the question at hand. For this
purpose, the Cochrane handbook recommends extensive search in multiple bibliographic
databases enhanced by manual and grey literature searches without restriction on the language
or the search date [9]. The sensitivity of the search is considered high when the search identi-
fies approximately all relevant reports. Increasing the sensitivity of the search will decrease its
precision, as the search will retrieve a large number of studies to include mostly the relevant
studies as much as possible. The search precision is defined as the ratio of relevant reports to
all identified reports [9]. For instance, if the number of included studies was ten and the search
resulted in 1000 records, the precision would be 0.01 (10/1000). A high-standard search strat-
egy guarantees the balance between the search’s sensitivity and precision [9].

The English language is considered the dominant language in research [10] including den-
tistry. While publications from languages other than English is usually considered as of sec-
ondary importance. A previous study [11] found that German authors are more likely to
publish trials in English when results are statistically significant, increasing the risk of language
bias. Likewise, authors from less developed countries tend to publish more positive results
than negative results [12]. Language bias may result from publishing significant findings in
English language more than other languages [13]. Subsequently, results from only English lan-
guage studies could provide a biased assessment of the topic.

Systematic review authors usually include studies published in English or languages spoken
by the investigators’ team. The search restriction to studies written in the English language was
found in approximately 70% of orthodontic SRs [2], which may lead to language bias [11]. A
meta-epidemiological study [14] indicated that including non-English language studies might
not change the results of some SRs. However, not posing language restrictions to the retrieved
studies may enable the researchers to inspect possible geographical bias in reporting positive
results [15] and improve the quality of the conclusions drawn from the SRs [2].
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A recent review [15] included methodological studies investigating the impact of the
English language restriction on the effect estimate and found that the search restriction to
English studies only had little impact on the effect estimate. To our knowledge, it is unknown
if language bias may impact the meta-analysis results in orthodontics. Therefore, this study
aimed to explore whether including non-English language studies in orthodontic SRs may
affect the meta-analysis results and to estimate the extent of language bias in orthodontic SRs.

Materials and methods
Protocol and registration

The reporting of this study followed the proposed items to be used for reporting meta-epide-
miological methodology research [16]. There was no registration for the protocol.

Eligibility criteria

This study included orthodontic SRs published between 1 January 2017 and 31 December
2021 in five orthodontic journals with the highest impact factor (2021): American Journal of
Orthodontic and Dentofacial Orthopedics (3.6), European Journal of Orthodontics (4.3),
Progress in Orthodontics (3.7), Angle Orthodontist (3.4), and Orthodontics & Craniofacial
Research (2.8). Also, Cochrane orthodontic reviews in the same period were included. Meth-
odological studies, scoping reviews, literature reviews, and systematic reviews with fewer than
two included studies were excluded.

Search and study selection

An electronic search was undertaken in Medline via PubMed and Cochrane library for system-
atic reviews on 20 June 2022. One author (SM) performed the search of PubMed using text
words and medical subject headings to retrieve systematic reviews published in the leading
orthodontic journals indexed in PubMed (Table 1). All relevant Cochrane orthodontic reviews
within the same period were also retrieved by another author (BD) through the Cochrane Oral
Health Group. Initial screening for titles and abstracts was performed independently and
duplicated by two authors (ASA and BD). Furthermore, two authors (ASA and BD) scruti-
nised the full text of the potential articles for eligibility. In the presence of disagreement, a con-
sensus was reached after a discussion with a third author (SM).

Data collection process

A pilot assessment of 30 SRs was undertaken between two authors (BD and ASA) to ensure
consistency in the data extraction. After reaching 100% agreement, the same two authors

Table 1. The search strategy in PubMed via medline.

Search Query Filters Results
Number
1 | "Malocclusion"[Mesh] OR "Malocclusion, Angle Class III"[Mesh] OR "Malocclusion, Angle Class II"[Mesh] OR 34,803
"Malocclusion, Angle Class I"[Mesh] OR "Malocclusion and Short Stature” [Supplementary Concept]
2 | orthodontic OR orthodonti* 90,239
3 | ("Orthodontics"[Mesh]) OR ("Orthodontics, Preventive"[Mesh] OR "Orthodontics, Interceptive"[Mesh] OR 54,829
"Orthodontics, Corrective"[Mesh])
4 | #1 OR #2 OR #3 102,848
5| #4 Systematic Review 1,878
6 | #5 Systematic Review, from 1,156
2017-2021

https://doi.org/10.1371/journal.pone.0300881.t001
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extracted the data and a third author (SM) cross-checked the collected data. All data were
entered in a pre-pilot Microsoft Excel™ (Microsoft, Redmond, Washington, USA). The follow-
ing characteristics for each SR were extracted: the number of authors, continent of the first
author, publication year, review type (Cochrane and non-Cochrane), protocol registration, the
number of included studies, including non-English studies (yes, no), whether studies were
excluded based on the language (yes, no), the number of non-English languages, language
restriction in the inclusion/ exclusion criteria (yes, no), involvement of librarian in search (yes,
no), type of SR (interventional, epidemiological, or diagnostic), and type of included studies
(human, animal, or in vitro). We calculated the precision of the search for each SR by dividing
the number of included studies by the number of search results after removing duplicates. If
the SR included a non-English language, additional information regarding meta-analysis
(MA) was extracted: non-English language included in MA (yes, no), and the statistical signifi-
cance of summary effect estimate (yes, no). One outcome was selected from each SR that
included at least one non-English study to investigate the impact of the non-English language
on the meta-analysis results. Specifically, we considered the following ‘algorithm’: if the meta-
analysis of primary outcome included at least three studies with at least one being non-English,
this meta-analysis was included in our collection. If more meta-analyses were eligible, we
opted for the first one addressing the primary outcome. If the meta-analysis of the primary
outcome was not eligible, the meta-analysis for secondary outcomes was checked. Therefore,
the corresponding forest plot should include at least one non-English study to extract the data.
We opted for arm-level data (information reported in each arm of every trial); otherwise, we
extracted the data in the contrast-level format as reported in the forest plot.

Statistical analysis and data synthesis

Multivariable binary logistic regression. Proper descriptive statistics were undertaken to
summarise the collected characteristics. For categorical characteristics, the absolute and rela-
tive frequencies were reported. The median, interquartile range, and minimum and maximum
values were provided for metric characteristics. A multivariable binary logistic regression was
implemented to explore the association of including a non-English language (yes, no) with
each characteristic. All characteristics were included in the model simultaneously, and no vari-
able selection approach (e.g., stepwise selection) was performed. Due to convergence issues
stemming from separation in some characteristics, Firth’s bias reduction approach was consid-
ered to improve estimation [17]. The results were presented in odds ratio (OR), 95% confi-
dence intervals (CI), and p-values based on the profile penalised likelihood. We concluded a
statistically significant association when the 95% CI did not include value of no association
(OR = 1), which coincides with a p-value less than 5%; otherwise, the association was statisti-
cally non-significant, which coincides with a p-value at least 5%. These CIs are preferred to the
Wald ClIs in the presence of separation [18]. Precision is measured as percentages and was
transformed into the logit scale to be included in the model. The publication year was centred
on its mean value to improve the interpretation and convergence of the regression coefficient.

Meta-epidemiological analysis and sensitivity analysis. A two-stage approach was per-
formed to analyse the meta-epidemiological data and estimate the average bias attributed to
non-English studies (S1 File). The meta-epidemiological data comprised one meta-analysis
from each eligible SR according to the aforementioned algorithm. The standardised mean dif-
ference (SMD) was the effect measure since all selected meta-analyses referred to a continuous
primary outcome. Initially, a random-effects meta-regression was conducted to estimate the
difference in standardised mean difference (ASMD) between non-English and English studies
in each meta-analysis. Then a random-effects meta-analysis was performed to combine the
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ASMDs across the meta-analyses. We also pooled ASMDs using a fixed-effect meta-analysis as
a sensitivity analysis to the model assumptions. A negative ASMD would indicate that non-
English studies overestimate the SMD. The supplementary material provides further details on
the meta-epidemiological analysis.

All analyses were conducted in the statistical software R (version 4.2.0) [19]. The summary
statistics table was created using the R package gtsummary [20]. We used the R package logistf
to apply logistic regression with Firth’s bias reduction [18], and the R package metafor to con-
duct the random-effects meta-regression using the function rma.mv [21]. The bar plots and
forest plots were created using the R-package ggplot2 [22].

Results
Systematic review selection

A total of 1168 SRs were initially identified (Fig 1). Of those, 983 SRs were removed for refer-
ring to non-relevant journals. After full text reading of one hundred eighty-five SRs, 174 SRs
were included in the present study. Of the 11 excluded SRs, four were methodological studies,
two were scoping reviews, two were withdrawn, one did not find any eligible studies, one was
a clinical guideline, and one was an erratum (S1 Table).

Characteristics of the systematic reviews

The non-English studies were included in around one quarter (n = 45/174, 26%) of the SRs,
representing 3.78% of the total included studies in orthodontic SRs (98/2568). Most SRs
included four to six authors (n = 111/174, 64%) affiliated with an institution in Europe
(n=77/174, 45%), comprised non-Cochrane reviews (n = 165/174, 95%) published in the last
two years (n = 85/174, 49%) and were registered in PROSPERO (n = 125/174, 72%) (Table 2).
These SRs included a median of 11 studies (interquartile range (IQR): 7 to 17) and had a low
precision of searches (median: 2%, IQR: 1 to 4%). There were no explicit language restrictions
(n =135/174, 80%) nor explicit exclusion of non-English studies (n = 170/174, 98%) in most
SRs. Only 37 (21%) SRs involved a librarian or/and search specialist during the conduct. More
than half of the SRs performed a meta-analysis (n = 97/174, 56%). The systematic reviews were
mostly interventional (n = 146/174, 84%) and pertained to human participants (n = 156/174,
91%). Overall, the characteristics were similarly distributed between SRs with and without
non-English studies. However, SRs with non-English studies had slightly more studies
(median: 13, IQR: 9 to 22) than SRs without such studies (median: 10, IQR: 7 to 17).

Association of including non-English studies with several characteristics

The multivariable binary logistic regression revealed an association of substantial magnitude
between the inclusion of non-English studies and various characteristics of the SRs (Table 2).
However, the association was not statistically significant for all characteristics apart from the
restriction on language: the odds of including a non-English study were lower by 89% (OR:
0.11, 95% CI: 0.01 to 0.55, P = 0.004) in SRs posing a language restriction. Though statistically
non-significant, SRs including fewer than four authors, originating from America, being non-
Cochrane, having a protocol registration, published in earlier years, involving a librarian, con-
ducting a meta-analysis and specialising in interventional studies were associated with higher
odds of including non-English studies (OR range: 1.13 to 3.66) than SRs with more authors,
originating from other continents, published recently, being Cochrane SRs, without a protocol
registration, a librarian, or a meta-analysis and specialising in other study types.
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

2
Identification of studies via databases and registers ]
-
)
c
2 -
3 Reclg e |dent|f|e<i ol Records removed before screening:
= atabases (n=1168) N | i Is (=983
= (PubMed; 1156, Cochrane;12) on relevant journals (n=983)
s
~——
( )
Records screened > Records excluded
(n=185) (n=0)
\ 4
Reports sought for retrieval Reports not retrieved
—>
= (n=185) (n=0)
{=
=
@
2
(3]
()]
Reports excluded:
Methodological studies (n=4)
e i i i =2
Reports assessed for eligibility N %?h%?i\fﬁ%fi? )
(n=185) No studies found (n=1)
Clinical guidelines (n=1)
Erratum (n=1)
—
M)
3 Studies included in study
S (n=174)
° Studies included in quanitative analysis
£ (n=14)
———

Fig 1. PRISMA flow diagram for the included systematic reviews.
https://doi.org/10.1371/journal.pone.0300881.9001
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Table 2. Characteristics of systematic reviews with and without studies on non-English languages.

Characteristic Non-English language included OR (95% CI)* p-value
Overall (n=174) No (n=129) Yes (n = 45)
Authors Number
1-3 43 (25%) 30 (23%) 13 (29%) reference
4-6 111 (64%) 84 (65%) 27 (60%) 0.71 (0.27, 1.93) 0.50
7-9 20 (11%) 15 (12%) 5(11%) 0.64 (0.14, 2.64) 0.54
Continent
America 46 (26%) 33 (26%) 13 (29%) reference
Asia & others 51 (29%) 40 (31%) 11 (24%) 0.67 (0.21, 2.04) 0.48
Europe 77 (45%) 56 (43%) 21 (47%) 0.91 (0.35, 2.37) 0.85
Review type
Cochrane 9 (5%) 6 (5%) 3 (7%) reference
non-Cochrane 165 (95%) 123 (95%) 42 (93%) 3.66 (0.60, 25.81) 0.16
Publication Year
2017 28 (16%) 17 (13%) 11 (24%) 0.81 (0.60, 1.08) 0.15
2018 32 (18%) 26 (20%) 6 (13%)
2019 29 (17%) 22 (17%) 7 (16%)
2020 37 (21%) 25 (19%) 12 (27%)
2021 48 (28%) 39 (30%) 9 (20%)
PROSPERO registration
No 49 (28%) 42 (33%) 7 (16%) reference
Yes 125 (72%) 87 (67%) 38 (84%) 1.64 (0.58, 5.00) 0.36
Number of included studies
Median (IQR) [range] 11.00 10.00 13.00 1.02 (0.99, 1.05) 0.19
(7.00, 17.00) (7.00, 16.50) (9.00, 22.00)
[2.00, 94.00] [2.00, 94.00] [4.00, 63.00]
The precision of the search'
Median (IQR) [range] 0.02 0.02 0.02 1.04 (0.77, 1.40) 0.82
(0.01, 0.04) (0.01, 0.04) (0.01, 0.07)
[0.001, 0.27] [0.001, 0.27] [0.001, 0.26]
Number of included non-English languages'
Median (IQR) [range] 1 NA 1 NA NA
(1,3) (1,3)
[1,19] [1,19]
Restriction on language'
No 135 (80%) 91 (74%) 44 (98%) reference
Yes 33 (20%) 32 (26%) 1.(2%) 0.11 (0.01, 0.55) 0.004
Excluded studies on non-English language
No 170 (98%) 125 (97%) 45 (100%) reference
Yes 4 (2%) 4 (3%) 0 (0%) 0.03 (0.01, 1.47) 0.08
Librarian/search specialist
No 137 (79%) 103 (80%) 34 (76%) reference
Yes 37 (21%) 26 (20%) 11 (24%) 2.98 (0.97, 9.46) 0.06
Meta-analysis performed
No 77 (44%) 63 (49%) 14 (31%) reference
Yes 97 (56%) 66 (51%) 31 (69%) 1.92 (0.79, 4.91) 0.15
Type of systematic review
Diagnostic 9 (5%) 8 (6%) 1(2%) reference
Epidemiological 19 (11%) 18 (14%) 1(2%) 0.48 (0.03, 7.50) 0.58
Interventional 146 (84%) 103 (80%) 43 (96%) 2.32 (0.38, 25.68) 0.38

(Continued)
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Table 2. (Continued)

Characteristic Non-English language included OR (95% CI)* p-value
Overall (n =174) No (n=129) Yes (n = 45)
Type of included studies
Animal 12 (7%) 7 (5%) 5(11%) reference
Human 159 (91%) 119 (92%) 40 (89%) 0.29 (0.05, 1.45) 0.13
In vitro 3 (2%) 3 (3%) 0 (0%) 0.08 (0.01, 1.74) 0.11

CI, confidence interval; IQR, interquartile range; NA, not applicable; OR, odds ratio
*Strong evidence when the 95% confidence interval excludes 1 (p-value < 5%); otherwise, weak evidence for the corresponding association.

! ‘Precision of the search’ and ‘Number of included non-English languages’ were not reported in one systematic review. ‘Restriction on language’ was not reported in six

systematic reviews.

https://doi.org/10.1371/journal.pone.0300881.t002

Frequency of non-English languages

Fig 2 presents the frequency of non-English studies based on non-English language and SR
type. The median number of non-English studies was one with an IQR of 1 to 3. The most
commonly used language was Chinese, followed by Portuguese and German. Non-Cochrane
SRs included more non-English studies than Cochrane SRs. One Cochrane SR included sev-
eral non-English languages (Farsi, French, Italian, and Portuguese). Five Cochrane SRs consid-
ered two non-English languages (Chinese and Portuguese, Chinese and Turkish, German and
Portuguese, or Dutch and German), and one Cochrane SR included three non-English studies

(Chinese, Portuguese, and Turkish).

Chinese | | Portuguese | I Turkish | | German I | Korean | I French | | Italian I Dutch

Farsi

Number of systematic reviews

o

N

: I|II II II i II i 1

123569 123569 123569 123569 123569 123569 123569 123569 12358629
N ber of non-English di
Systematic review [Jll Cochrane . non-Cochrane
Fig 2. Bar plots with the number of non-English studies for each non-English language and systematic review type.
https://doi.org/10.1371/journal.pone.0300881.9002
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Table 3. The association of statistical significance with the inclusion of non-English studies.

Non-English language included Statistical significance Total OR, (95%CI) P value
Yes No
No 5 4 9 reference
Yes 16 4 20 3.20 (0.57, 18.92) 0.18

https://doi.org/10.1371/journal.pone.0300881.t003

Statistical significance and inclusion of non-English studies

Of the 29 SRs that conducted a meta-analysis and reported the language of the synthesised
studies, 69% (n = 20) included at least one non-English study; of those meta-analyses, 80%
(16/20) provided a statistically significant effect. (Table 3) The univariate binary logistic regres-
sion indicated that the odds of statistical significance in the summary effect estimate was 3.20
times larger in systematic reviews with non-English studies than in systematic reviews with
only English studies. However, the association was statistically non-significant (OR:3.20, 95%
CI: 0.57,18.92, P = 0.18).

Examining the influence of non-English studies on summary results

Out of the sample, only fourteen meta-analyses comprised the dataset of the meta-epidemio-
logical study. The supplementary material provides descriptive statistics on the number of
studies and sample size of the included meta-analyses. The meta-epidemiological analysis
revealed that non-English studies tended to overestimate the SMD by approximately 0.30 on
average compared to English studies (Fig 3). Specifically, the difference of SMD was not statis-
tically significant (ASMD = -0.29, 95%ClI: -0.63 to 0.05, P = 0.37) using a random-effects
model due to substantial statistical heterogeneity, but it was spuriously statistically significant
with a fixed-effect model (ASMD = -0.31, 95%CI: -0.58 to -0.05, P = 0.03) (Fig 3). The ASMD
was positive in four meta-analyses, implying a larger SMD from English studies. Overall,
including non-English studies improved the precision of the summary SMD, whilst including
only English studies decreased SMD substantially in some meta-analyses (S1 Fig). Most meta-
analyses were associated with fairly high or extreme statistical heterogeneity, regardless of lan-
guage restriction (S2 Fig). Restricting inclusion to English studies increased statistical hetero-
geneity in almost half meta-analyses compared to including all studies regardless of language
(S2 Fig).

Discussion

Evidence summary

In general, 26% of orthodontic SRs included non-English language studies in this assessment,
which may lead to language bias. There was evidence of language bias also in other medical
specialities [23], though the proportion of included non-English studies was lower compared
to the orthodontics field (7.4% versus 26%) [24]. This could be related to the fact that less than
half of the non-English medical studies are indexed in Medline, and 68% of orthodontic SRs
searched Medline [2]. The most frequently included non-English language in orthodontic SRs
was the Chinese language, which is in disagreement with the findings of Cochrane reviews as
the Chinese studies were the least included in two medical domains [23]. However, the Chi-
nese language comprised 47% of the medical literature published in languages other than
English, followed by German and Spanish studies [24].

The language restriction in the search decreased the likelihood of including non-English
studies in SRs by 89%, which is a reasonable finding. However, the majority of SRs performing
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Santos et al. 2020

Diar-Bakirly et al. 2017

Feres et al. 2017

Bellini-Pereira et al. 2019

Orabi et al. 2021
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analysis. *Negative bias favours the English studies.
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no language restriction did not include a non-English study (67%; 91/135) and four SRs
excluded non-English studies after the search process. That could be attributed to limiting the
eligibility criteria to English studies without limiting the search strategy, rendering the conduct
of SR unnecessarily time-consuming and requiring additional human and financial resources.
As such, if only English studies were included in the SR, restricting the search to only English
studies would be a valid option and saving factor for time, human and financial recourses. In
this approach, non-English records would be removed from the search results, thus, reducing
the number of retrieved reports and, subsequently, the initial screening time and efforts. In
this regard, manual search, particularly in google scholar may result in non-English studies
even if the search was restricted in the other bibliographies. This was evident in one included
SR [25] with additional manual search, although the search was restricted in the searching
bibliographies.

Furthermore, language bias in SRs may not result only from language restrictions in search
strategy or eligibility criteria. It could be due to the information sources used in the search. For
instance, MEDLINE, Embase, and CINAHL are international English bibliographic databases
which comprise only limited non-English literature. In contrast, special databases can be used
for non-English studies [26].

The present study found a statistically non-significant association between including non-
English studies in orthodontic SRs and SRs with small co-authorship or SRs led by an author

PLOS ONE | https://doi.org/10.1371/journal.pone.0300881  April 1, 2024 10/14


https://doi.org/10.1371/journal.pone.0300881.g003
https://doi.org/10.1371/journal.pone.0300881

PLOS ONE

Language bias in orthodontic systematic reviews

affiliated in American institute. International collaborations including authors speaking sev-
eral languages may be a possible explanation for this finding. Text screening, risk of bias
assessment, and data extraction require an expert researcher who understands the language of
the retrieved articles. In this respect, Cochrane can hire translators who are not necessarily
directly involved in the reviews (https://www.cochrane.org/join-cochrane/translate).

It is well established that SRs with a registered protocol have a higher quality than non-reg-
istered SRs [27]. Our study revealed that SRs with a protocol registration were more likely to
include non-English studies. The inclusion of non-English studies also coincided with a higher
quality of SRs when performing the unrestricted comprehensive search as provided by the
AMSTAR?2 tool [28].

We found that meta-analyses with non-English studies were more likely to yield statistical
significance than meta-analyses that included only English studies. However, this association
was not statistically significant due to the small analysed sample, which may have led to insuffi-
cient power to detect the difference. Relevant empirical studies on several medical fields
uncovered that excluding non-English studies from SRs impacted the meta-analysis results,
with the change in the effect estimate varying from negligible to large [15, 23]. Moreover, the
statistical heterogeneity was reduced after removing non-English studies from the meta-analy-
ses [29, 30]. Our meta-epidemiological analysis demonstrated a larger summary effect size
from including non-English studies, though this was not statistically significant due to material
statistical heterogeneity. Study characteristics such as risk of bias and sample size may have
contributed to the heterogeneity in ASMDs observed across the meta-analyses. Investigating
sources of heterogeneity that may explain the difference in treatment effects between non-
English and English studies was out of this study scope. The analysis also found that the statis-
tical heterogeneity was reduced in almost half of meta-analyses when both non-English and
English studies were included (S2 Fig).

Moreover, different studies [24, 31-33] assessed the quality of the English and non-English
studies, and found a higher risk of bias in non-English studies due to suboptimal randomisa-
tion, insufficient reporting of the blinding, and incomplete data. As such, non-English studies
may be removed from the meta-analysis in the context of a sensitivity analysis to inspect the
robustness of the meta-analysis results.

Though including non-English studies in SR may be laborious in terms of time and
resources [15], it is still an imperative option in the case of trials’ paucity. For instance, one
SRs [34] in our sample included only non-English studies. Likewise, including non-English
studies has a crucial impact when the disease of interest has a different prevalence between eth-
nicities. For example, class III malocclusion is more prevalent in Asian people than in other
ethnicities [35], rendering studies from these regions important in providing valuable infor-
mation. On a positive note, authors’ collaboration may facilitate including these studies in the
SRs if at least one expert author in the language is involved.

Limitations and strength

The search in this study was restricted to two databases and SRs published in the last five years,
possibly missing some relevant studies. A wider search may have some impact on the impor-
tance of including non-English studies. For instance, it may turn statistically non-significant
results into statistically significant, particularly when more meta-analyses with non-English
language are included in the meta-epidemiological study. Besides, this study attempted to map
the problem and merely explore the implications of language bias on the meta-analysis results.
The bias associated with including non-English studies may be confounded by the quality of
the conduct, analysis and reporting of these studies. We did not investigate the quality of the
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SRs as a function of language bias since it was out of the scope. Three experienced investigators
implemented the study selection and the data acquisition, and the analysis was conducted by
an experienced biostatistician using state-of-the-art methods, ensuring a high-quality meta-
epidemiological study. The authors were concerned about the unaddressed correlation that
may arise from including more than one meta-analysis from the same SR in the meta epidemi-
ological analysis. As such, only one meta-analysis with non-English study was involved. The
prior protocol was not registered due to the constraints imposed by the COVID period, which
may introduce some bias. However, the authors diligently adhered to their protocol and rigor-
ous guidelines.

Conclusion

Language restriction seems to have no statistically significant impact on the results of ortho-
dontic SRs. Including non-English studies in orthodontic SRs aligns with the scope of system-
atic review to retrieve all relevant evidence and may also increase the statistical power due to
the increase in the sample of studies. Furthermore, language inclusiveness may aid in gauging
the quality of the evidence base and uncovering knowledge gaps to prioritise future research.
For instance, research questions addressed exclusively by non-English studies of questionable
quality render the evidence at hand restrictive and inappropriate for guideline recommenda-
tions. Then, a research agenda may be set up to answer the research question anew using a liv-
ing systematic review that is constantly updated with new studies and poses no language
restriction. However, authors should bear in mind that non-English studies may have a higher
risk of bias and should assess the appropriateness of non-English studies individually accord-
ing to the specific topic of the review.
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