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INTRODUCTION
Since the advent of lingual orthodontic appliances in
the 1970s,1 recent years have witnessed a marked
increase in the demand for lingual orthodontic appliances among orthodontic patients seeking esthetic
improvement.2 Several seminal studies indicated that
lingual appliances can provide treatment outcomes
comparable to those achieved with labial appliances.3,4
Lingual orthodontic appliances enjoy esthetic advantages
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ABSTRACT
Objective: To compare adverse effects between labial and lingual orthodontic treatments through
a systematic review of the literature.
Materials and Methods: The protocol of this systematic review (CRD42012002455) was
registered in the International Prospective Register of Systematic Reviews (PROSPERO). An
electronic search was conducted in PubMed, Embase, Web of Science, CENTRAL, SIGLE,
ProQuest Dissertations & Theses, and ClinicalTrial.gov for articles published between January
1980 and December 2012. Primary outcomes included pain and caries; secondary outcomes were
eating difficulty, speech difficulty, oral hygiene, and treatment duration. Meta-analyses were
conducted in Comprehensive Meta-Analysis version 2.2.064.
Results: Six studies were included, two randomized controlled trials and four clinical controlled
trials; of these, four were medium quality and two were low quality in terms of the risk of bias. Five
of the six outcomes were evaluated in the included studies, and treatment duration was not; pain,
eating difficulty, speech difficulty were statistically pooled. Meta-analysis revealed that the pooled
odds ratios were 1.20 (95% confidence interval [CI] 5 0.30–4.87) for overall pain, 32.24 (95% CI 5
14.13–73.55) for pain in tongue, 0.08 (95% CI 5 0.04–0.18) for pain in cheek, 0.11 (95% CI 5
0.03–0.42) for pain in lip, 3.59 (95% CI 5 1.85–6.99) for eating difficulty, and 8.61 (95% CI 5 3.55–
20.89) for speech difficulty. Sensitivity analysis showed consistent results except for eating
difficulty. No publication bias was detected.
Conclusions: The likelihood of overall pain was similar between the two modalities. Patients who
underwent lingual orthodontic treatment were more likely to suffer from pain in the tongue and less
likely to suffer from pain in the cheek and lip. Lingual orthodontic treatment increased the likelihood
of speech difficulty. Eating difficulty, oral hygiene, caries, and treatment duration could not be
compared in this systematic review. (Angle Orthod. 2013;83:1066–1073.)
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Table 1. Search Strategies for Each Databasea
Database
PubMed

Embase

Web of Science

CENTRAL

ProQuest Dissertations & Theses
SIGLE
ClinicalTrial.gov

(orthodontics [mesh] OR orthodontic*) AND (labial OR labio OR ‘‘labial orthodontics’’ OR ‘‘labial appliance’’
OR ‘‘labial bracket’’ OR buccal OR bucco OR ‘‘buccal orthodontics’’ OR ‘‘buccal appliance’’ OR ‘‘buccal
bracket’’) AND (lingual OR linguo OR ‘‘lingual orthodontics’’ OR ‘‘lingual appliance’’ OR ‘‘lingual bracket’’)
orthodontic* AND (labial OR labio OR ‘‘labial orthodontics’’ OR ‘‘labial appliance’’ OR ‘‘labial bracket’’ OR ‘buccal’/
exp OR buccal OR bucco OR ‘‘buccal orthodontics’’ OR ‘‘buccal appliance’’ OR ‘‘buccal bracket’’) AND (‘lingual’/
exp OR lingual OR linguo OR ‘‘lingual orthodontics’’ OR ‘‘lingual appliance’’ OR ‘‘lingual bracket’’)
orthodontic* AND (labial OR labio OR ‘‘labial orthodontics’’ OR ‘‘labial appliance’’ OR ‘‘labial bracket’’ OR
buccal OR bucco OR ‘‘buccal orthodontics’’ OR ‘‘buccal appliance’’ OR ‘‘buccal bracket’’) AND (lingual OR
linguo OR ‘‘lingual orthodontics’’ OR ‘‘lingual appliance’’ OR ‘‘lingual bracket’’)
orthodontic* AND (labial OR labio OR ‘‘labial orthodontics’’ OR ‘‘labial appliance’’ OR ‘‘labial bracket’’ OR
buccal OR bucco OR ‘‘buccal orthodontics’’ OR ‘‘buccal appliance’’ OR ‘‘buccal bracket’’) AND (lingual OR
linguo OR ‘‘lingual orthodontics’’ OR ‘‘lingual appliance’’ OR ‘‘lingual bracket’’)
diskw(orthodontic) AND [diskw(labial) OR diskw(buccal)] and diskw(lingual)
orthodontic AND (labial OR buccal) AND lingual
orthodontic AND (labial OR buccal) AND lingual

Limits: publication date between January 1980 and December 2012.

over conventional labial orthodontic appliances.5 Moreover, it has been claimed that lingual appliances bear a
lower risk of caries.6 Nevertheless, strong concerns
regarding tongue soreness and difficulty in speech have
arisen regarding lingual orthodontic appliances.7–10
Specifically, it was recently reported by Khattab et al.11
that more significant speech deteriorations were associated with lingual orthodontic treatment than labial
appliances. However, to date, the reliability of this
evidence has not been critically assessed. Therefore, a
systematic review that critically evaluates the reliability
of evidence is necessary for relevant dental practitioners. We conducted a systematic review to compare
adverse effects between lingual and labial orthodontic
treatment among orthodontic patients.

Both randomized controlled trials (RCTs) and controlled clinical trials (CCTs) were eligible.
Search Methods
We searched the databases PubMed, Embase, Web
of Science, CENTRAL, ProQuest Dissertations &
Theses, and ClinicalTrial.gov. Moreover, SIGLE was
searched for grey literature. Hand searching was not
performed. The specific search strategies are shown
in Table 1. The electronic search included all articles
published between January 1980 and December 2012,
with no language restrictions. Two review authors
conducted the electronic searches independently, and
any disagreements were solved by discussion or
judged by a third reviewer.

MATERIALS AND METHODS
Registration of Systematic Review
The protocol for this systematic review was registered
in the International Prospective Register of Systematic
Reviews (PROSPERO) (http://www.crd.york.ac.uk/
prospero/) (registration number CRD42012002455).
Inclusion Criteria
Participants had to be healthy adults or children who
had a certain type of dental malocclusion and required
orthodontic treatment. Participants with orofacial
anomalies (eg, cleft lip and palate), dental pathologies
(eg, cyst), and/or medical conditions (eg, osteoporosis)
had to be excluded. Included studies must have
examined lingual and labial orthodontic treatment; only
those studies that compared the two interventions
were included. Primary outcomes included pain and
caries; secondary outcomes were eating difficulty,
speech difficulty, oral hygiene, and treatment duration.

Data Extraction and Analysis
Resultdata regarding study design, participant information, intervention type, follow-up periods, and outcomes were extracted and recorded independently and
in duplicate by two review authors. Any disagreement
was solved by discussion or judged by a third author.
Moreover, the risk of bias for all the included studies
were assessed independently and in duplicate by two
review authors according to the Cochrane Collaboration tool for assessing risk of bias.12 Specifically, the
main items included: (1) adequate sequence generation; (2) allocation concealment; (3) blinding; (4)
management of incomplete outcome data; (5) absence
of selective reporting; and (6) absence of other
sources of bias. Studies with four or more items, with
high risk of bias were excluded from analyses.
All the meta-analyses were performed in Comprehensive Meta-Analysis (version 2.2.064, Biostat, Englewood, NJ). For dichotomous data, odds ratios (ORs)
Angle Orthodontist, Vol 83, No 6, 2013
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Table 2. General Information Provided in the Included Studies
Participantsa
Study

Study
Design No.

Allocationa

Bracket System

M/F

Age, y

LI

LA

Caniklioglu and Ozturk
(2005)8
Van der Veen et al.
(2010)6
Wu et al. (2010)9

CCT

60

21/39

17.9

30

30

-

-

RCT

28

N/A

-

-

14

14

CCT

60

22/38

20.98

30

30

-

-

Wu et al. (2011)10

CCT

60

22/38

20.98

30

30

-

-

3 mo

Shalish et al. (2012)19
Khattab et al. (2012)11

CCT
RCT

47
34

18/29
13/21

18–60
21.3 6
3.1

19
17

28
17

-

-

14 d
3 mo

18

Group 1 Group 2

Follow-up

LI

LA

3 mo

7th Generation,
Ormco
18.1 6 5.5 mo Incognito, Top
Service
3 mo
Incognito

Roth
Orthos, Ormco

Mini-Diamond,
Ormco
Incognito
Mini-Diamond,
Ormco
Incognito
Ormco
Stealth, American Roth, Ormco,
Orthodontics,
Orange, CA,
Sheboygan, WI
USA.

M indicates male; F, female; N/A, not available; LI, lingual orthodontic treatment; LA, labial orthodontic treatment; group 1, LI in upper arch
and LA in lower arch; and group 2, LA in upper arch and LI in lower arch.

(with 95% confidence intervals [CIs]) were used for
statistical pooling; for continuous data, standardized
mean differences were first converted to ORs through
the formula of Chinn.13,14 With this method, dichotomous
and continuous data could be pooled together by means
of ORs in this systematic review. Heterogeneity across
studies was assessed through the I2 statistic, and an I2
statistic greater than 50% was considered a sign of
substantial heterogeneity. If substantial heterogeneity
existed, a meta-regression or subgroup analysis would
be employed to explore the potential heterogeneity.
The tests of Egger et al.15 and Begg and Mazumdar,16
along with the ‘‘trim and fill’’ method,17,18 were used to
evaluate publication bias. Furthermore, sensitivity
analysis was performed to evaluate the robustness of
the pooled results from the meta-analysis. Cumulative
meta-analysis was performed to determine the chronological changes in the pooled results from the year of
first publication to the most recent publication.
RESULTS

almost perfect (kappa 5 0.922). Initially, we identified
718 articles from the database and excluded 708
as irrelevant. The remaining 10 articles were further
assessed for eligibility, and six studies (two RCTs and
four CCTs) were finally included in this review.6,8–11,19
The sample size ranged from 28 to 60 and the
treatment durations ranged from 14 days to 18 months.
One study6 included adolescents, while the other five
included adults. Four articles6,8,9,11 were of medium
quality and two10,19 were of low quality. The procedures
of electronic searching are shown in Figure 1. The
details of each study and the risks of bias are
presented in Tables 2 and 3, respectively. All six
included studies were prospective in nature.
Description of Outcomes
Of the six outcomes proposed for investigation, five
(pain, eating difficulty, speech difficulty, oral hygiene, and
caries) were evaluated, while one (treatment duration)
was not evaluated in any of the included studies.

Description of Studies

Description of Interventions

The agreement between the two independent
reviewer authors with regard to article screening was

Brackets and archwires were located on the lingual
surfaces of the teeth for lingual orthodontic treatment

Table 3. Risk of Bias of the Included Studiesa
Study
8

Caniklioglu and Ozturk (2005)
Van der Veen et al. (2010)6
Wu et al. (2010)9
Wu et al. (2011)10
Shalish et al. (2012)19
Khattab et al. (2012)11

Item 1

Item 2

Item 3

Item 4

Item 5

Item 6

Scoreb

Quality

Unclear
Low
High
High
High
Low

Unclear
Unclear
High
High
High
Low

High
High
High
High
High
High

Low
High
Low
Unclear
Unclear
Low

Low
High
Low
Low
Low
Low

Unclear
Low
Unclear
Unclear
Unclear
High

7
5
5
4
4
8

Medium
Medium
Medium
Low
Low
Medium

a
Item definitions: Item 1 indicates adequate sequence generation; item 2, allocation concealment; item 3, blinding; item 4, management/
discussion of incomplete outcome data; item 5, absence of selective reporting; and item 6, absence of other apparent bias.
b
Scoring rules: Low indicates a score of 2; Unclear, a score of 1; and High, a score of 0. Quality was categorized as low (score 1–4), medium
(score 5–8), or high (score 9–12).
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and were located on the labial surfaces for labial
orthodontic treatment.
Study Outcomes
Pain. Four studies8,9,11,19 investigated this outcome.
Caniklioglu and Ozturk8 and Wu et al.9 specified the
location of pain, ie, cheek, lip, and tongue, while
Shalish et al.19 and Khattab et al.11 did not. In addition,
Canikioglu and Ozturk,8 Wu et al.,10 and Khattab et al.11
evaluated eating difficulty at 3 months, while Shalish et
al.19 evaluated this factor after only 2 weeks. However,
all four studies were included in the initial metaanalysis, and we then performed a sensitivity analysis
that excluded Shalish et al.19 With respect to overall
pain, the meta-analysis revealed that the pooled OR
for overall pain was 1.20 (95% CI 5 0.30–4.87)
(lingual, n 5 96; labial, n 5 105) (Figure 2). As shown
in Table 4, the sensitivity analysis that excluded
Shalish et al.19 and the low-quality studies resulted in
no significant changes in the pooled results, indicating
the robustness of the original estimate of the metaanalysis. Moreover, two studies8,9 specified pain levels
in specific locations, ie, tongue, cheek, and lip. As
shown in Figure 2, the meta-analysis showed that the
pooled ORs (lingual, n 5 60, versus labial, n 5 60)
were 32.24 (95% CI 5 14.13–73.55), 0.08 (95% CI 5
0.04–0.18), and 0.11 (95% CI 5 0.03–0.42) for pain in
the tongue, cheek, and lip, respectively.
Eating difficulty. Four studies8,10,11,19 investigated this
outcome. Canikioglu and Ozturk,8 Wu et al.,10 and
Khattab et al.11 evaluated eating difficulty at 3 months,
while Shalish et al.19 evaluated this factor at 2 weeks.

Sensitivity Analysis
The results of sensitivity analyses are shown in
Table 4. Because Shalish et al.19 evaluated outcomes
at 2 weeks, while the other studies evaluated
outcomes at 3 months, we excluded Shalish et al.19
from the meta-analysis to perform a sensitivity analysis
and found no significant change. Khattab et al.11
treated only upper arches, but all other studies
included both arches in orthodontic treatment. Thus,
a sensitivity analysis that excluded Khattab et al.11 was
performed and resulted in no significant changes.
Exclusion of low-quality studies revealed no significant
Angle Orthodontist, Vol 83, No 6, 2013

Downloaded from http://meridian.allenpress.com/doi/pdf/10.2319/010113-2.1 by guest on 28 November 2022

Figure 1. PRISMA flow diagram for studies retrieved through the
search and selection processes. Gorman and Smith (1991)3 and
Soldanova et al. (2012)20 were excluded for nonextractable data, Wu
et al. (2008)21 was excluded because its results were similar to those
of Wu et al. (2010),9 and Cooper-Kazaz et al. (2012)22 was excluded
because pain data had already been published in Shalish et al.
(2012).19

All four studies were included in the original metaanalysis, and then we performed a sensitivity analysis
by excluding Shalish et al.19 The pooled OR (lingual,
n 5 96, versus labial, n 5 105) for eating difficulty was
3.59 (95% CI 5 1.85–6.99) (Figure 3). As displayed in
Table 4, the sensitivity analysis that excluded Shalish
et al.19 revealed no significant changes. However, the
sensitivity analysis that excluded low-quality studies
did result in significant changes.
Speech difficulty. Three studies8,10,11 examined this
outcome. The pooled OR for speech difficulty (lingual,
n 5 77, versus labial, n 5 77) was 8.61 (95% CI 5
3.55–20.89) (Figure 4). The sensitivity analysis did not
reveal any significant change (Table 4).
Oral hygiene. Only one study investigated this
outcome. Caniklioglu and Ozturk8 revealed that the
frequencies of oral hygiene problems within the first
3 months of treatment were similar between the two
modalities (risk ratio, lingual versus labial: 1.40 [95%
CI 5 0.91–2.15]). Specifically, this study showed that
food impaction was significantly more prevalent in
lingual orthodontics (risk ratio 1.25 [95% CI 5 1.03–
1.50]), whereas the prevalence of bleeding gums and
bad taste were similar between the two modalities (risk
ratios: 0.73 [95% CI 5 0.34–1.55] and 0.71 [95% CI 5
0.26–2.00], respectively).
Caries. Only one study6 investigated this outcome. It
revealed that the incidences of new white spot lesions
were significantly lower in lingual orthodontics than in
labial orthodontics (21 lesions/28 patients vs 4 lesions/
28 patients; P 5 .004). Moreover, this study employed
quantitative light-induced fluorescence for quantification and revealed that caries extent changed from
0.9%?mm 2 6 109.78%?mm 2 to 5.7%?mm 2 6
2.82%?mm2 for lingual orthodontics but changed from
8.2%?mm 2 6 27.54%?mm 2 to 58.4%?mm 2 6
122.95%?mm2 for labial orthodontics. The paired t-test
revealed that the differences between lingual and labial
orthodontics were statistically significant (P 5 .03).
Treatment duration. Unfortunately, none of the
included studies evaluated this outcome.
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changes, except for eating difficulty. Furthermore,
changes in effect models (fixed-effect or random effect
model) failed to reveal any significant change.
Meta-regression or Subgroup Analysis
Substantial heterogeneity was detected only for
overall pain (I2 5 65%) and pain in lip (I2 5 64%)
(Figure 2). Meta-regression was employed to explore
potential heterogeneity. Although the different bracket
systems used in the included studies may increase
clinical heterogeneity, which would influence treatment

effects significantly (eg, torque), this factor may not
influence the outcomes of the present analysis. Thus,
we did not perform a meta-regression on it. However,
because of the limited number of studies that
investigated lip pain (n 5 2), meta-regression was
performed only for overall pain. The meta-regression
revealed that follow-up durations and quality of studies
were significantly associated with the pooled ORs
(both P 5 .01). Because the follow-up periods were
2 weeks in Shalish et al.19 and 3 months in other three
studies that investigated overall pain, and because

Table 4. Results of Sensitivity Analysis (ORs and 95% CIs)

Item
Overall pain
Pain in tongue
Pain in cheek
Pain in lip
Eating difficulty
Speech difficulty

Exclusion of Shalish
et al. (2012)19
Original Estimatesa
1.20
32.24
0.08
0.11
3.59
8.61

(0.30, 4.87)
0.66 (0.28, 1.55)
(14.13, 73.55)
(0.04, 0.18)
(0.03, 0.42)
(1.85, 6.99)
2.63 (1.15, 6.01)
(3.55, 20.89)
-

Exclusion of
Khattab et al.
(2012)11

Changes in Effect Models
Exclusion of LowQuality Studiesb

Fixed

Random

1.75 (0.43, 7.18)
0.66 (0.28, 1.55)
1.30 (0.67, 2.54)
1.20 (0.30, 4.87)
32.24 (14.13, 73.55) 32.24 (14.13, 73.55)
0.08 (0.04, 0.18)
0.08 (0.04, 0.18)
0.11 (0.05, 0.23)
0.11 (0.03, 0.42)
3.59 (1.85, 6.99)
3.38 (1.71, 6.69)
5.21 (0.83, 32.75)c 3.59 (1.85, 6.99)
8.14 (3.21, 20.60) 23.87 (3.00, 190.16) 8.61 (3.55, 20.89) 8.61 (3.55, 20.89)

a
For original estimates, a fixed-effect model was adopted for pain in tongue, pain in cheek, eating difficulty, and speech difficulty; a randomeffect model was adopted for general pain and pain in lip.
b
Low-quality studies were Wu et al.10 and Shalish et al.19
c
Significant change from the original estimate.
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Figure 2. Forest plot of pooled ORs regarding overall pain, pain in tongue, pain in cheek, and pain in lip for lingual versus labial
orthodontic treatment.
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Figure 3. Forest plot of pooled OR regarding eating difficulty for lingual versus labial orthodontic treatment.

Cumulative Meta-analysis
As displayed in Figure 5, overall pain was found to
be similar between lingual and labial orthodontic
treatment in studies published since 2005. Eating
difficulty was revealed to be significantly different
between these groups in studies published since
2012, and speech difficulty was found to be significantly different between the groups in studies published since 2005.
Assessment of Publication Bias
Because of the limited number of studies that
analyzed pain in the tongue, cheek, and lip, assessment of publication bias was possible only for overall
pain, eating difficulty, and speech difficulty. As shown
in Table 5, none of the three tests detected any
evidence of publication bias.

DISCUSSION
In this systematic review, the six included studies
evaluated five outcomes (pain, eating difficulty, speech
difficulty, oral hygiene, and caries) in lingual and labial
orthodontic treatment. Four studies were included in
the meta-analysis of three outcomes (pain, eating
difficulty, and speech difficulty). Sensitivity analysis
showed consistent results in the meta-analysis, except
for eating difficulty. Moreover, no evidence of publication bias was noted. Therefore, in general, the pooled
results in the meta-analysis were robust.
The pooled OR for overall pain was 1.20 (95% CI 5
0.30–4.87), indicating that the likelihood of overall pain
was similar between lingual and labial orthodontic
treatment. Although substantial heterogeneity existed
for overall pain (I2 5 65%) and the meta-regression
revealed that different follow-up durations and quality
of studies could explain the heterogeneity (P 5 .01;
I2 5 5% after excluding Shalish et al.19 because of the
short follow-up period and low quality), the sensitivity
analysis that excluded Shalish et al.19 failed to reveal
significant changes. Therefore, we decided not to
exclude Shalish et al.19 in the meta-analysis for this
factor. The meta-analysis showed that the pooled
OR for pain in the tongue was 32.24 (95% CI 5
14.13–73.55), indicating that patients receiving lingual
orthodontic treatment would be more likely to suffer
from pain in tongue than those receiving labial
orthodontic treatment.

Figure 4. Forest plot of pooled OR regarding speech difficulty for lingual versus labial orthodontic treatment.
Angle Orthodontist, Vol 83, No 6, 2013

Downloaded from http://meridian.allenpress.com/doi/pdf/10.2319/010113-2.1 by guest on 28 November 2022

Shalish et al.19 was of low quality while the other three
were of medium quality, we excluded Shalish et al.19
from the meta-analysis and found no significant
heterogeneity (I2 5 5%). Thus, we suggest that the
risk of bias did not influence the validity of the pooled
results. However, as mentioned earlier, since the
sensitivity analysis that excluded Shalish et al.19
resulted in no significant changes in the pooled results,
we decided not to exclude Shalish et al.19 from the
meta-analysis.
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Figure 5. Cumulative meta-analysis of overall pain, eating difficulty, and speech difficulty.

suggest that speech difficulty would be more likely to
occur during lingual orthodontic treatment.
In this systematic review, oral hygiene was evaluated in only one study (Caniklioglu and Ozturk8). This
study revealed that the prevalence of oral hygiene
problems was similar within the first 3 months between
the two modalities (risk ratio [lingual versus labial] 5
1.40 [95% CI 5 0.91–2.15]). Although this study
differentiated oral hygiene into food impaction, bleeding gums, and bad taste, it did not take the baseline
data into consideration. Thus, we cannot compare oral
hygiene between the two modalities in this systematic
review.
In this systematic review, only one study6 compared
caries between two modalities. This study counted the
number of new white spot lesions through quantitative
light-induced fluorescence. However, this finding considered the number but not the extent of new white
spot lesions. Moreover, the statistical analysis was
incorrect, since the paired t-test was used for data that
obviously did not have a normal distribution (eg,
0.9%?mm2 6 109.78%?mm2). Therefore, we could not
compare caries between the two modalities in this
systematic review.
The limitations of this systematic review include a
lack of high-quality studies, small sample sizes, a
limited follow-up period, flaws in statistical analysis in
some of the included studies, and insufficient evidence
for eating difficulty, oral hygiene, caries, and treatment
duration. Specifically, it was reported that these adverse
effects decreased gradually with time until removal of

Table 5. Assessment of Publication Bias
Trim and Fill Methoda

Item

Test of Egger et al.15
(P Value)

Test of Begg and
Mazumdar16 (P Value)

Original

Adjusted

Filled Studies

Overall pain
Eating difficulty
Speech difficulty

0.86
0.52
0.25

0.73
0.73
1.00

1.20 (0.30, 4.87)
3.59 (1.85, 6.99)
8.61 (3.54, 20.89)

1.20 (0.30, 4.87)
3.38 (1.76, 6.48)
6.85 (3.03, 15.49)

0
1
2

a
The ‘‘trim and fill’’ method utilizes an imputation of missing studies and fill these imputed missing studies into the funnel plot to make it
symmetric. It adjusts the combined results by including these imputed studies. Thus, publication bias would be indicated if an adjusted estimate
differed significantly from its original estimate and vice versa. In this present systematic review, since all of the adjusted estimates were similar to
their original ones, the trim and fill method indicated no significant publication bias.
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Moreover, the pooled ORs were 0.08 (95% CI 5
0.04–0.18) and 0.11 (95% CI 5 0.03–0.42) for pain in
the cheek and lip, respectively, indicating that patients
would be less likely to suffer from pain in the cheek and
lip when receiving lingual orthodontic treatment. For
the meta-analysis of pain in the lip, substantial
heterogeneity was detected (I2 5 64%). Ironically, no
heterogeneity was detected in the meta-analyses of
pain in the tongue (I2 5 0%) and pain in cheek (I2 5
0%), which included the same two studies (Caniklioglu
and Ozturk8 and Wu et al.9). Therefore, we suggest
that the heterogeneity between the two studies was
random. However, because both individual studies
revealed consistently similar results, which were also
in line with the pooled results, we suggest that the
pooled OR for pain in the lip is still reliable, regardless
of the detected heterogeneity.
The pooled OR for eating difficulty was 3.59 (95% CI
5 1.85–6.99), indicating that patients undergoing
lingual orthodontic treatment would be more likely to
suffer from eating difficulty. Although no publication
bias was noted, the sensitivity analysis that excluded
low-quality studies resulted in a significant change
(5.21, 95% CI 5 0.83–32.75), which prevented us from
drawing a conclusion regarding differences in eating
difficulty between the two modalities. Thus, we could
not compare eating difficulty in this systematic review.
The pooled OR for speech difficulty was 8.61 (95%
CI 5 3.55–20.89), which was robust, as evidenced by
the absence of significant changes in sensitivity
analyses and absence of publication bias. Thus, we

ADVERSE EFFECTS: LINGUAL VS LABIAL ORTHODONTICS

the brackets.7 Since the majority of the included studies
followed patients for 3 months, the results of this
systematic review should be interpreted with caution—
specifically as short-term effects. Therefore, more highquality studies, preferably RCTs, with larger sample
sizes and longer follow-up periods are required.
CONCLUSION
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N The likelihood of short-term overall pain was similar
for labial and lingual orthodontic treatment.
N Patients receiving lingual orthodontic treatment were
more likely to suffer from pain in the tongue but less
likely to suffer from pain in the cheek and lip than
those undergoing labial orthodontic treatment.
N Lingual orthodontic treatment bore a greater likelihood of speech difficulty.
N We could not compare eating difficulty, oral hygiene,
caries, and treatment duration in this systematic
review. Therefore, more high-quality studies, preferably RCTs, with larger sample sizes and longer
follow-up periods are needed.
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