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Abstract: Purpose: This systematic review and meta-analysis assessed whether passive lower lingual arch (LLA) resolves mandibular incisor crowding and affects mandibular arch dimension. Methods: We searched PubMed, Web of Science, and Cochrane Database of Systemic Reviews for
both randomized controlled trials and nonrandomized studies from 1940 to March 2018. Inclusion criteria were healthy children in mixed dentition with mandibular incisor crowding treated with LLA. Our primary outcome was the amount of mandibular incisor crowding resolved after
LLA, and secondary outcomes were effects of LLA mandibular arch dimension changes versus untreated controls (UTCs). Results: From 559
screened articles, seven qualified for systematic review and meta-analyses. The average resolution of mandibular incisor crowding after LLA
was 5.10 mm (P=.001) with the evidence assessed as very low quality. Arch perimeter and arch length changes were not significantly different
between LLA and UTCs (P=0.20 and P=0.87, respectively). There were significant small increases of 0.79 mm in intercanine width (P<.001) and
0.69 mm in intermolar width (P=.003) with a low and a very low quality of evidence, respectively. Conclusions: Lower lingual arch was effective
in resolving mandibular incisor crowding without any significant arch perimeter or arch length changes of greater than one mm. (Pediatr Dent
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In the mixed dentition, mandibular incisor crowding is a
common occurrence that may be resolved using the leeway
space. 1,2 According to Nance, 3 the total mandibular leeway
space is 3.4 mm. However, this value can vary between subjects
and studies.4 The size difference is between the mesial-distal
width of the primary mandibular second molar and the second
premolar and is often referred to as ‘E’ space.5 Preservation of
the available leeway space may provide the space needed to
resolve the mandibular incisor crowding.
A passive lower lingual arch (LLA) has been widely used
in interceptive orthodontics to preserve the leeway space and
maintain the arch length. 6 In the mixed dentition, the LLA
can maintain the ‘E’ space after premature loss of the primary
second molars but also preserve the leeway space in crowded
cases to avoid premolar extractions and resolve mandibular
incisor crowding. 7-13 The effect of LLA on arch dimensions
has also been reported. Increases in intercanine and intermolar width after LLA placement were consistently reported in
different observational cohort studies, ranging from 0.72 mm
to 2.41 mm.7,8,13 Despite the effectiveness of the LLA resolving
mandibular incisor crowding, Brennan et al.13 and De Baets
et al. 8 reported that there was a significant decrease in arch
perimeter, measured from the combined distance from the
mesial contact point of mandibular central incisors to the
mesial contact points of the first permanent molars. The authors
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attributed this decrease in arch perimeter to lingual tipping of
the incisors.
The management of leeway space is more critical in the
mandible than in the maxilla, since there is limited capability for expansion and labial movement of incisors can be unstable.16 Numerous case reports used an LLA as a treatment
strategy to deal with a child’s malocclusion.17-19 However, there
is only one published systematic review reporting on the effect
of LLA on arch dimensions in the developing dentition.20
Further investigation is needed to determine the amount
of mandibular incisor crowding the LLA can resolve and its
effect on three arch dimensions: (1) arch perimeter; (2) arch
length; and (3) arch width. The purposes of this systematic
review and meta-analysis were to evaluate, in healthy children
in the mixed dentition having mandibular incisor crowding:
(1) how many millimeters of mandibular incisor crowding
can be resolved by a lower lingual arch; and (2) the effect of
using an LLA compared to not using one on arch dimensions.

Methods

Search strategy and information sources. To identify all the
studies regarding the effectiveness of LLA in resolving mandibular incisor crowding, PubMed, Web of Science, Cochrane
Database of Systemic Reviews, and the grey literature through
OpenGrey were searched for articles published between January
1940 and March 2018. The concept of leeway space was first
established in the 1940s by Nance, 3 and the utilization of
LLA for space management was later discovered. Therefore,
the year 1940 was set as the starting date for our search. The
following key terms were used in the literature search, as
Medical Subject Headings terms or free text words, joined by
“or” and “and”: “lingual”, “nance”, “arch”, “arches”, and “orthodontics” or “orthodont*” (see Electronic Appendix: Section 1
for search strategy). No restriction on language was placed;
however, all eligible studies were in English. Relevant journals
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and references listed in one systematic review were also
hand-searched. The search was performed by one author and
a librarian at the Health Sciences and Human Services Library,
Baltimore, Md., USA.
After removing the repeated studies, title and abstract and
full-text review was performed by two reviewers to identify
studies for inclusion or exclusion in this systematic review. If
the abstract of a study did not provide enough information,
a full text was accessed for further review. If a study was excluded after full-text review, the reasons for exclusions were
described. If the two screening reviewers could not agree on
selected studies, a third person would be contacted to resolve
any disagreement; however, there were no unresolved issues
requiring a third party.
Eligibility criteria. The population, intervention, comparison, outcomes and study design (PICO-S) method was used
to establish the inclusion and exclusion criteria. The population
was defined as healthy children in mixed dentition with mandibular incisor crowding. The intervention was defined as placement of LLA on permanent mandibular first molars (L6s).
The comparison was to no intervention in the mandible. The
outcomes measures are described later, but an eligible study
must have reported satisfactory statistical data for inclusion.
Since there were only two randomized controlled trials (RCTs)
on LLAs after 1980,9,14 we included nonrandomized studies
(NRSs), such as observational analytic studies (including
prospective/ retrospective cohort studies, case control studies,
and cross-sectional studies), and nonrandomized experimental
clinical trials, in addition to RCTs. Systematic reviews (SRs)
were also included in our search for studies regarding LLA
and mandibular dimensions.
The following exclusion criteria were used to reduce the
impact of confounders or unpredictable contributing factors.
Studies in which the participants had reported skeletal discrepancy or deficiency were excluded. Also, studies were excluded
in which the treatment involved more than passive LLA use,
such as mandibular arch expansion appliances, mandibular
molar distalization appliances, and premolar extractions. Furthermore, studies that involved maxillary appliances, such
as headgear or two-by-four appliances, were not excluded
because prior research had indicated that there was no significant effect of a maxillary appliance on the position of the
mandibular molars.10 To perform a comprehensive review, we
didn’t exclude studies in which different gauges of arch wire,
omega loops, or removable-design of LLA was used if such
appliances were passively used for space maintenance. These
factors were recorded for possible sensitivity analysis.
Outcomes. The primary outcome was the changes in
mandibular incisor crowding in millimeters (mm) after the
placement of LLA. Crowding was described as tooth size/
arch size discrepancy (TSASD)13 or Little’s irregularity index
(LII). 21 The difference between the combined mesial-distal
tooth size of permanent teeth and the available arch space is
termed TSASD. When the combined mesial-distal tooth size
exceeds the available arch space, crowding occurs and TSASD
is identified as a negative value. LII measures the horizontal
linear displacement of anatomic contact points of each mandibular incisor from the adjacent anatomic point and sums
the five displacements. The positive value indicates the degree
of anterior irregularity representing mandibular incisor
crowding. Both methods of crowding were recorded in this
systematic review.
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The secondary outcomes were changes in arch perimeter,
arch length, intercanine width, and intermolar width. Arch
perimeter was defined as the combined distance between the
mesial anatomic contact points of bilateral L6s to the contact
point between the mandibular central incisors (L1s), which
other authors define as arch length 7-9,13-15 or incisor-to-molar
distance. 10 Arch length was defined as the distance from a
point bisecting the mesial anatomic contact points of L6s to
the contact point of the L1s, which other authors defined as
arch depth.9,14 Intercanine width was defined as the distance
between the cusp tips or estimated cusp tips if wear facets
showed on bilateral mandibular canines. Intermolar width was
defined as the distance between a fixed reference point on the
L6s. Different reference points had been reported, such as
the central fossa and the mesial-buccal cusp tips. In our metaanalysis, we focused on the changes of intermolar width over
the treatment/observation period, regardless of the choice of
reference points.
Data extraction. Three authors performed data extraction independently. A standardized form was generated by
two authors, in which 36 fields were included for data extraction (e.g., author name, publication year, PICO-S components).
Not all the studies reported every assessed outcome, so data in
these studies was extracted in as many of the 36 fields as possible. Disagreements were resolved through discussion by the
three authors. For studies that had only examined/reported one
group of participants treated with LLA, the data was extracted
to compare the effect from before LLA and after LLA was in
place for a specified period of time. For the studies with more
than two intervention groups, only the intervention group
comparing an LLA group to an untreated control (UTC) were
considered.
Data synthesis. Meta-analysis was performed using a
random effect model to estimate the effect size, mean difference
(MD), and 95 percent confidence interval (95% CI) for each
outcome measure. For paired data, which were the prepost
studies, the correlation was calculated, if not reported, and the
weighted correlation mean was assumed for studies that did
not report enough information to estimate the correlation
(standard deviations of the baseline, postintervention, and
difference). We attempted to estimate the standard deviation
when it was missing.22 Heterogeneity was evaluated using the
I 2 statistic and the Cochrane test for heterogeneity, with a
P-value less than 0.1 considered to be statistically significant.
The analyses were performed using Comprehensive MetaAnalysis (CMA) 3.0 software (Biostat, Englewook, N.J., USA).
Risk-of-bias (ROB) assessment. The quality of the
included studies was evaluated independently using the revised
Cochrane Collaboration’s risk of bias assessment tool for
RCTs (RoB 2.0) 23 and Risk Of Bias In Non-Randomized
Studies of Interventions (ROBINS-I)24 for NRSs by three of
the authors.
The overall assessment of ROB for RCTs was based on
five key domains using RoB 2.0, including ROB arising from
the randomization process, bias due to deviations from intended interventions, bias in measurement of the outcome,
bias due to missing outcome data, and bias in selection of the
reported result. After evaluating each key domain, we determined the overall ROB assessment for each study, as follows:
“low” ROB if all domains were low ROB; “some concern” if
at least one domain was judged to have some concern; and
“high” ROB if at least one domain had high ROB or multiple
domains were judged to have some concerns in a way that
substantially lowered confidence in the result.
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For NRSs, the overall assessment of ROB was based on
seven key domains using ROBINS-I, including bias due to
confounding, bias in selection of participants into the study,
bias in classification of interventions, bias due to deviations
from intended interventions, bias due to missing data, bias in
measurement of outcomes, and bias in selection of the reported
results. After evaluating each key domain, we determined the
overall ROB for each study as followed: low ROB when all
domains were at low ROB; moderate ROB when all domains
were at either low or moderate ROB; serious ROB when at
least one domain was judged as serious ROB; critical ROB
when at least one domain was at critical ROB; and no information when there was a lack of information in one or more
key domains.
Grading. The quality of evidence of each outcome in the
meta-analysis was evaluated using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE)
system. The following criteria were included for assessment of
the quality of evidence for each outcome across studies: study
design; ROB; consistency; precision; publication bias; and other
considerations. In evaluating study design, experimental studies
provided higher quality evidence when compared to observational studies in general. ROB was determined by using the
ROB tools (RoB 2.0 and ROBINS-I) and GRADE guidance
tool. Consistency was judged based on the heterogeneity (I 2)
of each outcome, and was ranked as: not serious—zero to 30
percent; serious—30 to 75 percent; and very serious—greater
than 75 percent. Precision was judged based on the crossing
of the CI of the pooled outcome to the no-effect line and
the total sample size; it was ranked as “not serious” if total
sample size was larger than 40, “serious” if between 20 and
40, and “very serious” if smaller than 20. Publication bias was
assessed when outcomes had more than 10 articles included
for quantitative analysis. Other considerations, including
large magnitude of effect and plausible confounders, were
also accessed for observational studies. The GRADE system
results in four grades in rating the quality of evidence:
(1) high; (2) moderate; (3) low; and (4) very low (see
Electronic Appendix: Section 2 for GRADE assessment).
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The demographic characteristics of the seven included
studies are summarized in Table 1. This systematic review
included four retrospective cohort studies, 7,8,13,15 one experimental NRS,10 and two RCTs9,14 with a total of 307 participants
treated with LLA and 74 participants served as UTCs. All the
participants were reported to be healthy without any facial
deformity or skeletal discrepancies. One study focused on
Caucasian population,15 while the other studies did not mention ethnicity. The age of the participants at the initial evaluation
ranged from seven to 13 years old. The treatment/observation
period ranged from 10.5 months to four years. One study
did not mention if the operator was a specialist,10 whereas
the remaining trials were conducted either in private orthodontic clinics or orthodontic departments of a university by
orthodontists. The reasons for placing LLA were to resolve
incisor crowding (three studies7,8,13) and to save E space (four
studies9,10,14,15). When primary molar extraction was involved
in the treatment plan, the extraction was performed before
the insertion of LLA in one study 13 and after insertion in
four studies, 8-10,14 and there was no mention of the timing
of extraction in the remaining two studies. 7,15 Five studies
used only LLA,8,9,13-15 whereas the remaining two studies involved maxillary headgear or two-by-four appliances in the
treatment plan. 7,10 The LLAs used in the studies were all
passively inserted with removable design in two studies7,10 and
with fixed design in five studies.8,9,13-15 The LLA was constructed
of 0.9 mm (0.036 inch) stainless steel wire (SSW) in four
studies,9,10,13,15 one of which compared the effects of 0.9 mm
SSW to 1.25 mm (0.050 inch) SSW, 9 0.8 mm (0.032 inch)
SSW in one study,14 and 0.76 mm (0.030 inch) SSW in one
study7; one study didn’t report the gauges of the arch wire.8
Quality assessment. Table 2 presents the individual
domain ROB based on RoB 2.0 for the two RCTs. 9,14 The
randomization sequence generation process in Owais’ study9
was not clearly addressed. Rebellato’s study 14 provided no
information on how subjects were randomized. Both studies

Results

Description of studies. The process of evaluating
articles for inclusion in this study is illustrated in
Figure 1, based on the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)
flowchart. The search strategy yielded a total of 559
nonduplicate reports from all databases. After title
screening, 542 records were excluded with reason.
Of these, there were 483 articles excluded because the
titles revealed irrelevant study scope. Abstracts from 76
were reviewed, and 59 more were excluded due to
wrong study design, leaving 17 articles for full-text
review. After full-text review, 10 additional articles were
excluded due to the following reasons: four studies25-28
included wrong interventions involving mandibular
arch expansion, premolar extractions or other kinds of
space maintainer; one article29 was excluded due to the
wrong population (skeletal class II participants); three
articles had the wrong outcome,30-32 focusing on the side
effects following the placement of the LLA; and two
articles 33,34 had wrong outcomes studying the effect of
LLA on positional changes of permanent teeth. Finally,
seven studies met the inclusion criteria and qualified for
one or more meta-analyses.

Figure 1. Flowchart of study selection process.
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failed to fulfill allocation concealment in the trials; therefore,
both were deemed having some concerns in randomization
process. In the study by Owais et al., there was no reporting on
blinding of the assessors; therefore, some concerns were placed
for measurement of this outcome. No clear information
regarding missing outcome data was given in both RCTs. The
overall ROB assessments for both RCTs was determined as
“some concerns.”
Table 3 presents the ROB assessment based on ROBINS-I
for the five NRSs. 7,8,10,13,15 Regarding confounding, Singer’s
Table 1.

study was ranked as moderate ROB because there was a
baseline age discrepancy between LLA group and UTCs. Regarding the selection of participants into the study, the study
by Dugoni et al. 7 was ranked as serious ROB because the
selection criteria was related to the post-treatment outcome.
In the study by De Baets et al., 8 the treatment groups were
divided based on the patients’ final appearance following the
placement of LLA; however, it was adjustable during quantitative analysis—thus, it was ranked as moderate ROB.

DEMOGRAPHIC CHARACTERISTICS SUMMARY OF THE INCLUDED STUDIES*

Author (year),
country

Study design

LLA group

UTC group

Mean age after
LLA/study duration

Brennan and
Gianelly
(2000)13,
USA

Observational,
retrospective
cohort

n=107
Mean age (years)†: 8.6 (7-11 yrs)
All with fixed LLA
Wire gauge: 0.9 mm

Not reported

Not reported

Dugoni et al.
(1995)7,
USA

Observational,
retrospective
cohort

n=25
Mean age (years)†: 8.2 (7-11 yrs)
All with removable LLA
and maxillary 2x4 appliance
Wire gauge: 0.76 mm

Not reported

Mean age (years)‡: 13.5

De Baets et al.
(1995)8,
Switzerland

Observational,
retrospective
cohort

n=39
Age range (years)†: 7-13 yrs
All with fixed LLA and/
or maxillary interceptive
orthodontics

Not reported

Study duration
(years): 4 yrs

Fichera et al.
(2011)15,
Italy

Observational,
retrospective
cohort

n=42
Mean age (years)†: 9.0 yrs
All with fixed LLA
Wire gauge: 0.9 mm

n=18
Mean age (years)†: 9.2 yrs

Mean age (years)‡:
LLA: 12.0
UTC: 11.8

Owais et al.
(2011)9,
Jordan

Experimental,
RCT

n=44
Mean age (years)†: 10.6 yrs
Wire gauge: 0.9 mm (n=20),
1.25 mm (n=24)

n=23
Mean age (years)†: 10.6 yrs

Mean age (years)‡:
LLA: 1.34
UTC: 2.42

Rebellato et al.
(1997)14,
Israel

Experimental,
RCT

n=14
Mean age (years)†: 11.5 yrs
Wire gauge: 0.8 mm

n=16
Mean age (years)†: 11.3 yrs

Mean age (months)‡:
LLA: 10.5
UTC: 12.5

Singer et al.
(1974)10,
USA

Experimental,
NRS

n=36
Mean age (years)†: 11.3 yrs
All with removable LLA and/
or maxillary headgear
Wire gauge: 0.9 mm

n=17
Mean age (years)†: 10.2 yrs
No LLA, with or
without maxillary headgear

Study duration (years):
LLA: 0.9
UTC: 1.8

* RCT=randomized clinical trial; NRS=nonrandomized study; LLA=lower lingual arch group; UTC=untreated control.

† Age at initial examination.

‡ Age after treatment.

Table 2. RISK OF BIAS (ROB) ASSESSMENT FOR RANDOMIZED CONTROLLED TRIALS BASED ON COCHRANE ROB 2.0
Author, year

12

Risk of bias arising from:

Overall
ROB
assessment

Randomization
process

Deviations
from intended
interventions

Measurement
of the
outcome

Missing
outcome
data

Selection of
the reported
result

Owais et al., (2011)9

Some concerns

Low risk

Some concerns

Some concerns

Low risk

Some concerns

Rebellato et al., (1997)14

Some concerns

Low risk

Low risk

Some concerns

Low risk

Some concerns
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Regarding the measurement of outcomes, the studies by
Brennan and Gianelly 13 and De Baets et al. 8 were ranked as
moderate ROB because no information was given regarding if
the examiners were blinded. The study by Fichera et al.15 was
ranked as serious ROB because the outcome assessor and the
treatment performer were the same person and no further information was given if the assessor was blinded during measuring outcome. Regarding missing data and selection of the
reported results, Singer’s study10 was ranked as moderate ROB,
as there were nine missing data on intercanine width measurements without proper explanation. In addition, they didn’t
report the outcomes on mandibular dimensional changes in
UTCs as well as the standard deviation of the LLA group. Thus,
the overall ROB was ranked as moderate ROB in three
studies8,10,13 and as serious ROB in two studies,7,15 based on
ROBINS-I. Regardless of the results of ROB assessment, all
selected studies were enrolled in one or more meta-analysis
with a GRADE evaluation for each outcome (see Electronic
Appendix: Section 2 for GRADE assessment).
Meta-analysis results on resolution of mandibular incisor
crowding comparing pre- and postplacement of LLA. Three
retrospective cohort studies7,8,13 evaluated the effectiveness of
the LLA in resolving mandibular incisor crowding before and
after placement in patients seven to 13 years of age. The study
by Brennan and Gianelly13 used TSASD for measuring mandibular incisor crowding, while the studies by Dugoni et al.
and De Baets et al. 7,8 used LII for measurement. The study
Table 3.
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by Brennan and Gianelly showed a significant resolution of
5.0±2.1 mm of mandibular incisor crowding after the placement of LLA; however, it could not be used in the metaanalysis35 due to them using a different measurement (TSASD).
The meta-analysis synthesized from the two studies,7,8 using the
same measurement tool (LII), showed a statistically significant
decrease of mandibular incisor crowding after the placement
of LLA, irrespective of the wire gauge and appliance design
(n equals 59; MD equals 5.10 mm; 95% CI equals 2.15 to
8.05; P=.001; Figure 2). The quality of evidence was assessed
as very low, based on them being observational study designs
with no comparator, moderate to serious ROB, and high
heterogeneity (I 2 equals 87.24 percent).
Meta-analysis results on mandibular arch dimensional
changes comparing LLA group to UTCs: arch perimeter.
Two RCTs9,14 and one retrospective cohort study15 investigated
the effect LLA had in maintaining arch perimeter. In the RCT
by Owais et al.,9 there were two experimental groups using
two different SSW thicknesses (0.9 mm and 1.25 mm);
therefore, the groups were computed as two separate arms in
the meta-analysis. The meta-analysis on the changes in arch
perimeter showed that there was no significant difference
between the LLA group (n equals 100) and UTCs (n equals
80) over the treatment period (MD equals 0.97 mm; 95% CI
equals -0.50 to 2.44; P=0.20; Figure 3). The quality of evidence
was assessed as very low due to high heterogeneity (I 2 equals
99.42 percent) and few studies.

RISK OF BIAS (ROB) ASSESSMENT FOR NONRANDOMIZED STUDIES BASED ON RISK OF BIAS IN NONRANDOMIZED STUDIES
OF INTERVENTIONS (ROBINS-I) *

Author, year

Confounding

Selection of
participants
into the
study

Classification
of
interventions

Deviations
from intended
interventions

Missing
data

Measurement
of outcomes

Selection of
the reported
results

Overall
ROB
assessment

Brennan and Gianelly,
(2000)13

Low

Low

Low

Low

Low

Moderate

Low

Moderate

Dugoni et al., (1995)7

Low

Serious

Low

Low

Low

Low

Low

Serious

De Baets et al., (1995)8

Low

Moderate

Low

Low

Low

Moderate

Low

Moderate

Fichera et al., (2011)15

Low

Low

Low

Low

Low

Serious

Low

Serious

Moderate

Low

Low

Low

Moderate

Low

Moderate

Moderate

Singer et al., (1974)
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* ROB ranking based on RoB 2.0 for RCTs=low risk, some concerns, and high risk; ranking of ROB based on ROBINS-I=low, moderate, serious, critical, and no information.

Figure 2. Forest plot for the resolution of mandibular incisor crowding comparing pre- and postplacement of lower lingual arch (before and
after LLA).
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Arch length. Two RCTs9,14 evaluated the effect of LLA in
maintaining arch length. The meta-analysis on the changes
in arch length showed that there was no significant difference between LLA group (n equals 58) and UTCs (n equals
62) over the treatment period (MD equals 0.09 mm; 95%
CI equals -0.93 to 1.10; P=0.87; Figure 3). The quality of

evidence was assessed as low due to high heterogeneity (I 2
equals 82.37 percent).
Intercanine width. One retrospective cohort study15 and
one RCT9 evaluated the changes of intercanine width between
groups. Different gauges of SSW, 0.9 mm and 1.25 mm, were
used and evaluated by Owais et al.,9 and the data from two

Figure 3. Forest plots for the changes of mandibular arch perimeter and arch length for lower lingual arch group and control group
(untreated controls).

Figure 4. Forest plots for the changes of mandibular arch width for LLA group and control group (untreated controls).
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arms were computed into the meta-analysis separately. The
meta-analysis showed that there was a significant increase
in intercanine arch width in LLA group (n equals 86) compared to that in UTCs (n equals 64) over the treatment period
(MD equals 0.79 mm; 95% CI equals 0.44 to 1.14; P<.001;
Figure 4). The quality of evidence was assessed as low due to
diverse study designs and serious ROB.
Intermolar width. One retrospective cohort study15 and
two RCTs9,14 evaluated the changes of intermolar width between groups. The reference points of L6s for this outcome
measure differed, since the central fossa was used in two
studies 9,15 and the mesial-buccal cusp tips were used in the
other.14 Different gauges of SSW, 0.9 mm and 1.25 mm, were
used and evaluated by Owais et al.,9 and the data from the
two arms were computed into the meta-analysis separately.
The meta-analysis showed that there was a significant increase
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in intermolar arch width in the LLA group (n equals 100)
compared to that for UTCs (n equals 80) over the treatment
period (MD equals 0.69 mm; 95% CI equals 0.23 to 1.16;
P=.003; Figure 4). The quality of evidence was assessed as
very low due to diverse study designs and high heterogeneity
(I 2 equals 63.44 percent).
Sensitivity analysis. In the RCT by Owais et al.,9 there
were two experimental groups using two different thicknesses of SSWs (0.9 mm and 1.25 mm). When performing
the meta-analysis, we found that the gauge of the SSW had a
different impact on arch dimension changes, especially on
arch perimeter. Therefore, the experimental groups in Owais’
study 9 were computed separately to assess the effect of different gauges of SSW in the meta-analyses. Intermolar width
was measured by Rebellato et al.14 using the medial buccal
cusp tips of L6s. The other authors 9,15 used the L6s central

Figure 5. Forest plots for the changes of mandibular arch perimeter comparing pre- and postplacement of lower lingual arch (before and after LLA).

Figure 6. Forest plots for the changes of mandibular intercanine width comparing pre- and postplacement of lower lingual arch (before and after LLA).
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fossa. Removing the Rebellato et al.14 data didn’t change the
direction of the meta-analysis (MD equals 0.56 mm; 95%
CI equals -0.07 to 1.19; P=.081). Therefore, the reference point
for this outcome did not affect the meta-analysis results on
mandibular intermolar width changes between LLA group
and UTCs.
Meta-analysis results on mandibular arch dimensional
changes comparing pre- and postplacement of LLA: arch
perimeter. Four retrospective cohort studies, two RCTs, and
one nonrandomized clinical trial were included for pre- and
post-analysis for the changes of arch perimeter following
LLA. The meta-analysis showed that there was a nonsignificant
decrease of 0.16 mm in the arch perimeter after LLA (n equals
307; MD equals -0.16 mm; 95% CI equals -0.47 to 0.15;
P=0.32; Figure 5). The quality of evidence was assessed as very
low due to different study designs included and high heterogeneity (I2 equals 97.67 percent).
Intercanine width. Four retrospective cohort studies,
one RCT, and one nonrandomized clinical trial were included
for pre- and post-analysis for the changes of intercanine width
following LLA. The meta-analysis showed that there was a
significant increase of 1.13 mm in intercanine width after LLA
(n equals 242; MD equals 1.13 mm; 95% CI equals 0.78 to
1.48; P<.001; Figure 6). The quality of evidence was assessed
as very low due to different study designs included and high
heterogeneity (I 2 equals 91.60 percent).
Intermolar width. Three retrospective cohort studies,
two RCTs, and one nonrandomized clinical trial had sufficient
data for pre- and post-analysis for the change of intermolar
width following LLA. The meta-analysis showed that there
was a significant increase in intermolar width after LLA (n
equals 268; MD equals 1.08 mm; 95% CI equals 0.39 to 1.77;
P=.002; Figure 7). The heterogeneity (I 2) was 98.13 percent.
In two studies,7,8 some of the participants received maxillary
headgear or two-by-four appliance concomitant with LLA.
In order to assess the potential interarch effect reported by
Funk,36 we performed a sensitivity analysis that excluded the
two studies.7,8 The resulting meta-analysis showed an attenuated increase in intermolar width for the LLA participants
without maxillary arch treatment (n equals 207; MD equals

0.73 mm; 95% CI equals 0.22 to 1.25; P=.005; Figure 8). The
quality of evidence was assessed as very low due to various
study designs included, and high heterogeneity (I 2 equals
89.65 percent). The meta-analysis of the studies7,8 with maxillary treatment showed a much larger significant increase of
2.08 mm of intermolar width following LLA (n equals 61;
MD equals 2.08 mm; 95% CI equals 2.05 to 2.11; P<.001)
with a low heterogeneity (I 2 equals 0.00 percent; Figure 8).

Discussion

LLA has been widely used in pediatric dentistry and interceptive orthodontics to preserve the leeway space. However,
only a limited number of studies have evaluated the effectiveness of LLA to resolve mandibular incisor crowding and/or
its effect on mandibular arch dimensions. 7,9,13-15,20 There has
been only one SR concerning LLA published in 2010.20 This
paper studied the effects of LLA on mandibular arch dimensions
and restricted the search to RCTs. After their full-text review,
there was a lack of well-established control groups and insufficient data in four RCTs, which resulted in only two RCTs
being qualified for qualitative analysis in the SR. Although
the results showed that LLA was an effective appliance for
maintaining arch length and preserving molar anchorage
during the transition from primary dentition to permanent
dentition, they were not able to provide quantitative results
from the meta-analysis.
Results in context with previous studies and implications for practice. The present systematic review has a metaanalysis and provides quantitative results from seven included
articles, with a total of 307 participants treated with LLA and
74 untreated participants serving as controls. This review was
more complete than the only other systematic review20 since
we included other studies in addition to RCTs. We found
that three retrospective cohort studies 7,8,13 reported the resolution of mandibular incisor crowding based on preand post-placement of LLA. Although one of these studies
used different scales to measure mandibular incisor crowding, the findings were comparable. We found that up to
5.10 mm of mandibular incisor crowding can be resolved
by LLA (P=.001; Figure 2) from the two studies, and the

Figure 7. Forest plots for the changes of mandibular intermolar width comparing pre- and postplacement of lower lingual arch (before and after LLA).
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third pre- and post-placement LLA study13 showed a significant
resolution of 5.0±2.1 mm of mandibular incisor crowding.
This is the first quantitative measure from a systematic review
of how much mandibular incisor crowding can be resolved
using an LLA.
For the first time, using a meta-analysis, we assessed
whether using the LLA compared to UTCs significantly altered
mandibular arch perimeter in three studies9,14,15 or arch length
in two studies.9,14 The meta-analyses showed that there were
no significant differences in arch perimeter and arch length
between these groups for both outcome measures (P=0.20 and
P=0.87, respectively; Figure 3). These statistically nonsignificant
changes in mandibular arch perimeter agreed with the data
from the seven studies evaluating arch changes from pre- and
post-placement of LLA (P=0.32; Figure 5). 7-10,13-15 Most of
these seven study’s post treatment data was collected after 12
years of age (Table 1). In a normal developing dentition, mandibular arch length decreases up to 3.0 mm between seven and
13 years old due to the loss of leeway space and the mesial
drifting of permanent first molars. 37,38 On the other hand,
mandibular arch perimeter dimension is mostly established
by the age of eight.9 This is attributed to the eruption of the
permanent anterior teeth, followed by a continuous decrease
(2.4 mm in males and 3.2 mm in females) due to mesial drifting of permanent first molars from the age of eight to 13.39
We then can conjecture a reason that LLA is effective in preserving leeway space, maintaining arch perimeter and reducing
the amount of space loss from these analyses. Figure 3 showed
that LLA-treated patients in the mixed dentition will not
differ from UTCs in the amount of mandibular arch perimeter
and arch length changes seen over time. Thus, over time, the
LLA must prevent most of the mesial drifting of the permanent first molars and maintains the arch perimeter and arch
length that normally decreases.
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Our findings show a statistically significant increase in
intercanine width (Figures 4 and 6), but the arch perimeter
and arch length did not increase significantly (Figures 3 and
5). We theorize the LLA was effective in resolving mandibular
incisor crowding, as the LLA most likely allows the mandibular incisors to align using some of the primary tooth canine
space, which then causes the permanent canines to shift distally
into the leeway space during the mixed dentition. The LLA
prevents the incisors from tipping or collapsing lingually,
as most likely would happen in crowded cases. The distal
drifting of the canines will result in a greater intercanine distance that is not a true arch expansion in the canine area. We
believe this is the first time a meta-analyses shows nonsignificant arch perimeter and arch length changes yet significant
changes in the intercanine width measurements.
The results related to intermolar width are more difficult
to explain. We found that there was a significant increase of
0.69 mm in intermolar width in LLA group compared to
UTCs9,14,15 (Figure 4) and a significant increase of 1.08 mm
in intermolar width from the pre- and postplacement LLA
data,7,9,10,13-15 (Figure 7) but there was a nonsignificant change
in arch perimeter after the placement of LLA (Figures 3 and
5). These findings can possibly be explained by the “interarch effect” theory, as described by Funk.36 Funk found that
utilizing any single arch appliance, like headgear, would cause
an interarch effect on the opposite arch. They theorized that the
mandibular incisors and molars would move distally with the
distal movement of the maxillary molar induced by maxillary
headgear.36 Although Singer10 reported that headgear alone did
not account for all the distal changes in the permanent
mandibular molars, they found that LLA may have enhanced
the distal movement of incisors and molars along with maxillary headgear. 10 In the seven studies that we included for
meta-analysis, only Dugoni et al. 7 and Singer10 had included

Figure 8. Sensitivity analysis: Forest plots for the changes of mandibular intermolar width comparing pre- and postplacement of lower lingual
arch (before and after LLA).
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participants that were also treated with headgear. We performed
a sensitivity analysis and found that there was a significant
increase of 2.08 mm in intermolar width (P<.001) in these two
studies,7,10 whereas there was only an increase of 0.73 mm in
intermolar width (P=.005) from the four studies9,13-15 in which
the participants were only treated with LLA (Figure 8).
Therefore, we theorized that the LLA combined with headgear
may have caused the distal movement of permanent mandibular molars and mandibular incisors; this increased intermolar
width significantly, but the arch perimeter remained unchanged
due to distal movement of the incisors. This intermolar width
expansion was statistically significant but might not be clinically significant in patients who were only treated with LLA,
since only 0.73 mm of intermolar movement was found.
Strengths and weaknesses. The current systematic review
and meta-analysis followed the guidelines in the Cochrane
Handbook for Systematic Reviews of Interventions; additionally, we conducted literature screening, data extraction and
synthesis, and assessment of risk of bias using the PRISMA
checklist. Two different ROB assessment tools (RoB 2.0 and
ROBINS-I) were utilized in this study for RCTs and NRSs.
The evaluation of quality of evidence was done using the
GRADE approach.
Due to lack of RCTs, the previous SR by Viglianisi20 was
not able to perform quantitative analysis on the effects of LLA
on mandibular arch dimension. Thus, the greatest strength
of this study was that we didn’t restrict the study design to
RCTs only. Although meta-analyses that included NRSs
present particular challenges because of inherent biases and
difference in study designs, 40 we were able to quantify the
amount of resolution of mandibular incisor crowding from
retrospective cohort studies.
The greatest weakness of this study was lack of RCTs
with high quality. In addition, due to the various study designs
and high heterogeneity between studies, the quality of evidence
was ranked from low to very low. Restricted to the variance
of study design and the studied patient pools, the forest plots
of the assessed outcome showed high inconsistency and low
precision. For example, in the forest plots on mandibular arch
perimeter and arch length (Figure 3), although each individual
arm showed statistical significance, the high inconsistency/
heterogeneity between studies resulted in nonsignificant
results. Another weakness was that we have limited response
from authors9,10 who were contacted to clarify the data.
Implications for future research. It would be helpful if
authors of future research can follow a consistent way of reporting their data on arch dimensional changes. We had to
recompute some data in one article 9 to get the true changes
in arch width. In addition, the inconsistencies and lack of
standardization on the definitions of arch dimensions made
it difficult to extract the correct data. Some defined arch
length9,14,15 or incisor-to-molar distance 10 and really were referring to arch perimeter. Some studies used the term “arch
depth” in place of “arch length,” which makes data extraction
difficult. 9,14 A standard definition of terms is recommended
for future research. Furthermore, well-constructed RCTs
adopting a standardized approach, such as the CONSORT
checklist, are needed in the future to verify the results from
what we concluded via the meta-analyses of NRSs.
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Conclusions

Based on this study’s results, the following conclusions can
be made:
1. This systematic review showed that there is very
limited low-quality evidence available to support the
effect of lower lingual arch use in resolving mild to
moderate incisor crowding.
2. The average resolution of mandibular incisor crowding after placement of LLA was 5.10 mm, but the
quality of evidence was assessed as very low.
3. Dimensional changes in arch perimeter and arch
length were not significantly different between LLA
and control groups over the experimental/observational
period.
4. There were significant increases in intercanine and
intermolar width in LLA group compared to that in
UTCs, and there were significant increases in intercanine and intermolar width from data in the preand postplacement of LLA.
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Electronic Appendix
Section 1
Search strategy. PubMed searched strategy last search March 2018.
1. (Orthodontics [MeSH Terms])
2. (lingual [All Fields] OR Nance [All Fields])
3. (arch [All Fields] OR arches [All Fields])
#1 AND #2 AND #3
Section 2
Quality of evidence evaluated using the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) system.
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