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Abstract

Purpose Although several prescriptions and techniques

exist for comprehensive fixed appliance treatment, their

treatment effects have not yet been adequately assessed in

an evidence-based manner. The aim of this systematic

review was to assess the therapeutic and adverse effects of

various prescriptions or techniques for orthodontic

appliances from randomized clinical trials on human

patients.

Methods Eight databases were searched up to July 2016

for randomized trials assessing any orthodontic pre-

scriptions or techniques in human patients. After elimi-

nation of duplicate studies, data extraction, and risk of

bias assessment according to the Cochrane guidelines,

random effects meta-analyses with mean differences

(MD) and their 95% confidence intervals (CIs) were

performed.

Results Compared to Roth preadjusted appliances, both

Begg and modified Begg appliances were associated with

statistically significantly worse occlusal outcome assessed

with Peer Assessment Review (PAR) scores (1 trial, MD

3.1 points, 95% CI 1.9–4.3 points and 1 trial, MD 2.4

points, 95% CI 1.2–3.6 points, respectively) with low

quality of evidence, due to bias and imprecision. Compared

to a partially programmed fixed orthodontic appliance, a

fully programmed appliance was associated with a statis-

tically significant, but clinically irrelevant increase in

treatment duration (1 trial, MD 2.4 months, 95% CI

0.6–4.2 months), supported by high quality of evidence.

However, caution is needed in the interpretation of these

results as only a limited number of small trials with

methodological issues were available.

Conclusions Based on existing trials, there is limited evi-

dence to support any robust clinical recommendation

regarding the prescriptions or techniques for fixed

orthodontic appliances.
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Zusammenfassung

Zielsetzung Zwar gibt es etliche Systeme und Techniken

für eine umfassende Behandlung mit festsitzenden kiefer-

orthopädischen Apparaturen, doch ihre Effekte sind noch

nicht angemessen evidenzbasiert erforscht worden. Ziel

dieses systematischen Reviews war die Untersuchung von

sowohl therapeutisch erwünschten als auch unerwünschten
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für kieferorthopädische Apparaturen mittels randomisierter

klinischer Studien an menschlichen Patienten.

Methoden In 8 Datenbanken wurde nach randomisierten

klinischen Humanstudien zu kieferorthopädischen Syste-

men oder Techniken recherchiert. Nach Eliminierung von

Duplikaten, Datenextraktion und Einsatz des Risk-of-Bias-

Tools der Cochrane Collaboration wurden Metaanalysen

unter Anwendung eines random effect model sowie von

mittleren Differenzen (mean differences, MDs) und deren

95% Konfidenzintervallen (KI) durchgeführt.

Ergebnisse Im Vergleich mit den Roth-Apparaturen

zeigten sowohl die Begg- als auch die modifizierten Begg-

Apparaturen nach PAR(‘‘peer assessement review’’)-

Scores (eine Studie, MD 3,1 Punkte, 95%-KI 1,9-4,3; eine

Studie, MD 2,4 Punkte, 95%-KI 1,2-3,6) ein hinsichtlich

der Okklusion statistisch signifikant ungünstigeres Out-

come, allerdings mit geringer Evidenzqualität bedingt

durch Bias und mangende Präzision. Verglichen mit einer

teilweise programmierten festsitzenden kieferorthopädi-

schen Apparatur war eine vollständig programmierte

Apparatur assoziiert mit einer statistisch signifikanten,

klinisch jedoch weitgehend irrelevanten Verlängerung der

Behandlungsdauer (eine Studie, MD 2,4, 95%-KI 0,6-

4,2 Monate), unterstützt durch eine hohe Evidenz-Qua-

lität. Da nur eine begrenzte Anzahl kleiner, methodisch

nicht unproblematischer Studien zur Verfügung stand,

sind diese Ergebnisse allerdings mit Vorsicht zu

interpretieren.

Schlussfolgerungen Auf der Basis verfügbarer Studien

besteht nur eine sehr limitierte Datenlage, anhand derer

sich klinische Empfehlungen hinsichtlich Systeme bzw.

Techniken für festsitzende kieferorthopädische Apparatu-

ren evidenzbasiert unterstützen ließen.

Schlüsselwörter Kieferorthopädie � Behandlungsdauer �
Unerwünschte Wirkungen � Randomisierte kontrollierte

Studie � Metaanalyse

Introduction

Fixed appliances have become an integral part of com-

prehensive orthodontic treatment, as a versatile tool for

three-dimensional controlled tooth movement. Through

the years, great developments in orthodontic appliances

and their torque/tip prescription have been seen since the

initial appliance designed by E.H. Angle and the intro-

duction of the preadjusted (‘‘straight wire’’) edgewise

appliance by Andrews [4] including the Roth prescrip-

tion [35], the MacLaughlin–Bennet–Trevisi (MBT) [18],

and several other bracket prescriptions or techniques like

the Tweed–Merrifield, Begg lightwire, Tip-Edge, and

bioefficient technique [2, 6, 8, 9, 15, 19, 33, 34, 41, 43].

Among these, the straight wire concept revolutionized

orthodontic treatment with fixed appliances and was

founded on the universality of tooth-type shapes and

positions, when an exemplary occlusion is present. This

enables the incorporation of information about the ideal

position of each tooth in the three planes (‘‘prescrip-

tion’’) into the brackets that, when rightly prescribed and

placed on the tooth surface, enable the correction of

malpositioned teeth and dental arches without any bends

inserted in the wire.

Over the years, several studies have attempted to assess

the treatment effects of existing prescriptions or tech-

niques for fixed orthodontic appliances in terms of

occlusal outcome, control of tooth movement, treatment

duration, pain, and discomfort [13, 14, 20, 21, 42].

However, to date, the therapeutic and adverse effects of

prescriptions or techniques used in comprehensive fixed

appliance treatment have not been systematically

appraised, according to standard procedures of evidence-

based orthodontics [29].

The aim of the present systematic review is to critically

assess the available evidence from randomized clinical

trials on humans investigating any prescription or tech-

nique used for fixed orthodontic appliances and, if possible,

to pool evidence from existing trials together in a meta-

analysis.

Materials and methods

Protocol and registration

The protocol for this systematic review was made a priori

based on the PRISMA-P statement [37], registered in

PROSPERO (CRD42016042727), and all post hoc changes

were appropriately noted. This systematic review is con-

ducted and reported according to the Cochrane Handbook

[12] and PRISMA statement [16], respectively.

Eligibility criteria

According to the Participants–Intervention–Comparison–

Outcome Study design (PICOS) schema, we included

parallel randomized and quasi-randomized prospective

controlled trials on human patients comparing any two

prescriptions or techniques for fixed orthodontic appliances

and assessing therapeutic effects (both effectiveness and

efficacy) or adverse effects (Supplementary Appendix 1).

Excluded were nonclinical studies, retrospective studies,

animal studies, and studies with partial, self-ligating, or

lingual appliances.
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Information sources and literature search

A total of seven electronic databases (MEDLINE through

PubMed, Cochrane Database of Systematic Reviews,

Cochrane Database of Abstracts of Reviews of Effects,

Cochrane Central Register of Controlled Trials, Virtual

Health Library, Web of Knowledge, and Scopus) were

searched systematically by two authors (SM, SNP) without

any limitations for publication year, language, or status

from inception up to 21 July 2016 (Supplementary

Appendix 2). Two additional sources (Google Scholar and

ISRCTN registry) were manually searched for additional

trials or protocols by the same authors. Authors of included

trials were contacted for additional missed or ongoing tri-

als. The reference lists and citation lists of the included

trials and relevant reviews were also manually searched.

Study selection and data extraction

Titles identified from the search were screened by one

author (SM) with a subsequent duplicate independent

checking of their abstracts/full texts against the eligibility

criteria by a second author (SNP), while conflicts were

resolved by a third author (TE). Characteristics of included

trials and quantitative data were extracted in duplicate by

two authors (SM, SNP) using predetermined and piloted

extraction forms. Missing or unclear information was

requested by the trials’ authors.

Risk of bias in individual trials

The risk of bias of the included trials was assessed using

Cochrane’s risk of bias tool [12] after initial calibration. A

main risk of bias assessment was included in the systematic

review pertaining to each trial’s primary outcome.

Data analysis

The mean difference (MD) and the relative risk (RR)

with their corresponding 95% confidence intervals (CI)

were chosen as effect measures for continuous and

binary outcomes, respectively. As the outcome of fixed

appliance treatment is bound to be affected by charac-

teristics of the used brackets, archwires, and auxiliaries

[26–28], a random effects model according to DerSi-

monian and Laird [10] was deemed clinically and sta-

tistically appropriate for meta-analysis [24]. However,

no meta-analyses of two or more studies, assessment of

between trial heterogeneity, and additional analyses

(subgroup or metaregression analyses, and sensitivity

analyses) could be conducted due to the limited number

of included studies, which are presented descriptively.

All analyses were run using Stata SE 10.0 (StataCorp,

College Station, TX, USA) by one author (SNP). A two-

tailed P value of 0.05 was considered significant for

hypothesis testing.

Risk of bias across studies

The overall quality of evidence (confidence in effect esti-

mates) for each of the main outcomes was rated using the

GRADE approach [11]. For this assessment, the risk of bias

of each included trial was re-assessed separately at out-

come level.

The minimal clinical important, large, and very large

effects were conventionally defined [22] as half, one, and

two standard deviations, respectively. The standard devia-

tion for an outcome was averaged from control groups of

the existing trials. Conventional cut-offs of 1.5, 2.5, and 4.3

were adopted for the relative risk (RR). Finally, the optimal

information size (i.e., required meta-analysis sample size)

was calculated for each outcome independently for

a = 5% and b = 20%.

Results

Study selection

A total of 580 papers from electronic and 7 papers from

manual searches were identified (Fig. 1; Supplementary

Appendix 2). After removal of duplicates and initial

screening, 54 papers were assessed for eligibility according

to established inclusion criteria and finally 6 papers (5

published and one unpublished) remained for the final

analysis (Fig. 1; Supplementary Appendix 3)

[3, 23, 31, 32, 38, 40]. In one instance, duplicate publica-

tions (one thesis and one journal paper) pertaining to the

same trial were grouped together; thus, a total of 5 trials

was finally included in the systematic review.

Study characteristics

The characteristics of the trials included are shown in

Table 1. All five included studies were parallel randomized

clinical trials conducted in four different countries. They

included a total of 370 patients (with at least 82 male and

103 female patients) with mean ages ranging between 12.3

and 15.3 years. A wide variety of interventions were used

to treat different types of malocclusions depending on the

eligibility criteria and protocols set in each trial. The Roth

prescription was compared to either standard edgewise

(one trial) [32], Begg and modified Begg appliances (one

trial) [38], or to the MBT prescription (one trial) [40]. One

unpublished trial [23] compared a standard edgewise

appliance (Andrews prescription) group to a Tip-Edge

Treatment effects of various prescriptions and techniques for fixed orthodontic appliances 405
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appliance. Finally, one study [3] assigned patients to two

groups, where maxillary distalization was performed with

either three-dimensional bimetric arches (3D-BMDA) or a

modified Begg system (MBIDS).

After the start of the active treatment, patients were

followed for periods ranging from 8 weeks [40] to

6.5 months [3] and the investigated outcomes included

among others treatment duration (3 trials [3, 23, 31]),

chairside time (3 trials [23, 31, 38]), number of

appointments (1 trial [23]), occlusal outcome (3 trials

[23, 31, 38]), space closure (1 trial [31]), radiographic

outcomes of tooth position/inclination (5 trials

[3, 23, 31, 38, 40]), oral health (1 trial [31]), cost

effectiveness (1 trial [23]), root resorption (1 trial [31]),

and patient discomfort (1 trial [31]) (Table 1). The

corresponding authors of included trials were contacted

in several instances to request additional data. However,

apart from one unpublished study [23], where the cor-

responding author provided a draft of the unpublished

paper, no additional data could be retrieved.

Risk of bias within studies

A summary of the risk of bias for all studies is shown in

Fig. 2. The detailed risk of bias assessment for the included

trials can be found in Supplementary Appendix 4. High risk

of bias was found in three trials (60%) for at least one bias

domain. The most problematic domains were the blinding

of outcome assessment (problematic in 60% of the trials),

followed by incomplete outcome data (found in 20% of the

trials).

Results of individual studies and data analysis

The retrieved results for all reported outcomes of all indi-

vidual studies are quantitatively represented in Table 2.

Substantial differences in the implemented interventions,

participants’ characteristics, observational periods, and

investigated outcomes among studies were observed,

making them incompatible. Thus, no meta-analysis was

attempted.

Fig. 1 Flow diagram for the

identification and selection of

studies in this systematic review

Abb. 1 Flussdiagramm zur

Identifizierung und Auswahl der

Studien für dieses systematische

Review
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Tab. 1 Characteristics of the included trials

Tab. 1 Charakteristika der in die Untersuchung aufgenommenen Studien

No. Trial Design Patients

(M/F)

Mean

age

(years)

Intervention Follow-up Outcome Conflict of

interest

1 Altug-Atac

2008

RCTPAR;

University;

Turkey

G1: 21

(9/12)

G2:17

(3/14)

G1: 14.7

G2: 14.4

G1: 3D-

BMDA

G2: MBIDS

G1:

3.4 months

G2:

6.5 months

(Clin/LCeph) Tx duration; Max

molar distalization; Mnd

incisor proclination; Mnd

anchorage loss

Not

declared;

university

funding

2 O’Neil

(unpublished)

RCTPAR;

Hospital;

UK

G1: 38

(NR)

G2: 35

(NR)

NR G1: Standard

edgewise

G2: Tipp-Edge

Tx

completion

(Clin/Model/LCeph) Tx

duration; Chairside time;

Number of attended and missed

appointments; various

cephalometric outcomes;

Occlusal outcome (PAR);

appliance cost; adverse effects

Not

declared;

company

donation

3 Reukers 1997;

1998

Multicenter

RCTPAR;

University;

The

Netherlands

G1/G2:

149

(64/

85)

G1/G2:

12.3

G1: Roth

prescription

G2: Standard

edgewise

G1:

1.8 years

G2:

1.6 years

(Clin/Photo/Model/Rad./Quest.)

Tx duration; chairside time; GI;

PI; occlusal outcome (CPITN,

PAR, ITRI); extraction space

closure; angulation of upper

anterior teeth; root resorption;

patient discomfort

Not

declared;

company

funding

4 Sharma 2009 RCTPAR;

AFDC;

New Delhi

G1–G3:

90

(NR)

Matched G1: Modified

Begg

G2: Begg

G3: Roth

prescription

Tx

completion

(Clin/Rad.) Correction of

bimaxillary dentoalveolar

protrusion; PAR; chairside time

Not

declared;

grant

funding

5 Talapaneni

2012

RCTPAR;

Dental

College/

Hospital;

India

G1: 15

(9/6)

G2: 5

(7/8)

G1: 14.9

G2: 15.3

G1: MBT

prescription;

G2: ROTH

prescription

8 weeks (Rad./Photo.) Inclination of

upper anterior teeth; mesial

movement of Max molar

Not

declared

M male; F female; RCTPAR parallel randomized controlled trial; FPA fully programmed edgewise appliance; PFA partly programmed edgewise

appliance; PAR Peer Assessment Rating; CPITN The Community Periodontal Index of Treatment Needs; GI Gingival Index; PI Plaque Index;

ITRI Ideal Tooth Relationship Index; AFDC Armed Forces Dental Clinic; PEA Preadjusted edgewise appliance; NR not reported; G group; 3D-

BMDA Three-dimensional bimetric maxillary distalization arches; MBIDS modified Begg intraoral distalization system; MBT McLaughlin–

Bennett–Trevisi, Tx treatment; Clin clinical outcome; LCeph lateral cephalometric outcome; Rad. radiographic outcome

Fig. 2 Summary of the risk of bias of the trials included in this systematic review

Abb. 2 Zusammenfassung des Bias-Risikos der in das systematische Review aufgenommenen Studien
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Tab. 2 Results of the included studies for all reported outcomes

Tab. 2 Ergebnisse der eingeschlossenen Studien für alle berichteten Teilaspekte

No. T Comparison Months O Variable MD (95% CI)* P* Clinical relevancea

1 T1 3D-BMDA vs MBIDS 3.4–6.5 O1 SNA (�) -0.15 (-0.69, 0.39) 0.584 –

2 T1 3D-BMDA v MBIDS 3.4–6.5 O1 A-max.VR (mm) -0.88 (-1.58, -0.18) 0.014 Yes

3 T1 3D-BMDA v MBIDS 3.4–6.5 O1 SN-PP (�) 0.32 (-0.32, 0.96) 0.328 –

4 T1 3D-BMDA v MBIDS 3.4–6.5 O1 Co-A (mm) 0.27 (-1.13, 1.67) 0.705 –

5 T1 3D-BMDA v MBIDS 3.4–6.5 O1 N-ANS (mm) -0.20 (-0.77, 0.37) 0.492 –

6 T1 3D-BMDA v MBIDS 3.4–6.5 O1 ANS- HR (mm) -0.14 (-0.70, 0.37) 0.624 –

7 T1 3D-BMDA v MBIDS 3.4–6.5 O1 PNS- HR (mm) -0.31 (-0.81, 0.19) 0.224 –

8 T1 3D-BMDA v MBIDS 3.4–6.5 O1 SNB (�) 0.15 (-0.45, 0.75) 0.621 –

9 T1 3D-BMDA v MBIDS 3.4–6.5 O1 B-mand.VR (mm) -0.31 (-1.76, 1.14) 0.675 –

10 T1 3D-BMDA v MBIDS 3.4–6.5 O1 SN/GoGn (�) -0.80 (-1.51, -0.09) 0.027 No

11 T1 3D-BMDA v MBIDS 3.4–6.5 O1 Co-Gn (mm) -0.31 (-1.70, 1.08) 0.663 –

12 T1 3D-BMDA v MBIDS 3.4–6.5 O1 Co-Go (mm) 0.22 (-1.05, 1.49) 0.735 –

13 T1 3D-BMDA v MBIDS 3.4–6.5 O1 N-Me (mm) -1.72 (-2.61, -0.83) <0.001 Yes

14 T1 3D-BMDA v MBIDS 3.4–6.5 O1 S-Go (mm) -0.62 (-1.49, 0.25) 0.162 –

15 T1 3D-BMDA v MBIDS 3.4–6.5 O1 ANB (�) -0.20 (-0.80, 0.40) 0.512 –

16 T1 3D-BMDA v MBIDS 3.4–6.5 O1 SN-OP (�) -3.56 (-5.48, -1.65) <0.001 Yes

17 T1 3D-BMDA v MBIDS 3.4–6.5 O1 ANS-Me (mm) -1.29 (-2.22, -0.36) 0.007 No

18 T1 3D-BMDA v MBIDS 3.4–6.5 O1 1s-NL (�) 1.33 (-2.25, 4.91) 0.467 –

19 T1 3D-BMDA v MBIDS 3.4–6.5 O1 6s-NL (�) 0.10 (-3.37, 3.57) 0.955 –

20 T1 3D-BMDA v MBIDS 3.4–6.5 O1 7s-NL (�) -2.99 (-6.10, 0.12) 0.060 –

21 T1 3D-BMDA v MBIDS 3.4–6.5 O1 1i-ML (�) -2.39 (-5.55, 0.77) 0.139 –

22 T1 3D-BMDA v MBIDS 3.4–6.5 O1 6i-ML (�) 4.33 (1.19, 7.47) 0.007 No

23 T1 3D-BMDA v MBIDS 3.4–6.5 O1 1s-Svert (mm) -0.39 (-4.68, 3.90) 0.859 –

24 T1 3D-BMDA v MBIDS 3.4–6.5 O1 6s-Svert (mm) -0.28 (-1.76, 1.20) 0.710 –

25 T1 3D-BMDA v MBIDS 3.4–6.5 O1 6s-Svert per month (mm) -0.57 (-0.99, -0.15) 0.008 No

26 T1 3D-BMDA v MBIDS 3.4–6.5 O1 7s-Svert (mm) 0.36 (-2.29, 3.01) 0.790 –

27 T1 3D-BMDA v MBIDS 3.4–6.5 O1 1s-NL (mm) -0.57 (-1.49, 0.35) 0.227 –

28 T1 3D-BMDA v MBIDS 3.4–6.5 O1 6s-NL (mm) 0.53 (0.03, 1.03) 0.039 No

29 T1 3D-BMDA v MBIDS 3.4–6.5 O1 7s-NL (mm) 0.68 (0.15, 1.21) 0.012 No

30 T1 3D-BMDA v MBIDS 3.4–6.5 O1 1i-Svert (mm) -1.58 (-4.59, 1.43) 0.303 –

31 T1 3D-BMDA v MBIDS 3.4–6.5 O1 6i-Svert (mm) 0.76 (-2.06, 3.58) 0.597 –

32 T1 3D-BMDA v MBIDS 3.4–6.5 O1 1s-ML (mm) 1.59 (-1.43, 4.61) 0.303 –

33 T1 3D-BMDA v MBIDS 3.4–6.5 O1 6s-ML (mm) -0.75 (-2.95, 1.45) 0.505 –

34 T1 3D-BMDA v MBIDS 3.4–6.5 O1 Overjet (mm) -0.43 (-1.77, 0.91) 0.529 –

35 T1 3D-BMDA v MBIDS 3.4–6.5 O1 Overbite (mm) 2.63 (1.34, 3.92) <0.001 Yes

36 T1 3D-BMDA v MBIDS 3.4–6.5 O1 Ls–Steiner (mm) -0.33 (-1.21, 0.55) 0.461 –

37 T1 3D-BMDA v MBIDS 3.4–6.5 O1 Li–Steiner (mm) 21.09 (21.86, 20.32) 0.005 No

38 T2 FPA vs PPA Tx end O2 Tx duration (year) 0.20 (0.03, 0.037) 0.022 No

39 T2 FPA vs PPA Tx end O3 Degree of root resorption 0.70 (22.85, 4.25) 0.699 –

40 T2 FPA vs PPA Tx end O3 % prevalence of root resorption [1.36 (0.93, 2.00)] [0.120] –

41 T2 FPA vs PPA 4.0 O4 Oral hygiene aids use 0.10 (20.08, 0.28) 0.281 –

42 T2 FPA vs PPA 10.0 O4 Oral hygiene aids use 0.10 (20.10, 0.30) 0.317 –

43 T2 FPA vs PPA Tx end O4 Oral hygiene aids use 0.00 (20.25, 0.25) 1.000 –

44 T2 FPA vs PPA Tx end O5 % PAR score change 20.40 (24.72, 3.92) 0.856 –

45 T2 FPA vs PPA Tx end O5 Perfect PAR score (maxillary

front)

[1.04 (0.85, 1.27)] [0.690] –

46 T2 FPA vs PPA Tx end O5 Perfect PAR score (mandibular

front)

[0.91 (0.78, 1.07)] [0.270] –
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Tab. 2 continued

No. T Comparison Months O Variable MD (95% CI)* P* Clinical relevancea

47 T2 FPA vs PPA Tx end O5 Perfect PAR score (occlusion) NE NE –

48 T2 FPA vs PPA Tx end O5 Perfect PAR score (overjet) [1.00 (0.86, 1.16)] [1.000] –

49 T2 FPA vs PPA Tx end O5 Perfect PAR score (overbite) [1.03 (0.95, 1.12)] [0.467] –

50 T2 FPA vs PPA Tx end O5 Perfect PAR score (midline) [1.03 (0.96, 1.11)] 0.405] –

51 T2 FPA vs PPA Tx end O5 Ideal Tooth Relationship Index

score (maxilla and mandible)

2.80 (212.18, 17.78) 0.714 –

52 T2 FPA vs PPA Tx end O5 Ideal Tooth Relationship Index

score (maxilla)

9.60 (22.01, 21.21) 0.105 –

53 T2 FPA vs PPA Tx end O5 Ideal Tooth Relationship Index

score (mandible)

211.50 (225.30, 2.30) 0.102 –

54 T2 FPA vs PPA Tx end O6 1s-NL (�) 22.00 (24.59, 0.59) 0.131 –

55 T2 FPA vs PPA Tx end O6 1s-OP (�) 1.00 (21.05, 3.05) 0.339 –

56 T2 FPA vs PPA Tx end O6 1i-OP (�) 21.00 (23.59, 1.59) 0.450 –

57 T2 FPA vs PPA Tx end O6 1i-ML (�) 3.00 (-1.09, 7.09) 0.150 –

58 T2 FPA vs PPA Tx end O6 1s-1i (�) 0.00 (-4.08, 4.08) 1.000 –

59 T3 PEA vs Begg Tx end O1 SNA (�) 0.06 (21.59, 1.71) 0.943 –

60 T3 PEA vs Begg Tx end O1 SNB (�) 20.23 (21.77, 1.31) 0.770 –

61 T3 PEA vs Begg Tx end O1 ANB (�) 0.10 (21.63, 1.83) 0.910 –

62 T3 PEA vs Begg Tx end O1 1i-ML (�) 1.00 (23.20, 5.20) 0.641 –

63 T3 PEA vs Begg Tx end O1 1s-SN (�) 0.00 (25.11, 5.11) 1.000 –

64 T3 PEA vs Begg Tx end O1 SN-OP (�) 0.20 (23.61, 4.01) 0.918 –

65 T3 PEA vs Begg Tx end O1 SN-ML (�) 21.50 (25.22, 2.22) 0.429 –

66 T3 PEA vs Begg Tx end O5 PAR (final) 3.11 (1.90, 4.33) <0.001 No

67 T3 PEA vs Begg Tx end O2 Tx duration (total chairtime in

minutes)

265.03 (292.51, 237.56) <0.001 Yes

68 T3 PEA vs mod Begg Tx end O1 SNA (�) 1.06 (20.51, 2.63) 0.187 –

69 T3 PEA vs mod Begg Tx end O1 SNB (�) 20.23 (21.87, 1.41) 0.783 –

70 T3 PEA vs mod Begg Tx end O1 ANB (�) 0.10 (21.02, 1.22) 0.861 –

71 T3 PEA vs mod Begg Tx end O1 1i-ML (�) 2.00 (21.93, 5.93) 0.318 –

72 T3 PEA vs mod Begg Tx end O1 1s-SN (�) 0.00 (24.90, 4.90) 1.000 –

73 T3 PEA vs mod Begg Tx end O1 SN-OP (�) 0.20 (23.21, 3.61) 0.909 –

74 T3 PEA vs mod Begg Tx end O1 SN-ML (�) 0.50 (23.35, 4.35) 0.799 –

75 T3 PEA vs mod Begg Tx end O5 PAR (final) 2.36 (1.15, 3.58) <0.001 No

76 T3 PEA vs mod Begg Tx end O2 Tx duration (total chairtime in

minutes)

14.57 (212.91, 42.05) 0.299 –

77 T4 MBT vs Roth 2.0 O1 1s-Sperp (mm) 22.67 (23.54, 21.80) <0.001 Yes

78 T4 MBT vs Roth 2.0 O1 1i-Sperp (mm) 22.34 (23.24, 21.44) <0.001 Yes

79 T4 MBT vs Roth 2.0 O1 6s-Sperp (mm) 21.33 (22.72, 0.06) 0.061 –

80 T4 MBT vs Roth 2.0 O1 6i-Sperp (mm) NE NE –

81 T4 MBT vs Roth 2.0 O1 1s-NL (mm) 20.03 (20.43, 0.37) 0.884 –

82 T4 MBT vs Roth 2.0 O1 1i-ML (mm) 20.06 (20.54, 0.42) 0.806 –

83 T4 MBT vs Roth 2.0 O1 3s-SN (�) 2.67 (0.59, 4.75) 0.012 No

T trial, T1 Altug-Atac 2008, T2 Reukers 1997, T3 Sharma 2009, T4 Talapaneni 2012, O Outcome, O1 cephalometric analysis (increment post–

pre), O2 clinical assessment, O3 periapical radiograph, O4 questionnaire, O5 model analysis, O6 cephalometric analysis (final values), MD mean

difference, CI confidence interval, 3D-BMDA three-dimensional bimetric maxillary distalization arches, MBIDS modified Begg intraoral dis-

talization system, NE not estimable, PAR peer assessment rating, Tx treatment, FPA fully preadjusted appliance, PPA partly preadjusted

appliance, PEA preadjusted appliance, MBT MacLaughlin–Bennet–Trevisi

* Values in brackets indicate relative risks with the corresponding 95% confidence intervals for binary outcomes. Bold indicates significant at the

5% level
a Judged based on whether effects larger than at least one SD of the control group
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The statistically significant (P\ 0.05) effects reported

from the included studies can be summarized as follows. The

Roth appliance was associatedwith a lower Peer Assessment

Rating (PAR) score (better occlusal outcome), but also an

increase in total chairside time compared to the Begg

appliance. The Roth appliance was also associated with a

lower PAR score (better occlusal outcome) compared to a

modified Begg appliance. Significant short-term differences

in the inclination of the upper and lower incisors and the

upper canines were also found between Roth and MBT

appliances. When a fully programmed fixed orthodontic

appliance was compared to a partially programmed appli-

ance, a statistically significant, but clinically irrelevant,

increase in treatment duration by 2.4 months was reported.

Finally, several cephalometric differences were found

between the 3D-BMDA and the modified Begg distalization

technique, but these were only minor and short-term.

Risk of bias across studies—GRADE assessment

The outcomes that were selected for assessment in the

GRADE analysis were total treatment duration or chair-

time, occlusal outcome (PAR score), upper incisor incli-

nation, lower incisor inclination, and root resorption.

Roth vs. Begg and modified Begg fixed orthodontic

appliances

Compared to the Roth appliance, use of the Begg appliance

could probably decrease total chairtime, while the time

Tab. 3 Summary of Findings regarding the comparison of Roth versus Begg or modified Begg fixed orthodontic appliances

Tab. 3 Tabellarische Zusammenfassung der Befunde, zum Vergleich der Apparaturen Roth vs. Begg und modifizierte Begg

Outcomes, no. of

participants (studies)

Roth

vs

With Roth With

Begg/mod.

Begg

Difference Quality of the evidence

(GRADE)

What happens

Total chairtime (in

min)

20 patients (1 study)

Begg Mean chairtime of

304.0 min

– 65.0 min less (95% CI

37.6–92.5 less)

���@ moderate due to

risk of bias

Probably

decreases total

chairtime

Total chairtime (in

min)

20 patients (1 study)

mod.

Begg

– 14.6 min more (95% CI

12.9 less to 42.1 more)

���@ moderate due to

risk of bias

Little or no

difference

Occlusal outcome (final

PAR)

20 patients (1 study)

Begg Mean PAR of 6.6

points

– 3.1 points more (95% CI

1.9 to 4.3 more)

��@@ low due to risk

of bias and imprecision

May increase

PAR score

Occlusal outcome (final

PAR)

20 patients (1 study)

mod.

Begg

– 2.4 points more (95% CI

1.2–3.6 more)

��@@ low due to risk

of bias and imprecision

May increase

PAR score

Upper incisor

inclination (1s-SN

change in �)
20 patients (1 study)

Begg Mean inclination

change of

-15.0�

– 0.0� difference (95% CI

5.1 less to 5.1 more)

��@@ low due to risk

of bias and imprecision

Little or no

difference

Upper incisor

inclination (1s-SN

change in �)
20 patients (1 study)

mod.

Begg

– 0.0� difference (95% CI

4.9 less to 4.9 more)

��@@ low due to risk

of bias and imprecision

Little or no

difference

Lower incisor

inclination (1s-SN

change in �)
20 patients (1 study)

Begg Mean inclination

change of -4.0�
– 1.0� more (95% CI 3.2

less to 5.2 more)

��@@ low due to risk

of bias and imprecision

Little or no

difference

Lower incisor

inclination (1s-SN

change in �)
20 patients (1 study)

mod.

Begg

– 2.0� more (95% CI 1.9

less to 5.9 more)

��@@ low due to risk

of bias and imprecision

Little or no

difference

Patient or population: patients in need of comprehensive fixed appliance treatment

Settings: university clinic

Intervention: Begg or modified (mod.) Begg technique

Comparison: Roth technique

CI confidence interval, GRADE Grading of Recommendations Assessment, Development and Evaluation, PAR peer assessment rating
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saving with the use of a modified Begg appliance was

statistically insignificant (moderate quality evidence for

both). Additionally, based on low quality evidence use of

either the Begg or the modified Begg appliance may

slightly deteriorate the final occlusal outcome of treatment.

Finally, no considerable differences in the inclination of

the upper or lower incisors were found between Roth,

Begg, and modified Begg appliances (low quality of evi-

dence). The main reasons for downgrading the quality of

existing evidence were risk of bias due to methodological

inadequacies and imprecision due to the small sample of

the included trial (Table 3).

Fully vs. partially programmed fixed orthodontic

appliances

Based on existing high-quality evidence coming from a

single trial, the use of a fully programmed appliance

slightly increases treatment duration (by about 2.4 months)

compared to a partially programmed appliance, but seems

to have little or no effect on occlusal outcome, incisor

inclination, or the prevalence of root resorption after

treatment (Table 4).

Discussion

Summary of evidence

The present systematic review included five parallel, ran-

domized clinical trials and a total of 370 patients. Inter-

estingly, although most of the prescriptions/techniques in

question have existed for several decades, there is a con-

siderable lack of clinical evidence regarding both the

therapeutic and adverse effects that could enable the for-

mulation of robust clinical recommendations for their use.

This is mainly due to the small number of trials with

limited sample sizes that were identified, which imple-

mented different protocols and assessed diverse outcomes,

making overall data analysis difficult.

Nevertheless, data analysis was considered feasible in

the following two instances: in the comparison of com-

prehensive orthodontic treatment with a Roth versus

treatment with a Begg or modified Begg appliance and in

the comparison of a fully versus a partially programmed

appliance where clinically important outcomes were

reported. Use of a Begg appliance was associated with

reduced chairside time compared to the use of a Roth

Tab. 4 Summary of findings regarding the comparison of a fully versus a partially programmed fixed orthodontic appliance

Tab. 4 Tabellarische Zusammenfassung der Befunde zum Vergleich einer vollständig vs. einer teilweise programmierten festsitzenden

kieferorthopädischen Apparatur

Outcomes, no. of

participants (studies)

Relative

effect (95%

CI)

Anticipated absolute effects (95% CI) Quality of the

Evidence

(GRADE)

What happens

With PPA With FPA Difference

Tx duration (in months)

140 patients (1 study)

– Mean Tx

duration of

19.2 months

– 2.4 months more (95%

CI 0.4–4.4 months

more)

���� high Slightly

increases Tx

duration

Occlusal outcome (%

reduction of initial PAR

score)

134 patients (1 study)

– Mean reduction

of 85.2%

– 0.4% less (95% CI 4.7%

less to 3.9% more)

���� high Little or no

difference

Upper incisor inclination

(final 1s-NL in �)
112 patients (1 study)

– Mean inclination

of 111.0�
– 2.0� less (95% CI 4.6�

less to 0.6� more)

���� high Little or no

difference

Lower incisor inclination

(final 1i-ML in �)
112 patients (1 study)

– Mean inclination

of 99.0�
– 3.0� more (95% CI 1.1�

less to 7.1� more)

���� high Little or no

difference

Prevalence of root

resorption

61 patients (1 study)

RR 1.36

(0.93,

2.00)

55% 74.8%

(51.2–110%)

19.8% more patients

(3.9% fewer to 55.0%

more)

���� high Little or no

difference

Patient or population: patients in need of comprehensive fixed appliance treatment

Settings: university clinic

Intervention: FPA

Comparison: PPA

CI confidence interval, PPA partly programmed appliance, FPA fully programmed appliance, GRADE Grading of Recommendations Assess-

ment, Development and Evaluation, Tx treatment, MD mean difference, PAR peer assessment rating, RR relative risk
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appliance, which might imply more efficient treatment. On

the other hand, the Begg appliance was associated with a

worse occlusal outcome at the end of treatment as indicated

by PAR, when compared to the Roth appliance. Therefore,

no clear recommendations about treatment effectiveness

with Roth or Begg appliances can be made. Additionally,

these findings should be interpreted with caution, due to the

observed moderate to high risk of bias and imprecision.

As for the outcomes obtained with the use of a fully

programmed appliance (straight wire concept) compared to

a partially programmed one (conventional full edgewise

concept) [32], limited high-quality evidence indicates that

no considerable differences exist in occlusal outcome, final

inclination of the upper or lower incisors, or prevalence of

root resorption after treatment. The only statistically sig-

nificant difference was a slight decrease in treatment

duration with the partially programmed appliance

(2.4 months), which is probably irrelevant to the clinician.

Therefore, both appliance types could, theoretically, be

equally effective in treating malocclusions and appliance

choice still remains, mainly, with the personal preference

of the clinician.

Beyond the aforementioned findings, a considerable

number of retrospective studies concerning the clinical

assessment of various prescriptions and techniques for fixed

orthodontic appliances are also available in the literature

[13, 14, 20, 21, 42]. In the study of Kattner and Schneider

[14], no differences in the ideal tooth relationship indexwere

found when study models of patients treated with a Roth

prescription preadjusted edgewise appliance were compared

to those of patients treated with a standard edgewise appli-

ance. In addition, Ugur and Yukay [42] found no differences

in torque values between cases treated with standard edge-

wise and Roth prescription appliances by implementing an

accurate method for the evaluation of faciolingual tooth

inclination, as described by Andrews [4].

Comparisons between various techniques have been also

performed in previous retrospective clinical studies, which

were excluded from the present review due to their high

risk of bias. Jain et al. [13] retrospectively assessed the

occlusal outcome with the Objective Grading System

(OGS) of the American Board of Orthodontists (ABO)

after treatment with a Roth or an MBT appliance. They

reported that the use of the MBT appliance was associated

with a significantly better occlusal outcome than the Roth

appliance (MD -2.7 OGS points; 95% CI -1.0 to -4.3

OGS points; P\ 0.05). However, if we look at the baseline

malocclusion severity of the two groups, we can see that

the MBT group included patients with significantly

‘‘easier’’ malocclusions than the Roth group, as assessed

with the ABO Discrepancy Index (DI; MD -3.8 points;

95% CI -0.4 to -7.2 points; P\ 0.05). This can be better

illustrated if we divide the mean OGS score with the mean

DI score in each group, which would result in 1.49 and 1.74

for the Roth and MBT appliance, respectively. This means

that given similar conditions, the Roth appliance is more

efficient than the MBT appliance (both the OGS and the DI

are scored negatively, meaning that less is better). Bias by

confounding, as can be seen in this example, is just one of

the several inherent limitations of retrospective study

designs [30], which make them potentially inappropriate to

base clinical recommendations upon. Additionally, Moesi

et al. [21] found that bracket prescription had no effect on

the subjective aesthetic outcome after treatment with either

a Roth or MBT appliances. Furthermore, Mittal et al. [20]

reported several tooth alignment outcomes after treatment

with Roth or MBT appliances.

As far as straight wire versus standard edgewise appliances

are concerned, Soltani et al. [39] reported that treatment with

an MBT straight wire or a standard edgewise appliance

resulted in similar occlusal outcomes (mean OGS of 20.0 and

20.4, respectively), but treatment with the MBT straight wire

appliancewas slightly shorter thanwith the standard edgewise

appliance (24.0 and26.0 months, respectively). In the studyof

Beg [5], a Roth straight wire appliance was compared with a

standard edgewise appliance in the treatment of Class I

malocclusion. Reanalysis of the provided raw data with

multivariable regression indicated that Roth appliances were

associated with slightly greater effectiveness (PAR 1.49

points more) and slightly greater treatment duration

(2.69 months more) compared to standard edgewise appli-

ance, although both differences were not statistically signifi-

cant (P values of 0.104 and 0.180, respectively).

Additionally, Wu et al. [44] reported that MBT appli-

ances were better to control the mesial inclination of

molars, the vertical movement, and torque of anterior teeth

during treatment than standard edgewise appliances.

Mavragani et al. [17] systematically compared straight wire

and standard edgewise appliances, both in 0.018-inch slots,

in extraction treatment and found that straight wire appli-

ances were associated with statistically significant less root

resorption of the incisors than standard edgewise appli-

ances, which was attributed to more efficient force control

with this technique. Finally, Akhoundi et al. [1] reported

that significantly more patients treated with straight wire

appliances demonstrated canine guidance on laterotrusion

and mutually protected occlusion posttreatment compared

to patients treated with standard edgewise appliances.

However, these results should be interpreted with caution,

since they originate from retrospective studies that are

inherently associated with high risk of bias.

Strengths and limitations

This systematic review provides a succinct summary of

existing evidence with its main strengths being its a priori
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registration in PROSPERO [7], the extensive unrestricted

literature search, the inclusion of unpublished data, the use

of robust methodology pertaining to the qualitative and

quantitative synthesis of data [25], the exclusion of biased

study designs [30], transparent reporting of quantitative

data for all outcomes from included studies, assessment of

the quality of evidence with the GRADE approach [11],

and the clear reporting of any deviations from the review’s

protocol (Supplementary Appendix 8). However, this sys-

tematic review also has some limitations, like the limited

number of included trials, which precluded the assessments

of heterogeneity, subgroup analyses, small-study effects,

and reporting biases for most of the outcomes. Although

this could not be formally assessed as only a limited

number of studies were included, the risk of publication

bias might be considered minimal due to the extensive

literature search which was not limited to publications in

scientific journals. Furthermore, despite our efforts, no

response was obtained from most contacted authors, apart

from one author who provided an unpublished study [23].

Recommendations for clinical practice

There is insufficient evidence at present to make robust

recommendations about any prescriptions or techniques for

the fixed orthodontic appliance in terms of therapeutic or

adverse effects. Existing evidence indicates that only minor

differences can be directly attributed to the choice of pre-

scription/technique, which are clinically irrelevant and our

confidence in these estimates is very poor.

Recommendations for further research

Parallel randomized clinical trials or well-designed

prospective trials with blinded outcome assessment are

needed in order to form robust clinical recommendations.

These should ideally be carried out according to the Con-

solidated Standards of Reporting Trials (CONSORT)

statement [36] and adequately report on objective out-

comes of treatment effectiveness and efficiency. These

could include several therapeutic effects (like treatment

duration, occlusal outcome with OGS, patient satisfaction/

quality of life, and relapse) or adverse effects (including

root resorption, white spot lesions, gingival recessions, oral

pain, oral discomfort, functional impairment, and cost of

treatment) so that reliable conclusions can be reached.

Conclusions

The present systematic review suggests that there is cur-

rently insufficient data to support the evidence-based

clinical use of any particular prescription or technique for

fixed orthodontic appliances over another in terms of effi-

ciency, effectiveness, or side effects.
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