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ABSTRACT
Background
The term anchorage in orthodontic treatment refers to methods of controlling unwanted tooth movement. This is provided either
by anchor sites within the mouth, such as the teeth and the palate, or from outside the mouth (headgear). Recently, new methods of
providing anchorage have been developed using orthodontic implants which are surgically inserted into the bone in the mouth. This
is termed surgical anchorage. This is an update of a Cochrane review first published in 2007.
Objectives
To assess the effects of surgical anchorage techniques compared to conventional anchorage in the prevention of unwanted tooth
movement in patients undergoing orthodontic treatment by evaluating the mesiodistal movement of upper first molar teeth. A secondary
objective was to compare the effects of one type of surgical anchorage with another.
Search methods
We searched the Cochrane Oral Health Group’s Trials Register (to 28 October 2013), the Cochrane Central Register of Controlled Trials
(CENTRAL) (The Cochrane Library 2013, Issue 9), MEDLINE via OVID (1946 to 28 October 2013) and EMBASE via OVID (1980 to
28 October 2013). We handsearched key international orthodontic and dental journals, and searched the trial database ClinicalTrials.gov
and the World Health Organization (WHO) International Clinical Trials Registry Platform for ongoing and unpublished studies.
Selection criteria
Randomised controlled trials comparing surgical anchorage with conventional anchorage in orthodontic patients. Trials comparing
two types of surgical anchorage were also included.
Data collection and analysis
At least two review authors independently and in duplicate extracted data and carried out risk of bias assessments. We contacted study
authors to clarify aspects of study design and conduct, and to obtain unreported data.
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Main results
Fourteen new studies were added in this update resulting in a total of 15 studies reporting data from 561 randomised patients. The
studies were conducted in Europe, India, China, South Korea and the USA. The age range of patients was commonly restricted to
adolescents or young adults, however the participants of two studies were from a much wider age range (12 to 54 years). The distribution
of males and females was similar in eight of the studies, with a predominance of female patients in seven studies.
Eight studies were assessed to be at high overall risk of bias; six studies at unclear risk of bias; one study at low risk of bias.
Ten studies with 407 randomised and 390 analysed patients compared surgical anchorage with conventional anchorage for the primary
outcome of mesiodistal movement of upper first molars. We carried out a random-effects model meta-analysis for the seven studies that
fully reported this outcome. There was strong evidence of an effect of surgical anchorage on this outcome. Compared with conventional
anchorage, surgical anchorage was more effective in the reinforcement of anchorage by 1.68 mm (95% confidence interval (CI) -2.27
mm to -1.09 mm; seven studies, 308 participants analysed) with moderate quality of evidence (one study at high overall risk of bias,
five studies at unclear risk of bias, one study at low risk of bias). This result should be interpreted with some caution, however, as there
was a substantial degree of heterogeneity for this comparison. There was no evidence of a difference in overall duration of treatment
between surgical and conventional anchorage (-0.15 years; 95% CI -0.37 years to 0.07 years; three studies, 111 analysed patients) with
low quality of evidence (one study at high overall risk of bias and two studies at unclear risk of bias). Information on patient-reported
outcomes such as pain and acceptability was limited and inconclusive.
When direct comparisons were made between two types of surgical anchorage, there was a lack of evidence to suggest that any one
technique was better than another.
No included studies reported adverse effects.
Authors’ conclusions
There is moderate quality evidence that reinforcement of anchorage is more effective with surgical anchorage than conventional
anchorage, and that results from mini-screw implants are particularly promising. While surgical anchorage is not associated with the
inherent risks and compliance issues related to extraoral headgear, none of the included studies reported on harms of surgical or
conventional anchorage.

PLAIN LANGUAGE SUMMARY
Reducing unwanted movement of teeth during treatment with orthodontic braces, comparing surgically placed implants as
stabilisers (anchors) with other conventional methods
Review question
This review, produced by the Cochrane Oral Health Group, seeks to assess the effects of using implants surgically placed in bone
in the mouth in order to stabilise (anchor) teeth during treatment with orthodontic braces and compares implants with the use of
conventional methods. It also assesses the effects of different surgical anchorage techniques.
Background
Orthodontic treatment is used to correct crooked or sticking out teeth by moving the affected teeth into the correct position. The
teeth are straightened by using a brace. Sometimes unwanted movement of other teeth is caused by the use of a brace and this is
controlled by what is known as anchorage, or methods for stabilising these teeth. Conventionally anchorage sites are inside the mouth
(intraoral) using teeth for example, or alternatively from outside the mouth (extraoral) using headgear devices attached to the head or
neck. Sometimes when devices such as headgear are used there are issues with patients being reluctant to wear them, or they have been
reported to cause injuries.
As an alternative to these conventional methods, surgical techniques have been developed to put mini-screws or other types of implants
into bone in the mouth to provide a firm structure for anchorage (stabilisation) to prevent the unwanted movement of teeth during
orthodontic treatments.
These types of devices have become increasingly popular, however their effects have not been fully evaluated.
Study characteristics
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The evidence on which this review is based was correct as of 28 October 2013. This is an update to an existing review, which included
one study. Fifteen studies were included in this review involving data from 561 participants. The studies were conducted in Europe,
India, China, South Korea and the USA. Most took place in university settings or training hospitals and one in a specialist orthodontic
practice. Most studies contained a similar number of males and females, however there were more females than males in five studies
and only females in two. The age range varied from adolescents and young adults to adults up to the age of 54 years. All participants in
the studies needed a course of orthodontic treatment with additional anchorage control. None of the studies reported adverse effects.
Key results
When surgically implanted anchorage devices were compared to conventional anchorage devices, they were better in providing stabilisation for preventing unwanted movement in teeth during orthodontic treatment. There was limited information on patient-reported
outcomes such as pain and how acceptable the devices were found to be. No information was reported on adverse events.
Quality of the evidence
The quality of the evidence for the important outcomes in this review ranged from moderate to low quality. The main shortcomings of
all of the studies were related to issues with their design and the way they were carried out, with insufficient and low quality reporting
of the study methods and outcomes.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Surgical anchorage compared to conventional anchorage for patients undergoing orthodontic treatment
Patient or population: patients undergoing orthodontic treatment
Settings: orthodontic clinics in university settings or specialist practice
Intervention: surgical anchorage (mini-screw or mid-palatal implant)
Comparison: conventional anchorage
Outcomes

Illustrative comparative risks* (95% CI)

No of participants
(studies)

Quality of the evidence
(GRADE)

Comments

The mean mesiodistal
movement of the upper
first permanent molar in
the intervention groups
was
1.68 mm lower
(2.27 to 1.09 lower)

308
(7 studies)

⊕⊕⊕
moderate1,2

Lower scores indicates
less movement (greater
reinforcement of anchorage). A change of 1.5 mm
or greater is clinically important

Duration of overall treat- The mean duration of The
mean
duration
ment (months)
overall treatment was 2. of overall treatment
23 years (SD 0.62)
(months) in the intervention group was 0.15
years shorter
(0.37 years shorter to 0.
07 years longer)

111
(3 studies)

⊕⊕
low3,4

Lower scores indicate a
shorter duration of overall
treatment
Duration estimated using
a standardised mean difference of -0.25 (-0.62 to
0.12)5

Assumed risk

Relative effect
(95% CI)

Corresponding risk

Conventional anchorage Surgical anchorage
Mesiodistal movement The mean mesiodistal
of the upper first perma- movement of the upnent molar
per first permanent molar ranged across control
groups from 1.47 to 3.22
mm

Adverse events

This outcome was unreported in all included
studies
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*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the
assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI)
CI: confidence interval; SD: standard deviation
GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
1

7 studies at overall high (1), unclear (5) and low (1) risk of bias. Substantial heterogeneity I2 78% although mean difference (MD) of 6/
7 studies in favour of surgical intervention
2 Outcome incompletely reported in 2 additional studies at overall high risk of bias (both studies reported in favour of surgical anchorage)
and not reported in 1 study at overall high risk of bias
3 Small studies likely underpowered; imprecision of result
4
2 studies at unclear risk of bias, 1 study at high risk of bias
5 Representative study to re-express standardised mean difference in years (Chesterfield 2007)

5

BACKGROUND

Description of the condition
Many children and adolescents present for orthodontic treatment
with crooked or prominent teeth. Treatment to align the teeth is
conventionally provided using fixed orthodontic appliances, with
the extraction of teeth and the use of either an intra- or extraoral
appliance to provide support to the molar teeth (anchorage reinforcement) as the fixed appliance aligns the anterior teeth (Mitchell
2001).
Anchorage in orthodontics is defined as the prevention of unwanted tooth movement. Traditionally this may be provided from
anchor sites within the mouth (intraoral anchorage) or from outside the mouth (extraoral anchorage) (Mitchell 2001). Intraoral
anchor sites include teeth or other oral structures. Extraoral anchorage is achieved with headgear, using the back of the head or
the neck.
Intraoral anchorage can be supplemented by securing teeth together by means of metal wires, such as transpalatal arches or lingual arches. Anchorage may also be supplemented by using elastic
traction to the opposing arch. This is termed intermaxillary anchorage (Mitchell 2001).
While extraoral anchorage may be a more effective method of
preventing anchor tooth movement than intraoral methods, there
are concerns about patient compliance with headgear (Cureton
1993) and issues over patient safety. For example, Samuels has
described a range of soft tissue and eye injuries associated with
headgear (Samuels 1996). In a few cases this has resulted in the
loss of an eye (Booth-Mason 1988; Samuels 1994; Samuels 1996).
A related Cochrane systematic review has assessed the effects of
conventional distalis ing appliances developed to overcome the
limitations of headgear (Jambi 2013).
Another method of reinforcing anchorage has been developed using surgical techniques. For example, Gainsforth and Higley suggested the use of metallic screws as anchors as long ago as 1945
(Gainsforth 1945). Melsen experimented with anchorage from
wires passed through the zygomatic arch in cases where posterior
teeth were absent or of poor quality (Melsen 1998). A recent development has been the modification of dental implants in which
devices are surgically inserted into the alveolar bone where they become osseointegrated (Kanomi 1997). This new technique could
have an important role in orthodontic treatment as it may offer
the possibility of circumventing most of the shortcomings of traditional anchorage methods.

plates and mid-palatal implants (Prabhu 2006). The mini-screw
implant is a modification of screws used for fixation of maxillofacial
fractures. Although they have varying lengths and diameters, they
are generally smaller than maxillofacial fixation screws hence the
term ’mini’. Another type of implant is placed in the bone in the
middle of the palate and these are called mid-palatal implants.
Both these types of implants can be placed by the orthodontist or
the oral surgeon. The anchorage device can be placed before the
start of treatment, at the beginning or during the space closure
phase of treatment.

How the intervention might work
As the surgical anchorage device is fixed to the bone it is proposed that it provides a stable point from which anchorage can
be provided. The implants provide stability either by mechanical
retention (mini-plates), osseointegration (mid-palatal implants),
or both (mini-screw implants) (Prabhu 2006).

Why it is important to do this review
The two most common conventional methods of providing anchorage reinforcement have been headgear and palatal arches. Surgical anchorage has the following potential advantages over conventional anchorage reinforcement.
1. Active compliance by the wearer is eliminated.
2. Surgical appliances are not associated with the injuries that
can result from wearing conventional anchorage appliances.
3. Absolute anchorage may be provided.
Recently the use of surgical anchorage has become increasingly
popular with what may be considered to be lack of high level
evidence to underpin its use. A systematic review with formal
quality assessment to standardised criteria is needed to evaluate
the effects of these types of surgical anchorage techniques.
This is an update of a Cochrane review first published in 2007.

OBJECTIVES

Description of the intervention

The primary objective of this review was to assess the effects of
surgical anchorage techniques compared to conventional anchorage in the prevention of unwanted tooth movement in patients
undergoing orthodontic treatment by evaluating the mesiodistal
movement of upper first molar teeth. A secondary objective was to
compare the effects of one type of surgical anchorage with another.

All surgical techniques for reinforcing anchorage use the bone
as the anchor site, which is considered a solid, stable structure.
Types of surgical anchorage include mini-screw implants, mini-

METHODS
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Criteria for considering studies for this review
Types of studies
We included parallel group, randomised, controlled trials in which
surgically assisted anchorage reinforcement techniques were used
during orthodontic treatment. There was no restriction on language of publication. Where studies were reported in abstract
form, the literature was searched for the full publication. Splitmouth trials were excluded because the nature of orthodontic treatment precludes both sides of the mouth from being independent
of each other.

No restrictions were placed on the language or date of publication
when searching the electronic databases.
Detailed search strategies were developed for each database. Individual search strategies were based on the search strategy developed for MEDLINE (Appendix 3) but revised appropriately
for each database. The MEDLINE search used a combination of
controlled vocabulary and free text terms in conjunction with the
Cochrane highly sensitive search strategy for identifying reports
of randomised controlled trials (RCTs) (as published in box 6.4.c
in the Cochrane Handbook for Systematic Reviews of Interventions
version 5.1.0, updated March 2011) (Higgins 2011). The search
of EMBASE was linked to the Cochrane Oral Health Group filter
for identifying RCTs.

Types of participants
Patients of any age undergoing orthodontic treatment with fixed
appliances and requiring surgical or conventional anchorage.

Searching other resources

Handsearching

Types of interventions
Mid-palatal implants, onplants, mini-screw implants, spider
screws, titanium plates and zygomatic wires were considered under the term surgically assisted means of reinforcing anchorage.
The control group included patients with anchorage supported
by conventional means including headgear, chin caps, face masks,
transpalatal arches (including Nance buttons), lingual arches and
interarch elastics.
We also included studies comparing two methods of surgically
assisted anchorage.
Types of outcome measures
The primary outcome measure was the mesiodistal movement of
upper first molars (in mm). The secondary outcome measures
were residual overjet, success or failure of the anchorage device,
duration of active treatment, duration of space closure, number of
visits, patient perceptions (pain and discomfort), acceptability of
the anchorage device, adverse effects and economic factors.

Search methods for identification of studies
Electronic searches
We searched the following electronic databases:
• the Cochrane Oral Health Group’s Trials Register (to 28
October 2013) (Appendix 1);
• the Cochrane Central Register of Controlled Trials
(CENTRAL) (The Cochrane Library 2013, Issue 9) (Appendix 2);
• MEDLINE via OVID (1946 to 28 October 2013)
(Appendix 3);
• EMBASE via OVID (1980 to 28 October 2013)
(Appendix 4).

The following journals have been identified for handsearching for
this review. Journal issues that had not already been searched as
part of the Cochrane Oral Health Group’s journal handsearching
programme (see the Cochrane Masterlist for journals searched to
date) were handsearched:
• American Journal of Orthodontics and Dentofacial
Orthopedics (2005 to January 2013);
• The Angle Orthodontist (2007 to January 2013);
• Clinical Implant Dentistry and Related Research (2003 to
December 2012);
• Clinical Oral Implant Research (2001, 2003 to December
2012);
• European Journal of Orthodontics (2006 to December 2012);
• International Journal of Oral and Maxillofacial Implants
(2004 to December 2012);
• Journal of Orthodontics (formerly British Journal of
Orthodontics) (2008 to December 2012);
• Journal of Dental Research (1999 to 2000, 2004 to January
2013);
• Journal of Dentistry (2004 to December 2012);
• Journal of Clinical Orthodontics (1991 to December 2012);
• Orthodontics and Craniofacial Research (2000 to November
2012) (Clinical Orthodontics and Research (1998 to 2001));
• Seminars in Orthodontics (2005 to December 2012).
Grey literature and trial registries

In addition to contacting authors, we approached manufacturers of
implant products used in orthodontics and asked them to provide
us with information concerning unpublished or ongoing studies.
We also checked the bibliographies of potentially relevant clinical trials for references to trials published outside the handsearched journals. In addition, non-Cochrane systematic reviews
were checked for potentially relevant studies.
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Trial registries were searched to identify ongoing studies. The most
recent search for all trial registries was October 2013. We searched
the following:
• www.clinicaltrials.gov (Appendix 5);
• World Health Organization (WHO) International Clinical
Trials Registry Platform;
• the International Federation of Pharmaceutical
Manufacturers & Associations (IFMPA) clinical trials portal (
http://clinicaltrials.ifpma.org/clinicaltrials/no_cache/en/clinicaltrial-advanced-search/index.htm) (Appendix 6);
• Current Controlled Trials (isrctn.org) (Appendix 7).

Data collection and analysis
Selection of studies
At least two review authors independently examined the titles and
abstracts of identified studies; any report that was clearly not relevant was excluded. We retrieved full text documents of potentially
relevant studies and assessed them for eligibility according to the
criteria for considering studies for this review. We resolved any
disagreements by open discussion, occasionally arbitrated by an
independent assessor. If information was unclear in study reports
on study eligibility, we contacted the study investigators. Final decisions on study inclusion were made through discussion.
There were no language restrictions on the studies to be retrieved.
Where the report was in a language other than English, a translation was sought.
Data extraction and management
We developed and piloted a more detailed data extraction form
for use in this update. It contained information on methods, participants, interventions, primary and secondary outcomes and reported results. Data extraction was performed independently and
in duplicate by three review authors. One form was used as the
master form and any additions were added to it as appropriate.
We resolved disagreements by discussion.
When we found that there was incomplete reporting of data, we
contacted the study authors in an attempt to obtain the data.

For selective reporting we considered both selective reporting of
outcomes and selective reporting of study data. Where the primary
outcome of this review was not reported but could reasonably
have been expected to be recorded and reported then the study
was judged to be at high risk of bias for this domain. Where the
protocol of the primary study was not available then the study was
judged to be at unclear risk of bias because of the uncertainty about
reporting all intended outcomes. Selective reporting of study data,
such as incomplete reporting of summary statistics, was considered
high risk only in relation to the primary outcome. The overall
judgement on risk of bias in this domain was given according to
the highest risk of bias identified.
For each study, each domain was assessed as being at low, high
or unclear risk of bias as described in the Cochrane Handbook for
Systematic Reviews of Interventions Version 5.1.0 (Higgins 2011).
Additional information provided by the authors of the primary
studies was taken into account where appropriate. A risk of bias
table was completed for each included study. These results were
also presented graphically.
The overall risk of bias for each study was assessed as follows: low
risk of bias if all domains were low, unclear if one or more was
unclear, and high if one or more domain was high.
Measures of treatment effect
For dichotomous outcomes, the estimate of effect was expressed
as risk ratio (RR); for continuous outcomes, the estimate of effect
was expressed as the mean difference (MD) if studies reported an
outcome using the same scales or standardised mean difference
(SMD) if studies reported an outcome using different scales. The
95% confidence interval (95% CI) was calculated alongside the
effect estimate. Where insufficient information was reported to
enable these effect measures to be calculated a narrative report of
the summary measures was provided.
Unit of analysis issues
When we identified the reporting of outcomes at multiple time
points, the most common or clinically relevant time point or both
were used for data extraction.
Dealing with missing data

Assessment of risk of bias in included studies
We used the Cochrane risk of bias tool to assess the potential bias
of the studies. This was done independently and in duplicate by
two review authors as part of the data extraction process. We investigated six specific domains: sequence generation, allocation concealment, blinding of the outcome assessor, incomplete outcome
data, selective outcome reporting and ’other bias’. Blinding of patients and operators was considered unfeasible due to the nature
of the interventions, however there was potential for assessment
and detection bias.

Where data were not available in the printed report, or where the
data were unclear, we contacted the corresponding author of the
study to obtain the missing data. No studies were excluded on
the basis of missing data and no imputations were carried out for
missing data.
Assessment of heterogeneity
Clinical heterogeneity was assessed on the basis of the participants
and the interventions in each study. A meta-analysis was undertaken when there were studies with sufficient similarities in the
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participants, interventions and outcomes. Statistical heterogeneity was assessed using the Chi2 test for heterogeneity (P value <
0.1) and the I2 statistic. The I2 values range from 0% (may not
be important) to 100% (considerable heterogeneity). The importance of the observed value of I2 depends on: (i) magnitude and
direction of effects and (ii) strength of evidence for heterogeneity
(for example P value from the Chi2 test) (Higgins 2011).

Assessment of reporting biases
Publication bias was not assessed in this review.

Data synthesis
We carried out a random-effects model meta-analysis when there
were more than three studies and pooling of the data was clinically
and statistically appropriate. In meta-analyses with two or three
studies, a fixed-effect model analysis was undertaken.
In multi-arm studies with more than two intervention groups,
only single pairwise comparisons were made. When we identified
studies with multiple groups that were all relevant, clinically similar intervention and control groups were combined into a single
intervention or control group respectively. For continuous outcomes, we combined means and standard deviations using the formulae described in the Cochrane Handbook for Systematic Reviews
of Interventions version 5.1.0 (Higgins 2011). For dichotomous
outcomes, both the sample sizes and the numbers of people with
events were summed across groups.
For comparisons where a meta-analysis could not be carried out,
we provided a narrative reporting of the summary measures and
treatment effects.

Subgroup analysis and investigation of heterogeneity
We undertook a meta-analysis comparing all types of surgical anchorage to all types of conventional anchorage for the planned
outcomes found in the studies. In addition, subgroup analysis was
carried out to investigate the effects of different types of surgical
anchorage appliances compared to conventional anchorage.

Sensitivity analysis
Sensitivity analyses were not undertaken.
Presentation of main results
A summary of findings table was developed for the primary outcomes of this review using the GRADE profiler software. The
quality of the evidence was assessed with reference to the overall
risk of bias of the included studies, the directness of the evidence,
the inconsistency of the results, the precision of the estimates, the
risk of publication bias and the magnitude of the effect. The quality of the evidence was categorised as high, moderate, low or very
low for the primary outcomes of mesiodistal movement, duration
of overall treatment and adverse events.

RESULTS

Description of studies
Results of the search
The initial search strategy for the original review was undertaken
in November 2004. We identified 157 records of which 147 were
rejected after examination of the titles and abstracts. Ten studies
were selected for more detailed evaluation of the full publications.
None fulfilled the criteria for inclusion. One trial (Chesterfield
2007) meeting the inclusion criteria was identified through personal contact with the authors whilst the review was in preparation.
The search was last updated in October 2013 and the results
are presented graphically (Figure 1). We identified a total of 423
records from electronic resources and 9 from other resources. After
removing duplicates, 291 records remained of which 238 were excluded after examination of the titles and abstracts. Most of these
were excluded because the interventions were clearly not relevant
or the studies were not randomised controlled trials.
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Figure 1. Study flow diagram.
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We assessed 53 full text records for eligibility. Fifteen studies, involving data from 543 analysed participants, were included in this
review. Five ongoing studies were identified: Bearn 2008 (ISRCTN
29710460; UKCRN ID 7460); Biavati/ Migliorati 2011 (ClinicalTrials.gov: NCT01717417); Jung 2007 (ISRCTN 97142521);
Miller 2009 (ClinicalTrials.gov: NCT01025141); Sandler 2008
(ClinicalTrials.gov: NCT00995436).
Included studies
The last published version of this review included one study
(Chesterfield 2007) which compared mid-palatal implants versus headgear in patients with Class II Division 1 malocclusions
deemed to have an ’absolute anchorage’ requirement. This study
with 47 participants analysed was assessed as at low risk of bias.
The present update has added 14 studies. A total of 15 studies with
561 randomised patients (543 analysed patients) were included
in this update. Summary details of the studies are given in the
Characteristics of included studies table.

2008). The gender distribution was not reported in one study
(Maddalone 2010).

Characteristics of the interventions

Ten studies compared the effects of surgical anchorage to conventional anchorage, three studies compared mid-palatal implants
to conventional anchorage (Borsos 2012; Chesterfield 2007;
Feldmann 2007), and seven studies compared mini-screw implants
to conventional anchorage (Basha 2010; Liu 2009; Ma 2008;
Maddalone 2010; Sharma 2012; Shi 2008; Upadhyay 2008).
The direct comparisons of surgical interventions were: early and
delayed loading of the same mini-screw implants (Borsos 2008;
Jackson 2008); pre-drilling and self drilling mini-screw implants
(Lehnen 2011; Turkoz 2011); and single and dual mini-screw
implants (Bechtold 2013).

Characteristics of the outcomes
Characteristics of the trial settings

Fifteen studies involving data from 543 analysed participants were
included in this review: 13 were two-arm studies, one a three-arm
study (Turkoz 2011) and one a four-arm study (Feldmann 2007).
Thirteen trials were conducted in university settings or training
hospitals with patients attending a dental clinic, the Lehnen 2011
study was conducted in a specialist orthodontic practice, and the
setting of the Maddalone 2010 study was not stated. Seven trials
were carried out in European countries (Borsos 2008; Borsos 2012;
Chesterfield 2007; Feldmann 2007; Lehnen 2011; Maddalone
2010; Turkoz 2011), three were carried out in India (Basha 2010;
Sharma 2012; Upadhyay 2008), three in China (Liu 2009; Ma
2008; Shi 2008), one in South Korea (Bechtold 2013) and one
in the USA (Jackson 2008). Fourteen studies were single-centre
trials and one (Chesterfield 2007) was carried out in two centres.
Characteristics of participants

Seven studies recruited adolescent children (Borsos 2008; Borsos
2012; Chesterfield 2007; Feldmann 2007; Lehnen 2011; Sharma
2012; Turkoz 2011) and six studies recruited young adults (Basha
2010; Bechtold 2013; Liu 2009; Ma 2008; Shi 2008; Upadhyay
2008). Two studies included adults up to the age of 48 years (
Jackson 2008) and 54 years (Maddalone 2010).
The gender distribution was comparable in most of the trials (Borsos 2008; Borsos 2012; Feldmann 2007; Jackson 2008;
Lehnen 2011; Ma 2008; Turkoz 2011). However, there was a
clear dominance of female patients in five studies (Bechtold 2013;
Chesterfield 2007; Liu 2009; Sharma 2012; Shi 2008) and two
studies recruited only female participants (Basha 2010; Upadhyay

Additional Table 1 provides a summary of all of the outcomes
relevant to this review as reported by each study.
Studies comparing surgical anchorage to conventional
anchorage
The primary outcome for this comparison was the movement of
the upper first molar in a mesial or distal direction. This was
measured at different time points:
• when anchorage reinforcement was no longer needed
(Chesterfield 2007);
• at the end of levelling and alignment and at the end of
space closure (including and excluding the levelling and
alignment phase) (Feldmann 2007);
• from the start of treatment to the end of space closure
(Sharma 2012);
• at the end of space closure or canine retraction (not
including levelling and alignment) (Basha 2010; Borsos 2012;
Upadhyay 2008);
• at the start and end of active orthodontic treatment (Borsos
2012; Liu 2009; Shi 2008);
• from the beginning of space closure to four months later
(Maddalone 2010).
All studies measured molar movement on lateral cephalometric radiographs except for Maddalone 2010 in which molar movement
was measured clinically using the head of the mini-screw implant
as a reference point.
No studies reported on residual overjet at the end of treatment.
Treatment ’success’ was reported in five studies (Basha 2010;
Chesterfield 2007; Feldmann 2007; Maddalone 2010; Upadhyay
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2008); duration was reported in five studies, as duration of
the course of orthodontic treatment (Borsos 2012; Chesterfield
2007; Liu 2009) or space closure (Basha 2010; Borsos 2012;
Upadhyay 2008). The number of visits was reported in one study
(Chesterfield 2007).
Two studies (Chesterfield 2007; Feldmann 2007) reported on patient perception in terms of pain and discomfort and acceptability.
No studies reported on adverse effects and economic evaluation.
One study (Ma 2008) did not report any of the outcomes of
interest to this review.
Studies comparing two types of surgical anchorage
One study (Bechtold 2013) reported on the primary outcome of
movement of the upper first molar in a mesial or distal direction
at the end of space closure. No studies reported on the residual
overjet at the end of treatment.
Four studies reported on the success of the anchorage device as
defined by histologic bone-implant contact (Borsos 2008) and
implant stability (Bechtold 2013; Jackson 2008; Turkoz 2011).
One study reported on the duration (space closure (Bechtold
2013)). No studies reported on the number of visits.
Patient perception was reported in one study (Lehnen 2011).
Acceptability, economic factors and adverse effects were not reported in any of the studies.
Excluded studies
Summary details are given in the Characteristics of excluded
studies table. We contacted the corresponding authors of five studies to enquire about issues relating to study eligibility. In four studies replies indicated that the allocation of the interventions in the
studies was not random; there was no reply from the author of the
fifth study. After examination of full text records we excluded 24
records for the following reasons:
• not truly randomised or not a randomised controlled trial
(RCT) (confirmed following contact with the authors (Gelgor
2007; Lee 2011; Upadhyay 2008-2; Upadhyay 2012)) (n = 13);
• surgical anchorage was not included as an intervention (n =
6);
• randomisation did not occur between two types of
anchorage reinforcement (n = 2);

• split-mouth study (Garfinkle 2008) (n = 1);
• trial with a single trial arm (n = 1);
• no fixed appliance in the duration of the trial (Schatzle
2009) (n = 1).

Ongoing studies
Summary details are given in the Characteristics of ongoing studies
table.
We identified five ongoing studies: four studies are comparing surgical anchorage to conventional anchorage (Bearn 2008; Biavati/
Migliorati 2011; Miller 2009; Sandler 2008), and one is comparing two types of surgical anchorage (early and delayed loading of
Orthosystem type II implants) (Jung 2007). The number of participants recruited ranges from 45 to 124. All studies are recruiting
males and females; one study is recruiting adolescents aged from
12 to 17 years only (Sandler 2008) and two studies are recruiting
growing and non-growing participants (Biavati/ Migliorati 2011;
Miller 2009); the age of participants in the remaining trials is not
stated. Two are three-arm trials comparing mini-screw implants
to headgear and transpalatal arches (Bearn 2008; Sandler 2008)
and the remaining are two-arm trials comparing mini-screw implants to conventional anchorage. Four of these studies measure
anchorage loss as a primary outcome; it is not clear if the remaining
study measures this outcome as part of assessing treatment efficacy
(Miller 2009). Secondary outcomes include success of the anchorage device, peer assessment rating (PAR) index, American Board
of Orthodontics (ABO) scores, patient perception, treatment process, soft tissue health, root resorption, bone quality, amount of
extraction space closure, angle classification of canines and parallelism of the dental axis.

Risk of bias in included studies
The overall risk of bias assessments for all the included studies are
shown in Figure 2 and Figure 3. Eight studies (Basha 2010; Borsos
2008; Feldmann 2007; Jackson 2008; Lehnen 2011; Ma 2008;
Maddalone 2010; Turkoz 2011) were assessed as at high risk of
bias overall, and in six studies (Bechtold 2013; Borsos 2012; Liu
2009; Sharma 2012; Shi 2008; Upadhyay 2008) the overall risk
of bias was unclear. One study (Chesterfield 2007) was assessed as
at overall low risk of bias.
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Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included
study.
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Figure 3. Risk of bias graph: review authors’ judgements about each risk of bias item presented as
percentages across all included studies.

Allocation
Four studies clearly reported the method of sequence generation and allocation concealment (Borsos 2012; Chesterfield 2007;
Jackson 2008; Sharma 2012) and were assessed as at low risk of
selection bias. Four studies clearly reported the method of random sequence generation but allocation concealment was unclear
(Feldmann 2007; Liu 2009; Ma 2008; Upadhyay 2008). In seven
studies the methods of both random sequence generation and allocation concealment were unclear and these studies were assessed
as at unclear risk of selection bias.
Blinding
It is not always possible to blind the clinician and the patient
to the intervention in studies assessing the effects of orthodontic
appliances. It is sometimes possible to carry out blinded outcome
assessment. We assessed five studies at low risk of detection bias
(study level), where the implant type was concealed or obscured
(Borsos 2012; Chesterfield 2007; Sharma 2012) and assessment
of the outcome was carried out by individuals not associated with
the study (Chesterfield 2007; Lehnen 2011; Ma 2008; Sharma
2012).
We assessed one study (Feldmann 2007) at high risk of detection
bias as the orthodontic appliances were clearly visible in the radiographs being measured.
We assessed nine studies at unclear risk of detection bias due to
the lack of reporting of methods used to ensure blinded outcome

assessment (Basha 2010; Bechtold 2013; Borsos 2008; Jackson
2008; Liu 2009; Maddalone 2010; Shi 2008; Turkoz 2011) or it
was unclear if there was an attempt to mask the intervention on
the radiographs (Upadhyay 2008).

Incomplete outcome data
This domain was assessed on a study level. All 15 studies were at
low risk of attrition bias either because all randomised patients
were accounted for or there were a small number of drop-outs.
All randomised patients were accounted for in the analysis in nine
studies (Basha 2010; Bechtold 2013; Borsos 2008; Borsos 2012;
Lehnen 2011; Liu 2009; Ma 2008; Maddalone 2010; Sharma
2012). In six studies the number of post-randomisation dropouts was small or unrelated to the intervention or the outcome
or both (Chesterfield 2007; Feldmann 2007; Jackson 2008; Shi
2008; Turkoz 2011; Upadhyay 2008).

Selective reporting
We were able to locate a published protocol for only one study
(Chesterfield 2007). All intended outcomes were reported in the
full trial paper except for ’inflammation of the peri-implant tissues’. Correspondence with the authors confirmed that this was
a change from the protocol and this outcome was not measured.
We assessed this study as at low risk of reporting bias.
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We assessed five studies as at high risk of reporting bias through
lack of reporting of the primary outcome of this review (Borsos
2008; Jackson 2008; Lehnen 2011; Ma 2008; Turkoz 2011). In
four of these studies the objective of the trial was not to investigate
the effects on anchorage but to provide alternatives in the way
they are used clinically (Borsos 2008; Jackson 2008; Lehnen 2011;
Turkoz 2011). Two studies (Basha 2010; Maddalone 2010) that
were assessed at high risk of reporting bias incompletely reported
the molar movement outcome (standard deviations omitted). We
did not consider incomplete reporting of secondary outcomes as
a criterion for an assessment of high risk of reporting bias (Borsos
2008; Feldmann 2007; Lehnen 2011; Upadhyay 2008).
We could not locate published protocols for seven studies (
Bechtold 2013; Borsos 2012; Feldmann 2007; Liu 2009; Sharma
2012; Shi 2008; Upadhyay 2008); these were assessed at unclear
risk of reporting bias.

Ten studies with 407 randomised and 390 analysed patients compared a type of surgical anchorage to a type of conventional anchorage (Basha 2010; Borsos 2012; Chesterfield 2007; Feldmann
2007; Liu 2009; Ma 2008; Maddalone 2010; Sharma 2012; Shi
2008; Upadhyay 2008). Summary results are presented in the
Summary of findings for the main comparison.

Other potential sources of bias

Primary outcome

Two studies were assessed at high risk of other potential sources
of bias due to the use of restricted randomisation in unblinded
studies conducted in single centres. Two single-centre studies used
fixed-size block randomisation with a relatively small block size of
four to six (Borsos 2008; Feldmann 2007) and unclear methods of
allocation concealment. In such instances it is possible to predict
future treatment allocation with relative accuracy.
One study (Lehnen 2011) was assessed at high risk of other potential sources of bias due to differences in the methods of pain
relief (injection techniques) given in the same appointment.
In all other studies included in this review no other potential
sources of bias were identified.

Effects of interventions
See: Summary of findings for the main comparison Surgical
anchorage compared to conventional anchorage for patients
undergoing orthodontic treatment
For the purposes of analysis, the comparisons were as follows:

1. trials comparing surgical anchorage to conventional
anchorage;
2. trials comparing two types of surgical anchorage (head to
head trials).
Additional Table 1 lists the presence or absence in the primary
studies of the outcomes that are relevant to this review.
Comparison of surgical anchorage to conventional
anchorage

Mesiodistal movement of the upper first molar teeth
Seven studies (Borsos 2012; Chesterfield 2007; Feldmann 2007;
Liu 2009; Sharma 2012; Shi 2008; Upadhyay 2008) with 308
analysed patients were included in a random-effects model metaanalysis of surgical anchorage versus conventional anchorage for
mesiodistal movement of upper first molar teeth (Figure 4). The
conventional anchorage methods included headgear, transpalatal
arches, banding of second molars, and application of differential
moments. There was strong evidence in favour of surgical anchorage on this outcome, with an overall mean difference (MD) of 1.68 mm in molar movement (95% confidence interval (CI) -2.27
to -1.09). There was a substantial amount of heterogeneity (Tau2
= 0.44; Chi2 = 27.37, degrees of freedom (df ) = 6, P value < 0.001;
I2 = 78%). The range of effects within the confidence interval
comprised only beneficial effects of surgical anchorage that were of
clinical importance. However, these results should be interpreted
with caution due to the high level of heterogeneity.
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Figure 4. Forest plot of comparison: 1 Surgical anchorage versus conventional anchorage, outcome: 1.1
Mesiodistal movement of the upper first permanent molar.

We then analysed the data according to type of surgical intervention. For mid-palatal implants (three studies, 190 patients analysed) there was an overall MD of -1.02 mm in molar movement
favouring surgical anchorage (95% CI -2.31 to 0.26; Tau2 = 0.99;
Chi2 = 10.71, df = 2, P value = 0.005; I2 = 81%); for the miniscrew implants (four studies, 118 patients analysed) there was an
overall MD of -2.17 mm in molar movement favouring surgical
intervention (95% CI -2.58 to -1.77; Tau2 = 0.06; Chi2 = 4.32,
df = 3, P value = 0.23; I2 = 30%).
There was some evidence of a difference in effect according to
subgroup (P value = 0.09), with a greater and more precise effect
estimate for the meta-analysis of mini-screw implants than the
mid-palatal implants. Moreover, there was greater consistency of
results for the mini-screw subgroup with all included trials showing
evidence of a favourable effect of mini-screws.
We were unable to include three studies in the meta-analysis due
to incomplete reporting of this outcome (Basha 2010; Ma 2008;
Maddalone 2010). Two of these studies (Basha 2010; Maddalone
2010) did not report standard deviations for the surgical implant
arm of the trial. Both studies reported a result in favour of surgical
anchorage for mesiodistal movement of the upper first molar. The
mean anchorage loss was 1.73 mm (standard deviation (SD) 0.43)
in the conventional anchorage group and 0 mm in the surgical anchorage (mini-screw) group (Basha 2010). One study (Ma 2008)
did not report mesiodistal movement.
Secondary outcomes

Success of anchorage device

Five studies reported on the success of surgical anchorage compared to conventional anchorage (Basha 2010; Chesterfield 2007;
Feldmann 2007; Maddalone 2010; Upadhyay 2008). The number
of successes, the definition of success and the types of anchorage
devices used in each of these studies are summarised in Additional
Table 2. Due to the variability in the definition of this outcome
measure and incomplete outcome reporting we did not pool the
results of these studies.
Two studies provided complete data comparing the success of surgical anchorage to that of conventional anchorage (Chesterfield
2007; Feldmann 2007). The results of these studies were not
pooled due to substantial clinical differences in the definitions
of success of the anchorage devices but are reported as a narrative (Additional Table 2). In the first study (47 patients analysed),
the success of the anchorage device was high in both study arms,
with a 91% success rate for surgical anchorage and 88% success
rate for conventional anchorage (Chesterfield 2007). With surgical anchorage (Orthosystem mid-palatal) reasons for failures were:
failure after orthodontic loading, patients did not end up with
implant-assisted anchorage. With conventional anchorage (headgear) reasons for failures were: patients did not end up with headgear, or headgear did not provide sufficient anchorage. In the second study (118 patients analysed) the proportion of successful
outcomes was greater in the combined surgical anchorage groups
than in the combined conventional anchorage groups (Feldmann
2007). Reasons for failure with surgical anchorage (Nobel Biocare
onplants and Orthosystem implants) were: failure of osseointegration, technical problems with the implants, discontinuation of
treatment due to poor oral hygiene, and anchorage loss more than
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1 mm. Reasons for failure with conventional anchorage (headgear
and palatal arches) were: anchorage loss of more than 1 mm, patients discontinued headgear, or headgear did not provide sufficient anchorage.
Three studies reported the success of the surgical anchorage arm of
the study only (Basha 2010; Maddalone 2010; Upadhyay 2008),
again with variability in definitions of success and failure.
Five studies did not report this outcome (Borsos 2012; Liu 2009;
Ma 2008; Sharma 2012; Shi 2008).
Duration of active treatment
The duration of the complete course of orthodontic treatment
was reported in three studies (Borsos 2012; Chesterfield 2007; Liu
2009) with 111 analysed patients. The mean duration of active
treatment was reported differently in the three studies: in days

(Borsos 2012), months (Liu 2009), and years (Chesterfield 2007).
Results of a fixed-effect model meta-analysis of overall treatment
time (Figure 5) indicated that the treatment time was 0.25 standard units shorter on average with surgical anchorage than with
conventional anchorage (standardised mean difference (SMD) 0.25; 95% CI -0.62 to 0.12 ). Heterogeneity was negligible for
this comparison (Chi2 = 0.63, df = 2, P value = 0.73; I2 = 0%). We
re-expressed the SMD in years using the summary standard deviations of the Chesterfield study for interpretation; overall treatment
time was 0.15 years shorter with surgical anchorage than conventional anchorage (95% CI -0.37 to 0.07). The range of effects
contained within the confidence interval included both no effect
of the intervention and some effect. There was not strong evidence
that surgical anchorage reduced treatment time compared with
conventional anchorage.

Figure 5. Forest plot of comparison: 1 Surgical anchorage versus conventional anchorage, outcome: 1.2
Duration of overall treatment.

Duration of space closure
The duration of space closure was reported in three studies (Basha
2010; Borsos 2012; Upadhyay 2008) with 80 analysed participants. The mean duration of space closure was reported differently in the three studies, in days (Basha 2010; Borsos 2012) and
months (Upadhyay 2008). Results of a fixed-effect meta-analyses
(Figure 6) indicated that duration of space closure was 0.09 standard units shorter with surgical anchorage than conventional anchorage (SMD -0.09; 95% CI -0.54 to 0.35). There was a mod-

erate amount of heterogeneity for this outcome (Chi2 = 3.64, df
= 2, P value = 0.16; I2 = 45%). We re-expressed the SMD in days
using the summary standard deviations of the Borsos 2012 study
for interpretation: time to space closure was 12 days shorter with
surgical anchorage than conventional anchorage (95% CI -72 to
47). The range of effects contained within the confidence interval
include both no effect of the intervention and some effect. There
was not strong evidence that surgical anchorage reduced the time
to space closure compared with conventional anchorage.

Figure 6. Forest plot of comparison: 1 Surgical anchorage versus conventional anchorage, outcome: 1.3
Duration of space closure (months).
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Number of visits
One study (Chesterfield 2007) with 47 analysed patients reported
the number of visits taken to complete the course of orthodontic
treatment. This did not include the time taken for surgical placement and osseointegration of the mid-palatal implants. The mean
number of visits required to complete orthodontic treatment was
26.21 (SD 7.41) for surgical anchorage and 19.2 (SD 4.58) for
conventional anchorage. On average, seven visits less were needed
to complete orthodontic treatment with conventional anchorage
than with surgical anchorage (MD 7.01; 95% CI 3.47 to 10.55).
Patient perception

Pain
Patient-reported pain during anaesthetic injection, following
surgery or extraction, in the evening after surgery or extraction
and one week following surgery or extraction in relation to the anchorage device was reported by one study (Feldmann 2007). The
results of the visual analogue scale (VAS) for pain are summarised
in Additional Table 3. “The first evening after the intervention,
groups A (surgical anchorage) (P value = 0.002) and C (conventional anchorage) (P value = 0.007) had significantly more pain
intensity compared to group B (surgical anchorage). The difference in pain intensity between onplant installation and premolar
extraction was not significant. One week after the interventions,
pain intensity was still significantly higher in group C (conventional anchorage) compared to group B (surgical anchorage) who
had undergone installation of an Orthosystem implant (P value =
0.001). Differences between groups A (surgical anchorage) and B
(surgical anchorage) were not significant.”
Self reported questionnaires assessing patient-reported pain on a
VAS from 0 to 100 were also administered throughout the orthodontic treatment (from start of treatment until the first visit
after retention). Pain in the three anchorage groups peaked on day
2 after the start of treatment. Values for medians and interquartile
ranges (IQR) were as follows: 46.0 (IQR 16.0 to 76.5) for the
surgical anchorage group, 43.8 (IQR 14.3 to 62.3) for headgear,
and 57.0 (IQR 34.5 to 72) for palatal arches.

most severe discomfort experienced with this type of anchorage
was during the anaesthetic injection (median 22, IQR 0 to 96).
The results of the VAS for discomfort are summarised in Additional Table 4.
Discomfort was also assessed throughout orthodontic treatment
on self reported questionnaires that assessed discomfort on a VAS
from 0 to 100. Discomfort, expressed as tension from jaws and
teeth and soreness from the appliance, in the three anchorage
groups peaked on day 2 (no data reported).
In the Chesterfield 2007 study, patients randomised to receive implants were asked to indicate through a self reported questionnaire
the grade they would assign to the surgery from 1 (totally comfortable) to 6 (very uncomfortable), immediately after implant placement and on removal of the implant: “75% of the respondents
scored between 4 and 6 - i.e. at the comfortable end of the scale
for implant placement - and no patient scored 1 indicating that
the placement of implants was generally acceptable.” These results
were repeated over the first three days. On implant removal “40%
scored 5, 40% scored 3, and 20% scored 1, indicating that implant
removal was slightly less comfortable than implant placement.”
Patient acceptability
One study (Feldmann 2007) reported on patient acceptability in
terms of limitations to activities of daily life. The study narratively
reported that “..limitations in daily life and jaw function were
throughout the trial low to moderate and with no differences between anchorage groups.” In terms of the impact of orthodontic
treatment on the patient’s mood and appearance the study further
reported “Assessment of how much orthodontic treatment affected
the patient’s mood and appearance peaked at the first rescheduled
visit after 6 weeks (overall median = 14.0; median = 99.0) and
with no differences between groups.”
Other secondary outcomes
Residual overjet, adverse effects and economic factors were not
reported by any of the included studies.

Comparison of two types of surgical anchorage
Discomfort
Discomfort in relation to the anchorage device was reported in
two studies (Chesterfield 2007; Feldmann 2007) with 47 and 113
patients analysed, respectively.
When discomfort was assessed in relation to placement of the
anchorage device (Feldmann 2007) the results followed a similar pattern to the pain assessed in the same study. The most severe discomfort was experienced on the evening after surgery with
the Nobel-Biocare onplants (median 33, IQR 0 to 96) and the
evening after extractions (median 21, IQR 0 to 88). There was still
a degree of discomfort with the Orthosystem mid-palatal implants
the evening after surgery (median 14, IQR 0 to 98), however the

Primary outcomes

Analysis 2.1.
The primary outcome of mesiodistal movement of molars was reported in only one study (Bechtold 2013) with 25 patients analysed, which reported an MD of 1.62 mm (95% CI 0.98 to 2.26)
in favour of a dual mini-screw implant over a single mini-screw
implant.

Secondary outcomes

Analysis 2.2.
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Success of early versus delayed loading

Other secondary outcomes

Two studies with 36 patients analysed compared the success of
early versus delayed loading of mini-screw implant anchorage (
Borsos 2008; Jackson 2008). Rates of success were high as all 16
implants (in 16 patients) were successful whether loading was early
or delayed (Borsos 2008): loading was successful for 9 out of 10
patients in the early loaded group, and 9 out of 10 patients in the
delayed loaded group (Jackson 2008) (risk ratio (RR) 1.00; 95%
CI 0.83 to 1.20).

The outcomes of residual overjet, duration of overall treatment,
number of visits, adverse effects and economic factors were not
reported by these studies.

Success of single versus dual mini-screw implants
One study with 25 patients (76 implants) compared the success of
single versus dual mini- screw implants (Bechtold 2013). Results
were reported at the implant level with a similar proportion of
successes in the two groups (21/24 successes with the single miniscrew implants and 45/52 successes with the dual mini- screw
implants; RR 1.01; 95% CI 0.84 to 1.22). This confidence interval
result should be interpreted with caution as results were reported
on an implant level rather than a patient level and were therefore
subject to unit of analysis error.
Success of pre-drilled versus self drilling implants
One study with 62 patients (112 implants) compared the success
of pre-drilled versus self drilling implants (Turkoz 2011). Results
were reported at the implant level with similar proportion of successes in the two groups (26/34 successes with the self drilling implants and 67/78 successes with the pre-drilled implants; RR 1.12;
95% CI 0.91 to 1.38). This confidence interval result should be
interpreted with caution as results were reported on an implant
level rather than a patient level and were therefore subject to unit
of analysis error.
Duration of space closure
A single study (Bechtold 2013) compared the duration of space
closure with single versus dual mini-screw implants. Space closure
(months) was quicker, on average, by just over two months in the
single mini-screw implant group than in the dual mini-screw implant group (MD -2.19 months; 95% CI -6.35 to 1.97) although
this was not statistically significant.
Patient perception

Pain
A single study (Lehnen 2011) with 30 analysed patients compared
patient pain perception between the pre-drilling and self drilling
mini-screw implant groups. Patients were asked: “How would you
describe the pain on insertion” and a response was collected on a
scale from 0 to 4, where 0 indicated no pain and 4 indicated a high
level of pain. On average, self reported pain was less for patients in
the pre-drilling group (n = 15; mean 0.73 (SD 1.1); median 0.00
(IQR 0 to 3)) compared to patients in the self drilling group (n =
15; mean 1.87 (SD 1.13); median 2.0 (IQR 0 to 4)).

DISCUSSION
Summary of main results
This is a substantial update with an additional 14 studies added
to the single study of the initial review published in 2007.
Comparison of surgical anchorage to conventional
anchorage
Mesiodistal movement of upper molar teeth

The last published version of this review included only one study
and the results were inconclusive. The small amount of information available to compare surgical anchorage (a single study of surgical anchorage using a mid-palatal implant) with conventional
anchorage did not indicate that the mesiodistal movement of the
upper first permanent molar differed in the two groups.
The results from this updated review indicate that there is some evidence that surgical methods of reinforcing orthodontic anchorage
are more effective than conventional methods such as headgear and
other intraoral devices in reinforcing anchorage during orthodontic brace treatment. The pooled mean difference in mesiodistal
movement was 1.68 mm and whilst this difference may seem small
it is clinically significant. This is also important when we consider
that there are published reports of risk with the use of extraoral
devices. As a result, the use of surgical anchorage has clear advantages over other methods of reinforcing anchorage.
Since the development of the protocol for this review current practice has moved towards the adoption of specific types of surgical
anchorage, the most common of which is the mini-screw implant.
Hence a post hoc subgroup analysis was undertaken to further
investigate the effects of different individual types of surgical anchorage, mid-palatal implants and mini-screw implants. Whilst
the overall effects favoured surgical anchorage for both subgroups,
the mean difference in mesiodistal movement was smaller, and
thus more favourable, for mini-screw implants than conventional
anchorage (headgear and palatal arches).
Secondary outcomes

The effects on the secondary outcomes of the review were less certain due to limited reporting of these outcomes and variability in
the clinical definitions of outcomes, which precluded synthesis.
Both methods of anchorage were successful. There was not strong
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evidence that surgical anchorage reduced treatment time or duration of space closure when compared to conventional anchorage.
There was very little evidence on patient-reported outcomes such
as pain, discomfort and acceptability. Importantly, no studies reported on residual overjet at the end of treatment, adverse effects
and economic factors.

mary outcome mesiodistal movement for surgical anchorage techniques compared to conventional anchorage techniques can be estimated with any degree of certainty. The implications of this finding are discussed further in the sections Implications for practice
and Implications for research.

Quality of the evidence
Comparison of two types of surgical anchorage
The direct comparisons of surgical interventions were from two
small studies of early and delayed loading of the same mini-screw
implants, two studies comparing pre-drilling and self drilling miniscrew implants, and one study comparing single and dual miniscrew implants. Results from these studies did not indicate that
the proportion of successes were different between these pairwise
comparisons of surgical interventions.
Only one study reported on the primary outcome of movement
of the upper first molar in a mesial or distal direction, and no
studies reported on residual overjet at the end of treatment. One
study reported on the duration of space closure. The number of
visits, acceptability, economic factors and adverse effects were not
reported in any of the studies.

Overall completeness and applicability of
evidence
The primary objective of the review was to assess the effects of surgical anchorage techniques compared to conventional anchorage
in the prevention of unwanted tooth movement in orthodontic
patients, by evaluating the mesiodistal movement of upper first
molar teeth. Ten studies, conducted principally in a dental hospital
setting, in locations across Europe, Asia and the USA contributed
information to the evaluation of this outcome. Participants were
adolescents and younger and older adults. The overall risk of bias
for the included studies was high or unclear, with only one study
assessed as at low risk of bias. The pooled estimate of effect showed
a mean difference in favour of surgical anchorage, which was of
clinical importance. However, this result should be interpreted
with caution due to the associated high level of heterogeneity of
the pooled studies and the inclusion of only mini-screw and midpalatal implants as surgical interventions.
A secondary objective was to compare the effects of one type of
surgical anchorage with another. This was assessed in five studies
where applicability of the evidence to the review question was
good. The overall risk of bias for the included studies was high or
unclear. The surgical interventions were diverse and this precluded
the calculation of a pooled estimate of effect.
Whilst the updated review comprised 15 included studies the
amount of information contributing to the primary and secondary
outcomes varied substantially. Hence only the effects of the pri-

See Figure 2, Figure 3, Summary of findings for the main
comparison
The body of evidence reporting the primary outcome was moderate according to the GRADE approach due to limitations in the
design and conduct of the studies. One study was at low risk of
bias and one was at high risk of bias due to the lack of blinding
of outcome assessment. A further two were at an unclear risk of
bias because we could not locate the protocol of the primary study
leading to uncertainty in the reporting of all intended outcomes;
all other risk of bias domains were at low risk of bias in these
two studies. The remaining studies were at an unclear risk of bias
mainly because the concealment of the allocation sequence was
not reported.
We assessed the quality of evidence for the additional outcome
of duration of treatment as low due to limitations in design, the
conduct of the studies, and to imprecision of results from the two
small studies providing data for this outcome.
We assessed the studies in this review as having varying risks of bias.
The evidence for the main outcomes of mesiodistal movement,
duration of treatment and adverse events were from studies at
overall high and unclear risks of bias. Only one small study was
assessed to have an overall low risk of bias. No information on the
remaining outcome, adverse events, was reported.
Selective reporting was evident for many of the included studies as
expected cephalometric and clinical outcomes were not reported
or were reported incompletely. Where possible, we contacted the
authors for additional information on aspects of study design or
outcome data. Any additional information that was obtained was
included in the review.
Orthodontic treatment is a long and sometimes painful process.
The number of studies reporting patient-reported outcomes of
relevance to the review, such as pain and acceptability, was small
and the quality of the reported outcomes was poor. This is a definite
limitation of the review.

Potential biases in the review process
We found it difficult to agree a single appropriate endpoint to
measure anchorage loss a priori (see Implications for research).
In addition, the subgroup analysis which looked at the effects of
different types of surgical anchorage compared to conventional
anchorage was not pre-determined but was driven by the types
of studies found. The results of this post hoc analysis should be
interpreted with caution.
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We decided not to pool the results of outcomes with different
clinical definitions (e.g. success of anchorage), but to present the
results of the individual studies as a narrative.

Agreements and disagreements with other
studies or reviews
The results of this review are in agreement with other systematic
reviews on the topic, which have less rigorous methodology. The
inclusion criteria for these reviews have often allowed a large variation in study design, including retrospective studies. These reviews either assessed a variety of surgical anchorage devices or were
specifically interested in mini-screw implants. The most common
outcome that was investigated in these reviews was the success or
failure of the anchorage device, followed by anchorage loss (molar
movement). Mini-screw implants were found to have success rates
of 83.3% (Crismani 2010), 87.7% (Papadopoulos 2011), 86.5%
(Papageorgiou 2012) and 61% to 100% (Tsui 2012). Mini-plates
and palatal implants had success rates of 91.4% to 100% and 74%
to 93.3%, respectively. In addition, the Li 2011 review reported
more distal movement with the mid-palatal implants, onplants
and mini-screw implants. Reported anchorage loss was in agreement with this review. The mean difference in distal molar movement favoured mini-screw implants over conventional anchorage
in the Papadopoulos 2011 review (MD -2.4 mm; 95% confidence
interval -2.9 to -1.8).

AUTHORS’ CONCLUSIONS
Implications for practice
The last published version of this review included a single study
and concluded that the objectives of the review were not met because little evidence was identified for assessment. It was also suggested that mid-palatal implants may be an acceptable alternative
to headgear reinforced anchorage in orthodontic anchorage.
From this update there is some evidence of moderate quality to
suggest that surgical anchorage is more effective than conventional
anchorage in the reinforcement of anchorage during orthodontic
brace treatment, and that results from mini-screw implants are
particularly promising. Importantly, surgical anchorage is not associated with the inherent risks and compliance issues related to
headgear. There was no evidence of a difference in duration of
treatment between surgical and conventional anchorage.
When direct comparisons were made between two types of surgical
anchorage, there was a lack of evidence to suggest that any one
technique was better than another.

Implications for research
Current evidence on the effectiveness of surgical anchorage is
based on randomised trials with varying levels of bias. In particular, methods to reduce the potential for selection bias should
be undertaken and reported. Only two of the included studies
(Chesterfield 2007; Feldmann 2007) reported calculating the sample size. Future research should ensure that an adequate sample
size is achieved.
A wide age range of patients could possibly benefit from surgical anchorage. However, including a wide age range in a single
study is discouraged because it is known that growing patients
respond differently to orthodontic treatment when compared to
non-growing patients. In addition, studies should address both
patient and clinician acceptability of the surgical appliances as important changes to policies can be made as a result of such trials.
These could include adding this type of treatment to the syllabus
of training orthodontists or providing this treatment as part of
government or insured health care or both.
Outcomes should consider an appropriate start and endpoint to
measure molar movement as a function of assessing orthodontic
anchorage. It was difficult to agree an appropriate endpoint for
measurement of anchorage loss before undertaking the review; a
decision was made to use the most common endpoint(s). Anchorage control is required in all phases of orthodontic treatment and
this was reflected in the endpoints reported in the studies of this review. Points at which anchorage loss was measured included at the
end of the levelling and alignment phase, the end of space closure
(including or excluding the previous alignment phase or both),
the end of anchorage (when the anchorage device was no longer
needed) and the end of treatment. A consensus on the most important endpoint could possibly be achieved by conducting qualitative research; this could be part of an overall design to reach a
consensus on outcomes relevant to anchorage devices. Important
considerations would be the clinical relevance of the endpoint, an
occasion when the biggest difference is likely to occur, or the objectivity of the endpoint or both. For example, choosing ’end of
anchorage’ as an endpoint is likely to be the point where maximum
movement of the molars is achieved, however it is a somewhat
subjective time point. Conversely, the end of treatment is a more
objective time point however, the effects of the anchorage devices
may be neutralised or further reinforced in an attempt to achieve
the ideal occlusion at the end of treatment.
Studies should also focus on relevant outcomes rather than reporting routine cephalometric analysis. Studies included in this review
and the ongoing studies have reported a variety of relevant outcomes. A single study would need large resources and adequate
time to investigate all relevant outcomes and time points, therefore it is recommended that consensus be reached on the most
important outcomes and how they may be investigated and reported. Areas for research include determining the best size and
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shape of the implant as well as the type of material to use. Other
areas of comparison are immediate versus delayed, and static versus dynamic loading. It is also important to assess patient perception and acceptability. Appropriate outcomes from such research
should include anchorage loss, failure rates, financial costs, assessment of discomfort and related quality of life issues. The outcome
of success poses a particular challenge when comparing surgical
and conventional anchorage. This was previously discussed in a
related Cochrane review (Jambi 2013). It is difficult to find a definition for success that applies to both surgical and conventional
anchorage. The recommendation is to define success according
to treatment objectives. For example, an appliance would be successful in orthodontic anchorage if it achieves at least no loss of

anchorage (0 mm molar movement) or gain of anchorage (distal
molar movement).
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CHARACTERISTICS OF STUDIES
Characteristics of included studies [ordered by study ID]
Basha 2010
Methods

Participants

Interventions

• Trial design: single-centre RCT (parallel group)
• Location: Department of Orthodontics and Dentofacial Orthopedics at JSS
Dental College and Hospital, Mysore, Karnataka, India
• Recruitment period: not stated
• Funding source: not stated
• Source of participants: patients attending clinic
• Study duration: not stated
• Time points at which follow-up are reported: before retraction of the incisor
segment, after retraction of the incisor segment
•
•
•
•
1.
2.
3.
4.
5.
6.
7.
8.
•
1.
2.
3.
arch
4.
•
1.

14 female participants in total, mean age 16 years (SD 1.41)
7 in mini-implant group
7 in transpalatal arch group
Inclusion criteria:
no systemic disease
minimum age 13 years at the beginning of treatment
no congenitally missing teeth except third molars
midlines matching
no spacing, mild or no anterior crowding in maxillary arch
maximum anchorage required
extraction of first premolars required
patients with bimaxillary protrusion and ANB of 2-4 degrees
Comparison 1: Mini-implants (SK Surgical,Pune, India)
Surgical steel, self-drilling mini-implants
Length: 8.0 mm, diameter: 1.3 mm
Placed between the roots of the first molars and second premolars in the upper
Immediately loaded with elastomeric chain with a force of 2N.
Comparison 2: Transpalatal arch
Attached to molars

Outcomes

• Anchorage loss measured by mesial molar movement
- measured in mm on cephalometric radiographs by calculating the difference in the
distance between pterygoid vertical to maxillary molar
- measured from the start of space closure until the end of space closure
• Success of mini-implants (Loosening of the mini-screw implants and
subsequently replaced)
• Time for space closure (retraction time period) in days

Notes

A pre-adjusted edgewise appliance with an MBT prescription and a 0.022 x 0.028 inch
slot was used

Risk of bias
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Basha 2010

(Continued)

Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Unclear risk
bias)

Quote: “A comparative study consisting of
14 patients (all females) randomised into 2
groups”
Comment: insufficient information about
the sequence generation process to permit
judgement

Allocation concealment (selection bias)

Method of concealment is not addressed

Unclear risk

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Insufficient information to permit judgement

Incomplete outcome data (attrition bias)
Low risk
mesial movement of upper first maxillary
molar

All randomised patients were accounted for
in the analysis

Selective reporting (reporting bias)

High risk

• Selective reporting of outcomes:
insufficient information to permit
judgement
• Selective reporting of data:
incomplete reporting of the molar
movement outcome for the mini-implant
group, the mean was present without the
standard deviation

Other bias

Low risk

Study appears to be free of other sources of
bias

Bechtold 2013
Methods

• Trial design: single-centre RCT (parallel group)
• Location: Orthodontic Department at Yonsei University Dental Hospital, South
Korea
• Recruitment period: not stated
• Funding source: not stated
• Source of participants: patients attending clinic
• Study duration: not stated
• Time points at which follow-up are reported: T0: before retraction of the anterior
segment, T1: after retraction (end of space closure)

Participants

• 25 participants in total
• 12 in single mini-screw implant group: mean age 23.58 years (SD 6.92), 1 male,
11 female
• 13 in dual mini-screw implant group: mean age 22.92 (SD 7.1), 2 male, 11 female
• Inclusion criteria:
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Bechtold 2013

(Continued)

1.
2.
3.
4.
5.

adult individuals with normal or mild skeletal
Class II skeletal relationship
no significant craniofacial defects or asymmetries
intact maxillary permanent dentition including second molars
moderate Class II occlusion minimal crowding (< 3 mm) in the maxilla

Interventions

• Comparison 1: Mini-screw implants (single)
1. 7.0 mm in length, 1.8 mm in coronal diameter, and with a tapered body (Orlus
18107, Ortholution, Seoul, Korea)
2. Inserted between the maxillary second premolar and first molar
• Comparison 2: Mini-screw implants (dual)
1. 7.0 mm in length, 1.8 mm in coronal diameter, and with a tapered body (Orlus
18107, Ortholution, Seoul, Korea)
2. Inserted between the maxillary second premolars and first molars
3. Additional mini-screws were placed between the maxillary first and second
premolars

Outcomes

• Distal movement in mm was measured on lateral cephalometric radiographs:
perpendicular from the VR (a line perpendicular to the occlusal plane) to the distal
cusp tip of the upper first molar; differences between T0 (before canine retraction) and
T1 (after canine retraction) were calculated
• Duration of treatment in months from start of canine retraction to the end of
canine retraction

Notes
Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Unclear risk
bias)

Quote: “Subjects were randomly allocated
to either group A …. or group B”
Comment: insufficient information about
the sequence generation process to permit
judgement

Allocation concealment (selection bias)

Unclear risk

Not addressed

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Not addressed

Incomplete outcome data (attrition bias)
Low risk
mesial movement of upper first maxillary
molar

All randomised patients were accounted for

Selective reporting (reporting bias)

• Selective reporting of outcomes:
insufficient information to permit
judgement, (no protocol)

Unclear risk
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• Selective reporting of data: no
suggestion of incomplete reporting of data
Other bias

Low risk

Study appears to be free of other sources of
bias

Borsos 2008
Methods

•
•
•
•
•
•
•

Trial design: single-centre RCT (parallel group)
Location: Semmelweis University, Budapest, Hungary
Recruitment period: not stated
Funding source: not stated
Source of participants: patients attending clinic
Study duration: not stated
Time points at which follow-up are reported: at the end of orthodontic treatment

Participants

• 16 participants in total, mean age 14.22 +/- 1.37 years
• 8 in the immediate loading group: mean age 14.15 +/- 1.2 years, 5 males and 3
females
• 8 in the conventional loading group: mean age 14.3 +/- 1.6 years, 3 males and 5
females
• Inclusion criteria:
1. dentoalveolar malocclusion requiring premolar extraction
2. maximum anchorage
3. ongoing skeletal growth
4. adequate bone in the implant bed
5. no relevant underlying disease

Interventions

• Comparison 1: Immediately loaded mid-palatal implant (Orthosystem,
Straumann, Basle, Switzerland)
1. Internal diameter of 3.8 mm, external diameter of 4.1 mm, length 4 mm
2. Inserted by an oral and maxillofacial surgeon
3. Loaded within 72 hours with a custom made, 1.2 x 1.2 mm transpalatal arch,
attached to molar bands
• Comparison 2: Conventional loaded mid-palatal implant (Orthosystem,
Straumann, Basle, Switzerland)
1. Internal diameter of 3.8 mm, external diameter of 4.1 mm, length 4 mm
2. Inserted by an oral and maxillofacial surgeon
3. A non-loaded spacer was applied after implantation
4. Loaded after 12 weeks with a custom made, 1.2 x 1.2 mm transpalatal arch,
attached to molar bands

Outcomes
Notes

• Success of anchorage device (all implants remained stable throughout treatment)
The main outcome of this study was the histological evaluation of the bone-implant
contact after treatment

Risk of bias
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(Continued)

Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Unclear risk
bias)

Quote: “The patients were randomly assigned to treatment groups in groups of
four at a 1:1 ratio”
Comment: insufficient information about
the sequence generation process to permit
judgement

Allocation concealment (selection bias)

Unclear risk

Not addressed

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Not addressed

Incomplete outcome data (attrition bias)
Low risk
mesial movement of upper first maxillary
molar

All randomised patients were accounted for

Selective reporting (reporting bias)

High risk

• Selective reporting of outcomes:
anchorage loss was not an objective of this
study; however it would have been an
expected outcome in this type of study
• Selective reporting of data: no data
on the pain and discomfort, the results
were reported narratively and for the
sample as a whole

Other bias

High risk

Fixed size blocks were used in a small singlecentre unblinded trial. This may make it
possible to predict future assignments

Borsos 2012
Methods

• Trial design: single-centre RCT (parallel group)
• Location: Orthodontic Department of the Heim Pal Children’s Hospital,
Budapest
• Recruitment period: not stated
• Funding source: not stated
• Source of participants: patients attending clinic
• Study duration: not stated
• Time points at which follow-up are reported: start of canine retraction to end of
canine retraction, end of canine retraction to end of frontal retraction, end of frontal
retraction to end of treatment, start to end of treatment

Participants

• 30 participants in total, mean age 14 years, range 12 years 6months to 17 years 5
months
• 15 in mid-palatal implant group: 9 males, mean age 14.1 years ± 0.91, 6 females,
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mean age 14.1 years ± 1.67
• 15 in the transpalatal arch group: 4 males, mean age 13.8 years ± 0.89, 11
females, mean age 14.44 years ± 1.7
• Inclusion criteria:
1. 2 upper first premolar extraction therapy
2. maximum posterior anchorage requirement in the upper arch
3. post-pubertal growth spurt and sufficient palatal bone morphology for the implant
• Exclusion criteria:
1. poor oral hygiene, periodontitis, unwillingness to wear fixed appliances or to have
the implant placed
2. a medical history precluding gravidity, drug-, nicotine- or alcohol addiction,
diabetes, steroid- or chemotherapy, immunological or haematopoietic diseases,
systematic osteopathy, general surgical contraindications or local radiotherapy
Interventions

• Comparison 1: Mid-palatal implants (Orthosystem, Strauman AG,
Waldenburg, Switzerland)
1. The surgical procedure followed the Strauman Institute protocol
2. After 3 months a transpalatal bar was fixed to the implant and connected to the
palatal surface of molar bands by laser welding
3. The transpalatal bar was made of a 1.2 square stainless steel wire
• Comparison 2: Transpalatal arch (TPA)
1. Goshgarian type TPA combined with a 0.017 x 0.025 inch heat treated stainless
steel utility arch

Outcomes

• Mesial movement (mm) of the upper first molar on superimposed lateral
cephalometric radiographs measured during the canine retraction phase, the front
retraction phase, the finishing phase, and overall treatment. Data used in this review
were from the canine retraction phase
• Duration of canine retraction

Notes

Both groups were treated with Alexander brackets with a 0.018 x 0.025 inch slots

Risk of bias
Bias

Authors’ judgement

Random sequence generation (selection Low risk
bias)

Support for judgement
Quote from paper: “...the allocation was
carried out by using randomised blocks of
six”
Quote from correspondence: “We used
block randomisation with blocks of six. So
we had to wait, until a group of six patients
were collected, then we carried out a randomisation. This was repeated five times.
In practice, this means that you have to
wait until six patients are collected - meeting the inclusion criteria and are willing to
participate in the study. As every patient,
taken up to our Department, also the par-
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ticipants got a card number, when he first
presented themselves. At the randomisation one will be drawn from the 20 possible
blocks (closed envelopes), in all of which
the two (A and B) groups are represented
equally. The selected block would be assigned to the patients based on their card
sequence number. (For example: we have
six patients with card numbers 2, 4, 6, 7, 9,
12 and block 4 (AABBA) is selected - than
patient 2, 4, 12 are candidates in group A
and patient 6, 7, 9 in group B)”
Allocation concealment (selection bias)

Low risk

Quote from correspondence: “They were
20 pieces standard size postal envelopes
stamped on the sealing. They were stored
in the drawer of the head of the department
in his closed office. Chief dental nurse was
drawing and opening the envelopes (only
one at once) in the presence of two witnesses (me and the head of dep.)”

Blinding of outcome assessment (detection Low risk
bias)
All outcomes

Quote from paper: “...the cephalometric
analysis was carried out anonymously, using an opaque marker in the approximate
position of an implant in both groups”

Incomplete outcome data (attrition bias)
Low risk
mesial movement of upper first maxillary
molar

All randomised patients were accounted for

Selective reporting (reporting bias)

Unclear risk

• Selective reporting of outcomes:
insufficient information to permit
judgement
• Selective reporting of data: no
suggestion of incomplete reporting of data

Other bias

Low risk

Study appears to be free of other sources of
bias
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Chesterfield 2007
Methods

• Trial design: 2-centre RCT (parallel group)
• Location: Chesterfield and North Derbyshire Royal Hospital NHS Trust and
Charles Clifford Dental Hospital, UK
• Recruitment period: 24 months
• Funding source: not stated
• Source of participants: patients attending clinic
• Study duration: 3.75 years
• Time points at which follow-up are reported: before treatment, end of anchorage

Participants

• 51 (38 female, 13 male), mean age 15.2
• 25 in mid-palatal implant group: mean age 15.7 years; 7 males, 18 females
• 26 in the headgear group: mean age 14.8 years; 6 males, 20 females
• Inclusion criteria:
1. absolute anchorage needed
2. any forward movement of the molars would prevent achievement of an ideal Class
1 canine relationship
3. various Class 1, Class II division 1, division 2
• Exclusion criteria:
1. poor oral hygiene
2. unwilling to wear fixed appliances
3. unwilling to wear headgear or have the implant placed
4. medical history precluding fixed appliance treatment
5. patients requiring orthognathic surgery

Interventions

• Comparison 1: Mid-palatal implants (Orthoimplant, Strauman AG,
Waldenburg, Switzerland)
1. 6 mm mid-palatal implant surgically placed using a stent
2. Loaded after 3 months with a laboratory made transpalatal arch connected to the
maxillary first molars
• Comparison 2: Headgear
1. Headgear with a Nitom locking facebow fitted to bands on the maxillary molars
2. Variable pull (according to clinical situation) with a force of 450 g on each side
and duration of 100-120 hours/week
3. A headgear chart was used

Outcomes

• Anchorage loss measured by mesial molar movement:
- measured in mm on cephalometric radiographs using the Pancherz analysis between
T1 (treatment start) and T2 (end of anchorage reinforcement)
- measured at the end of anchorage (when the anchorage device was no longer needed)
• Success of anchorage device (failure after orthodontic loading, patients did not
end up with implant-assisted anchorage)
• Duration of treatment
• Number of visits per course of treatment
• Patient perception by measuring discomfort:
- questionnaire in which the patients were asked to indicate the grade they would assign
to the surgery on a six 6-point scale where 1 was totally uncomfortable and 6 was
comfortable
- questionnaire was administered at 3 time points: immediately after placement of the
palatal implant, 3 days after placement and upon removal of the palatal implant
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Notes

• Participants were treated by 4 orthodontists in 2 centres
• A pre-adjusted edgewise appliance with an MBT prescription was used
• Other outcome measures were reported not related to this review

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk
bias)

Quote: “...randomisation carried out by using computer-generated random numbers
in a block design”

Allocation concealment (selection bias)

Low risk

Quote: “..randomisation carried out by using computer-generated random numbers
in a block design by a researcher unconnected with the recruitment of most patients”
Quote: “...allocation was concealed in consecutively numbered, sealed opaque envelopes, which were opened after the patient and parent agreed to enter the trial”

Blinding of outcome assessment (detection Low risk
bias)
All outcomes

Quotes:
• “all radiographs were made
anonymous by obscuring patient details”
• “implants were concealed by using
an opaque marker on both sides of the
radiograph”
• “an opaque marker was also placed
in the approximate position of an implant
on the radiographs of the headgear group”
• “the grid and measurement of the
radiographs were performed by different
researchers”

Incomplete outcome data (attrition bias)
Low risk
mesial movement of upper first maxillary
molar

• Palatal implant group: 23 out of 25
randomised patients were included in the
analysis. 2 patients decided against
treatment; 1 moved away and 1’s family
split up
• Headgear group: 24 out of 26
randomised patients were included in the
analysis. 1 patient moved away before the
commencement of treatment, 1 patient
had missing follow-up radiographs

Selective reporting (reporting bias)

• Selective reporting of outcomes:
“inflammation of the peri-implant tissues”

Low risk
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was an intended outcome. This outcome
was not reported because it was not
measured
• Selective reporting of data: data on
patient perception was incompletely
reported
Other bias

Low risk

Study appears to be free of other sources of
bias

Feldmann 2007
Methods

• Trial design: single-centre RCT (4 parallel groups)
• Location: Gävleborg County Council, orthodontic clinic, public dental service
• Recruitment period: 2 years, 2 months
• Funding source: The Centre for Research and Development, Uppsala University,
Uppsala, and Gävleborg County Council, Gävle, Sweden; the Swedish Dental Society;
and the Faculty of Odontology, Malmö University, Malmö, Sweden
• Source of participants: patients attending clinic
• Study duration: not stated
• Time points at which follow-up are reported: from start of treatment to the end of
levelling and alignment, from the end of levelling and alignment to the end of space
closure, from the start of treatment to the end of space closure

Participants

• 120 participants in total, mean age 14.3 years
• 30 in Nobel Biocare onplant group: mean age 14.0 years (SD 1.53); 15 males, 15
females
• 30 in Orthosystem implant group: mean age 14.6 years (SD 1.99); 15 males, 15
females
• 30 in headgear group: mean age 14.0 years (SD 1.72); 15 males, 15 females
• 30 in the transpalatal arch group: mean age 14.4 years (SD 1.65); 15 males, 15
females
• Inclusion criteria:
1. healthy, non-smoking adolescents
2. no previous orthodontic treatment
3. permanent dentition, no transverse discrepancies
4. treatment plan involves extraction of at least 2 upper premolars
5. upper and lower fixed appliances required
6. require additional form of anchorage on upper 6’s

Interventions

• Comparison 1: Nobel Biocare onplant
1. 7.7 mm, placed near the palatal midline
2. Loaded after 16 weeks with a 1.3 mm transpalatal arch connected to maxillary
first molars
• Comparison 2: Orthosystem implant
1. 3.3 mm x 4 mm
2. Loaded after 16 weeks with a 1-2 mm transpalatal arch connected to maxillary
first molars
• Comparison 3: Headgear
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1.
2.
3.
•
1.
2.
Outcomes

Notes

Attached to maxillary first molars
Medium pull with a duration of 10-12 hours/day and 400 gm force level
Checked every 6 weeks
Comparison 4: Transpalatal arch
2.0 x 1.0 mm
Attached to maxillary first molars

• Anchorage loss measured by mesial molar movement:
- measured in mm on cephalometric radiographs using Bjork and Pancherz analyses
- measured at the end of levelling and alignment (start of space closure) and at the end
of space closure (including and excluding the levelling and alignment phase)
- data included in this review were from the end of space closure excluding the levelling
and alignment phase
• Success of anchorage device (successful anchorage comprises anchorage loss of less
than 1 mm, no failures of osseointegration or failures during anchorage system
placement, and no drop-outs after the treatment started)
• Pain and discomfort associated with insertion of anchorage device:
- comparisons were made between Nobel Biocare onplants, Orthosystem mid-palatal
implants and conventional anchorage (headgear and palatal arches combined)
- self reported on a VAS from 0 to 100 where ’no pain/discomfort’ and ’worst imaginable
pain/discomfort’ were the endpoints of the scale
- assessed at 4 time points, during the anaesthetic injection, during surgery/extractions,
the evening after surgery/extractions and 1 week after surgery
- pain in the first 2 groups was related to mid-palatal implant placement and in the third
group related to premolar extractions
• Pain, discomfort and effects on daily activities assessed throughout orthodontic
treatment:
- daily activities included leisure time, speech, ability to take a big bite, ability to chew
hard and soft food, the ability to chew against resistance, schoolwork, drinking, laughing,
yawning, kissing, in addition to how the orthodontic treatment affected mood and
appearance
- comparisons were made between the surgical anchorage group (Nobel Biocare onplants
and Orthosystem implants combined), headgear and palatal arches
- self reported on a VAS from 0 to 100, or a 4-point scale
- there were multiple time points; at the start of treatment, each day for a week after
the start of treatment, 6 weeks into treatment, after levelling and alignment, after space
closure, and 6 weeks into retention
• Participants were treated by 2 orthodontists in a county council setting in Sweden
• A straight-wire appliance with an MBT prescription and a 0.022 slot was used
• Other cephalometric variables were reported that are not related to this review

Risk of bias
Bias

Authors’ judgement

Random sequence generation (selection Low risk
bias)

Support for judgement
Quote: “The allocation sequence was computer generated by a statistician at...”
Quote: “the patients were randomised in
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blocks of 4 and stratified by sex into 1 of 4
groups”
Allocation concealment (selection bias)

Unclear risk

Quote: “The allocation sequence was ...,
and concealed in envelopes until randomization”
Comment: not stated whether envelopes
were opaque and sequentially numbered

Blinding of outcome assessment (detection High risk
bias)
All outcomes

Outcome assessment was not blinded because the appliances were visible on the radiographs

Incomplete outcome data (attrition bias)
Low risk
mesial movement of upper first maxillary
molar

At the end of space closure the following
drop-outs were reported:
• Nobel Biocare onplant group: 25 out
of 30 randomised patients were included
in the analysis because 1 patient moved
away before the commencement of
treatment, 1 implant failed to
osseointegrate, 2 implants were incorrectly
positioned and 1 patient had poor oral
hygiene
• Orthosystem implant group: 29 out
of 30 randomised patients were analysed
because 1 implant failed to osseointegrate
• Headgear group: all randomised
patients were included in the analysis
• Transpalatal bar group: 29 out of 30
randomised patients were included in the
analysis because 1 patient had severe
illness and dropped out before
commencement of treatment

Selective reporting (reporting bias)

Unclear risk

• Selective reporting of outcomes:
there is no suggestion for selective
outcome reporting
• Selective reporting of data: data on
the duration of treatment (secondary
outcome) were incompletely reported

Other bias

High risk

Fixed size blocks were used in a single-centre unblinded trial. This may make it possible to predict future assignments
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Methods

Participants

• Trial design: single-centre RCT (parallel groups)
• Location: University Clinic, San Antonio Texas
• Recruitment period: not stated
• Funding source: a source of support was provided by both the American Academy
of Esthetic Dentistry, in the form of a grant, and Straumann, in the form of equipment
• Source of participants: patients attending clinic
• Study duration: 8 weeks
• Time points at which follow-up are reported: from the time of implant placement
until 8 weeks post-placement
•
•
•
•
1.
2.
3.
4.

20 patients, 13-48 years old, 12 females, 8 males (1 drop-out not accounted for)
10 in the immediately loading group
10 in the delayed loading group
Inclusion criteria:
dental patients seeking orthodontic treatment
orthodontic implants were deemed necessary for treatment by their orthodontist
both maxillary first molars erupted and present
sufficient bone quantity to completely encase a palatal implant

Interventions

• Comparison 1: Strauman palatal implants, immediately loaded
1. 3.3 mm diameter, 4 or 6 mm length
2. Placed by a surgeon
3. Implants were immediately loaded on the day of surgery by an activated 5 mm
coil spring attached to a palatal arch
• Comparison 2: Strauman palatal implants, delayed loading
1. 3.3 mm diameter, 4 or 6 mm length
2. Placed by a surgeon
3. Implants were not loaded on the day of surgery as they were attached to the
palatal arch with an annealed coil spring, thus not producing any forces

Outcomes

Clinical success of the palatal implant defined as the ability to use the implant in the
course of orthodontic treatment

Notes

The main study outcome was implant stability, not success of anchorage device. The
duration of this study was 8 weeks, and the definition for clinical success of the miniscrew implants was the ability to use the implant in the course of orthodontic treatment.
An endpoint of 8 weeks after mini-screw implant placement does not represent a course
of orthodontic treatment

Risk of bias
Bias

Authors’ judgement

Random sequence generation (selection Low risk
bias)

Support for judgement
Quote: “All patients in the study were randomised to either immediately loaded or
non loaded treatments using the method of
randomly permuted blocks”
Quote: “The randomization scheme was
generated by using the web site Random-
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ization.com”
Allocation concealment (selection bias)

Low risk

Quote: “Third party volunteer sealed the
treatment assignment for each participant
in a brown envelope, which was open immediately prior to placement of the midpalatal implant”
Quote: “Group designation obtained by
randomization was revealed to the primary
investigator on the day of the surgery”

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Not addressed

Incomplete outcome data (attrition bias)
Low risk
mesial movement of upper first maxillary
molar

1 patient dropped out from the immediate
loading group due to failure of the implant

Selective reporting (reporting bias)

High risk

• Selective reporting of outcomes: does
not report anchorage loss
• Selective reporting of data: no
suggestion of selective reporting

Other bias

Low risk

Study appears to be free of other sources of
bias

Lehnen 2011
Methods

• Trial design: single-centre RCT (parallel group), each group was further
randomised according to the type of anaesthesia given first (split-mouth cross-over
design)
• Location: specialist orthodontic practice in Germany
• Recruitment period: 4 months (January to April 2009)
• Funding source: not stated
• Source of participants: patients attending clinic
• Study duration: questionnaires were administered before implant insertion, right
after insertion and 1 day after insertion
• Time points at which follow-up are reported: before implant insertion, right after
insertion and 1 day after insertion

Participants

• 30 participants in total, mean age 15.03 years (± 0.83)
• 15 in pre-drilled group: 8 males and 7 females
• 15 in self drilling group: 8 males and 7 females
• Inclusion criteria:
1. patients having a permanent dentition
2. under the age of 18 years
3. in need of orthodontic treatment involving both extraction of the maxillary
premolars and en-masse retraction to reduce an excessive overjet

Reinforcement of anchorage during orthodontic brace treatment with implants or other surgical methods (Review)
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

39

Lehnen 2011

(Continued)

Interventions

•
1.
•
1.

Outcomes

• Patient perception (discomfort), questionnaire administered by interviewer

Notes

Comparison 1: Pre-drilled Tomas pins (Dentaurum, Ispringen, Germany)
Length: 8.0 mm, diameter: 1.6 mm
Comparison 2: Self drilling Tomas pins (Dentaurum, Ispringen, Germany
Length: 8.0 mm, diameter: 1.6 mm

The questionnaire was administered by an interviewer and had a total of 11 questions:
• 1 question about discomfort during placement was included in the data extraction
• 5 questions were related to the anaesthesia technique and did not have data
• 2 questions were only applicable to group A (the pre-drilling group) and therefore
is not comparable
• 1 question was about describing the sensation to try and differentiate between
pain and pressure, this is applicable to both groups, but had no data
• 2 questions on expectations before treatment and if they were met, these 2
questions are related, but the scale in the second one is not meaningful because it asks
if expectations were met on a scale of 1-4, while the first question asks if discomfort
was expected; therefore they were excluded

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Unclear risk
bias)

Quote: “the patients were divided at random into two groups of the same size while
aiming for equal gender distribution”
Quote: “the first injection quadrant was
chosen at random”
Comment: insufficient information about
the sequence generation process to permit
judgement

Allocation concealment (selection bias)

Not addressed

Unclear risk

Blinding of outcome assessment (detection Low risk
bias)
All outcomes

Quote: “the interviewer was neither involved in the clinical procedure nor informed about it”

Incomplete outcome data (attrition bias)
Low risk
mesial movement of upper first maxillary
molar

All 30 participants answered the questionnaires completely

Selective reporting (reporting bias)

• Selective reporting of outcomes: does
not report anchorage loss
• Selective reporting of data: data on
the questionnaires are incompletely
reported

High risk
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Other bias

(Continued)

High risk

There was no wash-out period in the second randomisation, both injection techniques were given in the same appointment

Liu 2009
Methods

• Trial design: single-centre RCT (parallel group)
• Location: Department of Orthodontics, School of Stomatology, Tongii
University, Shanghai, China
• Recruitment period: not stated
• Funding source: not stated
• Source of participants: patients attending clinic
• Study duration: not stated
• Time points at which follow-up are reported: before and after active orthodontic
treatment

Participants

• 34 participants in total (28 female, 6 male), mean age 20.68 years
• 17 in mini-screw implant group: mean age 21.65 years ± 4.49; 3 males, 14 females
• 17 in the transpalatal arch group: mean age 19.71 years ± 3.06; 3 males, 14 females
• Inclusion criteria:
1. bi-alveolar dental protrusion presenting as Class I or Class II division I
malocclusion
2. no patients less than 18 years old
3. no previous orthodontic treatment
4. all 4 first premolars extracted
5. maximum anchorage required
6. agree to have mini-screw implant and transpalatal arch placed
7. no congenitally missing teeth except for the third molars

Interventions

Outcomes

•
1.
2.
3.
•

Comparison 1: Mini-screw implants (Cibei, Ningbo, China)
Self tapping titanium mini-screw implants
1.2 mm diameter, 8 mm length
Placed between roots of the maxillary second premolar and first molar
Comparison 2: Transpalatal arch

• Mesial movement of maxillary first molar on superimposed radiographs measured
from the start of space closure until the end of space closure
• Total duration of treatment

Notes
Risk of bias
Bias

Authors’ judgement

Random sequence generation (selection Low risk
bias)

Support for judgement
Quote: “they were randomly assigned to
two groups with the aid of a table of random
numbers”
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Allocation concealment (selection bias)

Unclear risk

The method of allocation concealment was
not mentioned

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Not addressed

Incomplete outcome data (attrition bias)
Low risk
mesial movement of upper first maxillary
molar

All randomised patients were included in
the analysis

Selective reporting (reporting bias)

Unclear risk

• Selective reporting of outcomes:
insufficient information to permit
judgement
• Selective reporting of data: no
suggestion of selective reporting

Other bias

Low risk

Study appears to be free of other sources of
bias

Ma 2008
Methods

Participants

Interventions

• Trial design: single-centre RCT (parallel group)
• Location: Orthodontic Department at the School of Stomatology, Nanjing
Medical University, China
• Recruitment period: not stated
• Funding source: The Science and Technology Department, Education
Department of Jiangsu Province; and the National Natural Science Foundation of
China
• Source of participants: patients attending clinic
• Study duration: not stated
• Time points at which follow-up are reported: from start of treatment until the
end of treatment
•
•
•
•
1.
2.
3.

30 participants in total: age range between 18-22 years (14 males and 16 females)
15 in the mini-screw implant group
15 in the headgear group
Inclusion criteria:
bimaxillary anterior protrusion
require maximum anchorage
extraction of all first premolars

• Comparison 1: Mini-screw implants (AbsoAnchor, Dentos Inc., Daugu,
Korea)
1. 1.2 mm diameter; maxilla 6 mm length, mandible 5 mm length
2. Placed between the maxillary second premolars and first molars, and between the
mandibular first molars and second molars
3. Loaded immediately with 100 g of force using activated nickel titanium coil
springs (Grikin Co., Beijing, China) to retract the anterior teeth
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(Continued)

4. 1-step retraction of the anterior arch segment was carried out
• Comparison 2: Headgear (Shinye Odontological Materials Co. Ltd,
Hangzhou, China)
1. Applied during the same period as for the micro-implant group
2. Outer face bows were bent upwards at an angle of 20 degrees
3. A force of 350 g applied until all premolar spaces were closed
4. 1-step retraction of the anterior arch segment was carried out
Outcomes

No outcomes concerned with this review were reported

Notes

Pre-adjusted straight wire appliances were used with an MBT prescription

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk
bias)

Quote: “The subjects were randomly divided (RandA1.0 Software, Planta Medical Technology and Development Co. Ltd,
Beijing, China) into two equal groups”

Allocation concealment (selection bias)

Not addressed

Unclear risk

Blinding of outcome assessment (detection Low risk
bias)
All outcomes

Quote: “Tracing, superimposition, and
measurement were undertaken manually
by two examiners who did not participate
in the study design”
Comment: blinding of outcome assessment probably achieved because the radiographs were taken before and immediately
after treatment; at these points of treatment, the appliances are not fixed inside
the mouth, and hence do not show on the
radiographs

Incomplete outcome data (attrition bias)
Low risk
mesial movement of upper first maxillary
molar

All randomised patients accounted for

Selective reporting (reporting bias)

High risk

• Selective reporting of outcomes:
movement of molars was not reported
• Selective reporting of data: not
relevant because no outcomes concerned
with this review were reported

Other bias

Low risk

Study appears to be free of other sources of
bias

Reinforcement of anchorage during orthodontic brace treatment with implants or other surgical methods (Review)
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

43

Maddalone 2010
Methods

• Trial design: single-centre RCT (parallel group)
• Location: Italy, exact setting not specified
• Recruitment period: not stated
• Funding source: institutional funding
• Source of participants: patients attending clinic
• Study duration: 4 months
• Time points at which follow-up are reported: from start of canine retraction for 4
months

Participants

• 38: age range between 12 and 54 years, gender distribution not mentioned
• 19 in the mini-screw implant group
• 19 in the conventional anchorage group
• Inclusion criteria:
1. the need to distalize upper and/or lower canines into an extraction space, for a
distance between 2 and 6 mm, in order to complete the correction of the overjet or the
resolution of incisal crowding

Interventions

• Comparison 1: Mini-screw implants (Imtec Ortho Implant, 3M Unitek)
1. Placed between second premolar and molar, at an angle of 45º to 90º
2. Chlorhexidine mouthwash 2% was prescribed 2 times/day 1 day before insertion
and 15 days after insertion
• Comparison 2: Conventional anchorage
1. This consisted of elastomeric chains or NiTi springs
2. Attached to second premolar and first molars which were tied together by steel
ligatures
3. The force applied ranged from 75 to 150 g
4. Replaced every 15 days to maintain force level
5. Force was measured by using a ’dynamometer’ 5-mini-implants were placed
between molars
6. Mini-implants were placed between molars to act as markers for measurement of
molar movement

Outcomes

• Mesial movement (mm) of maxillary first molar measured clinically using the head
of the implant as a reference, measure 4 months after commencement of space closure
• Success/failure of mini-implant (loosening of mini-implant)
• Duration of space closure phase

Notes

Information for this study was obtained from a Google translation of the manuscript
reporting the study
The method of measurement of molar movement used the head of the mini-screw
implants and the canines as a reference, it is unknown if the implant is a stable reference
point

Risk of bias
Bias

Authors’ judgement

Random sequence generation (selection Unclear risk
bias)

Support for judgement
Translated quote: “The items were assigned
randomly to two groups of study: 19 were
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treated with distalisation…”
Comment: insufficient information about
the sequence generation process to permit
judgement
Allocation concealment (selection bias)

Unclear risk

The method of allocation concealment was
not mentioned

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Not addressed

Incomplete outcome data (attrition bias)
Low risk
mesial movement of upper first maxillary
molar

All randomised patients were analysed

Selective reporting (reporting bias)

High risk

• Selective reporting of outcomes:
insufficient information to permit
judgement
• Selective reporting of data: mesial
movement of molars was incompletely
reported as the means were reported
without standard deviations

Other bias

Low risk

Study appears to be free of other sources of
bias

Sharma 2012
Methods

• Trial design: single-centre RCT (parallel group)
• Location: Outpatient Department of Orthodontics and Dentofacial Orthopedics,
Armed Forces Medical College, Pune, India
• Recruitment period: 12 months
• Funding source: not stated
• Source of participants: patients attending clinic
• Study duration: not stated
• Time points at which follow-up are reported: from start of treatment to end of
canine retraction

Participants

• 30 participants in total, 10 males, 20 females, mean age 17.4 years
• 15 in the mini-screw implant group
• 15 in the transpalatal arch group
• Inclusion criteria:
1. minimum age at the beginning of treatment of 14 years
2. in the permanent dentition
3. absence of gross caries in any of the maxillary dental units
4. ANB angle < 4º
5. need for extraction of the maxillary first premolars to be carried out as confirmed
by a diagnostic workup
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6.
7.
8.
•
1.
2.
3.

bimaxillary proclination with Class I molars and
crowding of < 5 mm in the maxillary arch (assessed using Little’s irregularity index)
absence of any systemic illness
Exclusion criteria:
history of previous orthodontic treatment
Angle’s Class III malocclusion
congenital absence of permanent teeth

Interventions

• Comparison 1: Mini-screw implants
1. Titanium mini-screw implants
2. 1.2 mm diameter and 8 mm length, with a self tapping design (Denticon OMI)
3. Inserted between the maxillary second premolar and maxillary first molar
4. All patients were recalled 3 days after insertion for loading; the mini-screw
implant was checked for mobility, swelling, acute inflammation with discharge or
subjective symptoms
• Comparison 2: Transpalatal arch
1. Made with 0.9 mm SS wire soldered to the palatal surface of the first molar bands

Outcomes

• Mesial movement (mm) of the maxillary first molars on lateral cephalometric
radiographs:
- the distance between the pterygoid vertical plane (PTV) and the centroid point on the
upper first molar was used to determine the position of the upper first molar
- the difference between the pre-treatment and post-canine retraction position was used
to determine mesial molar movement

Notes
Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk
bias)

Quote: “Each subject was assigned a computer-generated random number. When a
total of 30 had been recruited they were
arranged in ascending order according to
their assigned random number. The first
patient of the arranged number list was assigned to group A, the next to group B.
This was carried out alternatively until all
the...”

Allocation concealment (selection bias)

Low risk

Quote: “the random numbers were generated using EPI Info 6 software (Centers for
Disease Control and Prevention [CDC] Atlanta, GA, USA) by a faculty member independent from the study”

Blinding of outcome assessment (detection Low risk
bias)

Quote: “the mini-screw implant or TPA
was removed to avoid observer bias and
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All outcomes

a post-canine retraction cephalometric radiograph was taken”
Quote: “All pre- and post-treatment
cephalometric radiographs were hand
traced by one investigator (DC) who was
masked as to the details of the study”

Incomplete outcome data (attrition bias)
Low risk
mesial movement of upper first maxillary
molar

All randomised patients were accounted for
in the analysis

Selective reporting (reporting bias)

Unclear risk

• Selective reporting of outcomes:
insufficient information to permit
judgement (no protocol)
• Selective reporting of data: no
suggestion of selective reporting

Other bias

Low risk

Study appears to be free of other sources of
bias

Shi 2008
Methods

• Trial design: single-centre RCT (parallel group)
• Location: Department of Orthodontics, Second Hospital of Hebei Medical
University, China
• Recruitment period: not stated
• Funding source: not stated
• Source of participants: patients attending clinic
• Study duration: not stated
• Time points at which follow-up are reported: before and after treatment

Participants

• Patients with severe maxillary or bimaxillary protrusion
• 20 participants in total (14 females, 6 males), 15-27 years old, mean age 20.7 years
• 10 in mini-implant group
• 10 in the conventional anchorage group
• Inclusion criteria:
1. maxillary or bimaxillary protrusion
2. extraction of the upper and lower first premolars, or the upper first premolars and
lower second premolars

Interventions

• Comparison 1: Mini-screw implants
1. 1.5 mm diameter, 8 mm length
2. Positioned in the buccal alveolar crest between upper first molar and second
premolar
3. Loaded by a force of 150 g on each side, every 4 weeks
• Comparison 2: Conventional anchorage
1. Consisting of headgear and transpalatal arches
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Outcomes

Molar mesiodistal movement on lateral cephalometric radiographs; U6-PTV (distance
from mesiobuccal apex of the upper first molar to PTV)

Notes

The full text article is in Chinese; this information was obtained from a translation of
the article

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Unclear risk
bias)

Comment: insufficient information about
the sequence generation process to permit
judgement

Allocation concealment (selection bias)

Unclear risk

Not addressed

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Not addressed

Incomplete outcome data (attrition bias)
Low risk
mesial movement of upper first maxillary
molar

There were 2 drop-outs in the mini-screw
implant group; due to loss of implants

Selective reporting (reporting bias)

Unclear risk

• Selective reporting of outcomes:
anchorage loss was not an objective of this
study; however it would have been an
expected outcome in this type of study
• Selective reporting of data: no
suggestion of selective reporting

Other bias

Low risk

Study appears to be free of other sources of
bias

Turkoz 2011
Methods

• Trial design: single-centre RCT (parallel group)
• Location: Turkey
• Recruitment period: not stated
• Funding source: not stated
• Source of participants: setting not stated
• Study duration: not stated
• Time points at which follow-up are reported: before loading, after 1 month of
loading the mini-implants, and overall

Participants

• 69 participants in total, 24 males and 32 females
• 22 in mini-implant group (pilot hole diameter 1.1 mm): mean age of 15.2 years,
10 males and 12 females
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• 20 in mini-implant group (pilot hole diameter 0.9 mm): mean age 16.1 years, 7
males and 13 female
• 20 in mini-implant group (self drilling): mean age 15.4 years, 7 males and 13
female
• Inclusion criteria:
1. Angle Class II malocclusion
2. no history of trauma
3. no significant medical history
4. no congenital anomalies
5. no previous orthodontic treatment
Interventions

• Comparison 1: Mini-screw implants (Absoanchor; Dentos, Daegu, Korea)
(Pilot hole diameter 1.1 mm)
1. Diameter 1.4 mm and body length of 7 mm
2. Had a pilot hole drilled with a drill of diameter 1.1 mm
3. Loaded after 2 weeks
• Comparison 2: Mini-screw implants (Absoanchor; Dentos, Daegu, Korea)
(Pilot hole diameter 0.9 mm)
1. Diameter 1.4 mm and body length of 7 mm
2. Had a pilot hole drilled with a drill of diameter 0.9 mm
3. Loaded after 2 weeks
• Comparison 3: Mini-screw implants (Absoanchor; Dentos, Daegu, Korea)
(Self drilling)
1. Diameter 1.4 mm and body length of 7 mm
2. Self drilling (drill-free) insertion was performed using a manual screwdriver
3. Loaded after 2 weeks

Outcomes

• Success/failure of the anchorage device:
- failure was recorded when there was significant mobility that could not sustain the
orthodontic force
- this was assessed before loading, 1 month after loading and overall

Notes

Success and failure reported by implant and not by participant

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Unclear risk
bias)

Quote: “Sixty-two adolescent patients were
randomly assigned to three groups”
Comment: insufficient information about
the sequence generation process to permit
judgement

Allocation concealment (selection bias)

Unclear risk

Not addressed

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Not addressed
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Incomplete outcome data (attrition bias)
Low risk
mesial movement of upper first maxillary
molar

All randomised patients were analysed

Selective reporting (reporting bias)

High risk

• Selective reporting of outcomes:
anchorage loss was not an objective of this
study; however it would have been an
expected outcome in this type of study
• Selective reporting of data: no
suggestion of selective reporting

Other bias

Low risk

Study appears to be free of other sources of
bias

Upadhyay 2008
Methods

• Trial design: single-centre RCT (parallel group)
• Location: Department of Orthodontics of KLES Academy of Higher Education
and Research in Belgaum, India
• Recruitment period: 18 months
• Funding source: not stated
• Source of participants: patients attending clinic
• Study duration: not stated
• Time points at which follow-up are reported: before retraction and after space
closure

Participants

• 40 participants in total (all females), mean age 17.5 years
• 20 in mini-implant group: mean age of 17.61 years (SD 3.56)
• 20 in the conventional anchorage group: mean age 17.38 (SD 2.89)
• Inclusion criteria:
1. Class I bi-alveolar protrusion
2. permanent dentition
3. minimum age 14
4. no congenitally missing teeth except 8s
5. no history of mouth breathing, tongue thrusting, thumb sucking, orthodontic
treatment
6. Class I molars ± 1 mm
7. inter incisal angle of 116 or less, overbite of 0% to 50%, overjet not exceeding 5
mm
8. well aligned maxillary and mandibular incisors, crowding less than 3.5 mm
9. extraction of all 4s indicated
10. maximum anchorage indicated

Interventions

•
1.
2.
3.
4.

Comparison 1: Mini-screw implants
Titanium mini-implants
1.3 mm diameter, 8 mm length
Placed between second premolar and first molar in all 4 quadrants
Immediately loaded
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• Comparison 2: Conventional anchorage
1. Including headgear, transpalatal arches, banding of second molars and application
of differential moments
Outcomes

• Mesial movement of maxillary first molar on superimposed radiographs measured
from the start of space closure until the end of space closure
• Success/failure of mini-implant (success: complete stability throughout the
retraction phase; failure: loose and subsequently replaced)
• Duration of space closure phase

Notes

Straight wire appliance was used with Roth prescription

Risk of bias
Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk
bias)

Quote: “the subjects were randomly divided into 2 groups”
Quote: “the allocation sequence, which was
generated by the statistician on this project
using computer-generated random numbers”
Quote:
“A restricted randomizations method was
used in blocks of 10 to ensure that equal
numbers of patients were allocated to each
treatment group”

Allocation concealment (selection bias)

Unclear risk

Quote: “The principal investigator (M.U.)
was blinded to the allocation sequence”
Comment:
• the actual method of blinding was
not mentioned
• blinding of other investigators was
not addressed

Blinding of outcome assessment (detection Unclear risk
bias)
All outcomes

Quote: “measurement analysis of the
cephalogram was performed blindly”
Quote: “One faculty member (K.N.) examined all 72 cephalograms. The same faculty member conducted the measurement
analysis of the cephalograms and was unaware of the objectives of the study”
Quote: “All data were entered into computer databases by research assistants, who
were also blinded to the treatment group”
Comment: the faculty member examining
the radiographs could have seen the intervention on the radiograph if there was no
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attempt to mask it, even if they were unaware of the study objectives
Incomplete outcome data (attrition bias)
Low risk
mesial movement of upper first maxillary
molar

• 40 randomised, 36 analysed
• Mini-screw implant group: 18 out of
20 randomised patients were included in
the analysis, 2 dropped out before
commencement of treatment. This was
because 1 moved away and 1 became too
ill for treatment
• Conventional anchorage group: 18
out of 20 randomised patients were
included in the analysis, 1 dropped out
before commencement of treatment
because they refused intervention, and 1
had poor quality cephalometric
radiographs

Selective reporting (reporting bias)

Unclear risk

• Selective reporting of outcomes:
insufficient information to permit
judgement
• Selective reporting of data: no
suggestion of selective reporting

Other bias

Low risk

There was en masse retraction in the miniimplant group and sequential retraction
in the conventional group; however this
would bias the results towards underestimating the effects of the mini-implants

RCT = randomised controlled trial; SD = standard deviation; VAS = visual analogue scale

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Altug-Atac 2008

Interventions did not include a type of surgical anchorage

Baxmann 2010

Randomisation does not occur between 2 types of anchorage reinforcement

Bondemark 2005

Interventions did not include a type of surgical anchorage

Chen 2008

This study is not a randomised controlled trial as confirmed after translation of this article
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Cheng 2004

Randomisation does not occur between 2 different types of anchorage reinforcement

Deguchi 2008

This study is not a randomised controlled trial

Garfinkle 2008

This is a split-mouth study

Gelgor 2007

This study is not a randomised controlled trial, as confirmed by author correspondence

Gollner 2009

This study is not a randomised trial

Kadioglu 2008

This study is not a randomised controlled trial

Lee 2011

This study is not a randomised controlled trial, as confirmed by author correspondence

Melsen 2007

Interventions do not include a type of surgical anchorage

Moon 2008

There was only a single intervention

Motoyoshi 2007

This study is not a randomised controlled trial

Palagi 2010

Interventions did not include a type of surgical anchorage

Papadopoulos 2010

Interventions do not include a type of surgical anchorage

Polat-Ozsoy 2011

Interventions do not include a type of surgical anchorage

Schatzle 2009

This study did not include patients undergoing orthodontic treatment with fixed appliances

Thiruvenkatachari 2008

This study is not a randomised controlled trial

Upadhyay 2008-2

This study is not a randomised controlled trial, as confirmed by author correspondence

Upadhyay 2012

This study is not a randomised controlled trial, as confirmed by author correspondence

Wiechmann 2007

This study is not a randomised controlled trial

Wilmes 2009

This study is not a randomised controlled trial

Zhou 2009

This study is a prospective controlled trial. However, there is no indication that randomisation was carried
out. Correspondence address for the authors could not be found to confirm
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Characteristics of ongoing studies [ordered by study ID]
Bearn 2008
Trial name or title

Methods

Participants

Interventions

What is the most effective method for providing orthodontic anchorage? A randomised clinical trial of
headgear, AbsoAnchor mini-screws, palatal arch
•
•
•
•
•
•
•

Trial design: multicentre RCT (parallel group)
Location: secondary care/dental hospitals
Recruitment period: not known
Funding source: British Orthodontic Society Foundation
Source of participants: patients attending clinic
Study duration: start date 16 July 2008, proposed end date 31 July 2015
Time points at which follow-up are reported: 5 time points for follow-up

• Males and females accepted, age range not known, total sample number 45
• Inclusion criteria:
1. in the permanent dentition
2. having a malocclusion requiring fixed appliance therapy with premolar extractions in the upper arch
3. assessed as requiring an additional form of anchorage (i.e. treatment requires mid-arch extraction plus
an additional form of anchorage)
• Exclusion criteria:
1. craniofacial syndrome or cleft lip and/or palate
2. medical contraindication to use of mini-implants (systemic steroid tablets, insulin dependent diabetes
mellitus, haematological disorders, require antibiotic cover for invasive dental procedures, allergy to local
anaesthetic)
• Comparison 1: Mini-screw implants
• Comparison 2: Headgear
• Comparison 3: Transpalatal arch

Outcomes

• Primary outcome measures
1. Effectiveness of anchorage reinforcement defined as molar movement determined by superimposed 3D
scans of study models
• Secondary outcome measures
1. PAR Index/ABO scores from start and end of treatment study models
2. Soft tissue response to anchorage device from records and intraoral photographs
3. Treatment process (duration of treatment, duration of each visit, number of visits, patient cooperation,
smoking status) from data collection sheets
4. Anchorage device failure from data collection sheets
5. Patient experience from questionnaires

Starting date

16 July 2008

Contact information

Dr Roberta Littleford
University of Dundee, Tayside Clinical Trials Unit, Ninewells Hospital & Medical School, Research &
Development Office, Level 2 Residency Block, Dundee, Scotland, DD1 9SY, United Kingdom
Telephone: +44 (0)1382 740376
r.littleford@dundee.ac.uk
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Biavati/ Migliorati 2011
Trial name or title

Three dimensional movement analysis of maxillary impacted canine using TADs: a randomized clinical trial

Methods

•
•
•
•
•
•
•

Trial design: single-centre RCT (parallel group)
Location: Orthodontic Department, Genoa University, Italy
Recruitment period: not known
Funding source: University of Genova, University of Michigan
Source of participants: patients attending clinic
Study duration: not known
Time points at which follow-up are reported: beginning of traction and after 3 months after traction

Participants

•
•
1.
•
1.
2.
3.
4.

Males and females accepted, age range from 10-60 years, total sample number not stated
Inclusion criteria:
presence of 1 or 2 impacted maxillary canine requiring surgical exposure and orthodontic treatment
Exclusion criteria:
permanent teeth extraction-based treatment
current or previous orthodontic treatment in the last 12 months
current systemic disease
current antibiotic or anti-inflammatory therapy that can may compromise the result

Interventions

• Comparison 1: Temporary anchorage devices (TADs)
1. Alloy type IV titanium screw
2. 1.5 mm diameter and 8-10 mm long
3. Placed under local anaesthesia in an area between the first premolar and first molar, on the buccal or
labial side according to the canine position and teeth position
• Comparison 2: Canti-levers with a TMA sectional

Outcomes

• Primary outcome measures
1. Canine and first molar movement by superimposition of 2 consecutive TC cone beam using at least 5
landmarks point
• Secondary outcome measures
1. Side effect of traction
2. Evaluation of soft tissue health with clinical evaluation (bleeding on probing, gingival index, plaque
index)
3. Root cervical resorption of other teeth due to canine movement
4. Bone quality after 3 months of traction

Starting date

September 2011

Contact information

Doctor Marco Migliorati
Orthodontics Department, Dental School, Genoa University, Genoa, Italy, 16100
Telephone: +39 3383825781
marco.migliorati@gmail.com

Notes

Reinforcement of anchorage during orthodontic brace treatment with implants or other surgical methods (Review)
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

55

Jung 2007
Trial name or title

Early loading of palatal implants (Ortho-type II) a prospective multicentre randomised controlled clinical
trial

Methods

• Trial design: multicentre RCT (parallel group)
• Location: 4 university centres: Mainz, Dresden, Greifswald and Aachen (Germany)
• Recruitment period: 3 years
• Funding source: not known
• Source of participants: patients attending clinic
• Study duration: 5 years total study duration
• Time points at which follow-up are reported: start of treatment, 6 months after loading, 12 months
after loading, end of treatment

Participants

• 124 participants in total
• Inclusion criteria: orthodontic indication for skeletal anchorage, adequate bone for palatal implant,
good oral hygiene and normal wound healing capacity, written informed consent
• Exclusion criteria: cleft lip and palate, syndrome associated craniofacial anomalies, reduced immune
defence, diseases requiring continuous steroid treatment, radiotherapy, chemotherapy, bone metabolism
disease, drug or alcohol abuse, pregnancy

Interventions

•
1.
•
1.

Comparison 1: Ortho-implant type II anchor system
Standard loading after 12 weeks
Comparison 2: Ortho-implant type II anchor system
Immediate loading within 1 week

Outcomes

• Anchorage loss measured by mesial molar movement in mm on casts and cephalometric radiographs
using the Pancherz analysis, measured at the end of treatment
• Success of anchorage device measured by Implant survival and no abnormal mobility using the
percussion test, measured 6 months and 12 months after loading
• Patient’s acceptance rate of palatal implants measured at the end of treatment by a questionnaire

Starting date

December 2006

Contact information

BA Jung
Department of Orthodontics, University Medical Center Mainz, Augustusplatz 2, 55131 Mainz, Germany
brjung@uni-mainz.de

Notes

The results reported at this point in time are an interim analysis involving 41 participants and reporting the
outcome success of anchorage device. The trial is still ongoing

Miller 2009
Trial name or title

Methods

Study of the efficacy of skeletal anchorage (mini-screw) compared to dental anchorage during orthodontic
treatment
•
•
•
•
•

Trial design: single-centre RCT (parallel group)
Location: Bretonneau Hospital, Paris, France
Recruitment period: not known
Funding source: Assistance Publique - Hôpitaux de Paris, DENTOS
Source of participants: patients attending clinic
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Miller 2009

(Continued)

• Study duration: 4 years, 4 months estimated total study duration
• Time points at which follow-up are reported: before and after space closure
Participants

•
•
1.
2.
3.
•
1.
2.
3.

100 participants in total, males and females accepted, age range from 12-50 years
Inclusion criteria:
aged from 12 to 50 years old
patient needs orthodontic treatment with extraction of 2 maxillary bicuspids
patient has signed informed consent
Exclusion criteria:
patient younger than 12 and older than 50 years old
patient without social security affiliation
patient with a medical condition that indicates against orthodontic treatment

Interventions

• Comparison 1: Mini-screw implant
• Comparison 2: Dental anchorage

Outcomes

•
•
•
•
•

Amount of extraction space closure after 8 months of treatment
Angle classification of the canines
Parallelism of the dental axis on 3D CT scans
Treatment efficacy
Patient satisfaction

Starting date

February 2009

Contact information

Bretonneau Hospital, Paris, France, 75018

Notes
Sandler 2008
Trial name or title
Methods

Participants
Interventions

Efficiency and effectiveness of 3 methods of anchorage reinforcement in orthodontics
•
•
•
•
•
•
•

Trial design: single-centre RCT (parallel group)
Location: District General Hospital Orthodontic Department, Chesterfield, UK
Recruitment period: not known
Funding source: British Orthodontic Society Foundation
Source of participants: patients attending clinic
Study duration: 4 years estimated total study duration
Time points at which follow-up are reported: not stated

75 participants, both male and female eligible, age range from 12-17 years
• Comparison 1: Mini-screw implants
• Comparison 2: Headgear (12-14 hours per day)
• Comparison 3: Nance palatal arch
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Sandler 2008

(Continued)

Outcomes

• Anchorage loss measured from lateral cephalometric radiographs and 3D model scanning, records will
be taken at 3 points
• Patient perception of the different treatment methods, including surgical experience

Starting date

July 2008

Contact information

Not known

Notes

This study is now completed, and data will be reported when this review is updated

RCT = randomised controlled trial
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DATA AND ANALYSES

Comparison 1. Surgical anchorage versus conventional anchorage

Outcome or subgroup title
1 Mesiodistal movement of the
upper first permanent molar
1.1 Mid-palatal implants
1.2 Mini-screw implants
2 Duration of overall treatment
3 Duration of space closure
(months)
4 Number of visits

No. of
studies

No. of
participants

7

308

Mean Difference (IV, Random, 95% CI)

-1.68 [-2.27, -1.09]

3
4
3
3

190
118
111
80

Mean Difference (IV, Random, 95% CI)
Mean Difference (IV, Random, 95% CI)
Std. Mean Difference (IV, Fixed, 95% CI)
Std. Mean Difference (IV, Fixed, 95% CI)

-1.02 [-2.31, 0.26]
-2.17 [-2.58, -1.77]
-0.25 [-0.62, 0.12]
-0.09 [-0.54, 0.35]

1

47

Mean Difference (IV, Fixed, 95% CI)

7.01 [3.47, 10.55]

Statistical method

Effect size

Comparison 2. Two types of surgical anchorage

Outcome or subgroup title
1 Mesiodistal movement of the
upper first permanent molar
2 Success of anchorage device
2.1 Early versus delayed
loading
2.2 Single versus dual
mini-screw implants
2.3 Pre-drilling versus self
drilling
3 Duration of space closure

No. of
studies

No. of
participants

1

25

Mean Difference (IV, Random, 95% CI)

1.62 [0.98, 2.26]

4
2

224
36

Risk Ratio (M-H, Fixed, 95% CI)
Risk Ratio (M-H, Fixed, 95% CI)

1.06 [0.94, 1.19]
1.0 [0.83, 1.20]

1

76

Risk Ratio (M-H, Fixed, 95% CI)

1.01 [0.84, 1.22]

1

112

Risk Ratio (M-H, Fixed, 95% CI)

1.12 [0.91, 1.38]

1

25

Mean Difference (IV, Random, 95% CI)

-2.19 [-6.35, 1.97]

Statistical method
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Analysis 1.1. Comparison 1 Surgical anchorage versus conventional anchorage, Outcome 1 Mesiodistal
movement of the upper first permanent molar.
Review:

Reinforcement of anchorage during orthodontic brace treatment with implants or other surgical methods

Comparison: 1 Surgical anchorage versus conventional anchorage
Outcome: 1 Mesiodistal movement of the upper first permanent molar

Study or subgroup

Conventional
anchorage

Surgical anchorage

Mean
Difference

Weight

IV,Random,95% CI

Mean
Difference

N

Mean(SD)

N

Mean(SD)

IV,Random,95% CI

Borsos 2012

15

1.57 (1.06)

15

1.48 (1.56)

13.3 %

0.09 [ -0.86, 1.04 ]

Chesterfield 2007

23

1.5 (2.6)

24

3 (3.4)

7.4 %

-1.50 [ -3.23, 0.23 ]

Feldmann 2007 (1)

54

-0.1 (0.67)

59

1.59 (1.74)

18.0 %

-1.69 [ -2.17, -1.21 ]

Subtotal (95% CI)

92

1 Mid-palatal implants

98

38.7 % -1.02 [ -2.31, 0.26 ]

Heterogeneity: Tau2 = 0.99; Chi2 = 10.71, df = 2 (P = 0.005); I2 =81%
Test for overall effect: Z = 1.56 (P = 0.12)
2 Mini-screw implants
Liu 2009

17

-0.06 (1.4)

17

1.47 (1.15)

14.2 %

-1.53 [ -2.39, -0.67 ]

Sharma 2012

15

0 (0.021)

15

2.4 (0.712)

19.0 %

-2.40 [ -2.76, -2.04 ]

8

0.72 (1.23)

10

2.55 (0.69)

13.3 %

-1.83 [ -2.78, -0.88 ]

18

0.78 (1.35)

18

3.22 (1.06)

14.9 %

-2.44 [ -3.23, -1.65 ]

Shi 2008
Upadhyay 2008

Subtotal (95% CI)

58

60

61.3 % -2.17 [ -2.58, -1.77 ]

158

100.0 % -1.68 [ -2.27, -1.09 ]

Heterogeneity: Tau2 = 0.06; Chi2 = 4.32, df = 3 (P = 0.23); I2 =30%
Test for overall effect: Z = 10.48 (P < 0.00001)

Total (95% CI)

150

Heterogeneity: Tau2 = 0.44; Chi2 = 27.37, df = 6 (P = 0.00012); I2 =78%
Test for overall effect: Z = 5.62 (P < 0.00001)
Test for subgroup differences: Chi2 = 2.81, df = 1 (P = 0.09), I2 =64%

-4

-2

Favours surgical

0

2

4

Favours conventional

(1) Data for Feldmann was combined into two groups
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Analysis 1.2. Comparison 1 Surgical anchorage versus conventional anchorage, Outcome 2 Duration of
overall treatment.
Review:

Reinforcement of anchorage during orthodontic brace treatment with implants or other surgical methods

Comparison: 1 Surgical anchorage versus conventional anchorage
Outcome: 2 Duration of overall treatment

Study or subgroup

N

Mean(SD)

Borsos 2012

15

860 (298.5)

Chesterfield 2007

23

Liu 2009

17

Total (95% CI)

Std.
Mean
Difference

Conventional
anchorage

Surgical anchorage

N

Mean(SD)

Weight

IV,Fixed,95% CI

Std.
Mean
Difference
IV,Fixed,95% CI

15 1002.3 (257.7)

26.4 %

-0.50 [ -1.22, 0.23 ]

2.15 (0.59)

24

2.23 (0.62)

42.7 %

-0.13 [ -0.70, 0.44 ]

25.65 (5.06)

17

26.88 (6.54)

30.8 %

-0.21 [ -0.88, 0.47 ]

55

100.0 % -0.25 [ -0.62, 0.12 ]

56

Heterogeneity: Chi2 = 0.63, df = 2 (P = 0.73); I2 =0.0%
Test for overall effect: Z = 1.31 (P = 0.19)
Test for subgroup differences: Not applicable

-10

-5

Favours surgical

0

5

10

Favours conventional
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Analysis 1.3. Comparison 1 Surgical anchorage versus conventional anchorage, Outcome 3 Duration of
space closure (months).
Review:

Reinforcement of anchorage during orthodontic brace treatment with implants or other surgical methods

Comparison: 1 Surgical anchorage versus conventional anchorage
Outcome: 3 Duration of space closure (months)

Study or subgroup

Std.
Mean
Difference

Conventional
anchorage

Surgical anchorage

Weight

IV,Fixed,95% CI

Std.
Mean
Difference

N

Mean(SD)

N

Mean(SD)

IV,Fixed,95% CI

Basha 2010

7

182.43 (9.64)

7

181 (32.07)

18.0 %

0.06 [ -0.99, 1.10 ]

Borsos 2012

15

273.5 (171.2)

15

212.6 (133.3)

37.7 %

0.39 [ -0.34, 1.11 ]

Upadhyay 2008

18

8.61 (2.2)

18

9.94 (2.44)

44.3 %

-0.56 [ -1.23, 0.11 ]

Total (95% CI)

40

100.0 % -0.09 [ -0.54, 0.35 ]

40

Heterogeneity: Chi2 = 3.64, df = 2 (P = 0.16); I2 =45%
Test for overall effect: Z = 0.41 (P = 0.68)
Test for subgroup differences: Not applicable

-10

-5

0

Favours surgical

5

10

Favours conventional

Analysis 1.4. Comparison 1 Surgical anchorage versus conventional anchorage, Outcome 4 Number of
visits.
Review:

Reinforcement of anchorage during orthodontic brace treatment with implants or other surgical methods

Comparison: 1 Surgical anchorage versus conventional anchorage
Outcome: 4 Number of visits

Study or subgroup

Conventional
anchorage

Surgical anchorage

Mean
Difference

N

Mean(SD)

N

Mean(SD)

Chesterfield 2007

23

26.21 (7.41)

24

19.2 (4.58)

Total (95% CI)

23

Weight

IV,Fixed,95% CI

Mean
Difference
IV,Fixed,95% CI

100.0 %

7.01 [ 3.47, 10.55 ]

100.0 % 7.01 [ 3.47, 10.55 ]

24

Heterogeneity: not applicable
Test for overall effect: Z = 3.88 (P = 0.00010)
Test for subgroup differences: Not applicable

-50

-25

Favours surgical

0

25

50

Favours conventional
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Analysis 2.1. Comparison 2 Two types of surgical anchorage, Outcome 1 Mesiodistal movement of the
upper first permanent molar.
Review:

Reinforcement of anchorage during orthodontic brace treatment with implants or other surgical methods

Comparison: 2 Two types of surgical anchorage
Outcome: 1 Mesiodistal movement of the upper first permanent molar

Study or subgroup

Single
mini-screw
implant

Dual
mini-screw
implant

Mean
Difference

N

Mean(SD)[mm]

N

Mean(SD)[mm]

Bechtold 2013

12

-1.29 (0.66)

13

-2.91 (0.96)

Total (95% CI)

12

Weight

IV,Random,95% CI

Mean
Difference
IV,Random,95% CI

100.0 %

1.62 [ 0.98, 2.26 ]

100.0 % 1.62 [ 0.98, 2.26 ]

13

Heterogeneity: not applicable
Test for overall effect: Z = 4.95 (P < 0.00001)
Test for subgroup differences: Not applicable

-10

-5

Favours single mini-screw

0

5

10

Favours dual mini-screw
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Analysis 2.2. Comparison 2 Two types of surgical anchorage, Outcome 2 Success of anchorage device.
Review:

Reinforcement of anchorage during orthodontic brace treatment with implants or other surgical methods

Comparison: 2 Two types of surgical anchorage
Outcome: 2 Success of anchorage device

Study or subgroup

Comparison 1

Comparison 2

n/N

n/N

Risk Ratio

Weight

Borsos 2008

8/8

8/8

10.3 %

1.00 [ 0.80, 1.25 ]

Jackson 2008

9/10

9/10

11.0 %

1.00 [ 0.75, 1.34 ]

18

18

21.3 %

1.00 [ 0.83, 1.20 ]

21/24

45/52

34.6 %

1.01 [ 0.84, 1.22 ]

24

52

34.6 %

1.01 [ 0.84, 1.22 ]

67/78

26/34

44.1 %

1.12 [ 0.91, 1.38 ]

78

34

44.1 %

1.12 [ 0.91, 1.38 ]

104

100.0 %

1.06 [ 0.94, 1.19 ]

M-H,Fixed,95% CI

Risk Ratio
M-H,Fixed,95% CI

1 Early versus delayed loading

Subtotal (95% CI)

Total events: 17 (Comparison 1), 17 (Comparison 2)
Heterogeneity: Chi2 = 0.0, df = 1 (P = 1.00); I2 =0.0%
Test for overall effect: Z = 0.0 (P = 1.0)
2 Single versus dual mini-screw implants
Bechtold 2013

Subtotal (95% CI)

Total events: 21 (Comparison 1), 45 (Comparison 2)
Heterogeneity: not applicable
Test for overall effect: Z = 0.12 (P = 0.91)
3 Pre-drilling versus self drilling
Turkoz 2011

Subtotal (95% CI)

Total events: 67 (Comparison 1), 26 (Comparison 2)
Heterogeneity: not applicable
Test for overall effect: Z = 1.10 (P = 0.27)

Total (95% CI)

120

Total events: 105 (Comparison 1), 88 (Comparison 2)
Heterogeneity: Chi2 = 0.94, df = 3 (P = 0.82); I2 =0.0%
Test for overall effect: Z = 0.93 (P = 0.35)
Test for subgroup differences: Chi2 = 0.79, df = 2 (P = 0.67), I2 =0.0%

0.1 0.2

0.5

Favours comparison 1

1

2

5

10

Favours comparison 2
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Analysis 2.3. Comparison 2 Two types of surgical anchorage, Outcome 3 Duration of space closure.
Review:

Reinforcement of anchorage during orthodontic brace treatment with implants or other surgical methods

Comparison: 2 Two types of surgical anchorage
Outcome: 3 Duration of space closure

Single
mini-screw
implant

Study or subgroup

Dual
mini-screw
implants

N

Mean(SD)[months]

N

Bechtold 2013

12

9.08 (4.89)

13

Total (95% CI)

12

Mean
Difference

Mean
Difference

Weight

Mean(SD)[months] IV,Random,95% CI

IV,Random,95% CI

11.27 (5.71)

13

100.0 %

-2.19 [ -6.35, 1.97 ]

100.0 %

-2.19 [ -6.35, 1.97 ]

Heterogeneity: not applicable
Test for overall effect: Z = 1.03 (P = 0.30)
Test for subgroup differences: Not applicable

-10

-5

Favours single mini-screw

0

5

10

Favours dual mini-screws

ADDITIONAL TABLES
Table 1. Outcomes found in each of the included studies
BorSTUDYBasha Bech- sos
2010 told
2008
2013 a
a
OUTCOME

Borsos
2012

Feld- JackChester-mann son
field 2007 2008
a
2007

Liu
Lehnen 2009
2011

Ma
2008

MadShi
dalone Sharma 2008
2010 2012

a

Turkoz Upad2011 hyay
a
2008

yes

yes

no

yes

yes

yes

no

no

yes

no

yes

yes

yes

no

yes

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

Mesial
movement
of
upper
first
molar

Residual
overjet at
the
end
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Table 1. Outcomes found in each of the included studies

(Continued)

of
treatment
Sucyes
cess/
failure
of anchorage
device

yes

yes

no

yes

yes

yes

no

no

no

yes

no

no

yes

yes

Dura- no
tion
of active
treatment

no

no

yes

yes

no

no

no

yes

no

no

no

no

no

no

Dura- yes
tion
of
space
closure

yes

no

yes

no

no

no

no

no

no

no

no

no

no

yes

no

no

no

no

yes

no

no

no

no

no

no

no

no

no

no

Pano
tient
perception
(pain/
discomfort)

no

no

no

yes

yes

no

yes

no

no

no

no

no

no

no

Acceptability

no

no

no

no

yes

no

no

no

no

no

no

no

no

no

Number of
visits

no
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Table 1. Outcomes found in each of the included studies

Adverse
effects

(Continued)

no

no

no

no

no

no

no

no

no

no

no

no

no

no

no

Eco- no
nomic
factors

no

no

no

no

no

no

no

no

no

no

no

no

no

no

a These

studies compared 2 types of surgical anchorage

Table 2. Success rates of surgical appliances

Study

Type of anchorage device

Definition of success/failure

Basha 2010

Mini-implants

Loosening of the mini-screw im- 71.43%
plants and subsequently replaced
(10/14)

Transpalatal arch

Success not measured

Orthosystem mid-palatal implant

Orthodontic failure: failure after or- 91.30%
thodontic loading, patients did not (21/23)
end up with implant-assisted anchorage

Headgear

Patient did not end up with head- 87.50%
gear/headgear did not provide suf- (21/24)
ficient anchorage

Nobel-Biocare onplant

Successful anchorage comprises anchorage loss of less than 1 mm, no
failures of osseointegration or failures during anchorage system placement, and no drop-outs after the
treatment started

Chesterfield 2007

Feldmann 2007

Orthosystem mid-palatal implant

Maddalone 2010

Success rate

N/A

82.76%
(24/29)
93.33%
(28/30)

Headgear

46.67%
(14/30)

Palatal arch

27.59%
(8/29)

Mini-screw implant

Loosening of the mini-implant

84.21%
(16/19)

Elastomeric chains or NiTi springs

Success not measured

N/A
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Table 2. Success rates of surgical appliances

Upadhyay 2008

(Continued)

Mini-screw implant

Success: complete stability through- 93.05% (67/72)
out the retraction phase
Failure: loose and subsequently replaced

Conventional anchorage

Success not measured

N/A

Table 3. Pain perception reported by the Feldmann 2007 studya

Pain
during Pain during surgery/ Pain on the evening af- Pain 1 week after
anaesthetic injection
extraction
ter surgery/extraction surgery/extraction
Median (range)
Median (range)
Median (range)
Median (range)
Nobel-Biocare onplant 15 (0-72)

3 (0-14)

38 (0-100)

3 (0-13)

16 (0-84)

3 (0-16)

5 (0-90)

0 (0-5)

Ex10 (0-55)
traction group (headgear and palatal arch)

4 (0-28)

28 (0-100)

5 (0-50)

Orthosystem implant

a Pain

was self reported on a visual analogue scale (VAS) from 0 to 100 with ’no pain’ and ’worst imaginable pain’ at the endpoints of
the scale

Table 4. Discomfort reported by the Feldmann 2007 studya

Discomfort
during Discomfort
during DiscomDiscomfort 1 week afanaesthetic injection
surgery/extraction
fort on the evening af- ter surgery/extraction
Median (range)
Median (range)
ter surgery/extraction Median (range)
Median (range)
Nobel-Biocare onplant 17 (0-93)
Orthosystem implant

22 (0-96)

Ex13 (0-59)
traction group (headgear and palatal arch)

7 (0-60)

33 (0-96)

5 (0-49)

13 (0-84)

14 (0-98)

0 (0-7)

7 (0-50)

21 (0-88)

3 (0-26)

Discomfort was self reported on a visual analogue scale (VAS) from 0 to 100 with ’no discomfort’ and ’worst imaginable discomfort’
at the endpoints of the scale
Data were extracted from graphs

a
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APPENDICES
Appendix 1. Cochrane Oral Health Group’s Trials Register search strategy
From December 2012, searches were conducted in the Cochrane Oral Health Group’s Trials Register via the Cochrane Central Register
of Controlled Studies, using the search strategy below:
#1 (orthodontic*:ti,ab) AND (INREGISTER)
#2 (((dental and implant*) or (oral and implant*) or (titanium and implant*) or (palatal and implant*) or (endosseous and implant*)):
ti,ab) AND (INREGISTER)
#3 (osseointegrat*:ti,ab) AND (INREGISTER)
#4 (“titanium plate*”:ti,ab) AND (INREGISTER)
#5 (“zygoma* wire*”:ti,ab) AND (INREGISTER)
#6 ((miniscrew* or “mini screw*” or mini-screw* or microscrew* or “micro screw*” or micro-screw* or spiderscrew* or “spider screw*”
or spider-screw*) :ti,ab) AND (INREGISTER)
#7 ((surgical* or surgery):ti,ab) AND (INREGISTER)
#8 (onplant*:ti,ab) AND (INREGISTER)
#9 (“temporary anchorage device*”:ti,ab) AND (INREGISTER)
#10 (TAD:ti,ab) AND (INREGISTER)
#11 (#2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10) AND (INREGISTER)
#12 (anchor*) AND (INREGISTER)
#13 (#1 and #11 and #12) AND (INREGISTER)
Previous searches were conducted in the Cochrane Oral Health Group’s Trials Register using the Procite software and the search strategy
below:
(orthodontic* and anchor*)

Appendix 2. CENTRAL search strategy
#1 MeSH descriptor Orthodontics explode all trees
#2 orthodontic* in All Text
#3 (#1 or #2)
#4 MeSH descriptor Dental implants explode all trees
#5 MeSH descriptor Dental Implantation explode all trees
#6 ((dental in All Text near/4 implant* in All Text) or (oral in All Text near/4 implant* in All Text) or (titanium in All Text near/4
implant* in All Text) or (palatal in All Text near/4 implant* in All Text) or (endosseous in All Text near/4 implant* in All Text))
#7 osseointegration in All Text
#8 “titanium plate*” in All Text
#9 “zygoma* wire*” in All Text
#10 (mini-screw* in All Text or “mini screw*” in All Text or mini-screw* in All Text or microscrew* in All Text or “micro screw*” in
All Text or micro-screw* in All Text or spiderscrew* in All Text or “spider screw*” in All Text or spider-screw* in All Text)
#11 (surgical* in All Text or surgery in All Text)
#12 onplant* in All Text
#13 “temporary anchorage device*” in All Text
#14 TAD in Title, Abstract or Keywords
#15 (#4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14)
#16 MeSH descriptor Orthodontic Anchorage Procedures this term only
#17 anchor* in All Text
#18 (#16 or #17)
#19 (#3 and #15 and #18)
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Appendix 3. MEDLINE via OVID search strategy
1. exp Orthodontics/
2. orthodontic$.mp.
3. or/1-2
4. exp Dental Implants/
5. exp Dental Implantation/
6. ((dental adj4 implant$) or (oral adj4 implant$) or (titanium adj4 implant$) or (palatal adj4 implant$) or (endosseous adj4
implant$)).mp.
7. osseointegration.mp.
8. “titanium plate$”.mp.
9. “zygoma$ wire$”.mp.
10. (mini-screw$ or “mini screw$” or mini-screw$ or microscrew$ or “micro screw$” or micro-screw$ or spiderscrew$ or “spider
screw$” or spider-screw$).mp. [mp=title, original title, abstract, name of substance word, subject heading word, unique identifier]
11. (surgical$ or surgery).mp.
12. onplant$.mp.
13. “temporary anchorage device”.mp.
14. TAD.ti,ab.
15. or/4-14
16. Orthodontic Anchorage Procedures/
17. anchor$.mp.
18. or/16-17
19. 3 and 15 and 18
Cochrane search filter for MEDLINE via OVID:
1. randomized controlled trial.pt.
2. controlled clinical trial.pt.
3. randomized.ab.
4. placebo.ab.
5. drug therapy.fs.
6. randomly.ab.
7. trial.ab.
8. groups.ab.
9. or/1-8
10. exp animals/ not humans.sh.
11. 9 not 10

Appendix 4. EMBASE via OVID search strategy
1. exp Orthodontics/
2. orthodontic$.mp.
3. or/1-2
4. exp Dental Implants/
5. exp Dental Implantation/
6. ((dental adj4 implant$) or (oral adj4 implant$) or (titanium adj4 implant$) or (palatal adj4 implant$) or (endosseous adj4
implant$)).mp.
7. osseointegration.mp.
8. “titanium plate$”.mp.
9. “zygoma$ wire$”.mp.
10. (mini-screw$ or “mini screw$” or mini-screw$ or microscrew$ or “micro screw$” or micro-screw$ or spiderscrew$ or “spider
screw$” or spider-screw$).mp. [mp=title, abstract, subject headings, heading word, drug trade name, original title, device
manufacturer, drug manufacturer name]
11. (surgical$ or surgery).mp.
12. onplant$.mp.
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13. “temporary anchorage device”.mp.
14. TAD.ti,ab.
15. or/4-14
16. Orthodontic Anchorage Procedures/
17. anchor$.mp.
18. or/16-17
19. 3 and 15 and 18
Filter for EMBASE via OVID:
1. random$.ti,ab.
2. factorial$.ti,ab.
3. (crossover$ or cross over$ or cross-over$).ti,ab.
4. placebo$.ti,ab.
5. (doubl$ adj blind$).ti,ab.
6. (singl$ adj blind$).ti,ab.
7. assign$.ti,ab.
8. allocat$.ti,ab.
9. volunteer$.ti,ab.
10. CROSSOVER PROCEDURE.sh.
11. DOUBLE-BLIND PROCEDURE.sh.
12. RANDOMIZED CONTROLLED TRIAL.sh.
13. SINGLE BLIND PROCEDURE.sh.
14. or/1-13
15. ANIMAL/ or NONHUMAN/ or ANIMAL EXPERIMENT/
16. HUMAN/
17. 16 and 15
18. 15 not 17
19. 14 not 18

Appendix 5. Clinicaltrials.gov search strategy
The Clinicaltrials.gov website was searched by topic selecting mouth and tooth diseases. All records under ’malocclusion’ and ’Malocclusion Angle Class II’ were searched. In addition, an advanced keyword search using the following ’search terms’ and ’interventions’
was conducted:
Orthodontic AND anchorage OR Temporary AND anchorage OR Surgical AND anchorage | mini-screws OR mini-screws OR microscrews OR microscrews OR spiderscrews OR spider AND screws OR titanium AND plates OR miniplates OR zygoma AND wire

Appendix 6. IFMPA search strategy
This was searched by using the following terms from the ’site language’: ’orthodontic procedure’ and ’dental braces complication’.

Appendix 7. Current Controlled Trials search strategy
The Current Controlled Trials website was searched by using the following keywords individually: dental, orthodontic, mini-implant,
mini-screw implant, surgical anchorage and headgear.
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WHAT’S NEW
Last assessed as up-to-date: 28 October 2013.

Date

Event

Description

4 August 2014

New search has been performed

Searches updated to October 2013.

4 August 2014

New citation required and conclusions have changed

Substantial update with different authors, inclusion criteria,
search strategy, citations and conclusions
14 new studies were added to the single study in the last
published version of the review

HISTORY
Protocol first published: Issue 1, 2005
Review first published: Issue 3, 2007

Date

Event

Description

11 January 2008

Amended

Converted to new review format.

CONTRIBUTIONS OF AUTHORS
• Amendment of methodology: Safa Jambi (SJ), supervised by Kevin O’Brien (KOB).
• Searching other resources: SJ.
• Examination of titles and abstracts: Safa Jambi (SJ), Jonathan Sandler (JPS), KOB.
• Retrieval and examination of full text reports: SJ, JPS.
• Final decisions on study inclusion: SJ, JPS, KOB, Tanya Walsh (TW).
• Development of data collection forms: SJ.
• Piloting of data collection forms, data extraction and management: SJ, JPS.
• Risk of bias assessment: SJ, JPS, KOB, TW.
• Data synthesis: SJ, TW.
• Writing the review: SJ, KOB, TW.
The original version of this review was jointly conceived and designed by Richard M Skeggs and Philip E Benson.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW
The inclusion criteria were changed as follows.
1. Quasi-randomised studies were no longer eligible for the review.
2. To coincide with recent advancements in measurement techniques, studies in which measurements were made on superimposed
digital models were also considered eligible for the review.
3. The electronic search strategy was amended by the Cochrane Oral Health Group’s Trials Search Co-ordinator to include
additional terms (endosseous, temporary anchorage device, TAD, orthodontic anchorage procedures).
4. The handsearch was expanded to include relevant journals on oral implants.
5. The search for unpublished studies was expanded to include trial registries.
6. Subgroup analysis was carried out to further investigate the effects of different types of surgical anchorage. This was a post hoc
analysis as we did not expect to find multiple trials investigating surgical anchorage.

Reinforcement of anchorage during orthodontic brace treatment with implants or other surgical methods (Review)
Copyright © 2014 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

73

INDEX TERMS
Medical Subject Headings (MeSH)
∗ Dental

Implantation, Endosseous; ∗ Tooth Movement; Extraoral Traction Appliances; Molar; Orthodontic Anchorage Procedures
Orthodontic Brackets [adverse effects]; Randomized Controlled Trials as Topic

[∗ methods];

MeSH check words
Adolescent; Adult; Child; Female; Humans; Male; Middle Aged; Young Adult
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