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PREFACE

This thesis is based on the following papers, which are referred to in 
the text by their Roman numerals I-II.

I. Bondemark L, Karlsson I. Extraoral versus intraoral appliance  
 for distal movement of maxillary first molars: A randomized  
 controlled trial. Angle Orthod. 2005;75:699-706.

II. Karlsson I, Bondemark L. Intraoral maxillary molar distali- 
 zation. Movement before and after eruption of second molars.  
 Angle Orthod. 2006;76:923-929.

These papers are reprinted with kind permission from the copyright 
holder.
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ABSTRACT 

Maxillary molar distalization is a frequently used treatment 
method in cases with crowding associated with dental Class II 
molar relationship and Class I skeletal relationship. 

Despite the fact that several studies have been published 
concerning the treatment outcome of different appliances for distal 
movement of maxillary molars, it is still difficult to interpret the 
results and evidence presented in these studies because a variety of 
study designs, sample sizes and research approaches exists. In view 
of this, well-designed randomized clinical trials comparing patient 
compliant and non patient compliant extra- and intraoral 
appliance as methods of distalizing maxillary first molars is 
desirable as well as a systematic review of the present knowledge. 
Furthermore, there is a need for further evaluations and knowledge 
about the most appropriate time to move maxillary molars distally, 
i.e. evaluation of movement efficiency including anchorage loss 
before and after eruption of second maxillary molars. 

The overall aim of this thesis was to evaluate the outcome 
measures by distalizing maxillary molars with either the 
conventional extraoral traction (EOA) or an intraoral fixed 
appliance (IOA) and also to evaluate the optimal timing of 
distalizing treatment – either before or after the eruption of the 
second maxillary molars.  

 
This thesis was based on two studies and a systematic 
review included in the frame story: 
Paper I was a randomized controlled trial involving 40 patients in 
orthodontic treatment. The study evaluated and compared the 
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treatment effects of an EOA and an IOA for distal molar 
movement of maxillary first molars. 

Paper II was a retrospective study involving 40 patients 
evaluating the maxillary molar distalization and anchorage loss in 
two groups, one before (MD 1 group) and one after eruption of 
second maxillary molars (MD 2 group). 

The systematic literature search was made in 4 different 
databases to determine what appliances for distal molar movement 
of maxillary molars have been evaluated in an evidence based 
manner and with focus on the most efficient method and outcome 
of molar movement and anchorage loss. Also, the evidence-based 
standard of Paper I and II was evaluated. 
 
These conclusions were drawn: 
• The IOA was more effective than the EOA to create distal 

movement of maxillary first molars, and thus, for the clinician 
the IOA is the most favourable method. 

• Moderate and acceptable anchorage loss was produced with 
the IOA implying increased overjet whereas the EOA created 
decreased overjet. 

• The two appliances did not have any considerable corrective 
effect on Class II skeletal relationships and these appliances 
shall therefore only be used in cases of moderate dental sagittal 
discrepancies and arch-length deficiencies. 

• The most opportune time to move maxillary first molars 
distally is before eruption of the second molars, since molar 
movement is then most effective and the anchorage loss lesser. 

• There is limited level of evidence that intraoral appliance is 
more efficient than extraoral to create distal movement of 
maxillary molars and that anchorage loss was produced with 
the intraoral appliance. 

• It is still difficult to draw any conclusions as to which of the 
intraoral appliances that were the most effective, and 
therefore, more RCTs are desireable. 
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POPULÄRVETENSKAPLIG 
SAMMANFATTNING 

Den vanligaste bettavvikelsen som behandlas bland barn och 
ungdomar är trångställning. När funktionellt och estetiskt störande 
trångställning i överkäken ska behandlas kan man vanligtvis ta 
bort tänder eller flytta de första stora kindtänderna 
(sexårständerna) bakåt för att sedan göra tandraden jämn. Det 
finns flera vetenskapliga studier som beskriver 
behandlingseffekterna av olika tandställningar för att flytta de 
stora kindtänderna bakåt. Det är oklart vilken typ av tandställning 
som är effektivast och i allmänhet saknas ett evidensbaserat 
perspektiv. Det är också oklart vid vilken tidpunkt som det är mest 
effektivt att flytta sexårständerna bakåt, dvs. före eller efter det att 
de andra stora kindtänderna kommit på plats i tandbågen. 

 
Licentiatavhandlingen är baserad på följande studier: 
Med randomiserad kontrollerad studiedesign var syftet i Studie I 
att utvärdera behandlingseffekterna av två olika tandställningar för 
att flytta överkäkens sexårständer bakåt i tandbågen. Fyrtio 
patienter randomiserades, 20 till en avtagbar tandställning 
(extraoralt drag) och 20 patienter till en fast tandställning. 

Studie II hade syftet att analysera när behandlingen var 
effektivast, dvs. att tandreglera sexårstanden bakåt innan eller efter 
att den bakomvarande stora kindtanden kommit på plats i 
tandbågen.  

I ramberättelsen utfördes dessutom en systematisk 
litteraturöversikt med syfte att på ett evidensbaserat sätt utvärdera 
olika metoders effektivitet i att tandreglera de stora kindtänderna 
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bakåt i tandbågen och att göra en kvalitetsbedömning av de 
utvalda studierna. Översikten omfattade tidsperioden från januari 
1966 t o m april 2008 vilket innebar att bedömningen även 
inkluderade studierna I och II. 

 
Konklusioner: 
• Fast tandställning var effektivare än avtagbar för att flytta de 

första stora kindtänderna bakåt i tandbågen. 
• Sidoeffekter i form av 1-2 mm ökat överbett 

(förankringsförlust) uppstod vid behandling med fast 
tandställning medan avtagbar tandställning bidrog till minskat 
överbett. 

• Det var mest effektivt att tandreglera sexårstanden bakåt 
innan den bakomvarande stora kindtanden kommit på plats i 
tandbågen.  

• I litteraturen fanns det begränsat bevisvärde för att fast 
tandställning är mer effektiv än avtagbar för bakåtförflyttning 
av första stora kindtanden i överkäken och att sidoeffekter (1-
2 mm ökat överbett) blir följden av den fastsittande 
apparaturen. 

• Det är fortfarande svårt att via litteraturen dra några slutsatser 
om vilken typ av fast tandställning som är mest effektiv och 
därför behövs det ännu mer forskning om detta. 
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INTRODUCTION 

One of the most commonly treated orthodontic problems is the 
Class II malocclusion. The Angle classification described this 
malocclusion as the “lower molar distally positioned relative to the 
upper molar, line of occlusion not specified”.1 The prevalence of 
this malocclusion is about 14% amongst Swedish schoolchildren.2 

Many treatment options are available for correction of Class II 
malocclusion depending on what part of the craniofacial skeleton 
is affected. In general, treatment of Class II malocclusion can 
include growth modification in terms of mandibular replacement, 
i.e. to treat patients with mandibular skeletal retrusion, or 
maxillary retraction, i.e. to treat patients with maxillary skeletal 
protrusion. When crowding in the maxilla is associated with Class 
II molar relationship and Class I skeletal relationship maxillary 
molar distalization can be performed.3 Then, the molars are held in 
place whereas the premolars, canines and incisors usually are 
retracted by conventional multibracket techniques. Also, when 
moderate space loss in the maxilla and/or retrognatic soft tissue is 
apparent, it can be preferable to gain space by moving the 
maxillary first molars distally. 

 
Different types of distalization appliances 
When a literature survey was performed in April 2008 from 4 
databases and other sources such as textbooks, more than 20 
different appliances producing maxillary molar movement were 
found. These appliances can be classified in several ways and one 
classification can relate to if the appliance is a patient compliance 
(extraoral traction or removable appliances)4,5 or a non-compliance 
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distalization appliance (intraoral fixed appliances). However, the 
problems related to patient compliance have led many clinicians to 
prefer fixed intraoral distalizing systems that minimize reliance on 
the patient and that are under the control of the orthodontist. 
Most of the intraoral distalizing systems that have been proposed 
in the literature consist of a force generating unit and an anchorage 
unit (usually comprising premolars or decidiuous molars and an 
acrylic Nance button). Different types of active force components 
includes for example repelling magnets,6,7 superelasic coil springs7-13 
and beta titanium alloy springs.14-16 

Also, a classification of the non-compliance distalization 
appliances can be made depending on where the force system is 
positioned.17 

 
Appliances with a flexible distalization force system palatally 
positioned. 
The main non-compliance appliances that use a flexible molar 
distalization force system that is palatally positioned are the 
Pendulum Appliance14 and the Distal jet appliance.9 Other 
appliances of the same category include the Intraoral bodily molar 
distalizer,18 the Simplified molar distalizer,19 the Keles slider,20 
Nance appliances in conjunction with nickel titanium (NiTi) open 
coil springs7, 21 and the Fast back appliance.17 

 
Appliances with flexible distalization force system buccally 
positioned. 
Among the appliances that use a flexible distalization force system 
which is buccally positioned, the Jones Jig is one of the most 
commonly used.8 Nickel titanium coil springs in conjunction 
mainly with Nance buttons,22,23 repelling magnets7,24 and NiTi 
wires25 also belong to this category. The last group of appliances in 
this category is the various distalizing arches, including the 
Bimetric distalizing arch introduced by Wilson,26 the Molar 
distalization bow of Jeckel & Rakosi,27 and the Carriere 
distalizer.28 It should be noted that the Carriere device require 
patient compliance since it has to be used in conjunction with Class 
II elastics. 
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Appliances with a double flexible distalization force system 
positioned both palatally and buccally. 
Two appliances are included in this category. These are the Piston 
appliance (the Greenfield molar distalizer)29 and the Nance 
appliance in conjunction with NiTi open coil springs and an 
edgewise appliance.30 

 
Appliances with a rigid distalization force system palatally 
positioned. 
Appliances that use palatal positioned expansion screws as a rigid 
distalization force system are the Veltris distalizer, the New 
distalizer and the P-Rax molar distalizer.17 

 
Hybrid appliances 
The First class appliance13 uses a combination of a rigid 
distalization force system which is buccally positioned and a 
flexible one which is palatally positioned. 

 
Transpalatinal arches for molar rotation and/or distalization 
Transpalatinal arches (TPA) can be an effective adjunct for gaining 
space in the maxillary dental arch in terms of molar derotation or 
distalization. They are especially useful when the need for 
derotation is the same on both sides of the dental arch. Since the 
introduction of the transpalatal bar by Goshgarian31 several 
designs, soldered (fixed) or removable, have become available. 
 
Rate and timing of movement 
A distal movement rate of approximately 0.5 mm per month of the 
first molar crowns has been reported, but there is individual 
variation (0.2-0.9 mm per month).7,11,12,32,33 One factor that 
influences the movement rate is the type of movement and another 
is the timing of treatment.10 Usually faster movement occurs when 
the molars are tipped whereas bodily movement takes longer 
time.32 

A favourable time to move molars distally appears to be in the 
mixed dentition before the eruption of the second molars.10 
Furthermore, when molars are moved distally by intraoral 
mechanisms, anchorage loss will be evident as an increase in 
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overjet of 1 to 2 mm.7,10,12,32 The problem of increased overjet can 
be totally reversed and eliminated in most instances by subsequent 
multibracket appliance and intermaxillary Class II elastics.34 The 
problem with anchorage loss is claimed to be less before the second 
molar eruption when compared with treatment after the eruption 
of the second molars. Therefore, the usual recommended time to 
move maxillary molars distally with intraoral appliances is in the 
mixed or late mixed dentition.10,35 However, good treatment results 
have also been presented in the early permanent dentition when 
second molars have erupted7,9,11,12,32 and obviously, there is a need 
for further investigation on this topic. 

 
Evidence-based evaluation 
Scientific assessment in health care aims to identify interventions 
that offer the greatest benefits for patients while utilizing resources 
in the most efficient way. Scientific assessment is needed in health 
care both for established methods and for new medical 
innovations. Implementing evidence based health care means that 
decisions are supported by the best available scientific evidence 
from rigorous trials as a complement to other knowledge and to 
input from patients and caregivers.36 Important healthcare 
decisions that concern a patient's health should always proceed 
from the best available scientific evidence.37  

   The evaluation begins with a clinically relevant question, 
followed by an efficient literature search and finally an evaluation 
of the evidence, applying strict rules for reliability and validity. 
This refers to a conscious and systematic effort to design clinical 
treatment in accordance with the best possible scientific 
evidence.38,39 

 The randomized controlled trial (RCT) has become the criterion 
standard for evaluation in an evidence-based approach and is 
considered to generate the highest level of evidence. RCTs are 
considered to provide the least biased assessment of differences in 
effects between two or more treatment alternatives since allocation 
to different study groups is made randomly. 

   Well designed RCTs, confirming the same hypothesis, have for 
many years been recognized as providing the strongest level of 
evidence of the treatment effect of therapeutic interventions.40,41 
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Also, with the development of systematic reviews and meta-
analytic techniques we now see systematic reviews as the 
foundation stone of our pyramidal hierarchy of evidence.42-45  

   To date, several studies have been published concerning the 
treatment outcome of different appliances for distal movement of 
maxillary molars. However, it can be difficult to interpret the 
results and evidence presented in these studies because a variety of 
study designs, sample sizes and research approaches exists. In view 
of this a systematic review of the present knowledge of this topic 
seems desirable as well as conducting RCTs to compare the 
effectiveness of different appliances for distal maxillary molar 
movements since such studies are rare.   

   Although, considerable weight is placed on the evidence from 
RCTs and systematic reviews of RCTs, these research methods are 
not appropriate to answer every question. Valuable information 
can also be obtained from other levels of evidence and each has its 
role to play in providing evidence about the treatment we provide 
for our patients. For example when the efficiency of distal molar 
movement before and after eruption of second molars is planned to 
be evaluated it can be hard or complicated to use RCT methodolo-
gy since the randomization has to be of patients into two groups – 
one that starts treatment in the mixed dentition with no erupted 
second molars, and one for which the intervention begin later, 
when the second molars have erupted. In such circumstances, there 
is a risk that new malocclusions will occur during the “waiting pe-
riod” implying that the later group will not be comparable with the 
early intervention group. It can also be claimed that postponement 
of the intervention when indicated will be unethical to the patients.  

 
Final remarks 
Maxillary molar distalization is a frequently used treatment 
method in cases with crowding associated with dental Class II 
molar relationship and Class I skeletal relationship. 

  Several studies have been published concerning the treatment 
outcome of different appliances for distal movement of maxillary 
molars. However, most publications are case series, case reports or 
method descriptions but only a few prospective controlled studies. 
So far there exists no randomized trial comparing patient 
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compliant and non patient compliant extra- and intraoral 
appliances as methods of distalizing maxillary first molars. 
Furthermore, there is need for further evaluation and increased 
knowledge about the most appropriate time to move maxillary 
molars distally, i.e. evaluation of movement efficiency including 
anchorage loss before and after eruption of second maxillary 
molars. Since not all aspects of distal maxillary molar movement 
have been explored from an evidence-based viewpoint new well-
designed studies are needed.  

   In addition, despite several studies having been published 
concerning the treatment outcome of different appliances for distal 
movement of maxillary molars, it is still difficult to interpret the 
results and evidence presented in these studies because they vary in 
design, sample sizes and research approaches. In view of this, a 
systematic review of the present knowledge is desirable. 
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AIMS 

Paper I 
Using randomized controlled trial methodology in two groups of 
adolescent patients: 
• To evaluate and compare the treatment effects of an extraoral 

appliance (cervical headgear) and an intraoral appliance using 
superelastic coils for distal movement of maxillary first molars.  

 
Paper II 
In two groups of adolescent patients treated with the same intrao-
ral distalizing appliance: 
• To evaluate distal molar movement, including anchorage loss, 

before and after eruption of second maxillary molars.  
 
Systematic review 
A systematic review, presented in the frame story, was carried out: 
• To determine what appliances for distal movement of maxilla-

ry molars have been evaluated in an evidence based manner 
and with focus on the most efficient method and outcome of 
molar movement and anchorage loss as well as to evaluate the 
evidence-based standard of Paper I and II. 
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HYPOTHESIS 

Paper I 
A non-compliance intraoral appliance is more efficient in creating 
distal movement of maxillary molars than a patient compliance ex-
traoral appliance.  

 
Paper II 
Intraoral movement of maxillary first molars before eruption of 
second maxillary molars will result in more effective molar move-
ment and less ancorage loss than when performed after eruption of 
second molars.  

 
Systematic review 
Despite many studies evaluating the outcome and the effectiveness 
of orthodontic appliances producing distal movement of maxillary 
molars, the level of evidence for what is the most efficient method 
to create distal maxillary molar movement is still low.  
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MATERIALS AND METHODS 

SUBJECTS 
In Paper I the study participants were recruited from one 
Orthodontic Clinic at the National Health Service, County Council 
Skane, Malmö, Sweden. All the patients met the inclusion criteria: 
no orthodontic treatment before molar distalization, a non 
extraction treatment plan, maxillary first permanent molars in 
occlusion, no erupted maxillary second permanent molars, and 
Class II molar relationship defined by at least end-to-end molar 
relationship. (Figure 1) 

   A total of 44 patients were invited, four of these refrained 
from entering the study (Figure 2). Thus, 40 patients were 
randomized and 20 patients (10 girls and 10 boys mean age 11.4 
years, SD 1.37) were allocated to receive treatment with an 
intraoral appliance (IOA) and 20 patients (12 girls and 8 boys 
mean age 11.5 SD 1.25) with an extraoral appliance (EOA).  

In Paper II, 20 patients were identical to the IOA group in Paper 
I, i.e. patients who had no second maxillary molars erupted (MD 1 
group). The other group who had all second maxillary molars 
erupted (MD 2 group) included 20 patients randomly and 
retrospectively selected among 87 patients. These 20 patients were 
previously treated using an intraoral NiTi coil appliance for 
simultaneous distal movement of maxillary first and second molars 
at the Orthodontic Clinic Hassleholm, National Health Service, 
County Council Skane, Sweden. The patients were matched to the 
patients in the MD 1 group regarding gender and had an average 
age of 14.6 years (SD 1.10). 
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Figure 1. A representative patient enrolled to the study. 

 
 
 
 

Eligible patient 
   N = 44 

 
Refused to enter 

the study 
N = 4 

 
Randomized 

patients 
N = 4 

 
 

Allocated to IOA         Allocated to EOA 
N = 20                                  N = 20 

 
Analyzed and                              Analyzed and 

completed the trial         completed the trial 
N = 20                                   N = 20 

 
 
Figure 2. Flow chart of the patients in Paper I.  
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The inclusion criteria for all patients were:  
• The use of an intra-arch NiTi coil appliance with a Nance 

appliance to provide anchorage.  
• A non-extraction treatment plan. 
• A Class II molar relationship defined by at least an end-to-end 

molar relationship. 
• A space deficiency in the maxilla 
• No orthodontic treatment before distal molar movement.  
Besides the criteria above the patients in the MD1 group had to 
have all their maxillary first permanent molars in occlusion and no 
erupted maxillary second permanent molars during the 
distalization period whereas in the MD 2 group both the first and 
second maxillary molars had to be in occlusion at the start of 
treatment.  
 
Ethical considerations 
The ethic committee of Lund/Malmö University Sweden, which 
follows the guidelines of the Declarations of Helsinki, approved the 
protocol and the informed consent form (LU 670-00).  

 
Consent and randomization 
In Paper I, when a patient who fulfilled the inclusion criteria 
attended the Orthodontic Clinic, he or she was invited to enter the 
trial. The orthodontist supplied the patient and the attending 
parent with both oral and written information about the details of 
the study. After a written consent was obtained from the patient 
and the parent, the patient was randomized to receive treatment 
with either the IOA or EOA. A restrict randomization method was 
used in blocks of 10 to ensure that equal numbers of patients were 
allocated to each of the two treatment groups.  
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METHODS 
Paper I 
Intraoral appliance 
The patients in the IOA group received an appliance that consisted 
of bands placed bilaterally on the maxillary first molars and on 
either the second deciduous molars or first or second permanent 
premolars. This because some of the patients still had deciduous 
teeth left. There were nine patients with bands on second 
premolars, two with bands on first premolars and nine with bands 
on second deciduous molars.   

   A tube 1.1 mm in diameter and approximately 10 mm in 
length was soldered on the lingual side of the molar band. A 0.9 
mm lingual archwire that united a Nance acrylic button was 
soldered on to the lingual of the second deciduous molar or to the 
first or second permanent premolar band (Figure 3). The lingual 
archwire also provided two distal pistons that passed bilaterally 
through the palatal tubes of the maxillary molar bands. The tubes 
and pistons were required to be parallel in both the occlusal and 
sagittal views. A NiTi coil (GAC Int Inc, Central Inslip NY) 0.012 
inches in diameter with a lumen of 0.045 inches and cut to 10 to 
14 mm in length, was inserted on the distal piston and compressed 
providing about 200 g of force.7 Two forces were produced, one 
distally directed to move the molars distally and one reciprocal 
mesially directed force against which the Nance button provided 
anchorage. After the appliance was inserted there was no need for 
further activation of the coils during the molar distalization 
period.  

Figure 3. Intraoral appliance (IOA). 
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Extraoral appliance 
The EOA group received a Kloehn cervical headgear with bands on 
maxillary first permanent molars and the outer bow was tilted 
upward 15 degrees (Figure 4). A force of 400 g was used for the 
first two weeks after which it was increased to 500 g. This force 
was checked at each visit (every five weeks) at the clinic and 
reactivation was carried out when necessary. All patients were 
instructed to use the appliance at least 12 hours a day. At each visit 
to the clinic the patient submitted a form where he or she had 
recorded how many hours per day the appliance had been used.  

Figure 4. Extraoral appliance (EOA). 
 
Complications 
In both groups dental records were used to evaluate the frequency 
and types of complications during the treatment with the two 
different appliances. 

 
Paper II 
The MD 1 group was the same group as the IOA group in Paper I. 
Thus, the design of the intraoral appliance used in the MD 1 group 
was identical to the one used in the IOA group and have been 
described in Paper I above. The patients in the MD 2 group were 
supplemented with similar appliance as in the MD 1 group but all 
had their second molars erupted and all the patients had their 
bands placed bilaterally on the first maxillary molars and on the 
second premolars (Figure 5). Two orthodontic technicians made 
the appliances and efforts were made to construct the Nance 
button with equal size and dimension for all patients.  
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Figure 5. MD 1 group  MD 2 group.  
 
Outcome measures            
In Paper I and II the main outcome measures that were assessed 
were: 
• Treatment time, i.e. the time in months to achieve a normal 

molar relation.  
• Distal movement and distal tipping of maxillary first molars.  
• Anterior movement and inclination of maxillary central 

incisors, i.e. anchorage loss.  
• Movement of mandibular first molars.  
• Movement and inclination of mandibular central incisors.  
• Skeletal sagittal position changes of the maxilla and mandible.  
• Bite-opening effect.  
 
Data collection in Paper I and II 
The time in months to achieve normal molar relation by distal 
molar movement was recorded from the dental records. The time 
in hours a day the extraoral appliance was used was registrered 
from the submitted patient form. 

   Lateral head radiographs in centric occlusion were obtained at 
the start and after completion of the molar distalization with no 
appliance in place. Measuring points, reference lines and 
measurements used were based on those defined and described by 
Björk46 and Pancherz.47 Dental and skeletal changes as well as 
dental changes within the maxilla and mandible were determined 
by Pancherz SO analysis (analysis of changes in sagittal occlusion). 
Measurements were made to the nearest 0.5 mm or 0.5 degree. 
Images of bilateral structures were bisected. No correction was 
made for linear enlargement (10%). Changes in the different 
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measuring points during the treatment were calculated as the 
difference in the after-minus-before position. 

   The cephalograms were scored and coded by an independent 
person and the examiner conducting the measurement analysis of 
the cephalograms was unaware of which group the patient had 
been allocated to. An intention-to-treat approach was performed, 
and thus, the results of all patients were analyzed regardless of the 
outcome of treatment.  

 
Systematic review 
Search strategy 
To identify orthodontic articles that reported on distal movement 
of maxillary molars a literature survey was performed by applying 
the databases PubMed, Medline, Cochrane Oral Health Group 
Trials Register, and Web of Science. The search covered the period 
from the starting date of each database up to April 2008. In all 
databases the Mesh term (Medical Subject Heading) 
”orthodontics” was crossed with a combination of the following 
term ”distal molar movement” .  
 
Selection criteria 
Randomized controlled trials considering distal movement of 
maxillary molars were included if the following criteria were met: 
• Treatment had been carried out with the studied appliance 

alone without the concomitant use of other appliances, e.g. 
fixed appliances.  

• Duration of treatment evaluated.  
• Measurements of distal molar movement had been carried out, 

e.g. using measurements on dental casts or cephalometric 
measurements. 

• Measurement of anchorage loss had been carried out, e.g. 
using dental cast or cephalometric measurement of either 
movement of incisors or mesial movement of premolars. 

 
Prospective or retrospective studies, case series, case reports, 
reviews and technical/method presentations as well as in vitro and 
animal studies were not included. No restriction was made 
regarding language. Two reviewers (Drs Karlsson and Bondemark) 
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made independently the screening of eligible studies, assessment of 
the methodological quality of the trials and data extraction 
according to a data extraction form. A study was ordered in full 
text if at least one of the two reviewers considered it to be 
potentially relevant. Reference lists of the studies were hand 
searched for additional relevant studies not found in the database 
search. The reviewers selection results were compared and 
discrepancies were settled through discussion. A total of 266 
independent decisions were made and 95% of the decisions were in 
agreement.  

   The external and internal validity as well as the quality of 
methodology, statistics and performance of each study were 
assessed and the studies were graded with a score from A to C 
according to predetermined criteria (Table I). Based on the 
evaluated studies, the final level of evidence for each conclusion 
was judged according to the protocol of the Swedish Council on 
Technology Assessment in Health Care (SBU), (Table II), which is 
based on the criteria for assessing study quality from Centre for 
Reviews and Disseminations in York UK.48  

 
Table I. Criteria for grading of assessed studies. 
Grade A – High value of evidence 
All criteria should be met: 
Randomized clinical study  
Defined diagnosis and endpoints 
Diagnostic reliability tests and reproducibility tests described 
Blinded outcome assessment 
 
Grade B – Moderate value of evidence 
All criteria should be met: 
Cohort study, prospective or retrospective  study with defined control or reference group 
Defined diagnosis and endpoints 
Diagnostic reliability tests and reproducibility tests described 
 
Grade C – Low value of evidence 
One or more of the conditions below: 
Large attrition 
Unclear diagnosis and endpoints 
Poorly defined patient material 
 

Table II. Definitions of  Evidence level 
Level Evidence Definition 
1 Strong At least two studies assessed with grade “A” 
2 Moderate One study with grade “A” and at least two studies  
  with grade”B” 
3 Limited At least two studies with grade “B” 
4 Inconclusive Fewer than two studies with grade “B” 
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Statistical analysis 
Sample size calculation: In Paper I this was performed and based 
on an alpha significance level of 0.05 and a beta of 0.1 to achieve 
90% power to detect a clinically meaningful difference of 2 mm 
(SD 1.5 mm) distal molar movement between the two groups. The 
calculation revealed that 13 patients in each group were sufficient, 
but to compensate for eventual dropouts during the trial 20 
patients were enrolled in each group. 

   In Paper II the sample size calculation for each group was 
calculated and based on the same alpha and beta significance level 
as in Paper I to detect a mean difference of 0.2 mm per month (SD 
0.15 mm per month) in distal molar movement rate between the 
MD 1 and the MD 2 group. The sample size calculation showed 
that 12 patients in each group were needed and to increase the 
power even more it was decided to enrol 20 patients in each group. 

   Descriptive statistics: The arithmetic mean and standard 
deviation (SD) were calculated for each variable.  

   Differences in means within and between samples/groups in 
Paper I and II were tested by paired and unpaired t-test and in 
Paper I after F-test for equal and unequal variances. Chi-square 
tests were used to determine differences considering complications 
between groups. 

   Association between time of use and distal molar movement in 
the EOA group in Paper I was assessed with Pearson´s product 
moment correlation coefficient (r).  

   In both Paper I and II differences with probabilities of less than 
5 % (P<0.05) were considered statistically significant.  

   Method error: Twenty randomly selected cephalograms were 
traced on two separate occasions. No significant mean differences 
between the two series of records were found by using paired t-test. 
The method error according to Dahlbergs formula49 ranged from 
0.5 to 1.0 degree and 0.5 to 0.8 mm, except for the variables 
inclination of lower incisors and first maxillary molar inclination 
for which the errors were 1.5 and 1.4 degree, respectively. The 
coefficients of reliability50 ranged from 0.92 to 0.97 and from 0.94 
to 0.98, respectively.  
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RESULTS 

In Paper I and II no significant difference in treatment effects was 
found between girls and boys. Consequently the data for girls and 
boys were pooled and analyzed together. Pretreatment, no 
significant differences were found between the groups for the 
cephalometric variables measured, except in Paper II, for the 
maxillary incisor and the maxillary first molar inclination.  For 

 
Paper I 
All the patients in the EOA group submitted the form showing 
how many hours per day the appliance had been used during the 
treatment period (Figure 6). The appliance had been used for an 

hours/day). No interdependence was found between the time of use 
and the distal molar movement (r = 0.23).  

   The treatment time for the distal molar movement was 
significantly shorter for the IOA than the EOA group, 5.2 months 
versus 6.4 months (P<0.01). The mean amount of distal molar 
movement within the maxilla was 3.0 mm in the IOA group and 
1.7 mm in the EOA group which gave a significant difference 
between the groups (P<0.001). This corresponds to a tooth 
movement of 0.6 mm and 0.3 mm per month. The total molar 
relation correction was 3.3 mm in the IOA group and 2.4 mm in 
the EOA group. The molar correction was mainly distal movement 
of the maxillary first molars in the IOA group, whereas in the EOA 
group the molar relation was corrected by an equal amount of 
distal movement of the maxillary molars and mesial movement of 

details see Paper II, Table 1. (page 70). 

average time of 10.8 hours a day (SD 0.72, range 0-17.0 
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the mandibular first molars. The amount of distal molar tipping 
was small (~ 3 degrees) in both groups and there was no significant 
difference between the groups. 

   Because of anchorage loss the maxillary incisors in the IOA 
group significantly proclined and moved forward 0.8 mm and the 
overjet was increased 0.9 mm. In the EOA group the maxillary 
incisors significantly retroclined and moved distally 1.0 mm and 
the overjet decreased 0.9 mm. In both groups the overbite was 
significantly reduced, 0.8 mm in the IOA group and 0.7 mm in the 
EOA group. In both groups only small skeletal changes were 
shown. 

Complications occurred in both groups. In the IOA group there 
were totally 11 complications in 8 (4 boys and 4 girls) of 20 
patients. It was 4 loosened bands, 4 sored mucosa (3 because of the 
coil and 1 because of a molar band) and 3 breakage of the lingual 
arch. In the EOA group there were totally 17 complications in 10 
patients (4 boys and 6 girls). It was 14 loosened band, 1 sored 
mucosa because of the bow, 1 lost bow and 1 loosened bow. No 
significant difference in complications was found between the IOA 
and EOA group.   
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Figure 6. An example from the study – a girl 12 years old - show-
ing how many hours per day the appliance was used. 
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Paper II 
The average molar distalization time was 5.2 months in the MD 1 
group and 6.5 months in the MD 2 group (P<0.001). The mean 
amount of distal molar movement within the maxilla was 
significantly greater in the MD 1 than in the MD 2 group, 3.0 mm 
versus 2.2 mm (P<0.01). Thus, the movement rate was almost two 
times higher in the MD 1 than in the MD 2 group, 0.63 versus 
0.34 mm per month (P<0.001). The average molar relation 
correction was 3.3 mm in the MD 1 and 2.5 mm in the MD 2 
group. 

   The maxillary incisors in both groups proclined and moved 
forward, 0.8 mm in the MD 1 group versus 1.8 mm in the MD 2 
group. Hence, a significantly greater anchorage loss occurred in the 
MD 2 group and for every millimetre of distal molar movement the 
anchorage loss was 0.27 mm in the MD 1 group and 0.82 mm in 
the MD 2 group. Also, the overjet was significantly increased, 0.9 
in the MD 1 and 1.5 mm in the MD 2 group although no 
significant difference was found between the groups. Overbite was 
significantly reduced by 0.8 mm in the MD 1 and 1.2 mm in the 
MD 2 group. 

   The maxilla and mandible in both groups moved forward 
slightly, and the mandibular as well as the maxillary inclination 
increased. The occlusal plane inclination was stable in the MD 1 
group but turned counter clockwise 1.2 degrees in the MD 2 
group. 

 
Systematic review 
A total of 252 articles were identified and printed. The databases 
and search results are listed in Table III. Figure 7 presents a flow 
diagram of the selection process. Fourteen trials were potentially 
eligible,7,32,33,51-61 but only 3 of these fulfilled the criteria to be 
randomized controlled trials (RCT), and thus, included in the 
review. The exclusion criteria and number of excluded articles are 
listed in Table IV. 

   Two of the RCTs 33,51 were graded as having a high value of 
evidence (grade A) and one52 was graded as having moderate value 
of evidence (grade B), (Table I).  
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Potentially articles 
identified by the electronic  
database searches and screened 
for retrieval  
(n= 252) 
 
   Articles excluded 
   during the abstract 
   selection process 
   (n=238) 
 
 
Articles retrieved as full articles 
for more detailed evaluation 
(n=14) 
   Articles excluded 
   based on the information  

available in the articles, 
with reasons 
(n=11) 

 
  
 
RCTs with usable 
information, by outcome 
 (n=3) 

 
Figure 7. The selection process – exclusion criterias are explained 
 
 
 
 
 
Table IV. 
Exclusion criteria and number of excluded articles Amount 
Prospective controlled studies   1 
Retrospective controlled studies   6 
Case series and case reports   62 
Review articles    4 
Technical/method presentation   29 
In vitro studies    2 
Animal studies    27 
Do not follow the objectives of this review   118 
Total    249 
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Outcome of different distal maxillary molar movement 
appliances 
 

Paul et al33 compared the effectiveness of two intraoral methods of 
distalizing maxillary first permanent molars: a removable appliance 
(URA) and a Jones Jig. Twelve patients were randomly allocated to 
URA treatment and 11 patients to a Jones Jig. There were no 
statistically significant differences between the two treatment 
methods for any of the outcome measures, (Table V). 

Bondemark & Karlsson51 evaluated and compared the treatment 
effects of an extraoral appliance, i.e. cervical headgear and an 
intraoral Nance appliance with NiTi coil springs. Forty patients 
were randomized to receive treatment with either extraoral or 
intraoral appliance. It was found that the intraoral appliance was 
significantly more effective in distalizing  maxillary molars than the 
extraoral, (Table V). 

   Ye et al52 randomly divided 30 patients into two groups 
comparing the treatment effects of Pendulum appliance and 
headgear. The results indicated that the intraoral Pendulum 
appliance was significantly more efficient than the extraoral 
headgear, (Table V). 

    It can be pointed out that in the studies of Ye et al52 and 
Bondemark & Karlsson51 the patients had no second molars 
erupted whereas in the study of Paul et al33 all the patients had 
their second maxillary molars in place.  

   Ye et al52 and Bondemark & Karlsson51 found that the 
maxillary incisors proclined significantly in the intraoral group and 
significantly retroclined in the extraoral group whereas Paul et al33 
found no significant difference in anchorage loss between the 
groups, (Table V).  
 
Study quality and evidence 
Two studies evaluated and compared the treatment effects of 
intraoral and extraoral appliance. One of the studies51 was graded 
A while the other52 was graded B. Both studies showed that the 
intraoral appliances, albeit with different appliance design, were 
significantly more effective than the extraoral. This implies a 
limited level of evidence (Table II) that intraoral appliances are 
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more efficient than extraoral appliances are in creating distal 
movement of maxillary molars and that anchorage loss was 
produced with the intraoral appliance. 

   The three studies evaluated different types of intraoral 
appliances, but all of them used flexible force systems. In the Jones 
Jig the force system was buccaly positioned while the Pendulum 
and the appliance used in the study by Bondemark & Karlsson 
used palatinally positioned force system. Because of the different 
types of intraoral appliances it was still difficult to draw any 
conclusions as to which of these that were the most effective, 
(Table V). 
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DISCUSSION 

Treatment efficiency of IOA and EOA 
The intraoral appliance (IOA) is a patient non-compliance 
appliance. This means that the duration of the force per day on the 
molars was greater in the IOA than in the extraoral appliance 
(EOA), and thus, the major explanation for the higher effectiveness 
of the IOA in distal molar movement. The patients in the EOA 
group used the cervical headgear for an average time of 10.8 
hours/day (SD 0.72, range 0-17 hours/day). This time of use was 
judged as acceptable or good and quite normal for orthodontic 
patients in Scandinavia. It should be pointed out that clinical trials 
run the risk of a Hawthorne effect (systematic bias) which means 
that participants are more compliant because they know they are a 
part of a trial.62 Thus, in regular clinical practice it can be assumed 
that the distalizing effect of EOA run the risk of being lower than 
found in Paper I. Another advantage of the IOA lies in its single 
activation. Only one initial activation of the NiTi coils is needed 
because they demonstrate a wide range of superelastic activity and 
they exhibit small increments of deactivation over time, and hence, 
there is no need for reactivation appointments during the 
treatment.  

   The outcome measures, amount of distal molar movement and 
treatment time, were used in Paper I. The intention was to move 
the molars in both groups into a Class I molar relation which 
theoretically would result in no difference in mean amount of distal 
molar movement between the groups. The explanation for the 
difference between the groups both in treatment time and 
movement in millimetres is that since the patients came to the clinic 
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for control every 6 week and the movement rate were higher in the 
IOA group more patients in the IOA group ended up in super Class 
I relation before the appliance was removed. This implies both 
significantly shorter treatment time and significantly greater mean 
amount of distal molar movement in the IOA group (Figure 8). 

A. EOA 
 

B. IOA 
Figure 8. Before and after distalization with A. EOA and B. IOA. 

 
 

An advantage with the EOA is that this appliance also creates 
distal movement of the maxillary incisors implying decreased 
overjet which is desired when Class II division 1 occlusions are 
treated. However, due to anchorage loss the IOA instead increases 
the overjet7,10,12,32 which can be beneficial in cases with retroclined 
maxillary incisors, for example in subjects with a Class II division 
2 occlusion. In most instances, the anchorage loss produced by the 
IOA can be controlled. It has been shown that the undesirable 
movements of the incisors associated with distal molar movement 
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was totally reversed and eliminated by the subsequent multibracket 
appliances and intermaxillary Class II elastics.34 

   In the IOA group the molar correction consisted of 66% distal 
movement of maxillary molars and 34 % of mesial movement of 
mandibular molars. In the EOA group the corresponding figures 
were 45% distal movement of maxillary molars and 55% mesial 
movement of mandibular molars. Similar findings of molar 
correction has been described earlier.33 

 

Complications 
A number of complications occurred in both groups with no 
significant difference between the groups. The consequences of the 
complications regarding treatment efficiency and costs were not 
evaluated. Some complications were more time consuming to 
adjust and some involved a dental technician and new material. 
Even if neither the cost effectiveness or the patients perceptions of 
pain and discomfort of the appliances have not been evaluated, it 
seems natural to claim that the IOA is a more favourable method 
than the EOA to create distal molar movement as the opening 
hypothesis suggested.  

 
Timing of treatment 
The hypothesis in Paper II was confirmed since it was convincingly 
demonstrated that intraoral movement of maxillary first molars 
before eruption of second maxillary molars resulted in more 
effective molar movement and less anchorage loss. The findings are 
similar to and are supported by another study, in which the 
efficiency of a pendulum appliance for distal molar movement was 
related to second and third molar eruption stage.35 

   The reason why it is more effective to move the maxillary first 
molars distally before the second molars have erupted is of course 
that there is one more tooth, and thus, a larger area of root surface 
to be moved. This also implies that the strain on the anchorage 
teeth will increase when the first and second molars are moved 
simultaneously. Thus, the anchorage loss will be lower if the 
molars are moved before eruption of second molars and the 
amount of lower anchorage loss will result in less time consuming 
correction of this side effect. If there is an option to choose to 
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move the maxillary molars distally in the mixed dentition or in the 
permanent dentition, it is an advantage to make this intervention 
as an early treatment. In addition, in permanent dentition with 
both second and third molar present and space deficiency in the 
maxilla the clinician can consider to extract the second molars and 
then move the first molars distally.  

   In both Paper I and II only small skeletal effects were shown to 
occur when the maxillary molars were moved distally with either 
intraoral or extraoral appliances. These skeletal changes were 
mainly assigned to normal growth changes. It is well known that 
moving molars distally could create dental opening effects which 
are desirable in deep bite cases. However, since the skeletal effects 
are negligible during molar distalization this approach can also be 
performed in skeletal open bite cases without jeopardize the 
treatment result. 

 
Methodological aspects 
The RCT was the study design of choice in Paper I since a high 
level of evidence was desirable. In Paper II a randomized design 
was abandoned since it was not justified or ethical to postpone the 
treatment for those patients who should have been randomly 
allocated to the late treatment group (when second molars have 
erupted). Therefore, a study design was used in which patients 
were retrospectively selected into two groups according to 
predefined inclusion criteria, except that the second molars were 
erupted in one group. 

   In any scientific study, it is important that the power is high. In 
Papers I and II the power analysis revealed that a sample size of 13 
and 12 patients per group were sufficient. The motive behind 
enrolling 20 patients per group was to further increase the power 
of the two studies. Moreover, because the lateral head radiographs 
obtained with no appliance in place after completion of the molar 
distalization, and the measurement analysis of the cephalograms 
was performed in a blinded manner, i.e. the examiner was unaware 
of to which group the patient belonged, thereby minimizing the 
risk of the measurements being affected by the researcher. In 
addition, the cephalometric analysis was based on the method 
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described by Pancherz and this method has been proven to be 
reliable for assessment of patients in groups.63  

 
Systematic review 
The main objective when performing a systematic review of the 
literature concerning maxillary distal molar movement was to 
carry out a literature search in 4 databases to determine what 
appliances for distal movement of maxillary molars have been 
evaluated in an evidence based manner. The required level of 
evidence was set high for a study to be included, i.e. only RCT 
studies ("gold standard") recognized as providing the strongest 
level of evidence of the treatment effect of therapeutic 
interventions40,41 were selected and that evaluated the duration of 
treatment, distal molar movement and anchorage loss. In addition, 
the evaluation included the evidence and methodological soundness 
of Paper I and II included in this thesis. Only three studies fulfilled 
the inclusion criteria and one of these (graded as high value of 
evidence) was the study described in Paper I. Interestingly, another 
recently published review article64 could only find one RCT study 
concerning distal molar movement when searching in 2 databases. 
From an evidence based point of view this review used liberal 
inclusion criteria resulting in 13 selected articles (1 RCT, 7 
prospective studies and 5 retrospective studies). Their aim was to 
use published data to evaluate quantitatively the dental effects of 
noncompliance intramaxillary appliances in individuals with Class 
II malocclusion. The only RCT study that was included in this 
review was Paper I in this thesis. Nevertheless, both reviews 
concluded that more RCT studies are desirable to determine what 
appliances for distal movement of maxillary molars is the most 
effective. 

It can be noted that Paper II was excluded in the systematic 
review since this study was not any RCT, however, when assessing 
methodological quality of this study it was categorized as having 
moderate value of evidence (grade B, Table I). 
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CONCLUSIONS 

In the comparison of distal movement of maxillary first molars be-
tween the non-compliance intraoral appliance (IOA) and the pa-
tient compliance extraoral appliance (EOA) it was concluded that:  

 
• The IOA was more effective than the EOA when it comes to 

creating distal movement of maxillary first molars, and thus, 
for the clinician the IOA is the most favourable method. 

• Moderate and acceptable anchorage loss was produced with 
the IOA implying increased overjet whereas the EOA created 
decreased overjet. 

• The two appliances did not have any considerable corrective 
effect on Class II skeletal relationships and these appliances 
should therefore only be used in cases of moderate dental 
sagittal discrepancies and arch-length deficiencies. 

 
In the evaluation of the maxillary molar distalization and 
anchorage loss before and after eruption of second maxillary 
molars, it was concluded that: 
 
• The most opportune time to move maxillary first molars 

distally is before eruption of the second molars since then the 
molar movement is most effective and the anchorage loss 
lesser. 

 
In the systematic review to investigate and determine the actual 
level of evidence considering what appliances for distal movement 
of maxillary molars is the most effective, it was concluded: 
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• There is limited level of evidence that intraoral appliance is 
more efficient than extraoral to create distal movement of 
maxillary molars and that anchorage loss was produced with 
the intraoral appliance 

• It is still difficult to draw any conclusions as to which of the 
intraoral appliances that were the most effective and more 
RCTs are desirable. 
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Original Article

Extraoral vs Intraoral Appliance for Distal Movement of
Maxillary First Molars:

A Randomized Controlled Trial

Lars Bondemarka; Ingela Karlssonb

Abstract: Using randomized controlled trial methodology, the aim of this study was to evaluate
and compare the treatment effects of an extraoral appliance (EOA) and an intraoral appliance
(IOA) for distal movement of maxillary first molars. A total of 40 patients (mean 11.5 years, SD
1.29) at the Orthodontic Clinic, National Health Service, Skane County Council, Malmö, Sweden,
were randomized to receive treatment with either extraoral traction (cervical headgear) or an IOA
using superelastic coils for distal movement of maxillary first molars. The inclusion criteria were
a nonextraction treatment plan, a Class II molar relationship and maxillary first molars in occlusion
with no erupted maxillary second molars. The outcome measures to be assessed in the trial were
treatment time, cephalometric analysis of distal molar movement, anterior movement of maxillary
central incisors, ie, anchorage loss and sagittal and vertical skeletal positional changes of the
maxilla and mandible. In the IOA group, the molars were distalized during an average time of 5.2
months, whereas in the EOA group the corresponding time was 6.4 months (P , .01). The mean
amount of distal molar movement was significantly higher in the IOA than in the EOA group, three
mm vs 1.7 mm (P , .001). Moderate anchorage loss was produced with the IOA implying in-
creased overjet (0.9 mm) whereas the EOA created decreased overjet (0.9 mm). It can be con-
cluded that the IOA was more effective than the EOA to create distal movement of the maxillary
first molars. (Angle Orthod 2005;75:699–706.)

Key Words: RCT; Distal molar movement; Extraoral traction; Intraoral appliance

INTRODUCTION

To correct a Class II dental malocclusion or to cre-
ate space in the maxillary arch by a nonextraction pro-
tocol, maxillary molars can be moved distally and
thereby gain space and convert the Class II molar re-
lationship to a Class I. Then, the molars are held in
place whereas the premolars, canines, and incisors
usually are retracted by conventional multibracket
techniques. A variety of modes of distal molar move-
ment have been suggested including extraoral trac-
tion1,2 and extraoral traction in combination with re-
movable appliances.3 Despite their efficacy in tooth
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movement, these treatments are highly dependent on
patient cooperation. Therefore, various intraoral devic-
es that have almost eliminated the reliance on the pa-
tient have been introduced. These techniques include
Wilson arches,4 Hilgers pendulum appliances,5–7 re-
pelling magnets, and superelastic coils.8–15 However,
in a literature review, it was reported that the quality
of evidence for any method of moving maxillary molars
distally was not high.16

So far, there is no randomized controlled trial (RCT)
comparing the effectiveness of extraoral appliance
(EOA) and intraoral appliance (IOA) as methods of dis-
talizing maxillary first permanent molars as part of a
course of orthodontic treatment. Thus, using RCT
methodology, the aim of this study was to evaluate
and compare the treatment effects of extraoral traction
(cervical headgear) and an IOA using superelastic
coils for distal movement of maxillary first molars.

MATERIALS AND METHODS

The sample size for each group was calculated
based on an alpha significance level of 0.05 and a
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beta of 0.1 to achieve 90% power to detect a clinically
meaningful difference of two mm (61.5 mm) distal mo-
lar movement between the EOA and the IOA groups.
The power analysis showed that 13 patients in each
group were needed, and to compensate for conceiv-
able withdrawal or dropouts during the trial, it was
judged to enroll at least 20 patients in each group.

The patients were recruited from one orthodontic
clinic at the National Health Service, County Council
Skane, Malmö, Sweden. Two experienced orthodontic
specialists treated all the patients. In the system of the
National Health Service, the specialists are salaried
and the treatment provided at no cost to the patient
and parents. The patient inclusion criteria for this study
were:

• No orthodontic treatment before molar distalization;
• A nonextraction treatment plan;
• Maxillary first permanent molars in occlusion and no

erupted maxillary second permanent molars;
• Class II molar relationship, defined by at least end-

to-end molar relationship.

The ethic committee of Lund/Malmö University,
Sweden, which follows the guidelines of the Declara-
tion of Helsinki, approved the protocol and the in-
formed consent form.

When a patient who satisfied the inclusion criteria
attended the orthodontic clinic, he or she was invited
to enter the trial, and the orthodontist supplied the pa-
tient and parent both oral and written information of
details to the study. After written consent was obtained
from the patient and parent, the patient was random-
ized to receive treatment with either the EOA or IOA.
A restricted randomization method was used in blocks
of 10 to ensure that equal numbers of patients were
allocated to each of the two treatment groups. During
the molar distalization time, no other appliances were
placed.

Outcome measures to be assessed in the trial were:

• Treatment time, ie, the time in months to achieve a
normal molar relation;

• Distal movement and distal tipping of maxillary first
permanent molars;

• Anterior movement and inclination of maxillary cen-
tral incisors, ie, anchorage loss;

• Movement of mandibular first permanent molars;
• Movement and inclination of mandibular central in-

cisors;
• Skeletal sagittal position changes of the maxilla and

mandible;
• Bite-opening effect.

Design of the EOA

A Kloehn cervical headgear with bands on maxillary
first permanent molars was used and the outer bow

was tilted upward 158. A force of 400 g was used for
the first two weeks, after which it was increased to 500
g. This force was checked at each visit (every five
weeks) at the clinic and reactivation was carried out
when necessary. All patients were instructed to use
the appliance at least 12 h/d. At each visit to the clinic,
the patient submitted a form where he or she had re-
corded how many hours per day the appliance had
been used.

Design of the IOA

The appliance consisted of bands placed bilaterally
on the maxillary first molars and on either the second
deciduous molars or first or second permanent pre-
molars. A tube, 1.1 mm in diameter and approximately
10 mm in length, was soldered on the lingual side of
the molar band. A 0.9-mm lingual archwire that united
a Nance acrylic button was soldered on to the lingual
of the second deciduous molar or to the first or second
permanent premolar band (Figure 1). The lingual ar-
chwire also provided two distal pistons that passed bi-
laterally through the palatal tubes of the maxillary mo-
lar bands. The tubes and pistons were required to be
parallel in both the occlusal and sagittal views.

A Ni-Ti coil (GAC Int Inc, Central Inslip, NY), 0.012
inches in diameter, with a lumen of 0.045 inches and
cut to 10 to 14 mm in length, was inserted on the distal
piston and compressed to half of its length when the
molar band with its lingual tube was adapted to the
distal piston of the lingual arch wire (Figure 1).13 When
the coil was compressed, two forces were produced,
one distally directed to move the molars distally and a
reciprocal mesially directed force against which the
Nance button provided anchorage. Ni-Ti coils dem-
onstrate a wide range of superelastic activity with a
small fluctuation of load despite a large deflection and
exhibit small increments of deactivation with time, and
therefore the number of reactivation appointments can
be reduced.17 Because the compression of the Ni-Ti
coil to half its length provided about 200 g of maximal
force and because of the small fluctuation of load de-
spite a large deflection of the coil, the force fell from
approximately 200 to 180 g as the molars moved dis-
tally. Thus, after the appliance was inserted with the
compressed Ni-Ti coils, there was no need for further
activation of the coils during the molar distalization pe-
riod.13

Data collection

The time in months to achieve a normal molar re-
lation by distal molar movement was registered. Lat-
eral head radiographs in centric occlusion were ob-
tained at the start and after completion of the molar
distalization. The measuring points, reference lines,
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FIGURE 1. Occlusal view (A) of the intraoral appliance. In this case, the second premolars have erupted, and thus are these teeth engaged
in the appliance. The occlusal detail (B) shows the inactivated Ni-Ti coil inserted on the distal piston and the steel tubing lingually on the
maxillary molar band allowing the molar to slide distally. (C) The lingually inserted Ni-Ti coil is compressed to approximately half of its length.
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FIGURE 2. The flow chart of the patients in this study. IOA indicates
intraoral appliance; EOA, extraoral appliance.

and measurements used were based on those defined
and described by Björk18 and Pancherz.19 Dental and
skeletal changes as well as dental changes within the
maxilla and mandible were obtained by the Pancherz
analysis.19 Measurements were made to the nearest
0.5 mm or 0.58. Images of bilateral structures were
bisected. No correction was made for linear enlarge-
ment (10%). Changes in the different measuring points
during the treatment were calculated as the difference
in the after-minus-before position.

The cephalograms were scored and coded by an
independent person, and the examiner conducting the
measurement analysis of the cephalograms was un-
aware of the group to which the patient had been al-
located. An intention-to-treat approach was performed,
and the results of all patients were analyzed regard-
less of the outcome of treatment.

Statistical analysis

The arithmetic mean and standard deviation were
calculated for each variable. Differences in means
within samples/groups were tested by paired t-tests
and between samples and groups by unpaired t-tests
after F tests for equal and unequal variances. Asso-
ciation between time of use and distal molar move-
ment in the EOA group was assessed with Pearson’s
product moment correlation coefficient (r). Differences
with probabilities of less than 5% (P , .05) were con-
sidered statistically significant.

Error of the method

Twenty randomly selected cephalograms were
traced on two separate occasions. No significant mean
differences between the two series of records were
found by using paired t-tests. The method error20

ranged from 0.5 to 1.08 and 0.5 to 0.8 mm, corre-
sponding to coefficients of reliability21 from 0.92 to 0.97
and from 0.94 to 0.98, respectively.

RESULTS

A total of 44 patients were enrolled, and four of
these refused to enter the study. Thus, 40 patients
were randomized, 20 (10 girls and 10 boys) were al-
located to receive treatment with the IOA, and 20 (12
girls and eight boys) with the EOA. All 40 patients
completed the trial (Figure 2). The mean age was 11.4
(SD 1.37) and 11.5 (SD 1.25) years for the IOA and
EOA groups, respectively. No significant difference in
any of the variables used in the study was found be-
tween girls and boys, and consequently, the data for
girls and boys were pooled and analyzed together.

Pretreatment cephalometric records are summa-
rized in Table 1. Cephalometrically the two groups

were in good accordance with each other because no
significant between-group difference was found for the
variables measured.

All patients in the EOA group submitted the form
showing how many hours per day the appliance had
been used during the treatment period. It was found
that the appliance had been used for an average time
of 10.8 h/d (SD 0.72).

The average molar distalization time for the IOA
group was 5.2 months (SD 1.00) whereas in the EOA
group the corresponding time was 6.4 months (SD
0.97). Thus, the treatment time for the distal molar
movement was significantly shorter for the IOA than
the EOA group (P , .01). The mean amount of distal
molar movement within the maxilla was significantly
greater in the IOA than in the EOA group (P , .001),
three mm (SD 0.64) vs 1.7 mm (SD 0.91) (Table 2).
In the EOA group, no interdependence was found be-
tween the time of use of the appliance per day and
distal molar movement (r 5 0.23). The amount of distal
molar tipping was small in both groups and no signif-
icant difference existed between the groups (Table 2).

The total molar relation correction was 3.3 mm in
the IOA group and 2.4 mm in the EOA group (Figure
3). The molar relation was corrected mainly by distal
movement of the maxillary first molars in the IOA
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TABLE 1. Pretreatment Cephalometric Records for the IOA Group and the EOA Groupa

IOA (N 5 20)

Mean SD

EOA (N 5 20)

Mean SD
Group Difference

P Value

Sagittal variables (mm)

Maxillary base, A-OLp 79.0 4.06 79.1 3.79 NS
Mandibular base, Pg-OLp 82.8 5.88 81.6 5.42 NS
Maxillary incisor, Is-OLp 85.9 4.78 87.0 3.61 NS
Mandibular incisor, Ii-OLp 82.0 5.32 82.3 4.19 NS
Maxillary molar, Ms-OLp 41.6 3.91 42.4 3.53 NS
Mandibular molar, Mi-OLp 41.6 4.03 42.0 4.32 NS
Molar relationship, Ms-OLp minus Mi-OLp 20.1 1.27 0.4 1.30 NS
Overjet, Is-OLp minus Ii-OLp 3.9 1.59 4.7 1.85 NS

Sagittal variables (8)

Maxillary incisor inclination, ILs/NSL 100.1 6.36 100.6 7.68 NS
Mandibular incisor inclination, ILi/ML 91.4 4.01 93.5 6.46 NS
Maxillary first molar inclination, Mls/NSL 68.6 3.59 68.7 5.28 NS

Vertical variables (mm)

Overbite, Is-NSL minus Ii-NSL 3.1 1.87 3.8 1.95 NS

Vertical variables (8)

Mandibular inclination, NSL/ML 33.3 3.63 32.2 6.32 NS
Occlusal plane inclination, OL/NSL 19.0 4.06 19.5 4.31 NS

a IOA indicates intraoral appliance; EOA, extraoral appliance, NS, not significant; * P , .05; ** P , .01; *** P , .001.

TABLE 2. Changes in Cephalometric Variables Within and Between the Two Groups After Distal Movement of Maxillary Molars. Changes
were Calculated as the Difference After-Minus-Before Positiona

IOA (N 5 20)

Mean SD

EOA (N 5 20)

Mean SD
Group Difference

P Value

Skeletal sagittal variables (mm)

Maxillary base, A-OLp 0.8*** 0.47 0.7*** 0.65 NS
Mandibular base, Pg-OLp 0.8** 0.70 0.9** 1.48 NS

Skeletal 1 dental sagittal variables (mm)

Maxillary molar position, Ms-OLp 22.2*** 0.78 21.0** 1.32 **
Mandibular molar position, Mi-OLp 1.1*** 0.87 1.2*** 1.43 NS
Maxillary incisor position, Is-OLp 1.6*** 0.99 20.3 1.23 **
Mandibular incisor position, Ii-OLp 0.7*** 0.75 0.4 1.24 NS

Dental sagittal variables within the maxilla and mandible

Maxillary molar, Ms-OLp (d) minus A-OLp (d) 23.0*** 0.64 21.7*** 0.91 ***
Mandibular molar, Mi-OLp (d) minus Pg-OLp 0.3** 0.49 0.3 0.91 NS
Maxillary incisor, Is-OLp (d) minus A-OLp (d) 0.8** 0.88 21.0*** 0.99 ***
Mandibular incisor, Ii-OLp (d) minus Pg-OLp (d) 20.1 0.41 20.5* 0.96 *
Molar relationship, Ms-OLp (d) minus Mi-OLp (d) 23.3*** 0.89 22.0*** 0.77 ***
Overjet, Is-OLp (d) minus Ii-OLp (d) 0.9*** 0.88 20.9*** 0.63 ***

Sagittal variables (8)

Maxillary incisor inclination, ILs/NSL 2.0** 2.66 20.6 1.94 **
Mandibular incisor inclination, ILi/ML 0.1 0.81 0.4 1.13 NS
Maxillary first molar inclination, M1s/NSL 22.9*** 1.92 23.0*** 2.85 NS

Vertical variables (mm)

Overbite, Is-NSL minus Ii-NSL 20.8*** 0.80 20.7*** 0.72 NS

Vertical variables (8)

Mandibular inclination, NSL/ML 0.5** 0.74 0.2* 0.38 NS
Occlusal plane inclination, OL/NSL 20.1 0.60 0.1 0.74 NS

a IOA indicates intraoral appliance; EOA, extraoral appliance; NS, not significant; * P , .05; ** P , .01; *** P , .001.
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FIGURE 3. Skeletal and dental mean changes (in mm) and standard
deviations contributing to alterations in sagittal molar relationship
and overjet. N 5 20 in each group. *P , .05; **P , .01; ***P ,
.001.

group corrected, whereas in the EOA group the molar
relation was corrected by an equal amount of distal
movement of the maxillary molars and mesial move-
ment of mandibular first molars (Figure 3).

Because of anchorage loss, the maxillary incisors in
the IOA group proclined and moved forward 0.8 mm
(SD 0.88) and the overjet was increased by an aver-
age of 0.9 mm (SD 0.88) (Figure 3; Table 2). However,
in the EOA group, the maxillary incisors retroclined
and moved distally one mm (SD 0.99) and the overjet
decreased by a mean of 0.9 mm (SD 0.63) (Figure 3;
Table 2).

In both groups, the overbite was significantly re-
duced, 0.8 mm (SD 0.80) in the IOA group and 0.7
mm (SD 0.72) in the EOA group (Table 2). During the
trial period, the maxilla and mandible in both groups
both moved forward small amounts and the mandib-
ular plane angle increased (Table 2).

DISCUSSION

In any scientific study, it is important that the power
is high and the characteristics of any withdrawal sub-
jects are known. The power analysis revealed that a
sample size of 13 patients per group was sufficient.
Because 20 patients per group were enrolled in this
study and the number of withdrawals after randomi-
zation was zero, no loss of information biased the
data. Moreover, because the measurement analysis of
the cephalograms was performed in a blinded manner,
ie, the examiner was unaware of the group to which
the patient had been allocated, and the risk of mea-
surements being affected by the researcher was low.

The most important finding of this study was that the
amount of distal movement of the maxillary first molars
was significantly higher and more rapid with the IOA
than the EOA. It is not possible to make comparisons
with previous studies because of a lack of RCTs be-
tween IOA and EOA for molar distalization. Neverthe-
less, a RCT regarding two IOAs, a Jones Jig and an
upper removable appliance, has recently reported that
the amount of distal movement was small (one to two
mm) and that both appliances were equally effective.22

Furthermore, a systematic review has revealed that
the amount of distal molar movement that may be
achieved is approximately two mm.16 In this study, the
amount of distal molar movement produced by the
EOA was comparable with the Jones Jig and the up-
per removable appliance,22 whereas the amount of dis-
tal molar movement produced with the IOA was higher
(three mm). The distal molar tipping was small in both
groups, and thus, the molar distalization consisted of
mainly bodily movement.

In the IOA group, the molar correction consisted of
66% distal movement of maxillary molars and 34% of
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mesial movement of mandibular molars. This is con-
tradictory to the findings by Paul et al,22 who reported
that significant correction of the molar relation was by
mesial movement of mandibular molars. However, in
the EOA group, the correction in molar relation was in
accordance with Paul et al,22 ie, 45% distal movement
of maxillary molars and 55% mesial movement of
mandibular molars.

The likelihood of patient cooperation is one of the
most important factors influencing the effectiveness of
a treatment. The patients in the EOA group used the
cervical headgear for an average time of 10.8 h/d. This
time of use was judged as acceptable or good and
quite normal for orthodontic patients in Scandinavian
countries where treatment is provided at no cost to the
patient and parents. Because the duration of the force
per day on the molars of course was greater in the
IOA than in the EOA group, this was the major expla-
nation for the higher effectiveness of the IOA in distal
molar movement. Another advantage of the IOA lies
in its single activation because the Ni-Ti coils dem-
onstrate a wide range of superelastic activity with a
small fluctuation of load despite a large deflection.17

Furthermore, the Ni-Ti coils exhibit small increments
of deactivation with time, thus reducing the number of
reactivation appointments during the molar distaliza-
tion period.

An advantage with the EOA (cervical headgear) is
that during molar distalization this appliance also cre-
ates distal movement of the maxillary incisors implying
decreased overjet, and this decrease in overjet is of
course desired when Class II division 1 occlusions are
treated. However, when maxillary molars are moved
distally by an intraoral appliance, an anchorage loss
or forward movement of one to two mm of the anterior
teeth occurs.6,7,9,13–15 In this study, a similar amount of
forward movement of maxillary incisors was observed
for the IOA. In most instances, the problem of forward
movement of the incisors can be controlled with mod-
est intervention. It has been shown that forward move-
ment of the maxillary incisors associated with distal
molar movement was totally reversed and eliminated
by the subsequent multibracket appliances and inter-
maxillary Class II elastics.23 On the other hand, in cas-
es with retroclined maxillary incisors, for example in
subjects with a Class II division 2 occlusion, the recip-
rocal effect of forces can be used for proclination of
the incisors.

In both groups, only small skeletal changes were
shown and these changes were mainly assigned to
normal growth changes. Because the two appliances
had a small or negligible corrective effect on the Class
II skeletal relationships, these appliances should only
be used in cases of moderate dental discrepancies
and arch-length deficiencies. Of course skeletal effects

such as restricted forward growth of the maxilla can
be produced by the EOA, but then much higher forces
than 500 g have to be used.

Even if cost effectiveness as well as the patients’
perceptions of pain and discomfort of the appliances
were not evaluated in this investigation, it seems nat-
ural to claim that the IOA is a more favorable method
than the EOA to create distal molar movement. To ac-
complish a complete comparison, studies regarding
cost effectiveness and patients’ perceptions of the two
appliances have been commenced and will be pre-
sented later.

CONCLUSIONS

• It was clearly demonstrated that the IOA was more
effective than the EOA to create distal movement of
maxillary first molars.

• Moderate and acceptable anchorage loss was pro-
duced with the IOA implying increased overjet
whereas the EOA created decreased overjet.

• For the clinician, the IOA is a more favorable method
than the EOA to create distal molar movement.

• The two appliances did not have any considerable
corrective effect on Class II skeletal relationships
and these appliances shall therefore only be used in
cases of moderate dental sagittal discrepancies and
arch-length deficiencies.
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Intraoral Maxillary Molar Distalization
Movement before and after Eruption of Second Molars

Ingela Karlssona; Lars Bondemarkb

ABSTRACT
Objective: To evaluate the maxillary molar distalization and anchorage loss in two groups, one
before (MD 1 group) and one after (MD 2 group) eruption of second maxillary molars.
Materials and Methods: After a sample size calculation, 20 patients were recruited for each
group from patients who fulfilled the following criteria: no orthodontic treatment before distal molar
movement, Class II molar relationship defined by at least end-to-end molar relationship, space
deficiency in the maxilla, and use of an intra-arch NiTi coil appliance with a Nance appliance to
provide anchorage. Patients in the MD 1 group were without any erupted second molars during
the distalization period, whereas in the MD 2 group both the first and second molars were in
occlusion at start of treatment. The main outcome measures to be assessed were: treatment time,
ie, time in months to achieve a normal molar relation, distal movement of maxillary first molars,
and anterior movement of maxillary incisors (anchorage loss). The mean age in the MD 1 group
was 11.4 years; in the MD 2 group, 14.6 years.
Results: The amount of distal movement of the first molars was significantly greater (P � .01)
and the anchorage loss was significantly lower (P � .01) in the group with no second molars
erupted. The molar distalization time was also significantly shorter (P � .001) in this group, and
thus the movement rate was two times higher.
Conclusions: It is more effective to distalize the first maxillary molars before the second molars
have erupted.

KEY WORDS: Distal molar movement; Intraoral appliance; First and second molars

INTRODUCTION

Using intraoral appliances, maxillary molars can rou-
tinely be moved distally with little or no patient coop-
eration. A distal movement rate of approximately 1 mm
per month of the first molars’ crowns has been re-
ported, but there is marked individual variation.1–9 One
factor that influences the movement rate is the type of
movement and another factor is the timing of treat-
ment.4 Usually faster movement occurs when the mo-
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lars are tipped whereas bodily movement takes longer
time.2

A favorable time to move molars distally appears to
be in the mixed dentition before the eruption of the
second molars.4 Furthermore, when molars are moved
distally by intraoral mechanisms, anchorage loss will
be evident as an increase in overjet of 1 to 2 mm.2,4,6,8,9

The problem of increased overjet can be totally re-
versed and eliminated in most instances by subse-
quent multibracket appliance and intermaxillary Class
II elastics.10 However, the problem with anchorage
loss is regarded as less before second molar eruption
when compared with treatment after the eruption of the
second molars.

Consequently, the usual recommended time to
move maxillary molars distally with intraoral applianc-
es is in the mixed or late mixed dentition.4,11 However,
good treatment results have been presented when
second maxillary molars have erupted,2,3,5,6,8 and ob-
viously, there is need for more investigation on this
topic. Thus, using an intraoral nickel titanium (NiTi) coil
appliance for distal movement of maxillary molars, the
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aim of this study was to evaluate distal molar move-
ment, including anchorage loss, before and after erup-
tion of second maxillary molars. It was hypothesized
that intraoral movement of maxillary first molars before
eruption of second maxillary molars will result in more
effective molar movement and less anchorage loss
than after eruption of second molars.

MATERIALS AND METHODS

In this study, subjects were divided into two groups.
In one group, distal movement was performed on max-
illary first molars, ie, before eruption of second maxil-
lary molars (MD 1 group), and in the other group both
first and second maxillary molars were simultaneously
moved distally (MD 2 group). The sample size for each
group was calculated and based on an alpha signifi-
cance level of 0.05 and a beta of 0.1 to achieve 90%
power to detect a mean difference of 0.2 mm per
month (�0.15 mm per month) in distal molar move-
ment rate between the MD 1 and MD 2 groups. The
sample size calculation showed that 12 patients in
each group were needed, and to increase the power
even more it was decided to select 20 patients for
each group.

The patients were retrospectively recruited from the
Orthodontic Clinic in Malmoe and Hassleholm, both at
the National Health Service, County Council Skane,
Sweden. Two experienced orthodontic specialists had
treated all the patients in the National Health Service
system, in which the specialists are salaried and the
treatment provided at no costs to the patient and the
parents. The ethics committee of Lund/Malmoe Uni-
versity, Sweden, which follows the guidelines of the
Declaration of Helsinki, had approved the protocol and
informed consent form.

The inclusion criteria for all patients were: (1) the
use of an intra-arch NiTi coil appliance with a Nance
appliance to provide anchorage; (2) a nonextraction
treatment plan; (3) a Class II molar relationship, de-
fined by at least an end-to-end molar relationship; (4)
a space deficiency in the maxilla; and (5) no ortho-
dontic treatment before distal molar movement.

Besides the criteria above, the patients in the MD 1
group had to have all their maxillary first permanent
molars in occlusion and no erupted maxillary second
permanent molars during the distalization period,
whereas in the MD 2 group both the first and second
maxillary molars had to be in occlusion at the start of
treatment. According to panoramic radiographs, all
maxillary second and third molars were present in the
alveolar bone in the MD 1 group. In the MD 2 group,
the maxillary third molars were present in both the
right and left sides in 17 of the 20 patients.

The 20 patients (10 boys and 10 girls) in the MD 1

group were identical to a group of patients earlier ran-
domized for treatment using an intraoral NiTi coil ap-
pliance for distal movement of maxillary molars and
had a mean age of 11.4 years (SD 1.37).9 The MD 2
group included 20 patients randomly selected (through
a random table) among 87 patients earlier treated us-
ing an intraoral NiTi coil appliance for simultaneous
distal movement of maxillary first and second molars.
The patients were matched to the patients in the MD
1 group regarding gender and had an average age of
14.6 years (SD 1.10).

The main outcome measures to be assessed in the
trial were:

• Treatment time, ie, the time in months to achieve a
normal molar relation.

• Distal movement and distal tipping of maxillary first
permanent molars.

• Anterior movement and inclination of maxillary cen-
tral incisors, ie, anchorage loss.

• Skeletal sagittal position changes of the maxilla and
the mandible.

• Bite opening effect.

Appliance Design

The appliance in the MD 1 group (Figure 1) con-
sisted of bands placed bilaterally on the maxillary first
molars and either the second deciduous molars or the
first or second premolars (this because some of the
patients still had deciduous teeth left). There were nine
patients with bands on second premolars, two with
bands on first premolars, and nine with bands on sec-
ond deciduous molars. The MD 2 group had their
bands placed bilaterally on the first maxillary molars
and on the second premolars (Figure 2). In both
groups a 1.1-mm-diameter tube, approximately 10 mm
in length, was soldered on the lingual side of the molar
band. A 0.9 mm lingual arch wire that united a Nance
acrylic button was soldered on the lingual side of the
second deciduous molar or to the first or second pre-
molar in the MD 1 group and to the lingual of the sec-
ond premolar in the MD 2 group. The lingual arch wire
also provided two distal pistons that passed bilaterally
through the palatal tubes of the maxillary molar bands
(Figures 1 and 2). The tubes and the pistons were
required to be parallel in both the occlusal and the
sagittal views.

A NiTi coil (GAC Int Inc, Central Islip, NY), 0.012
inches in diameter, with a lumen of 0.045 inches and
cut to 10 to 14 mm in length, was inserted on the distal
pistons and compressed to half its length when the
molar band with its lingual tube was adapted to the
distal piston of the lingual arch wire (Figures 1 and 2).6

When the coil was compressed, two forces were pro-
duced, one distally directed force to move the molars
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Figure 1. (a) Occlusal view before treatment of one patient in the
MD 1 group with no second molars erupted. (b) Occlusal view of the
intraoral appliance inserted in the same patient.

Figure 2. Occlusal view of the intraoral appliance in one patient in
the MD 2 group with both second molars erupted.

distally and one reciprocal mesially directed force
against which the Nance button provided anchorage.
NiTi coils demonstrate a wide range of superelastic
activity with a small fluctuation of load in spite of a
large deflection. They also exhibit small increments of
deactivation over time, and therefore the number of
reactivation appointments can be reduced.12

Because the compression of the NiTi coil to half its
length provided about 200 g of maximal force, and be-
cause of the small fluctuation of load in spite of a large
deflection of the coil, the force fell from approximately
200 g to 180 g as the molars moved distally. Thus,
after the appliances were inserted with the com-
pressed NiTi coils, there was no need for further ac-
tivation of the coils during the molar distalization pe-
riod.6 Two orthodontic technicians made the applianc-
es and efforts were made to construct the Nance but-
ton with equal size and dimension for all patients.

Data Collection

The time in months to achieve normal molar relation
by distal molar movement was recorded. Lateral head
radiographs in centric occlusion were obtained at the
start and after completion of molar distalization. The
radiographs were taken with the same kind of equip-
ment (Proline PM 2002 cc cephalostat, Planmeca OY,
Finland) and under equivalent conditions. The mea-
suring points, reference lines, and measurements
used were based on those defined and described by
Björk13 and Pancherz.14 Dental and skeletal changes
as well as dental changes within maxilla and mandible
were obtained by the Pancherz analysis. Measure-
ments were made manually and by one author (Dr
Bondemark) to the nearest 0.5 mm or 0.5�. Images of
bilateral structures were bisected. No correction was
made for linear enlargement (10%). Changes in the
different measuring points during the treatment were
calculated as differences between positions before
and after treatment (after � before). An intention-to-
treat approach was performed, and results from all pa-
tients were analyzed regardless of the outcome of
treatment.

Statistical Analysis

The arithmetic mean and standard deviation were
calculated for each variable. Differences in means
within samples/groups were tested by paired t-tests
and between samples/groups by unpaired t-tests. Dif-
ferences with probabilities of less than 5% (P � .05)
were considered statistically significant.

Error of the Method

Twenty randomly selected cephalograms were
traced on two separate occasions. No significant mean
differences between the two series of records were
found by employing paired t-tests. The method error15

ranged from 0.5 to 1.0� and 0.5 to 0.8 mm, except for
the variables inclination of lower incisors and first max-
illary molar inclination, for which errors were 1.5� and
1.4� respectively. The coefficients of reliability16 ranged
from .92 to .97 and from .94 to .98, respectively.
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TABLE 1. Pretreatment Cephalometric Records

MD 1
(n � 20)

Mean SD

MD 2
(n � 20)

Mean SD

Group
Difference

P

Sagittal variables (mm)

Maxillary base, A-OLp 79.0 4.06 77.1 4.85 NS
Mandibular base, Pg-OLp 82.8 5.88 83.7 5.26 NS
Maxillary incisor, ls-OLp 85.9 4.78 83.6 5.51 NS
Mandibular incisor, li-OLp 82.0 5.32 79.5 5.54 NS
Maxillary molar, Ms-OLp 41.6 3.91 42.3 3.82 NS
Mandibular molar, Mi-OLp 41.6 4.03 42.0 3.73 NS
Molar relationship, Ms-OLp minus Mi-OLp �0.1 1.27 �0.3 0.87 NS
Overjet, ls-OLp minus li-OLp 3.9 1.59 4.5 1.74 NS

Sagittal variables (�)

Maxillary base inclination, SNA 79.6 2.82 78.1 4.20 NS
Mandibular base inclination, SNB 76.2 2.64 76.0 3.48 NS
Interjaw base inclination, ANB 3.4 1.63 2.1 2.29 NS
Maxillary incisor inclination, lLs/NSL 100.1 6.36 104.6 4.47 �.05
Mandibular incisor inclination, lLi/ML 91.4 4.01 88.9 6.61 NS
Maxillary first molar inclination, M1s/NSL 68.6 3.59 72.1 5.19 �.05

Vertical variables (mm)

Overbite, ls-NSL minus li-NSL 3.1 1.87 3.3 2.24 NS

Vertical variables (�)

Maxillary inclination, NSL/NL 5.8 3.01 4.7 3.76 NS
Mandibular inclination, NSL/ML 33.3 3.63 31.2 5.36 NS
Occlusal plane inclination, OL/NSL 19.0 4.06 17.1 4.00 NS

a MD 1 indicates one-molar distalization group; MD 2, two-molar distalization group; and NS, not significant. * P � .05; ** P � .01;
*** P � .001.

RESULTS

No significant difference in treatment effects was
found between girls and boys, and consequently, the
data for girls and boys were pooled and analyzed to-
gether.

Pretreatment cephalometric records are summa-
rized in Table 1. Cephalometrically the two groups
were in good accordance with each other. There were
no significant between-group difference for the vari-
ables measured except for the maxillary incisor incli-
nation and the maxillary first molar inclination.

The average molar distalization time for the MD 1
group was 5.2 months (SD 1.00) and in the MD 2
group the corresponding time was 6.5 months (SD
0.83). Accordingly, the treatment time for the distal
molar movement was significantly shorter for the MD
1 than for the MD 2 group (P � .001). The mean
amount of distal molar movement within the maxilla
was significantly greater in the MD 1 group than in the
MD 2 group (P � .01), 3.0 mm (SD 0.64) vs 2.2 mm
(SD 0.84; Table 2). Thus, the movement rate was al-
most two times higher in the MD 1 than in the MD 2
group, 0.63 vs 0.34 mm per month (P � .001). The
average correction of molar relation was 3.3 mm in the
MD 1 group and 2.5 mm in the MD 2 group (Figure
3).

The mean amount of distal tipping was small (below
3�) in both groups, with no significant difference be-
tween the groups (Table 2).

Because of anchorage loss, the maxillary incisors in
both the MD 1 group and the MD 2 group proclined
and moved forward 0.8 mm (SD 0.88) vs 1.8 mm (SD
0.97). Hence, a significantly greater anchorage loss
occurred in the MD 2 group and, for every millimeter
of distal molar movement, the anchorage loss was
0.27 mm in the MD 1 group and 0.82 mm in the MD
2 group. Also, the overjet was significantly increased
in both groups, although no significant difference was
found between the groups (Table 2).

Overbite was significantly reduced, by 0.8 mm (SD
0.80) in the MD 1 group and 1.2 mm (SD 1.01) in the
MD 2 group (Table 2). During the trial period, the max-
illa and mandible in both groups moved forward small
amounts, and the mandibular as well as the maxillary
inclination increased (Table 2; Figure 3). During the
treatment period, the occlusal plane inclination was
stable in the MD 1 group, but in the MD 2 group a
change of 1.2� in a counterclockwise direction was
found (Table 2).

DISCUSSION
The main findings of this study were that the amount

of distal movement of the maxillary first molars was
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TABLE 2. Changes in Cephalometric Variables within and between the Two Groups after Distal Movement of Maxillary Molars

MD 1
(n � 20)

Mean SD

MD 2
(n � 20)

Mean SD

Group
Difference

P

Skeletal sagittal variables (mm)

Maxillary base, A-OLp 0.8*** 0.47 0.6** 0.71 NS
Mandibular base, Pg-OLp 0.8*** 0.70 0.6** 0.86 NS

Skeletal � dental sagittal variables (mm)

Maxillary molar position, Ms-OLp �2.2*** 0.78 �1.6*** 0.75 �.05
Mandibular molar position, Mi-OLp 1.1*** 0.87 0.9*** 0.73 NS
Maxillary incisor position, ls-OLp 1.6*** 0.99 2.4*** 1.01 �.05
Mandibular incisor position, li-OLp 0.7*** 0.75 0.9** 1.28 NS

Dental sagittal variables within the maxilla and mandible

Maxillary molar, Ms-OLp (d) minus A-OLp (d) �3.0*** 0.64 �2.2*** 0.84 �.01
Mandibular molar, Mi-OLp (d) minus Pg-OLp 0.3** 0.49 0.3* 0.72 NS
Maxillary incisor, ls-OLp (d) minus A-OLp (d) 0.8** 0.88 1.8*** 0.97 �.01
Mandibular incisor, li-OLp (d) minus Pg-OLp (d) �0.1 0.41 0.4 1.21 NS
Molar relationship, Ms-OLp (d) minus Mi-OLp (d) �3.3*** 0.89 �2.5*** 0.81 �.05
Overjet, ls-OLp (d) minus li-OLp (d) 0.9*** 0.88 1.5*** 1.03 NS

Sagittal variables (�)

Maxillary base inclination, SNA 0.2* 0.44 0.5* 0.96 NS
Mandibular base inclination, SNB 0.1 0.32 0.3 0.88 NS
Interjaw base inclination, ANB 0.1 0.52 0.2 1.09 NS
Maxillary incisor inclination, lLs/NSL 2.0** 2.66 3.9*** 3.17 NS
Manibular incisor inclination, lLi/ML 0.1 0.81 0.2 2.18 NS
Maxillary first molar inclination, M1s/NSL �2.9*** 1.92 �3.0*** 4.27 NS

Vertical variables (mm)

Overbite, ls-NSL minus li-NSL �0.8*** 0.80 �1.2*** 1.01 NS

Vertical variables (�)

Maxillary inclination, NSL/NL 0.3* 0.71 0.7** 1.10 NS
Mandibular inclination, NSL/ML 0.5** 0.74 0.5* 1.08 NS
Occlusal plane inclination, OL/NSL �0.1 0.60 �1.2*** 1.17 �.01

a Changes were calculated as the difference between positions before and after treatment (after � before). MD 1 indicates one-molar
distalization group; MD 2, two-molar distalization group; and NS, not significant. * P � .05; ** P � .01; *** P � .001.

significantly greater and the anchorage loss was sig-
nificantly lower in the group with no second molars
erupted. The molar distalization time was also signifi-
cantly shorter in this group, and thus the movement
rate was two times higher. This leads to the conclusion
that intraoral movement of maxillary first molars before
eruption of second maxillary molars will result in more
effective molar movement and less anchorage loss, as
our opening hypothesis suggested. Thus, if there is an
option to choose to move the maxillary molars distally
in the mixed dentition or in the permanent dentition, it
is an advantage to make this intervention as an early
treatment.

The reason why it is more effective to move the
maxillary first molars distally before the second molars
have erupted is, of course, that there is one more
tooth, and thus, a larger area of root surface to be
moved when the second molars have erupted. Con-
ceivably, this also implies that the strain on the an-
chorage teeth will increase when the first and second

molars are moved simultaneously. Thus, the anchor-
age loss (forward movement of the maxillary incisors)
will be lower if the molars are moved before eruption
of the second molars. Even if the anchorage loss can
be corrected with modest intervention,4,10 the amount
of lower anchorage loss will result in less time-con-
suming correction.

The findings in this study are similar to and are
supported by another study, in which the efficiency
of a pendulum appliance for distal molar movement
was related to second and third molar eruption
stage.11

It has been reported that the first molar crowns can
be moved distally at the rate of approximately 1 mm
per month, although there is marked individual varia-
tion.1–9 In this study the mean rate of distal molar
movement was 0.63 mm/mo in the MD 1 group. The
lesser movement rate found in this study was because
of the bodily movement of the molars, whereas in
those studies that showed higher movement rates, the
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Figure 3. Skeletal and dental mean changes (in mm) and standard
deviations contributing to alterations in sagittal molar relationship
and overjet. N � 20 in each group. *P � .05; **P � .01; ***P �
.001.

movement consisted in considerable part of distal tip-
ping.17–19

However, it can be pointed out that even if bodily
movement takes a longer time, it seems more appro-
priate to move the molars bodily during a somewhat
longer treatment time than move them quickly involv-
ing a distal tipping component, which will result in
questionable stability and will later require another 4
to 6 months of rather difficult orthodontic molar upright-
ing.

The ultimate methodological design to evaluate the
efficiency of distal molar movement before and after
eruption of second molars has been to randomize the
patients into two groups—one that started treatment in
the mixed dentition with no erupted second molars,
and one for which the intervention began later, when
the second molars had erupted. The consequence of
this strategy has been that the later group (ie, the MD
2 group) had to wait some years before treatment
could start. In such circumstances, there is risk that
new malocclusions will occur during the ‘‘waiting pe-
riod’’ implying that the later group (MD 2 group) will
not be comparable with the early intervention group
(MD 1 group). Moreover, it can be claimed that post-
ponement of the intervention when indicated will be
unethical to the patients. Thus, for that reason a study
design was used in which patients were retrospective-
ly selected into two groups according to predefined
inclusion criteria, except that the second molars were
erupted in one group.

From an evidence-based view, it can be argued that
the scientific evidence drawn from results of a retro-
spective study can be ranked only as low. However,
even if a randomized controlled trial is the ‘‘gold stan-
dard,’’ it has been claimed that sound methodology in
a well-designed prospective or retrospective studies
shall not be ignored when assessing scientific litera-
ture.20

CONCLUSIONS

• Intraoral movement of maxillary first molars before
eruption of second maxillary molars will result in
more effective molar movement and less anchorage
loss than movement after eruption of second molars.

• Consequently, the most opportune time to move
maxillary first molars distally is before eruption of the
second molars.
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