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RESUMO 

Os fechamentos dos espaços das extrações pode ser realizados utilizando duas 
técnicas principais: retração em massa (RM) ou retração em duas etapas (RDE). Os 
objetivos principais destes estudos foram avaliar a retração dos incisivos, as 
mudanças nos tecidos moles e o tempo de retração entre RM e RDE; bem como as 
taxas de movimentação dos caninos e molares superiores durante a primeira etapa 
de fechamentos dos espaços utilizando a RDE. A amostra foi composta por modelos, 
telerradiografias cefalométricas em norma lateral e oblíqua de 45º obtidos antes e 
durante o tratamento ortodôntico de 48 pacientes biprotrusos cujo os tratamentos 
foram realizados com extrações de quatro primeiros pré-molares. Todos os pacientes 
da amostra haviam sido alocados aleatoriamente para o grupo de tratamento 
utilizando RM (n = 24) ou RDE (n = 24). A retração dos incisivos e as alterações nos 
tecidos moles foram avaliadas por meio de radiografias cefalométricas em norma 
lateral do pré-tratamento (T1) e pós-tratamento (T2). Para análise do tempo de 
retração, o tamanho dos pré-molares foram medidos nos modelos e os dados, 
referentes ao atendimento clínico, foram coletados dos prontuários nos seguintes 
tempos: data do início da retração (T1) e data do término do fechamento de espaço 
(T2). Os movimentos dos caninos e molares superiores foram analisados através das 
radiografias cefalométricas oblíquas em 45º obtidas antes da retração (T0) e durante 
o tempo de fechamento dos espaços das extrações: 1º (T1), 3º (T3), 5º (T5) e 7º (T7) 
mês.  Os testes não paramétricos, o método de Kaplan Meier e a análise de regressão 
linear foram utilizados para análise estatística. Os resultados mostraram que a 
quantidade de retração dos incisivos e as alterações nos tecidos moles não foram 
estatisticamente diferentes entre os grupos. Entretanto, o tempo de retração 
apresentou diferenças significativas entre a RM e RDE. Enquanto o RM levou entre 
12,1 e 13,8 meses, o RDE levou entre 24,7 e 26,8 meses para fechar os espaços das 
extrações. Durante a RDE, as taxas de movimentação dos caninos e molares 
maxilares foram significativamente maiores durante o 1º mês de retração, no qual foi 
de 1,32mm para as cúspides dos caninos e 0,82mm para as cúspides dos molares. 
Após o 1º mês de retração, ambos iniciaram uma fase linear em que as taxas de 
movimentação mensais permaneceram constantes até o final do período de retração, 
estimado em média de 0,58 mm para as cúspides dos caninos e 0,30 mm para as 
cúspides dos molares. As principais conclusões obtidas com estes estudos são que 
as duas técnicas de retrações proporcionam quantidade similares de retração dos 
incisivos e mudanças nos tecidos moles.  Entretanto, a RDE irá requerer de 1,8 a 2,2 
vezes mais tempo para fechar os espaços das extrações do que a RM. Além disso, o 
1º mês de retração é o período de maiores taxas de movimentação para ambos, 
caninos e molares, durante a primeira etapa dos fechamentos dos espaços utilizando 
a RDE.  Após esse período, as taxas de movimentação mensal destes dentes são 
constantes até o 7º mês de retração. 
 
Palavras chave: Ortodontia. Fechamento de espaço ortodôntico. Tempo para o 
tratamento. Procedimentos de ancoragem ortodôntica. 
 



 

Schneider PP. Evaluation of soft tissue changes, retraction time and movement of 
incisors, canines and molars in cases of premolar extractions [tese de doutorado]. 
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ABSTRACT 
 
The extraction space closing can be performed using two main retraction techniques: 
en masse retraction (ER) or two-step retraction (TSR). The main objectives of these 
studies were to evaluate incisor retraction, soft tissue changes and retraction time 
between ER and TSR; as well as the movement rates of the maxillary canines and 
molars during the first step of space closing using the TSR. The sample consisted of 
models, lateral and oblique cephalometric radiographs at 45º obtained before and 
during the orthodontic treatment of 48 adult patients with bimaxillary protrusion whose 
treatments were performed with extractions of four first premolars. All patients had 
been randomly allocated to either ER (n=24) group or TSR (n=24) group. Both incisor 
retraction and soft tissue changes were evaluated using pretreatment (T1) and 
posttreatment (T2) lateral cephalometric radiographs. To analyze the retraction time, 
the size of the premolars were measured in the models and data were collected from 
the clinical records in the following times: retraction start date (T1) and space closure 
completion date (T2). Both maxillary canine and molar movements were analyzed by 
oblique cephalometric radiographs at 45º taken before the retraction (T0) and during 
the follow-up of extraction space closing time: on the 1st (T1), 3rd (T3), 5th (T5) and 7th 
(T7) month. The principal investigator traced, superimposed and digitized all 
cephalograms from the lateral and oblique cephalometric radiographs at 45º using 
DFPlus®. The nonparametric tests, Kaplan Meier method and linear regression 
analysis were used for statistical analysis. The results showed that the amount of 
incisor retraction and soft tissue changes showed no significant differences between 
the two groups. However, the retraction time presented significant differences between 
ER and TSR. While the ER took about 12.1 and 13.8 months, the TSR took about 24.7 
and 26.8 months to close the extraction spaces. During the TSR, the maxillary canine 
and molar movement rates were significantly greater during the 1st month of retraction 
at which it were of 1.32mm for the canine cusps and 0.82mm for the molar cusps.  After 
the 1st month of retraction, both of them started a linear phase in which monthly 
movement rates remained constant until the end of the follow-up time, estimated on 
average of 0.58 mm for the canine cusps and 0.30 mm for the molar cusps. The main 
conclusions from these studies are that the two retraction techniques, ER and TSR, 
provide similar amount of incisor retraction and changes in the soft tissues. However, 
the TSR will require between 1.8 and 2.2 more time than ER to close the extraction 
spaces. In addition, the 1st month of retraction is period of greatest movements of 
canines and molars during the first step of space closing with TSR. After this time, the 
monthly movement rates are constant until the 7th retraction month. 
 
 
Keywords:  Orthodontic. Orthodontic space closure. Time to treatment. Anchorage 
procedures orthodontics. 
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1 INTRODUÇÃO  

 

A biprotrusão dentoalveolar caracteriza-se pela protrusão e proclinação dos 

dentes incisivos superiores e inferiores, resultando em ângulo nasolabial agudo, 

aumento da protrusão dos lábios e convexidade da face1–3. Neste caso, os lábios 

protrusivos criam um efeito negativo sobre a percepção da estética do sorriso e do 

perfil facial1,4,5, e esta condição é inaceitável por muitos pacientes que procuram por 

tratamento ortodôntico3,6.  

De maneira geral, as alterações nos tecidos moles associadas à redução da 

biprotrusão no pós-tratamento não são totalmente previsíveis2,7. Entretanto, é bem 

aceito pelos clínicos que a decisão de extrair os quatro primeiros pré-molares tende a 

melhorar a convexidade da face1–3,6–9 e produzir um perfil facial esteticamente mais 

agradável do que um perfil cujo tratamento ortodôntico foi realizado sem extrações9,10.  

Uma vez que as extrações tenham sido planejadas durante o tratamento, deve-

se decidir como serão realizados os fechamentos dos espaços residuais. Existem 

duas estratégias biomecânicas principais: a retração em massa (RM) ou a retração 

em duas etapas (RDE)11,12. A abordagem mais tradicional é o processo sequencial de 

retração, em que caninos e incisivos são retraídos em duas etapas distintas e 

separadas (RDE). Nesta técnica, os caninos são distalizados individualmente até o 

contato com os segundos pré-molares, seguido pela retração dos quatro incisivos na 

segunda etapa11–14.  Por outro lado, quando os espaços residuais são fechados 

através da RM, incisivos e caninos são retraído como se fossem um único bloco e em 

apenas uma etapa15.  

Em geral, a escolha entre esses dois métodos de retração depende da 

preferência do ortodontista16, mas a maioria dos clínicos optam pela RDE quando os 

pacientes necessitam de ancoragem máxima durante o tratamento11. 

Tradicionalmente, acredita-se que o maior número de raízes na unidade de 

ancoragem, composta pelo segundo pré-molar, primeiro e segundo molares, são mais 

resistentes ao movimento anterior enquanto apenas uma raiz canina é retraída17,18. 

Desta forma, espera-se que a força mesial resultante na unidade posterior seja menor 

e, consequentemente, minimize a perda de ancoragem durante a retração13,15,19.   

Considerando que essa hipótese é verdadeira, surge a pergunta: Se a RDE é 

realmente capaz de retrair os dentes anteriores em uma maior extensão, então as 

alterações nos tecidos moles são mais evidentes em pacientes com biprotrusão 
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dentoalveolar? Apesar de Burstone20 já ter sugerido que a magnitude da redução da 

biprotrusão é determinada pelo sistema de forças aplicado entre os segmentos 

anterior e posterior dos dentes, durante os fechamentos dos espaços, nenhum Ensaio 

Clínico Randomizado (RCT) examinou a relação entre as duas principais técnicas de 

retrações e as mudanças ocorridas nos tecidos moles. Até o momento, esta relação 

foi examinada apenas em relação ao uso de dispositivos de ancoragem temporária 

(DAT)6,9,21.  

Além de procedimentos clínicos e biomecânicos que otimizem os resultados 

terapêuticos, os ortodontistas estão em busca de mecanismos que resultem em menor 

tempo de tratamento22.  Nos casos de biprotrusão dentoalveolar, deve-se considerar 

que o tratamento com extrações tem sido associado a tempo de tratamento mais 

longo23–26. Segundo Fink e Smith27, cada extração de pré-molar aumenta o tempo de 

tratamento em, aproximadamente, 0,94 meses; sendo que os casos tratados com 

quatro extrações de pré-molares levam mais tempo do que aqueles que foram tratados 

com apenas duas extrações27,28. Obviamente, além das extrações, outros fatores 

podem afetar a duração total do tratamento ortodôntico23–25,29, tais como: a 

cooperação do paciente, suas características dentárias e faciais; bem como a 

experiência clínica do ortodontista. No entanto, até o momento, o tempo despendido 

durante os fechamentos dos espaços utilizando a RM ou RDE, não foi 

adequadamente explorado na literatura e esta questão ainda precisa ser investigada. 

 O tempo de retração foi relatado apenas como resultado secundário em 

poucos estudos16,30 os quais sugeriram que a RDE requer tempo maior de tratamento 

do que a RM, porém as diferenças não foram estatisticamente significativas. Além 

disso, nenhum estudo foi encontrado na literatura explorando o tempo de fechamento 

de espaço para cada pré-molar extraído, uma vez que, em um mesmo paciente, os 

espaços das extrações podem fechar em momentos diferentes. 

Até o momento, não há consenso em ortodontia sobre como os dentes podem 

ser movimentados com maior eficiência31,32 e as retrações individuais dos caninos têm 

sido referenciadas como a etapa mais demorada durante o tratamento ortodôntico 

com extrações11,13,30,33,34. Assim sendo, compreender as taxas mensais de 

movimentação dos caninos pode ser a chave para prever os fechamentos dos 

espaços23 e estabelecer estratégias individuais para cada paciente durante esta etapa 

do tratamento.  

19

8 



18 

Porém, os estudos em humanos que descreveram os deslocamentos dos 

caninos, utilizando molas fechadas de NiTi31,35–41, relataram velocidades de retração 

altamente variáveis. Nestes estudos, a taxa de movimentação foi calculada dividindo 

a quantidade de deslocamento da cúspide do canino pelo tempo necessário para 

completar a retração31,35–37,39–41. Isto significa que os autores assumiram que os 

dentes tiveram a mesma velocidade de movimentação durante todo o período de 

avaliação. Entretanto, resultados de estudos em animais, têm mostrado que isto não 

é verdade, e que existem diferentes taxas de movimentação durante o deslocamento 

dos dentes. Além disso, estudos demonstrando a perda de ancoragem, durante a 

retração individual do canino, são especialmente difíceis de encontrar38,41.   

Visto que, a ativação do aparelho ortodôntico é geralmente realizada a cada 

quatro semanas, surgem as seguintes questões: As velocidades dos caninos e 

molares são as mesmas durante todo o fechamento dos espaços de extração?  

 Considerando a escassez de Informações a respeito das questões abordadas, 

os propósitos destes estudos foram avaliar a retração dos incisivos, as mudanças nos 

tecidos moles e o tempo de retração entre RM e RDE, bem como as taxas de 

movimentação dos caninos e molares superiores durante a primeira etapa de 

fechamentos dos espaços utilizando a RDE. 

 

  

20 
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2 PROPOSIÇÃO 

 

Este trabalho tem por objetivo avaliar a retração dos incisivos, as mudanças 

nos tecidos moles e o tempo de retração, bem como a movimentação de molares e 

caninos, em pacientes biprotrusos cujos tratamentos foram realizados com extrações 

de quatro primeiros pré-molares e utilizando dois protocolos de fechamento de 

espaços. 

 

• Avaliar a retração dos incisivos e as alterações nos tecidos moles em relação 

a dois protocolos de fechamento de espaço. 

 

• Avaliar o tempo de fechamento dos espaços da extração, para cada pré-molar, 

em relação a dois protocolos. Secundariamente, avaliar o tempo de fechamento dos 

espaços para pacientes do gênero masculino e feminino. 

 

• Avaliar os movimentos dos caninos e molares durante a primeira etapa de 

fechamentos dos espaços utilizando a RDE. Secundariamente, avaliar as taxas de 

movimentação desses dentes. 
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3 PUBLICAÇÕES 

 

 Esta tese de Doutorado foi escrita em três publicações correspondentes a 

versão em inglês de artigos científicos elaborados para publicação em periódicos 

internacionais. 

 

Publicação 1- Does en masse or two-step space closing produce different results for 

incisors retraction and soft tissue changes? A randomized prospective clinical trial. 

 

 

Publicação 2- Which one closes extraction spaces faster: en masse retraction or two-

step retraction? A randomized prospective clinical trial. 

 

 

Publicação 3- Maxillary canine and molar movement rates during extraction space 

closing. 
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3.1 Publicação 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Does en masse or two-step space closure produce different results for 

incisors retraction and soft tissue changes?  

A randomized prospective clinical trial 

  

                                                 
 Artigo escrito segundo as normas bibliográficas da revista The Angle Orthodontist. 
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Does en masse or two-step space closure produce different results for incisors 

retraction and soft tissue changes?  

A randomized prospective clinical trial 

 

 

ABSTRACT 

 

Objectives: The purpose of this randomized prospective clinical trial was compare the 
treatment effects of incisors retraction and soft tissue changes after closing the 
extraction spaces with en masse (ER) or two-step retraction (TSR). Materials and 
methods: A sample of 48 Brazilians patients (18-34 years) with bimaxillary protrusion 
requiring 4 first premolar extractions were randomized in stratified blocks assigned in 
a 1:1 ratio. The randomization was used to ensure that the groups would be balanced 
for the two retraction techniques either ER (n=24) group or TSR (n=24) group. The 
main outcome was to compare the incisors retraction and soft tissues changes 
between ER and TSR; the differences between the beginning and the end of treatment 
intragroup was a secondary outcome. The changes were evaluated using pretreatment 
(T1) and posttreatment (T2) lateral cephalometric radiographs. The cephalograms 
were traced and digitized in the software DFPlus® by the principal investigator who 
was blinded for the group.  The normal distribution of data was checking by Shapiro-
Wilk test and paired t-tests were used to determine the statistical significance between 
T2-T1 within each group and between the groups. The level of significance of 5% was 
adopted (α = 0.05). Results: The amount of incisors retraction and soft tissue changes 
showed no significant differences between ER and TSR groups. However, there were 
significant differences intragroup in the overjet, tipping and retraction of incisors; as 
well as in the thickness and retraction of lips after treatment. Conclusions: The closing 
of spaces with ER or TSR provided a similar amount of incisors retraction and changes 
in the soft tissues. The posttreatment changes were favorable for both retraction 
techniques. 
 
 

Keywords: Orthodontic treatment; Bimaxillary protrusion; Soft tissue; En masse 
retraction; Two-step retraction. 
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INTRODUCTION 

 

Bimaxillary protrusion is characterized by dentoalveolar flaring of both the 

maxillary and mandibular incisors that produce an increased procumbency of the lips, 

decreased nasolabial angle and convexity of the lower face.1–3 In general, the 

protrusive lips creates a negative perception of smile esthetics and of the facial 

profile,2,4,5 and this condition is unacceptable for many patients who seek orthodontic 

care.3,6  

One of the most controversial topics in orthodontics is the decision of whether 

to extract or not.7 In essence, soft tissue changes associated with reduction of 

dentoalveolar protrusion at posttreatment are not totally predictable.1,8 However, it is 

rather well accepted by orthodontists that the extractions decision of four first 

premolars tends to improve the convexity of the face1–3,6,8–10 and produce a facial 

profile that is more esthetically pleasing than a nonextractions profile.11,12 In this 

scenario, the choice of a retraction technique that supposedly it would distalize more 

the anterior teeth during the extraction space closing could be the key for the success 

of treatment, increasing the probability of correcting the facial profile at the end of the 

bimaxillary protrusion treatment.1,2,10,13,14 

Extraction space closing can be performed using two main biomechanical 

strategies: en masse retraction (ER) or two-step retraction (TSR).10,15–22 In the TSR 

approach, the canines are distalized independently and followed by retraction of four 

incisors in a second step. In the ER, all six anterior teeth are retracted at the same 

time. Most clinicians believe in the classical hypothesis that when TSR is chosen it 

reduces the anchorage loss through incorporating more teeth in the posterior unit,15,18 

and for this reason, it has been the orthodontists’ clinical choice for many years.15,21 In 

this way, they assume the hypothesis that this technique is more appropriate for 

patients who require maximum anchorage during the treatment. Considering whether 

this hypothesis is true, came the question: If the TSR is able to retract the anterior teeth 

to their greatest extent, then the soft tissue changes would be optimized in patients 

with bimaxillary protrusion?  

Although Burstone13 has already suggested that the magnitude of anterior 

dental reduction and the resulting changes in lips position are determined by the 

system of forces between the anterior and posterior teeth segments during space 

closing, no Randomized Clinical Trial (RCT) has examined the relationship of the 

25 
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retraction techniques and the soft tissue changes. To the author’s knowledge, until 

date, the effect of orthodontic treatment with extractions on the soft tissue profile was 

examined only in relation to the use of temporary anchoring devices6,10,14. Since 

bimaxillary protrusion patients could benefit from a technique that results in greater 

retraction of the anterior teeth, this question still needs to be investigated.  

 

Specific objective  

 

The main aim of this RCT was to investigate the treatment effects on incisors 

retraction and soft tissue changes after closing the extraction space with ER or TSR, 

in adults with bimaxillary protrusion undergoing extraction of all 4 first premolars.  

 

MATERIALS AND METHODS  

 

The subjects were recruited from consecutive patients during their initial visits 

to the Department of Orthodontics, Araraquara School of Dentistry, São Paulo State 

University. The approval for this study was obtained by the Ethics Committee on 

Human Research of this institution (ethical approval No. 01/09) (ANEXOS). 

 

Trial design  

 

This was a parallel-group, randomized, active controlled trial with a 1:1 

allocation ratio. No changes occurred to the design after trial commencement. 

 

Subjects 

 

Fifty-two participants were initially recruited and examined for this study (Figure 

1). Four participants did not meet the inclusion criteria. The selection criteria were as 

follows: Brazilian ethnic, at least 17 years of age, Class I molar relationships, 

bimaxillary protrusion, mild crowding in upper and lower incisors ≤ 4 mm, presence of 

all permanent teeth (except third molars), no previous orthodontic treatment, good oral 

hygiene and no systemic diseases.  
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Pretreatment lateral cephalograms (T1) were obtained during the sample 

selection to quantify the initial protrusion of all subjects by linear and angular 

measurements (Tables 1 and 2; Figure 2).  

 

 

 

 

 

 

 

 

Figure 1. CONSORT flow chart showing subjects through the trial. 
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Table 1. Descriptions of analyzed variables. 

 

Measurement Variable  Definition 

Dental measurements   

U1.SN-7° (º) U1 tipping Angular distance formed by the upper incisor axis and SN-7°line 

L1.SN-7° (º) L1 tipping Angular distance formed by the lower incisor axis and SN-7°line 

U1-H (mm) Horizontal movement of the U1 Horizontal distance from upper incisor tip to Y line 

L1-H (mm) Horizontal movement of the L1 Horizontal distance from lower incisor tip to Y line 

U1-V (mm) Vertical movement of the U1 Vertical distance from upper incisor tip to X line 

L1-V (mm) Vertical movement of the L1 Vertical distance from lower incisor tip to X line 

OJ (mm) Overjet  Horizontal distance between U1 and L1 

OB (mm) Overbite  Vertical distance between U1 and L1 

Soft tissue measurements   

Sbn-Es (mm) Upper lip length  Vertical distance from Sbn to Es 

Ls-Es (mm) UL thickness   Vertical distance from Ls to Es 

Ei-Li (mm) LL thickness   Vertical distance from Ei to Li 

Ls-H (mm) Horizontal movement of the Ls  Horizontal distance from upper lip to Y line 

Li- H (mm) Horizontal movement of the Li  Horizontal distance from lower lip to Y line 

Ls-V (mm) Vertical movement of the Ls  Vertical distance from upper lip to X line 

Li-V (mm) Vertical movement of the Li  Vertical distance from lower lip to X line 

NLA (º) Nasolabial Angle  Angular distance between Int, Sbn, and Ls 

MLA (º) Mentolabial Angle  Angular distance between Li, Lmf and Pog’ 

2
8
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Table 2. Comparation of characteristics of subjects between ER and TSR at T1. 
 

        

Variable (T1) ER TSR t test   

 Mean SD Mean SD t P value(a) Sig 

Skeletal        

SNA (º) 90.81 4.63 91.39 5.03 -0.410 0.680 ns 

SNB (º) 84.35 4.29 84.85 3.97 -0.420 0.674 ns 

ANB (º) 6.45 3.25 6.53 2.51 -0.100 0.917 ns 

SNGoMe (°) 31.83 6.22 29.84 5.89 1.130 0.263 ns 

FMA (°) 25.95 4.88 23.97 5.66 1.300 0.200 ns 

SN.Plo (°) 11.47 4.34 10.23 5.13 0.900 0.367 ns 

PgNperp (°) -0.46 6.73 1.15 8.08 -0.750 0.457 ns 

AFH (mm) 126.30 8.35 125.70 11.13 0.190 0.848 ns 

PFH (mm) 83.66 7.22 85.96 8.33 -1.020 0.312 ns 

PFH/AFH (mm) 66.35 5.01 68.59 6.41 -1.350 0.183 ns 

Convexity (NA-Apo) (°) 13.53 7.57 13.89 6.22 -0.180 0.860 ns 

Dental        

IMPA (°) 102.10 5.90 103.10 6.10 -0.580 0.567 ns 

U1.SN-7° (º) 115.00 5.65 116.30 5.37 -0.780 0.439 ns 

L1.SN-7° (º) 104.40 3.80 105.00 4.95 -0.420 0.678 ns 

U1.L1 (°) 109.70 7.88 111.20 8.63 -0.640 0.527 ns 

U1-H (mm) 89.22 6.33 89.11 5.91 0.006 0.951 ns 

L1-H (mm) 84.34 6.32 85.58 5.91 -0.700 0.488 ns 

U1-V (mm) 71.95 6.35 69.19 8.59 0.730 0.469 ns 

L1-V (mm) 69.21 6.58 68.81 7.78 0.660 0.512 ns 

OJ (mm) 3.86 1.08 3.98 0.84 -0.430 0.666 ns 

OB (mm) 2.03 1.20 2.02 1.49 -0.410 0.406 ns 

Maxillary crowding (mm) 3.63 0.63 3.54 1.19 0.330 0.741 ns 

Mandibular crowding (mm) 2.75 0.79 2.83 0.70 -0.350 0.729 ns 

Soft tissue        

Sbn_Es (mm) 25.43 2.94 24.78 3.40 0.700 0.485 ns 

Ls-Es (mm) 10.72 1.90 10.65 2.53 0.100 0.923 ns 

Li-Ei (mm) 9.42 1.50 9.02 2.72 -0.620 0.535 ns 

Ls-H (mm) 98.98 6.13 101.00 6.22 -1.120 0.269 ns 

Li-H (mm) 97.19 7.54 97.97 6.95 -0.370 0.713 ns 

Ls-V (mm) 58.49 5.19 56.29 7.37 0.690 0.496 ns 

Li-V (mm) 82.26 7.13 79.26 9.95 1.200 0.236 ns 

NLA (º) 91.15 22.28 88.36 18.16 0.470 0.637 ns 

MLA (º) 136.26 7.37 142.52 7.94 -2.850 0.007 * 

*Significant differences by the Student’s t test at P ≤ .05; ns, not significant and SD, standard deviation. 

aBetween ER and TSR at T1. 

 
 
 
 

29 



18 

 
 
 
 
Figure 2. Landmarks and reference planes used in the analysis. Landmarks: S, Sella; 

Na, Nasion; Int, Inferior nasal tip; Sbn, Subnasale; Ls, Labrale Superius; Es, Estomy 

Superius; Ei, Estomy Inferius; Li, Labrale inferius; Lmf, Labiomental fold; Pog’, Soft 

tissue pogonion; U1, Upper incisor tip; L1, Lower incisor tip; A point, Subspinale; B 

point, Supramentale; Me, Menton ; Go, Gonion; Or, orbit and Po, Orbitale. Planes: X 

and Y. 

 
 

After informed consent, 48 patients matching the inclusion criteria were 

randomly assigned to two groups according with the retraction technique that would 

be used: ER group or TSR group (Figure 1). The patients’ baseline was showed in 

Table 3. 
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Table 3. Baseline pretreatment characteristics of the sample. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Interventions 

 

Both groups were treated with extraction of 4 first premolars. Conventional 

0.022-in straight-wire brackets (Ovation-GAC, Bohemia, NY) were bonded from the 

right second premolar to the left second premolar and 0.022-in tubes were soldered to 

bands of the first and second molars in both sides. Leveling and aligning were 

conducted until 0.020-in stainless steel (SS) wires could be passively inserted into the 

brackets and there was no more anterior crowding, then the four first premolars were 

extracted. After 7-14 days after extractions, the retraction mechanic was activated and 

a 0.010” stainless steel ligature wire was used to tie from second premolar to second 

molars at both groups. No auxiliary anchorage devices were used during the treatment. 

In the ER group, all of the anterior teeth were tied with 0.010” ligature and 

retracted in a single step on a 0.017” X 0.025”-in SS archwires using Nickel-titanium 

(NiTi) closed-coil springs, activated to 200gm (GAC, Bohemia, USA), attached from a 

soldered hook placed between the lateral incisor and the canine to the cervical hook 

of the first molars bands (Figure 3A). In the TSR group, the canines were first retracted 

individually on 0.020-in SS arch wire, with flush omega loops tied back to the first 

molars. NiTi closed-coil springs activated to 100gm were secured from the hooks of 

first molars to the hooks of the canine brackets until the bilateral retractions were 

completed. After retraction of canines, these teeth were tied with the posterior teeth 

using 0.010” ligature wire and the incisors were retracted en masse on an 

0.017”X0.025” SS wires using NiTi closed-coil activated to 100gm attached from the 

soldered hook placed distal to the lateral incisor to the cervical hook of the first molars 

bands (Figure 3B). All of the incisors also were tied with 0.010” ligature wire during the 

 

Group Gender n 
Starting age 

(y) 
Age range (y) 

      Mean SD Min Max 

ER Female 14 23.9 3.8 19 32 

  Male 10 23.5 2.8 19 28 

TSR Female 15 22.1 5.1 17 34 

  Male 9 21.6 3.3 17 28 
SD, standard deviation; y, years. 
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second step of the retraction. During each appointment, every 4-5 weeks23,24, the 

springs were removed and checked by Correx Tension Gauge (Haag-Streit, Bern, 

Switzerland) to maintain the same activation until the spaces closure was complete 

(Figures 3, 4, 5 and 6). 

 

 
Figure 3. Illustration of the space closing: A) ER group; B) TSR group. 

 
 
 

 
 
Figure 4. Illustration of the soft tissue changes at pretreatment and posttreatment for 

ER and TSR groups. 

 

Lateral cephalometric radiographs and cephalograms 
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Lateral cephalometric radiographs for each subject were taken at pretreatment 

(T1) and posttreatment (T2) (Figure 5A and 5B), using a Rotograph plus machine with 

exposure factors for scan captured images regulated in 85 Kvp, 10 mA and 0,5 

seconds. The positioning of the head, guided by the cephalostat, kept the Camper 

Plane25 parallel to the ground and the head parallel to the film. All cephalometric 

radiographs were taken with the patients in maximum intercuspation and with the lips 

relaxed26, as instructed by the principal investigator. 

 Tracings of all radiographs were drawn with 0.3-mm mechanical pencil on 

0.03mm thick tracing paper (GAC International Inc.). Landmarks were identified on 

each T1 and T2 cephalograms (Figure 2). Both cephalograms of each patient were 

placed side by side on the viewer to minimize errors in locating cephalometric 

landmarks. When there was a double image, the midpoint between the 2 points was 

traced. 

 

 

 

Figure 5. Illustration of lateral cephalometric radiographs at pretreatment (A) and 

posttreatment (B). 

 

 

Cephalometric analysis 

 

The landmarks were digitized using Dentofacial Planner software (version 7.0; 

Dentofacial Planner, Toronto, ON, Canada). In this software, horizontal and vertical 

positions of landmarks were measured in relation the distance from them to Cartesian 
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coordinate system: the x-axis was constructed by subtracting 7º from sella-nasion 

line27 and a line perpendicular to it, through Sella, served as the y-axis. The landmarks 

and reference planes and abbreviations used in this study are shown in Figure 2 and 

Table 1. The values were measured on T1 and T2 cephalograms and transferred to a 

Microsoft Excel spreadsheet (Office Excel 2013; Microsoft Corporation, Redmond, 

Washington, USA). The software created the average superimposition of both 

pretreatment (T1) and posttreatment (T2) cephalograms for each group (Figure 6). 

 

 
 
 
 
 
Figure 6. Average superimposition of both T1 and T2 cephalograms at ER group (A) 

and TSR group (B). 

 

 

Blinding 

 

 The patients and the investigator were blinded to the allocation sequence, but it 

was impossible to blind them to the treatment method. However, the outcome 

assessment was blind. Blinding of the investigator during the tracing and digitizig of 
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the all radiographs was ensured by assigning a number to each radiography to 

anonymize the patient's group. 

 

Outcomes and any changes after trial commencement 

 

The main outcome was to compare the incisors retraction and soft tissue 

changes between ER and TSR; the differences between the pretreatment (T1) and 

posttreatment (T2) intragroup was the secondary outcome. No changes were made 

after trial commencement. 

 

Error of the method  

 

The principal investigator traced and scanned all cephalograms. Fifteen 

randomly selected patients had their scanned cephalograms and measured twice, at 

an interval of 4 weeks, to assess reliability. Reliability was evaluated using intraclass 

correlation (ICC) and estimated by means of confidence intervals. All these values 

were greater than 0.85. 

 

Statistical Analysis  

 

All statistical analyses were performed with SAS software package (Statistical 

Analysis System. version 9.3). The homogeneity of variance of the data was 

determined by the Bartlett test. Normality of the distribution of variables were confirmed 

by the Shapiro-Wilk test, Student t-test was used to compare the groups at 

pretreatment. Pooled t-tests were used to determine the statistical significance 

between pretreatment and posttreatment within each group and between the two 

groups. The level of significance of 5% was adopted (α = 0.05). 

 

RESULTS 

 

The CONSORT diagram shows the flow of subjects through the trial (Figure 1). 

The baseline data of the patients at T1 are shown in Table 2 and 3. All selected 

subjects showed similar characteristics at T1. No significant differences were found in 
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the dental, skeletal or soft tissue parameters between ER and TSR, except for the MLA 

variable (Table 2).   

Table 4 and Figures 3, 4, 5 and 6 represent the pretreatment and posttreatment 

(T2-T1) comparison within each ER and TSR groups. The comparison of treatment 

changes between ER and TSR groups are shown in Table 5. 

 

Dental changes 

 

The upper and lower incisor measurements showed there were significant 

differences from T1 to T2 intragroup (Table 4) only for some angular (U1.SN-7 °; 

L1.SN-7°) and linear (U1-H, L1-H, OJ) measurements. However, there were no 

significant differences in horizontal displacements and angular variables between ER 

and TSR groups.  

 

Soft tissue changes 

 

There were statistically significant backward retraction of the upper and lower 

lips retraction (Ls-H, Li-H) from T1 to T2, in within each group, and an increase in the 

lip thickness (Ls-Es, Ei-Li). The intergroup differences were not statistically significant 

for any of the variables studied. 
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* Significant differences by the Pooled t-test at P ≤ .05; ns, not significant; SD, standard deviation.  

 aBetween T1 and t2 at ER group; bBetween T1 and T2 at TSR group.  

   

Variable ER  TSR  

 T1  T2  t test   T1  T2  t test   

 Mean SD Mean SD t P value(a) Sig Mean SD Mean SD t P value(b) Sig 

Dental               

U1.SN-7° (º) 115.00 3.72 105.20 6.56 6.230 <0.001 * 116.30 5.37 106.10 5.21 7.390 <0.001 * 

L1.SN-7° (º) 104.40 3.80 94.87 4.07 8.410 <0.001 * 105.00 4.95 94.81 4.98 7.090 <0.001 * 

U1-H (mm) 89.22 6.33 84.76 6.33 2.440 0.019 * 89.11 5.91 84.49 5.64 2.770 0.008 * 

L1-H (mm) 84.34 6.38 79.75 6.27 2.650 0.011 * 85.58 6.02 80.70 6.02 2.900 0.006 * 

U1-V (mm) 71.95 6.35 70.60 6.50 0.730 0.472 ns 70.35 8.59 69.19 8.82 0.460 0.646 ns 

L1-V (mm) 69.21 6.58 70.18 6.63 0.510 0.613 ns 67.95 7.78 68.81 7.86 0.380 0.706 ns 

OJ (mm) 3.86 1.08 2.95 1.03 3.000 0.004 * 3.98 0.84 2.94 0.66 4.780 <0.001 * 

OB (mm) 2.03 1.20 1.90 0.78 0.460 0.651 ns 2.02 1.23 2.34 0.94 -1.030 0.308 ns 

Soft-tissues               

Sbn_Es (mm) 25.43 2.94 27.01 4.12 -1.530 0.132 ns 24.78 3.40 26.48 3.55 -1.690 0.098 ns 

Ls-Es (mm) 10.72 1.90 12.14 2.14 -2.440 0.019 * 10.65 2.53 12.58 2.61 -2.600 0.012 * 

Li-Ei (mm) 9.42 1.50 10.38 1.86 2.070 0.044 * 9.02 1.50 10.03 1.86 -2.070 0.044 * 

Ls-H (mm) 98.98 2.14 96.35 1.90 2.340 0.010 * 101.00 2.58 98.58 2.52 2.680 0.010 * 

Li-H (mm) 97.19 6.59 94.09 6.73 1.930 0.044 * 97.97 7.41 95.12 4.83 1.920 0.048 * 

Ls-V (mm) 58.49 5.19 60.74 5.79 -1.420 0.164 ns 56.29 7.69 57.95 8.31 -0.720 0.475 ns 

Li-V (mm) 82.26 7.13 81.25 7.22 0.490 0.627 ns 79.26 9.95 78.35 9.74 0.320 0.749 ns 

NLA (º) 91.15 22.28 97.80 21.43 -1.050 0.297 ns 88.36 18.16 95.25 19.40 -1.270 0.211 ns 

MLA (º) 136.26 7.37 139.20 7.47 -1.370 0.177 ns 142.52 9.85 146.30 8.72 -1.410 0.166 ns 

3
7
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Table 5. Comparison of treatment changes (T2-T1) between ER and TSR groups. 
 
 
 

Variables  ER  TSR   t test  

Measurements Mean SD Mean SD t P value(a) Sig 

Dental        

U1.SN-7° (º) -9.80 2.67 -10.20 1.50 0.83 0.513 ns 

L1.SN-7° (º) -9.53 1.02 -10.19 1.56 -1.57 0.124 ns 

U1-H (mm) -4.46 1.28 -4.62 1.02 -0.5 0.620 ns 

L1-H (mm) -4.59 1.22 -4.88 1.17 -0.62 0.542 ns 

U1-V (mm) -1.35 0.52 -1.16 0.52 1.22 0.229 ns 

L1-V (mm) 0.97 0.45  0.86 0.44 0.87 0.387 ns 

OJ (mm) -0.91 0.44 -1.04 0.56 -0.89 0.379 ns 

OB (mm) -0.13 0.59 -0.32 0.52 0.05 0.959 ns 

Soft-tissue        

Sbn_Es (mm) 1.58 1.77 1.70 2.98 -0.16 0.874 ns 

Ls-Es (mm) 1.42 1.18 1.93 2.01 -1.06 0.295 ns 

Li-Ei (mm) 0.96 1.62 1.01 1.27 0.12 0.906 ns 

Ls-H (mm) -2.63 2.51 -2.42 0.95 -0.44 0.662 ns 

Li-H (mm) -3.10 2.18 -2.85 1.22 -0.49 0.626 ns 

Ls-V (mm) 2.25 2.80 1.66 2.44 1.17 0.247 ns 

Li-V (mm) -1.01 0.88 -0.92 0.84 0.39 0.701 ns 

NLA (º) 6.65 3.23 6.89 5.63 -0.18 0.861 ns 

MLA (º) 2.94 2.27 3.78 4.06 -0.89 0.378 ns 

*Significant differences by the Pooled t-test at P ≤ .05;  ns, not significant; SD, standard deviation. 

aBetween ER and TSR groups; Negative values indicant distal movement of the incisors and lips (horizontal), 

intrusion movement of the U1 and extrusion movement of the Li (vertical); Positives values indicant intrusion 

movement of the L1, extrusion movement of the Ls (vertical) and increase in Sbn_Es, Ls-Es, Li-Ei, NLA and 

MLA. 

 

 

Harms 

 

No participant reported a negative outcome during the trial. 
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DISCUSSION 

 

Obviously many confounding factors can influence the interpretation of the true 

soft tissue changes, such as: weight change, variations in morphology, tonicity and 

musculature of lips.3,26,28 Therefore, the meticulous selection of patients and 

methodology of this trial was carefully designed to reduce many of variables that could 

have affected adversely the results:  

1) The sample was formed only by adult patients, since growth can overestimate or 

underestimate the extraction effects.11 This might be explained from either mandibular 

development  and prolonged nasal growth up to adulthood or age-related changes of 

the lips.29–31  

2) Only patients who needed extractions of the four first premolars were selected for 

this study, since different extractions protocols were significantly associated with the 

different effects at posttreeatment.11  

3) The crowding was quantified during sample selection. Basciftci and Usumez32 

reported that the greater the amount of crowding, the smaller the amount of incisors 

retraction.29  

4) There were no statistically significant difference in skeletal, dental, and soft tissue 

measurements between the groups at T1 (Table 2), confirming the characteristics of 

bimaxillary protrusion of the whole sample and the homogeneity between the groups, 

which allowed them to be compared.  

5) Only the Brazilian ethnicity was selected for this study, since different populations 

may respond differently to anterior retraction.33 Racial aspects could not be considered 

during the sample selection because of the ethnic diversity and extensive admixture of 

the Brazilians population.34,35  

6) The treatment plan used in this study involved the alignment and leveling of all teeth 

with a 0.020-in SS wire before the extractions of premolars21. In this way, the initial 

positions of the teeth were standardized at the beginning of the retraction and thus, 

avoided differences that could influence soft tissue changes.  

7) Additional anchorage devices were not used during space closing. Solem et al.6 and 

Upadhyay et al.10 demonstrated that when ER was accomplished with skeletal 

anchorage, 1.5 mm more lower lip retraction6 was achieved and more change were 

produced in the facial convexity angle and nasolabial angle.10 In this way, the use of 

these devices mask the real effects of the retraction techniques at soft tissue changes.  
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8) Sliding mechanics with NiTi open-coil springs were chosen for closure of extraction 

spaces. NiTi springs are the most common method used by orthodontists,36 and their 

super elasticity and shape-memory phenomenon are favorable for the spaces 

closing.24  

9) When the X-rays were taken, each patient was asked to maintain the lips relaxed. 

According to Burstone,26 the standardization of the lips positions increases the 

reproducibility of the soft tissue measurements. However, lip tension can vary between 

subjects and the inability to control this variable was a shortcoming of this study.28  

10) The reference planes created were established by Sella-Nasion line minus 7º 27,37. 

This line is not only stable but also biologically meaningful, as it represents the anterior 

cranial base and many studies have shown it is a reproductive method.8,10,14,27  

The results reported in Table 4 indicated that there were significant incisor 

retractions after the treatment within each group, but without significant differences 

between ER and TSR techniques. There is just one RCT with similar results to our 

study, also conducted without the use of the anchoring devices.38 The mean backward 

movements between groups in relation to the crown retraction were of -4.54 ± 1.15 mm 

for the upper incisors and of -4.73 ±1.32 mm for lower incisors, with decrease of ± 1 

mm in the overjet and maintenance of overbite. Lee et al.,14 Solem et al.,6 and 

Upadhyay et al.,10 found similar values but these findings cannot be directly compared 

because they used conventional anchorage reinforcement during the retraction. 

The tipping movements were also investigated. The crown movements were 

accompanied by on average -11,54º ± 2.16º of  reduction in the upper incisors 

proclination and -9.86º ± 1.34º in the lower incisors, improving the interincisive 

relationship. In this way, the ratio of incisors tipping to the mean incisor retractions was 

approximately 2:1 and the intrusive movements in the vertical direction was less than 

1.4 mm for both retraction techniques (Table 5). Since the inclination and protrusion of 

the incisors were similar between the groups at T1 (Table 2), one possible explanation 

for these results is that the forces produced by the NiTi springs were applied far from 

the center of resistance.20 Besides that, there were gaps between the wire and the slot 

during the retraction which may have made it difficult to control the torque during the 

movement.39 Creekmore40 showed that when the 0.019″ × 0.025″-in SS archwire was 

applied to a 0.022-in slot, it resulted on average of 10.5º of expression torque, 

consistent with our results.  
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The changes in dental positions were accompanied by soft tissue changes 

which produced improvement the facial profile (Figures 4, 5 and 6). The upper lips 

retracted on average -2.51 ± 1.88 mm for both retraction techniques, while for the lower 

lips the mean was -2.98 ± 1.75 mm. Thus, the ratio of upper lip retraction to the mean 

upper incisor retraction was 0.6:1 for ER and 0.5:1 for TSR. In the same way, at the 

lower arch it was 0.7:1 and 0.5:1 respectively (Table 5). These results indicate that 

extractions treatment are associated with an additional retraction of the lower lip, as it 

has already been reported previously in the orthodontic literature.11 Greater retraction 

of the lower lip was expected, since during the bimaxillary protrusion treatment the 

lower lip often contacts both upper and lower incisors and therefore, it would be 

influenced by the retraction of both these teeth10. However, significant difference had 

been found in the MLA at T1 in our study and individual characteristics may have 

affected these results3,26,28. 

In the vertical direction, both upper and lower lips showed extrusive movements 

which favored the lip sealing at end of treatment.  The length of the upper lips increased 

on average ± 1.6 mm, but these differences were not significant at the end of treatment. 

In contrast, the lips thickness increased significantly from T1 to T2 in each ER and TSR 

groups, on average 1.67 ± 1.59 mm for upper lips and 0.98 ± 2.37 mm for lower lips. 

The results of our study can be compared to those their Konstantonis,41 Keser et al.,42 

and Talass et al.,43, who reported a significant value, yet larger, for the increase of 

upper lip at extraction group: 2.17 mm, 2.8 mm and 3.70 mm respectively. In addition, 

it should be considered that the measurements were performed at the most anterior 

point of the lips. In this way, with the lips retraction the Ls point tended to turn down,44 

increasing the length and thickness of the lips. 

The reduction of the bimaxilar protrusion was accompanied by an increase of 

on average 6.77°± 4.54º in the NLA for both groups, even though this change was not 

statistically significant at posttreatment. It must be noted that highly variable NLA 

changes were found from patient to patient (Figure 7). These means that tooth 

extractions cannot consistently predict43 a significant increase of the NLA and the 

results will depend on individual biological response.3,26,28 Regarding to the opening of 

the NLA for each millimeter of upper incisor retraction, the ratio was 1.5º:1 for both 

retraction techniques (Table 5), similar to the proportion already reported by Almeida 

et al.45 and Konstantonis et al.11 However, the studies available in the literature that 
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reported greater NLA increase after treatment, it used miniscrews as anchorage10,33 or 

the patients were growing.11,29 

 

 

 

Figure 7. NLA changes for each patient of sample at posttreatment. 

 

These results suggest that both ER and TSR techniques will show favorable 

results at the end of the treatment with extractions of four premolars. However, the 

choice between the two retraction techniques will not lead to greater soft tissue 

changes. While new studies are not performed to compare with our results, the 

orthodontist must consider the individual characteristics of each technique. Individual 

retractions of canines often results in disto-palatal rotations and mesiodistal tipping of 

these teeth10,15,18 and therefore, may require additional treatment time to realign 

them.18,20 None of these problems were found with ER.10 Furthermore, ER eliminates 

the appearance of unsightly spaces distal to the lateral incisors following canine 

retractions.10,20  These findings enable us to consider ER to close the extraction 

spaces. If there are anterior crowding or midline discrepancy, the TSR should be 

considered.20 When more retraction of the anterior teeth are need to modify the 

patient’s profile, then additional anchorage reinforcement should be associated. 
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CONCLUSIONS 

 

The following conclusions can be drawn from this study: 

 

• The incisors retraction and soft tissue changes between pretreatment and 

posttreatment were favorable for both en masse and two-step retractions. However, 

the changes were similar between the two retraction techniques. 

• No significant differences exist in the amount of incisor retraction and its tipping 

between the two groups; 

• Magnitudes of the changes in the soft tissue were similar between the two space 

closing methods.  
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 Which one closes extraction spaces faster: en masse retraction or two-step 

retraction? A randomized prospective clinical trial. 

 

 

ABSTRACT 

 

Objectives: To compare the extraction spaces closing time between en masse (ER) 
and two-step retraction (TSR). Materials and Methods: Forty-eight patients with 
bimaxillary protrusion received treatment with extraction of four first premolars. All 
patients were randomly allocated in a 1:1 ratio to either the ER (n=24) group or the 
TSR (n=24) group. The main outcome was to compare the space closing time between 
ER and TSR; the space closing time between female and male genders were a 
secondary outcome. The size of the premolars were measured in the models and data 
were collected on clinical records in the following times: retraction start date (T1) and 
space closure completion date (T2). The total time to close the extraction spaces was 
calculated for each extracted premolar (From T1 to T2). The Kaplan Meier method and 
the Log-Rank test were used to compare between the groups. Results: The closing 
time of the extraction spaces showed significant differences between the ER and TSR 
groups. While the ER took between 12.1 and 13.8 months, the TSR took between 24.7 
and 26.8 months. The TSR group showed a significant difference in relation to genders, 
the male patients took 5.5 months longer than the female patients to close the 
extraction spaces. Conclusions: The TSR takes between 1.8 and 2.2 times longer 
than ER to close the extraction spaces and it is longer in males than females.  
 
 
Keywords: Treatment time; Space closure; En masse retraction; Two-step retraction. 
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INTRODUCTION 

 

One of the first questions that new orthodontic patients will ask is "How long will 

I need to wear braces?", and many factors can influence the answer.1–4 The treatment 

time for each patient will depend on the their co-operation,5 dental and facial 

characteristics; as well as the orthodontist’s experience and his treatment decisions.1 

Extraction treatment plans have been linked with longer treatment times,1–3,6 

and premolars extractions are the most significant in this time variation.4,6–9 According 

to Fink and Smith,9 cases treated with four premolar extraction take longer than two 

premolar extraction cases.7,9  

Two main biomechanical strategies can be used to close the extraction spaces: 

en masse retraction (ER) or two-step retraction (TSR). In the first step of TSR, only the 

canine in each quadrant is retracted. In the second step, all the incisors are retracted 

until the residual spaces be close.10–14 In ER, the incisors and canines are retracted in 

just one step.15 

In clinical practice, orthodontists are looking for space closing mechanics that 

provide good anchorage control and shorter treatment time.13 In theory, TSR should 

result in less anchorage loss,10,14 then it has been the clinical orthodontist’s choice for 

many years.10,13 However, some randomized clinical trials (RCT’s)14,16,17  have already 

shown that there is no difference in the mesial movements of the molars between ER 

and TSR. For the author’s knowledge, the evaluation of the space closing time for 

retraction technique has not been adequately explored in literature among the factors 

that affect the total duration of orthodontic treatment1–4 and this question still needs to 

be investigated. The "retraction time" was reported briefly only as secondary outcome 

in a few studies14,16,17 that it showed no significant differences between the techniques. 

In addition, the sample of these previous studies did not differentiate Class I and Class 

II patients and some of them were still in the active growing phase; as well as using 

different types of anchorage reinforcement (miniscrews, headgear or conventional 

anchorage).14,18  Despite the importance of being able to accurately predict the 

orthodontic treatment duration,1–4,7–9 no RCT was found in the literature to compare 

the time spent for space closing with ER and TSR.  
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Specific objectives  

 

The purpose of this RCT was to evaluate and to compare the time required to 

close the spaces of each premolar extracted between the two retraction methods, 

without anchoring devices.  Additionally, it was to investigate whether there is 

difference in space closing time between male and female genders within ER and TSR. 

 

MATERIALS AND METHODS  

 

This RCT was approved by the Ethics Committee on Human Research of the 

School of São Paulo State University (ethical approval No. 01/09) (ANEXOS). 

 

Subjects 

 

The initial sample was recruited between February and October of 2010 and 

consisted of 52 participants. The inclusion criteria were: at least 18 years of age, male 

or female Brazilians, the presence of all permanent teeth (except third molars), Class 

I bimaxillary protrusion malocclusion with mild crowding in upper and lower incisors ≤ 

4 mm, no previous orthodontic treatment history, good oral hygiene and no systemic 

diseases. Four participants were excluded due to periodontal disease or missing teeth. 

All selected participants had similar dental and skeletal characteristics (Table 1; Figure 

1).  
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Table 1. Baseline skeletal and dental characteristics of subjects at pretreatment 

between the two groups. 

 

Variables   ER    TSR    

 Mean (SD) Mean (SD) P value Sig 

SNGoMe (°) 30.6 (6.3) 27.9 (6.8) 0.166  ns 

PFH/AFH (mm) 66.4 (5.0) 68.5 (6.4) 0.207 ns 

PgNperp (°) 1.0 (6.7) 1.2 (8.1) 0.458  ns 

Overjet (mm) 3.3 (1.3) 3.6 (1.2) 0.405  ns 

Overbite (mm) 0.9 (2.0) 1.5 (1.5) 0.211  ns 

L1-Apo (mm) 7.1 (2.7) 6.1 (2.6) 0.188  ns 

U1-Apo (mm) 10.5 (2.4) 9.9 (3.0) 0.429  ns 

FMA (°) 24.7 (5.2) 21.9 (6.8) 0.116 ns 

Convexity (NA-Apo) (°) 7.1 (4.0) 6.9 (3.1) 0.817  ns 

Lower Lip to E-Plane (mm) 4.5 (3.8) 3.1 (3.2) 0.159  ns 

                        SD, standard deviation; Sig, significance; ns, not significant by the Student’s t test at P ≤ .05. 

 

 

 

 
 

Figure 1. Cephalogram illustrating the landmarks and planes used for the study. Landmarks: 

1) SNGoMe; 2) PFH/AFH; 3) PgNperp; 4) Overjet; 5) Overbite; 6) L1-Apo; 7) U1-Apo; 8) FMA; 

9) NA-Apo; 10) Lower Lip to E-Plane. Points: A) Anterior reference point; B) posterior reference 

point; C) posterior and superior reference point. Planes: HRL and VRL. 
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Randomization 

 

The participants were randomly allocated in a 1:1 ratio to either the ER group 

or the TSR group (Table 2) using a simple randomization technique.  

 

 

Table 2. Descriptions of demographics of the two groups. 

 

 

 
 
 
 
                        SD, standard deviation; y, years. 
 
 
 

Interventions 

 

Initial images, models and radiographs were obtained before starting 

orthodontic treatment. All 48 participants received conventional orthodontic treatment 

with the same type of fixed appliances. Upper and lower 0.022-in tubes were soldered 

to bands for the first and second molars and conventional 0.022-in straight-wire 

brackets (Ovation-GAC, Bohemia, NY) were bonded from right second premolar to left 

second premolar. Leveling and aligning were conducted until 0.020-in stainless steel 

(SS) wire could be passively inserted into the brackets. Second premolar to second 

molars were tied together with 0.010” ligature wire at both sides. Each patient had the 

four first premolars extracted at this time. Then 7-14 days after extraction, space 

closing mechanics were activated.  

In the ER group, all incisors were retracted in a single step. Archwires used were 

0.017” X 0.025” SS and Nickel-titanium (NiTi) closed-coil springs activated to 200 gm 

(GAC, Bohemia, USA) were attached from the hooks of the first molars to the hooks 

soldered to the archwires between the lateral incisor and the canine at both sides 

(Figure 2A).  In the TSR group, an 0.020-in SS arch wire with flush omega loops tied 

back to the first molars was used for the retraction of the canines. NiTi closed-coil 

springs activated to 100 gm were secured from the hooks of the first molars to the 

hooks of the canines brackets with 0.010” ligature wire (Figure 2B). After the canine 

 Gender Starting age Age range 

Group n Female Male Mean (SD) (y)  (y) 

 ER  24 14 10 23.9 (3.43) 19-32 

 TSR  24 15 9 22.0 (4.8) 18-34 
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retractions, the posterior were tied with teeth using 0.010” ligature wire.  For the incisor 

retractions, 0.017”X0.025” SS wires were inserted, and NiTi closed-coil springs 

activated to 100gm  were attached from the cervical hook of first molars to the soldered 

hooks located distal to the lateral incisors (Figure 2C). No auxiliary devices were used 

in either groups during the retractions. 

The patients were evaluated every 4-5 weeks and the springs were removed, 

activated and checked by Correx Tension Gauge (Haag-Streit, Bern, Switzerland) to 

maintain the same activation until the closing of spaces were complete. All the 

appointments dates and clinical procedures performed on this day were correctly noted 

in the each patient’s clinical records, as well as their absences in the appointments and 

the brackets, bands or wire breaks. The patients were informed that if the appointment 

was forgotten, the rescheduling should be done as soon as possible, within a week. In 

case of breaks or loss, it should be replaced on the same day.  
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Figure 2. Illustration of ER and TSR techniques: A) ER group; B) First step at TSR 

group; C) Second step at TSR group. 

 

 

Data collection   

 
The principal investigator analyzed each patient’ clinical records after the 

treatments were completed. Clinical dates were collected regarding the orthodontic 

procedures performed in the following times: retraction start date (T1) and spaces 

closure completion date (T2) for each premolar. The total retraction time (From T1 to 
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T2) was calculated for each premolar in months and recorded on a Microsoft Excel® 

spreadsheet. The size of each first premolar was measured using a digital caliper 

(Mitutoyo Digimatic®, Mitutoyo, UK) from the initial models.  

 

Outcomes and any changes after trial commencement 

 

The main outcome was to compare the closing time of spaces between ER and 

TSR for each premolar; the closing time of spaces for female and male genders within 

ER and TSR was a secondary outcome. No changes were made after trial 

commencement. 

 

Interim analyses and stopping guidelines 

 

Not applicable. 

 

Blinding 

  

The investigator and the patients were blinded to the allocation sequence; 

however, it was impossible to blind them to the treatment methods and during the 

collection of data. 

 

Error of the Method 

 

A principal investigator measured the size of first premolars. All premolars were 

measured twice at an interval of 4 weeks. Measurement reliability was evaluated using 

intraclass correlation (ICC), estimated by means of confidence intervals. The results 

indicated a strong intra-examiner reliability (ICC = 0.96). 

 

Statistical methodology  
 

Two descriptive graphics using the Kaplan-Meier method were constructed. The 

Kaplan-Meier curve is a descriptive analysis performed to follow what is happening 

with the studied event during the follow-up time.19 In this RCT, the studied event are 

the "extraction space closing time with ER and TSR”. Through this statistical 
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methodology, it is possible to obtain not only the total time for space closing with ER 

and TSR, but also to estimate the probability of extraction spaces which have not yet 

closed after in a certain period during the follow-up time.  

The first descriptive Kaplan-Meier survival curve was constructed to evaluate 

the space closing time during ER and TSR for each premolar extracted. In this way, 

for both ER and TSR, the curves were constructed considering the size of the 

extraction spaces of all premolars (four spaces per patient) and totaling 96 extraction 

spaces to be closed during the follow-up time. In this curve, the horizontal axis details 

the follow-up time from the beginning of the retraction to the end of the space closing. 

The vertical axis represents the cumulative proportion (%) of the spaces that are still 

open for each extracted premolar. On the vertical axis the 1.0 proportion represents 

that 100% of the spaces have not yet closed and 0.0 proportion represents that all the 

spaces of the extractions have already been closed.  

A second descriptive Kaplan-Meier survival curve aimed to compare extraction space 

closing time between genders within each group. The Log-rank test was used to 

compare the Kaplan-Meier survival curves. The level of significance of 5% was 

adopted (α = 0.05). 

 

RESULTS 

 

The CONSORT diagram shows the flow of 52 participants. Four patients were 

excluded and 48 patients were randomly assigned between ER or TSR groups in which 

treatment was received and analyzed for the outcomes (Figure 3). There were no 

significant differences in the baseline data of the patients between groups (Table 1 and 

2).  
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Figure 3. CONSORT flow chart showing subjects through the trial. 

 
 
 
Numbers analyzed for each outcome, estimation and precision 
 
 

Figure 4 shows the first descriptive Kaplan-Meier survival curve that represents 

the cumulative proportion of the extracted premolars spaces that are still open in 

relation to the follow-up time with ER and TSR. All extraction spaces were closed in 

both groups. The average of space closing time corresponds to the 0.5 proportion in Y 
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axis, which represents the moment that 50% of the extraction spaces had not closed 

yet. It was around 11.0 months for the ER group and 26.0 months for the TSR group. 

Table 3 shows the result of comparison of the Kaplan-Meier survival curves 

through the Log-Rank test. There was a significant difference in the space closing 

times between ER and TSR (p <0.001). However, no statistically significant difference 

was found between the space closing times of each extracted premolar within each 

group (p> 0.200). A confident interval of 95%, determined by average ± 1.96 standard 

error, showed the estimation of the space closing time variation between 12.1 and 13.8 

months for ER group and between 24.7 and 26.8 months for TSR group.  

 

 

 

 

 

Figure 4. Descriptive Kaplan-Meier curve showing the cumulative proportion of 

extraction spaces that not closed yet during follow-up of time with ER and TSR groups. 
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Table 3. Mean, standard error (SE) of space closing time (months) for each extracted 

premolars between ER or TSR group. 

 

 

Premolars(a)  ER   TSR P value(b) 

 n    Mean (SE)  n Mean (SE)  

14 24 13.9 (0.9)  24 26.6 (1.1)  

24 24 12.8 (1.0)  24 26.6 (1.1)  

34 24 12.6 (0.9)  24 24.9 (1.0)  

44 24 12.6 (0.9)  24 24.8 (1.0)  

Global 96 13.0 (0.5)  96 25.7 (0.5) <0.001 * 

P value(c)  0.868   0.209  

                         *significant by the Log Rank test; SE, standard error. 
 a Total of 96 extracted premolar per group; 
 b Between ER and TSR groups; 

           c Between premolars within ER or TSR group. 

 

Figure 5 shows the second descriptive Kaplan-Meier survival curve that 

represents the cumulative proportion of extraction spaces are not closed yet in relation 

to the follow-up time, subdivided by female and male genders within ER and TSR 

groups.  

Table 4 shows that the male patients in TSR group took a significantly longer 

time to close the spaces. There was a significant difference between males (p <0.001) 

and females (p <0.001). In the ER group no significant difference was found in the 

space closing time between genders (p = 0.353). Within the TSR group a significant 

difference (p <0.05) was found, with males taking longer than females. 
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Figure 5. Descriptive Kaplan-Meier curve of cumulative proportion of extraction spaces 

that not closed yet during follow-up time with ER and TSR subdivided by female and 

male genders. 

 

Table 4. Average of the space closing time between ER and TSR according to the 

gender. 

  

Gender  ER   TSR P value(a) 

 n Mean (DP)  n Mean (DP)  

Female   14 14.2 (1.2)  16 25.3 (1.3) <0.001 * 

Male 10 16.1 (1.3)  8 30.8 (1.3) <0.001 * 

P value(b)  0.353   0.023*  

           *significant by the Log Rank test. 
                                  aBetween ER x TSR groups. 

                      bFemale x male within each ER or TSR groups. 
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Harms 

 

No participant reported a negative outcome during the trial. 

 

 

DISCUSSION 

 

Previous studies have shown that both ER and TSR were efficient methods for 

space closing,14,16,18 but the retraction time with each of these techniques still needed 

to be investigated. To date, this is the first study to shows a descriptive analysis of the 

spaces closing time for each premolar, since in the same patient may have each 

extraction space closed at different times. 

The follow-up of extraction spaces closing time (Figure 4) showed that the 

patients started having full closure on the 7th month after the beginning of the ER while 

it occurred on the 13th month on the TSR. In addition, 50% extraction spaces were 

closed with ER by the 11th month, while the same happened for TSR patients only on 

the 26th month. Although the follow-up time have showed that upper premolars in TSR 

took longer than lower premolars, there was no significant difference in the time of 

space closing between the premolars intragroup. 

  Agreeing to the belief of the majority of orthodontics10,13, the distance between 

Kaplan-Meier curves of the two groups during the follow-up time and the average value 

confirmed that there was statistically significant difference in the closing time of the 

extraction spaces between the ER and the TSR. Our results showed that the TSR took 

between 1.8 and 2.2 times longer than the ER to close the extraction spaces. Heo et 

al,16 Xu et al,14 and Upadhyay et al18 also found similar results to those of our study; 

however, the difference in their studies was not statistically significant.  One RCT was 

conducted16 in adult patients without the use of additional anchorage devices, but the 

retraction time was evaluated only for upper premolars extraction spaces. In addition, 

none of these studies14,16,18 describes in its methodology how the data collection were 

performed. 

The gender influence on the space closing time was also examined. The results 

reported that there was a significant difference between female and male genders in 

ER and TSR. The follow-up of extraction space closing time (Figure 5) showed that in 

the TSR group, female patients started having full closure on the 13th month after the 
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beginning of retraction while male patients had it started on the 24th month. The male 

patients took 5.5 months longer to close the extraction spaces than the female patients 

in TSR. No significant difference was found between genders within ER group. No 

studies have been published yet in the orthodontic literature regarding gender 

differences for space closing. The only information available in the literature regarding 

the gender difference in treatment time is that woman are more committed to treatment 

than men, and the fact that the orthodontic treatment for boys takes longer.5   

The methodology of this study was designed to produce parity between groups, 

excluding the influence of age, skeletal and dental characteristics within the sample. 

The following factors may have contributed to the time-related results:  

1) The sample was limited to patients older than 18 years of age to reduce the effects 

that growth causes in the teeth movement. Dudic et al,20 demonstrated that younger 

patients who started treatment before 16 years of age had significantly more teeth 

movement compared with older patients and consequently, finished orthodontic 

treatment in less time.  

 2) The treatment plan used in this study involved the alignment and leveling of all teeth 

with a 0.020-in SS wire before the extraction of premolars. In this way, on the date of 

the start retraction (T1) the initial position of the teeth were standardized, avoiding that 

some alignment difference could influence the movement velocity during the 

retraction.13  

3) No additional anchoring devices were used. Upadhyay et al18 demonstrated that 

when ER was used with miniscrews,  minimum molar movements occurred during the 

space closing and there was decreased the retraction time.  

4) Sliding mechanics with Niti springs were chosen for extraction spaces closure. Niti 

springs are closer to commonly used by orthodontists,21 and their shape-memory 

phenomenon produces force consistency,10,22 which remains for a long activation 

time.22,23   

5) To reduce the effects in case of appliances brakes,2,4,8 the patients should notify the 

orthodontist as soon as possible and have it repair performed on the same day.  

The shorter retraction time with ER can be more clinically significant, particularly 

in view of the fact that some studies14,16,17 showed that there is no difference in the 

anchorage loss during the space closing between these two retraction techniques. So 

the orthodontist’s classical choice for the TSR10,13 should be reconsidered. When 

choosing the TSR, the canines tend to rotate and tip more than when they are retract 
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with the incisors 10,14and therefore, they will require additional treatment time to be 

realigned14.  Additionally, TSR can be unaesthetic due to the creation of distal gaps to 

the lateral incisors. Besides that, the risk of external apical roots resorption are 

increased for longer treatment time24. For these reasons, ER should be considered to 

close the extraction spaces, unless that anterior crowding or midline discrepancy are 

present.  In these cases, the individual canine retractions are indicated to create 

spaces for the retract the incisors and prevent their protrusion13.  If more retraction of 

the anterior teeth is needed, then the anchorage reinforcement may be considered. 

 

 CONCLUSIONS 

 

When comparing the closing time of the extraction spaces between en masse 

retraction (ER) and two-step retraction (TRS), the following were concluded: 

 

• The ER closed the spaces faster than the TSR; 

• The TSR took between 1.8 to 2.2 times longer than the ER to close the 

extraction spaces; 

• The TSR times were significantly longer for males than females. 
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Maxillary canine and molar movement rates during 

extraction space closing 

  

                                                 
 Artigo escrito segundo as normas bibliográficas da revista The Angle Orthodontist. 
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Maxillary canines and molars movement rates during extraction space closing 

 

ABSTRACT 

 

Objectives: The purpose of this trial was to analyze the maxillary canine and molar 
movements during 7 months of first step of extraction space closing with two-step 
retraction (TSR). Evaluating the monthly movement rates was the second objective. 
Materials and Methods: This study included twenty-five adult patients who 
participated in a randomized prospective clinical trial conducted at the Department of 
Orthodontics at São Paulo State University (UNESP) - School of Dentistry at 
Araraquara, São Paulo, Brazil. All patients had bimaxillary protrusion who were 
planned for treatment with extraction of four first premolars. The retraction of right and 
left maxillary canines was accomplished using Nickel-titanium closed coil springs 
(100gf) secured from the hook of the first molars bands to the hook of the canines 
brackets on 0.020-in SS arch wire. The second premolar to the second molar were tied 
together with 0.010” ligature wire at both sides. Standardized oblique cephalometric 
radiographs at 45º were taken before the retraction (T0) and during the follow-up of 
extraction space closing time: on the 1st (T1), 3rd (T3), 5th (T5) and 7th (T7) month. The 
principal investigator traced, superimposed and digitized all maxillary cephalograms 
using DFPlus®. The data were analyzed descriptively and through linear regression 
analysis. The student t-test was used to compare the sides. The level of significance 
of 5% was adopted (α = 0.05). Results: There were no significant differences between 
the right and left sides. The maxillary canines cusps were retracted 4.8mm while the 
maxillary molars cusps lost 2.64mm of anchorage after seven months of space closing. 
There were significantly greater movement rates during the 1st month of retraction at 
which it were 1.32mm for the canines cusps and 0.82mm for the molars cusps.  After 
the 1st retraction month, both of them started a linear movement phase in which 
monthly movement rates remained constant until the end of the follow-up space 
closing, estimated on average of 0.58 mm for the canines cusps and 0.30 mm for the 
molars cusps. The vertical movements were not clinically significant. Conclusions: 
During space closing, the 1st month is the retraction period of greatest canines and 
molars movements. After this time, the monthly movement rates are constant until the 
7th month of retraction. The canines distalize by tipping movement, with the cusps 
moving more than the apices, while the molars mesialize by bodily movement 
throughout the whole space closing process. 
 
 
KEY WORDS: Retraction canine; Canine distalization; Anchorage loss; Orthodontic 
tooth movement; Tooth movement rate; Space closure. 
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INTRODUCTION 

 

Canine retractions after the extractions of first premolars is one of the most 

common orthodontic procedures.1–5,5–9 The premolar extractions and canines 

distalization are mainly required during the treatment of cases in which there is anterior 

crowding or midline discrepancy.10  In this way, it is possible to create spaces to align 

or retract the incisors and therefore, prevent dental protrusion.11  

  The two-step retraction (TSR) is one of the main biomechanical strategies in 

cases of premolar extractions in which the canines are completely retracted 

individually, followed by retraction of the all incisors as if it was a single block.10,12 This 

space closing technique has been the classic clinical choice for many years.1,7,13–16 

Traditionally, it has been believed that the greater number of roots in the anchorage 

unit (composed of the second premolar, first and second molars) are more resistant to 

anterior movement while just one canine root is retract17,18, which could yield less 

anchorage loss.13,18,19  To achieve this goal, the orthodontic procedure that 

orthodontists most commonly use is the sliding mechanics with Nickel-Titanium (NiTi) 

springs.20  The choice for this procedure is because of its simplicity and effectiveness, 

providing more predictable force control that remains active for a long time.20–22  

However, it has been associated as the most time-consuming stage of extraction-

based orthodontic treatment.7,10,13,23,24 For this reason, knowledge about movements 

and monthly movement rates of the canines could be the key for the orthodontist to 

predict the space closing25 and to establish individual strategies for each patient during 

this step of the treatment.26  

Despite the clinical relevance of predicting the teeth velocities, the human 

studies that described the canine displacements using NiTi closed-coil spring2–9 

reported highly variable in the movement rates. Additionally, to date, there is no 

consensus in orthodontics about how the teeth can be moved most efficiently.26,27 

However, these previous studies provide insufficient information. First, the subjects 

were in active growing phase.4–9 Second, the canine retraction rates were evaluated 

through records obtained only in two moments of treatment (initial and final).2–4,8,9 

Third, the retraction rates were calculated by dividing the amount of canine cusp 

displacement by the time required to complete space closing.2–4,7–9 This means that 

they assumed that the teeth have the same velocity throughout the all observation 

period. However, results from animal studies26,27 already had showed that this is not 
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true and that there are different movement rates during the teeth displacements. Since 

the activation of the orthodontic appliance is usually performed every four weeks with 

frictional mechanics, the following questions come up: Are the canines and molars 

velocities the same throughout the extraction space closing? Does the periodontal 

tissues’ resistance promote variations in the movement rates of these teeth?  

Currently, there is just one study5 available in literature, in which NiTi closed-

coil spring was used and in which more than two assessments were realized during 

the follow-up time. However, this was a pilot study and miniscrews were used as 

anchorage device. The other studies used models3–6,9 or lateral cephalograms7,8 to 

evaluate the dental positions, which must be considered as potentially problematic.29  

To our knowledge, just one study2  investigated the canine and molar movements using 

a cephalogram at 45º, which has sufficient accuracy to evaluate apical movements 

since it does not overlap the two sides of a patient in the same radiography.30 Besides 

that, studies focused on demonstrating the canine retractions considering the issue of 

anchorage loss during the space closing are especially difficult to find.2,6 So far, teeth 

time-movement curves  have been identified just in animal studies.26,27   

 

Specific objectives and hypothesi 

 

The aim of this study was to analyze the cusp and apice movements of the 

canines and molars during 7 months of first step of extraction space closing with TSR. 

The second objective was to evaluate the monthly movement rates of these teeth. The 

null hypothesis was that the movements, as well as the movement rates of canines 

and molars were the same over time. 

 

 

MATERIALS AND METHODS 

 

This study included patients who participated in a randomized clinical trial with 

prospective and standardized selection, in which the treatments were conducted at the 

Department of Orthodontics at São Paulo State University (UNESP) – Araraquara 

School of Dentistry, São Paulo, Brazil. The Ethics Committee of this institution 

approved this research (ethical approval No. 65053917.2.0000.5416) (ANEXOS). 
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Participants, eligibility criteria, and setting 

 

Twenty-five patients were selected (Table 1) according to the following criteria: 

male and female Brazilians, age above 18 years, Class I bimaxillary protrusion 

malocclusion with mild crowding in upper and lower incisors ≤ 4 mm, presence of all 

permanent teeth (except third molars), no previous orthodontic treatment history, 

healthy dentition and no systemic diseases. Subjects were excluded if they had poor 

oral hygiene, missing teeth, periodontal disease and dental malformation. The purpose 

and methods of the study were completely explained to the participants and all of them 

signed an informed consent form agreeing to participate of this study. 

 

Table 1. Descriptions demographics of sample. 

 

 

 

 

 

 
            SD, Standard deviation; y, years. 

 

 

Sample size calculation 

 

Sample size was calculated using the PS: Power and Sample Size Calculation 

software, version 3.0.43 (Vanderbilt University, Nashville, TN) available at 

http://www.mc.vanderbilt.edu/prevmed/ps/index.htm. A sample size of 25 patients was 

calculated for a significance level of 5% and a sample power of 90%, based on 

estimated differences of 0.2 mm of space closing between periods and a standard 

deviation of 0.3 mm.31  

 

 

 

 

 

 

          Gender Starting age Age range 

Sample n Female Male Mean (SD) (y) (y) 

 25 16 9 23.3 (5.08) 17.7-35.5 
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Interventions 

 

Initial orthodontic protocol 

 

Conventional 0.022-inch straight-wire brackets (Ovation, GAC, Bohemia, NY) 

were bonded from the right second premolar to the left second premolar and 0.022-in 

tubes were soldered to bands of the first and second molars in both sides. The leveling 

and aligning were conducted until 0.020-in stainless steel (SS) wires could be passively 

inserted into the brackets. Each patient had the four first premolars extracted at this 

time. 7-14 days after extractions, the space closing mechanics were activated.  

 

Closing of premolars extraction spaces 

 

All 25 patients had orthodontic treatment with total space closing by TSR, in 

which the right and left canines were retracted individually at first step. The retraction 

was undertaken on 0.020-in SS arch wire with tight omega loops tied to the first molars 

on each side. From the right second premolar to the left second molars were tied 

together with 0.010” ligature wire and no auxiliary anchoring devices were used. NiTi 

closed-coil springs active in 100 gf (GAC, Bohemia, USA) were secured from the hook 

on the labial surface of the first molar bands to the hook of the canine brackets with 

the help of ligature wire (Figure 1) on both sides. The patients were evaluated every 

28 days. During each appointment, the right and left springs were removed and 

checked by Correx Tension Gauge (Haag-Streit, Bern, Switzerland), to maintain the 

same activation until the complete space closing. 

 

 

 

 

Figure 1. Individual retraction of the canine at first step of TSR. 
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Obtaining of the oblique cephalometric radiographs at 45º 

 

  For follow-up on the maxillary canines and molars movements during the 

retraction, standardized oblique cephalometric radiographs at 45º, of the right and left 

sides, were taken before the retraction (T0) and during the follow-up of extraction 

space closing time: on the 1st (T1), 3rd (T3), 5th (T5) and 7th (T7) months. 

 

 

 

Figure 2.  Image of a case showing the canine retraction on the 1st (T1), 3rd (T3), 5th 

(T5) and 7th (T7) month of first step of TSR. 

 

Analysis of the oblique cephalometric cephalograms at 45º 

 

Tracings of all radiographs were hand drawn with a 0.3-mm mechanical pencil 

on 0.03mm thick tracing papers (GAC International Inc.) by the principle investigator. 

Radiographs of the left side were traced following the same orientation of the right side.  

The radiograph which showed the cusps and apices more clearly was used to create 

individual templates of the canines and the molars for each patient of sample. No apical 

shortening or roots rounding were observed. After the contours of the anatomical 

structures, it was traced, three fiducial reference points in T0 cephalometric tracing 

(Figure 2). Two horizontal points were marked parallel to the functional occlusal plane, 

in order to determine the horizontal reference line (HRL): Point A was located in the 

anterior region of the tracing, and point B was located in the posterior region of the 

tracing. A third point, C, was marked above the orbit contour and posterior to the tracing 

in order to determine a vertical reference line (VRL). Two landmarks were marked on 

both the molar and the canine in each traced cephalogram (Figure 3). 
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Figure 3. Cephalogram at 45º illustrating the landmarks and lines used in this analysis. 

Points: 1) canine cusp; 2) canine apex; 3) mesial cusp of first molar; 4) mesial apex of 

first molar; A) Anterior point; B) posterior point; C) superior and posterior point. Lines: 

HRL and VRL. 

 

 

The three fiducial reference points (A, B and C) were transferred from T0 to T1 

and, successively, from t0 to T3, T5 and T7 (Figure 4), using the best fit of the maxillary 

bone structures30: Inner cortical plate of the anterior part of the maxilla opposite to the 

canine region, posterior contour of infrazygomatic crest, nasal floor and orbital floor 

(Figure 4). All landmarks were digitized by the same investigator using DentoFacial 

Planner Plus® (DFP; version 2.0; Toronto, ON, Canada). Horizontal displacement of 

the cusps and apices were measured by the distance of their reference points to VLR 

line (Figure 4). Similarly, vertical displacements were measured from the these points 
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to HLR (Figure 4). The values obtained were transferred to a Microsoft Excel® 

spreadsheet (Microsoft Office Excel 9.0, Redmond, WA, USA).  

The amount of movements were measured from the origin and the movement 

rates were calculated for each time interval (T1-T0, T3-T1, T5-T3 and T7-T5). The 

subtraction of the values obtained from T7-T0 determined the total canines and molars 

movements over the seven months. 

 

 

 

Figure 4. Superimposition of maxillary cephalograms to follow the canine and molar 

movements. 

 

Blinding and error of the Method 

 

A single-blinded investigator traced, superimposed and digitized all the 

radiographs. After this, 30% of the sample was traced, superimposed and digitized 

again at an interval of 4 weeks. Reliability was evaluated using intraclass correlation 
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coefficients (ICCs) and estimated by means of confidence intervals. Strong 

intraexaminer reliability was found (ICC = 0.82).  

 

Statistical methodology  

 

The horizontal and vertical movements were analyzed. For this, the zero value 

was taken as a reference to obtain the displacement values after the 1st, 3rd, 5th and 

7th month of retraction. The movement rates were also analyzed for each period (T1-

T0, T3-T1, T5-T3, T7-T5).  After the analysis of these data, the horizontal movements 

for each variable was analyzed and estimated by the linear regression model during 

the follow-up of canine retraction from the 1st to the 7th month. 

The linear regression equation adopted was Y = ax + b. In this model, Y is the 

horizontal movement in millimeters (mm) and x = (T-1) is the follow-up time (T), in 

months, minus the 1st month. Two coefficient lines were adopted in this equation: “a” 

which represents the estimated movement rates per month and "b" which is the 

estimate of average movement during the 1st month of retraction. Confidence Intervals 

(CI) of 95% were also calculated. The lack of adjustment test was performed to 

evaluate the adequacy of the regression line at the experimental model. The 

adjustment quality was also determined by the coefficient of determination (R2), which 

establishes the variation percentage (%) of the data that are explained by the linear 

regression model. In this case, there is a maximum value that is not 100% able to be 

explained by the R2, since another part of the variation (%) is due to the individual 

variation of the 25 individuals. A Student's t-test was used to compare the variables 

between the right and left sides. The level of significance of 5% was adopted (α = 0.05). 

 

RESULTS 

 

A Student's t-test showed that there was no significant difference (P>0.30) 

between sides. In this way, the results for the canine and molar movements of right 

and left sides were grouped by the average. 
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Descriptive analysis of horizontal movements 

 

Table 2, Figure 5 and Figure 6 describe the average of horizontal total 

movement of the cusps and apices of both the canines and the molars during the 

follow-up of first step of space closing with TSR, from the zero until the end of the 7th 

retraction month. 

 

Table 2. Mean and standard deviations (SD) of the canines and the molars from the 

beginning to the end of horizontal movement. 

 

  Follow-up time 

  T1 T3 T5 T7 

Variable Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Canines Cusps, mm 1.32 (0.52) 2.56 (0.58) 3.79 (0.57) 4.80 (0.43) 

  Apices, mm 0.81 (0.43) 1.43 (0.54) 2.04 (0.56) 2.78 (0.37) 

Molars Cusps, mm 0.82 (0.26) 1.56 (0.30) 2.13 (0.39) 2.64 (0.27) 

  Apices, mm 0.61 (0.21) 1.31 (0.29) 1.79 (0.42) 2.17 (0.38) 

              Positive values indicate distal movement of the canines and mesial movement of the molars. 

 

 

Figure 5. Descriptive time-movement curves of canines showing the horizontal 

movement during the follow-up time. 
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Figure 6. Descriptive time-movement curves of molars showing the horizontal 

movement during the follow-up time. 

 

Descriptive analysis of vertical movements 

 

Table 3, Figure 7 and Figure 8 describe the average vertical movement of the 

cusps and the apices of both the canines and molars during the follow-up of first step 

of space closing with TSR, from the zero until the end of the 7th retraction month. 

 

Table 3. Mean and standard deviations (SD) of vertical teeth movement. 

 

  Follow-up time 

  T1 T3 T5 T7 

Variable Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Canines Cusps, mm -0.19 (0.17) -0.16 (0.27) -0.16 (0.32) -0.14 (0.32) 

  Apices, mm -0.19 (0.13) -0.24 (0.23) -0.24 (0.25) -0.30 (0.31) 

Molars Cusps, mm -0.04 (0.16) -0.05 (0.22) -0.10 (0.28) -0.08 (0.24) 

  Apices, mm -0.05 (0.16) -0.07 (0.18) -0.14 (0.29) -0.15 (0.27) 

                   Negative values indicate extrusion movement. 
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Figure 7. Descriptive time-movement curves of the canines showing the vertical 

movement during the follow-up time. 

 

 

Figure 8. Descriptive time-movement curves of the molars showing the vertical 

movement during the follow-up time. 
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Descriptive analysis of horizontal movement rates 

 

Table 4 describes the horizontal movement rates for each period. The periods 

(T1-T0; T3-T1; T5-T3; T7-T5) were divided by 2 to allow for monthly comparison. 

 

Table 4. Mean, standard deviations (SD) of horizontal movement rates per month. 

  Follow-up time 

  T1 T3 T5 T7 

Variable Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Canines Cusps, mm 1.32 (0.52) 0.62 (0.24) 0.62 (0.30) 0.51 (0.20) 

  Apices, mm 0.81 (0.43) 0.31 (0.18) 0.31 (0.17) 0.37 (0.23) 

Molars Cusps, mm 0.82 (0.26) 0.37 (0.16) 0.28 (0.12) 0.26 (0.13) 

  Apices, mm 0.61 (0.21) 0.35 (0.13) 0.24 (0.12) 0.19 (0.10) 

 

 
Linear regression analysis  

 

The canine and molar movement rates during the 1st to the 7th retraction month 

(Table 4) remained very similar during these periods. Therefore, it justified the 

application of the linear regression model to estimate not only the movement and the 

movement rate obtained during the evaluation period of this study, but also monthly 

during the for entire follow-up time. 

Figures 9 and 10 show the linear regression lines for the average movement (Y) 

of the cusps and apices, according to the month of retraction between the 1st and the 

7th month. Confidence intervals of 95% were presented on the regression lines to show 

the population means.  

Table 5 shows the statistics derived from the linear regression model for use of 

the adopted linear equation. It should be noted that there was no evidence of a "lack 

of fit" of the regression lines, confirmed by the estimate of the Standard Deviation (SD) 

and by the coefficient of determination (R2), which was always close to the maximum 

variation demonstrated by the line. 
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Figure 9. Linear regression model to estimate the monthly horizontal movement (Y) of 

the cusps and apices of the canines from the 1st to 7th retraction month. 

 

 
 

Figure 10. Linear regression model to estimate the monthly horizontal movement (Y) 

of the cusps and apices of the molars from the 1st to 7th retraction month. 
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Table 5. Statistics of the linear regression model: Y = ax + b , where X = (T-1) during 

1≤T≤7 retraction months. 

 

 

Variable Line Estimate CI (95%) SD R2 (Max) 

    Coefficients   IL UL    

Canines Cusps a 0.58 0.54 0.63 0.529 86.2 (86.4) 

  b 1.36 1.19 1.54   

 Apices a 0.33 0.28 0.37 0.475 70.5 (70.7) 

  b 0.79 0.63 0.95   

        

Molars Cusps a 0.30 0.27 0.33 0.309 82.9 (83.5) 

  b 0.88 0.78 0.99   

 Apices a 0.26 0.23 0.29 0.341 74.4 (75.8) 

    b 0.69 0.58 0.81   
Line Coefficients: a, the estimate movement rates per month; b, the average movement estimate during the 1st month 

of retraction; CI, Confidence interval of 95% ; IL, Inferior Limit and UL, Upper Limit; SD, Standard Deviation; R2, 

Coefficient of determination (%); Max, Maximum explainable by the line (%). 

 
 
 

DISCUSSION 

 

The time-movement curves in the horizontal direction (Figures 5 and 6) and the 

results reported in Table 2 showed that the canines and molars always responded to 

the activation of the orthodontic appliance with their cusps and apices displacements. 

However, it was possible to visualize during the follow-up that the 1st month of retraction 

was the greatest movement. The average of canines cusps retraction was 1.32 mm, 

with the apices retracting 0.81 mm. For the molars, the mesial displacement was 0.82 

mm for the cusps and 0.61 mm for the apices. The values found are compatible with 

the biologically acceptable tooth movement that is estimated between 1mm and 1.5 

mm per month26.  Since the movement rates can be influenced by the type of 

movements,17,28 the possible explanation for the initial acceleration in the first stage it 

is the immediate canine tipping in its alveolus, when the NiTi closed-coil spring 

mechanics was active. In this way, it may had generated more compression at 

periodontal ligament and more deformation in the alveolar bone crest.26 

After the 1st month, the canine and molar monthly movement rates were 

constant until the 7th retraction month, at which they started a linear movement phase. 
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This means that, in this second stage, once teeth movement started, bone remodeling 

and periodontal ligament turnover took place at a more constant rate.26,27 The canine 

retraction rates estimated in the linear model were, on average, 0.58 mm for the cusps 

and 0.33 mm for the apices while for the molars were, respectively, 0.30 mm and 0.26 

mm.  A large variability for the mean canine movement rates, which ranges from 0.21 

mm to 1.91 mm, is evidenced  in table 6. To date, just one study6 reported monthly 

anchorage loss rates of the molars, which was approximately 0.5 mm for both the 

cusps and apices. However, this finding cannot be directly compared because this 

study used transpalatal arches and the patients were still actively growing. 

Obviously, many biological factors can have influence on the variation for the 

movement velocities available in literature, such as: alveolar bone density,32 the ability 

of periodontal cells to react to the mechanical stimuli33 and the formation of  hyalinized 

tissue during the movement.27,33,34  

The methodology of this study was carefully designed to reduce many of the 

variables that could have an adversely effect in the veracity of the results.  Thus, the 

current findings may have been influenced by:   

1) The sample was composed of only adult patients, since actively growing 

patients showed faster tooth movement velocity than those who were no longer 

growing.24,32,34–36  

2) The crowding was quantified during sample selection. Geron et al.37 reported 

that the anchorage loss is a multifactorial response that is primarily affected by the 

amount of crowding.  

3) The treatment plan used in this study involved the alignment and leveling of 

all teeth with a 0.020-in (SS) wire before first premolars were extracted. This step 

standardized the initial teeth position before they were retracted, since that  differences 

in the teeth alignment could influence the movement speed during the sliding 

retraction.15  

4) The space closure started just 7-14 days after the extraction of the premolars. 

Hasler et al.16 showed that the teeth movement into recent extraction sites is faster 

than into healed sites.  

5) A force of 100 gf was chosen for the individual canine retraction. There is no 

consensus in literature about the optimal force levels to provide canine distillation14 

and a wide variety in force magnitude has been used for retraction in previous studies 
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(Table 6). However, Quinn and Yoshikawa38 surmised that a force between 100gf and 

200gf would be most efficient for canine retraction.  

6) Only dental anchoring of the posterior teeth was used in this study. Previous 

studies24,39,40 have shown that when the retraction was associated with anchoring 

devices, such as miniscrews, the molars showed minimal movement and there was a 

decreased of retraction time.  

7) A calculation was not performed to determine the average of movement rate. 

The assessments period of our study was higher than previous studies, which allowed 

the application of the linear regression model. Thus, it was possible to estimate the 

movement for any month during the follow-up time and not only suppose that it would 

be the same during all months as previous studies.2-9  

8) The coefficient of determination (R2) was extremely high for all variables. This 

means that the linear regression model explains very well what happens during the 

space closing, since another part of the variation (%) is due to the individual variations 

of the 25 individuals. This is in agreement with the report of previous 

studies2,6,17,26,27,32,34 in which the variation in the biological response among subjects 

appears to be one of the greater deciding factors for determining teeth movement 

rates. 

The time-movement curves in the vertical direction (Figures 7 and 8) and the 

results reported in Table 3 indicated minimal apical extrusive movement of less than 

0.3 mm, what means that the canines and molars maintained their vertical position 

during the space closing. This value is considered too small to be clinically significant 

since it did not compromise the treatment results. In this way, it would not be justifiable 

to creating a linear regression analysis. 

After 7 months of continued retraction, the results showed that the canines 

distalize by tipping movements, with the cusps moved 2mm more than the apices, 

while the molars move by bodily movement. The lines of action of force produced by 

the NiTi springs were occlusal and buccal from the resistance center of the teeth. It 

was to be expected that moments were produced resulting in rotation and in inclination 

of the canines in the direction of the force.10,28 At the end of the retraction, the maxillary 

canine cusps retracted 4.8 mm while the maxillary molar cusps lost 2.64 mm of 

anchorage. This means that the dental anchorage unit, composed by the roots of the 

second premolar, first and second molars, advanced 35.4% of extraction spaces 
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during the individual canines retraction. The ratio of canine retractions to the mean 

anchorage loss was approximately 0.94:1.  

The results of this study challenge many orthodontists’ beliefs: that individual 

canine retraction are more effective in preventing anchorage loss. The tipping and the 

risk of anchorage loss during individual canine retractions are undesirable side-effects 

which should be considered during orthodontic treatment planning. 

 

CONCLUSION 

When the maxillary canine and molar movement rates were analyzed during the 

first step of two-step retraction (TSR), the following were concluded: 

 

• The 1st retraction month is the period of greatest movements of canines and 

molars. 

• The monthly movement rates of canines and molars are constant from the 1st to 

the 7th month of retraction. 

• The canines tipping, with the cusps moving more than the apices, while the 

molars move by bodily movement. 
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 Table 6. Human studies on maxillary canine and molar movement rates with frictional mechanics (NiTi closed-coil spring). 

 

 

N/A, Information not available; y, years; MA, Miniscrews Anchorage; CA, Conventional Anchorage; SLB, Self-ligation Bracket; CB, Conventional Bracket. 

 

Author Sample size/ 

Range of age (y) 

Spaces closure 

mechanic 

Magnitude 

Force 

Canines movement rates 

(mm/month) 

Molars movement rates 

(mm/month) 

Method 

Dixon et al.9   33/10 to 18  Active ligatures 

Powerchain 

NiTi closed-coil spring 

- 

- 

200gf 

0.35 

0.58 

0.81 

N/A Models 

Nightingale and Jones.4 8/12 to 18 Elastomeric chain 

NiTi closed-coil spring 

209-109gf 

300-149gf  

0.21 

0.26 

N/A Models 

Hayashi et al.3 8/19.4 to 29.2 NiTi closed-coil spring 

Ricketts spring 

100gf 

100gf 

1.41 

1.91 

N/A 

 

Models 

Bokas and Woods.6  12/13 to 14.5 NiTi closed-coil spring 

Power chain 

200gf 

- 

1.85 

1.68 

0.46 

0.45 

Models 

Herman et al. 5 16/11.4 to 22.6 NiTi closed-coil spring 150gf 1.3 (MA) N/A Models 

Thiruvenkatachari et al.7 10/16 to 20 NiTi closed-coil spring 100gf 0.93 (MA) 

0.81 (CA) 

N/A 

 

Lateral 

Cephalogram 

Oz et al. 8 19/12.7 to 15.3 NiTi closed-coil spring 200gf 0.91 (SLB) 

0.85 (MT) 

N/A Lateral 

Cephalogram 

Monini et al.2 25/17 to 35 NiTi closed-coil spring 100gf 0.71 (SLB) 

0.72 (CB) 

N/A Cephalogram at 45º 

8
6
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4 CONCLUSÕES  
 

Baseado nos resultados e conclusões apresentados nos capítulos anteriores, 

chegamos as seguintes considerações: 

 

• As alterações na retração dos incisivos e nos tecidos moles depois do 

tratamento são favoráveis para ambos os protocolos de fechamentos de espaços, 

retração em massa (RM) e retração em duas etapas (RDE). Porém, as mudanças são 

semelhantes entre as duas técnicas de retração. 

 

• A RM fecha os espaços mais rapidamente do que a RDE. A RDE irá requerer 

entre 1,8 e 2,2 vezes mais tempo para fechar os espaços das extrações do que a RM. 

O tempo de RDE é significativamente mais longo para homens do que para mulheres. 

 

• O 1º mês de retração é o período de maiores taxas de movimentação para os 

caninos e molares durante a primeira etapa de fechamentos dos espaços utilizando a 

RDE.  Após esse período, as taxas de movimentação mensais são constantes até o 

7º mês de retração. Além disso, os caninos distalizam e inclinam, com as cúspides se 

movendo mais que os ápices, enquanto os molares se movem de corpo durante os 

fechamentos dos espaços. 
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