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ABSTRACT 

 
Long-term periodontal status of maxillary central incisors after orthodontic 

traction: CBCT and clinical findings 
 

Purpose: The aim of this study was to evaluate the buccal and lingual alveolar bone 

morphology and the periodontal clinical condition of impacted permanent maxillary 

central incisors at least 6 months after the orthodontic traction. Methods: This split 

mouth transversal study evaluated a sample of 11 patients a mean of 15.41 years after 

the orthodontic traction of unilateral impacted maxillary central incisor. The 

experimental group (TR) consisted of 11 impacted central incisors. The comparison 

group (NTR) consisted of 11 non-impacted contralateral teeth. High-resolution CBCT 

exams of central incisors were performed using Accuitomo (J. Morita, Kyoto, Japan). 

Cross section imagens passing through the center of maxillary central incisors were 

used to measure buccal and lingual alveolar bone level. Presence of fenestration, root 

dilacerations, root coverage, and position of the root apex were also assessed in the 

same images. Clinical parameters included the periodontal probing depth, attachment 

level, gingival bleeding index, plaque index, degree of gingival recession, amount of 

gingival mucosa and evaluation of interproximal papilla and black triangle. Digital 

model analysis included an assessment of clinical crown height and width. Intergroup 

comparisons were performed using paired t tests, McNemar and Wilcoxon tests 

(p<0.05). Pearson correlation coefficient was calculated to determine the relationship 

between the clinical and CBCT findings. Results: TR group showed a significantly 

thinner buccal bone plate thickness at the middle and apical root level compared to 

NTR group. A decreased buccal alveolar crest level was observed in TR group in 

comparison to NTR group. The TR group showed a greater frequency of buccal bone 

dehicences and root dilacerations than antimeres. Experimental group showed more 

gingival recession, a decreased amount of gingival mucosa and an increased clinical 

attachment level at the buccal aspect than the NTR group. Moderate inverse 

correlation was found between buccal bone plate thickness of central incisors and 

attachment level and moderate positive correlation was found between buccal alveolar 

crest height and attachment level Conclusions: The periodontal conditions of 

maxillary central incisors long-term after orthodontic traction are different compared to 

its antimere. A decreased thickness and height of buccal alveolar bone and gingival 

recessions were observed in central incisors 15 years after orthodontic traction. 

Key-words: Tooth Impacted. Incisor. Tomography X-Ray Computed. Traction. 

Periodontium.  
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RESUMO 
 
Condição periodontal em longo prazo de incisivos centrais superiores após o 

tracionamento ortodôntico: TCFC  e achados clínicos 
 

Introdução: o objetivo deste estudo foi avaliar a morfologia óssea alveolar vestibular 

e lingual e a condição clínica periodontal de incisivos centrais superiores impactados 

há, pelo menos, 6 meses após o tracionamento ortodôntico. Material e Métodos: Este 

estudo transversal de boca dividida avaliou uma amostra de 11 pacientes com média 

de 15,41 anos após a mecânica de tração ortodôntica de incisivo central superior 

retido unilateral. O grupo experimental (TR) foi composto por 11 incisivos centrais 

retidos. O grupo controle (NTR) foi composto por 11 incisivos contralaterais irrompidos 

naturalmente. Exames de TCFC de alta resolução dos incisivos centrais foram 

realizados utilizando o Accuitomo (J. Morita, Kyoto, Japão). As imagens transversais 

que passaram pelo centro dos incisivos centrais superiores foram utilizadas para 

medir o nível ósseo alveolar vestibular e lingual. A presença de fenestração, 

dilaceração, recobrimento radicular e posição do ápice radicular também foram 

avaliados nas mesmas imagens. Os parâmetros clínicos incluíram profundidade de 

sondagem periodontal, nível de inserção clínico, índice de sangramento gengival, 

índice de placa, grau de recessão gengival, quantidade de mucosa queratinizada e 

avaliação da presença de triângulo negro na papila interproximal. A análise de modelo 

digital consistiu da avaliação da altura e largura da coroa clínica. As comparações 

intergrupos foram realizadas utilizando os testes de t pareado, McNemar e Wilcoxon 

(p<0,05). O coeficiente de correlação de Pearson foi calculado para determinar a 

relação entre os achados clínicos e TCFC. Resultados: o grupo TR apresentou uma 

espessura da tábua óssea vestibular significantemente mais fina em nível médio e 

apical da raiz, em comparação ao grupo NTR. Observou-se uma diminuição do nível 

da crista alveolar vestibular no grupo TR em comparação ao grupo NTR. O grupo TR 

mostrou uma maior frequência de deiscência óssea vestibular e dilaceração radicular 

quando comparado aos contralaterais. O grupo experimental revelou maior recessão 

gengival, diminuição da quantidade de mucosa gengival e maior do nível de inserção 

clínico na face vestibular, em comparação ao grupo NTR. Verificou-se uma correlação 

inversa entre a espessura da tábua óssea vestibular dos incisivos centrais e o nível 

de inserção clínico e uma positiva correlação entre a altura da crista alveolar vestibular 

e o nível de inserção, ambas moderadas. Conclusões: As condições periodontais dos 

incisivos centrais superiores em longo prazo após o tracionamento ortodôntico são 

diferentes em comparação aos contralaterais. Uma menor espessura e altura óssea 

alveolar vestibular, bem como presença de recessões gengivais foram observadas 

nos incisivos centrais 15 anos após o tracionamento ortodôntico. 

Palavras-chave: Dente impactado. Incisivo. Tomografia Computadorizada por Raios 

X. Tração. Periodonto.  
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1 INTRODUCTION 

 

 

Impaction of maxillary permanent incisors has been found in the range of 0.2-

1% of the population (KUROL, 2002). The early referral of patients in the mixed 

dentition is common due to concern of parents and general dentists regarding delayed 

eruption of the permanent maxillary central incisors (BECKER et al., 2002; 

KOLOKITHA; PAPADOPOULOU, 2008). Most of the retained teeth is discovered in a 

routine examination, initially suggested by the clinical absence related to the delay in 

relation to the expected eruption in dental age (LOCKS et al., 2000; TOVO et al., 2007; 

TANAKA et al., 2008). Impaction is twice as common in females, frequently in the 

maxillary than in the mandibular arch (ERICSON; KUROL, 1988) and can occur with 

any teeth. The most affected are the third molars, upper canines, second premolars, 

upper central incisors, second molars, lateral incisors and first premolars, in this order 

(AITASALO; LEHTINEN; OKSALA, 1972; THILANDER; MYRBERG, 1973; TOVO et 

al., 2007). Despite the impaction of maxillary central incisor is quite an infrequent 

finding in dental practice, its treatment is challenging (SHETTY et al., 2011). Early 

interception is required not only because of the potential to interfere with the occlusion 

of the surrounding teeth, but also because of its important to facial esthetic and 

psychosocial impact that entails (SILVA FILHO OG, 1997). 

Although orthodontists focus on the issues of occlusion, mastication and 

phonation in defining the need for orthodontic treatment, patients seeking orthodontic 

treatment have  esthetic needs (KLAGES et al., 2006). In adolescents and young 

adults, self-esteem seems to be very influenced by the psychosocial impacts of self-

perception of dental esthetics (GOLDSTEIN, 1969; BADRAN, 2010). Correct smile 

imperfections, even in young children, can be remarkable in preventing bullying and 

improving quality of social interactions with other children, preserving the healthy 

psychological development (AL-BITAR et al., 2013). In addition, early treatment can 

promote root development to achieve a better morphology of the root apex, and can 

reduce the risk of loss of buccal bone (SUN et al., 2016). Therefore, in order to 

compose the harmony of smile due to the strong impact of clinical absence of 

permanent incisors on esthetics, it is wise to consider the conduct of immediate 

treatment (SILVA FILHO OG, 1997). 
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Although the tractions are a recognized way of treatment, few studies have 

assessed the prognosis of maxillary central incisors, as well as their changes in clinical 

periodontal parameters. To our knowledge, no previously published study has 

compared the implication in the long term more than a decade posttreatment of 

impacted central maxillary incisors. The aim of this split mouth transversal study was 

to evaluate the buccal and lingual alveolar bone morphology and the periodontal 

clinical condition of impacted permanent maxillary central incisors 15 years after the 

orthodontic traction. 
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2.1 ARTICLE 1 
 

Abstract 
 

Long-term periodontal status of maxillary central incisors after orthodontic 
traction: CBCT and clinical findings 
 
Purpose: The aim of this study was to evaluate the buccal and lingual alveolar bone 
morphology and the periodontal clinical condition of impacted permanent maxillary 
central incisors at least 6 months after the orthodontic traction. Methods: This split 
mouth transversal study evaluated a sample of 11 patients a mean of 15.41 years after 
the orthodontic traction of unilateral impacted maxillary central incisor. The 
experimental group (TR) consisted of 11 impacted central incisors. The comparison 
group (NTR) consisted of 11 non-impacted contralateral teeth. High-resolution CBCT 
exams of central incisors were performed using Accuitomo (J. Morita, Kyoto, Japan). 
Cross section imagens passing through the center of maxillary central incisors were 
used to measure buccal and lingual alveolar bone level. Presence of fenestration, root 
dilacerations, root coverage, and position of the root apex were also assessed in the 
same images. Clinical parameters included the periodontal probing depth, attachment 
level, gingival bleeding index, plaque index, degree of gingival recession, amount of 
gingival mucosa and evaluation of interproximal papilla and black triangle. Digital 
model analysis included an assessment of clinical crown height and width. Intergroup 
comparisons were performed using paired t tests, McNemar and Wilcoxon tests 
(p<0.05). Pearson correlation coefficient was calculated to determine the relationship 
between the clinical and CBCT findings. Results: TR group showed a significantly 
thinner buccal bone plate thickness at the middle and apical root level compared to 
NTR group. A decreased buccal alveolar crest level was observed in TR group in 
comparison to NTR group. The TR group showed a greater frequency of buccal bone 
dehicences and root dilacerations than antimeres. Experimental group showed more 
gingival recession, a decreased amount of gingival mucosa and an increased clinical 
attachment level at the buccal aspect than the NTR group. Moderate inverse 
correlation was found between buccal bone plate thickness of central incisors and 
attachment level and moderate positive correlation was found between buccal alveolar 
crest height and attachment level Conclusions: The periodontal conditions of 
maxillary central incisors long-term after orthodontic traction are different compared to 
its antimere. A decreased thickness and height of buccal alveolar bone and gingival 
recessions were observed in central incisors 15 years after orthodontic traction.    
 
 
Key-words: Tooth Impacted. Incisor. Tomography X-Ray Computed. Traction. 
Periodontium. 
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INTRODUCTION 
 

Failure of eruption of permanent maxillary incisors is a rare observation in dental 
practice1 and this pathologic condition of the early mixed dentition phase occurs in the 
range of 0.2-1% of the population.2 Most of the retained teeth is discovered in a routine 
examination, due the eruption delay.3 The etiology of retained maxillary central incisors 
can be divided into 2 main groups: obstructive and traumatic causes.4-7 The treatment 
options may include a broad range of options including passive observation, surgical 
exposure and traction, and tooth extraction followed by prosthesis or lateral incisor 
substitution.5,8,9 

The traction option requires a combination of surgical exposure, attachment 
placement, and orthodontic movement,5,6,10 which might cause damage to the 
supporting structures and to the teeth.7,11-14 The presence of gingival recession 
together with an increased clinical crown height was often observed after incisor 
traction.8 The surgical approach of maxillary incisors can be carried out by an open or 
a closed surgical technique.11 Many studies have demonstrated that the closed 
eruption technique showed a better periodontal outcome7,15-18 The most frequent 
periodontal outcome after incisor traction include gingival irregularity,5,11,19,20 longer 
clinical crown,8 decreased bone support5,11,21,22 and loss of attachment5 and derived 
from clinical and radiographic investigations.  

Three previous studies used CBCT to evaluate maxillary central incisors after 
orthodontic traction Shi et al.22 evaluated root and alveolar bone development in 
impacted immature maxillary central incisors by CBCT before and after closed-eruption 
treatment. The roots were in different stages of root development at the beginning of 
the treatment, and were compared with an immature contralateral maxillary central 
incisor already erupted but not necessarily reaching the occlusal plane. The results 
showed that impacted immature incisors grew to the same stage as did erupted 
contralateral incisors after treatment and both incisor types had some alveolar bone 
loss, and thin alveolar bone surrounded the roots. The pulp of impacted and 
contralateral incisors was still alive. Sun et al.23 evaluated the timing of treatment for 
the labial inversely impacted maxillary central incisors, according to their dental age. 
All the patients were treated with a combination of surgery and orthodontic traction. 
Using the CBCT analysis taked immediately after treatment, the study suggested that 
the impacted teeth should be treated early in consideration of its particular location and 
morphology that early treatment may promote root development to achieve a better 
morphology of root apex and may reduce the risk of alveolar bone loss on the labial 
side. Recently, Hu et al.24 presented  an analysis the development and stability of roots 
and alveolar bone in orthodontically treated labial inversely impacted maxillary central 
incisors by CBCT images at the completion of treatment and the long-term follow-up. 
Both groups had similar growth in the follow-up period. The treated labial inversely 
impacted central incisors had continuous and similar growth as did the mature 
contralateral incisors in the follow-up period. The roots had an increase in length and 
a change in direction of the apex, with a relatively stable condition of the surrounding 
alveolar bone. Neither the labial inversely impacted maxillary central incisors nor the 
contralateral incisors had further alveolar bone loss. 

There is a lack of evidence-based information about the long-term periodontal 
status of maxillary incisor after traction using CBCT.  Additionally, no previous study 
performed a correlation between CBCT and clinical parameter long-term after incisor 
traction. Therefore, the aim of this study was to evaluate the buccal and lingual alveolar 
bone morphology and the periodontal clinical condition of impacted permanent 
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maxillary central incisors at least 6 months after the orthodontic traction, correlating 
both parameters. The null hypothesis was that no periodontal differences are observed 
for maxillary central incisors after traction compared to its antimere.  
 
 
MATERIALS AND METHODS 
 
Study population 
 

Approval was obtained from the Ethical Committee of Bauru Dental School, 
University of São Paulo (protocol number 1.567.356) and informed consent was 
obtained. Considering an alpha of 5%, to detect a minimum difference of 1mm in 
vertical alveolar bone loss, with our SD of 1.22mm and a sample size of 11 patients, 
the statistical test power was 84%. This was a split-mouth transversal study. 
Orthodontic records of approximately 1,340 patients in the mixed dentition treated at 
the Orthodontic department of Bauru Dental School, University of São Paulo, and at 
Profis (Society for the Social Promotion of Cleft Lip and Palate Patients) were 
evaluated before patient recruitment.  

The inclusion criteria for enrollment were: 1. Presence of unilateral impacted 
maxillary central incisors with both obstructive or traumatic etiologies; 2. Impacted 
incisor successful tractioned at the mixed or permanent dentition; 3. Completion of 
orthodontic treatment occurring at least 06 months before recruitment. The exclusion 
criteria were: 1. Presence of craniofacial anomalies; 2. Periodontal disease.  
Eighteen patients were found. One patient was died, three other refuse to participate 
and three were not found. The final sample included 11 patients (5 females, 6 males) 
with a mean age of 28.6 years (SD=9.32). The mean time elapsed from the removal of 
the full fixed appliance to the recruitment was 15.41 years (SD=9.48). Two groups were 
analyzed. The experimental group (TR) consisted of 11 impacted central incisors. The 
comparison group (NTR) consisted of 11 non-impacted contralateral teeth. Table I 
describe the initial position of impacted maxillary central incisors in the sample. 

All of the patients were treated with the closed eruption technique. A flap was 
created to expose the surface of the crown of the impacted tooth, a button was 
attached with a 0.010-inch ligature wire on it. The flap was reclosed and sutured, 
leaving a tied ligature wire with a hook end protruding through the mucosa. 

The duration of the orthodontic traction time, calculated as the time between the 
application of the power and the date of the bonding bracket of the impacted incisor in 
the dental arch, was 6.1 months. Different traction modalities were employed. Seven 
patients used removable appliances with spring coils; one patient received the 
orthodontic traction associated with the maxillary expansion, with the use of a spring 
coil incorporated in the Haas expander, and; three patients underwent the traditional 
orthodontic technique with fixed appliance. A light force was applied by an elastomeric 
chain. As the impacted tooth moved downward, the wire was cut shorter to maintain 
the elastomeric chain effective. The same procedure of elastic traction continued until 
the impacted tooth became exposed to the oral cavity. The attached button was then 
removed and a standard incisor bracket was bonded. The final alignment was 
completed with 4x2 or comprehensive fixed appliance. 
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CBCT analyses 

 
High-resolution CBCT exams were performed using the 3D Accuitomo (J. Morita, 

Kyoto, Japan) with a FOV of 60x60mm and a voxel size of 0.080mm. During the exam, 
patients were positioned with the Frankfort plane parallel and the sagittal plane 
perpendicular to the floor. The DICOM files were imported into Nemoscan software 
(Nemotec, Madrid, Spain). Before analysis in both group, image position was 
standardized using multiplanar reconstruction by maintaining the long axis of the 
central incisor coincident with the vertical plane in the frontal and sagittal sections. In 
the axial section, a line passing through the center of both maxillary central incisor 
canals was maintained in the horizontal plane. 

Buccal and lingual bone plate thickness (BBT and LBT) were measured on two 
axial sections passing between the cervical and middle thirds and between the middle 
and apical third root (Fig. 1).  

Buccal and lingual alveolar crest height was measured on cross section passing 
through the center of the root canal of each central incisor. The distance between 
cementoenamel junction and alveolar bone crest was measured on the buccal and 
lingual aspects (Fig. 2). 
 Using the same cross section, the following parameters were also analyzed: 
presence or absence of buccal bone fenestration; subjective evaluation of the 
percentage of the root coverage (0%, 25%, 50%, 75% e 100%), at the buccal and 
lingual side; presence or absence of root dilacerations; and position of the root apex 
by dividing the alveolar ridge in three thirds in the horizontal plane. Incisor root apex 
position was assigned as centered (C), buccally (B) or lingually (L) displaced. 
 
 
Clinical measurements 
 
In both groups, the periodontal clinical examination was clinically performed using a 
periodontal probe of Williams (Hu-friedy, USA). Gingival recession (GR), probing depth 
(PD), clinical attachment level (CAL), gingival bleeding index (B), plaque index (P), 
amount of gingival mucosa (GM) and presence of interdental black triangles (BT) were 
recorded.25 

 All periodontal clinical measurements were performed at six sites of the tooth 
(mesial, center and distal, both at the buccal and lingual surfaces). The identification 
of the mucogingival junction was facilitated by staining with Schiller's IKI solution.26 

For the evaluation of plaque index (P), all teeth were air-dried, examined with 
the green malachite solution at 2% and recorded for 6 above mentioned regions of 
each central incisor. The presence or absence of plaque was evaluated in a binomial 
pattern in which the visible plaque received grade 1 and the absence of plaque 
received degree “0”.  

Presence of interdental black triangles (BT) on the mesial or distal aspects of 
each maxillary incisor was investigated. 

 
 

Digital Models 
 

Conventional dental models were obtained after clinical evaluation. The dental 
models were digitalized using the 3Shape R700 3D scanner (3Shape A/S, 
Copenhagen, Denmark). Using the software OrthoAnalyzerTM 3D (3Shape A/S, 



28  Articles 

 

Copenhagen, Denmark), clinical tooth crown height and width of both central incisors 
were measured.27  
 
 
Error study 

 
Thirty percent of the sample was measured twice by the same examiner (LRC), 

with at least one month-interval. Random and systematic errors were calculated 
comparing the first and second measurement with Dahlberg’s formula and paired t-
test, respectively, at a significance level of 5%. 
 

 

Statistical Analyses 
 

Kolmogorov-Smirnov tests showed normal distribution of the variables. 
Intergroup comparisons were performed using paired t test, McNemar test and 

Wilcoxon test. Pearson correlation coefficient was calculated to determine the 
relationship between the clinical and CBCT findings. Results were considered 
significant at p<0.05. The statistical analyses were performed with SPSS software 
(version 10.0; Statisoft, Tulsa, Okla).  

 
 

RESULTS 
 

The random error for the CBCT and digital dental model variables varied from 
0.23 (lingual bone plate thickness, in the apical third) to 0.35mm (buccal alveolar crest 
height), and no significant systematic errors was found. 

The TR group showed significantly thinner buccal bone plate in the middle and 
apical root levels (Table II). The experimental group also showed a decreased buccal 
alveolar crest height compared to its antimere (Table II). On the buccal aspect, the TR 
group showed a greater gingival recession, a decreased amount of gingival mucosa 
and an apically displaced attachment level compared to NTR group (Table II). 

The experimental group showed an increase frequency of root dilacerations and 
smaller root coverage on the buccal aspect compared to NTR group (Table III). Black 
triangles were not found in both groups (Table III). 

Moderate inverse correlation was found between buccal bone plate thickness 
of central incisors and attachment level (Table IV). Moderate positive correlation was 
found between buccal alveolar crest height and attachment level (Table IV). Weak 
significant correlations were not considered clinically relevant (Table IV).  

 
 

DISCUSSION 
 

This is the first study to analyze the periodontal status of impacted maxillary 
incisors more than one decade after treatment and also correlate CBCT and clinical 
findings. Most previous article on impacted maxillary incisors was clinical reports, 
clinical periodontal evaluations or bidimensional assessments. Only three recent 
studies evaluated treatment of maxillary impacted incisor by means of tridimensional 
images22-24 and maximum posttreatment evaluation was two years 24.  



Articles  29 

 

Computed tomography is the only current imaging method that permits the 
visualization of buccal/labial and lingual bone plates.28 With high image definition and 
high sensitivity CBCT images can reveal bone dehiscences and fenestrations.29-32 
Accuitomo system (J. Morita, Kyoto, Japan) can depicte small anatomical structures33 
due to high image definition. The good quality image of this system is related to the 
smaller voxel size and smaller field of view compared with other CBCT machines.33 
The CBCT high definition contributed to small study error observed in this study. The 
variability in the initial position of impacted incisors is a limitation of our study. Three 
previous CBCT studies collected a homogeneous sample with labial inverted impacted 
maxillary incisors. However, the long-term nature of our study restrict exclusion due 
initial incisor position. 

In our study, the TR group showed a greater frequency of root dilacerations than 
antimeres (Table III). These findings are explained by most of the 11 cases showing 
trauma as the main etiological factor of incisor impaction (Table I). Previous studies 
analyzing labial inverted impacted maxillary central incisor presents dilacerations 
found similar results23,22 Although root dilacerations were present, most of the root 
apex were centralized in the alveolar ridge (Table III). Previous studies showed that 
when impacted central incisors with root dilacerations are treated early, root continue 
to develop and dilaceration severity decreases.22, 23  

Previous studies showed that impacted maxillary incisors show reduced buccal 
bone cover after treatment. Hu et al. showed that the buccal bone loss is discontinued 
after treatment maintaining similar bone crest level two years after treatment. Previous 
authors has speculated if buccal alveolar crest could regenerate in the long-term34

 Our 
results showed that buccal bone loss could not recover 15 years after treatment. TR 
group showed both thinner buccal alveolar bone and greater buccal bone dehicences 
compared to spontaneously erupted contralateral incisors (Table II). On the other 
hand, lingual alveolar bone was similar in TR and NTR groups (Table II) in accordance 
to previous studies.22-24 Buccal bone loss is a common complication of orthodontic 
traction as demonstrated in previous studies using high-resolution CBCT.22,23  
 A 2-mm distance from the cement-enamel junction to the alveolar crest is 
considered normal.23,35,36 Many factors can explain the buccal bone loss observed after 
traction, such as the initial position of the impacted tooth.37 The factors that predispose 
to the occurrence of bone dehiscences and fenestrations may include developmental 
anomalies, frenulum and bridles, orthodontic movements, periodontal and / or 
endodontic diseases, occlusal trauma, size, shape and positioning of teeth and the 
periodontal biotype.44 Impacted maxillary incisors can show various angulations in the 
crown or root and the most complicated situation is dilaceration with the crown in an 
inverted orientation.37,38 In our sample, most of the impacted central incisors showed 
a malposition before traction and therefore were more prone to buccal bone 
dehicences after traction (Table I). Surgical management of an impacted tooth is 
another important factor, considered the key to achieving desirable esthetic results.17 
During the exposure technique, there is a need to remove the surrounding bone 
minimally for bonding the button type attaching device, which can result in the loss of 
supporting tissues even using closed-eruption technique as in our and previous studies 
14,18,22,23. Traction direction is another important question during early treatment for 
impacted teeth. A well-controlled anchorage and sufficient torque for an ideal esthetic 
outcome are primary factors that contribute to successful treatment of impacted 
teeth.39,40  

Insufficient buccal alveolar bone remaining in the long-term is a risk factor for 
development of gingival recessions.41 These defects may be associated with the 
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development of gingival recessions under certain conditions, such as orthodontic 
movement or plaque-induced inflammation due to decreased tooth bone support.45 TR 
group showed more gingival recession at the buccal aspect than the NTR group (Table 
II). As consequence, the quantity of gingival mucosa was lower in TR group compared 
with its antimere (Table II). In the case of traction, gingival recession of the 
orthodontically tractioned tooth is often seen right after treatment8,21 (Fig. 4). In this 
study, the mean of gingival recession in the buccal aspect found between the two 
groups was 0.45mm. A previous study found an increase in clinical attachment level, 
probing depth and recession 1 year after treatment and a stabilization after 5 years.42 
Compared to the immediate post-treatment, Farronato et al. found an increase of 
0.21mm of gingival recession in incisors after the orthodontic traction by closed 
eruption technique. Despite all clinical measurements were as stable at the 5-year 
observation as a natural tooth, the possible explanation for the amount of recession in 
this study is that it can increase over time. The tooth position in the dental arch also 
are related to thin or absent buccal bone, predisposing patients to gingival recession. 
The presence of incipient bone loss of 1 mm lead to a 5-fold increased risk of 
developing gingival.46 None of the 11 patients in this sample received a gingival graft. 

On the buccal aspect, the TR group showed also an apically displaced 
attachment level compared to NTR group (Table II). The present result is in agreement 
to Vermette et al,18 who showed decreased attached gingiva in the closed-eruption 
incisors group. The loss of attachment may be associated to the orthodontic 
procedures and it may be caused by injury during toothbrushing.43 The attachment 
level was correlated with a thinner buccal bone plate and with an increased buccal 
alveolar crest high (Table IV). No previous studies had correlate CBCT and clinical 
finding in impacted maxillary incisors. However, buccal dehiscences were known as 
predisposing factor for loss of attachment.44 

No differences in hygiene and gingival bleeding index were observed at 
between TR and NTR in the long-term (Table II). The probing depth in TR group also 
did not differ of NTR group. This findings agree with a previous study18 and is probably 
explained by the development of a long connective attachment replacing the buccal 
bone loss.45 No difference between groups was found for clinical crown height and 
width and no black triangles were found in both groups.  

Although orthodontic traction using a closed-eruption technique is a clinical 
accepted method, slight negative esthetic and periodontal effects on the treated tooth 
should be anticipated. Posttreatment periodontal regeneration seems not be expected. 
Patients also should be informed of the possible need for additional periodontal 
procedures at the end of orthodontic treatment as gingival grafts. Further studies 
comparing the long-term smile esthetic assessment by professionals and laypersons, 
as well as esthetic patient self-report, should also be performed. 

 
 

CONCLUSION 
 

The null hypothesis was rejected. The periodontal condition of maxillary central 
incisors long-term after orthodontic traction was different compared to its antimere. A 
decreased thickness and height of buccal alveolar bone and gingival recessions were 
observed in central incisors 15 years after orthodontic traction. 
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LEGENDS TO ILLUSTRATIONS 

 
Fig 1. Buccal bone plate thickness (A): distance from the buccal root surface to the 
farthest alveolar bone surface, measured perpendicular to the long axis of the tooth at 
the middle and apical third of the root; Lingual bone plate thickness (B). 
 
Fig 2. Buccal alveolar crest height (A): distance between the cementum-enamel 
junction and the alveolar bone crest, at the most coronal level of the alveolar bone, in 
the buccal aspect. Lingual alveolar crest height (B): distance between the cementum-
enamel junction and the alveolar bone crest, at the most coronal level of the alveolar 
bone, in the lingual aspect. 
 
Fig 3. Parasagittal sections of the eleven incisors of the sample: TR group (A) and 
NTR group (B). 
 
Fig 4. Gingival recession observed after incisor traction. A- Case with left central 
incisor traction. B- Case with right central incisor traction.  
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Fig 2. 
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Fig 4. 
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TABLES 

Table I – Characteristics of impacted upper central incisors 
 

 

 

 

 

 

 

 
 
 
  

Characteristics  N  

Etiology    

        Odontoma  1  

       Supernumerary teeth  2  

        Dental trauma    

                                Horizontal  2  

                                Vertical  3  

                                 Vertical inverted  3  
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Table II – Intergroup comparisons for CBCT and clinical variables (paired t tests) 
_______________________________________________________________ 

n=11 

 

Variables 

TR Group  

 

Mean  (SD) 

 

 

   NTR Group  

 

  Mean (SD) 

 p 

Buccal bone plate thickness (middle) 0.10       (0.26)  0.67      (0.30)  0.000* 

Buccal bone plate thickness (apical) 0.34       (0.34)  0.80      (0.22)  0.009* 

Lingual bone plate thickness (middle) 1.23       (1.11)  1.07      (0.49)  0.549 

Lingual bone plate thickness (apical) 2.48       (2.33)  3.23      (1.60)  0.216 

Buccal alveolar crest height  4.78       (1.59)  2.42      (0.99)  0.000* 

Lingual alveolar crest height  1.92       (1.12)  1.34      (0.51)  0.133 

Dental crown height 10.57     (1.65)  9.94      (1.69)  0.114 

Dental crown width 8.59       (0.58)  8.47      (0.41)  0.474 

Height / width ratio 0.83       (0.12)  0.87      (0.13)  0.336 

Gingival recession (buccal) 0.60       (0.51)  0.15      (0.31)  0.016* 

Gingival recession (lingual) 0.09       (0.21)  0.00      (0.00)  0.193 

Probing Depth (buccal)  2.24       (0.39)  1.96      (0.48)  0.158 

Probing Depth (lingual) 2.27       (0.35)  2.18      (0.27)  0.518 

Clinical attachment level (buccal)  2.66       (0.51)  2.00      (0.44)  0.022* 

Clinical attachment level (lingual) 2.36       (0.48)  2.15      (0.27)  0.224 

Gingival bleeding index (buccal) 0.45       (0.47)  0.45      (0.48)  1.000 

Gingival bleeding index (lingual) 0.39       (0.46)  0.42      (0.49)  0.755 

Plaque index 0.47       (0.50)  0.36      (0.50)  0.242 

Quantity of gingival mucosa   5.27       (1.79)  6.18      (1.66)  0.033* 

*Statistically significant 
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Table III- Intergroup comparison of qualitative analysis (McNemar test‡ and Wilcoxon 
test†) 

 
 

Presence 
 

 
TR Group 

 
NTR Group 

 
p 

 
Presence of  dilaceration 8 (72.7%) 0 (0%) 0.013*‡ 

 
1.000 ‡ 

 
Presence of fenestration 1 (9,1%) 0 (0%) 

Buccal root coverage 50% 100% 0.007*† 
 

Lingual root covegare 100% 100% 0.067 
 

Presence of black triangles 0% 0% 
 

Position of the root apex 
 

• Buccal 
 

• Center 
 

• Lingual 

 

8 (72.7%) 

2 (18.2%) 

1 (9.1%) 

 

10 (90.9%) 

1 (9.1%) 

0 (0%) 

 
 

0.083‡ 

 
  

*Statistically significant 
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Table IV- Correlation between the clinical and CBCT findings (Pearson correlation 
coefficient) 

 
CBCT variables and clinical parameters 

 

 
r 

 
p 

Buccal bone plate thickness (middle) vs probing Depth (buccal) -0,114 0,613 

Lingual bone plate thickness (middle) vs probing Depth (lingual) -0,201 0,370 

Buccal bone plate thickness (middle) vs clinical crown height -0,477 0,025* 
   

Buccal alveolar crest height vs clinical crown height 0,455 0,034* 

Lingual alveolar crest height vs clinical crown height -0,081 0,721 

Buccal alveolar crest height vs probing Depth (buccal) -0,018 0,936 

Lingual alveolar crest height vs probing Depth (lingual) 0,251 0,260 
   

Buccal bone plate thickness (middle) vs recession -0,205 0,360 

Buccal bone plate thickness (middle) vs amount of gingiva 
mucosa 

0,357 0,102 

Buccal bone plate thickness (middle) vs attachment level -0,646 0,001* 

Buccal alveolar crest height vs recession 0,141 0,532 

Buccal alveolar crest height vs amount of gingival mucosa -0,443 0,039* 

Buccal alveolar crest height vs attachment level 0,597 0,003* 

*Statistically significant 
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2.2 ARTICLE 2 
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3 DISCUSSION 

 

 

For the maxillary central incisors, the traction option is often undertaken 

because of the important role that tooth plays in esthetics (KAJIYAMA; KAI, 2000), and 

the resolution of the problem requires a combination of surgical exposure, attachment 

placement, and orthodontic movement (PROFFIT; FIELDS JR, 1993). These phases 

must also be considered when assessing periodontal challenges associated with 

orthodontic eruption (FRANK; LONG, 2002). In mechanical traction, subsequent 

periodontal and esthetic problems may follow (LUNDBERG; WENNSTRÖM, 1988; 

CRAWFORD, 1997). The presence of gingival recession together with a long clinical 

crown of the orthodontically erupted tooth is often seen (KAJIYAMA; KAI, 2000). The 

different methods of exposure have been shown to affect the quality of the periodontal 

and esthetic outcome of the treated case to a greater or lesser extent, and the manner 

in which the exposure is executed may also have an influence (CHAUSHU et al., 

2009). Another factor is the direction to which we wanted the tooth to be moved, a 

thorough knowledge of biomechanics is required to achieve the desired result with the 

lowest harm to other structures (KUMAR; NAGAR; TANDON, 2017). 

Computed tomography is the only current imaging method that permits the 

visualization of buccal/labial and lingual bone plates (SCARFE; FARMAN, 2008), not 

showing image superposition by conventional radiographs (GARIB et al., 2006). As a 

good image definition and high sensitivity and, both cone beam and spiral CT images 

can reveal bone dehiscences and fenestrations (FUHRMANN; BÜCKER; DIEDRICH, 

1995; LOUBELE et al., 2008; LEUNG et al., 2010; GARIB et al., 2014). Accuitomo 

system (J. Morita, Kyoto, Japan) shows to be superior to other CBCT systems for 

depicting small anatomical structures (LIANG et al., 2010). The good quality image of 

this system is related to the smaller voxel size and smaller field of view compared with 

other CBCT machines (LIANG et al., 2010). 

This split mouth transversal study showed that the periodontal conditions of 

maxillary central incisors long-term after orthodontic traction are different compared to 

its antimere. The orthodontic traction mechanics suffered greater bone and periodontal 

damage when compared to the spontaneously erupted controlateral incisors. A 
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decreased thickness and height of buccal alveolar bone and gingival recessions were 

observed in central incisors 15 years after orthodontic traction.  
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4 FINAL CONSIDERATIONS 

 

 

The orthodontist should take measures to avoid periodontal destruction. 

Knowing the biological limits of tooth movement and the adaptations of the teeth 

traction over time allows the professional to choose orthodontic mechanics in which 

the benefits to the patient overcome the damages that may occur. Although orthodontic 

traction is an accepted and known method, negative aesthetic and periodontal effects 

on the treated tooth should be anticipated. Patients also should be informed of the 

possible need for additional periodontal procedures at the end of orthodontic treatment, 

to improve the aesthetics and periodontal health of the treated teeth. 
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APPENDIX C 
 
 

LIST OF CLINICAL PARAMETERS 
 
 
1. Clinical attachment level (CAL): Measure of the cement enamel junction at 

the base of the gingival sulcus/periodontal pocket. The probing attachment level 
was calculated as the sum of the probing depth and recession. 

 
2. Gingival Recession (GR): The marginal tissue recess corresponds to the 

displacement of the apical gingival margin to the cementum-enamel junction, 
with root surface exposure. Measurements of recessions was taken at the 
center of the buccal and lingual surface with the aid of the aforementioned 
probe. 

  
3.  Probing depth (PD): Measurement of the gingival margin at the base of the 

gingival sulcus or periodontal pocket.  
 

4. Quantity of gingival mucosa (GM): Distance ranging from free gingival margin 
to mucogingival junction, also measured in millimeters.  
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