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RESUMO 

Foi objetivo deste estudo avaliar e comparar a taxa de detecção do canal 

gubernacular (CG) em dentes em processos normal e anormal de erupção, em 

exames de tomografia computadorizada de feixe cônico (TCFC), bem como as 

características imaginológicas do CG e aspectos dos dentes correspondentes. A 

amostra foi composta por exames de TCFC de 159 pacientes que continham dentes 

intraósseos (n=598), classificados de acordo com sexo e idade (88 homens e 71 

mulheres, com média de idade de 17,2 anos). Cada dente foi classificado de acordo 

com grupo dentário e avaliado quanto ao status de erupção (normal, atraso ou 

impactado), estágio de formação do dente, angulação, espaço pericoronário e 

detecção do CG. Quando detectado, foram realizadas medidas da maior largura e 

comprimento do CG. Os canais ainda foram classificados de acordo com sua 

abertura no rebordo ósseo, altura, localização vestíbulo-lingual e mesio-distal em 

relação ao folículo dentário, e sua forma. A amostra final consistiu em 423 dentes 

em processo normal de erupção, 140 dentes impactados e 35 dentes com atraso de 

erupção, com taxa de detecção do CG em 90.6% da amostra, significativamente 

maior entre pré-molares e molares superiores e pré-molares inferiores, em relação 

aos demais grupos. As taxas de detecção do CG para os dentes em processo 

normal de erupção, impactados e com atraso foram 94,1%, 87,1% e 62,9%, 

respectivamente. Entre os dentes em processo normal de erupção e os impactados, 

os estágios mais iniciais de formação apresentaram maior detecção do CG. Os 

dentes com atraso apresentaram maior detecção do CG quando em posição normal 

ou horizontal, e menor quando angulados. Os CG dos dentes anteriores e pré-

molares tiveram a largura maior quando o dente apresentava atraso de erupção, 

enquanto para os molares superiores o CG apresentou menor largura neste status 

de erupção. A ligação do CG em região cervical e central do folículo dentário foi 

associada com o status de erupção anormal. Os resultados do presente estudo 

sugerem que características do CG podem sinalizar um processo eruptivo anormal. 

 

Palavras-chave: Tomografia Computadorizada de Feixe Cônico; Germe de Dente; 

Diagnóstico por imagem; Dente não Erupcionado; Erupção Dentária.  



 

 

Abstract 

The aim of this study was to evaluate and compare the rate of detection of the 

gubernacular canal (GC) in teeth in normal and abnormal eruption processes, by 

means of cone-beam computed tomography (CBCT) exams, as well as imaging 

characteristics of GC and aspects of their corresponding teeth. The sample consisted 

of intraosseous teeth (n=598) observed on CBCT exams of 159 patients (88 males 

and 71 females, with mean age of 17.2 years) classified according to sex and age. 

Each tooth was classified according to dental group and evaluated for eruption 

status, tooth formation, angulation, pericoronal space and GC detection. When 

detected, the largest width and length of the GC were measured. The canals were 

further classified according to their opening, height, bucco-lingual and mesio-distal 

location in relation to the dental follicle, and their shape. The final sample consisted 

of 423 teeth in normal eruption process, 140 impacted teeth and 35 teeth with 

delayed eruption. GC detection rate was 90.6% for the sample, significantly higher 

among upper premolars, upper molars, and lower pre-molars. GC detection rates for 

normal eruption, impacted and delayed teeth were 94.1%, 87.1% e 62.9%, 

respectively. Among teeth in normal process of eruption and those impacted, the 

earliest stages of dental formation showed greater GC detection. Delayed teeth 

presented greater GC detection when in normal or horizontal position, and lower 

when angulated. GC of anterior and premolar teeth had the largest width when teeth 

presented delayed eruption, while for upper molars with that eruption status GC 

presented smaller width. GC attachment in the cervical and central regions of the 

dental follicle was associated with abnormal eruption status. The results of the 

present study suggest that GC characteristics can signal an abnormal eruption 

process. 

Key-words: Cone-beam Computed Tomography; Tooth Germ; Diagnostic imaging; 

Tooth, Unerupted; Tooth Eruption.  
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1 INTRODUÇÃO 

Gubernaculum dentis é uma estrutura anatômica composta pelo cordão 

gubernacular e pelo canal ósseo onde está contido, denominado canal gubernacular 

(CG) (Philipsen et al., 2016). O folículo dentário de um dente permanente está ligado 

à lâmina própria da gengiva suprajacente por um tecido conjuntivo fibroso, com 

fibras longitudinais, havendo ilhotas epiteliais em seu interior (Malassez, 1887; 

Mummery, 1919). Acredita-se que cordão gubernacular tem origem da lâmina 

dentária, devido aos restos epiteliais entremeados em sua estrutura fibrosa e, por 

conta da presença de tecido epitelial e mediadores como o epithelial growing factor 

(EGF), a atividade osteoblástica respeita os limites do cordão gubernacular, 

formando o canal em sua volta (Carollo et al., 1971; Hodson, 1971; Cahill & Marks, 

1980; Ferreira et al., 2013). 

Erupção dentária é o termo para descrever a movimentação axial de um 

dente desde o local de sua formação intraóssea até a posição funcional, em oclusão. 

O CG é considerado importante no processo de erupção (Oda et al., 2016b), pois 

representa o caminho que o dente percorre neste processo e, devido à sua inserção 

na mucosa oral, mantém a posição do germe dentário no interior dos ossos 

maxilares quando há o crescimento dos mesmos, contudo, não é a estrutura 

responsável pelo desencadeamento do mecanismo de erupção (Cahill, 1971; 

Wagner et al., 1999).  

Os dentes permanentes com predecessores decíduos se desenvolvem a 

partir de um brotamento lingual/palatino do germe do dente decíduo, e com o 

processo de erupção do dente decíduo, o germe do dente permanente sucessor fica 

totalmente envolvido por osso, com exceção de um pequeno canal que tem, 

geralmente, abertura na crista óssea alveolar por lingual ou palatina dos dentes 

decíduos, o CG. Para os dentes permanentes sem predecessor decíduo (molares 

permanentes), acredita-se que seus germes se desenvolvem diretamente da lâmina 

dentária original, que se estende posteriormente (Katchburian, 2000). Não há um 

consenso na literatura sobre a existência do gubernaculum dentis em dentes 

permanentes sem predecessores decíduos. Scott (1948) afirmou sua presença em 

molares permanentes e chamou essa estrutura de "cordão gubernacular molar". Por 

outro lado, Hodson (1971) defendeu que essa estrutura é exclusiva de dentes 

permanentes com predecessores decíduos.  
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Tem sido sugerida uma relação entre o cordão gubernacular e processos 

patológicos, entre eles o tumor odontogênico adenomatóide (TOA) e odontomas, 

processos estes que estão relacionados a remanescentes da lâmina dentária (Ide et 

al., 2011; Oda et al., 2016a, Philipsen et al., 2016). Esta teoria é sustentada pela 

ausência de TOA em dentes decíduos, pois esses não teriam tal estrutura. Porém, 

TOA está presente em dentes molares permanentes. Há essa contradição devido à 

incerteza sobre a presença ou não de gubernaculum dentis em dentes decíduos e 

dentes permanentes sem predecessores decíduos (Ferreira et al., 2013). 

Recentemente, um estudo mostrou que os odontomas têm relação espacial com o 

CG ou folículo dentário em 70% dos casos visualizados em exames de tomografia 

computadorizada (Oda et al., 2016a). 

O CG tem sido revisto em estudos recentes, particularmente com exames 

tridimensionais, na avaliação de sua detecção nos diferentes grupos dentários. Com 

o uso de radiografias panorâmicas, tomografia computadorizada multidetector 

(TCMD) e tomografia computadorizada de feixe cônico (TCFC), a visualização do 

CG foi descrita em todos os grupos de dentes como canais corticalizados 

radiolúcidos/hipodensos relacionados com o espaço do folículo dentário. Foi 

constatado que quanto mais avançado o processo de erupção, menor seu 

comprimento (Nishida et al., 2015). Também foi possível observar uma baixa 

visualização do CG em dentes supranumerários mesiodens e alterações do canal 

em dentes com erupção obstruída (Nishida et al., 2015). A não visualização do CG 

em exames tridimensionais, ou uma angulação anormal entre o dente e o CG, 

podem indicar uma possível falha no processo de erupção (Oda et al., 2016 (b)). 

Embora na literatura o CG tenha sido descrito como um guia na erupção dos dentes, 

as possíveis relações entre sua detecção, características imaginológicas e falhas no 

processo de erupção ainda não são claras. 

A avaliação de características do gubernaculum dentis pode sugerir 

alterações no processo eruptivo dentário. Portanto, o presente estudo visa a 

contribuir para a compreensão do papel do CG no processo normal de erupção e 

sua relação com anormalidades neste processo. Para tal, por meio da análise de 

exames de TCFC, foram avaliadas e comparadas as taxas de detecção do CG e 

características imaginológicas do mesmo, bem como aspectos relacionados aos 
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dentes correspondentes, em dentes em processos normal e anormal (atraso e 

impactação) de erupção.  
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2 ARTIGO 

2.1 Título do artigo 

Esse artigo será submetido à apreciação, visando a publicação, ao periódico 

“Clinical Oral Investigations”, considerado Qualis A1 pela CAPES. A estruturação do 

artigo baseou-se nas “Instruções aos autores” preconizadas pela editora do 

periódico. 

 

Presentation of the gubernacular canal in teeth with normal and abnormal 

eruption processes: a CBCT study 

 

Short tittle: Gubernacular canal in normal and abnormal eruption processes. 

 

 

Original Article 
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ABSTRACT 

Objectives. To evaluate and compare the detection of the gubernacular canal (GC) 

in teeth with normal and abnormal eruption processes, and imaging characteristics of 

the GC and their corresponding teeth.  

Methods. Patients presenting unerupted teeth were classified according to sex and 

age. Each tooth was classified according to dental group, eruption status, formation 

status, angulation, follicular space, and GC detection. In cases where GC was 

detected, its width and length were measured, and GC was further classified 

according to its opening, height, bucco-lingual and mesio-distal localizations in 

relation to the follicle, and shape. 

Results. CBCT exams of 159 patients were evaluated. The final sample (n=598) 

consisted of 423 teeth in normal eruption process, 140 impacted, and 35 with 

delayed eruption. GC detection rate was 90.6% for the sample, significantly higher 

among upper premolars and molars, and lower premolars. GC detection rates for 

normal eruption, impacted and delayed teeth were 94.1%, 87.1% e 62.9%, 

respectively. Among teeth in normal process of eruption and those impacted, the 

earliest stages of dental formation showed greater GC detection. Delayed teeth 

presented greater GC detection when in normal or horizontal position, and lower 

when angulated. GC of anterior and premolar teeth had the largest width when teeth 

presented delayed eruption, while for upper molars with that eruption status GC 

presented smaller width. GC attachment in the cervical and central regions of the 

dental follicle was associated with abnormal eruption status. 

Conclusions. The results of the present study suggest that GC characteristics can 

signal an abnormal eruption process. 

Clinical Relevance. The study of GC and its characteristics and variations can 

contribute to the understanding of its role in the eruption process besides contribute 

to treatment planning. 

 

Key-words: Cone-beam Computed Tomography; Tooth Germ/diagnostic imaging; 

Tooth, Unerupted; Tooth Eruption. 
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INTRODUCTION 

Gubernaculum dentis is an anatomical structure composed by the 

gubernacular cord and by the surrounding canal, named gubernacular canal (GC) [1]. 

The dental follicle of a permanent tooth is connected to the lamina propria of the 

overlying gum by a connective tissue of longitudinal fibers, with epithelial strands 

inside [2, 3]. It is believed that the gubernacular cord has origin in the dental lamina, 

due to the presence of epithelial tissue, which associated with mediators as the 

epithelial growing factor (EGF), regulates the osteoblastic activity respecting the 

boundaries of the gubernacular cord, shaping the GC around it [3-6]. The 

gubernaculum dentis is considered important in the eruption process [7], since it 

represents the pathway that the tooth run across the bone during the eruption 

process. However, it is not the structure responsible for triggering the eruption 

process mechanisms [8, 9].  

The GC has been revisited in recent studies by means of panoramic 

radiography, multidetector computed tomography (MDCT) and cone beam computed 

tomography (CBCT) [7, 10]. GC is described as a radiolucent/hypodense corticated 

canal connected to the dental follicle space [10]. Although the role of the GC has 

been suggested as an eruption pathway, this structure is also observed in teeth with 

eruption failure [7]. Controversially, a possible failure in the eruption has been 

suggested when its detection is not possible on tomographic evaluation [7]. 

Nonetheless, the relation between eruption process failure and GC characteristics is 

not clear yet. 

The evaluation of GC detection and its characteristics in CBCT exams can 

contribute to clarify the role of the gubernaculum dentis in the process of dental 

eruption. Therefore, the detection rate of the GC, its imaging characteristics and 

features of its corresponding tooth were assessed by means of CBCT exams, in 

teeth with normal and abnormal eruption process (i.e. delayed and impacted). 
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MATERIALS AND METHOD 

Sample selection 

This study was carried out after approval by the institutional review board. The 

sample was composed of unerupted teeth observed on CBCT exams from 

institutional image database, acquired for different clinical reasons.  Exclusion criteria 

were: exams presenting movement artifacts, supernumerary teeth (since these teeth 

do not have a defined eruption pattern), and teeth in advanced eruption processes 

(i.e. cusps beyond the level of the alveolar crest). CBCT exams were acquired in two 

different machines: OP300 (Instrumentarium, Tuusula, Finland) and Picasso-Trio (E-

WOO Technology Giheung-gu, Republic of Korea), with exposure parameters 

selected according to each patient and clinical indication. Exams were analyzed in 

the software provided by each CBCT manufacturer: OnDemand3D (Cybermed Inc., 

Seoul, Republic of Korea) and Ez3D (E-WOO Technology Giheung-gu, Republic of 

Korea), respectively. 

Sample evaluation  

All exams were evaluated by two oral and maxillofacial radiologists, 

independently, in a dimly lit and quiet environment. Before sample evaluation, both 

radiologists evaluated 50 cases together as calibration. Patients’ sex and age were 

recorded. Each tooth was classified according to dental group and the following 

parameters were assessed: eruption status, formation status, angulation, follicular 

space, and GC detection. In cases where GC was detected, its width, length, shape, 

and location of its opening and attachment to the dental follicle were assessed.  

Table 1 summarizes all parameters evaluated. 

 Teeth were classified as impacted when a physical barrier was detected (e.g. 

supernumerary teeth, lack of space in dental arch and deviated tooth germ) [11]. 

Eruption was considered delayed when the unerupted tooth was intraosseous, 

without any visible mechanical barriers, and the difference between patients’ age and 

the mean eruption age of the dental group was higher than twice the standard 

deviation (SD) established for that dental group [11-13]. Cases that had no visible 

mechanical barrier and patients’ age been within the mean eruption age were 

classified as normal eruption. 
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After complete evaluation of the sample, data obtained from both observers 

were confronted and in cases of disagreement a consensus was reached by a 

simultaneous re-evaluation with a third oral and maxillofacial radiologist. 

Statistical analyses 

Statistical analyses were performed using the statistical software SPSS v.22.0 

(SPSS Inc., Chicago, IL). GC detection and eruption status, teeth formation, 

angulation and follicular space were compared by Chi-square test. One-way ANOVA 

and Tukey post-hoc test was used to compare GC width and length of normal, 

delayed and impacted teeth. GC characteristics were compared by Kruskall-Wallis 

and Dunn’s test. The level of significance was set at p < 0.05. 
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Table 1. Parameters evaluated for each tooth and for GC, when present. 

 

PLS: Periodontal ligament space of the primary tooth 
B-L: Bucco-lingual; M-D: Mesio-distal 
* Locations related to the dental follicle  

Dental group Eruption status Formation Angulation 
Follicular 

space 

GC GC Characteristics 

Detection Measurements 
Opening at 

alveolar ridge Height* B-L Location* M-D Location* Shape 

Upper anterior Normal Crown formation  Normal 
Normal 
(<3mm) Not detected Width Lingual 

Incisal/ 
occlusal Central Central Straight 

Upper premolar Delayed Root formation  Angulated 
Hyperplastic 
(3-5.6mm) Detected Length Central Central Buccal Mesial Curved 

Upper molar Impacted Open apex  Horizontal Dentigerous 
cyst (>5.6mm) 

Indistinguishable 
from PLS 

 

Buccal Cervical/ 
root 

Lingual Distal Obliterated 

Lower anterior  Closed apex Inverted  
Indistinguishable 
from resorption of 

alveolar bone ridge 

 

Confluent with PLS     

Lower premolar      

 

     

Lower molar      
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RESULTS 

Exams of 159 patients were selected (88 males and 71 females), ranging from 

5 to 36 years old (mean age of 17.2 ± 8.65) and a total of 762 teeth were evaluated. 

In 164 teeth (21.5%) the presence of GC was uncertain, because the hypodense 

area was indistinguishable from the periodontal ligament space (PLS) of the 

deciduous tooth (48 cases – 6.3%, mostly premolars) or from resorption of the 

alveolar bone ridge (116 cases – 15.2%, mostly molars). The final sample considered 

for comparative statistical analysis included 598 teeth, divided  in 6 dental groups: 

upper anterior (n=119; 15 central incisors, 5 lateral incisors, and 99 canines); upper 

premolar (n=91; 48 first premolars and 43 second premolars); upper molar (n=145; 

26 second molars and 119 third molars); lower anterior (n=27; 2 lateral incisors and 

25 canines); lower premolar (n=62; 30 first premolars and 32 second premolars); 

lower molar (n=154; 36 second molars and 118 third molars). Considering eruption 

status, 423 teeth (70.7%) were in normal eruption process, 140 teeth (23.4%) 

impacted, and 35 teeth (5.9%) had a delayed eruption process.  

Table 2 summarizes sample distribution among the dental groups, eruption 

status and GC detection. In general, GC was detected in 90.6% of the cases (Figure 

1), and detection of the GC was significantly lower for teeth with delayed eruption 

(62.9%), in comparison to normal eruption and impacted teeth (94.1% and 87.1%, 

respectively). Such differences in detection according to eruption status was uneven 

among dental groups (Table 2). Detection of GC was slightly higher for males; 

however, such difference was only statistically significant in the upper anterior group 

(91.4% vs 77.6%, p=0.032). 

Table 3 shows the detection of the GC among the different eruption statuses 

and according to characteristics of the teeth (formation, angulation and follicular 

space). Significant differences in GC detection were found for the formation status of 

teeth, in normal eruption process (p=0.0001) and in impacted teeth (p=0.003), with 

higher detection rate for the earliest stages of tooth formation. Teeth angulation 

showed statistically significant differences for GC detection in the delayed eruption 

group (p=0.043), with higher detection rate for horizontal teeth. Follicular space did 

not show significant differences among the groups (p>0.05). 
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Figure 1 CBCT images of GC detected, in normal eruption (a), delayed eruption (b) and 

impacted teeth (c) – arrows indicating GC opening in the alveolar crest; and GC not detected 

in normal eruption (d), delayed eruption (e) and impacted teeth (f) 

 

Figure 2 CBCT sagittal (a) and coronal (b) images of a lower molar, and linear 

measurements of GC length (a) and width (b) 
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Table 2. Absolute frequency and detection rate of GC by dental group, according to 

eruption status. 

Dental group Eruption status 
n GC 

Detection 
rate (%) p* Not 

Detected 
Detected 

Upper Anterior 
Normal 8 72 90.0 

0.1 Impacted/Delayed 9 30 76.9 
  17 102 85.7 
      

Upper Premolar 
Normal 7 75 91.5 

0.001 Impacted/Delayed 4 5 55.6 
  11 80 87.9 
      

Upper Molar 
Normal 2 107 98.2 

0.008 Impacted/Delayed 3 33 91.7 
  5 140 96.6 
      

Lower Anterior 
Normal 2 8 80.0 

0.584 Impacted/Delayed 5 12 70.6 
  7 20 74.1 
      

Lower Premolar 
Normal 6 41 87.2 

0.001 Impacted/Delayed 9 6 40.0 
  15 47 75.8 
      

Lower Molar 
Normal 0 95 100 

0.435 Impacted/Delayed 1 58 98.3 
  1 153 90.6 
      
All groups Normal 25 398 94.1 

0.000  Impacted 18 122 87.1 
 Delayed 13 22 62.9 

TOTAL  56 542 90.6  

*Chi-square test comparing the detection of GC between eruption statuses. 

The greatest width and length in millimeters (mm) were recorded for each GC 

(Figure 2) and are displayed in Table 4 according to dental group and eruption 

status. Teeth with abnormal eruption tended to have greater GC width, although only 

for the upper anterior and upper molar groups (when impacted) such difference was 

statistically significant (p<0.05). However, upper molar group tended to have lower 

GC width when their eruption was delayed. Regarding length, difference was only 

observed for upper premolar group, with greater value for delayed eruption teeth 

(p<0.05).  

Characteristics of the GC are shown in Table 5. Upper anterior and upper 

premolar groups, and lower anterior and lower premolar groups were merged 

together, since they represent teeth with predecessor temporary teeth. GC opening 

was not different between eruption statuses in all groups.  Height and M-D location in 

relation to the dental follicle distribution among eruption statuses was not significant 
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only for the upper molar group (Figure 3). B-L location was different (p<0.05) for both 

upper and lower groups with predecessor teeth. Shape (Figure 4) was different 

(p<0.05) for all dental groups, except lower molar group (p>0.05). 

 

Table 3. Absolute frequency and detection rate of GC according to tooth formation, 

angulation and follicular space, among the different eruption statuses. 

Eruption Status Normal Delayed Impacted 

 GC Not 
detected 

GC 
Detected 

Detection 
rate p* GC Not 

detected 
GC 

Detected 
Detection 

rate p* GC Not 
detected 

GC 
Detected 

Detection 
rate p* 

Formation             
Crown formation 2 139 98.6% 

0.0001 

- - - 

0.693 

0 21 100,0% 

0.003 
Root formation 18 238 93.0% 1 1 50,0% 1 38 97.4% 

Open apex 2 18 90.0% 0 1 100,0% 3 21 87,5% 
Closed apex 3 3 50.0% 12 20 62,5% 14 42 75,0% 

TOTAL 25 398   13 22   18 122   

             

Angulation             

Normal 18 321 94,7% 

0.559 

4 9 69,2% 

0.043 

10 49 83,1% 

0.229 
Angulated 6 68 91,9% 9 7 43,8% 8 50 86,2% 
Horizontal 1 9 90,0% 0 6 100,0% 0 21 100,0% 

Inverted - - - - - - 0 2 100,0% 
TOTAL 25 398   13 22   18 122   

             

Follicular space             

Normal 25 388 93.9% 
0.423 

12 22 64,7% 
0.187 

18 114 86,4% 
0.535 Hyperplastic 0 10 100% 1 0 0,0% 0 6 100,0% 

Dentigerous cyst - - - - - - 0 2 100,0% 
TOTAL 25 398   13 22   18 122   

*Chi-square test comparing the detection of GC according to characteristics of the tooth. 

Figure 3 CBCT image of an impacted upper anterior tooth in which the GC height is at the 

cervical portion of the crown – arrow indicating GC opening 
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Table 4. Mean width and length, in mm, and standard-deviation (SD) of GC 

according to dental groups and eruption status: normal (N), delayed (D) and 

impacted (I) teeth. 

  Upper Anterior Upper Premolar Upper Molar 

  N D I N D I N D I 

Width  1.4 a (0.9) 2.3 b (1.4) 2.2 b (1.5) 0.95 a (0.5) 1.7 a (1.0) 1.5 a (1.1) 3.9 a (1.5) 2.9ab (2.7) 4.7 b (1.6) 

Length  4.7 a (2.7) 3.5 a (1.7) 3.8 a (1.9) 2.1 a (1.0) 5.8 b (6.4) 2.9 a (1.0) 3.5 a (1.6) 2.1a (1.3) 3.9 a (2.0) 
           
  Lower Anterior Lower Premolar Lower Molar 

  N D I N D I N D I 

Width  1.6a (1.3) 2.0 a (1.5) 2.9 a (2.1) 1.0 a (0.5) 1.3 a (0.8) 1.3 a (0.3) 4.5 a (1.7) 0 4.6 a (1.4) 

Length  5.2 a (2.6) 5.9 a (5.2) 11 a (7.0) 3.4 a (1.4) 1.9 a (0.5) 3.6 a (1.7) 3.0 a (1.1) 0 3.1 a (1.1) 

           

One-way ANOVA, Tukey’s post-hoc test. Different letters indicate statistically significant differences 
between eruption statuses. 

 

 

Figure 4 CBCT images of upper anterior teeth with different GC shapes: straight (a), curved 

(b), and obliterated (c); arrows indicate GC opening in the alveolar crest 
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Table 5. Absolute frequency and statistical significance of CG characteristics 
observed by dental groups in maxilla and mandible for normal (N), delayed (D) and 
impacted (I) teeth. 

 Upper  Lower 

 Anterior / Premolar  Molar  Anterior / Premolar  Molar 

Opening N a D a I a  N a D a I a  N a D a I a  N a D I a 

Lingual 134 9 18  6 0 0  46 5 8  7 0 3 

Central 6 1 2  101 2 31  1 1 2  88 0 53 

Buccal 2 2 3  0 0 0  0 1 1  0 0 2 

PLS 5 0 0  0 0 0  2 0 0  0 0 0 

Height N a Db I c  N a D a I a  N a D b I a  N a D I a 

Incisal/occlusal 146 5 16  107 2 31  48 2 6  95 0 47 

Central 1 3 5  0 0 0  1 2 3  0 0 10 

Cervical/root 0 4 2  0 0 0  0 3 2  0 0 1 

B-L Location N a D b I b  N a D a I a  N a D b I a  N a D I a 

Central 142 9 18  107 2 31  47 4 10  94 0 58 

Buccal 4 0 2  0 0 0  0 0 0  1 0 0 

Lingual 1 3 3  0 0 0  2 2 3  1 0 0 

M-D Location N a D ab I b  N a D a I a  N a D b I ab  N a D I b 

Central 140 9 15  99 2 28  46 3 8  92 0 46 

Mesial 3 1 1  7 0 1  1 0 1  0 0 1 

Distal 4 2 7  1 0 2  2 4 2  3 0 11 

Shape N a D a I b  N a D ab I b  N a D a I b  N a D I a 

Straight 133 11 11  95 2 20  37 7 3  89 0 56 

Curve 14 1 3  12 0 0  12 0 1  6 0 1 

Obliterated 0 0 9  0 0 11  0 0 7  0 0 1 
                

PLS: periodontal ligament space of the primary tooth. 
Kruskall-Wallis test. Different letters indicate statistically significant differences between eruption 
statuses. 
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DISCUSSION 

Considering all dental groups, GC detection rates were statistically higher for 

teeth in normal eruption process (94.1%), followed by impacted teeth (87.1%) and 

delayed eruption (62.9%), respectively. A similar finding was presented in a previous 

study [7], for delayed upper anterior teeth. Considering that impacted teeth, despite 

the presence of mechanical barrier preventing them from erupting, may have been 

otherwise teeth in normal eruption process, a GC detection rate similar to normal 

eruption teeth may be expected. Furthermore, excluding impacted teeth from our 

sample, it was observed that in 34.2% of the cases when GC was not detected, teeth 

presented delayed eruption. In contrast, when GC was detected, only in 5.2% of the 

cases teeth presented delayed eruption. This represents a six-fold increase in the 

chance of a teeth to have a delayed eruption when the GC is not detected. 

Detection rates of the GC have been reported from 43.7% to 100% in a 

previous study [10]. In our study, GC detection among the dental groups varied, 

regardless of eruption status, from 74.1% for lower anterior group to 96.6% for upper 

molar group. Teeth in normal eruption had the highest detection rates in all groups, 

but statistical significance was not found for upper and lower anterior and lower molar 

groups. This may be attributed to a high number of impacted upper anterior teeth and 

lower molars, and a smaller sample in lower anterior region. 

Detection of the GC might not be straightforward in some cases, due to 

variations in trabecular bone microarchitecture or proximity to temporary teeth. 

Particularly in premolar regions, the hypodense band corresponding to the 

periodontal ligament of temporary teeth may be indistinguishable from a GC of the 

permanent successor germ. Furthermore, in the molar region, it is usual to see a 

large hypodense area above the tooth germ, and in this case, distinction between the 

GC and the resorption process requires careful evaluation. Although previous studies 

have considered those wide hypodense rectangular areas as the GC [10], we have 

classified 116 cases (15.2% of the initial sample) as “indistinguishable from 

resorption of the alveolar bone ridge” and excluded them from the final sample used 

for comparative purposes.   

For permanent teeth without predecessor temporary teeth (i.e. permanent 

molars), it is believed that their dental germs originate directly from a posterior 
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extension of the dental lamina [14]. There was no previous consensus in the 

literature about the existence of GC in those teeth. Some early reports [15] pointed 

out the presence of GC in permanent molars and named them “molar gubernacular 

cord”, whilst others [3] stated that this structure is exclusive for permanent teeth with 

predecessor temporary teeth. However, our results confirm the presence of GC in 

molars, and in fact GC detection had the highest rates among molars (Fig. 2). The 

presence of this anatomical structure in temporary teeth, however, is still unclear, 

and further studies are required. 

In this study, eruption was considered delayed when the patient’s age was at 

least two SD higher than the mean eruption age established for that tooth [11]. A 

previous study [7] considered only one SD difference to classify eruption processes 

as delayed, based on an experienced pediatric dentist decision, which may 

underestimate cases where normal eruption process could still take place. The mean 

eruption ages serving as references in our study were obtained from a previous study 

[12] with individuals from the same geographical region of those in our sample, due 

to possible variability among population groups. Furthermore, mean eruption age of 

third molars from this geographical region was not available and therefore it was 

adapted from a previous study [13], by calculating the mean age from the fifty 

percent probability for complete eruption status for third molars teeth, according to 

sex. 

CG detection was significantly lower for teeth with advanced formation, 

regardless of eruption status. Most teeth with closed apex had abnormal eruption 

status and presented lower GC detection (62.5% for delayed teeth and 75% for 

impacted teeth).  

Among teeth with normal eruption status, GC detection was nearly unaffected 

by teeth angulation. However, among impacted teeth, those with horizontal position 

presented slightly higher GC detection rates in comparison with those with more 

favorable positions (normal and angulated). Such difference was statistically 

significant for teeth with delayed eruption status, with GC detection rates for normal 

and angulated teeth as low as 69.2% and 43.8%, respectively, whilst among 

horizontal teeth GC was detected in 100% of the cases.  It may be speculated that an 

angular deviation in a tooth germ with abnormal eruption process may impair or delay 

resorption of the gubernacular cord, and therefore this structure may remain 
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detectable even though the tooth is unlikely to erupt. Further studies of delayed 

eruption are required to clarify this finding.    

During the eruption process, the GC widens as the teeth moves towards to the 

alveolar ridge. Mean width of the GC was significantly larger among delayed and 

impacted teeth, in the upper anterior dental group. For lower anterior teeth and upper 

and lower premolars, larger mean widths were also observed among teeth with 

abnormal eruption statuses, however, not statistically significant. This points out to a 

possible widening of the GC despite the fact that the tooth is delayed or unlikely to 

emerge.   

Length of the GC is mostly influenced by the distance of the tooth germ to the 

alveolar ridge, since most GC had a straight shape, or just slightly curved in some 

cases. Therefore, it is highly affected by the stage of the eruption process and dental 

group. In the upper premolar group, it was shown that GC length was greater for 

teeth with delayed eruption. The other groups did not present statistically significant 

differences between the different eruption statuses.  Oda et al. (2016) [7] also did not 

report significant differences for linear measurements of the GC between the teeth 

evaluated. 

In this study, the opening of the GC was assessed, which refers to its location 

in the alveolar ridge: lingual, central, or buccal.  The term “derivation” has been used 

in a previous study [7] to designate the GC opening at the alveolar ridge, however, 

that term suggests that the GC origin is the alveolar crest. According to previous 

knowledge about tooth formation, in teeth with predecessor teeth the GC originates 

from the predecessor tooth germ, and for teeth without predecessor, the origin might 

be a posterior extension of dental lamina [14]. Therefore, as expected, teeth with 

predecessor temporary teeth mainly had their GC opening majority on the lingual 

aspect and for molars the GC opening was in the center of the alveolar ridge. In a 

few cases (1.3%), even though it was possible to observe the presence of a GC, its 

opening at the alveolar crest was indistinguishable from the periodontal space of the 

adjacent temporary tooth referred to. 

The most common location of the GC in relation to the follicular spaces were 

incisal/occlusal (height), central (B-L location) and central (M-D location). Thirty-five 

out of 37 GC with central and cervical locations (height) were either impacted or with 
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delayed eruption. Non-central locations in relation to B-L and M-D aspects were also 

relatively more common among teeth with abnormal eruption processes. These 

results suggest that when the GC connects to follicular space in less typical 

locations, teeth are more likely to have abnormal eruption.  

GC shapes were more commonly straight (n=464). Out of 50 curved GC, 44 

occurred in teeth with normal eruption, and only one was associated with a delayed 

tooth.  All 28 cases of obliterated GC were associated with impacted teeth, which 

was expected due to the presence of supernumerary teeth or odontoma within the 

follicular space.  

Limitations are inherent to cross-sectional studies. Data collected in these 

studies represents characteristics in a given moment of time, and do not show a 

sequence of events that took place regarding teeth eruption and variations of the GC 

during time. A longitudinal study would help to further understand the alterations that 

the GC undergoes during dental development and eruption, as well the possible 

effects of GC features in the eruption process. The use of ionizing radiation for this 

purpose, however, would not be justifiable.  
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CONCLUSION 

 Lower GC detection rates among teeth with abnormal eruption processes 

indicates the need of careful evaluation when GC is not detected. Moreover, when 

the CG is detected but presents atypical location in relation to the to the dental 

follicle, the corresponding tooth is more likely to have an abnormal eruption process. 

Further investigation of these parameters can contribute to clinical decision making in 

treatment plans involving unerupted teeth, whether to consider tooth extraction, 

tractioning or monitoring the case.  
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3 CONCLUSÃO 

 Menores taxas de detecção do CG dentre os dentes com processo anormal 

de erupção indicam a necessidade de uma avaliação cuidadosa do dente quando o 

CG não é detectado. Além disso, quando o CG é detectado, mas apresenta 

localizações atípicas em relação ao folículo dentário, o dente correspondente 

apresenta maior chance de apresentar um processo anormal de erupção. A 

investigação destes parâmetros pode contribuir com a tomada de decisões clínicas 

em planos de tratamento que envolvam dentes não-erupcionados, considerando a 

possibilidade de extração, tracionamento do dente ou acompanhamento do caso. 
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APÊNDICE 

Apêndice 1: Metodologia detalhada 

Este estudo foi desenvolvido após aprovação pelo Comitê de Ética em 

pesquisa da Faculdade de Odontologia de Piracicaba e Faculdade de Odontologia 

de Ribeirão Preto (CAAE. 57188116.0.0000.5418 e 57188116.0.3001.5419).  

Seleção da Amostra 

As imagens de TCFC foram selecionadas do banco de imagens da Clínica de 

Radiologia da Faculdade de Odontologia de Piracicaba (FOP-UNICAMP) e do banco 

de imagens do curso de extensão em Tomografia Computadorizada de Feixe Cônico 

da Faculdade de Odontologia de Ribeirão Preto (FORP-USP). 

A amostra foi composta por exames de TCFC que apresentavam dentes 

intraósseos. Foram critérios de exclusão: exames com artefatos de movimento, 

dentes supranumerários e dentes em processo de erupção avançado, no qual o seu 

espaço folicular está em tal proximidade com a crista óssea que impossibilite a 

detecção do CG. 

Os exames de TCFC foram adquiridos em dois tomógrafos: OP300 

(Instrumentarium, Tuusula, Finlândia) e Picasso-Trio (E-WOO Technology Giheung-

gu, República da Korea), com parâmetros de exposição selecionados de acordo com 

a indicação de cada paciente. As imagens foram avaliadas nos softwares 

disponibilizados originalmente pelos fabricantes dos tomógrafos OnDemand3D 

(Cybermed Inc., Seoul, República da Korea) e Ez3D (E-WOO Technology Giheung-

gu, República da Korea), respectivamente. 

Avaliação das Imagens 

Cada paciente foi classificado de acordo com sexo e idade. Posteriormente 

cada dente foi classificado de acordo com: grupo dental, status de erupção, status 

de formação, angulação, espaço pericoronário e detecção do CG. Nos casos em 

que o CG foi detectado, foram mensurados seu maior diâmetro, comprimento, e 

classificados sua abertura, altura, localização vestíbulo-lingual e localização mesio-

distal em relação ao folículo e forma. Todos os parâmetros avaliados e suas 

respectivas classificações estão dispostos na tabela 1. O esquema 1 exemplifica 

estas classificações utilizadas para os parâmetros avaliados. 
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Tabela 1. Parâmetros avaliados para os dentes e CG, quando presente 

ELP: espaço do ligamento periodontal. 

V-L: vestíbulo-lingual; M-D: mesio-distal 

*em relação ao folículo dentário. 

  

Grupo dental Status de erupção Formação Angulação Espaço 
pericoronário 

Detecção do CG 
Características do CG 

Medida Abertura Altura* V-L Localização* M-D Localização* Forma 

Anterior 
Superior  

Normal Coroa Normal Normal (até 3mm) Não detectado Diâmetro Lingual Incisal/ 
oclusal 

Central Central Reto 

Pré-molar 
Superior Atrasado Raiz Angulado 

Hiperplásico 
(de 3-5,6mm) Detectado Comprimento Central Central Vestibular Mesial Curvo 

Molar 
Superior Impactado Ápice aberto Horizontal 

Cisto dentígero 
(maior que 5,6mm) Indistinguível do ELP  Vestibular 

Cervical/ 
radicular Lingual Distal Obliterado 

Anterior 
Inferior 

 Ápice fechado Invertido  
Indistinguível de processo 
de reabsorção da crista 

óssea 

 
Confluência 
com o ELP 

    

Pré-molar 
Inferior 

     
 

     

Molar 
Inferior      
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Esquema 1. Parâmetros avaliados com relação aos dentes e CG 
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Com relação ao status de erupção, atraso de erupção foi considerado nos 

casos de dentes intraósseos sem barreira mecânica visível e passados dois (2) 

desvios-padrão da média de idade de erupção para o dente (Suri et al., 2004), 

estabelecidas de acordo com estudos prévios (Souza-Freitas et al., 1991; Caldas et 

al., 2012). Para classificar um dente como impactado, uma barreira física deveria 

estar presente (dente supranumerário, falta de espaço no arco dentário e desvio 

acentuado do germe dentário) (Suri et al., 2004). Dentes dentro da idade média de 

erupção e sem barreira mecânica foram classificados como erupção normal. Dentes 

angulados foram considerados a partir de qualquer desvio do longo eixo do dente 

decíduo predecessor até a posição horizontal. O espaço pericoronário foi 

considerado hiperplásico quando tinha de 3-5,6mm e quando maior de 5,6mm foi 

considerado cisto dentígero.  

Todos exames foram avaliados por dois observadores, independentemente, 

em ambiente próprio para avaliação de imagens. Após ambos terminarem as 

avaliações os dados foram confrontados e os casos de discordância foram 

simultaneamente reavaliados com um terceiro radiologista, até consenso ser 

alcançado. 

Análise estatística 

A análise estatística foi realizada no software SPSS v.22.0 (SPSS Inc., 

Chicago, Illinois, EUA). A detecção do CG e status de erupção, formação do dente, 

angulação e espaço pericoronário foram comparadas pelo teste Chi-Quadrado. One-

way ANOVA com teste post-hoc de Tukey compararam os diâmetros e 

comprimentos dos CG de dentes em processo normal, atrasados e impactados. As 

características do CG foram comparadas pelos testes de Kruskall-Wallis e Dunn. O 

nível de significância adotado foi de 5%. 
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ANEXOS 

Anexo 1: Parecer Consubstanciado do Comitê de Ética em Pesquisa (FOP-

UNICAMP) 

 

 



39 

 

 

 

 

 



40 

 

 

 

  



41 

 

 

 

  



42 

 

 

 

  



43 

 

 

 

  



44 

 

 

Anexo 2: Parecer Consubstanciado do Comitê de Ética em Pesquisa (FORP-

USP) 
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