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Abstract

The purpose of this study was to elucidate the imaging characteristics of the

gubernaculum tracts in successional teeth related to fused deciduous teeth on com-

puted tomography. The imaging findings of 15 gubernaculum tracts in successional

teeth related to fused deciduous teeth were retrospectively analyzed using cone-beam

computed tomography or multidetector computed tomography. In cases without a con-

genitally defected successor, the two gubernaculum tracts of two successional teeth

related to fused deciduous teeth were fused into one. Gubernaculum tracts (GTs) in

mesial successors were vertical, but in distal successors they were inclined to mesial.

The major abnormalities of the successional teeth related to fused deciduous teeth were

delayed eruption and delayed formation. No inclined mesial successors were found,

whereas most of the distal successors were inclined to mesial along with the inclined

GT. The gubernaculum tracts of successors with a congenital defect of the other succes-

sors were vertical, and such successors had no abnormalities. The present study showed

the imaging characteristics of gubernaculum tracts in successional teeth related to fused

deciduous teeth. The abnormal eruption of successional teeth related to fused decidu-

ous teeth may be associated with the characteristics of their gubernaculum tracts.
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1 | INTRODUCTION

The gubernaculum tract (GT) is a canal containing the gubernacular

cord. It consists of a fibrous band that connects the pericoronal follic-

ular tissue of the successional tooth with the overlying gingiva.1

Therefore, normal eruption of a permanent tooth is often associated

with a GT.

Recently, the imaging characteristics of GTs on cone-beam

(CB) computed tomography (CT) or multidetector (MD) CT were first

described and analyzed, since these modalities are now extensively used

in dentistry.2–10 The GTs in anterior permanent teeth are visualized as a

low-density corticated tract contiguous from each dental follicle to the

lingual/palatal site of each predecessor on CT images.2 Previous studies

suggested that the shapes and running paths of GTs on CT could predict

Received: 21 September 2021 Revised: 23 June 2022 Accepted: 29 August 2022

DOI: 10.1111/cga.12493

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2022 The Authors. Congenital Anomalies published by John Wiley & Sons Australia, Ltd on behalf of Japanese Teratology Society.

Congenit Anom. 2022;62:241–247. wileyonlinelibrary.com/journal/cga 241

https://orcid.org/0000-0001-6468-0939
mailto:rad-mori@kyu-dent.ac.jp
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/cga


the normal eruption of the successional and accessional teeth.2–10 Spe-

cifically, abnormalities of GTs such as bending or a mass lesion in a GT

could obstruct the normal eruption of successors.2–10

Fused teeth are representative anomalies of deciduous teeth.11–13

They tend to induce delayed eruption of the permanent successor

teeth.11,12 However, there has been little evidence to explain why a

fused tooth directly induces delayed eruption of the permanent succes-

sor, and the causes are obscure and need to be evaluated. Therefore,

we hypothesized that the GTs of successional teeth related to fused

deciduous teeth have patterns of GT that induce delayed eruption. In

the present study, the CT imaging characteristics of the GTs in succes-

sional teeth related to fused deciduous teeth were analyzed.

2 | MATERIALS AND METHODS

A retrospective search through the picture archiving and communica-

tion system (PACS) of the Division of Oral and Maxillofacial Radiology

of Kyushu Dental University Hospital was performed to identify

patients less than 10 years old with fused deciduous teeth between

TABLE 1 Distribution of the types of deciduous fused teeth included and excluded in the present CT assessment

Number of patients

Included in the present CT assessment Excluded from the present CT assessment

Fused deciduous teeth Male Female Total Male Female Total

UCI and ULI 6 2 8 - - -

LCI and LLI 1 1 2 2 - 2

LLI and LC 2 3 5 8 2 10

Total 9 6 15 10 2 12

Abbreviations: LC, lower canine; LCI, lower central incisor; LLI, lower lateral incisor; UCI, upper central incisor; ULI, upper lateral incisor.

F IGURE 1 Representative cone-beam computed tomography (CBCT) images of gubernaculum tracts (GTs) of the mandibular lateral incisor
and canine related to fused deciduous predecessors. (A) The cross-sectional image of the GT (arrow) of the lateral incisor (arrowhead). The
running path of the GT is vertical and straight from the tooth to the alveolar top. (B) The cross-sectional image of the GT (arrow) of the canine
(arrowhead). The GT of the canine is bent. (C) The axial image of the GTs. The GT (arrow) of the canine (arrowhead) merges to the GT (red arrow)
of the lateral incisor. (D) The axial image of the opening level of the GT. The opening area of the GT (arrow) is larger in the mesiodistal direction.
(E,F) The panoramic image (E) and traced drawing (F) of the GTs of the lateral incisor and canine. The GT (arrows) of the lateral incisor
(arrowheads) runs vertical. The GT (red arrows) of the canine (red arrowheads) is directed mesial and merged to the GT of the lateral incisor.
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January 2010 and March 2021. Twenty-six patients (18 boys, 8 girls;

mean age, 6.58 years; range, 4–9 years) with fused deciduous anterior

teeth of 1163 patients (782 boys, 381 girls; mean age, 7.01 years;

range, 1–9 years) were identified on multidetector computed

tomography (MDCT), cone-beam computed tomography (CBCT),

intraoral x-ray radiographs, and panoramic radiographs. Twenty-five

patients had one fused deciduous tooth, and one patient had two

fused deciduous teeth. Eight of 27 teeth were excluded because

the successors of the fused deciduous anterior teeth were out of

the imaging area of CT examinations. In addition, four teeth were

excluded because the GTs of the successors were not observed due

to eruption of the successors. This retrospective study was based on

the findings of 8 MDCT and 7 CBCT images of the remaining 15 fused

deciduous anterior teeth with unerupted permanent successors. Eight

fused teeth were identified as incidental findings on CT examinations

for trauma, periapical periodontitis, and impacted supernumerary

teeth of other regions. The other seven CT examinations were per-

formed as preoperative examinations for traction. The study protocol

was approved by the institutional review board (IRB) of Kyushu Dental

University (No. 20-30), which waived the requirement for informed

consent, including patients' informed consent, based on the retrospec-

tive nature of the study.

Intraoral radiographs were acquired using a dental x-ray

machine (Morita Co. Ltd., Kyoto, Japan). Panoramic radiographs

were acquired using a panoramic AUTO-100EXR system (Asahi

Roentgen Ind. Co., Ltd., Kyoto, Japan). Images were taken in the

incisive occlusion position holding the head by an ear rod with the

FH plane parallel to the ground. MDCT was performed with an

Activion 16 (Toshiba Co. Ltd., Tokyo, Japan). MDCT images were

taken in the axial plane with 0.3-mm-thick contiguous sections

from the base of the maxilla to the base of the mandible. Images

were obtained with standard algorithms and bone-target windows.

CBCT was performed with a 3DX (Morita Co. Ltd., Kyoto, Japan).

CBCT images were taken as volume data with 0.08-mm-thick slices

around the maxilla and mandible. All CT images were analyzed

using a PC-based, digital viewing system (Ziostation 2, Ziosoft,

F IGURE 2 Representative multidetector computed tomography (MDCT) images of gubernaculum tracts (GTs) of the mandibular central
incisor and lateral incisor related to fused deciduous predecessors. (A) The cross-sectional image of the GT (arrow) of the central incisor
(arrowhead). The running path of the GT is vertical and straight from the tooth to the alveolar top. (B) The cross-sectional image of the GT (arrow)
of the lateral incisor (arrowhead). (C) The axial image of the opening level of the GT. Only one GT opening (arrow) is identified. No significant
enlargement of the opening area of the GT (arrow) is observed. (D,E) The panoramic image (B) and traced drawing (C) of the GTs of the central
incisor and lateral incisor. Only one GT (arrows) continuing from the mandibular incisor (arrowheads) and lateral incisor (red arrows) to the top of
the alveolar top is identified
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Tokyo, Japan). This analysis was performed with multiplanar recon-

struction methods that allow the selection of appropriate slices,

such as axial, panoramic, or sagittal slices, for comparison of images

and for changing the gray scale level in the images.

GTs in successional teeth related to fused deciduous teeth were

carefully evaluated on CBCT or MDCT. In detail, the presence or

absence and the shape of the GTs in unerupted permanent successors

related to deciduous fused teeth were evaluated in the respective

teeth on CBCT or MDCT. The images were assessed by a single, expe-

rienced, oral and maxillofacial radiologist (O. M.). At the same time,

the status of the unerupted permanent successors related to fused

deciduous teeth was also evaluated by an experienced oral and maxil-

lofacial radiologist (O. M.) and experienced pediatric dentist (N.I.). In

detail, delayed eruption, delayed formation, microdontia, congenital

defects, inclination, displacement, and rotation were evaluated. At the

discretion of an experienced pediatric dentist, these images were

comprehensively evaluated based on the normal eruption/formation

period, on the basis of left–right asymmetry of the same teeth, in

comparison with other teeth, and/or over 1 standard deviation (SD) of

the age of each tooth's eruption/formation.14–17

3 | RESULTS

3.1 | Distributions of fused deciduous teeth and
the related successional teeth

There were 26 patients with one or two fused deciduous teeth in 1163

children (2.24%). The occurrence rate was 2.3% (18/782) in boys and

2.1% (8/381) in girls, with no significant difference (Fisher's exact test,

p = 1.00). There were 8 patients with deciduous fused teeth of the

upper central incisor (UCI) and upper lateral incisor (ULI) (0.68%). The

occurrence rate was 0.77% (6/782) in boys and 0.52% (2/381) in girls,

with no significant difference (Fisher's exact test, p = 1.00). There were

4 patients with deciduous fused teeth of the lower central incisor (LCI)

and lower lateral incisor (LLI) (0.34%). The occurrence rate was 0.38%

(3/782) in boys and 0.26% (1/381) in girls, with no significant difference

(Fisher's exact test, p = 1.00). Fourteen patients had deciduous fused

teeth of the LLI and the lower canine (LC) (1.29%). One of the patients

had bilateral deciduous fused teeth of the LLI and the LC (0.09%). The

occurrence rate was 1.28% (10/782) in boys and 1.31% (5/381) in girls,

with no significant difference (Fisher's exact test, p = 1.00). No other

types of fused deciduous teeth were found in the previous study. The

types of fused deciduous teeth included and excluded in the present

CT assessment as the next step are shown in Table 1.

3.2 | Imaging characteristics of GTs in successional
teeth related to fused deciduous teeth on CT

In cases without a congenitally defected successor, the two GTs of

two successional teeth related to fused deciduous teeth were fused

into one. GTs in mesial successors were vertical, but in distal

successors, they were inclined to mesial. The representative CT

images of the GTs of the mandibular lateral incisor and canine related

to fused deciduous teeth that involved fusion of the mandibular

deciduous lateral incisor and canine are shown in Figure 1. The GTs of

the successors related to the mandibular fused deciduous lateral inci-

sor and canine were observed as a corticated tract of low density con-

tiguous from the dental follicle of the unerupted mandibular lateral

incisor and canine. The running path of the GT of the lateral incisor

was vertical and straight from the tooth to the top of the alveolar

bone on the panoramic section and cross-sectional image. However,

the GT of the canine inclined mesially on the panoramic section and

bent on the cross-sectional image. The GTs of the lateral incisor and

canine merged under the level of the opening to the alveolar top. The

opening area of the GT was larger in the mesiodistal direction than of

the GT of the lateral incisor or canine without an abnormality.

The CT images of the GTs of the mandibular incisor and lateral

incisor related to a fused deciduous predecessor in the other case are

shown in Figure 2. A single GT continuing from the mandibular incisor

and lateral incisor to the top of the alveolar top was identified. No sig-

nificant magnification of the opening was observed in this case.

The representative CT images of the GTs of the maxillary inci-

sor and lateral incisor related to fused deciduous predecessors are

F IGURE 3 Representative multidetector computed tomography
(MDCT) images of the gubernaculum tracts (GTs) of the maxillary
central incisor and lateral incisor related to fused deciduous
predecessors. (A) The cross-sectional image of the GT (arrow) of the
central incisor (arrowhead). The running path of the GT is vertical and

straight from the tooth to the alveolar top. (B) The cross-sectional
image of the GT (arrow) of the lateral incisor (arrowhead). (C) The axial
image of the opening level of the GT. The GTs of the central incisor
(arrow) and lateral incisor (arrowhead) are partially merged, and the
opening at the alveolar top is pear-shaped. (D) The panoramic image
of the GTs of the central incisor and lateral incisor. The GTs (arrows)
of the central incisor and lateral incisor are merged
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shown in Figure 3. The GTs of the maxillary incisor and lateral inci-

sor were partially merged, and the opening at the alveolar top was

pear-shaped.

The GTs of successors with a congenital defect of the other

successors were vertical, and such successors had no abnormali-

ties. Representative CT images of the GT of the mandibular canine

related to fused deciduous lateral incisor and deciduous canine

with a congenital defect of the permanent lateral incisor are shown

in Figure 4. The running path of the GT of the canine was normal,

but enlarged.

Fusion of the GTs was observed in all 10 cases with no congenital

defect of successor teeth. All of the running paths of the GTs of

mesial successors were vertical, but the GTs of the distal successors

were inclined mesially. Enlargement of the GTs was detected in 11 of

15 cases. A pear-shaped opening of the GTs was seen in seven cases,

and all of them were cases related to fusion of a maxillary deciduous

central incisor and lateral incisor.

3.3 | Status of successional teeth related to fused
deciduous teeth on CT

The statuses of 30 successional teeth including five congenital defects

related to fused deciduous teeth are shown in Table 2. Regarding the

eruption of successional teeth related to fused deciduous teeth,

14 successional teeth of a fused UCI and ULI, 2 successional teeth of

a fused LCI and LLI, and 2 successional teeth of a fused LLI and LC

tended to be impacted, based on the comparison with the same kind

of tooth on the opposite site. Delayed tooth formation was detected

in 13 successional teeth of a fused UCI and ULI, 2 successional teeth

of a fused LCI and LLI, and 2 successional teeth of a fused LLI and

LC. Delayed eruption and delayed formation were detected in mesial

and distal successors with a high abnormality. Inclinations were

detected in 6 successional teeth of a fused UCI and ULI, 1 successional

tooth of a fused LCI and LLI, and 1 successional tooth of a fused LLI

and LC. Seven successors inclined mesially along with the inclined GT,

and one inclined lingually. Microdontia was detected in 6 successional

TABLE 2 Distributions of the abnormalities of successional teeth related to deciduous fused teeth

Mesial successors Distal successors

Fused deciduous teeth Abnormality of the successors Number of teeth Rate (%) Number of teeth Rate (%)

UCI and ULI (n = 8)

Delayed eruption 7 87.5 7 87.5

Delayed formation 7 87.5 6 75.0

Inclination (mesial) - - 6 75.0

Microdontia - - 6 75.0

Displacement (distal) - - 1 12.5

Rotated tooth 1 12.5 - -

Congenital defect - - 1 12.5

LCI and LLI (n = 2)

Delayed eruption 1 50.0 1 50.0

Delayed formation 1 50.0 1 50.0

Inclination (mesial) - - 1 50.0

LLI and LC (n = 5)

Delayed eruption 1 20.0 1 20.0

Delayed formation 1 20.0 1 20.0

Inclination (lingual) - - 1 20.0

Microdontia - - 1 20.0

Congenital defect 4 80.0 - -

Abbreviations: LC, lower canine; LCI, lower central incisor; LLI, lower lateral incisor; UCI, upper central incisor; ULI, upper lateral incisor.

F IGURE 4 Representative cone-beam computed tomography
(CBCT) images of the gubernaculum tract (GT) of the mandibular
canine related to fused deciduous predecessors with a congenital
defect of the permanent lateral incisor. (A) The axial image of the
opening level of the GT. The GT of the canine (arrow) is enlarged.
(B) The cross-sectional image of the GT. The running path of the GT
of the canine (arrow) is normal, but enlarged
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teeth of a fused UCI and ULI, and 1 successional tooth of a fused LLI

and LC. All inclinations and microdontia were detected in distal suc-

cessors. Apart from that, 1 displacement to distal and 1 rotated tooth

were detected.

Five of 30 successors were congenitally defected. The relationships

between with and without congenital defects of successors and the exis-

tence of abnormalities in 25 successional teeth excluding 5 congenital

defects are shown in Table 3. Regarding 20 successors in cases without

congenital defects of successors, 18 successors were judged to be

“abnormal.” Two successors in cases without congenital defects of suc-

cessors were judged to be “normal,” and those were a pair set of succes-

sors in one patient. For all five successors, the partners of the

congenitally defected successors were considered “normal.”

4 | DISCUSSION

Until recently, the GT could not receive adequate attention in dental

fields including pediatric dentistry and oral and maxillofacial radiology.

Before the extensive use of CBCT or MDCT in dentistry, GTs would be

seen as very thin and round radiolucent structures and be very difficult

to visualize on two-dimensional radiographs such as dental and pano-

ramic radiographs.2,3,6,7 In addition, the majority of dentists are inter-

ested only in tooth-related or alveolar bone-related diseases, and not

normal structures such as the GT.2–8 However, rapid and extensive

attention to radiological analysis of GTs is needed because previous

reports showed that abnormal eruption of a permanent tooth and the

origin of odontogenic masses appear to be associated with a GT.2–5

Fused deciduous teeth are among the representative anomalies of

teeth, and they are related to abnormal eruption of the permanent suc-

cessor teeth.11,12 Therefore, we hypothesized that GTs in successional

teeth related to fused deciduous teeth could have specific characteris-

tics that would induce impacted and/or delayed eruption. In the pre-

sent study, CT imaging characteristics of GTs in successional teeth

related to fused deciduous teeth were analyzed. The most interesting

result of the present study is that the GTs of two successional teeth

related to fused deciduous teeth became fused on MDCT and CBCT.

To our surprise, fusion of GTs could be visualized in all cases without a

congenital defect of successor teeth in the present study. The present

investigation is the first to demonstrate the imaging characteristics of

the GTs of successional teeth related to fused deciduous teeth.

There have been many reports that the presence of deciduous

fused teeth could cause delayed and impacted eruption of the perma-

nent successor teeth.11–13 Interestingly, the GTs in mesial successors

run vertically, and the GTs in distal successors were inclined to mesial.

The mesial successors were not inclined, and the distal successors

inclined mesially along with the inclined GT. Simultaneously, delayed

tooth formation, such as delayed crown formation and root formation,

was detected at the same rate in successional teeth. The tendency to

impaction or delayed eruption of successors related to fused decidu-

ous teeth may be caused by the fusion of GTs that are involved in

eruption guidance. One of the causes of impaction or delayed erup-

tion of successors may have been that two successors collided with

each other in the middle of eruption, because eruption guidance fused

to one. This is based on the result that the GTs of successor teeth

with a congenital defect of the other successor teeth were vertical,

and such successors were considered “normal.” However, we cannot

explain the cause of the delayed tooth formation from the perspective

of fused GTs. More histopathological research is needed to answer

these questions.

There have been no reports of the formative cause of specific

GTs. However, it has been reported that the causes of fused decidu-

ous teeth might be physical force or pressure from the follicles of

adjacent teeth, hereditary conditions at the local site, and/or contigu-

ity between two dental sacs.12,18,19 A possible explanation is that one

of the causes of fused teeth might also cause the fusion of GTs in two

successor teeth. Unexpectedly, non-fusion GTs in successional teeth

related to deciduous fused teeth were not observed. If such cases did

exist, the GTs of successors might be vertical. The appropriate expla-

nation for such cases could not be determined. In the present study,

the occurrence rates of fused deciduous teeth and abnormalities of

successors were higher than in previous studies.11–13,20,21 Of course,

the patients involved in the present study could be biased because

the present study was retrospective, and 7 of 15 patients involved in

this study had a clinical need for CT examinations for fused tooth

sites. If the GTs of all successional teeth related to fused deciduous

teeth of cases that did not require CT examinations clinically would

be analyzed clinically and pathologically, an as yet unknown formative

mechanism for the fusion of GTs and/or fused deciduous teeth might

be discovered. We expect that many more reports of the structure

will be published in the future. The present study demonstrated that

the abnormality in the GTs of the successional teeth related to fused

deciduous teeth would obstruct the normal eruption of teeth.

Why is this very characteristic imaging finding of GTs in succes-

sional teeth related to fused deciduous teeth often overlooked? This

could probably be due to the lack of attention given to the GT in the

dental field, especially pediatric dentistry and oral and maxillofacial

radiology, so far, despite its important role in tooth eruption, as men-

tioned above.2–13,22,23 Most dentists are perhaps only interested in

tooth-related or alveolar-related diseases, and not in normal struc-

tures such as the GT. Another reason might be that the GTs could not

always be visualized as radiolucent tracts on panoramic and dental

TABLE 3 Relationship between with
or without congenital defects of
successors and presence of abnormalities

Number of teeth

Normal Abnormal Abnormal rate (%)

Case without congenital defect of successors 2 18 90.0

Partner of congenitally defected successors 5 - 0.0
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radiographs. Dentists must pay more attention to the GT, and we

expect many more reports on this structure in the future.

The present study had some limitations. First of all, the present

study was a retrospective study including patients with a clinical

need for CT examinations of fused tooth sites, as mentioned above.

Therefore, prominent abnormal successional teeth, such as disturbed

eruption, might have been limited in the present sample. However,

the imaging characteristics of GTs in successional teeth related to

fused deciduous teeth on CT were elucidated for the first time. In

addition, based on the present data, dentists must pay more atten-

tion to the relationships between abnormal successional teeth

related to fused teeth and the GTs of fused teeth, and we expect

that many more reports of the structure will be published in the

future. Second, it was not possible to analyze the pathological find-

ings of fused teeth and GTs because this was a retrospective study.

Third, the present study was a retrospective study of patients with a

clinical need for CT examinations, as mentioned above. A further

limitation of this study was that only Japanese subjects were

examined.

The present study showed the CT imaging characteristics of GTs

in successional teeth related to fused deciduous teeth. The abnormali-

ties of successional teeth related to fused deciduous teeth may be

associated with the characteristics of their GTs.
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