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Abstract

Aim: The Gubernaculum Dentis (GD) is a structure that serves as the eruption path for permanent teeth, extending from the tooth follicle to the gingiva and including 
the gubernacular cord. It plays a crucial role in the normal eruption process by providing a defi ned path for the tooth to emerge through the bone. Radiographically, GD is 
visible as a radiolucent area, bordered by cortical bone, around the crown of an unerupted tooth on standard X-rays. On Cone Beam Computed Tomography (CBCT) scans, 
it appears as a hypodense cortical path adjacent to the dental follicle of the unerupted tooth.

This study aims to examine the prevalence, radiological appearance, and characteristics of GD in unerupted permanent teeth with CBCT and to investigate its 
characteristics according to the Demirjian dental calcifi cation scale. 

Materials and methods: Radiographic images of 75 pediatric patients whose CBCT images were taken for various reasons were analysed retrospectively. The prevalence 
of GD in the images, types of shapes, attachment sites to the teeth, and areas of openings in the alveolar crest were evaluated. GD angle and length measurements were 
made on CBCT images. Teeth were classifi ed according to Demirjian tooth development method and the relationship between GD and tooth development was examined. 

Results: The prevalence of GD was found as 73.5% in the 1055 unerupted teeth that were examined. While the prevalence of GD was 60% in the maxilla, it was found 
as 87.8% in the mandible. (p < 0.001) When the shapes of GDs were analyzed, the most common shape was fl at with 54.8%, followed by rectangular with 38.7%. When the 
opening sites of teeth with GD were examined, the highest rate was found in palatinal and lingual with 57.8%, followed by the crest apex with 40.9%. The mean GD angle 
was found as 6.260, while the mean length was found as 3.93 mm. According to the Demirjian tooth calcifi cation scale, the highest rate of GD was seen in stage C teeth 
with 92.7%, while the lowest rate of GD was seen in stage A teeth with 33.3% (p < 0.001). 

Conclusion: According to the results of this study, it was found that GD was mostly in the maxilla and fl at. GD length value was found to be higher in the mandibular 
teeth, Demirjian scale A and especially canine teeth.
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Introduction

GD is an eruption pathway that extends from the follicle of 
permanent teeth to the gingiva and includes the gubernacular 
cord [1-4]. Since it represents the eruption pathway of the tooth 
in the bone, GD plays an important role in the normal eruption 
of permanent teeth [1,2,5,6]. Histologically, it is a bony canal 
that connects the pericoronal follicular tissue of successive 
teeth with the overlying gingiva, opens to the alveolar bone 
crest posterior to the deciduous teeth, and consists of a 

fi brous band [1]. It also produces many chemical mediators 
that induce osteoclastic bone resorption. Thus, an eruption 
pathway is formed on the lingual aspect of the deciduous teeth 
for permanent teeth, which guides these teeth to the eruption 
position [7].

GD has a small and thin anatomical structure with a mean 
diameter of 1 mm - 3 mm. Since this thin structure is in alveolar 
bone, it is extremely diffi cult to distinguish it from bone marrow 
cavities on conventional two-dimensional radiographs [8]. 
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Radiologically, it is observed as a cortical limited radiolucent 
pathway around the crown of the tooth on direct radiographs 
[3]. However, GD may not always be observed, especially on 
panoramic radiographs [9]. Radiologically, it can be best seen 
in CBCT images [8]. It is observed as a hypodense cortical 
pathway adjacent to the tooth follicle of an unerupted tooth in 
CBCT and CT [3]. 

The method developed by Demirjian, et al. in 1973 
assesses the dental morphological development of children 
using panoramic radiographs. It defi nes eight stages (A-H) 
of mineralization for the seven permanent teeth in the left 
mandible, and the numerical values corresponding to these 
stages are used to determine dental maturation. In 1976, 
Demirjian and Goldstein expanded the method by increasing 
the age group and sample size, making it possible to estimate 
age based on the development of four teeth. In this study, we 
aimed to explore the developmental stage of the tooth and its 
relationship with GD. To ensure a more objective and literature-
supported evaluation of tooth development, we applied the 
Demirjian Tooth Development and Calcifi cation Scale.

GD is mentioned in some anatomy textbooks, but there 
is limited research regarding its existence, appearance, and 
signifi cance. Despite its importance, GD has not received 
considerable attention in dental fi elds, including pediatric 
dentistry and oral and maxillofacial radiology. It is crucial 
to analyze CBCT images from pediatric patients to better 
understand the radiological appearance and characteristics 
of GD, particularly during the mixed dentition phase. This is 
important for evaluating the prognosis and treatment planning 
of unerupted or impacted teeth, especially in cases involving 
orthodontic issues. This study aims to determine the prevalence 
of GD in permanent teeth, investigate its radiological features, 
and examine its characteristics based on the Demirjian tooth 
calcifi cation scale.

Materials and methods

Ethical approval was obtained for this study from the 
Ondokuz Mayıs University Clinical Research Ethics Committee 
(OMÜ KAEK 2021/327).

This study was conducted as Lale RİZELİ’’s specialization 
thesis in 2023 at Ondokuzmayıs University, Faculty of Dentistry, 
Department of Oral and Maxillofacial Radiology.

Tomographic images of 75 pediatric patients who were 
admitted to Ondokuz Mayıs University, Faculty of Dentistry, 
Department of Oral and Maxillofacial Radiology between 2012 
and 2019 and whose CBCT images were taken for various 
reasons were analyzed retrospectively. 

Inclusion criteria

Permanent teeth that are expected to erupt normally in the 
tomographic images of pediatric patients between the ages of 
5 and 12 who were in a mixed dentition period were examined. 

Exclusion criteria

Teeth with eruption disturbances such as impacted 

teeth without normal eruption, supernumerary teeth, and 
transmigration, patients with systemic diseases that affect 
the bone (Rickets, hyperparathyroid, etc.), images that had 
artifacts for various reasons and diagnostically insuffi cient 
were excluded from the study. 

The images were obtained with a dental volumetric imaging 
system (GALILEOS Comfort Plus, Sirona Dental Systems, 
Bensheim, Germany) operating at 98 kVp and 15-30 mAs, 15×15 
cm FOV. CBCT images were created with 0.3/0.15 mm³ isotropic 
voxels, 14 sec scanning time, 2-6 sec irradiation time, and 204° 
rotation. 

Simultaneous reconstruction was performed with SIRONA 
Sidexis XG 2.61 imaging software by using isotropic voxels 
of 12-bit grey scale depth and 0,25 mm³ size (measurement 
accuracy ± 0,15 mm).

All examinations and measurements were performed on 
a 3.7 MP, 68 cm, 2560 × 1440 resolution, 27-inch color LCD 
screen (The RadiForce MX270W, Eizo Nanao Corporation, 
Ishikawa, Japan).

In the CBCT images, 1055 tooth germs in the unerupted 
alveolar jaws in the maxilla and mandible were examined in 
sagittal, coronal, and axial planes. Attachment properties of 
GD to the teeth and their opening to the alveolar crest were 
examined on CBCT images. The angular value between the long 
axis of teeth and the long axis of the gubernacular canal (Figure 
1) and the length measurements of the gubernacular canal 
were measured on cross-sectional images (Figure 2). In the 
images, GD were classifi ed as fl at, rectangular, angular, curved, 
contracted, test tube and occluded according to their shapes 
(Figure 3). GD was classifi ed according to the location of the 
opening in the alveolar crest. These are openings to palatinale 
in the maxilla and lingual in the mandible, to the buccal of the 
alveolar crest, to the apex of the alveolar crest, and between 
the roots of the deciduous teeth (Figure 4). Attachment of GD 
to tooth was classifi ed as incisally and occlusally, crown lateral 
surface, cervical and root surface. The presence and absence 
of GD in each tooth were determined radiologically and the 
teeth were classifi ed according to the tooth classifi cation scale 
Demirjian method (Figure 5). Tooth development consisted 
of 8 stages viz., A, B, C, D, E, F, G, H according to Demirjian 
calcifi cation scale [10].

 

Figure 1: The angular value between the plane passing through the long axis of the 
teeth and the axis passing through the center of the GD shows the angulation value 
of GD.
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Data analysis

The data were analyzed with IBM SPSS V23. Normality 
distribution was analyzed with the Shapiro-Wilk and 
Kolmogorov Smirnov Test. Mann Whitney U Test was used to 
compare non-normally distributed variables in paired groups. 
Kruskal Wallis Test was used to compare the non-normally 
distributed variables in groups of three or more and multiple 
comparisons were conducted with Dunn’s Test. Pearson 

Chi-square test was used to compare the categorical data. 
Spearman’s rho correlation coeffi cient was used to examine 
the correlations between non-normally distributed variables. 
Analysis results were shown as frequency (percentage) 
for categorical data and as mean± standard deviation and 
median (minimum-maximum) for quantitative variables. 
Intraobserver agreement was evaluated with the Intraclass 
Correlation Coeffi cient (ICC). The level of signifi cance was 
taken as p < 0.050.

Results

In this study, GD was considered as a thin cortically 
circumscribed hypodense canal adjacent to the tooth 
follicle. A perfect fi t was observed for all values between the 
measurements of the observer at different times. (ICC: 0,968-
0,985) 68% of the participants were boys, while 32% were girls 
and the mean age of the participants was found as 8.51 ± 1.63.

GD was observed in 73.5% of the teeth analyzed. Distribution 
of the presence of GD in the maxilla was found to differ 
according to tooth groups (p < 0.001). GD was found with a rate 
of 89.6% in incisors, 73.3% in canines, 18.9% in premolars, 
and 95.5% in molars. Distribution of the presence of GD in the 
mandible was found to differ according to tooth groups (p = 
0.009). GD was found with a rate of 92.7% in incisors, 90.5% in 
canines, 81.5% in premolars, and 92% in molars. It was found Figure 2: GD length was determined as the distance from the point where GD is 

attached to the tooth to the point where it opens to the alveolar crest.

Figure 3: GD types in CBCT images are fl at (A), rectangular (B), angular (C), curved (D), contracted (E), test tube (F), occluded (G).

Figure 4: GD opening places in CBCT images to the buccal (A), lingual (B), crest apex (C), and (D) roots of deciduous teeth.
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that the rate of the presence of GD differed according to the 
state of being in the mandible or maxilla (p < 0.001). While the 
rate of GD was 60% in the maxilla, it was found as 87.8% in 
the mandible. 

In terms of the shapes of GDs, while the most common 
shape was fl at with 54.8%, this was followed with the rectangle 
with 38.7%. A statistically signifi cant difference was found 
between the distribution of shapes of GDs according to tooth 
groups (p < 0.001). Only fl at shape was found in incisors. The 
most common type of GD in canines was fl at with a rate of 
89%, while it was also fl at in premolars with a rate of 84.1%, 
and rectangular in molars with a rate of 96.8%. 

When the attachment sites of GDs are examined, it can be 
seen that 100% are attached incisally and occlusally. 

When the opening sites of teeth with GD are examined, it 
can be seen that the highest rate is palatinal and lingual with 
57.8%, followed by the crest apex with 40.9%. The distribution 
of opening sites was found to differ according to tooth groups 
(p < 0.001). The opening site with the highest rate was palatinal 
and lingual in incisors with a rate of 94.9%, in canines with a 
rate of 99.4%, and in premolars with a rate of 91.7%, it was the 
apex of the crest in molars with a rate of 98.4%. A difference 
was found between the distribution of opening sites in terms 
of tooth shape (p < 0.001). The highest rate of opening was 
lingual and palatinal with a rate of 94.3% in fl at shape and with 
a rate of 90.5% in curved shape. The highest rate of opening 
was the apex of crest with a rate of 98.7% in rectangular shape. 
In angular shape, the opening site was buccal with a rate of 
50% and lingual and palatinal with a rate of 50%. 

The mean GD angle was found as 6.260, while the mean 
length was found as 3.93 mm (Table 1).

A statistically signifi cant difference was found between the 
median values of angles in terms of the shape of GD (p < 0.001). 
While the highest median value of angle was found in angular 
GDs with 15.850, the median value of angle was found as 110 in 
contracted GDs, as 10.40 in curved GDs, and as 5.10 in occluded 
GDs. No difference was found between the median values of 
the GD angle in terms of being in the maxilla or mandible (p 
= 0.882).

A difference was found between the median values of 
length in terms of GD being located in the maxilla or mandible 
(p < 0.001). While the median value of GD length in the maxilla 
was 3.24 mm, this value was found as 4.1 mm in the mandible. 
A statistically signifi cant difference was found between the 
median values of GD angles in terms of tooth groups (p < 0.001). 
The highest median angle value was found in incisors at 7.20, 
while the median angle value was found at 6.30 in premolars. 

A statistically signifi cant difference was found between 
the median values of length in terms of the shape of GD (p 

Figure 5: Classifi cation of teeth with GD in CBCT images in terms of Demirjian scale A, B, C, D, E, F, G.

Table 1: Frequency distributions and descriptive statistics of the analysed 
characteristics of GD.

  Frequency Percentage

GD

Present 775 73.5

Absent 280 26.5

Opening site

Buccal of the crest 9 1.2

Crest apex 317 40.9

Lingual or palatine of the crest 448 57.8

Root of deciduous tooth 1 0.1

Attachment site

Incisal and occlusal 775 100

Crown lateral surfaces 0 0

Cervical 0 0

Root 0 0

Shape

Angular 10 1.3

Contracted 4 0.5

Test tube 12 1.5

Rectangular 300 38.7

Flat 425 54.8

Curved 21 2.7

Occluded 3 0.4

Mean ± sd Median (min - max)

Angle 6.26 ± 3.87 5.3 (1.5 – 41.6)

Length 3.93 ± 1.89 3.75 (1 - 31)
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< 0.001). While the highest length was found in a contracted 
shape with 8.79 mm, it was found as 6 mm in an angular 
shape, 5.29 mm in a test tube shape, and 5.64 mm in a curved 
shape. A statistically signifi cant difference was found between 
the median values of GD length in terms of tooth groups (p < 
0.001). The highest median length value was found in canines 
with 4.71 mm and this value was found to be different from 
other tooth groups. 

Distribution of the presence of GD was found to differ in 
terms of calcifi cation scale (p < 0,001). The lowest GD incidence 
was found in teeth with a calcifi cation stage of A (33.3%), 
while the highest GD incidence was found in teeth with a 
calcifi cation stage of C (92.7%) (Table 2). Median values of the 
GD angle were found to show statistically signifi cant difference 
in terms of calcifi cation scale (p < 0.001). While the highest 
angular median value was found in stage D with 5.90, this value 
was found at 5.80 in stage E, at 5.20 in stage F, and 4.550 in 
stage G. The Median value of GD was found to be statistically 
signifi cantly different in terms of calcifi cation scale (p < 0.001). 
The highest median length was found in stage A with 4.21 mm, 
while the lowest median length was found in stage G with 2.1 
mm.

Discussion

GD is the eruption pathway that connects the enamel 
organ to the oral mucosa [11,12] and has an important role in 
the eruption of teeth [6,11]. However, in addition to the little 
interest in this structure in the fi eld of dentistry, there are few 
studies in the literature on the presence and appearance of this 
structure [1,3].

GD is approximately 1 to 3 mm in diameter and cannot 
be seen clearly in two-dimensional imaging methods such 
as panoramic radiography. Besides, superpositions and 
magnifi cations in the images limit the evaluation of this 
structure. For this reason, GD can be accurately evaluated only 
with tomographic sections [3,12]. CBCT has a lower radiation 
dose than computed tomography and it is widely used in 
dentistry since it provides high-quality images [13,14].

Nishiado, et al. [3] reported that GD in normally erupted 
maxillary and mandibular central incisor, lateral incisor, canine 
and premolar teeth was observed as a hypodense elongated 
cortical canal adjacent to the tooth follicle in the lingual part of 

deciduous teeth in tomographic images. The same researchers 
reported GD in molars to be radiologically similar, but wider. 
In our study, GD was radiologically observed as a hypodense 
cortical canal adjacent to the tooth follicle in CBCT images. 

Nishiada, et al. [3] examined normally erupted permanent 
teeth and 62 supernumerary teeth of 110 pediatric patients 
retrospectively from CBCT, MDCT, and panoramic radiographic 
images. While they reported the presence of GD less frequently 
in panoramic radiographs when compared with CBCT and 
MDCT, they reported that GD was found to be present at a 
lower rate in premolars compared to other teeth. Similar to this 
study, our study also had a pediatric patient population, 1055 
teeth were analyzed in CBCT and 73.5% GD was found. Similar 
to this study, a lower rate of GD was found in premolars in the 
maxilla and mandible. We believe that the reason for this is 
the fact that the crowns and GDs of premolars are between the 
roots of temporary molars and they are superposed on each 
other in radiographs. 

Oda, et al. [15] examined 725 normally erupted, late erupted, 
and mesiodens teeth of 205 patients between the ages of 4 and 
81 in MDCT and CBCT images. While the rate of GD was higher 
than 90% in normally erupted teeth, in late erupted teeth, it 
was 83.3% in centrals, 83.3% in laterals, and 50% in canines. 
The rate of GD was found as 23.4% in mesiodens and this 
rate was found to be signifi cantly low. In the present study, 
normally erupted teeth were examined, and the rate of GD was 
found as 73.3%. The fact that the presence of GD was high in 
both studies supports the view that GD has an important role 
in eruption. 

Koç, et al. [16] used the CBCT images of 250 patients 
between the ages of 6 and 70 and analyzed 753 impacted and 
unerupted teeth of 250 patients between the ages of 6 and 70 
by using CBCT images. Of all the teeth analyzed, GD prevalence 
was found to be relatively low in central, lateral, and fi rst 
molar teeth. Koç, et al. [16] suggested that the reason for this 
was the relatively low number of CBCT images that belonged to 
patients younger than 9 years of age in the patient group. Since 
the patient group in our study was between the ages of 5 and 
12 and since they had normally erupted teeth, the prevalence 
of GD was found to be different than this study, and higher 
statistical results were found. In addition, unlike this study, 
we found and radiologically defi ned GD in all teeth including 
third molars in the maxilla and mandible, although at different 
rates. In addition, in Koç, et al.’s [16] study, while GD was 
found with a rate of 91.8% in teeth that did not have eruption 
disturbances, it was found with a lower rate of 57.2% in teeth 
with eruption disturbances. While the rate of GD was low with 
a rate of 54.8% in teeth with a pathology, a negative signifi cant 
correlation was found between the presence of pathology 
(follicle enlargement, root resorption, resorption in impacted 
teeth) and the presence of GD. 

Araujo, et al. [17] examined GD in CBCT images of 159 
patients between the ages of 5 and 36. The study included 423 
normally erupted teeth (70%), 35 late erupted teeth (5.9%), 
and 140 impacted teeth (23.4%). While GD was found with a 
rate of 87.1% in normally erupted teeth, it was found with a 

Table 2: Presence of GD in terms of Demirjian calcifi cation scale.
  GD

Total Test St. p
 

Present
n,%

Absent
n,%

Calcifi cation
A 4 (33.3) 8 (66.7)  12 (100)

68.106 < 0.001

B  51 (85)  9 (15)  60 (100)
C  177 (92.7)  14 (7.3) 191 (100)
D  302 (65.8)  157 (34.2) 459 (100)
E  166 (75.5) 54 (24.5) 220 (100)
F 59 (64.8) 32 (35.2)  91 (100)
G 16 (76.2)  5 (23.8)  21 (100)
H 0 0 0

Pearson Chi-Square Test
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rate of 62.9% in late erupted teeth and with a rate of 87.1% in 
impacted teeth. In addition, while the late eruption was found 
in 5.2% of the teeth with GD, a later eruption was found with 
a rate of 34.2% in teeth without GD. When the data of studies 
in the literature are reviewed, Oda, et al .[16], Koç, et al. [17] 
and Araujo, et al. [17] reported the presence of GD to be lower 
in teeth with late erupted, impacted teeth, and teeth with 
eruption anomaly when compared with normally erupted teeth. 
These three studies have parallel results and they support the 
importance of GD in normal eruption of teeth.

Zengin, et al. [9] found GD prevalence as 77.2% in 
supernumerary teeth. GD prevalence was found as 54.8% in 
the maxilla and 45.2% in the mandible and no signifi cant 
difference was found between them. In the present study, 
GD was found with a rate of 60% in the maxilla and 87.8% in 
the mandible, and a signifi cant difference was found between 
them. According to this result, the rate of GD was higher than 
the maxilla. 

Araujo, et al. [17] classifi ed teeth in terms of formation 
(crown formation, root formation, open apex, closed apex) 
and found higher GD in earlier stages of tooth formation. 
In our study, teeth were classifi ed in terms of the Demirjian 
tooth calcifi cation scale (A, B, C, D, E, F, G, H). In Demirjian 
classifi cation, A, B, C, and D scales are the early formation 
stages of teeth and in stage D, crown formation is completed at 
the connection point of crown-cement [10]. While the highest 
GD was found in stage C (92.7%), this was followed by stage 
B (85%). The lowest GD was found in stage A (33.3%). In our 
study, except for stage A, a higher rate of GD was found in 
teeth in the early calcifi cation stage, similar to Araujo, et al. 
[17] study. In teeth at E, F, G, and H Demirjian calcifi cation 
stages where the beginning and development of root formation 
is observed, a lower rate of GD was found, in parallel with 
the results of this study. Unlike this study, we did not have 
a patient group in stage H where the root apex is closed and 
therefore it was not possible to evaluate GD at this stage. 

Zengin, et al. [9] reported the highest rate of GD shape as 
fl at with a rate of 46%. In our study, similar to the results of 
this study, fl at GD was found with a rate of 54.8%, followed by 
rectangular shape with a rate of 38.7%. The lowest rate of GD 
shape was found as occluded GD (0.4%). Signifi cant differences 
were found in our study between GD shapes and teeth. While 
only fl at GD was found in incisors, rectangular GD was found 
in molars with a rate of 96.8%. Occluded and test tube GD were 
found only in canines. Angular and contracted GD were found 
only in premolars. In their study, Nishiado, et al. [3] reported 
wider GD shape (rectangular) in molars. Chaudhry, et al. [7] 

also described GD as a wider rectangle in the molars. 

In our study, GD was attached to all teeth incisally and 
occlusally from the upper part of the crown with a rate of 
100%. Cervical and root surface attachment were not observed. 
In Oda, et al.’[15] study, while the attachment site of GD to the 
tooth was the crown in all normally and late erupted maxillary 

teeth, the GD attachment site was mostly the cervical and root 

area in mesiodens. Unlike Oda, et al. [15], Zengin, et al. [9] 

reported that in supernumerary teeth, GD attached to teeth 
incisally and occlusally with a rate of 82.7%. 

In the present study, no correlation was found between 
GD attachment in terms of GD shapes. In all shapes, GD is 
attached from the upper part of the crown, incisally and 
occlusally. Zengin, et al. [9] reported that in rectangular-
shaped supernumerary teeth, GD is mostly attached to teeth 
from lateral surfaces. 

In our study, GDs opened to alveolar crest in erupting teeth. 
GDs most frequently opened to palatine in the maxilla and the 
lingual crest in the mandible with a rate of 57.8%, followed by 
the apex of the crest with a rate of 40.9%. In addition, 1.2% 
GDs opened to the buccal of the crest and only one GD opened 
to the root of deciduous teeth. In Oda, et al.’ ‘s [15] study, in all 
maxillary central, lateral, and canine teeth with normal and late 
eruption, GDs opened to the alveolar crest. In the same study, 
while GDs opened to the alveolar crest in mesiodens teeth with 
normal orientation, inverted mesiodens teeth opened to the 
incisive canal at a rate of 90% and to the alveolar crest with a 
rate of 10%.

While the teeth analyzed in our study normally erupted, 
no abnormal angulation was found between the teeth and GD. 
When Oda, et al. [15] examined the angulation of GDs to teeth, 
they found that GD had higher angulation in late-erupted teeth 
when compared with normally erupted teeth. In this study, no 
difference was found between the jaws in terms of the median 
angulation values of GDs to the axis of teeth. In our study, 
when evaluated in terms of GD shape, the highest angulation 
value was found in angulated GD with (15.850), while when 
evaluated in terms of teeth, the highest GD angulation value 
(7.20) was found in incisors and Stage D. In their study with 
supernumerary teeth, Zengin, et al. [9] found mean angulation 
of GDs as 170 in the mandible and 430 in the maxilla and reported 
a difference between these.

In the present study, the median length value of GD was 
found to be higher in the mandible at 4.1mm. The values found 
in the study by Zengin, et al. [9] are different and there are 
differences between, with 2.8 mm in the maxilla and 1mm in 
the mandible. Zengin, et al. [9] reported that GD was shorter 
in rectangular type. In our study, GD was the longest in 
contracted type and canines. We believe that this is probably 
because canine teeth have longer eruption pathways than the 
other teeth [18]. 

In a 2024 study by Liu P, et al. [19], CBCT images of 50 patients 
were analyzed to reconstruct and evaluate the 3D models of the 
GD for mandibular canines. Various characteristics of the GD 
were assessed using a centerline fi tting algorithm. The study 
found that among the 100 GDs examined, the length of the GD 
for mandibular canines decreased between the ages of 5 and 9 
years, while the diameter increased until the age of seven. 

When GD length was evaluated in terms of the Demirjian 
calcifi cation scale, the highest GD median length was found 
in stage A teeth as 4.21 mm, while the shortest median length 
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was found in stage G teeth as 2.1 mm. Demirjian Stage A is 
the earliest calcifi cation stage and there are only cone-shaped 
calcifi cation points on teeth, which have not yet fused. In 
Demirjian Stage G, root formation is completed to a large 
extent and the apex is open [10]. Carlson H. [20] reported that 
tooth eruption started after the formation of the crown of the 
tooth and eruption started in the crown after the formation 
of the root. No changes occur in the shape of GD in the pre-
eruption stage of the tooth [21]. 

In the eruption stage, GD is enlarged with osteoclastic 
activity and the tooth moves to the oral mucosa [11]. Nishiado, 
et al. [3] reported that the length of GD became shorter and 
disappeared with the eruption of the tooth to the alveolar crest. 
In line with this information, we can see that while longer GD 
is seen in teeth at Stage A, GD is shorter in teeth at Stage G. 

The present study has some limitations. The number of 
CBCT images is small and the sample size is also small. In 
addition, we do not have data about the clinical examination and 
results of patients. Since a control CBCT cannot be taken from 
the patients in terms of ALARA principles, it was not possible 
to follow up on the teeth that were expected to erupt normally. 
In addition, since there were no teeth at the Demirjian H stage 
among the teeth analyzed in our study, GD shapes and other 
radiological characteristics of teeth in this development stage 
were not evaluated. 

GD plays a crucial role in tooth eruption, yet there remains 
a lack of suffi cient information on this topic. For future studies, 
we suggest utilizing high-resolution CBCT devices with a small 
fi eld of view (FOV) to gain more detailed insights into this 
subject.

Conclusion

In the present study, the radiological appearance and features 
of GD in unerupted permanent teeth were examined with CBCT, 
and the relationship between GD and tooth development was 
evaluated. According to our current knowledge, this is the fi rst 
study to evaluate GD in terms of tooth development methods. 
It is very important to determine the radiological appearance 
and features of CBCT images taken from pediatric patients, 
especially in mixed dentition periods, and in the evaluation of 
the prognosis and treatment planning of unerupted/impacted 
teeth with orthodontic problems. Clinicians’ evaluation of the 
eruption process and prognosis in the light of this information 
can enable them to make more accurate decisions in treatment 
planning. 
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