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Abstract 

This study aimed at performing and comparing third molar development staging in 

extracted teeth (EX), in panoramic radiographs (PAN) and in cone beam computed 

tomography (CBCT). Extracted third molars (n=158, 95 maxillary, 63 mandibular) from 

102 patients (36 males, 66 females) having at least one preoperative PAN and one 

CBCT volume were studied. Third molar development staging was performed in PAN, 

EX and in CBCT using Gleiser et al. (1955) technique modified by Köhler et al (1994). 

A polytomous logistic regression model was used to compare the staging performed EX 

and in CBCT with the gold standard staging in PAN. In all the pair-wise comparisons 

between staging modalities 100 third molars (63.3%) were equally staged. The other 58 

third molars (36.7%) were staged with a maximum difference of one stage. No 

statistically significant differences between the three staging modalities were detected 

(p=0.26). The comparison between EX and PAN staging revealed higher similarity 

(p=0.98 in stages 5-10) than the comparison between CBCT and PAN staging (p=0.81 

in stages 5, 7 and 9, and 0.80 in stages 6, 8 and 10). The studied third molar staging 

technique originally designed in PAN can be applied for third molar staging EX and in 

CBCT.  

Keywords: cone beam computed tomography; forensic dentistry; panoramic 

radiography; third molar 

  

 

 

Introduction 

Dental age estimation is performed in forensic dentistry both in the living and 

the deceased [1]. In the living, the methods are non-destructive and the used medical 



imaging is applied with minimal radiation doses [2, 3]. Panoramic radiographs (PAN) 

offer the perfect balance between the number of visible dental and maxillofacial 

structures and the required radiation dose. Age estimation investigations are most 

commonly requested for asylum seekers [4], adopted children [5], sports players [6] and 

juvenile offenders [7]. To retrieve more detailed information from the human teeth, in 

the deceased, additional exams such as computed tomography [8-10] may be added to 

conventional bidimensional radiography. Dental age estimation of the deceased is 

integrated in most human identification protocols [11, 12]. 

Developing third molars are assessed as source of age-related information in 

subadults together with the maturation of all other teeth earlier in their development [13, 

14]. Most techniques used for dental development registration classify tooth 

development in pre-defined stages observed in PAN [15-17]. In the Köhler et al. [16] 

technique, the crown, root and apex development of maxillary and mandibular third 

molars are classified in three, five and two developmental stages, respectively. Over the 

last decades, this technique was widely used in population-specific age estimation 

studies [18-21]. 

All human dental development staging techniques were originally designed on 

conventional radiographs. Hence, a radiograph inherent dental morphology is registered 

and used for stage allocation. Analyses of extracted teeth (EX) and in computed 

tomography – especially cone beam computed tomography (CBCT) – enable a 

tridimensional visualization of the dental morphology. Staging techniques originally 

designed on radiographs should be tested for reproducibility in EX and in CBCT. This 

study aimed to compare tooth development staging in PAN with EX, and in CBCT. 

 

Material and methods 



This observational study was performed with ethical clearance from the 

institutional Committee of Ethics in Human Research (protocol: #1.363.822). 

Prospectively between 2015 and 2018, 102 patients (36 males and 66 females), 

from South Brazil, aged between 16 and 50 years old (Table 1) were selected based on 

the diagnosis of at least one third molar to be extracted. From each selected subject the 

latest 3 months before surgery a PAN and a CBCT scan were taken for diagnosis and 

surgical planning. The extracted third molars had no decay and were not conservatively 

restored. Third molars fractured during extraction or registered with medical images of 

poor quality were excluded. After surgery, all the third molars were cleaned with 

distilled water by the staff of the institutional tooth databank and were kept in formalin. 

One hundred fifty-eight third molars were sampled (95 maxillary and 63 mandibular). 

The PAN were acquired with an Orthopantomograph OP200D unit (Instrumentarium 

Dental, Tuusula, Finland) set with 66 Kv, automatically corrected mAs between each 

acquisition, and acquisition time of 14.1 seconds. The CBCT was taken with an iCAT 

Next Generation unit (Imaging Sciences International, Hatfield, PA, USA) set with field 

of view of 16x13cm, 0.25 voxel, 37.07mAs, 120kVp, and acquisition time of 26.7 

seconds. 

In all the selected subjects third molar crown developed was complete. Each 

third molar root was staged in PAN, EX and in CBCT, according Köhler et al. [16] (Fig. 

1). The PAN staging (gold standard staging) was accomplished by two examiners 

separately: both forensic odontologists with 3 (main examiner) and 8 years of 

experience, respectively. In case of disagreement a consensus stage was allocated in 

agreement with a third examiner: a maxillofacial radiologist with 25 years of 

experience. PAN were analyzed using Windows 10 image viewer (Microsoft, Redmond, 

WA, USA) in a 15.6” touch screen ThinkPad E580 notebook (Lenovo Group Ltd., 



Morrisville, NC, USA). The EX analysis was performed using a black background and 

a 60mm magnifier lens (magnification up to 200%). The CBCT analysis was 

established using tools for multiplanar view and 3D reconstructions in a workstation 

with iCAT Vision (Imaging Sciences International, Hatfield, PA, USA) and a Dell 22” 

LED LCD (1080p) screen (Dell Inc., Round Rock, TX, USA). Third molar roots were 

analyzed in each CBCT image series scrolling all the slices, as well as navigating the 

3D reconstructions. The most advanced third molar developmental stage observed in 

axial, coronal or sagittal plane was considered. Third molars without developed root 

furcation or with fused roots received the same developmental stage for each root 

position and roots that could not be visualized or distinguished were not staged. 

Agreement was established when stage allocation in EX or CBCT matched the stage 

allocation performed in PAN.   

Weighted Kappa statistics was used to quantify the intra- and inter-examiner 

agreement on repeated PAN, EX and CBCT staging of 40 randomly selected third 

molars. The interval between the analyses was 14 days. The obtained data was analyzed 

with descriptive statistics. Pair-wise third molar development staging comparisons 

between PAN and EX or CBCT were established and tested with Chi square tests. A 

polytomous logistic regression model with third molar stage as explanatory variable (y 

axis) and the type of staging modality as response variable (x axis) was developed to 

compare the stage allocation between the staging modalities. The statistical analyses 

were performed with SPSS v21 (IBM Corp. Armonk, NY, USA) and R (The R 

Foundation, Vienna, Austria), the significance levels was set with p<0.05 and the 

confidence interval at 95%. 

 

Results 



Weighted Kappa statistics showed excellent intra-examiner agreement in third 

molar staging in PAN (0.91), EX (0.93) and CBCT (0.91). The inter-examiner 

agreement in third molar staging was excellent in PAN (0.8) and EX (0.86), and good 

(0.69) in CBCT [22]. 

The third molars consisted of 46 maxillary right (Federation Dentaire 

Internationale - FDI: 18), 49 maxillary left (FDI: 28), 32 mandibular left (FDI: 38) and 

31 mandibular right (FDI: 48). Sixty-two third molars had fused roots (FDI 18 n=24; 

FDI 28 n=23; FDI 48 n=9; FDI 38 n=6). 

The roots of one-hundred third molars (63.3%) were equal staged in each staging 

modality (PAN, EX and CBCT). The remaining third molar roots (36.7%) were staged 

with a maximum difference of one stage compared to the PAN staging. In figures 2, 3 

and 4 the obtained stages were distributed based on age and plotted per staging modality 

(PAN, EX and CBCT) for mesial/mesio-buccal, distal/disto-buccal and palatal third 

molar roots, respectively. A detailed description of the frequency of stages per root in 

PAN, EX and CBCT is reported in table 2. 

The Chi-square test revealed no statistically significant differences for the 

pairwise comparison between PAN and EX (p=0.26) and between PAN and CBCT 

(p=0.26). The polytomous logistic regression model showed high similarity in stage 

allocation between PAN and EX, per stage all differences in stage allocation reached 

p=0.98. Between PAN and CBCT, the difference in stage allocation reached p=0.81 for 

stages 5, 7 and 9 and p=0.80 for stages 6, 8 and 10 (Table 3). 

Discussion  

Staging the crown and root formation of developing teeth is one of the most used 

techniques to register the tooth developmental status in forensic scientific and practice 

[23-25]. Currently, most dental staging techniques were developed from bidimensional 



representations of the human teeth in PAN. In practice, dental age estimation requires 

the application of methods as they were originally designed. This implicates that the 

used staging technique should be applied on the staging modality it was developed on. 

If not, it may lead to mistakes reflected in the age estimates. The current study 

compared the staging technique of Köhler et al. [16], established in PAN, in third 

molars assessed EX and in CBCT. The assessment EX was justified because in practice 

it might be performed in skeletal remains, as well as it may represent a contribution to 

human identifications performed in medico-legal facilities not equipped with imaging 

devices. CBCT, on the other hand, was justified because in practice it enables the 

analysis of jaws collected from skeletal remains or even body parts collected from 

mutilated victims of violent death. It is also important to highlight that some CBCT 

devices are designed to scan patients lying in a supine position, which could be an 

alternative to assess dental morphology and development in intact cadavers.    

In this study, the analysis EX was performed after the surgery and within 90 

days from the medical image acquisitions. It is important to note that the patients were 

sampled by convenience to include in this study the largest number of third molar stages 

as possible. However, third molar extraction is not common in children and young 

adolescents. For this reason, no crown formation stages and few early root formation 

stages were sampled.). On the other hand third molar extraction is mainly performed for 

prophylactic reasons [26] in the age range between 20 and 39 years old [27]. In this age 

range, third molars are expected to be in late or complete stage of root formation [25]. 

Accordingly, the mean age of the patients sampled in this study was 24.01 years 

(±4.88). 

Köhler et al. [16] staging was the technique of choice in the present study 

because it is a consolidated approach previously applied for third molar age estimation 



in several studies with different populations worldwide [2, 14, 18-21]. In practice, 

Köhler et al. [16] staging technique is officially used in institutional protocols for age 

estimation of the living, such as the “Triple Test for Unaccompanied Fugitives”, 

developed in Belgium [28]. Moreover, the population sampled in this study was 

originally from South Brazil – a region with strong European ancestral influence 

compatible with Köhler’s original German sample [19]. Finally, there was history of the 

research team with third molar dental age estimation studies with Köhler et al. [16] 

staging, denoting familiarization of the examiners with the technique [2, 19].   

Third molars in Köhler et al. [16] stage 8 (complete root formation), 9 (½ of 

apex formation) and 10 (complete apex formation) are the most difficult to dist inguish 

[29]. Related highest disagreements between observers were reported [30]. Figures 2-4 

illustrate the agreement between staging in PAN, EX, and in CBCT. For root complete 

(stage 8) and apex complete (stage 10), proper staging agreement was detected between 

the different staging modalities in all third molar roots. Differently, apex ½ (stage 9) 

presented discrepant outcomes. This finding may be explained by the bidimensional 

image projection and superimposition of adjacent maxillofacial structures that occur in 

PAN and hamper the visualization of partial apex formation. However, it is important to 

note that despite the clearer visualization of teeth feasible in EX and CBCT, lower 

observer agreement values may occur because the examiners are more used to stage 

dental development in PAN - as proposed by Köhler et al. [16]. In practice, 

discrepancies in staging third molars according to Köhler et al. [16], in different image 

modalities, especially in stage apex ½, must be taken into account as it could influence 

age estimates. On the other hand, it has to be noted that stage 9 covers the shortest 

maturation period of all Köhler et al. [16] stages. Consequently allocating an adjacent 



stage will have the least impact on age predictions compared to adjacent misallocating 

other Köhler et al. [16] stages. 

Considering third molar stages as outcome variable and the type of image 

modality as dependent variable, the polytomous logistic regression model compared the 

staging performance between PAN and EX, and PAN and CBCT. The comparison was 

separately accomplished for each of the third molar stages from 5 to 10. Between PAN 

and EX, a minimal difference was observed in staging performances for each studied 

third molar stage (p=0.98). Between PAN and CBCT the differences were slightly 

higher (p=0.81 in stages 5, 7 and 9, and p=0.80 in stages 6, 8 and 10), but still not 

statistically significant (p>0.05). The discrete discrepancy that makes the comparison 

between PAN and EX less different than PAN and CBCT relies on differences in stage 

allocation performed EX or on CBCT. Stage allocation EX is more straight-forward 

than on CBCT. It requires observer experience to combine during CBCT evaluations a 

detailed slice-by-slice multiplanar navigation through the dental structure with an 

assessment of the obtained 3D reconstruction [31]. Additionally, the surrounding tissues 

and the internal tooth information present on CBCT can be disturbing factors 

influencing the image quality and consequently the stage allocation. Further on the 

inherent loss of image information between slices may complicate the detection of the 

exact threshold between Köhler et al. [16] stages, especially in late root formation. 

Despite the broad use of panoramic radiographs for dental age estimation 

(especially because of destructive procedures are not applicable to the living), 

histological sections [32, 33] remain the pathway for a deeper look at dental 

development. In this study, destructive procedures in the collected sample were not 

feasible, but future studies are encouraged to test third molar staging in from a 

microscopic point of view. Other existing methods for dental age estimation in extracted 



teeth also could be investigated, especially in third molars with complete root formation 

(adults), such as those based on root translucency [34] and size of the pulp chamber 

[35]. Additionally, larger samples should be addressed to cover all third molar 

developmental stages (including crown stages). Moreover, staging on other medical 

imaging techniques such as peri-apical radiographs should be compared with the current 

gold standard (PAN). 

 

Conclusion 

The third molar staging technique originally proposed by Köhler et al. [16] in 

PAN can be applied with similar performance in third molars analyzed EX and in 

CBCT. However, care has to be taken in stages of late root formation, especially in 

stage apex ½ closed (stage 9), due to minor discrepancies in stage allocation between 

PAN and CBCT. 
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Legends of figures 

Fig. 1 – Third molar staging performed according to Köhler et al. [16] in extracted teeth, 

panoramic radiographs and cone beam computed tomography (CBCT) 

Legend: A: extracted third molars; B: third molars in panoramic radiographs; C: third 

molars in CBCT. Third molar staging was separately performed for each of the third 

molar’s roots. Teeth with fused roots were classified with a single stage. In this study, 

stages 5, 6, 7, 8, 9 and 10 (images from 1 to 6, respectively) were the most detected in 

the sampled patients. According to Köhler et al. [16], these stages present root ¼ 

complete (A1, B1 and C1); root ½ complete (A2, B2 and C2); root ¾ complete (A3, B3 

and C3); root complete (A4, B4 and C4); apex ½ complete (A5, B5 and C5); and apex 

complete (A, B and C6), respectively. 

 

Fig. 2 – Mesial or mesio-buccal roots staging plotted per image modalities 

Legend: Köhler et al. [16] stages from 4 to 10: root initial formation; root ¼ complete; 

root ½ complete; root ¾ complete; root complete; apex ½ complete; and apex complete, 

respectively. Circle: staging in panoramic radiograph; Square: staging in extracted teeth; 

Red Mark: staging in cone beam computed tomography. Teeth 18, 28, 38 and 48: 

maxillary right, maxillary left, mandibular left and mandibular right third molars 

according to the Federation Dentaire Internationale (FDI). Age expressed in years. 

Superimposition of the symbols indicates agreement in staging. 

 

Fig. 3 – Distal or disto-buccal roots staging plotted per image modalities 

Legend: Köhler et al. [16] stages from 4 to 10: root initial formation; root ¼ complete; 

root ½ complete; root ¾ complete; root complete; apex ½ complete; and apex complete, 

respectively. Circle: staging in panoramic radiograph; Square: staging in extracted teeth; 



Red Mark: staging in cone beam computed tomography. Teeth 18, 28, 38 and 48: 

maxillary right, maxillary left, mandibular left and mandibular right third molars 

according to the Federation Dentaire Internationale (FDI). Age expressed in years. 

Superimposition of the symbols indicates agreement in staging. 

 

Fig. 4 – Palatal roots staging plotted per image modalities 

Legend: Köhler et al. [16] stages from 5 to 10: root ¼ complete; root ½ complete; root 

¾ complete; root complete; apex ½ complete; and apex complete, respectively. Circle: 

staging in panoramic radiograph; Square: staging in extracted teeth; Red Mark: staging 

in cone beam computed tomography. Teeth 18 and 28: maxillary right and maxillary 

left third molars according to the Federation Dentaire Internationale (FDI). Age 

expressed in years. Superimposition of the symbols indicates agreement in staging.
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Table 1 – Absolute and relative distribution of the 

participants of this study based on sex and age 

Age 

range 

Females 

n (%) 

Males  

n (%) 

Overall 

n (%) 

16-16.9 0 1 (2.8) 1 (1.0) 

17-17.9 2 (3.0) 0 2 (2.0) 

18-18.9 2 (3.0) 0 2 (2.0) 

19-19.9 5 (7.6) 8 (22.2) 13 (12.7) 

20-20.9 2 (3.0) 1 (2.8) 3 (2.9) 

21-21.9 10 (15.2) 2 (5.6) 12 (11.8) 

22-22.9 8 (12.1) 1 (2.8) 9 (8.8) 

23-23.9 6 (9.1) 4 (11.1) 10 (9.8) 

24-24.9 4 (6.1) 4 (11.1) 8 (7.8) 

25-25.9 7 (10.6) 4 (11.1) 11 (10.8) 

26-26.9 5 (7.6) 4 (11.1) 9 (8.8) 

27-27.9 5 (7.6) 2 (5.6) 7 (6.9) 

28-28.9 2 (3.0) 1 (2.8) 3 (2.9) 

29-29.9 1 (1.5) 1 (2.8) 2 (2.0) 

30-30.9 1 (1.5) 0 1 (1.0) 

31-31.9 0 2 (5.6) 2 (2.0) 

32-32.9 3 (4.5) 0 3 (2.9) 

33-33.9 1 (1.5) 0 1 (1.0) 

34-34.9 1 (1.5) 0 1 (1.0) 

40-40.9 0 1 (2.8) 1 (1.0) 

50-50.9 1 (1.5) 0 1 (1.0) 

Total 66 (100.0) 36 (100.0) 102 (100.0) 

n: absolute values; %: relative values. 



Table 2 – Third molar stages based on the technique of Kohler et al. (1994) distributed separately per tooth 

(#18, 28, 38 and 48), roots (mesio-buccal, disto-buccal and palatal) and type of analysis (extracted, in 

panoramic radiographs and in CBCT scans) 

Tooth 
Mesial or mesio-buccal root Distal or disto-buccal root Palatal root 

4 5 6 7 8 9 10 4 5 6 7 8 9 10 5 6 7 8 9 10 

#18 0 3 7 8 25 19 76 0 3 8 10 24 16 77 3 7 13 20 16 79 

Extracted 0 1 3 1 9 6 26 0 1 3 3 7 6 26 1 3 3 6 7 26 

Panoramic 0 1 2 3 9 7 25 0 1 2 4 8 5 27 1 2 5 7 4 28 

CBCT 0 1 2 4 7 6 25 0 1 3 3 9 5 24 1 2 5 7 5 25 

#28 0 6 18 17 15 21 70 0 6 19 17 16 16 74 6 20 12 15 16 77 

Extracted 0 2 7 5 4 8 23 0 2 7 5 4 7 24 2 8 4 3 6 26 

Panoramic 0 1 7 4 6 7 25 0 1 7 4 7 4 27 1 7 4 6 5 27 

CBCT 0 3 4 8 5 6 22 0 3 5 8 5 5 23 3 5 4 6 5 24 

#38 1 3 5 18 15 12 43 1 3 6 18 17 10 40 
      

Extracted 0 1 2 5 5 4 15 0 1 2 5 5 6 13 
      

Panoramic 0 1 2 6 5 4 15 0 1 2 6 7 2 15 
      

CBCT 1 1 1 7 5 4 13 1 1 2 7 5 2 12 
      

#48 0 2 1 11 12 7 57 0 2 1 11 12 11 53 
      

Extracted 0 1 0 4 4 1 20 0 1 0 4 3 3 19 
      

Panoramic 0 1 0 4 4 2 20 0 1 0 4 4 2 20 
      

CBCT 0 0 1 3 4 4 17 0 0 1 3 5 6 14 
      

Total 1 14 31 54 67 59 246 1 14 34 56 69 53 244 9 27 25 35 32 156 

  #18: maxillary right third molar; #28: maxillary left third molar; #38: mandibular left third molar; #48: 

mandibular right third molar; CBCT: cone beam computed tomography; Developmental stages from 4 to 10 

indicate initial root formation, ¼ of root formation, ½ of root formation, ¾ of root formation, complete root 

formation, ½ of apex formation and complete apex formation, respectively. 



Table 3 – Behavior of curves in the Receiver Operating Characteristic analysis based on 

the sensitivity in function of specificity for third molar staging extracted, in panoramic 

radiographs and in CBCT scans 

Specificity 

(%) 

Sensitivity (%) 

Extracted Panoramic radiograph CBCT scans 

Min. Median Max. Min. Median Max. Min. Median Max. 

0 100 100 100 100 100 100 100 100 100 

10 81.66 100 100 70 90 100 100 100 100 

20 66.67 100 100 66.67 84 100 80 100 100 

30 50 83.33 100 54.44 83.33 100 56.67 97.41 100 

40 35.93 77.78 100 34 78.78 94.44 34.42 81.11 100 

50 29.99 71.27 94.44 19.44 66.67 94.44 22.22 61.11 100 

60 17.22 50 89.21 7.99 51.11 88.89 11.11 41.48 89.44 

70 0 38.06 78.9 5.33 27.78 77.06 0 27.78 67.78 

80 0 16.67 58.89 0 16.67 55.56 0 16.67 50 

90 0 3.33 38.89 0 7.41 33.33 0 0 33.33 

100 0 0 11.11 0 0 22.22 0 0 11.11 

Min.: lower bound; Max.: upper bound. 



Table 4 – Behavior of curves in the Receiver Operating Characteristic analysis based on 

the specificity in function of sensitivity for third molar staging extracted, in panoramic 

radiographs and in CBCT scans 

Sensitivity 

(%) 

Specificity (%) 

Extracted Panoramic radiograph CBCT scans 

Min. Median Max. Min. Median Max. Min. Median Max. 

0 100 100 100 100 100 100 100 100 100 

10 61.11 83.33 100 59.33 88.89 100 61.11 83.33 100 

20 55.56 80 96.47 47.99 75.91 100 49.77 77.78 94.44 

30 44.44 75.56 94.44 43.31 67.07 100 42.21 67.78 94.44 

40 33.33 67.78 91.68 38.73 63.14 84 35.65 60.88 87.78 

50 33.33 61.11 87.53 33.33 61.11 83.33 31.48 55.56 81.48 

60 27.78 50.46 81.38 26 54.44 77.79 26.44 50.56 73.33 

70 16.67 50 72.22 10 46.9 73.78 22.22 45.56 69.03 

80 5.56 38.89 70.05 3.33 35.11 66.67 17.78 40.22 64.44 

90 5.56 22.22 57.78 0 10 55.01 14.44 35 58.89 

100 5.56 22.22 44.44 0 0 38.89 11.11 27.78 50 

Min.: lower bound; Max.: upper bound. 

 


