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PANORAMIC RADIOGRAPH IN ESTIMATING TOOTH SIZE 

AND ARCH LENGTH IN CHILDREN. 
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ABSTRACT:ABSTRACT:ABSTRACT:ABSTRACT:        

Background:Background:Background:Background: Mixed dentition space analysis helps to assess 
the amount of space required for the alignment of unerupted 
permanent teeth in the dental arch.  

Objective:Objective:Objective:Objective: This study was conducted to compare between the 
use of study model and digital panoramic radiograph with special 
computer software program in estimating tooth size and arch 
length in children.  

Study design:Study design:Study design:Study design: Study models and digital panoramic radiographs 
with 1:1 magnification factor of one hundred 8-9years old children 
(50 boys and 50girls) were obtained. On the model, the mesiodistal 
tooth size of lower and upper permanent central and lateral 
incisors were measured with an accurate sliding digital micrometer 
caliper. Upper and lower arch lengths were also measured from the 
mesial surface of the first permanent molar in one side of the arch 
to the mesial surface of  the contra lateral side using 0.25 inch 
stainless steel wire. These measurements were then compared to 
that obtained from the digital panoramic radiograph using special 
soft ware program (AUTOCAD 2010). The sum of the mesiodistal 
dimensions of the four permanent mandibular incisors recorded 
from the models were used to predict the combined sizes of the 
unerupted canines and premolars using Moyers, method (at 95% 

                                                 
1- Assistant professor of Pediatric Dentistry, Mansoura University 

2- Lecturer of Pediatric Dentistry, Mansoura University. 



                                                                                                       Egyptian               
Orthodontic Journal 

 2 Volume 37 – June 2010 

level of probability). These predicted measurements of unerupted 
canines and premolars were compared to that measured from the 
digital panoramic radiographs using (AUTOCAD 2010) program.  

Results:Results:Results:Results: No statistical significant difference was observed 
between study model and digital panoramic radiograph with 1:1 
magnification factor in estimating tooth size and arch length in 
children of the present study.  

Conclusion:Conclusion:Conclusion:Conclusion: Using 1:1 magnification digital panoramic 
radiograph with special software computer program is an 
applicable, accurate and effective method for estimating tooth size 
and arch length. 

INTRODUCTION 

Management of space problems associated with the transitional 

stages from primary to permanent dentition is a routine procedure of 

pediatric dental practice
.(1) 
 

The premature loss of the primary molars that results in mesial 

positioning of the first permanent 

molar is of great concern during the mixed dentition leading to 

crowding
(2,3)
 caused by tooth size-arch length discrepancy.

(4-8)
 Estimation 

of the mesiodistal widths of unerupted canines and premolars in the early 

mixed dentition is one of the factors which cause difficulty in evaluation of 

orthodontic analysis and diagnosis.
(9)
 Inappropriate and invalid estimation  

of unerupted canines and premolars in the early mixed dentition could 

lead to extraction decisions that negatively alter a patient’s soft tissue 

profile.
(10)
 

Three main approaches have been used to estimate the mesiodistal 

crown widths of the permanent canines and premolars in the mixed 

dentition.
 (11)
 Measurements of unerupted teeth on the radiographs had 

been reported by Nance.
(12) 
  Moyers

(2)   
and Tanaka and Johnson 

(13)
 used 

the regression equations that relate the mesiodistal widths of erupted teeth 

to the mesiodistal widths of unerupted teeth. The third method used a 
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combination of measurements from erupted teeth and radiographs of 

unerupted teeth (Hixon and Oldfather).
(14)
 The 75

th
 percentile level of 

Moyers prediction tables is the globally used method to estimate the 

mesiodistal crown width of unerupted teeth.
(2)
 This method is still 

questionable when applied to a population of different ethnic origin.
(6,10) 

 

At the same time, Tanaka and Johnston analysis tends to over predicts 

slightly the width of the unerupted teeth.
(15)
 

The most accurate predictions of the mesiodistal widths of the 

unerupted canines and premolars can be obtained by measurements of the 

mesiodistal widths of these teeth on radiographs combined with the 

measurement of mesiodistal widths of the erupted mandibular permanent 

teeth.
(6) 
However, it requires the use of dental casts and radiographs to 

complete the analysis.
(16)
 The disadvantages of this technique are that the 

patient is exposed to more radiation and undistorted radiographs of the 

canines are difficult to obtain.
(15)
  
  
 

Recently, 1:1 magnification digital panoramic radiographic imaging 

with a relatively small radiation doses has made the acquisition of 

radiographic information much easier and accurate for the clinician.
(17-21)   

Therefore, this study was conducted to compare between the use of study 

model and 1:1 magnification digital panoramic radiograph in estimating 

the tooth size and arch length in children. The null-hypothesis tested was 

that there was no difference in measurements between the two methods. 

MATERIALS AND METHODS 

One hundred 8-9 years old children (50 boys and 50girls) were 

selected from the siblings and relatives of children seeking dental 

treatment at Pediatric Dental Clinic, Faculty of Dentistry, Mansoura 

University.  All the parents of the children signed a consent form for   

their voluntary participation in the study. The selection criteria were 

erupted bilateral permanent central and lateral incisors and first permanent 

molars and absence of any orthodontic treatment, proximal dental caries 

or restorations, and tooth anomaly.  

For every subject, dental casts of both arches were obtained from 

irreversible hydrocolloid alginate impression material immediately poured 
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with dental stone to avoid any dimensional changes.  Digital panoramic 

X- ray films with 1:1 magnification were taken for every child in the 

same day. On each dental cast, the mesiodistal tooth size of the erupted 

permanent incisors were recorded with an accurate sliding digital 

micrometer caliper (Mitutoyo Manufacturing Co Ltd, Kawasaki, Japan) 

by the two examiners to the nearest 0.1mm. Mesiodistal width is 

measured between the two anatomical contact points of each tooth 

parallel to the occlusal surface (Figure1).  

For measurement reliability, teeth were measured independently by 

the two investigators. The two measurements obtained were compared 

and if they varied by 0.2mm or less, the values were averaged.
(6)
 In case 

where the measurements varied by more than 0.2mm, the teeth were re-

measured and the nearest three measurements were averaged.
(10)
  The sum 

of the mesiodistal dimensions of the four permanent mandibular incisors 

recorded from the model were used to predict the combined sizes of the 

unerupted canines and premolars using Moyers
,
 method (at 95% level of 

probability).
(2)
  

Arch lengths of both upper and lower jaws were measured on the 

model from the mesial surface of the first permanent molar in one side of 

the arch to the mesial surface in the contra lateral side using 0.25 inch 

stainless steel wire.
(22)
 Using the ruler of special computer program 

system (AUTOCAD 2010) with 1:1 magnification digital panoramic 

radiographic images, all the aforementioned measurements were recorded 

in addition to the mesiodistal dimensions of the crowns of the unerupted 

permanent canines, first and second premolars (Figures 2-4). In both 

methods, values obtained from the right and left sides were averaged so 

that there would be one value for the maxillary canine and premolars and 

one value for the mandibular canine and premolars.
(10)
 The means and 

standard deviations (SD) of the teeth widths and arch lengths from the 

study models and digital panoramic radiographs were calculated and 

compared for both sexes using student’s unpaired t-test. Statistical 

analysis was carried out using SPSS program version 13 with statistical 

significance at 5% level. 
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Figure (1): Mesiodistal crown dimension using sliding digital micrometer caliper. 

  

 

 

 

 

 

 

Fig (2): Lower arch length measurement using AUTOCAD 2010 computer program. 

 

 

 

 

 

 

 

Fig (3): Mesiodistal dimension of lower right central incisor using AOUTOCAD 2010 

computer program. 
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Fig (4): Mesiodistal dimension of lower left second permanent premolar using 

AUTOCAD 2010 computer program. 

 

RESULTS 

The means and standard deviations of the mesiodistal widths of the 

individual measured teeth and arch lengths for both sexes using the two 

different methods were presented in table (1). Although the measurements 

for males tend to be higher than females, no statistical significant 

difference was observed either between males and females subjects, or 

between the study models and digital panoramic radiographs 

measurements (p value >0.05). 

Comparison of the predicted dimensions of unerupted permanent 

canines and premolars using Moyers
,
 method at 95% percentile 

confidence level and the obtained measurements using computerized 

digital panoramic radiographs can be seen in table (2). The means,  and 

standard deviations of the measured teeth are presented for the combined 

sexes, males and  females subjects .No statistical significant difference 

was observed in measurements registered by both methods P>0.05. Male 

subjects showed larger mesiodistal tooth dimension of the canines and 

premolars than female subjects in upper and lower arches without 

statistical significant differences. 
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Table (1): Comparison of  study model and digital panoramic radiograph in estimating 

teeth widths and arch lengths in mm.  

Test of significance 
Radiographic 

measurement 

Model 

measurement Type of tooth 

P value t- test Mean ±SD Mean ±SD 

.7 .35 5.58± .42 5.62 ± .37 M 
LCI 

.4 .81 5.32± .41 5.41 ± .37 F 

  1.98 1.79 t-test Test of 

significance   0.07 0.08 P value 

.4 .82 6.22 ± .40 6.13 ±  .37 M 
LLI 

.59 .52 5.98 ± .52 5.91  ± .41 F 

  1.63 1.78 t-test Test of 

significance   0.11 0.08 P value 

.88 .14 8.68± .44 8.70 ±  .51 M 
UCI 

.6 .47 8.66 ± .38 8.67  ± .36 F 

  0.308 0.215 t-test Test of 

significance   0.76 0.83 P value 

.6 .82 7.25 ± .39 7.23  ± .42 M 
ULI 

.27 1.11 7.12± .41 7.00 ±  .35 F 

  1.027 1.88 t-test Test of 

significance   0.311 0.068 P value 

.6 .52 70.6 ± 1.30 70.8  ±  1.40 M 
UAL 

.77 .28 70.4 ± 1.28 70.5   ±   .94 F 

  0.49 0.796 t-test Test of 

significance   0.627 0.43 P value 

.59 .53 70.4 ±  1.45 70.6   ±  1.20 M 
LAL 

.3 1.03 70.0 ± .93 70.3   ±  1.12 F 

  1.119 0.817 t-test Test of 

significance   0.27 0.419 P value 

No statistical significant difference P >0.05. 

LCI: lower central incisor              LLI: lower lateral incisor              

UCI: Upper central incisor             ULI: Upper lateral incisor  

LAL: lower arch length                  UAL: upper arch length 
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Table (2): The estimated dimensions of unerupted permanent canines and premolars 

using Moyers, method and digital panoramic radiographs. 

 Moyer method Radiographic method 
Type of tooth 

P t-test Mean  ±   SD Mean ±  SD 

.8 .24 23.5±1.75 23.6 ±  1.98 M 
 ∑LI 

.9 0.1 22.64±1.32 22.6  ±  1.28 F 

  1.755 1.897 t-test Test of 

significance   0.088 0.06 P value 

.12 1.57 23.2±1.97 22.57 ± 1.85 M ∑ 

L3+4+5 .2 2.38 22.2±1.74 21.58 ± 1.64 F 

  1.701 1.791 t-test Test of 

significance   0.097 0.081 P value 

.11 1.54 23.1±1.82 22.53 ±  1.90 M ∑ 

U3+4+5 .08 1.75 22.2±1.64 21.78  ±  1.54 F 

  1.643 1.371 t-test Test of 

significance   0.108 0.178 P value 

∑ LI: sum of lower central incisors width.  

∑ L 3+4+5:sum of lower permanent canine ,first and second premolars width. 

∑ U3+4+5:sum of upper permanent canine ,first and second premolars width.  

 No statistical significant differences P>0.05 

DISCUSSION 

One of the most critical factors in dental arch development and the 

relation of the arches to one another is mesiodistal tooth size.  

   The size of the teeth is related to genetics (e.g., gender and 

ethnicity) and environment. Racial and gender-specific mixed dentition 

space and analysis requires revision or validation once every generation 

(approximately 30 years) because of changing trends in malocclusion and 

tooth size
(7,23,24)

. The accurate width of unerupted tooth is important for 

correct diagnosis of a case. If predicted values of the width of the canines 

and premolars itself is wrong, the whole treatment may be a failure.
(10)
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Dental cast is the traditional three dimensions patient record for 

measuring linear changes in the dental arch. However, model analysis is 

performed manually with a number of limitations in terms of accuracy 

and measuring ability.
(25)
 
 
 In addition, it is difficult to take impression for 

young uncooperative child with gagging reflex needing considerable time 

and energy. To overcome these problems, recent digital radiography and 

technologic computer program that facilitate measurements can be used.  

Digital Panoramic radiography delivers relatively small radiation 

doses, i.e. effective dose to the patient for single panoramic image is 

approximately equal to that from four intra oral peri-apical images both 

using state-of-the-art technique.
(17)
 This new technology eliminates the 

need for film and film developing technique with the subsequent 

errors.
(26)
 Moreover, digital imaging systems provide numerous software 

tools that impact the ability to accurately interpret the radiographic 

image.
(21)
 A simple mouse click will enable computer-assisted digital 

tools to record mesiodistal width of the teeth or arch length 

measurements. Unlike study models, computerized digital images are less 

likely to be misplaced or broken and present no storage problems.
(15)
 The 

internet-based data transmission system will facilitate an efficient and 

convenient exchange of orthodontic data and patients
, 
records.

(25)
 These 

digital images can be imported to the patient’s record as static images for 

electronic archiving or printing.
(15, 26)

 

In the present study, the mesiodistal width of the erupted lower and 

upper incisors, and arch lengths from the model were compared to that 

calculated by special computer measuring program (AUTOCAD 2010) 

using 1:1 magnification digital panoramic radiograph. The results showed 

that the mesiodistal widths of the erupted and unerupted teeth in male 

subjects were greater than that of females with no statistically significant 

difference (p>0.05) as shown in tables (1, 2). 

The difference in the combined mesiodistal tooth dimension of the 

canines and premolars between both genders in the maxillary and 

mandibular arches was also not statistically significant (table 2). Many 

authors
(16, 27)

 found similar results although many others do not differentiate the 

genders when predicting mesiodistal diameters of these teeth.
(2,13,28)
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To utilize the Moyers
,
 probability tables, the sum of mesiodistal 

width of the lower incisors is measured and the number is used to predict 

the size of both the lower and upper combined width of the canines and 

premolars.
(2)
 The mandibular incisors have been chosen for measuring, 

since they are erupted first in the mouth early in the mixed dentition, are 

easily measured accurately, and are directly in the midst of most space 

management problems.
(2)
 The maxillary incisors are not used in any of the 

predictive procedures since they show too much variability in size, and 

the correlations with other groups of teeth are of lower predictive 

value.
(10)
  

The accurate width of an unerupted tooth is important for correct 

diagnosis of a case. Neither overestimation nor underestimation of width 

should be done for accurate treatment plan. This study revealed that  

the Moyers charts at the 95
th
 percentile confidence level showed  

no statistically significant difference compared to that calculated by 

AUTOCAD 2010 computer program using digital panoramic radiograph 

with 1:1 magnification factor table (1,2) so, the null-hypothesis testing is 

accepted. 

Conclusion and Recommendation:  

The use of 1:1 magnification digital panoramic radiograph with 

special computer soft ware program is a simple and relatively accurate 

method for estimating the mesiodistal widths of teeth and arch length. 

This proposed method must be tested in other samples and situations to 

confirm its reliability and consistency. 
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