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Primary Tooth Length Determination in Direct Digital Radiography: An In Vivo Study
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Despite the preventive eff orts of the dental community, den-
tal caries is still prevalent in primary teeth and, if neglected, 
will lead to pulp necrosis. Pulpectomy is a common treat-
ment for primary teeth with pulps undergoing irreversible 
pathological degeneration.1,2

 One of the main challenges in root canal treatment is to 
determine how far working instruments should be advanced 
within the root canal. Working length determination is an 
important step of root canal therapy in the primary dentition 
because overinstrumentation of the root canals of a primary 
tooth may damage the permanent tooth germ.3

 Root resorption of primary teeth usually starts close 
to the succedaneous tooth. The resorptive process is not 
continuous, but rather alternates between periods of root

resorption and repair much of the time.4,5 Consequently, 
dimensional and morphologic characteristics of the tooth 
should be evaluated by the operator prior to the insertion of 
fi les into the root canals. Such information can only be de-
rived from preoperative radiographic images.
 Currently, conventional intraoral radiographs are com-
monly used to determine the working length in endodontic 
therapy. New imaging systems have been developed, howev-
er, and the direct digital radiography systems are being ad-
vocated as an alternative method.5 Direct digital radiography 
systems are based on digital image capture by using a charge-
coupled device. The advantages of these systems include: (1) 
reduction in radiation dosage; (2) speed of image acquisi-
tion; and (3) the possibility of editing images and details with 
similar quality to that aff orded by conventional radiology.6-9

 Most studies evaluating the onscreen measurement 
function of digital radiographs for endodontic length deter-
mination are in vitro investigations involving permanent 
teeth.10-16 Authors who compared diff erent radiographic 
techniques advocate that the reliability of digital radiogra-
phy is equal or superior to that of the conventional radiog-
raphy.17,18 Nevertheless, the fi ndings of a previous study 15 
showed signifi cant diff erence between the onscreen mea-
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Abstract:  Purpose:  The purpose of this in vivo study was to compare the accuracy of primary incisor length determined by direct digital radi-
ography (straight-line measurement and grid superimposition) and measurement of the actual tooth length.  Methods: Twenty-two primary 
maxillary incisors that required extractions were selected from 3- to 5-year-old children. The teeth were radiographed with an intraoral sensor 
using the long cone technique and a sensor holder (30-cm focus-to-sensor distance). The exposure time was 0.3 seconds. Tooth length was 
estimated by using straight-line and grid measurements provided by the distance measurement feature of the Computed Dental Radiography 
digital dental imaging system. The actual tooth length was obtained by measuring the extracted tooth with a digital caliper. Data were analyzed 
statistically by Pearson’s correlation coeffi cient and a paired t test.  Results: There were statistically signifi cant differences (P=.007) between the 2 
measurement techniques and between the actual tooth lengths and grid measurements. There was no statistically signifi cant difference (P=.38) 
between straight-line measurements and actual tooth lengths, showing that the straight-line measurements were more accurate. Underestima-
tion of the actual tooth length, however, occurred in 45% of the straight-line measurements and in 73% of the grid measurements.  Conclusion:
It is possible to determine primary tooth length in digital radiographs using onscreen measurements with a reasonable degree of accuracy.
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surement tool of a digital radiography system and the actual 
canal length. 
 The purpose of this in vivo study was to compare primary 
incisor lengths, determined by onscreen measurements on 
direct digital radiographs (straight-line and grid superim-direct digital radiographs (straight-line and grid superim-
position), to the measurements of the extracted teeth (actual 
tooth length).

Methods
After approval of the research protocol by the Ethics in Hu-
man Research Committee of Araraquara School of Dentistry, 
children from Pediatric Dentistry clinic with anterior teeth 
with extensive carious lesions and diagnosis of ir-
reversible pulpitis based on symptomatology and 
clinical fi ndings were invited to participate in this 
study. Informed consent was obtained from all par-
ents/legal guardians. One preoperative periapical 
digital radiograph was made of each selected tooth 
to confi rm the need of extraction. Only one tooth 
per child was selected to allow its accurate position-
ing in the center of the sensor. 
 Direct digital images were obtained from 22 3- 
to 5-year-old patients using a Schick CDR no. 2 sen-
sor (Computed Dental Radiography system, v. 2.0, 
Schick Technologies Co, Long Island City, NY) and a 
Gnatus XR 6010 X ray unit (Gnatus, Ribeirão Preto, 
São Paulo, Brazil) operating at 60 kVp and 7mA. 
Optimal exposure time (0.3 seconds) was estab-
lished in previous evaluations in which radiographs 
were made from human cadaver maxillas with expo-
sure settings ranging from 0.1 to 0.5 seconds. Two 
experienced radiologists examined the images and 
chose those with the most appropriate radiographic 
density for tooth length determination under clini-
cal conditions. 
 In all patients, direct digital imaging was under-
taken by a single investigator. Exposures were made 
using a sensor holder using a paralleling technique 
with a focus-receptor distance of 30 cm. The digital 
images were saved in TIFF format. After completion 
of the imaging phase, the teeth were extracted and 
stored in 10% formalin solution. The receptacles 
were identifi ed with codes related to: (1) patient 
name; (2) age; and (3) tooth number.
 Two examiners—1 pediatric dentist and 1 radiol-
ogist who were familiar with the digital radiographic 
technique—participated in a training session to be-
come acquainted with the nature of the study and 
to calibrate distance-measuring me-thods. They 
examined the onscreen images independently in a 
random order on a 17-inch computer monitor with 
screen resolution set at 1024 x 768 pixels and 100% 

zoom magnifi cation under subdued ambient light. The radio-
graphic tooth length was estimated by 2 methods: 
 1.  a 2-click measurement using the program’s straight-line 

measurement feature, which determined the distance 
between one click at the incisal reference point and a between one click at the incisal reference point and a 
second click at the root apex (Figure 1); and 

 2.  superpositioning of a 1-mm grid over the image (Figure 2). 
 In the grid system, the tooth measurement was calcula-
ted by the sum of the grid cells. The examiners were 
instructed to attribute values (0.25, 0.5, and 0.75) when 
the root end was positioned between the grid lines. The ac-
tual tooth length was measured with a digital caliper. Each 

Figure 1.   Schick Technologies straight-line measurement feature.

Figure 2.   Schick Technologies 1-mm grid over the image.
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examiner was blinded to the actual lengths of the teeth and to 
radiographic measurements obtained by the other examiner. 
 All measurements were performed twice by each ex-
aminer with a 2-week interval. Data were analyzed statisti-
cally by Pearson’s correlation coeffi  cient and paired t test. 
The null hypothesis that there is no diff erence among actual 
tooth length, straight-line measurement, and grid superim-
position measurement was rejected at P<.05. 

Results
The correlation between the fi rst and second measurements 
obtained with a 2-week interval was excellent for the pediat-
ric dentist (r=0.91 for straight-line and grid measurements) 
and the radiologist (r=0.91 for straight-line measurement 
and r=0.80 for grid measurement). Interexaminer agree-
ments were also excellent for both the straight-line (r=0.88) 
and for grid (r=0.86) measurements. As the interexaminer 
agreement was excellent, the means of the radiographic mea-
surements were calculated and compared to the actual tooth 
lengths (r=0.77 for both measurement methods). 
 The means and standard deviations for the 2 onscreen 
measurement methods and the actual tooth lengths are given 
in Table 1. 

 The correlation between the straight-line and grid mea-
surements was r=0.94. The diff erence between the actual 
tooth length and the estimated values showed that both ra-
diographic methods of measurement underestimated the 
true tooth length. Underestimation of the true length of the 
teeth occurred in 45% of the straight-line measurements 
and in 73% of the grid measurements (Table 2).

 There were statistically signifi cant diff erences (P=.007) 
between the linear and grid measurement techniques, as well 
as between the actual tooth lengths and grid measurements. 
The diff erence between the straight-line measurements 
and the actual tooth length was not statistically signifi cant, 
showing that the straight-line measurements were more 
accurate (P=.38). 

Discussion
A critical factor in achieving success in endodontic therapy 
is the accurate determination of the tooth length before root 
canal preparation. Under clinical conditions, however, it 
is diffi  cult to determine the extent to which the root canal 
system will be cleaned, especially in primary teeth with 
physiologic resorption.19

 The usual method to determine the working length 
utilizes a combination of: 
 1.  the knowledge of root canal anatomy; 
 2.  a preoperative diagnostic radiograph to guide the intro-

duction of the instrument into the root canal; 
 3.  tactile sense; and 
 4. radiograph assessment with a fi le of adequate size placed 

in the root canal to estimate the length. 
 The intraexaminer agreement was excellent—similar to 
previous studies that evaluated the length of curved canals of 
extracted permanent teeth by digital radiography15 and max-
illary permanent root lengths in cadaver sections.9,21 A high 
interexaminer agreement was observed in this study and has 
been also demonstrated in the identifi cation of endodontic 
fi le tips in root canal length determination in vivo and in vi-
tro using digital radiographic techniques.13,22

 Despite the high correlation between the digital radio-
graphic measurements and the actual tooth length, both ra-
diographic methods underestimated the tooth length (Table 
2). A possible explanation is that, in most radiographic images 
(81%), the primary tooth presented physiological resorption 
and an underlying permanent tooth germ that caused image 
superimposition. Consequently, the root apex was not clearly 
identifi ed. Underestimation of both the permanent tooth ca-
nal and fi le length in digital radiographic examinations have 
been reported.23,24 Likewise, overestimation of the true canal 
length in radiographic determination of curved canal length 

has also been demosntrated.15,25

     In the present study, tooth length estimated 
by grid superimposition over digital radiographs 
showed the highest mean variation compared to 
the actual tooth length (Table 1). When the grid 
was superimposed over the tooth image, the black 
grid lines masked the root apex and apical contour 
detection could not be identifi ed precisely. Com-
paring the accuracy of measurement algorithms 

* Diff erent letters indicate statistically signifi cant diff erence.

*DR-l=lineardistance;DR-g=grid. 

   Table 1.   MEANS, STANDARD DEVIATIONS, AND MINIMUM AND MAXI-
                    MUN VALUES OF TOOTH LENGTHS DETERMINED BY DIRECT 
                    DIGITAL RADIOGRAPHS: LINEAR DISTANCE (DR-L), GRID (DR-G), 
                    AND ACTUAL TOOTH LENGTH (ATL)

Distance 
measurement

Means
mm± SD

Minimum 
(mm)

Maximum 
(mm)

Mean difference 
from ATL (mm)

DR-l 10.73a ± 1.52 7.98 13.25 -0.19

DR-g 10.10b ± 1.13 7.88 13.94 -0.82

ATL 10.91a ± 1.39 8.00 13.40

   Table 2.   PERCENTAGE AND MEAN VALUES (MM) OF ERROR IN ESTIMATION OF THE 
                     RADIOGRAPHIC TOOTH LENGTH

Distance 
measurement

Overestimated
(%)

Underestimated
(%)

Minimum 
(mm)

Maximum 
(mm)

Means  
(mm)

DR-l 55 45 -1.28 2.05 0.19

DR-g 27 73 -0.34 2.39 0.82
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for digital radiographic systems, Scarfe et al26 reported that 
grid-based techniques were inconsistent and unreliable in 
determining length. Ong and Pitt Ford,14 however, found 
similar results for root length estimated from either radio-
graphic fi lms or grid superimposition on digital images.
 Estimated tooth length in conventional radiography 
has been reported as similar (±1 mm range) to actual tooth 
length.27 In the present study, a 1-mm diff erence between the 
actual tooth length and the radiographically estimated tooth 
length was considered a clinically acceptable discrepancy 
because this diff erence would not allow the fi le to extend 
beyond the actual tooth length and past the apical foramen. 
Therefore, for an acceptable diff erence range of 1 mm, 64% 
of the digital images measured by the straight-line or grid 
methods was similar to the actual tooth length. 
 Our fi ndings suggested that the tooth length obtained 
with straight-line measurement on direct digital radio-
graphs—using only a starting and end point to estimate the 
tooth length—was similar to the actual tooth length. An elec-
tronic ruler was the best measurement instrument in an 
endodontic length study developed by Vandre et al,28 and no 
signifi cant diff erence was found between canal length esti-
mates using multiple measurements points or a 2-click mea-
surement technique.15,28

 This study showed that an onscreen straight-line mea-
surement was eff ective in the radiographic assessment of 
tooth length. Nevertheless, further research should be con-
ducted, especially with primary molars, because only ante-
rior teeth were used in the present study. It is likely that the 
discrepancy between the actual canal length and the esti-
mated radiographic length will increase signifi cantly as the 
degree of curvature increases.29 

 One should also consider that digital radiography has 
several potential benefi ts in pediatric endodontics. Com-
puter-assisted radiographs allow the dentist to: 
 1.  produce image enhancements such as: 
  a. contrast; 
  b. density; and 
  c. brightness; 
 2.  decrease the radiation dose per image; and 
 3.  reduce the time between exposure and interpretation.18 

 All of these factors are relevant in minimizing children’s 
exposure to radiation and clinical chairtime.

Conclusion
Based on the outcomes of this study, the following conclu-
sions can be drawn:
 1.  Primary tooth length estimated from digital radiographs 

using the grid-based method diff ered from the actual 
tooth length. 

 2.  The length of primary teeth estimated by using straight-
line measurement on digital radiographs was similar to 
the actual tooth length and, hence, considered to be a 
more accurate onscreen measurement technique. 
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