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INTRODUCTION

The survival rate of  teeth with endodontic 
treatment is comparatively lower than of  teeth with 
vital pulp. From far, the most frequent cause of  their 
extraction is correlated with their restorability [1-3]. It 
is well known that the long-term success of  endodontic 
therapy is directly influenced by the quality of  the 
coronal restoration [4-6] and an inadequate coronal 
restoration can be a source of  microleakage and failure 
of  the endodontic therapy [7, 8].  

 Although there are many recommendations 
based on the clinical experience, only a few studies tried 
to evaluate the impact of  the remaining tooth structure 
on the survival rate of  endodontically treated teeth.  
Some of  them aimed to classify the quantity of  the 
remaining tooth structure, expressed as a percentage of  
remaining volume, without defining how this volume 
was measured [9, 10]; others are using a more generically 
term, substantial loss of  tooth structure, or are defining 
a minimal necessary dentinal height for restorability [11, 
12]. In other studies, in teeth with mesial or distal caries, 
terms like cuspal protection and minimal dentinal loss 

are described [13].
 In vivo studies associated the medium and long-

term survival rate of  teeth with endodontic treatment 
with the number of  remaining walls of  the access 
cavity, the presence of  the ferrule effect [14-16] or 
with the height of  the coronal dentinal walls before the 
restoration and prosthetic preparation for a crown [12]. 
None of  these methods evaluated in a reproducible way 
the quantitative loss of  the tooth structure.  

 Recent developments in digital dentistry with 
3D virtual models of  patients’ dentition are able to 
scan and capture direct images of  teeth and soft tissues, 
digital scanning being more and more used in dentistry 
[17-19].  The accuracy of  linear measurements obtained 
with intraoral scanners has been demonstrated [20]. 
Also, the use of  cone beam computed tomography 
has overpassed the limits of  the 2D images obtained 
by dental radiographies [21], allowing a more precise 
evaluation of  the dental structure volume loss after the 
endodontic therapy, and mainly after the access cavity. 

 Major modifications in the biomechanics 
of  teeth with endodontic treatment are caused by 
the loss of  tooth structure as a consequence of  pre-
existent conditions (carious lesions, fractures, cavity 
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preparations), of  endodontic treatment (access cavity 
preparation or root canal shaping), or of  other invasive 
procedures (post or core preparation for the coverage with 
a prosthetic crown) [22-24]. All these factors contribute 
to a significant removal of  coronal and radicular tooth 
structure, reducing the resistance of  teeth and increasing 
their fracture risk. During access cavity preparation, the 
major part of  the dentin overlaying the pulp chamber is 
removed, in order to favor the endodontic treatment and 
the access to the root canal, but with possible dramatic 
consequences of  the tooth resistance [23]. Deeper the 
access cavity is, especially in mesio-occluso-distal cavities, 
higher the fracture risk; that is why, these teeth have to be 
restored with cuspal protection, in order to prevent their 
fracture under occlusal forces [24].

Aim of  the study
 The aim of  the present study was to evaluate on 

different types of  extracted human teeth, the amount of  
tooth structure loss after conservative access cavity and 
root canal shaping procedures, expressed as quantity in 
grams, and as areas and volumes loss measured on digital 
models.

MATERIAL AND METHODS

Nineteen recently extracted human teeth with 
sound tooth structure were included in the present 
study, distributed in three groups, according to their 
morphological type: Group 1 Molars (n=7), Group 2 
Incisors (n=8)-(7 lowers and 1 central upper) and Group 
3 Premolars (n=4). Inclusions criteria were no coronal 
restorations, free of  caries, no endodontic treatment, 
and completely formed roots. Teeth were fixed in a 
reproducible vertical position during examination in a 
prefabricated silicone key (Zetaplus, Zhermack, Badia 
Polesine, Italy) and were initially evaluated on a CBCT 
to confirm the integrity of  the coronal and radicular 
structure and the absence of  a former endodontic 
treatment. 

 The lingual surfaces of  the incisors and the 
occlusal for molars and premolars were digitally scanned 
with a chairside intraoral scanner from Planmeca PlanScan 
(Planmeca, Helsinki, Finland) in the department of  
Prosthodontics; the resulting digital models were saved 
and later on used in the assessment of  tooth structure 
loss.

 In the Endodontics department, each tooth was 
weighted with a precision electronical balance Partner 
PS 600/C/2 (Partner Corporation, Bucharest, Romania) 
with a precision of  0.001 g and data were recorded in a 
table for each sample. Minimally invasive access cavities 
were then realized for each tooth on the corresponding 
coronal surface (lingual or occlusal) under a dental 
operating microscope Alltion (Alltion, Wuzhou, China), 
at a magnification of  0.6x, using high-speed diamond 
burs under cooling water. Straight-line access to each 

root canal was verified with hand stainless steel K-files 
#10 (Kendo, VDW GmbH, Munich, Germany) and the 
access cavities were considered finished when respecting 
this requirement. Weights were measured again after 
access cavities; data were recorded in a Microsoft Excel 
table and compared with the initial ones. The loss of  
tooth structure was calculated as a difference between the 
initial and the final value (Table 1).

 All root canals were shaped using the WaveOne 
Gold Primary 25/.07 instrument from the WaveOne 
Gold system (Dentsply Sirona, Ballaigues, Switzerland) 
fixed in the contra-angle piece of  the X-Smart 
Plus endodontic motor (Dentsply Sirona) with the 
corresponding reciprocating setting of  the motor, under 
constant irrigation with sodium hypochlorite NaOCl 
5,25% (Chloraxid, Cerkamed, Stalowa Wolla, Poland) 
in alternation with citric acid solution 40% (Cerkamed). 
Initial negotiation with stainless steel hand K-files ISO 
010 (Kendo, VDW GmbH, Munich, Germany) was 
performed to establish the working length. The irrigant 
was removed after shaping from each root canal using 
microcanulas for suction (Aplikatory, Cerkamed) 
connected to the surgical suction of  the dental unit, 
dried with absorbent paper points (WaveOne Gold size 
Primary, Dentsply Sirona) and air from the dental unit, 
and each sample was weighted again. Measured values 
(g) were recorded and the tooth substance loss (g) was 
calculated again after the final shaping (Table 1). In total, 
each sample was digitally weighted three times: initial, 
after the access cavity preparation and after complete root 
canal shaping. Teeth fixed in the same vertical position 
were radiographically evaluated on another CBCT to 
observe the precision of  the endodontic treatment and 
then digitally re-scanned on the corresponding coronal 
surface of  the access cavity for each group.

Scanning analysis
 The .STL (standard tessellation language) files 

before access cavities and after complete endodontic 
therapy were comparatively evaluated using the dedicated 
Planmeca Romexis software, to measure the loss of  areas 
and volumes (Figures 1-3).

Figure 1
 Initial aspect of  samples 1-5 from Group 1 (Molars) 

digitally scanned (occlusal view) before the access cavity
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RESULTS

Comparative results after weight analysis
 The loss of  tooth substance after access cavity 

preparation varied between 0.00 and 0.19 g in all teeth, 
with most of  the teeth (11 from 18 samples) loosing 
between 0.00 and 0.05 g. For Group 1, molars, in 4 of  
the samples the difference varied between 0.01 and 0.05 
g. Differences over 0.10 g (0.12, 0.13 and 0.19 g) were 
recorded in 3 of  the 7 molars. In 5 from 8 samples of  
the incisors Group 2, no loss of  tooth substance was 
recorded after the access cavity when the weight was 
registered only with hundredths of  grams. For the 
premolars Group 3, the tooth loss varied between 0.03 
and 0.04 grams (Figure 4). 

 The loss of  tooth substance after shaping varied 
between 0.008 and 0.052 g. In Group 1, the variation was 
between 0.017 and 0.052 g, in Group 2 between 0.008 
and 0.032 g, and for Group 3 a tooth loss between 0.010 
and 0.038 g was recorded (Table 1).

The total loss after access cavity and shaping (total 
weight loss) varied between 0.017 and 0.213 g with the 
highest values recorded for the molars (0.036-0.213g), 
with a mean of  0.114 g, and the lowest for the incisors 
(between 0.012-0.028g, mean of  0.029g). 

The premolars group recorded a mean total weight 
loss of  0.049g (Figure 5).

In percentages, from the initial weight, the total 
weight loss varied between 2.53%, being the lowest value 
recorded in incisors (Group 2), with a mean of  3.86%, 
and 9.48%, recorded in molars (Group 1), with a mean of  
6.48%. For Group 3, the percentages varied between 3.92 
and 6.13, with a mean of  5.06 (Table 2). As observed, the 
highest amount of  total tooth structure loss was lower 
than 10% from the initial weight.

Figure 2. 
Print screen of  the Planmeca Romexis program 

with the occlusal surfaces of  Group 1 after access cavities

Figure 4 
Weight variation (hundredths of  grams) after access 

cavity in all three groups

Figure 5. 
Total weight loss variation (hundredths of  grams)

Figure 3 
Digital model of  the lingual access cavities for the 

incisors Group

Table 1. 
Minimum, Maximum and Mean weight values (g) 

of  tooth substance loss for Groups 1, 2 and 3 after each 
endodontic procedure
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Comparative results after digital scanning analysis
Area and volume loss after access cavities
 On the scanned images, using the Planmeca 

Romexis Software, areas and volumes of  tooth substance 
loss were calculated. For molars, the lost area varied between 
11.5 and 23 mm2, with a mean of  15.92 mm2. Highest value 
was recorded in one molar, 23 mm2  (Figures 6-7).

        For the premolars group, the values for area lost 
varied between 8.5 and 10.5 mm2, with a mean of  9.5 mm2. 
The highest registered value, 10.5 mm2, was bigger than in 
the incisors group, but lower than in molars, as expected.

          

The lowest values of  lost area were registered for the 
incisors group, varying from 3 to 4.5 mm2, with a mean of  
3.785 mm2.

 As for the volumes loss, the lowest values were 
registered in incisors, and the highest in the molars group 
(Figure 8).

DISCUSSION

 The comparative results registered for all 3 groups 
regarding area and volume loss are to be expected, taking 
into consideration the anatomy of  each group type. 

      

 

   

The access cavity being totally depending on the size 
of  the pulp chamber and the number of  the root canals [23], 
with the smallest on the incisors (Group2) and the largest on 
molars (Group1), the highest sacrifice of  tooth substance 
was recorded after performing access cavities on molars. 
Taking into consideration that all cavities were conservative 
prepared, as literature advices [24, 25], it is explainable why 
on lower incisors, with a small lingual tooth surface, the 
removal of  tooth substance and the area loss registered 
the lowest values. Moreover, creating the access cavity 
minimally invasive under the dental operating microscope, 
the quantity of  tooth substance removed was minimal and 
as a consequence not registered as weight loss in some of  
the incisors, even when the weight was recorded on a digital 
scale with a precision of  0.001 g. 

 Same results were observed for areas and volumes 
loss. The reduced size of  the enamel and dentin layer upon 
the pulp chamber which was removed at the creation of  
the access cavities, of  1 mm thick in these teeth, and the 
minimally invasive design of  the access cavities, determined 
the lowest values recorded in area and volume loss for the 
incisors group. These features will prevent the tooth fracture 
after endodontic treatment and will increase their resistance 
[25, 26]. Only in one central upper incisor, the quantity (g) 
and area (mm2) of  the tooth substance loss was similar 
to the premolars group, explainable by the largest coronal 

Figure 6 a,b. 
Detail aspects inside the access cavities used for 
calculating the Lost Area and Volumes (Group 1)

Figure 7.
Detailed print screen with the area measurements using 

the digital scale of  the program

Table 2. 
Percentage of  tooth substance loss at the end of  the 

endodontic treatment

Figure 8 
Area (mm2) and volume (mm3) loss after access cavities
(Molars-samples 1-5, 18,19; Incisors-samples 6-12, 17; 

Premolars-samples 13-16)
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surface of  this tooth and the bigger access cavity than 
in lower incisors. 

 The access cavity in premolars registered a higher 
loss of  volume and area and the percentage of  total loss 
from the initial measured weight was bigger than in incisors, 
as expected, but lower than in molars, in accordance to the 
total area of  the occlusal surface comparative to the lingual 
access surface of  the incisors.

 The highest loss of  tooth substance recorded in 
molars was normal taking into account the larger access 
cavity needed for the opening of  the pulps chamber in order 
to find and shape all root canals. Also, the thicker enamel 
layer and dentin upon the pulp chamber in comparison with 
that in incisors group, measured on digital scans of  1.25 mm 
height, determined these results.

 The CBCT analysis performed before any 
endodontic procedure presented the advantage of  a more 
accurate location of  the pulp chamber, thus allowing 
creating the access cavities with a minimum sacrifice of  
tooth substance, by locating the exact point of  penetration 
and the possibility of  the minimal extension of  these cavities 
[21]. The preparation of  all root canals with a system with 
decreasing taper from apical to coronal, like WaveOne Gold 
(Dentsply), limited the amount of  tooth substance removed 
during the shaping procedure. 

 Although the phase of  access cavity creation is the 
one with the main removal of  tooth substance during an 
endodontic treatment, as quantity and as a percentage of  
total, when conservative design is used to create it under the 
dental operating microscope, variations of  tooth substance 
loss can be minimal or even null when recorded in hundredths 
of  grams, especially in lower incisors. 

CONCLUSIONS

Both methods used in the present study proved that 
even for molars, the removal of  tooth substance when 
creating minimally invasive access cavities is reduced, 
especially when working under magnification with the help 
of  the dental operating microscope. Being much more 
conservative than traditional access cavities, the highest value 
of  tooth substance loss recorded in the present study was 
hundredths of  grams.

 During root canal shaping procedure, a minimal 
amount of  tooth substance as weight is removed (thousandths 
of  grams).

 Future studies including a larger number of  teeth are 
necessary to evaluate the influence of  these types of  access 
cavities on the future fracture resistance of  endodontically 
treated teeth.

REFERENCES

1. Fuss Z, Lustig J, Tamse A. Prevalence of vertical root fractures in 
extracted endodontically treated teeth. Int Endod J 1999;32:283–6. 

2. Chen SC, Chueh LH, Hsiao CK, Wu HP, Chiang CP. First untoward 
events and reasons for tooth extraction after nonsurgical endodontic 
treatment in Taiwan. J Endod 2008;34:671–4. 

3. Zadik Y, Sandler V, Bechor R, Salehrabi R. Analysis of factors related 
to extraction of endodontically treated teeth. Oral Surg, Oral Med, Oral 
Pathol, Oral Radiol, and Endodontol 2008;106:31–5. 

4. Ray H, Trope M. Periapical status of endodontically treated teeth in 
relation to the technical quality of the root filling and the coronal restoration. 
Int Endod J 1995; 28:12–8. 

5. Kirkevang LL, Orstavik D, Horsted-Bindslev P, Wenzel A. Periapical 
status and quality of root fillings and coronal restorations in a Danish 
population. Int End J 2000;33: 509–15. 

6. Tronstad L, Asbjørnsen K, Døving L, Pedersen I, Eriksen H. 
Influence of coronal restorations on the periapical health of endodontically 
treated teeth. Dent Traumatol 2000;16:218–21. 

7. Saunders W, Saunders E. Coronal leakage as a cause of failure in 
root-canal therapy: a review. Dent Traumatol 1994;10:105–8. 

8. Siqueira J. Aetiology of root canal treatment failure: why well-
treated teeth can fail. Int Endod J 2001;l (34):1–10. 

9. Juloski J, Fadda G, Monticelli F, Fajo -Pascual M, Goracci C, Ferrari M. 
Four-year survival of endodontically treated premolars restored with fiber 
posts. J Dent Res 2014; 93: 52–8. 

10. Aurelio IL, Fraga S, Rippe MP, Valandro LF. Are posts necessary 
for the restoration of root filled teeth with limited tissue loss? A structured 
review of laboratory and clinical studies. Int Endod J 2015;49:827–35. 

11. Creugers N, Mentink A, Fokkinga WA, Kreulen CM. 5-year follow-
up of a prospective clinical study on various types of core restorations. J 
Prosth Dent 2005;18, 34–9. 

12. Fokkinga WA, Kreulen CM, Bronkhorst EM, Creugers NH. Up to 
17-year controlled clinical study on post- and-cores and covering crowns. J 
Dent 2007;35:778–86. 

13. Mannocci F, Bertelli E, Sherriff M, Watson TF, Ford TP. Three-year 
clinical comparison of survival of endodontically treated teeth restored with 
either full cast coverage or with direct composite restoration. J Prosth Dent 
2002;88:297–301. 

14. Ferrari M, Vichi A, Fadda GM. A randomized controlled trial of 
endodontically treated and restored pre- molars. J Dent Res 2012; 91:72S–
8S. 

15. Naumann M, Koelpin M, Beuer F, Meyer-Lueckel H. 10-year 
survival evaluation for glass-fiber-supported postendodontic restoration: a 
prospective observational clinical study. J Endod 2012;38:432–5. 

16. Sterzenbach G, Franke A, Naumann M. Rigid versus flexible 
dentine-like endodontic posts—clinical testing of a biomechanical concept: 
seven-year results of a randomized controlled clinical pilot trial on 
endodontically treated abutment teeth with severe hard tissue loss. J Endod 
2012;38:1557–63. 

17. SeelbachP, BrueckelC, Wostmann B. Accuracy of digital and 
conventional impression techniques and work- flow. Clin Or Investig 
2013;17:1759–64. 

18. Lin LM, Skribner JE, Gaengler P. Factors associated with 
endodontic treatment failures. J Endod 1992;18:625–7. 

19. Martin CB, Chalmers EV, McIntyre GT, Cochrane H, Mossey PA. 
Orthodontic scanners: what’s available? J Orthod 2015;42:136–43. 

20. Wiranto MG, Engelbrecht WP, Nolthenius HET, van der Meer 
WJ, Ren Y. Validity, reliability, and reproducibility of linear measurements 
on digital models obtained from intraoral and cone-beam computed 
tomography scans of alginate impressions. Am J Orthod Dentofac Orthop 
2013;143:140–7. 

21. Patel S, Durack C, Abella F, Shemesh H, Roig M, Lemberg K. 
Cone beam computed tomography in endodontics – a review. Int Endod J 
2015;48: 3–15. 

22. Dietschi D, Duc O, Krejci I, Sadan A. Biomechanical considerations 
for the restoration of endodontically treated teeth: a systematic review 
of the literature – Part 1. Composition and micro-and macrostructure 
alterations. Quint Int 2007;38:733–743.  

23. Lin CL, Chang YH, Liu PR. Multi-factorial analysis of a cusp-
replacing adhesive premolar restoration: A nite element study. J Dent 
2008;36:194–203. 

24. Rocca GT, Krejici I. Crown and post-free restorations of 
endodontically treated posterior teeth: from direct composite to 
endocrowns. Eur J Esth Dent 2013;8:154-177.

25. Marinescu AG, Cirligeriu LE, Boscornea-Puscu SA, Horhat RM, 
Sgîia TȘ, Stoia DI, Nica LM. Fracture strength evaluation of treated teeth 
with different designs of endodontic access cavities. Rom J Oral Rehab 
2020;12(2):76-84.

26. Plotino G, Grande NM, Isufu A, Iopollo P, Pedulla E, Bedini R, 
Gambarini G, Testarelli L. Fracture strength of endodontically treated teeth 
with different access cavity designs. J Endod 2017;43(6):995-1000.


