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Resumo
Introdução: Dentes com ampla destruição coronária e tratados endodonticamente necessitam de retentores intrarradiculares 
para viabilizar a restauração protética. Apesar do crescente uso de pinos intrarradiculares pré-fabricados, os retentores 
intrarradiculares metálicos fundidos ainda são muito utilizados. A qualidade desses é importante para a longevidade 
do tratamento restaurador, pois podem levar ao insucesso quando seus princípios fundamentais não são seguidos. 
Objetivo: Avaliar radiograficamente os princípios protéticos de 1000 retentores intrarradiculares metálicos fundidos 
em dentes unirradiculares e a coerência dos mesmos com os princípios para sua confecção. Material e método: Foram 
selecionadas radiografias periapicais digitais de 1000 dentes unirradiculares que receberam tratamento endodôntico 
e retentores intrarradiculares metálicos fundidos, através do acervo de uma clínica radiológica (Centro de Imagem, 
Aracaju/SE, Brasil). As imagens foram analisadas através de um software de mensuração (ImageJ, EUA) de acordo 
com os princípios fundamentais protéticos: comprimento e diâmetro do pino, relação do pino com a crista óssea, 
contiguidade ao canal, espaço entre o remanescente obturador e o pino, quantidade de material obturador e ausência 
de lesão periapical. Os dados foram tabulados, analisados qualitativamente em ideais e não ideais e submetidos ao 
teste do Qui-Quadrado (α=0,05). Resultado: Apenas 6,7% dos retentores intrarradiculares fundidos analisados foi 
confeccionado de forma satisfatória. Conclusão: Muitos critérios protéticos são negligenciados durante a confecção 
de retentores intrarradiculares metálicos fundidos, resultando em trabalhos inadequados que podem comprometer 
a longevidade do tratamento restaurador. 

Descritores: Técnica para retentor intrarradicular; pinos dentários; prótese dentária; radiografia.

Abstract
Introduction: Endodontically treated teeth with extensive coronary destruction require posts and cores to enable 
prosthetic restoration. Despite the increasing use of prefabricated posts, cast metal posts and cores are still widely 
used. The quality of the latter is important for the longevity of restorative treatment, and failure can occur if the 
fundamental principles are not followed. Objective: To radiographically evaluate the prosthetic principles of 1000 cast 
metal post-and-core restorations performed in single-rooted teeth and their coherence with the principles used for 
their confection. Material and method: Digital periapical radiographs of 1000 endodontically treated, single-rooted 
teeth with cast metal posts and cores were selected from the collection of a radiology clinic (Centro de Imagem, 
Aracaju/SE, Brazil). The images were analyzed using a measurement software (ImageJ, USA) in accordance with the 
fundamental prosthetic principles: length and diameter of the post, ratio between post and bone crest, contiguity 
of post to the root canal, gap between post and the remaining root canal filling, amount of remaining root canal 
filling, and absence of periapical lesion. The data were qualitatively analyzed, classified into ideal and not ideal, and 
submitted to the chi-square test (α=0.05). Result: Only 6.7% of the cast metal posts analyzed were satisfactorily 
fabricated. Conclusion: Many prosthetic criteria are neglected during the manufacturing of cast metal post and cores, 
resulting in inadequate work that may compromise the longevity of restorative treatments. 

Descriptors: Post-and-core technique; dental posts; dental prosthesis; radiography.

INTRODUCTION

Endodontically treated teeth require special care when they are 
prosthetically restored because of the substantial tooth structure 
loss caused by removal of carious lesion, crown fracture, and access 
for endodontic treatment. Restoration of this lost dental structure, 
so that the tooth can again develop its functions in the oral cavity, 

depends on the amount of dental remnant. When there is major 
coronary destruction and the dental remnant is not sufficient to 
provide resistance and structural retention to the filling, treatment 
should involve the use of posts and cores so that the crown can be 
rebuilt1,2. A clinical and radiographic analysis is needed to assess 
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dental remnant conditions; it should consider the amount of dental 
remnant left after removal of carious tissue and existing restorations, 
as well as the root bony implantation and periapex of the tooth3.

Cast metal posts are versatile because they can copy the root canal 
anatomy, ensuring better adaptation, correcting the position of the 
crown of badly positioned teeth, and improving the distribution of 
masticatory loads on the root2,4. They can be fabricated using both 
indirect and direct techniques: in the first case, a plaster impression 
is sent to a dental laboratory for post construction; in the latter case, 
an acrylic resin post is built up in the patient’s mouth, providing 
better retention2.

Studies on the radiographic evaluation of cast metal posts and 
cores and their coherence with the basic preparation principles for 
acceptable treatment show that only a low percentage of posts obey 
ideal conditions3,5-11. The most unfavorable failures associated with 
this type of system are loss of retention due to displacement12,13, root 
fractures14, and risk of corrosion2,15. In search for the origin of these 
failures, authors have suggested that the problem lies in the way cast 
posts and cores are being manufactured3,5-7,13. Aiming to reduce these 
failures, prefabricated posts have appeared as new option of simpler 
and faster confection; however, care must be taken when performing 
additional denture wear maneuvers to adapt the root canal space to 
the selected post shape in order to avoid weakening of the dental 
remnant and/or root perforations16.

Although the cast metal post-and-core system can present 
failures, it is still widely used with indication for elements with 
little dental remnant and for support of prosthetic restorations and 
posterior teeth3,5,6,12,17.

In view of the need for root retention, much is discussed about 
endodontic treatment being compromised after restoration using 
this system17, as well as with respect to maintenance, or emergence of 
periapical lesion5,7,17-20. It is believed that a well-performed endodontic 
treatment leads to greater care in the execution of prosthesis, reinforcing 
that this is a basic criterion for the beginning of the prosthetic stage 
preparation, in such a way that these two stages are inseparable and 
must be conducted properly to obtain success5,6.

Therefore, the objective of this study was to radiographically assess 
endodontically treated, single-rooted teeth with cast metal posts and 
cores, analyzing whether the prosthetic criteria fundamental to a 
restorative treatment are adequate or not.

MATERIAL AND METHOD

This study was approved by the Human Research Ethics Committee 
(CEPSH) of Universidade Federal de Sergipe under protocol no. 
107999 (CAAE: 50369015.4.0000.5546). After approval, the study 
was conducted through the selection of digital periapical radiographs 
of 1000 endodontically treated, single-rooted teeth with cast metal 
posts and cores. These periapical radiographs of patients who sought 
this service for complementary radiographic examination were 
obtained from the digital collection of a radiology clinic (Centro de 
Imagem, Aracaju/SE, Brasil). The radiographic images were saved 
in a file and identified with numbers to maintain the confidentiality 
of the patients’ identity.

The radiographic images were assessed using the same previously 
calibrated viewer. The images were enlarged and measured according 
to the evaluated criteria using a graphic analysis program (ImageJ, 
1.44p, National Institutes of Health, USA). According to the program, 
the digital measures obtained in pixels were converted to millimeters 
with precision of up to three decimals. To this end, the software was 
calibrated from a known size of the image (in this case, the actual 
dimensions of the radiographic film). One of the long axes of the 
film was gauged and this measure was inserted in millimeters for 
the program calibration. No distinction between age and gender of 
patients was considered.

All radiographs containing endodontically treated teeth with 
cast metal posts and cores were expanded, and the measures were 
taken observing the absence or presence of failures according to 
the following prosthetic principles: length of post, diameter of post, 
ratio between post and bone crest, contiguity of post to root canal, 
gap between post and the remaining root canal filling, amount 
of remaining root canal filling, and absence of periapical lesion. 
The following prosthetic data were considered satisfactory: cast 
metal posts and cores with post length equal to 2/3 of root length 
(1mm error margin); post diameter equal to 1/3 of root diameter 
(0.5mm error margin); post:bone crest ratio with the post reaching 
1/2 of root bony implantation; post contiguous to root canal with 
no deviations; absence of gap between post and the remaining root 
canal filling (0.2mm error margin); remaining root canal filling 
in the apical third of the tooth, with a minimum of 4mm of guta 
percha (below 4mm was considered inadequate and above 4mm was 
considered adequate, as long as not combined with short posts); and 
absence of periapical lesion (Figure 1).

Figure 1. Measures obtained for each assessed tooth. A = 2/3 × B (ideal post length); C = 1/3 × D (ideal post diameter); E = 1/2 × F (ideal 
post:bone crest ratio); G = post contiguous to root canal; H = presence of gap between the remaining root canal filling and post; I = ideal amount 
of remaining root canal filling: 4mm; J = absence of periapical lesion.
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The radiography viewer was calibrated according to the criteria 
evaluated, which were selected based on the methodology of 
previous studies and according to the standards described in the 
specific scientific literature2,3,5-9,11,17-21.

Each image obtained was opened in the program, enlarged, 
gauged, evaluated according to the prosthetic criteria, and included 
in an Excel spreadsheet. A new spreadsheet was prepared with 
the results of the 1000 images in which all the data were grouped, 
without the numerical values and only classified as ideal and not 
ideal, for statistical analysis. The chi-square hypothesis test, which 
aimed to find a dispersion value for two nominal variables and 
evaluate the association between the qualitative variables, was 
applied for statistical assessment.

RESULT

Based on the data obtained from the 1000 cast metal posts and 
cores, frequency was verified for all evaluated prosthetic criteria 
(Figure 2).

The following levels of adequacy were verified for the assessed 
prosthetic criteria: post length (13.5%), post diameter (80.1%), 
post:bone crest ratio (19.4%), post contiguity to root canal (92.9%), 
absence of gap between post and the remaining root canal filling 
(51.9%), amount of remaining root canal filling not associated 
with short post (8.3%), and absence of periapical lesion (85.8%). 
Only 6.7% of all cast metal posts were satisfactorily fabricated, 
meeting all the prosthetic criteria evaluated, and considered adequate.

The results of this study were analyzed using the chi-square 
test (α=0.05) with the aim of verifying the existence of significant 
association between the prosthetic criteria found in the assessed 
radiographs and the success of prosthetic rehabilitation with cast 
metal posts and cores.

Regarding the relationship between the prosthetic criteria 
found in the radiographs and the success of prosthetic restorations 
using cast metal posts and cores, Table 1 presents the significant 
association between all the prosthetic criteria analyzed (p<0.05) and 
shows the strength between them (Phi coefficient of association).

Among the prosthetic criteria observed, the amount of root 
canal filling presented the highest positive correlation with the 
success of endodontic treatment (89%), followed by post length 
(68%). Correlation between contiguity of post to root canal and 
success of endodontic treatment was significantly low (7%).

Reliability tests showed that assessments of the position of 
cast metal posts were considered excellent in the intra-examiner 
evaluation, with Kappa values ranging from 0.918 to 1.00.

DISCUSSION

With the evolution of dental materials and the implementation 
of adhesive systems, many changes have occurred in dental 
specialties, and despite the growing use of prefabricated posts1, 
cast metal posts and cores are still widely used3,5,6,12,17, and their 
situation requires assessment.

According to the radiographic sample evaluated, only 6.7% of 
the cast metal posts properly followed all the principles evaluated. 
Durighetto et al.5 reported a similar result - 10.6% of the cast metal 
posts analyzed were satisfactorily fabricated.

The present study observed that the vast majority (86.5%) of cast 
metal posts and cores were manufactured disrespecting the basic 
2/3 rule (post length must be 2/3 of root canal length) (Figure 2). 
This fact was also corroborated in the studies by Bonfante et al.3 (85%); 
Pinzetta et al.10 (96.9%); Nimigean et al.9 (70.09%); Minguini et al.8 
(80%); and Vital et al.11 (73.75%), which reported unacceptable 
standards for length of cast metal posts. Shorter-than-ideal post 
length may cause displacement by improper retention and generation 

Figure 2. Frequency (n) of the prosthetic criteria assessed (n=1000).
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of forces off the tooth fulcrum, thereby increasing the chances of 
root fracture due to second-degree lever behavior22. This situation 
is further aggravated when cast metal posts do not follow the 
fulcrum rule, that is, they do not reach a minimum of 1/2 of the 
root bony implantation. No major drawbacks are associated with 
this procedure for situations in which posts are longer than 2/3 of 
the root length - long posts, as long as the excessive length does 
not compromise the amount of remaining root canal filling and 
does not result in excessive dentin removal3.

With respect to post diameter, 80.1% of the radiographic images 
analyzed in this study presented ideal results, i.e., 1/3 of root diameter 
(Figure 2), whereas Nimigean et al.9, Minguini et al.8, and Vital et al.11 
reported ideal results below 42.41, 40, and 45%, respectively. Such 
differences may have occurred because those authors used smaller 
samples. Very extensive preparations, with large posts, may increase 
resistance and retention, but present greater probability of root 
fracture23,24, whereas insufficient preparation, with thin posts, 
may be interesting to maintain the remaining dentin, but hinder 
preparation impression during confection, and are likely to produce 
short posts3,6,18. The data provided in relation to the diameter were 
limited to the mesiodistal direction.

Regarding the post:bone crest ratio (fulcrum rule), only 19.4% of 
the cases were within the ideal standards (Figure 2), which was 
corroborated by Hilgert et al.6, who reported 13.65%. Bonfante et al.3, 
Minguini et al.8, and Vital et al.11 found 31.8, 45, and 43.75% of 
ideal root bony implantation, respectively. When a minimum of 
half of the bone crest is not reached by the post, concentration of 
forces acting off the dental fulcrum may occur, thus increasing the 

probability of root fracture. It was observed that, because the great 
majority of the analyzed posts were short, they did not reach half of 
the root bony implantation. Conditions of considerable bone loss 
were also observed, which would contraindicate the use of posts, 
and would thus condemn the dental element.

Absence of contiguity between post and root canal may cause 
root fracture25. In this study, 92.9% of the analyzed cast metal 
posts and cores presented satisfactory results, with no deviations 
observed (Figure 2). However, no studies evaluating this criterion 
were found in the literature; thus we proposed that further studies 
on such assessment be conducted.

As for the gap between post and the remaining root canal 
filling, ideally no gap should exist, with tolerance of 0.2mm; in this 
study, 51.9% of the radiographic results were considered acceptable 
(Figure 2). The remaining 48.1% of cases presented gaps ranging 
from 0.2mm to 6.225mm, which was the largest space observed. 
Bonfante  et  al.3 found 70.9% of cases with gaps >0.2mm, and 
similarly, Hilgert et al.6 observed 69.35%. Removal of excess root 
canal filling is usually not accompanied by lengthening of the 
post, leaving an empty space inside the root6. This gap may house 
microorganisms, thus compromising the result of endodontic 
treatment, potentiating the emergence of periapical lesion3,20,21. 
The presence of this gap means some degree of failure or negligence 
in the process of preparing, obtaining, and cementing cast metal 
posts and cores.

The amount of remaining root canal filling presented the highest 
negative correlation with treatment success, 91.7% (Figure  2). 
A large number of treatments with amount of root canal filling 

Table 1. Association between prosthetic criteria and treatment success (n=1000)

Prosthetic criteria
Treatment success

TOTAL
(n=1000) X2 Phi Φ p valueYes

(n=67)
No

(n=933)

Post length (2/3 of root size):
Yes 67 68 135 460.125 0.68 <0.001*

No 0 865 865

Post diameter (1/3 of root size):
Yes 67 734 801 17.841 0.13 <0.001*

No 0 199 199

Post:bone crest ratio (1/2 of post 
inserted in the bone crest):

Yes 67 127 194 298.350 0.54 <0.001*

No 0 806 806

Contiguity to root canal:
Yes 67 862 929 5.488 0.07 0.019*

No 0 71 71

Gap between post and the 
remaining root canal filling:

Yes 67 452 519 66.553 0.25 <0.001*

No 0 481 481

Amount of root canal filling 
(4 mm):

Yes 67 16 83 793.386 0.89 <0.001*

No 0 917 917

Absence of periapical lesion:
Yes 67 791 858 11.885 0.11 <0.001*

No 0 142 142

X2 = chi-square test; Phi = coefficient of association; p = significance level. *p<0.05.
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below ideal were observed, thus being a risk factor for apical sealing 
and restoration longevity. There are no disadvantages for cases in 
which the filling extends beyond 4mm without compromising 
the ideal length of the cast metal post; however, when the amount 
of filling extended beyond the ideal, the posts were often short. 
Bonfante et al.3 and Hilgert et al.6 found results different from those 
of the present study, which can be justified by the fact that they 
adopted 3mm of remaining root canal filling as ideal.

Presence of periapical lesion is a criterion that generates 
doubts7,17,18,20,21, considering that without the initial control of 
treatment, it is impossible to know whether the existing lesion has 
regressed, developed, or remained stationary. Hommez et al.18 and 
Durighetto et al.5 concluded that the presence of a post in the root 
canal has no influence on apical health. Periapical lesions were 
present in 14.2% of the radiographic images investigated in this 
study (Figure 2), confirming the idea advocated by the authors.

When properly executed, prosthetic rehabilitation using cast 
metal posts and cores follow fabrication and cementation principles 
that allow treatment success rates, providing maximum retention 
and resistance without causing root damage, as well as favoring the 
dissipation and dispersion of masticatory load by the remaining 

root6. However, when the prosthetic criteria are neglected, longevity 
of the restorative treatment may be compromised.

This is a cross-sectional study; therefore, it was not possible to 
verify the longevity of the cast metal posts and cores whose criteria 
were considered inadequate. Although periapical radiographs are 
an elective examination for the assessment of cast metal posts, 
their images are two-dimensional and may present distortions.

CONCLUSION

Within the limitations of this study, the authors conclude that, 
according to the prosthetic criteria evaluated, most of the cast 
metal posts and cores radiographically assessed were inadequately 
fabricated.
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