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INTRODUCTION
Dental caries remains the most 
prevalent chronic diseases world-
wide. Being an infectious micro-
bial disease, the incidence of den-
tal caries is high (1). Dental caries 
must be removed at the earliest to 
prevent the harmful effects on the 
dental pulp. Deferring the treat-
ment for a prolonged period will 
result in a missed opportunity to 
save the tooth.

The rate of untreated caries is 
changing in different countries. 
The prevalence of caries among 
195 countries and territories, 
along with the subnational lo-

cations in Brazil, India, Kenya, Mexico, Saudi Arabia, South Africa, Sweden, the United Kingdom, 
and the United States, was reported as 1.739 billion in 1990. It increased to 2.521 billion in 2015. 
The incidence of dental caries was reported as 616 million in 2015 (2). The prevalence and sever-
ity of caries are very high in the Kingdom of Saudi Arabia (KSA). Several studies have been con-
ducted in different parts of KSA (3-5), and a very high prevalence and severity of dental caries have 
been documented. The prevalence of caries was reported as 80.15% in Riyadh City at male public 
schools in May 2016 (6).

It is challenging for several dental students and newly graduated dentists to appraise the depth 
of carious lesions (7) with regard to consistency, as some cavities may look shallow, but it may re-
sult in an obligate pulp exposure due to the erroneous estimation of the cavity depth. To prevent 

• Preservation of remaining dentine thickness (RDT) 
during caries excavation is vital to protect the pulp 
from injuries.

• Radiographs may help assess RDT to avoid the ex-
posure of the vital tissue.

• We attempted to develop a valid method to esti-
mate the RDT by establishing a relationship be-
tween radiographic RDT and actual RDT.

• No constant relationship between RRDT and ARDT 
was found.

• The risk of pulp exposure is higher when the radio-
graphic RDT is ≤0.5 mm.

HIGHLIGHTS

Objective: Maintaining the remaining dentine thickness (RDT) is crucial because it acts as a protection bar-
rier to the vital pulp tissue against injury and inflammatory products. Based on the relationship between 
the radiographic RDT (RRDT) and actual RDT (ARDT), we aimed to develop a validated method for guiding 
dentists in estimating the RDT before caries excavation.
Methods: 30 extracted human teeth were subject to the two-stage experimentation of exposure to cone 
beam radiography and measurement of actual remaining dentine after sectioning. RRDT and ARDT were 
recorded, and the difference was statistically analyzed.
Results: A significant difference in the mean values of the estimated difference in dentine thickness was 
observed (P<0.05). There was no significant difference between molars and premolars as they exhibited a 
similar range in the difference of the RDT.
Conclusion: It is challenging to find a stable relationship between RRDT and ARDT.
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MATERIALS AND METHODS

Inclusion criteria
1. Permanent posterior teeth
2. Deep carious lesions reaching dentine (radiographic base)
3. Lesion visualized in radiographs (radiographic base)

Exclusion criteria
1. Incipient or enamel carious lesions (Radiographic base)
2. Deep carious lesions reaching the pulp (Radiographic 

base)

Methodology
The institutional review board (IRB) of the Riyadh Colleges of 
Dentistry and Pharmacy approved the cross-sectional study, 
with an IRB approval number of RC/IRB/2016/471. Informed 
consent was not needed for this study.

Fifty human extracted posterior teeth (premolar and molar) 
were collected from the oral surgery department of King Fa-
had Medical City. These teeth were examined radiographically 
after mounting them on an acrylic jaw model. A radiograph 
was captured using cone beam digital radiography (parallel-
ing technique); the film covered the coronal, middle, and api-
cal third of the tooth. In total, 30 permanent posterior teeth 
extracted from human carious (14 molars/16 premolars) out 
of the 50 samples fulfilled the inclusion and exclusion criteria 
and were selected as the sample.

The sample size was calculated using G*Power (Statistical 
Power Analysis). The confidence level chosen was 95% with a 
5% margin of error.

To establish a relationship between the RRDT and ARDT, we

1. Measured RRDT
2. Implemented excavation work for the caries
3. Cross-sectioned the teeth
4. Measured ARDT
5. Compared the RRDT and ARDT measurements.

The teeth were mounted on an acrylic jaw model and radio-
graphed using digital radiography (paralleling technique); the 
film covered the coronal, middle and apical thirds of the tooth 
(Fig. 1). A digital software contrast enhancement filter was 
used for adjusting the radiographs of 30 samples and mea-
suring the estimated RDTs (Fig. 2). For the radiographs, the 
distance between the cone and tooth was 10 cm, vertical and 
horizontal angulations were 0 degrees, time of exposure was 
1 second each, and an Intraoral Heliodent Plus device (Sirona 
Dental Systems GmbH, Bensheim, Germany) was used.

Two independent examiners measured RRDT. Excavating the 
caries was the next step, which was performed by two exam-
iners trained to remove the infected dentine and leave the af-
fected dentine based on the two criteria of discolouration and 
tactile sensation. Affected dentine is dentine has dark colour, 
leathery\softer in texture than healthy dentine and hard to 
remove with spoon excavator. Infected dentine is lighter in 
colour than affected dentine, very soft, moist, and easy to re-
move with a spoon excavator. 

pulp damage and ensure pulp preservation and conservative 
treatment, the correct distance should to be determined (8). 
The reported anxiety among dentists in treating patients with 
deep carious lesions necessitated further studies (7). These 
studies aimed to investigate the readiness of the dental prac-
titioners to use less invasive clinical strategies for managing 
deep lesions (9).

Remaining dentine thickness (RDT) is the thickness of the 
healthy dentine between the pulpal floor and the roof of the 
pulp chamber. The thickness needs to be preserved as it acts 
as a protective barrier to the pulp against mechanical injury 
and inflammatory products (10). The pulp is more susceptible 
to the cytotoxic effect of dental materials if the RDT reduces to 
more than 1.5 mm (6, 11). The quality of the remaining dentine 
affects the pulp health. During cavity preparation, it is an inte-
gral process to conserve the mineral structure. RDT is directly 
proportional to the health of the human pulp (12).

Remaining dentine affects the quality and longevity of 
restorations. A long-lasting bonding of restorative materials 
is achieved through micromechanical retention. Studies have 
also indicated that the micro-tensile bond strength to dentine 
significantly improved when the RDT increased (13). Injury of 
odontoblasts has been reported in teeth with low RDT (14).

Several dentine adhesives have been tested to measure the 
strength of RDT. A significant correlation was found when the 
materials were compared with RDT (15). Similarly, the diffusion 
rates of resin monomers were assessed, and it was found that 
the rate of diffusion increased where RDT was low (16).

The success rate of stepwise caries excavation after 36–45 
months is 88% (17). A success rate of 37% at 5 years and a fail-
ure rate of 80% after 10 years were reported for direct pulp 
capping, following a carious exposure (18).

Clinical experience is a determining factor for the appropriate 
depth of cavity preparation. Currently, dentists assess the cavity 
depth by observing the blue shadow of the pulp during caries 
excavation (19). A variety of methods, such as radiographs 
(20), prepometer (21), electrical resistance (22), tool maker mi-
croscope with a muffle device (23, 24), and micro-computed 
tomography, have been established to assess RDT (8). Conven-
tional radiographs provide a rough estimate of RDT due to its 
low resolution. Digital radiographs, however, use a higher sen-
sitive plates and provide a clear resolution with sharp images 
(25). It is the most accessible and accurate method available to 
the dental practitioner if used appropriately (19).

The RDT estimation is essential for the excavation of caries. Ra-
diographs may help to assess the RDT to avoid the exposure of 
the vital tissue. Determining a constant relationship between 
the radiographic RDT (RRDT) and actual RDT (ARDT) would as-
sist dental students and junior dentists to improve their clini-
cal skills when removing dentine in a deep carious lesion.

This study aimed to develop a valid method for guiding dentists 
and dental students in the estimation of RDT prior to caries ex-
cavation by establishing a relationship between the RRDT and 
ARDT.
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Caries were removed using a high-speed hand-piece with a 
round carbide bur size number 2 followed by manual excava-
tion using a spoon excavator. After excavation, the tooth was 
fixed using the Vise machine (Krason RP et al., 2019) to secure 
it in place (26) and then cross-sectioned using the high-speed 
hand-piece with a disc diamond bur (Fig. 3). The same two 
examiners measured the actual RDT directly using a digital 
caliper (Fig. 4) from the floor of the cavity (deepest point) until 
the nearest pulp horn. Collected data were transferred to an 
excel sheet. The RDTs were evaluated quantitatively.

Further mathematical comparisons were performed on data 
to discover a relation between the two thicknesses.

Statistical analysis
The data were analyzed to determine if there is a relationship 
between the two thicknesses. Using the Statistical Package 
for Social Sciences software version 19, a Wilcoxon Signed 
Rank test was performed, as the distribution was found to be 
skewed.

Reliability testing
We used the Interclass Correlation Coefficient (ICC) to deter-
mine the inter-examiner as well as intra-examiner reliability. 

Figure 1. Radiographic sample radiographed via Cone Beam digital ra-
diography (paralleling technique). The film covers the coronal, middle, 
apical thirds of the tooth. Tooth was mounted on an acrylic jaw model.
34x43mm (96x96 DPI)

Figure 2. Radiographic image of a molar sample after enhancement of 
the image qulaity

Figure 3. Photograph showing the sectioned part of molar after caries 
removal with a high speed hand-piece, round carbide bur, and manual 
excavation using spoon excavator. The tooth was fixed by the Vise ma-
chine and cross-sectioned with the high speed hand-piece with a disc 
diamond bur. 34x47mm (96 x 96 DPI)
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Intra-examiner reliability
Radiographic measurement: 0.92 (excellent reliability) Mea-
surement after sectioning: 0.95 (excellent reliability).

DISCUSSION
Considering the protection to the pulp provided by den-
tine, this study aimed to determine the extent of estimation 
of RRDT over the ARDT of the posterior teeth. The results 
showed that the pulp of five teeth was exposed. We com-
pared the mean values of ARDT and RRDT as the first step 
of analysis. It was noted that the mean value for RRDT was 
higher than ARDT (P<0.05).

Another comparison was done based on the tooth type. We 
compared the premolars and molars and found that there was a 

The values resulting from the ICC are interpreted as follows: 
less than 0.5-poor reliability, 0.5–0.75-moderate reliability, 
0.75–0.90-good reliability, and greater than 0.90-excellent re-
liability.

RESULTS
Five samples in ARDT had pulpal exposure. Overall, the mean 
(±standard deviation [SD]) RRDT and ARDT was 1.928 (±1.149) 
and 1.707 (±1.334), respectively. The Wilcoxon Signed Ranks 
test showed that the mean RRDT was significantly higher than 
the mean ARDT (P=0.000; Table 1; Fig. 5).

Mean Value:
Premolar samples
The mean (±SD) RRDT and ARDT was 2.148 (±1.249) and 1.954 
(±1.208), respectively (Table 2). The Wilcoxon Signed Ranks 
test showed that the mean RRDT was significantly higher than 
the mean ARDT (P=0.000; Fig. 6).

Molar samples
The mean (±SD) RRDT and ARDT was 1.677 (±1.01) and 1.425 
(±1.010), respectively (Table 2). The Wilcoxon Signed Ranks 
test showed that the mean RRDT was significantly higher than 
the mean ARDT (P=0.001; Fig. 6).

Premolars
The estimated RRDT and ARDT are shown in Table 3. For pre-
molars experiencing no pulpal exposure, the RRDT was more 
than ARDT in all samples. The difference ranged from 0.01 mm 
to 0.34 mm (0.32–19.6%).

Molars
Similar results were recorded for molars (Table 4), with the dif-
ference ranging from 0.02 mm to 0.37 mm (2.4–32%).

Inter-examiner reliability
Radiographic measurement: 0.80 (good reliability) Measure-
ment after sectioning: 0.85 (good reliability)

TABLE 1. Mean values of RRDT and ARDT

                Descriptive statistics

 n Mean SD Minimum Maximum

RRDT 30 1.9280 1.14939 0.12 3.69
ARDT 30 1.707 1.1334 0 3.38

RRDT: Radiographic Remaining Dentine Thickness, ARDT: Actual Remaining 
Dentine Thickness, SD: Standard Deviation

Figure 5. Mean and SD values of RRDT and ARDT
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TABLE 2. Mean value comparisons for premolars and molars

                          Statistics

 RRDT-PM ARDT-PM RRDT-M ARDT-M

N 16 16 14 14
Mean 2.1475 1.95 1.6771 1.425
SD 1.24899 1.20818 1.00997 1.01010
Minimum 0.12 0 0.23 0
Maximum 3.69 3.38 3.26 3.07

RRDT: Radiographic Remaining Dentine Thickness, ARDT: Actual Remaining 
Dentine Thickness, PM: premolars, M: Molars

Figure 6. Comparison of mean values for premolars and molars
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Figure 4. Digital caliper used for measurement 66x26 mm (96x96 DPI)
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However, our study used only caliper measurements. The ref-
erenced study showed more accurate results when using ul-
trasonic measurements.

A Digital Caliper (also known as a Digital Vernier Caliper) is 
a precision instrument that can be used to measure internal 
and external distances extremely accurately. Measurements 
are read from a liquid crystal display screen. The instrument 
is commonly used in various dental studies (28). The future of 
measuring RDT is optimistic however, as the use of optical co-
herence tomography is trending, achieving higher accuracy in 
these measurements will contribute to the skill improvement 
of dentists (29).

The limitations of the study include the angulation of mounted 
teeth. In addition, the periapical radiograph has 5% magnifica-
tion (30). Human errors are considered one of the limitations 
of this study because it is challenging to measure the exact 
point at two instances. In addition, the study used only perma-
nent premolar and molar teeth.

CONCLUSION
Within the limitations of the study, it can be concluded that 
determining a constant relationship between RRDT and ARDT 
remains a challenge. In addition, the risk of pulp exposure is 
higher when the RRDT is ≤0.5 mm. There was no significant 
difference between molars and premolars as they exhibited a 
similar range in the difference of the RDT.
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