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Abstract
Objective: To evaluate and compare detection rates of different types of 

dental caries using four examination methods. 

Methods: Patients who underwent dental caries examination and treatment 
at the Department of Endodontics and the Department of Prevention, Zhongshan 
Hospital Affiliated to Xiamen University, were selected. Dental caries was 
classified according to age, location, and type based on inclusion and exclusion 
criteria. The examination methods included visual inspection, X-ray, CBCT, and 
near-infrared light transillumination imaging. Detection rates of various caries 
types by different examination methods were statistically analyzed. 

Results: A total of 266 patients (130 males and 136 females) were included. 
Among them, 129 patients underwent CBCT scans, and 137 had X-rays taken. 
Five patients lacked near-infrared light transillumination images. Early caries 
comprised the majority of included dental caries. In general’ the detection rates 
by visual inspection and near-infrared transillumination imaging were 93.8% and 
87.5%, respectively, which were higher than those obtained by CBCT and X-ray. 
However, CBCT and X-ray detection rates for primary dental caries approached 
100%. Near-infrared transillumination imaging achieved detection rates of 
98.5% for occlusal caries, 95.1% for secondary caries, and 100% for cracked 
tooth, significantly higher than the CBCT and X-ray groups. 

Summary: For caries with formed cavities, CBCT showed the highest 
detection rate. X-ray imaging is suitable for examining non-overlapping adjacent 
surfaces and root surface caries. Near-infrared transillumination imaging is 
suitable for detecting early dental caries and cracked teeth on occlusal surfaces.

Keywords: Dental caries; CBCT; X-ray; Near-infrared light transillumination 
imaging; Caries Prevention.
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Research Article

A Comparative Study of Detection Rates of Different 
Types of Dental Caries Using CBCT, X-Ray, and  
Near-Infrared Light Transillumination Imaging: A Cohort 
Study

Introduction
Dental caries is one of the most common diseases in dentistry. If not 

treated promptly, it can progress to pulpitis, periapical periodontitis, 
or even tooth extraction. Early detection and treatment of dental 
caries can effectively reduce societal expenditure on medical resources 
[1]. Currently, various methods are used for early caries detection, 
including visual inspection, probing, and auxiliary techniques such 
as X-ray, CBCT, and near-infrared light transillumination imaging [2-
4]. X-ray and CBCT are commonly used auxiliary methods in clinical 
practice. Near-infrared light transillumination imaging has recently 
been proven effective for detecting proximal caries [5,6].

Each detection method has advantages and disadvantages. 
X-ray imaging is two-dimensional, and factors such as differences 
in tooth density, tooth structure, and overlapping adjacent teeth 
may cause inaccuracies in identifying dental caries [7]. CBCT is 
currently an effective auxiliary method for diagnosing oral diseases 
involving the jawbone and temporomandibular joint. It provides 

a three-dimensional assessment of dental caries and has broad 
application prospects, including artificial intelligence for dental lesion 
detection [8]. However, CBCT scans have slice thicknesses of 100–
300 micrometers, which can introduce certain errors, particularly 
in diagnosing cracked teeth. Near-infrared light transillumination 
imaging is an emerging method for early caries detection. It has 
advantages of short examination time, real-time imaging, non-
destructiveness, and absence of ionizing radiation [9]. However, 
this method has not been widely adopted in clinical practice, and 
standardized operational procedures have not yet been established.

Different dental caries types present unique clinical characteristics, 
resulting in varying detection efficacy among examination methods. 
Periodontitis and gingival recession often lead to root caries. Visual 
inspection tends to miss caries in twisted teeth. CBCT imaging 
may generate high-density shadows around restorations, potentially 
causing misdiagnosis of secondary caries. X-ray imaging may fail to 
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clearly depict caries adjacent to restorations. Additionally, twisted 
teeth, shallow caries without cavities, and deep-seated caries often 
result in unclear visualization or missed diagnosis due to X-ray 
angulation issues. Near-infrared transillumination imaging provides 
real-time oral cavity visualization and permits rapid adjustment of 
imaging angles. However, the penetration of near-infrared light is 
weaker compared to X-rays, leading to possible missed diagnoses of 
deep or obstructed caries.

Based on the literature review, different detection methods 
have specific strengths, limitations, and applicable scopes. We 
make the following assumption: each caries type has distinctive 
characteristics, and inappropriate examination methods can increase 
the risk of missed diagnoses. Currently, no study has systematically 
classified dental caries types and calculated detection rates for 
visual inspection, CBCT, X-ray, and near-infrared transillumination 
imaging accordingly. Thus, evaluating the detection accuracy of 
these examination methods for different caries types is necessary. 
This study classified dental caries by age, depth, location, and other 
relevant features. Detection was performed using X-ray, CBCT, near-
infrared transillumination imaging, and visual inspection. Detection 
rates for various methods and caries types were compared to provide a 
theoretical basis for selecting suitable auxiliary examination methods 
in clinical practice.

Experimental Equipment and Methods
Equipment

Dental X-ray Machine (Sirona Dental systems Germany); CBCT 
(QRs.r.l, Italy); near-infrared light transillumination images (Guang 
yu, China).

Inclusion Criteria

(1) Each tooth should ideally have only one cavity. If multiple 
cavities exist on one tooth, adjacent decayed areas must be at 
least 2 mm apart to avoid interference with imaging and infrared 
examinations.

(2) Participants aged between 12 and 71 who are willing to 
cooperate fully with the examination.

(3) No systemic diseases.

(4) Absence of conditions interfering with imaging and infrared 
examinations, such as gingival hyperplasia.

(5) Participants voluntarily joined the study, fully understand the 
research procedure, and signed informed consent forms.

Exclusion Criteria

(1) Caries reaching dental pulp or presenting symptoms of 
pulpitis.

(2) Limited mouth opening (< 30 mm).

(3) Active periodontitis or poor oral hygiene.

(4) Presence of systemic diseases.

Patients who visited the Endodontics and Preventive Dentistry 
Departments of Zhongshan Hospital Xiamen University for caries 
examination or treatment from March 2022 to April 2025 have been 

selected. The clinical diagnosis was conducted through multimodal 
approach comprising visual inspection, radiographic examination 
(employed when visual inspection fails to confirm the presence of 
caries or requires determination of the caries depth), pulp vitality 
test (to exclude pulpitis, etc.), probing (for rough occlusal surfaces or 
when direct observation of the proximal surfaces was not feasible), 
and dental floss probing (for rough proximal surfaces or when direct 
observation was not possible). The most comprehensive examination 
was served as the diagnostic result for caries. In accordance with 
the inclusion and exclusion criteria, the purpose and procedures of 
the study were explained to the patients, and informed consent was 
obtained. The radiographic examination materials of the patients, 
including X-ray images or cone-beam computed tomography (CBCT) 
videos, were provided by the attending physician and independently 
interpreted by two additional physicians. In cases of inconsistent 
results, an additional physician was involved in the radiographic 
interpretation. Then, two other physicians performed near-infrared 
light transillumination (NIR-LT) examination and took photographs 
of the caries locations. Qualified physicians (holding a practicing 
physician certificate and possessing independent practice capabilities) 
were selected through simple random sampling from the department. 
A blinded method was adopted, where the performing physician 
was different from the attending physician and remained unaware 
of the caries status. The information was kept confidential between 
physicians. This study employed multiple examination approaches 
including X-ray, CBCT, NIR-LT images, and visual inspection, and 
pairwise comparisons were conducted for statistical analysis. The 
diagnostic criteria for caries were defined as follows: (1) shallow 
caries: white or brown spots on the tooth surface, with rough texture 
upon probing, limited to the enamel layer, after excluding structural 
abnormalities caused by congenital or traumatic factors; (2) moderate 
caries: caries reaching the superficial layer of dentin; (3) deep caries: 
caries reaching the deep layer of dentin without pulp involvement. 
Patients were classified and recorded according to the following 
criteria: cavitation status (presence or absence), crack-related pain 
(referring to the fine cracks on the crown surface that do not affect the 
appearance of the tooth), adjacent tooth status (restoration or not), 
and whether the caries were secondary caries. Teeth with a torsion 
angle between 15-45° were selected as the affected teeth. Patients were 
inquired about any discomfort, pain, and willingness to undergo the 
study, and the information was recorded. SPSS statistical software was 
used for data analysis. Pairwise comparisons were performed using 
the least significant difference test (LSD-t), and one-way analysis of 
variance (ANOVA) was used for comparisons among groups. Chi-
square test was used for proportion comparisons, with a significance 
level of p = 0.05. Its symptoms are similar to those of dental caries, 
which may include tooth sensitivity or even pain. Sometimes, it tends 
to occur on carious teeth. Therefore, based on clinical needs, we 
included cracked teeth in the study.

Results
Case Selection

A total of 266 patients (130 males and 136 females) were included. 
Among these, 129 underwent CBCT, and 137 underwent X-ray 
examinations.

(1) Detection of dental caries with cavities (excluding secondary 
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caries, restorations, or fillings in original or adjacent teeth): A total 
of 216 patients (727 teeth) were included. Among these, 348 teeth 
from 101 patients were examined by CBCT, and 379 teeth from 
115 patients were examined by X-ray. Infrared examinations were 
performed whenever possible for teeth previously examined by CBCT 
or X-ray. However, 5 patients did not undergo infrared imaging, and 7 
teeth lacked infrared images, we removed this portion of the infrared 
datary. Salting in 720 teeth included for infrared statistics.

(2) Teeth without cavities: A total of 133 teeth from 80 patients 
were included, selected from the 216 patients mentioned above. 
CBCT examination involved 64 teeth from 21 patients, while X-ray 
examination included 59 teeth from 28 patients. All 133 teeth 
underwent infrared examination.

(3) Teeth with cracks accompanied by pain or discomfort:50 teeth 
from 50 patients were included. Among these, CBCT examined 28 
teeth, and X-ray examined 22 teeth. All teeth underwent infrared 
imaging.

(4) Teeth suspected of cracks without discomfort: A total of 149 
teeth from 92 patients were selected from the initial 216 patients. 85 
cases underwent CBCT, and 64 cases underwent X-ray examinations.

(5) Secondary caries: A total of 83 teeth from 62 patients were 
selected from the 216 patients mentioned above. CBCT examinations 
included 43 cases, and X-ray examinations included 40 cases.

(6) Teeth adjacent to restorations or fillings: A total of 74 teeth 
were selected from the 216 patients. Among these, 38 underwent 
CBCT examinations, and 36 underwent X-ray examinations.

(7) Twisted teeth: A total of 72 teeth from 39 patients were 
included, selected from the 216 patients.

(8) CBCT examinations involved 38 teeth, and X-ray examinations 
involved 34 teeth.

Comparison of the Detection Rates of Dental Caries by 
Different Examination Methods

Table 1 shows that among the four examination methods, infrared 
imaging has the highest overall detection rate, followed by X-ray. 
Visual inspection ranks lower than X-ray, and CBCT has the lowest 
rate. For caries with cavities formed by primary dental caries, CBCT 
and X-ray detection rates were highest, while infrared imaging was 
lowest. Infrared imaging demonstrated the highest detection rates for 
caries without cavities and secondary caries.

Table 2 shows primary caries with cavity formation classified 
by age. CBCT effectively detected dental caries in all age groups, 
achieving a detection rate of 100%. X-ray also had a good detection 
rate, especially among older age groups. Infrared imaging had a lower 
detection rate compared to CBCT and X-ray, particularly among 
older patients, showing an opposite trend compared to X-ray. Visual 
inspection had a relatively high detection rate across all age groups, 
with better performance among younger patients.

Table 3 presents primary caries with cavity formation classified by 
tooth position. CBCT demonstrated effective detection of caries in all 
tooth positions. X-ray also had high detection rates, particularly for 
anterior teeth compared to posterior teeth. Infrared imaging showed 

lower detection rates compared to CBCT and X-ray, with similar rates 
between anterior and posterior teeth. Visual inspection showed high 
detection rates overall, particularly better detection for anterior teeth.

Table 4 summarizes primary caries with cavity formation 
classified by depth. CBCT had consistently high detection rates 
across different depths of caries. X-ray detection was higher for 
deep caries compared to shallow caries. Infrared imaging had lower 
detection rates compared to CBCT and X-ray, particularly for shallow 
caries. The detection rate of visual inspection was similar to infrared 
imaging, with higher detection rates observed for deep caries than 
shallow caries.

Table 5 shows primary dental caries classified by tooth surface 
location (proximal, root, and occlusal surfaces). CBCT demonstrated 
very high detection rates for interproximal caries and root surface 
caries. X-ray had higher detection rates for non-proximal surfaces 
than proximal surfaces, with particularly high detection rates for root 
caries. Infrared imaging also showed higher detection rates for non-
proximal surfaces compared to proximal surfaces but significantly 

Table 1: Detection rates of dental caries by examination methods.

Totality
Primary, and the 
total number of 
cavities formed

Primary, 
total number 
without 
forming 
cavities

Total number 
of secondary 
caries and 
adjacent 
restorations

CBCT 371(76.8) 348(100) 0(0) 23(28.4)
X-ray 447(87.0)a 375(98.9) 0(0) 72(94.7) a

Infrared 884(87.5) a 658(91.4) ab 79(59.4) ab 147(93.6) a

Inspection 954(93.8) abc 687(94.5) abc 133(100) abc 134(85.4) abc

X2 89.283 52.038 248.865 165.116
P <0.001 <0.001 <0.001 <0.001

Note a indicates P < 0.05 when compared with the CBCT group; note b indicates P < 0.05 when compared with 
the X-ray group; note c indicates P < 0.05 when compared with the Inspection group.

Table 2: Classification by age.
Years 12-21 22-31 32-41 42-51 52-61 62-71
CBCT 52(100) 63(100) 66(100) 68(100) 55(100) 44(100)
X-ray 58(96.7) 70(98.6) 67(100) 64(98.5) 60(100) 56(100)
Infrared 105(94.6) 124(92.5) 126(94.7) 118(90.8) a 98(87.5) a 87(87) ab

Inspection 108(96.4) 128(95.5) 127(95.4) 126(94.7) 105(91.3) 93(93)
X2 2.768 7.110 6.495 9.796 9.796 13.693
P 0.432 0.054 0.074 0.014 0.014 0.002

Note a indicates P < 0.05 when compared with the CBCT group; note b indicates P < 0.05 when compared with 
the X-ray group; note c indicates P < 0.05 when compared with the Inspection group.

Table 3: Classification by tooth position.
Incisors Canines Premolars Molars

CBCT 94(100) 51(100) 98(100) 105(100)
X-ray 118(100) 48(100) 100(99) 109(97.3)
Infrared 196(93.3)ab 92(92.9) 171(87.2) ab 199(92.6) a

Inspection 206(97.2) 94(94.9) 182(91.5) ab 205(94.5) a

X2 14.762 6.143 22.906 9.979
P 0.001 .076 <0.001 0.019

Note a indicates P < 0.05 when compared with the CBCT group; note b indicates P < 0.05 when compared with 
the X-ray group; note c indicates P < 0.05 when compared with the Inspection group.

Table 4: Classification by caries depth.
Superficial caries Moderate caries Deep caries

CBCT 158(100) 126(100) 64(100)
X-ray 162(97.6) 128(100) 81(100)
Infrared 281(87.5) ab 238(94.8) ab 139(96.5)
Inspection 319(98.5)c 241(94.9) ab 140(94)�b
X2 55.824 15.901 8.011
P <0.001 <0.001 0.029

Note a indicates P < 0.05 when compared with the CBCT group; note b indicates P < 0.05 when compared with 
the X-ray group; note c indicates P < 0.05 when compared with the Inspection group.
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lower detection rates for root surface caries. Visual inspection 
similarly showed higher detection rates for non-proximal surfaces, 
with lower detection rates for root surfaces.

Table 6 shows dental caries without cavity formation, classified 
according to tooth surface location. CBCT and X-ray exhibited 
extremely low detection rates. Infrared imaging had higher detection 
rates than CBCT and X-ray, particularly for non-adjacent surfaces. 
Visual inspection, exploratory probing, and other comprehensive 
examinations demonstrated the highest detection rates.

Table 7 indicates that the comfort level of X-ray was lowest, 
accompanied by the greatest discomfort. CBCT ranked second. 
Infrared imaging and visual inspection provided the highest comfort 
levels, with patients expressing greater willingness to undergo these 
examinations. Infrared imaging had the shortest operation time, 
followed by visual inspection, while CBCT required the longest.

Table 8 demonstrates that for cracked teeth accompanied by pain 
or discomfort, the detection rates of CBCT and X-ray were lower than 
those of infrared imaging and visual inspection. For cracked teeth 
without discomfort, infrared imaging maintained a high detection 
rate, followed by visual inspection, whereas CBCT and X-ray 
detection rates were almost zero. Infrared imaging showed the highest 
detection rate for secondary caries, followed by X-ray, with CBCT 
having the lowest detection rate. In detecting dental caries adjacent to 
restorations, infrared imaging had the highest rate, followed by X-ray, 
with CBCT again lowest. Conversely, CBCT exhibited the highest 
detection rate for twisted teeth, and infrared imaging had the lowest.

Figure 1A clearly shows caries on twisted teeth using CBCT. Due 
to obstruction by adjacent teeth, visual examination and infrared 
imaging could not clearly reveal the dental caries. Figure 1B illustrates 
concealed fissures that CBCT did not clearly display. Visual inspection 
revealed cracks more clearly than CBCT, and infrared imaging 
provided even clearer detection than visual inspection. Figure 1C 
shows caries adjacent to teeth with full crowns. Figure 1D Show the 
cavities that have not developed into cavities. Infrared images can 

Figure 1: A. Twisted teeth; B. Cracked teeth; C. Caries adjacent to 
prostheses; D. Cavities that have not yet developed into cavities; E. Caries 
adjacent to fillings.

Table 5: Classification by tooth surface location.
Mesial/distal Buccal/lingual/palatal/occlusal Root

CBCT 159(100) 102(100) 87(100)
X-ray 179(97.8) 120(99.2) 76(100)
Infrared 317(93.5) ab 219(99) 122(76.3) ab

Inspection 326(94.4) a 222(99.6) 139(94) abc

X2 15.140 1.176 41.773
P 0.002 .919 <0.001

Note a indicates P < 0.05 when compared with the CBCT group; note b indicates P < 0.05 when compared with 
the X-ray group; note c indicates P < 0.05 when compared with the Inspection group.

Table 6: Classification of primary unformed caries.
Mesial/distal Buccal/lingual/palatal/occlusal

CBCT 0(0) 0(0)
X-ray 0(0) 0(0)
Infrared 12(18.5)ab 67(98.5) ab

Inspection.etc 65(100) abc 68(100) ab

X2 144.731 199.598
P <0.001 <0.001

Note a indicates P < 0.05 when compared with the CBCT group; note b indicates P < 0.05 when compared with 
the X-ray group; note c indicates P < 0.05 when compared with the Inspection group.

Table 7: Classification by comfort level.
Pain Comfort Willingness Time

CBCT 0(0) 124(96.1) 86 (66.7) 1180±145
X-ray 124(90.5)a 91(66.4) a 95(69.3) 92±36
Infrared 0(0)b 257(98.5)b 258(98.9) �ab 9±2
Inspection 0(0) ab 266(100) ab 266(100) ab 10±2
X2 703.804 184.142 177.163
P <0.001 <0.001 <0.001

Note a indicates P < 0.05 when compared with the CBCT group; note b indicates P < 0.05 when compared with 
the X-ray group; note c indicates P < 0.05 when compared with the Inspection group.

Table 8: Classification of cracked teeth and secondary caries.
Cracked 
with pain Cracked Secondary 

caries
Adjacent 
restorations Rotated

CBCT 2(7.1) 0(0) 15(34.9) 8(21.1) 38(100)
X-ray 1(4.5) 0(0) 38(95) a 34(94.4) a 28(82.4) a

Infrared 50(100.0)ab 149(100) ab 79(95.1) a 68(91.9) a 54(72.2) a

Inspection 48(96.0)ab 96(64.4) abc 68(81.9) abc 66(89.2) a 63(87.5) a

X2 128.488 309.134 73.348 95.056 12.687
P <0.001 <0.001 <0.001 <0.001 0.005

Note a indicates P < 0.05 when compared with the CBCT group; note b indicates P < 0.05 when compared with 
the X-ray group; note c indicates P < 0.05 when compared with the Inspection group.

Figure 2: A. CBCT image; B. Visual infrared before filling; C. before filling; 
D. Visual infrared after filling; III.; E. Comparison of visual inspection, X-ray, 
and infrared imaging of anterior tooth caries in another case.
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reveal more areas that require dental cavity prevention measures. And 
Figure 1E depicts caries adjacent to teeth with fillings. The location of 
caries became unclear due to high-density shadows from crowns or 
fillings on adjacent teeth. Infrared imaging was unaffected by adjacent 
teeth and clearly displayed the condition of dental caries.

Figure 2A shows CBCT images of dental caries at teeth #11 and 
#21. The patient experienced discomfort from cold and heat stimuli, 
suggesting secondary caries. Figure 2B, a visual inspection, shows 
fillings on the palatal side, with margins suspected of secondary caries, 
and no obvious abnormalities on the labial side. Infrared images of 
the tooth surfaces in Figures 2D-I and 2D-II appear dark. Figure 
2C shows the tooth after filling, and the infrared image in Figure 
2D-III shows that the previous dark area has disappeared. Figure 2E 
compares visual inspection, X-ray, and infrared images of the same 
anterior tooth position from another case.

Discussion
Dental caries is classified by depth into superficial, moderate, 

and deep caries. The earlier caries are filled, the lower the probability 
of filling dropout. Delayed fillings increase the dropout rate. Filling 
caries early can preserve pulp vitality and prevent root canal treatment, 
making the detection of early dental caries particularly important. 
Different auxiliary examination methods vary in effectiveness 
depending on the type and location of dental caries. In this study, 
dental caries was investigated according to age and location. Special 
clinical cases, such as root caries, twisted teeth, secondary caries, and 
cracked teeth—often challenging to diagnose clinically—were also 
analyzed. This study aimed to evaluate the detection effectiveness of 
different examination methods for various types of dental caries. 

Table 1 shows that visual inspection and infrared imaging had the 
highest detection rates, while CBCT had the lowest overall rate. Upon 
analysis, the higher proportion of secondary caries and caries without 
cavities in this study population was noted. Researchers involved in 
early dental caries prevention intentionally selected this population 
for inclusion. Table 1 further indicates that CBCT achieved a 100% 
detection rate for primary caries with formed cavities, surpassing 
infrared and X-ray imaging. Infrared imaging was more effective in 
detecting secondary caries and caries without cavities.

At age 12, most deciduous teeth have exfoliated, and permanent 
teeth have erupted, allowing good patient cooperation. Patients were 
categorized into age groups of ten-year intervals. Table 2 indicates 
that CBCT demonstrated a consistently high detection rate (100%) 
for caries across all age groups. X-ray imaging also had high detection 
rates, especially among older patients. Infrared imaging had lower 
detection rates compared to CBCT and X-ray, particularly among 
older patients. Visual inspection showed a relatively high detection 
rate, especially in younger age groups. Previous studies reported that 
85% of elderly subjects had root caries, with a mean root caries index 
of 36.6±28.5% [10]. It is speculated that the proportion of root caries 
increases with age, accompanied by interproximal tooth surface wear. 
This reduces overlap on X-ray images, enhancing detection rates 
for proximal caries in older patients. Conversely, visual inspection 
and infrared imaging showed lower detection rates among older 
patients. It is hypothesized that caries closer to the root surface are 
less detectable through tooth surfaces, and the penetration ability of 

infrared imaging through tooth tissues is weaker than that of X-ray 
and CBCT, reducing its detection rate.

They were classified into incisors, canines, premolars, and molars. 
Table 3 indicates that CBCT demonstrates a very high detection rate. 
X-ray also has a high detection rate, with a better detection rate for 
anterior teeth compared to posterior teeth. Infrared detection rates 
are lower than those of X-ray and CBCT. Visual examination also has 
a high detection rate, especially for anterior teeth. Undetected cases 
were primarily root caries and twisted teeth.

Table 4 categorizes caries according to depth, revealing a 100% 
detection rate with CBCT. X-ray detection rates are higher for deep 
caries than for shallow caries. Infrared imaging has lower detection 
rates than CBCT and X-ray, particularly for shallow caries. Caries 
was also classified by their location on the tooth surface. Table 5 
demonstrates that CBCT detection rates were very high, reaching 
up to 100%. X-ray showed higher detection rates on non-proximal 
surfaces compared to proximal surfaces, with particularly high 
detection for root caries. Previous studies indicate that X-ray, being 
two-dimensional imaging, is often affected by overlapping adjacent 
tooth surfaces, leading to decreased clarity or requiring re-imaging 
[11]. We speculate that overlapping adjacent surfaces accounts 
for the reduced X-ray detection rates in Table 5. Infrared imaging 
also shows higher detection rates for non-proximal surfaces than 
proximal surfaces, with notably reduced detection for root caries. 
This reduction may explain why infrared detection rates decrease with 
increasing age, as observed in Table 2. Visual inspection similarly has 
higher detection rates for non-proximal surfaces, but lower rates for 
root surface caries compared to the other two methods.

CBCT and X-ray utilize radiation with fluorescent, penetrating, 
and photosensitive effects. Different tissues in the body vary in 
thickness and density, leading to different degrees of radiation 
absorption and attenuation [12]. Caries involves loss of organic and 
inorganic materials, altering radiation absorption at these sites. When 
caries has not yet formed cavities, probes cannot hold firmly, with only 
surface color and texture changes occurring. Radiation absorption 
at these early carious sites differs from sites with cavities. Table 6 
indicates that CBCT and X-ray detection rates for caries without 
cavities are low. This may be because reduced radiation absorption 
at these locations fails to reach machine resolution thresholds. Near-
infrared technology detects caries based on differing interactions of 
infrared light with tooth structures. Enamel, dentin, and carious areas 
differ in their absorption and reflection of infrared rays, producing 
distinctive reflections from decayed tissues compared to healthy 
tissues [13-16]. Superficial caries alters infrared reflections. Table 
6 demonstrates that infrared imaging is more sensitive than CBCT 
and X-ray for identifying superficial caries without cavity formation. 
Figure1D Show the cavities that have not developed into cavities. 
Infrared images can reveal more areas that require dental cavity 
prevention measures.

Table 7 indicates that X-ray imaging requires placing film inside 
the mouth, often causing patient discomfort and pain, leading 
to patient reluctance. CBCT examinations are costly and involve 
radiation, further contributing to patient hesitancy. Infrared imaging, 
conducted chairside, causes minimal discomfort and requires less 
time, resulting in greater patient preference.
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Cracked teeth represent a dental hard-tissue condition that is 
challenging to diagnose, as cracks often resemble pits and fissures 
on tooth surfaces. Its symptoms are similar to those of dental caries, 
which may include tooth sensitivity or even pain. Sometimes, it 
tends to occur on carious teeth. Therefore, based on clinical needs, 
we included cracked teeth in the study. The CBCT used in this study 
scans layers at a thickness of 20 microns, which makes detecting 
superficial cracks difficult. In clinical practice, visual inspection may 
thus detect shallow cracks more clearly than CBCT or X-ray. Table 8 
indicates that CBCT has a low detection rate for symptomatic cracked 
teeth and an even lower rate for asymptomatic or minor cracks. X-ray 
detection of hidden cracks is lower. Infrared imaging demonstrates 
cracks more clearly than visual inspection and CBCT (Figure 1B).

When adjacent teeth have full crowns or restorations, these 
materials strongly absorb radiation, resulting in high-density shadows 
on CBCT images (Figure 1D). Consequently, caries near prostheses 
often appear unclear on CBCT. Infrared imaging, unaffected by 
adjacent teeth, clearly displays the condition of dental caries (Figure 
1C, D; Table 8). During examination of twisted teeth, visual diagnosis 
is often impaired by light obstruction, increasing missed diagnoses. 
CBCT and X-ray maintain high detection rates, whereas infrared 
imaging detection rates significantly decrease due to tooth torsion 
(Table 8).

Recently, some scholars summarized secondary caries detection 
methods and found none adequately reliable [17]. CBCT also 
shows reduced detection rates for secondary caries in isolated teeth 
compared to primary caries [18]. Table 8 demonstrates that detection 
rates of secondary caries significantly decrease for both CBCT and 
X-ray. Visual inspection also has a low detection rate, whereas infrared 
imaging is the least affected. Figure 2 presents secondary caries filling 
treatment on proximal surfaces of teeth #11 and #21. The patient 
experienced cold and heat sensitivity for several weeks, suggesting 
secondary caries. Figure 2A shows the caries condition on CBCT. In 
Figure 2C, black lines are visible along the edges of the original filling, 
with no abnormalities on the labial side. Infrared images in Figures 
2B show internal dark areas. Figure 2D shows the tooth after re-
filling. Figure 2D indicates the dark areas disappeared post-treatment. 
Figure 2E shows another adjacent caries on teeth #11 and #21, where 
infrared imaging provided similar results to X-ray, suggesting X-ray 
as a suitable alternative for detecting caries in this scenario.

Summary
CBCT achieves the highest detection rate for various types of 

dental caries when not obstructed by high-density shadows from 
surrounding restorations or fillings. CBCT also effectively detects 
twisted teeth and root caries. X-ray ranks second but shows reduced 
effectiveness for caries with overlapping adjacent surfaces. Compared 
to CBCT and X-ray, infrared imaging and visual inspection show 
higher detection rates for caries near restorations or fillings obscured 
by high-density images. Infrared imaging has superior detection 
rates for cracked teeth and early caries without cavities. Particularly 
for early-stage caries without cavities, infrared imaging outperforms 
CBCT, X-ray, and visual inspection.
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