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Abstract—Endo-osseous implants are considered an ideal 

dental fixture. It is becoming the preferred choice of the 

edentulous patient to rehabilitate toothlessness because of their 

aesthetic and functional outcome. Despite the successful surgery 

and implant placement, complications occur, which may be 

related to several factors, like operative assessment, treatment 

planning, patient-related factors, surgical procedures, and 

surgeons' experience. Comprehensive radiological assessment 

plays a vital role in clinical analysis for better treatment 

planning, avoiding complications, and increasing the Implant's 

success rate. However, despite the variety of dental imaging, 

choosing the right imaging technology has become difficult for 

clinical experts. The investigative survey conducted in this paper 

aims to determine the correlation between different imaging 

modalities, their essential role in implant therapy. This review 

extensively discussed which types of computational operations 

applied to image modalities in the existing literature address 

various noises and other relevant issues. These study findings 

reveal significant issues with various dental imaging modalities 

and provide an understanding to bridge all existing research 

gaps towards building cost-effective classification and predictive 

models for accurate dental treatment planning and higher 

implant success rates. 
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I. INTRODUCTION 

It is said that the mouth is a mirror of health that reflects the 
health condition of a person, or in other words, it is a 
cautionary system for disease. The mouth consists of both teeth 
and gums; their health condition is significant for oral health as 
poor oral health leads to various fatal diseases, too [1]. Apart 
from the fatal diseases, an issue of Edentulism-
(toothlessness) is found in both kids, adults, and old aged 
people due to respective reasons leads to the inconvenience of 
chewing the food so, poor nutritional intake and as a result a 
poor health condition [2]. However, the stage of Edentulism 
also creates an issue of the hollowness of speaking-
(pronunciation) along with other discomforts [3]. The 
traditional treatments of bridging and dentures were adopted 
for a long time as this was only a choice of treatment for the 
condition of Edentulism. However, the modern technique, 
namely dental implant surgery, is gaining popularity as an 
alternative solution to meet the deficiency of natural teeth by 
artificial tooth replacement [4].The dental implant procedure is 
based on the conception of direct contact between bone and the 

metal implant-(osseointegration), whose ultimate objective is 
to restore all the functional and aesthetic aspects [5]. An 
extensive planning and clinical examination performed by the 
dentist before surgery as a minor causality may cause serious 
harm to the patient. Therefore, an implant's success depends on 
several mutual factors, like implant region, bone quality, 
medical history of patient, skills, and the surgeon or dentist's 
experience. One of the significant challenges in dental 
implantation practice is the complex surgical procedures, 
which require preoperative and postoperative evaluation for 
achieving a higher success rate in dental implants [6]. The 
preoperative evaluation includes various factors such as the 
patient's general health conditions, bone quality, alveolar bone 
axis, and transplant site. The postoperative evaluation is carried 
out after the implantation to prevent any bias and risk of 
failure. Medical imaging technology plays a crucial role in the 
preoperative evaluation process. It provides the patient's 
anatomical details for the dental Implant-based on the 
maxillofacial structure and the two-dimensional geometric 
projection, helping clinical experts decide whether the implant 
surgery is suitable for the patient [7]. A systematic 
radiographic evaluation can provide an effective direction for 
precise positioning, which has important clinical significance 
in terms of accuracy and functional and aesthetic effects of the 
Implant [8]. Many imaging techniques are used in clinical 
dentistry practices, including conventional radiographic images 
and Computed Tomography (CT) for preoperative assessment 
and analysis of the complex jawbone structures. However, each 
imaging modality has some advantages and limitations too. 
Therefore, choosing the most suitable imaging method for 
dental implants is still tricky in dental practices. Another major 
issue is that the dental imaging is mostly associated with the 
poor image quality and superimposition factors that need to be 
process with an effective image enhancement and pre-
processing techniques. In order to make the dental image 
representation more explanatory, several studies on dental 
image analysis have been conducted using digital image pre-
processing methods. The proposed study aims to determine the 
prevalence of digital imaging modalities in dental implants and 
how they can help improvise the dental implant success rate. 
Therefore, this paper conducts a review analysis to highlight 
the importance of various imaging modalities and pre-
processing techniques to explore the research gap. The rest of 
the sections of this paper are organized as follows: Section II 
discusses the background highlighting complications in the 
implant procedure and dental implant failures. This section also 
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discusses how to improvise the dental implant success rate by 
prediction using image analysis. Section III presents a thorough 
analysis of what kinds of dental imaging are used and for what 
purposes. A comprehensive analysis is conducted on dental 
imaging modalities to highlight their importance and 
limitations in this section. Section IV presents an analysis of 
the current state-of-the-art, observing the trends towards 
adopting radiography and cone-beam computed tomography to 
avoid anatomical structures critical to dental implant surgery. 
Section V discussion and perspective are presented. In this, 
significant research direction based on evidential proofs, open 
research issues, and inferences is explored to develop effective 
predictive models to benefit dental implant practitioners. 
Finally, the overall contribution of this paper is concluded in 
Section VI. 

II. STUDY BACKGROUND 

Success and failure are two critical terms in dental 
implantology. The term implant success can be an ideal clinical 
setting, meaning that the Implant is into the jawbone and 
functions well and pleasingly. The term implant failure refers 
to the loss of osseointegration. Another statement is that it is an 
initial instance at which the Implant's efficacy, evaluated 
quantitatively, drops below a cut-off value or specified level 
[9].Dental implants may fail for various reasons, with the scope 
that distinguishes between complications and implant failures. 
This study uses the term implant failure, which is the complete 
loss of osseointegration, and the severity of implants that 
require to be removed from the implant site. In order to avoid 
any form of ambiguity, the study made a distinction between 
discussing implant failure and complications. Implant 
complications can be stated as an event that requires 
quantifiable clinical attention, and if such measures are not 
taken, the outcome of the implant therapy may be impaired. 
Implant complications may be caused due to poor patient 
selection, inadequate pre-assessment of the patient. Also, the 
degree of complications that are difficult to control may lead to 
implant failure. Therefore, through the proper patient selection 
and treatment planning, surgical fixing of implants can provide 
long-lasting functional and aesthetic restoration to the 
Edentulous Patient. Various studies have attempted to identify 
and quantify the rate of dental implant-related complications. 
However, to date, no single standard system for classifying 
dental implant-related complications. The authors in [10] 
discussed specific categories of complications related to dental 
implants. Existing studies [11-14] suggested the classification 
of complications associated with implant therapy considering 
all factors and causes. Other studies [15-16] considered the 
classification based on the particular phase of implant 
treatment that they tend to occur. The work carried out in [11] 
and [6] performed a classification of complications based on 
surgical, bone loss, implant loss, peri-implant soft tissue 
mechanical factor, and aesthetic/phonetic factor. In [13], the 
authors discussed the classification of dental implant 
complications, mechanical, technical, and biological. 
Classification of Surgical complications, Biological 
complications, and Restorative complications is carried out in 
[14]. The existing work of [15][16] discusses surgical 
complication based on three factors viz. i) implant treatment 
associated (wrong angulation, the judgment of improper 

implant-site, and lack of Communication among dental 
disciplines), ii) anatomy associated (nerve injury, bleeding, 
Sinus membrane complication, and devitalization of adjacent 
teeth), and iii) procedure associated-(Mechanical 
complication), lack of stability, mandibular fracture, aspiration, 
and ingestion. The authors in [17] discussed reversible 
complications are obstructions that are either temporary or 
easily fixed. 

A proper surgical procedure analysis, including careful 
radiograph analysis, is significant to reduce the possibility of 
any implant complications and dental implant failure. Closer 
evaluation of dental radiographs helps to establish an 
appropriate treatment strategy for implant patients [18]. Several 
reviews and remarks have been given since the past few 
decades that described the significance of imaging techniques 
in dental disciplines [19-20]. Dental imaging plays a major-role 
in implant procedures to determine comprehensive information 
about the patient's maxillo-facial area to understand whether 
the surgical procedure is suitable for the patient. However, the 
role of imaging is not limited to determining only the maxillo-
facial area but also at different stages of the treatment 
processes, leading to the ease of surgical practice towards 
achieving higher success in dental implants [21-22].Imaging in 
dental treatment stage-1 subjected to patient diagnosis and 
clinical analysis conducted before implant surgery. Imaging 
evaluation assists the dentist in making a clinical decision and 
effective treatment planning based on past radiographs, 
medical history, and new radiographs evaluations that 
determine bone angulations, quality of bone, the critical 
structure of the maxillo-facials, presence of disease, and 
analysis of the implant site. In dental treatment phase-2, the 
role of imaging is to care about surgical intervention by 
assessing the surgical site and implant position during and after 
surgery and estimates the duration required for healing. Phase-
3 of dental treatment begins after the intra-operative 
assessment and continues until the Implant remains in the jaw. 
At this stage, dental imaging helps determine the care plan. If 
any changes or complications are noted during this period, the 
necessary clinical steps are taken to prevent any possibility of 
the risk of failure. 

However, despite the variety of dental imaging, choosing 
an appropriate imaging technique has become a challenging 
task for clinical experts. Each imaging modality is associated 
with certain advantages and limitations. One of the major 
issues encountered in the dental image is the poor image 
quality due to poor contrast, uneven illumination, low 
resolution, and noise inclusion during the dental image 
acquisition process. In order to avoid any ill-effect, the 
radiation is kept low while taking the dental X-ray. The dental 
x-ray constructed at low-radiation generates very poor-quality 
images with lower contrast and brightness, causing visibility 
differences during analysis. The specific noises during the 
radiography cause degradation to the dental image. [23]. 
Therefore, an effective mechanism should be implemented to 
enhance the quality of the image that can provide a significant 
clinical analysis in dental implant surgical procedures. The 
criteria that need to be considered as follows: 
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 The dental image must provide cross-sectional 
interpretations that describe the spatial relationships 
between internal structures. 

 The dental radiograph should not be compromised with 
distortion to a greater extent. However, the smallest 
distortion can be considered with a predictable average 
error to obtain a quantified analysis and precise 
measurement. 

 It should provide an accurate description of bone 
density and cortical plate thickness to achieve the 
initial equilibrium and stability in the Implant. 

 Radiography must provide higher dimensional 
accuracy in implant treatment procedure that includes 
analysis of implant placement site, pre-existing 
pathological condition of the patient, and evaluation 
alveolar thickness. 

 The imaging tool should be available/provided at a 
reasonable price, and radiology doses should be as 
little as possible. 

At present, there is various research works carried out 
towards dental imaging. However, there is always an 
impediment towards accurate diagnosis when it comes to 
medical image processing, as it demands a higher degree of 
accuracy. Hence, the prime statement of the problem of the 
proposed study is "To explore the strength and effectiveness of 
existing methodologies associated with dental imaging 
approach with respect to classification." The next section 
discusses about the different dental imaging modalities 
highlighting their advantage and limitations. 

III. DENTAL IMAGING MODALITIES 

In this modern era, a variety of imaging technologies are 
widely used in the dental field. The traditional implant 
practitioners depend on 2D radiography. The advancement in 
imaging technology provided a 3D imaging technique, which 
offers advanced clinical evaluation in dental implants [24] and 
[25]. This section presents the adoption of verities of imaging 
modalities and their uses in different dental implant disciplines. 

A. Conventional Imaging Modalities 

Two-dimensional conventional imaging aims to 
complement the clinical analysis in dental implants by gaining 
a deep understanding of the internal teeth structure and alveolar 
bone. The different conventional imaging modalities are 
illustrated as follows: 

 Periapical Radiography-It offers a systematic detail 
about the anatomical structures like teeth and 
surrounding tissues around the implant site. It is used 
for preoperative assessment to understand the implant 
area's structure, vertical height, and bone quality. 
However, these imaging modalities may be difficult to 
adopt due to accurate instrument positioning support's 
unavailability. This imaging technique is associated 
with distortion and magnification, limiting the 
quantified bone quality assessment, and suffers from 
providing accurate spatial relationships between 
internal overlapping dental structures [26]. 

 Cephalometric Radiography- This helps to capture the 
image of the head with the mandible in a lateral view 
to examine the associations between teeth, jaw, and the 
remaining part of the facial skeleton. This technique 
outlines the geometrical structure of the anterior 
alveolar region. The limitation is that it only displays 
cross-sectional images of bones associated with low 
magnification and overlapping issues [27]. 

 Panoramic Radiography- It is an x-ray radiography 
image that captures the entire mouth structure in a 
single image representation using a tomographic 
technique. It visualizes both maxillary-(upper jaw) and 
mandibular-(lower jaw) dental curves and supporting 
structures. It is mostly adopted as an initial screening 
x-ray image to assess dental and bone support, identify 
affected teeth, and the condition of dental implants. 
This imaging technique is primarily used in the 
preoperative assessment to depict jaws in a single 
radiograph film or a charge-coupled device image 
receptor [28]. The distinct advantage of the panoramic 
imaging technique is that it offers a low patient 
radiation dose and is cost-effective in terms of time and 
computation complexity. It involves easy functioning 
and takes little time to capture the entire image of 
dentition in a single film or image receptor. Like other 
conventional radiography imaging techniques, it also 
has some limitations. Since this imaging technique is 
an extra oral technique, it does not provide delicate 
anatomy than periapical radiographs. It suffers from 
the issues like geometric distortion, superimposition, 
and magnification. Some other problems, like 
positioning error and technical/ processing error during 
panoramic radiography [29]. 

 Digital Radiography- It is direct digital radiography 
carried using several functional units that includes x-
ray–sensitive plates, sensors, mechanism of dividing it 
into electronic segments, and transferred to a computer 
to present and store the image. Compared to 
conventional imaging modalities, direct digital 
radiography offers good image quality with very little 
radiation. Few studies have mentioned that the overall 
reduction of radiation dose is up to 80% [30] and about 
50% to 70% radiation reduction in intra oral and extra 
oral digital imaging [31]. Direct digital radiography has 
reduced processing time; images can be obtained 
immediately during the surgical procedure. Since this 
image is stored and processed in a computer, it can be 
manipulated with software programs to obtain 
enhanced visualization and accurate measurement. 
However, one of the significant disadvantages of 
digital radiography techniques is that the localization 
of sensors in the implant site sometimes becomes very 
challenging due to sensor size and positioning of the 
connecting cord. 

Various conventional imaging modalities are discussed 
above. The limitation of conventional technology is that it 
encounters the superimposition of overlapping structures. The 
overlapping structure is caused due to the depiction of three-
dimensional maxillofacial structures onto a two-dimensional 
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image plane, which results in the loss of spatial information 
that complicates the identification of objects of interest. The 
next sub-section discusses the applications and advantages of 
advanced imaging modalities in dental treatment. 

B. Advanced Imaging Modalities 

The conventional imaging modalities provide evidence for 
routine dentistry practices. Advanced imaging mechanisms are 
needed to demonstrate more information, complex diagnostics, 
and dental implant treatment plans. Hence, several techniques 
have changed the diagnosis and treatment planning strategies 
of dentistry. Some advanced dental imaging modalities are 
given below: 

 Computerized Axial Tomography (CAT) - This is a 
unique X-ray imaging mechanism named computed 
tomography (CT), displaying the detailed images of the 
patient's anatomy with hard-and-soft tissues of the 
maxillofacial region. The CT uses multiple X-rays to 
construct a two-dimensional maxillofacial region and is 
converted into a three-dimensional image through 
processing. CT can obtain multiple, cross-sectional 
image-(slices) and generate high-contrast resolution 
images without suffering from superimposition and 
noise issues [32]. CT scans used to determine the 
quality of bones and the arrangement of teeth that 
cannot be efficiently obtained by the periapical 
imaging technique. CT identifies the diseases and 
immediacy of critical structures where implants are 
placed with the differentiation of tissues for analysis. 
The limitation of CT radiographs is that it has higher 
radiation exposure, high scan cost, and may not 
provide a good view of the small fissure resulting in 
false-negative readings [33]. 

 Magnetic Resonance Imaging (MRI) - MRI includes 
radio waves and adopts hydrogen atoms ‘behaviour 
within a large magnetic field to look at body regions 
and generates an MR image of the internal structure. 
MRI represents soft tissue differences with high 
contrast sensitivity, which makes it advantageous over 
CT imaging. MR images can distinguish minor 
alveolar ducts and the contours between cortical bone 
and cancellous bone, thus obtaining necessary 
information about the maximum implant length, angle, 
and stability [34]. The MRI in the dental implant 
procedure seems to be an effective mechanism for 3-D 
imaging as it avoids the radiation risk of CT imaging. 
The adoption of MRI depends on the specific use 
conditions for an accurate diagnosis. The MRI achieves 
a flexible acquisition plane without changing image 
quality and resolution. However, MRI is susceptible to 
artifacts, distortion, and signal loss due to high 
magnetic susceptibility materials, while dental 
amalgam has little effect [35]. 

 Cone Beam Computed Tomography (CBCT) – CBCT is 
a variation of conventional CT. The application of 
CBCT is mainly for carrying diagnosis and planning of 
surgery in dental implants. One scan can produce many 
images of the area-of-interest. CBCT involves the 
mechanism of a cone-shaped-X-ray-beam moving 

around the patient to produce a large number of 2D 
views of ROI, and it is then converted into a 3D view 
using a cone-beam algorithm. CBCT in dentistry offers 
a high-resolution representation of bone and teeth, 
giving a spatial relationship between the adjacent 
structures. CBCT is used to evaluate osseous disease 
and identify jaw bone infections and diseases that help 
perform risk-free surgery, i.e. complications (pain and 
swelling) [36]. CBCT includes fast scanning 
procedures associated with lower radiation dose, lower 
scan cost and DICOM compatibility and has reduced 
metal product interference than other methods [37-38]. 
The limitation of CBCT is that it has a limited contrast 
range, gives fewer details of internal soft tissues, and 
has a large noise factor and artifacts. 

C. Primary Findings 

All the imaging methods have a vital role in dentistry 
applications. The conventional 2D and advanced 3D 
radiographs provide necessary information for dental treatment 
and Implant, while a dental digital panoramic image can offer a 
clinical diagnosis of the jawbone. The significance of digital 
panoramic imaging is that it has a low radiation dose and 
shorter exposure time [39]. But intraoral imaging has issues 
like low image quality, variable magnification, and ghost 
images. The superposition of the upper cervical spine is the 
main limitation of panoramic X-ray photography [40], and 
osseointegration cannot be detected due to overlapping issues 
[41]. Hence, it is limited to preoperative diagnostic, leading to 
implant failure [42]. Hence, implantation surgery may 
compromise the health of nearby soft tissues and cells [43]. 
The use of CT and CBCT is described in [44-45] over 2D 
radiographs to assess complex structures like the maxillary 
sinus. However, the limitations of these imaging modalities are 
i) not available in many local hospitals due to higher cost and 
multi-disciplinary technical requirements. The researchers also 
informed that the patients were exposed to higher radiation 
doses when CT examination is done than of 2D digital imaging 
and CBCT examination. Some research works also compared 
CBCT and digital panoramic imaging to assess the bone height 
towards planning treatment in different dental implant phases 
[46] and revealed that digital panoramic is self-sufficient to 
describe the incisor area but lacks in the canine area. Also, [47] 
have performed a comparison of error estimation and found 
CBCT has a better result, which holds a low average 
preoperative assessment error in the maxillary area than the 
digital panoramic imaging technique. 

IV. STATE-OF-THE-ART REVIEWS 

This section presents a review study on the state-of-the-art 
in the context of digital radiographs adopted in dental implant 
surgery. Digital radiography is cost-effective and is used in 
dental radiography. The study (Choi et al. [48]) investigates the 
impact of enhancement over periapical radiographs by 
considering three pre-processing techniques for diagnostics. 
The outcome gives quality differences between the processed 
image and the input image. A work of (Hao et al. [49]) 
considered denoising CBCT dental images where improved 
non-local means filtering is applied [49]. The outcomes 
demonstrated in terms of PSNR and MSE. The segmentation 

https://febs.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)1742-4658(CAT)StateoftheArtReviews(VI)SoAReviews
https://febs.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)1742-4658(CAT)StateoftheArtReviews(VI)SoAReviews
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operation over digital radiograph image is performed in (Cunha 
et al.) for the accurate visualization of dental Implant and 
crestal bone line [50]. A contrast enhancement over Digitized 
film-based panoramic dental image using the CLAHE-
Rayleigh is found in the study of (Suprijanto et al.). The study 
outcome shows that this method has achieved better 
performance in terms of PSNR [51]. The authors in the study 
of (Yin et al.) have used approaches of noise filtering technique 
for CBCT image based on thresholding mechanisms and 
wavelet transform [52]. (Mortaheb and Rezaeian) introduces an 
automated dental CT image approach for identifying the 
vertical structure and arrangement of the teeth [53]. The study 
(Lamecker et al.) focuses on automated segmentation operation 
for Computer-assisted craniomaxillo facial surgery using cone-
beam volumetric tomography-(CBVT) dental image [54]. A 
noise that occurred by positioning error in the digital 
panoramic dental image is considered in the work of (Amiri 
and Moudi et al.) and (Kandan and Kumar), which achieves 
better visualization of the roots of maxillary teeth in the digital 
radiograph [55-56]. The work carried out by (Naik et al.) used 
the histogram equalization technique for enhancing the overall 
visualization of the digital radiographs for accurate analysis of 
the bone structure and quality [57]. The authors (Kamezawa et 
al.) used a multiple noise filtering approach for CBCT imaging 
for exposure radiation dose reduction in an automated guided 
patient positioning system [58]. An edge enhancement-based 
pre-processing technique is applied on panoramic X-Ray in the 
study (Jufriadif et al.) to detect proximal caries [59]. The work 
of (Supriyanti et al.) used a point processing mechanism for 
contract stretching of a digital panoramic dental image [60]. In 
the study of (Khatter et al.), the authors have applied a multi-
scale retinex mechanism over CBCT to perform a precise 
assessment of root canal anatomy for endodontic therapy [61]. 
An image pre-processing I2I scheme based on neural network 
architecture is adopted in the research work of (Zhao et al.), 
which considers generative adversarial networks (GAN) to 
suppress ring artifacts [62]. Mean-shift algorithm-based image 
segmentation is adopted in the study of (Gunawan et al.). The 
authors have identified a fuzzy region in the segmented image 
and performed fuzzy merging processes based on similarity 
measurement [63]. A work towards brightness preserving in 
dental digital periapical images using entropy and histogram 
analysis is found in the study of (Qassim et al.) [64]. A most 
recent research work carried out by (Abdallah et al.) [65] have 
used Anisotropic filtering to eliminate noise, and Contrast 
Limiting Adaptive Histogram Equalization (CLAHE) to 
enhance contrast, and sharpness of the dental panoramic image. 

V. DISCUSSION AND PERSPECTIVE 

Several radiographic modalities were described with their 
respective features and limitations. Each has its applicability in 
respective dental conditions to assist the dentists in planning, 
evaluation, and implant treatment. A precise strategy can 
reduce the surgical complexity and postoperative 
complications and lead to higher success considering both 
aesthetic and functional aspects. Therefore, suitable 
radiographic selection plays an important role, and the 
advanced 3D radiograph technique provides all the functional 
utilities compared to the conventional radiograph technique. 
Due to the cost factor, digital, panoramic radiography is in 

wide use. However, advanced imaging modalities like (MRI, 
CT, and CBCT) provide better visualization and compatibility 
with analysis tools so that many complementary and significant 
information for successful dental implant planning is made 
available. The MRI facilitates precise localization of the 
complex structures and useful when the differentiation of soft 
tissue analysis is requiring, but it carries artifacts like 
geometric distortion. CT imaging is more suitable for the 
analysis of bone quantity and quality because it can quickly 
cover the expanded anatomical area and generate images with 
reduced noise caused by the patient's movement. The advanced 
and recent modality, namely, Cone Beam CT (CBCT), offers 
fast data acquisition of the complete field of view with minimal 
radiation exposure. It is useful in the diagnosis and Endodontic 
treatment. In all the above discussed, dental imaging modalities 
suffer image quality degradation due to various factors like 
superimposition, geometric distortion, loss of signal, contrast, 
motion artifacts, and positioning errors that cause challenges 
during interpretation. The efficient pre-processing techniques 
can enhance image quality; thereby, significant interpretations 
for accurate treatment planning in the pre-assessment phase 
during surgery can be achieved. The post-surgery complication 
can be avoided to illuminate the possibilities of implant failure. 

A systematic review of existing research literature with 
these imaging modalities is inferred, used while proposing 
models for segmentation of ROI and classification of complex 
anatomical structures of the oral region. This paper potentially 
identifies the trend of the pre-processing techniques adopted 
and also found that both 2-D dental radiographs and CBCT are 
advantageous over other modalities. It is recommended that 
adopting 2D dental imaging with an efficient pre-processing 
technique for enhancement will be a better choice in implant 
treatment planning and surgical process until CBCT matures. 
In the future, CBCT with efficient pre-processing for 
enhancement and noise filtering may provide a way better path 
towards an effective modality for successful dental 
implantation. 

A.  Research Gap 

Based on the above discussion and review analysis, the 
significant open research problem is highlighted as follows: 

No standard open-source dataset is available for the 
analysis of CBCT. In most research works, the dataset was 
either collected from the hospitals or considered based on the 
experimental setup. It has also been seen that few research 
works have considered dental image data from internet sources. 

 Most image enhancement techniques are in the 
transform domain so that some artifacts may appear in 
the output image. As a result, it may lead to over-
enhancement and issues related to the edge of the 
image. 

 Lack of novelty is analyzed in most of the existing 
literature subjected to dental image pre-processing 
tasks. Most of the existing research works follow a 
similar pattern towards pre-processing the medical 
image. An improvement and optimization mechanism 
should be considered. 
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 The research works towards a predictive model have 
also not focused on the computational complexity 
associated with their prediction model for classification 
of the anatomical structure in preoperative assessment 
for the Dental Implant. 

 Analysis of dental Images based on consideration of 
suitable parameters is missing in the existing literature. 
In order to perform effective image analysis, 
researchers must Analysis and evaluate image quality 
based on the HSV feature and statistics error metrics 
like Peak-Signal-to-noise-ratio, MSE-(Mean square 
error), SNR-(Signal to noise ratio), CNR-(Contrast to 
noise ratio), SD-(Spectral Distance) and SSIM-
(Structural Similarity index.). 

 Standard benchmarking is also missing in most of the 
existing image pre-processing methods. 

VI. CONCLUSION 

A dental implant is a complicated procedure that involves 
multi-disciplinary activities for treatment and surgical 
planning. Appropriate knowledge and understanding of the 
complexity and evaluation of implant failure factors is crucial 
for dental practitioners. Apart from this, digital imaging 
analysis is critical stage clinicians need to understand the 
technical parameters. However, equally, it is essential to 
manipulate these dental radiographs using a suitable pre-
processing mechanism to know the potential factors associated 
with each stage of implant treatment. This paper has presented 
an investigative review analysis of different complications 
factors, various dental imaging modalities, and state-of-art pre-
processing techniques. Finally, the proposed survey also 
explored the significant issues in the existing literature and 
discussed the significant point of highlighting the open 
research problem. Therefore, the proposed review works 
provide an effective future research direction for establishing 
predictive models with effective pre-processing schemes to 
benefit dental implant practitioners. 
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