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Abstract 

In this paper we developed a simple computer-aided program that 

could help detect and count the teeth by proposing clustering stream 

tooth segmentation and counting method. The automatic solution to 

segment and count the teeth from the dental panoramic X-ray images 

is based on machine learning and geometrical features. We segment 

and enhance the teeth region using the mask technique and check the 

reliability of the result image using BHPF filter. We depend on a 

collected and filtered 50 X-ray panoramic database images from the 

dentist websites. MATLAB was utilized to develop proposed ACSDI 

method and the experiments. The results show that our proposed 

algorithm superiority existing ones in both sensitivity and specificity 

which are above 70% for reliable counting and above 50% for 

unreliable counting. This study provides data which can be used in 

treatment planning by specialists such as orthodontists, plastic and 

surgeons who have the capability to change the facial features. 

 

Keywords: Image Segmentation Algorithms, Image Stream 

Algorithms, Panoramic Image analysis, Malocclusion. 



  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

 

ACSDI 

 لاسنانالبانوراما المستمرة ل لتقطيع صورطريقة  
  

   العزيزعمار ظاهر ياسين ال عبد
 -، موصل امعة الموصلعلوم الحاسوب والرياضيات، جكلية ، علم الحاسوب سمق

 العراق.
 

 

 لصستخالم

 تحديد وكذلك ايجاد في هذا البحث قمنا بتطوير برنامج حاسوبي بسيط للمساعدة في
ترحنا خوارزمية مستمرة لتقطيع وحساب عدد الاسنان. الحل الالي لتقطيع قاعدد الاسنان ب

الخصائص ووحساب الاسنان من صورة البانوراما الشعاعية يعتمد على تعليم الالة 
فحص الاعتمادية باستخدام تقنية الاقنعة ونقوم بتقسيم وتحسين منطقة السن  .الهندسية

دراسة اعتمدنا على قاعدة بيانات مجمعة ه الذه . فيBHPFباستخدام مرشح  للصور الناتجة
لمواقع طب الاسنان. قمنا باستخدام لغة لاشعة الاسنان بانوراما  ةصور 50ومرشحة من 

. نتائج جراء التجاربلاالمقترحة وكذلك  ACSDIالبرمجة ماتلاب لبناء وتطوير خوارزمية 
ت الموجودة في اختبار ايالتجارب بينت ان خوارزميتنا المقترحة تتفوق على الخوارزم

للصور  %50للصور المعتمدة وكذلك اكثر من  %70الحساسية والخصوصية فهما اكثر من 
هذه الدراسة تقدم معلومات من الممكن ان تستخدم في الخطط العلاجية لاطباء غير المعتمدة. 

 لمظهر الخارجيالاسنان واطباء التجميل والذين يملكون القدرة على تغيير خصائص ا
 .وجهلل

 

 تحليل صور ،المستمرة لصوراخوارزميات  خوارزميات تقطيع الصور، :ةيحالكلمات المفتا
 .، حالات اطباق الاسنان غير الصحيحةالبانوراما للاسنان

 
 
 
 



 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

Introduction 

Orthodontics is a part of dentistry that treats malocclusion, a 

condition where the teeth are not effectively situated when the 

mouth is shut. These outcomes in an ill-advised chomp. An 

orthodontist represents considerable authority in making the 

teeth straight. Treatment can be restorative; to improve an 

individual's appearance, however it frequently expects to 

improve oral function, too[1]. The achievement of an orthodontic 

treatment is every now and again identified with the 

improvement picked up in the patient's facial appearance, which 

incorporates the soft tissue profile. The face is considered as 

most factor some portion of the body, factors rely on shape, size, 

features or mix of these. What's more, since there is extensive 

variety in the soft tissue masking the face, deceiving ends can be 

created if analysis and treatment arranging depend on dental and 

skeletal estimations alone[2].  

The utilization of PC helped finding (CAD) of malady is 

settled in clinical radiology, having been used since the 1980's at 

the university of Chicago and other clinical communities for help 

with the determination of lung knobs, bosom malignant growth, 

osteoporosis and other complex radiographic errands. A 

significant qualification has been made in the clinical network 

between robotized PC determinations versus PC helped 

conclusion. The primary difference is that in computerized PC 

analysis, the computer does the assessment of the indicative 

material, i.e., radiographs, and arrives at the last finding with no 

human info. In PC supported determination; both a clinical 

practitioner and a PC assess the radiograph and arrive at an 

analysis independently. Contingent upon the professional's 

certainty level, the person will at that point either make the last 

conclusion or utilize the PC's finding, on the off chance that it is 

not quite the same as the specialist's[3].  



  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

It is the specialist's legitimate, moral, and moral obligation to 

illuminate the patient regarding the dangers versus benefits, 

choices of disguise versus medical procedure, and treatment 

versus no treatment. In any case, visual treatment objective 

(VTO) may prompt unreasonable patient desires causing 

disappointment with postsurgical results. This is a legitimate 

worry, as the errors of the expectation in two-jaw careful cases 

are not surely known[4]. Early analyse of malocclusion is 

valuable to get appropriate teeth straight and help in a sharp 

lessening in the dental sickness rate. On account of the 

developing openness to clinical imaging, the clinical applications 

currently have better effect on tolerant consideration[4].  

The individual tooth measurement is a significant metric 

since it could be firmly identified with certain sicknesses or 

variations from the norm that influence the human teeth. This 

paper presents an automatic solution for an accurate teeth 

dimension from panoramic dental X-ray images based on 

landmarks detection. Figure 1 illustrates the pipeline to the 

method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Pipeline to the method 

 

 

The solution is intended for high-throughput processing of 

images, fit for dealing with a great many images effectively. The 

proposition perceives the level of trouble in completely 

programmed ID of the teeth measurements from 2D X-ray 

images, and a quality control rule inside the solution itself is 

acquainted with reject images in incredibly uncommon situations 

where the tooth measurements can't be effectively distinguished, 

guaranteeing a decent degree of precision in the programmed 

recognizable proof outcomes. 

Trial results on the solution of 50 all panoramic dental X-ray 

images have exhibited the adequacy of the proposed solution in 

isolating images of strange teeth measurements from those of 

ordinary ones. The outcomes examination prompted 

… Read Image … 

General segmentation and enhancement 

Pre-processing and remove noise 

Check the reliability and refuse the ill images 

Enhance & smooth each tooth image 

Display detected teeth images and counting of teeth 

Check the reliability of each tooth image and refuse the ill images 



  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

distinguishing every tooth exclusively. The outcomes were then 

decidedly affirmed by the area specialists.  

The fundamental specialized commitment of this paper is the 

improvement of an effective answer for identify and find exact 

key landmarks on the two-jaw human teeth from all panoramic 

dental X-ray images. The teeth estimations are basically acquired 

through hybridization between image processing strategies (color 

intensity-based methodology) and AI based procedures in 

applying staggered reliability quality checks.  

 

Related Work 

In this review, we consider sort the current works as per the 

pre-owned clinical methodology into CT-scan and X-ray 

imaging as follow. The work proposed by Lee et al. in 2012[5] 

planned for finding the unresolved issues them from different 

areas at a later stage. To decide the thresholds, they proposed to 

utilize active shape model (ASM). Their answer depended on 

utilizing generalized Hough transform (GHT) yet with a 

neighbourhood examining plan for example producing an 

alternate layout for each prepared image. A grouping of 

improvements activities (bilateral filter and histogram 

equalization) and Sobel administrator to identify the border of 

bones were applied before the tablemate was chosen from the 

low-edge image. From that point forward, GHT followed by a 

Gaussian for smoothing, Otsu for thresholding, and opening and 

shutting activities was utilized to get threshold.  

Li et al. in 2015[6] introduced a strategy that portions from 

X-ray radiograph. Their proposition began by recognition 

thresholds utilizing ASM so all later tasks were applied on 

fragmented fields. From that point onward, the middle filter was 

utilized to smooth the image before it was deducted from the 

first one to get a detail image. Now, a small threshold was 

utilized for segmentation. The subsequent binary image was then 



 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

smoothed using a small sliding window that either set their 

pixels an incentive to 0 or 1. To decrease undesirable objects and 

separate associated bones in the binary image, a numerous layout 

coordinating model was utilized to remove the bone area. From 

that point onward, they utilized a graph-based strategy to 

separate the genuine bone structure and expel non-bone tissues. 

This technique depended on diminishing all the structures in the 

twofold image to one pixel width. The middle line of the 

structure was then found as a most brief separation between the 

two outrageous focuses utilizing Dijkstra method. Support vector 

machine (SVM) with five geometrical features that portrays the 

bone was then utilized to construct a bone model to remove any 

inside line that doesn't fit the model. To refine the outcome, a 

prepared choice tree classifier was tried by the geometrical 

features of existing bones and their count. The yield of the 

classifier is what number of missing bones objects existed.  

In their next recommendations in 2015[7], they utilized the 

bone place lines situated by their past answer for decide the 

outskirt of the bone with the mean to smother them to 

accomplish greater perceivability. For this reason, they utilized 

the bone community line to divide in sub areas where every 

district incorporates one bone. From that point onward, a bone 

model was worked to portray the grey-level intensity by utilizing 

principal component analysis (PCA) and point dissemination 

model. At long last, the bone model along with the determined 

background force was utilized to stifle the bone texture.  

Cong et al. in 2016[8] presented a strategy to segment the 

bones radiograph images with goal to expel them later to 

enhance perceivability. The pre-processing step in their proposed 

strategy utilized Gaussian filter to enhance the bone complexity 

and respective filter to lessen the clamours from the info image. 

To acquire the lower thresholds, a Sobel edge improvement filter 

was applied. From that point onward, the GHT was utilized with 



  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

nine physically crated models to find the lower thresholds. 

Symmetrical lines to each point in the lower threshold were 

masterminded section by segment to produce two-dimensional 

image where the bone was brought to around level stance. At 

last, they proposed a reciprocal unique programming method 

dependent on cost work that consolidated the width of the bone 

and the perfection thresholds to assess the equal thresholds of 

each bone.  

All the past proposed techniques were centred on the most 

obvious bones in X-ray images thus they were not focusing at 

the identification the entire solution of potential bones. In view 

of some normal properties of X-ray images, a few improvements 

and pre-processing techniques examined can in any case be 

legitimate for upgrading the X-ray images. From those methods 

is the utilizing of two-sided separating to decrease the 

background commotions and histogram levelling to expand the 

image differentiate. For the underlying segmentation, the vast 

majority of the work referred to in the writing utilized a fixed 

edge an incentive to binaries the image. In any case, we can 

contend here that any threshold worth won't help in acquiring 

introductory bone mask in X-ray image. The purpose for is that 

the nature of X-ray images in our dataset is a lot more 

unfortunate than the bones X-ray images. The complexity of the 

locale is low to the point that the teeth can't be effortlessly 

distinguished by any threshold esteem.  

Other than the enhances and pre-processing techniques as 

portrayed over, two fundamental methodologies are in the 

current writing. The first is the layout coordinating to find the 

bone area while the other is utilizing AI to divide bones from 

non-bones objects. Utilizing tooth layout coordinating for our 

situation won't be valuable in light of the tremendous assortment 

of shape, size and direction of lower and upper teeth across 

images. Be that as it may, a few thoughts in diagram based 



 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

strategies can be valuable for separate genuine tooth structure at 

the post-processing phase of our work. Jader et al. in 2018 [9] 

proposed an approach for segmenting dental panoramic images. 

In this technique they presented a segmentation system based on 

mask region based convolutional neural network to accomplish 

an instance segmentation. 

By and large, a few thoughts and procedures proposed in the 

writing are seen as conceivably valuable for our proposition for 

tooth dismasky and counting. Our commitment is as per the 

following: we propose a solution of location, characterization, 

and counting singular teeth of dental images utilizing 

straightforward image processing and AI methods. This 

framework can be exceptionally helpful for dental specialists to 

order and anticipate the yield consequences of dental medicines. 

Essentially, the identification and solution of dental images has 

been a visual procedure, mainly dependent on visual-material 

assessment and radiographic assessment. 

 

Problem Description  

An individual's capacity to perceive a lovely face is natural, 

yet making an interpretation of this into characterized treatment 

objectives is tricky. Perceiving magnificence isn't drilled nor is it 

troublesome. The impression of magnificence is an individual 

inclination with social predisposition. Rules administering why a 

face is delightful are not comprehended nor are required for 

anybody to state that a face is lovely. Artists and health 

professionals experts have endeavoured to characterize and 

reproduce a perfect. They perceive excellence, yet target norms 

are troublesome, regardless of ceaseless endeavours to explain 

this idea. As wellbeing experts have expanded their capacity to 

change faces, the need to comprehend what is and isn't lovely 

has escalated. Truly, orthodontics has included facial 

concordance as one of its significant objectives alongside 



  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

occlusal greatness. Edward Hartley recommended that if teeth 

were put in ideal impediment, great facial concordance would 

result. The facial skeleton and its overlying soft tissue decide 

facial amicability and parity. It is the structure of the overlying 

soft tissues and their relative extents that give the visual effect of 

the face [10][11]. 

The segmentation of the teeth and comment on the all-

panoramic dental X-ray images to create a right count of the 

teeth (see Figure 2). The anomalous number of the teeth is 

supposed to be identified with some type of variations from the 

norm [12]. 

This paper proposes an example acknowledgment-based 

answer for the teeth identification and checking dependent on 

surface and geometrical features of the teeth from the view X-ray 

images of all panoramic. The individual teeth investigation 

experiences a rundown of issues which should be unravelled. 

Since we consider a full teeth image, we need firstly to segment 

the teeth region of interest (ROI) to avoid existence of unwanted 

body parts. For certain images, acquiring precise individual tooth 

is infeasible because of amazingly low-quality image or a few 

confinements in the proposed technique. We have to reject such 

images in beginning time utilizing a few standards dependent on 

tooth mask portioned. For the images that pass this reliability 

quality check, we have to build their difference all together for 

tooth objects to be handily recognized. When the teeth masks got 

and smoothed, all the background objects coming about because 

of imaging objects utilizing 2D methods must be shifted away 

before the tooth can precisely distinguished.  

The accompanying measures were barred from the 

investigation:  

1. Previous or current orthodontic treatment.  

2. Missing teeth.  

3. Obvious periodontal ailment.  



 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

4. Evidence of past injury/medical procedure.  

5. Facial asymmetry or distortion.  

6. Presence of deciduous/held teeth.  

7. Presence of any neurotic conditions.  

8. Presence of deciduous or over held teeth. 

 
 

Figure 2: Teeth numbering 

ACSDI Algorithm  

The on-going improvement of high-throughput creation of 

focused, adjusted teeth X-ray images lines has empowered 

anomalous teeth revelation. Recognizing teeth corresponded 

with changes in the size, shape, colour is a key advance towards 

understanding the teeth illnesses. Exact distinguishing proof of 

any adjustments in tooth size, shape, and colour is of a 

noteworthy clinical pertinence, for instance, caries and gum 



  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

sicknesses. Accordingly, the distinguishing proof of individual 

tooth related with measurements' changes may give knowledge 

into both explicit and summed up irregularities in the teeth.  

This study is associated with building a segmentation model 

that join the upsides of image processing strategies and AI 

methods named ACSDI. The mind-boggling nature of the tooth 

region in the X-ray images requires a cross breed solution that 

consolidates various procedures to segment and count the teeth. 

Subsequent to considering the solution of the all-panoramic 

dental X-ray images, we present our answer as a grouping of 

seven phases as appeared in Figure 3. The solution begins with 

segmentation and improvements of the teeth region (Section 

4.1). Next, we play out a reliability quality check to assess the 

decency of the tooth mask (Section 4.2). In the wake of passing 

the reliability quality check, a three-advance procedure (Section 

4.3) is followed to get the applicant teeth. The subsequent image 

is then additionally prepared by morphological activities to 

improve and smooth the up-and-comer teeth (Section 4.4). At the 

last stage, the rest of the tooth objects are distinguished and 

checked and the outcome is returned (Section 4.5).  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

ACSDI Algorithm:   

Inputs:  

- Panoramic X-ray Images. 

Outputs:  

- Counting of Teeth 

- Stream of Individual tooth images 

Algorithm Steps: 

  

1.  

2.  

3.   

4. 

 

5.  

6.  

7.  

   

Figure 3: Code of the method 

4 Segmentation and Enhancements for Tooth Region of 

Interest (ROI)  

All together not to miss any potential teeth, the directions of 

the teeth ROI landmarks are set up as per visual perceptions of 

the images we experience. By perception, this length ensures 

including all the teeth with a small edge beneath the last teeth. 

Figure 4 shows the first image. The portioned tooth ROI is 

appeared in Figure 5 respectively.  

 

 



  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

 

Figure 4: Original panoramic X-ray teeth image 

 
(a): Upper teeth image 

 
(b): Lower teeth image 

Figure 5: Upper and lower teeth 

 

There is a high likelihood for such objects to be sectioned in 

a later stage and wrongly considered as teeth. The disarray could 

happen due to the small size of the centre teeth. Thus, the exact 

upper cut of the ROI is exceptionally required. We propose the 

accompanying technique to refine the upper trimming point.  

• Cropping the upper piece of the segmented tooth area which 

incorporates the upper teeth.  



 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

• Image binarization utilizing a high threshold esteem (0.85) to 

acquire the masks for the teeth and dispose of undesirable 

procedures. The high threshold esteem is picked in light of the 

fact that the upper teeth for the most part have higher intensity 

than the jaw forms. To clarify determination for this 

parameter, we initially make tests among similar image 

however with various image qualities. To adjust between solid 

tooth edges and numerous non-tooth objects related with low 

threshold esteems and less non-tooth objects and the less 

differentiation on tooth objects related with high edge 

esteems. 

The segmented ROI as appeared in Figures 5 might be of 

low difference that may prompt a few teeth, especially the lower 

ones, being missed by the later advances. To expand the teeth 

differentiate and set them up to be identified in the following 

stages, two image enhance procedures are applied on the tooth 

ROI. Right off the bat, we apply contrast thresholded adaptive 

histogram equalization (CLAHE) filter to expand the tooth 

differentiate. The enhances anticipated from CLAHE activity 

could be influenced by the number of locales to divide the image 

before applying the histogram levelling (number of tiles 

parameter). In any case, we set this parameter to (8 × 8). It has 

been discovered that the quantity of tiles around (8 × 8), (64) 

tiles gave the best precision (up to 70%) in light of the fact that it 

makes a decent harmony between the level of enhance and the 

created noises. The great property of CLAHE is that it will in 

general increment the differentiation to an adequate level without 

expansion of undesired clamours particularly in the homogenous 

region. 

At this stage, some background commotions coming about 

because of the soft tissues in the middle and beneath the teeth 

exist which may influence the following stages. To smooth the 



  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

image without influencing the edge of the teeth, we choose to 

utilize bilateral filter.  

 

5 Reliability Check of Tooth ROI 

Before continuing to the accompanying advances, it is 

critical to lead a reliability quality check upon the segmented 

ROI image. One of the significant variables that can influence 

the precision of the tooth discovery and segmentation is the jaw. 

The impact of the jaw on the tooth area could be clarified for two 

reasons. The principal reason is that the jaw mask assumes a 

basic role in isolating tooth area. Erroneous jaw mask may cause 

a few mistakes in tooth recognition and checking. The 

subsequent explanation is that extreme jaw curvature may 

influence the tooth identification. Accordingly, we infer the 

accompanying plans to avoid (reject) images as unreliable 

images:  

• Short or undetected jaw mask. On the off chance that the jaw 

mask is set apart as shorter than the typical range under any 

conditions, the image is rejected as unreliable.  

• Extremely curved jaw. In the event that the arch estimation of 

the jaw is extremely huge (for example > 25), the image is 

rejected as questionable. For this situation, the jaw mask itself 

might be considered as adequate however the outcome of 

extraordinary curvature jaw could influence the tooth objects 

significantly. The estimation of the jaw curvature to reject the 

tooth area image is chosen from perception of different 

instances of curvy jaw.  

6 Segmentation of Tooth Objects 

The objective of this phase of the procedure is to sift through 

teeth by isolating them from the jaw. This mind boggling task is 

performed through three consecutive strides as clarified 

straightaway. 



 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

6.1.1 Tooth separation from its background utilizing Butterworth 

high-pass filter (BHPF) 

The initial step is to extricate all or if nothing else a large 

portion of the teeth objects from the image through twofold 

masking. The most existing works detailed in the writing did this 

progression by utilizing fixed edge esteem. For the datasets we 

manage, basic thresholding is incapable in view of the poor 

difference between intensity of tooth objects and their 

encompassing tissues. Thus, we choose to utilize BHPF of first 

request to feature the tooth objects (see Figure 6). 

Observationally, we set the slice off frequency parameter to be 

50 to accomplish a decent degree of detachment from 

background and simultaneously not to lose significant data from 

the tooth objects. 

To clarify our determination for this parameter, we initially 

make an examination among the yields of the BHPF of a similar 

image however with various qualities for the cut off frequency. 

To adjust between solid tooth edges and numerous non-tooth 

objects related with low threshold esteems and less non-tooth 

objects and the less differentiation on tooth objects related with 

high edge esteems, we found that the potential qualities for the 

edge ought to associate with 50. 

Notwithstanding the necessary subtleties of the image, the 

filter additionally features distinctive non-tooth protests out of 

sight. To alleviate these small non-tooth protests, a base request 

filter of window size of (5 × 5) is applied. At long last, the image 

is changed over to paired structure to deliver the underlying 

tooth mask. 

 



  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

 

 
Figure 6: Separate upper and lower jaws from background 

4.3.2 Tooth separation from the jaw  

The subsequent image from the past advance is still 

excessively "noisy" as in it contains a lot of non-tooth objects. In 

this way, these undesirable objects must be sifted through before 

any significant recognizing and checking can be performed. Jaw 

is perhaps the greatest structure that confuses tooth recognition. 

It additionally directly affects the dependability check of the 

tooth area. We propose to utilize the paired jaw mask to clear the 

jaw from the upper/lower of the ROI (see Figure 7). Nonetheless, 

the jaw mask needs some pre-processing before it is applied. 

Right off the bat, the jaw mask ought to be trimmed to fit the 

size of the tooth area. Another significant pre-processing step is 

to contract the upper quart of the jaw mask. This is required in 

light of the fact that by our perception, the lower four teeth are 

generally small. This is making them inclined to be masked out 

by the jaw mask especially if the upper region of jaw mask is 

thick. 

 

 



 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

 

 
Figure 7: Separate upper and lower teeth from jaws 

4.3.3 Tooth separation from the neighbor teeth   

In the wake of portioning the teeth from one end by barring 

the jaw, it is essential to divide them from the edge of the tooth 

neighbour which is associated with the finishes of the teeth. Due 

to our definitive objective is to check every tooth as a free 

object, it is expected to expel the edge of the tooth to keep away 

from any jointing among teeth from their end. To evacuate the 

edge of the tooth, we proposed a straight function that starts from 

the finish of the top tooth towards that of a lower one. The 

accompanying technique is applied on every tooth side to trim 

the tooth edge (see Figure 8).  

1. Top most point assurance. Find the highest point as the centre 

highest purpose of the jaw mask recently arranged for tooth 

area.  

2. Seed focuses assurance. Find two seed focuses for the 

privilege and left agrees with same arrange of the highest 

point. Evenly, each point far off 60 pixels from the highest 

point. The level separation was set to 60 empirically to such 

an extent that fulfils evacuating the most object of the edge of 

the tooth with a base piece of teeth.  

3. Starting from the seed point and considering all the lines 

descending to the lower border of the image. For each line, all 



  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

the pixels in the column toward the outskirt of the image are 

set to zero.  

This function trims the vast majority of the noisy edges of 

the tooth and divides the teeth. It additionally evacuates all the 

non-tooth objects to one side or left. The function is basic and 

successful for isolating the edge of the tooth from incoherent 

teeth, and removing numerous non-tooth protests in the outskirt 

areas of the image.  

 

 
Figure 8: Separate upper and lower teeth from neighbours 

Enhancements and Smoothing of Tooth Objects 

At this stage, some further processing is needed to enhance 

the overall tooth region and tooth objects. The improvements 

include smoothing the mask of the tooth objects, converging of 

tooth mask, and enhance the state of the tooth mask. A definitive 

objective of this stage is to acquire smooth tooth masks which 

front of the real tooth thresholds in the information image. Right 

distinguishing proof of the tooth thresholds further guarantees 

right tooth perceiving at a later stage.  

4.4.1 Smoothing tooth objects  

In this stage, a methodology is utilized to smooth the state of 

a tooth object. To apply the smoothing, we utilized a comparable 

thought of sliding window as introduced by Li et al. In any case, 

we tailor the strategy in the accompanying way. A window of 

size (10 × 10 pixels) is moved over the paired image and the 



 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

level of the white pixels inside this window is determined. On 

the off chance that the rate is above predetermined threshold, 

at that point all the pixels inside the window are set to 1 

otherwise the pixels are set to 0. The teeth in the upper piece of 

the image are generally increasingly recognizable, simpler to 

divide and thicker than lower ones. Hence, the edge is set for the 

upper piece of the image to (40%) and to (20%) for the lower 

part. Figure 9 explains this step. 

 

 

 
Figure 9: Smooth teeth objects 

4.4.2 Tooth merging 

In some cases, the tooth object is separated into at least two 

pieces particularly in the back teeth. This case will prompt 

chance of removing those parts as undesirable objects. The 

methodology of tooth consolidating depends on the level and 

vertical separations between the closest focuses in two objects. 

By perception, we found that if the two separations are generally 

< 20 pixels, those two objects are in all likelihood having a place 

with a similar tooth. In the wake of acquiring the two objects that 

met above measures, we apply two adaptive closing binary 

morphology activities with length of 20 pixels. To ensure 

compelling converging of the two objects, we set the direction of 

each end activity to the direction of every one of objects. 

However, regardless of the adequacy of this strategy in blending 

portions of a tooth, there are unavoidable outcomes of 



  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

consolidating some undesirable objects to greater objects (see 

Figure 10). 

 
Figure 10: Merge tooth 

4.4.3 Enhancing the tooth segmentation 

A typical issue particularly in the lower teeth is the distorted 

shape of the teeth. This happens when some undesirable objects 

or part of the tooth reflection combine with the tooth. 

Notwithstanding giving off base data about the area and size of 

the tooth, it might likewise influence the last identifying and 

checking when the tooth seems greater than the normal size for a 

solitary tooth.  

Attempting to explain such cases by utilizing traditional 

binary morphological tasks, for example, opening and closing for 

the most part gives undesired outcomes and prompts lose 

portions of the tooth itself. We propose an answer that can 

surmised the genuine tooth structure dependent on most brief 

separation between the two finishes of the tooth. In the initial 

step of the solution, the tooth is diminished to expel all pixels 

however keep one pixel width object. Following the diminishing, 

the two far right and left purposes of the diminishing item are 

resolved. To dispose of any branches, we found the most 

thresholded way by ascertaining the geodesic distance between 

the two outrageous focuses. The geodesic separation between 

two pixels in a binary object is the base length of the way joining 

those pixels and remembered for the paired item. At last, the 

discovered way is taken as guess for the state of the tooth in the 

wake of thickening it (see Figure 11). 



 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

 
Figure 11: Enhanced teeth objects 

4.5 Reliable Tooth Counting 

In ordinary situations when there are no joint teeth, we can 

consider number of teeth is equivalent to the quantity of binary 

objects in the image. We consider two tooth checks: one for the 

teeth on the upper and the other for the teeth on the lower. To 

represent the aftereffect of tooth identification and counting, we 

superimposed the recognized teeth and the checking lists for the 

teeth against the first sectioned area for one image.  

In spite of the fact that the past advances disclosed are 

intended to create exact teeth, a few errors, for example, 

removing a genuine tooth or keeping non-tooth objects may in 

any case occur. To build the reliability quality of the last 

counting, a few tests are required after conclusive identification 

of the considerable number of teeth. Those tests are based upon 

the way that any extra or missing teeth to either side ought to be 

either from upper or lower tooth area. Some regions, separation 

and check data are then misused to create the accompanying 

tests:  

1. Maximum vertical separation between two consecutive teeth. 

A reasonable range for worthy vertical separation between 

any two consecutive teeth can be assessed exactly. On the off 

chance that any irregular separation is identified by the 

strategy, this may demonstrate either expulsion of genuine 

teeth or presence of non-tooth objects depending whether the 

vertical separation is excessively huge or excessively small 



  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

than the normal scope of separation between the two 

consecutive teeth.  

2. Y-coordinates of the keep going and first teeth on upper and 

lower sides. We propose to think about the Y-coordinates of 

the nearby finish of the last teeth and first teeth on the two 

sides. This test could prompt the two untrustworthy cases as 

follow: 

• If the Y-coordinates of both upper and lower sets of teeth 

are equivalent or exceptionally close yet the count of teeth 

is diverse for each side, at that point this may demonstrate a 

chance of unmoved non-tooth object between two teeth.  

• If the Y-coordinates of either the upper pair or lower pair of 

teeth are exceptionally unique yet the count of teeth is 

equivalent for each side, at that point this may 

demonstrates a chance of unmoved non-tooth object and 

expelled tooth on one side.  

3. Minimum and greatest thresholds of the quantity of teeth. 

From the area information, it is realized that the quantity of 

teeth for each side ought to be in a range somewhere in the 

range of 14 to 16. The quantity of teeth beyond this range is 

naturally impossible and consequently should be due to 

miscount.  

In light of those tests, and the early ROI dependability 

check, there are three potential classes.  

- The image passes through the assessment thus named as solid 

counting.  

- There is a level of uncertainty of conceivable presence of non-

tooth objects or conceivable expulsion of genuine teeth thus 

the image is named as uncertain which needs a further manual 

assessment.  



 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

- There is an undeniable proof that the image couldn't be 

portioned dependably (inadequate quality) and thus it is 

marked as rejected.  

It is imperative to feature that in the second class the teeth 

are fragmented and counted (however it should be physically 

checked) though no yield is delivered from images in the third 

classification. Figure 12 shows individual teeth images that we 

could get from the previous image. 

 

 

 

Figure 12: Individual teeth images 

5 Evaluation of the Suggested Algorithm 

5.1 Experiment Results and Analysis 

We have tried our technique on a dataset of 50 views of 

dental panoramic X-ray images that were previously manually 

annotated by a domain expert. Those 50 images incorporate 35 

images with typical checks of teeth (for example 16 teeth each 

side). The other 15 images include abnormal teeth either on one 

or the two sides. In the wake of applying the reliability quality 

measures and dependable checking, we order the subsequent 

images for both normal and abnormal counts into three 

categories as shown in Figure 13.  

 

1         2          3       4      5       6      7     8     9    10   11   12  13   14      15      16 

32       31          30       29    28     27     26   25   24   23   22  21   20     19       18      17 
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Figure 13: Accuracy of tooth counting 

The main classification ought to contain any image was not 

prohibited dependent on reliability measures and furthermore 

passed the solid checking effectively. The images that were 

counted with low reliability put in the subsequent class. The last 

classification made out of the images that failed reliability check 

and along these lines not counted. The method of reasoning 

behind this segmentation is to threshold the images that should 

be physically commented on to just group 2 (checking the count) 

and group 3 (including without any preparation). Be that as it 

may, not all the images in the main class are accurately checked. 

In this research we will depend on three main parameters, 

sensitivity, specificity, and accuracy. Sensitivity (True Positive 

(TP)) is a percentage of positive cases (i.e. abnormal cases) that 

are correctly defined as positive. Specificity (True Negative 

(TN)) is a percentage of negative cases (i.e. normal cases) and 

correctly defined as negative. Details are shown in the following 

confusion matrix: 

 

 

 



 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

  Predicted Classes 

  Positive Negative 

Actual 

Classes 

Positive 
True 

Positive 

False 

Negative 

Negative 
False 

Positive 

True 

Negative 

• True Positive (TP): no. of positive examples corrected 

classified 

• True Negative (TN): no. of negative examples corrected 

classified 

• False Positive (FP): no. of positive examples misclassified as 

positive 

• False Negative (FN): no. of positive examples misclassified as 

negative 

Sensitivity (True Positive TP) =  ……………………(1) 

Specificity (True Negative TN) =  …………………..(2) 

Accuracy (T) =  ………………………………(3) 

Figure 14 presents the sensitivity and explicitness results for 

the solid checking class when we take the given manual 

considering results the ground truth. 



  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

0

0.2

0.4

0.6

0.8

1

Sensitivity Specificity Accuracy 
Figure 14: Sensitivity and specificity for the reliable 

counting category 

As should be obvious from the above figure, both sensitivity 

and specificity are above 70%. The specificity is higher than the 

sensitivity. The proposed strategy works in this way preferred for 

typical teeth over others. In spite of the fact that the exactness in 

perceiving the positive and negative cases for those images 

sorted as a dependable check is sensible, it still not on a par with 

we like it to be.  

To additionally comprehend the acquired outcomes, we have 

to address whether the degrees of precision for the solid class 

images are higher than the degrees of exactness for the uncertain 

classification of images. If not, the supposed solid class would 

make no sense, showing that barring questionable images is in a 

general sense imperfect. In this way, we led a test on uncertain 

classification of images and determined the sensitivity, 

specificity and precision for the uncertain checking group (see 

Figure 15). 
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Figure 15: Sensitivity and specificity for the unsure 

counting category 

As should be obvious from Figure 14, the exactness of tooth 

counting from the uncertain checking class is altogether lower on 

both sensitivity and specificity than those for the dependable 

including classification as expressed in Figure 15. This affirms 

the affectivity of our prop set tests to characterize the outcomes 

to dependable and uncertain checking.  

It very well may be contended that in any event, for the 

images automatically labeled as uncertain (for example to be 

physically checked), the way that the proposed solution could 

distinguish the majority of the teeth in the images could make 

the manual confirmation simpler. For those images, the annotator 

doesn't have to look at the original images however he/she can 

utilize the fragmented images by the framework. This should 

make the manual check a lot simpler without compromising the 

accuracy because of the high accuracy of tooth recognition. 

 

5.2 Discussion   

Protection of facial appeal is an essential objective of 

orthodontic treatment. Treatment arranging requires information 

on the parameters and regularizing information that assists with 

setting up objectives and predict the obstacles that need to be 



  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

negotiated. As soft tissue standards fill in as a rule in computing 

change it has been recommended that certain cephalometric 

principles relating teeth to cranial or facial bones could 

guarantee great facial structure if adhered to as a treatment goal. 

The fulfilment of facial soft tissue proportionality is one of the 

foremost objectives in the treatment of dentofacial 

disfigurements and can be accomplished with appropriately 

arranged and executed orthognathic medical procedure 

strategies. In this way the point of this investigation is to 

ascertain the standards with the goal that the soft tissue 

cephalometric estimations of different parameters could be 

separated in order to control the orthodontist towards a superior 

determination and treatment arranging of dentofacial 

disfigurements.  

The consolidated consequences of all investigations 

demonstrate that the proposed method gives information on 

processing dataset which prompts effective teeth recognizable 

proof and counting from dental all panoramic X-ray images. The 

method introduced in this paper is moderately straightforward, 

both theoretically and computationally. It doesn't require 

sophisticated methods, for example, online learning, 

probabilistic models, conduct displaying, and so forth. The 

method utilizes essential AI techniques for displaying the images 

and the necessary number of procedures relies upon image 

content. Therefore, this algorithm is easy to implement in a 

working system, for example in an embedded system. In terms of 

computational complexity, the most time-consuming stage are 

training and pre-processing. 

The significant guarantee of the ACSDI method is the ease 

and high adaptable structure. This comprise of the fundamental 

elements of the technique: pre-processing image, distinguish 

teeth, and checking the teeth, and save images in a database. All 

procedures were allotted as functions which implied, we could 



 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

simultaneously improve each function separated without altering 

the general principal structure of the method.  

There are two diverse related issues we will talk about: 1) the 

fundamental reasons of inaccuracies, and 2) parameter sensitivity 

of two significant parameters that utilized in the solution. 

5.2.1 Main Reasons of Inaccuracies 

In this area, we talk about the primary reasons that may 

prompt off base tooth meaning our technique. The primary 

explanation is identified with the ROI segmentation. The ROI 

segmentation influences all the later stages, so it is considered as 

a basic stage in our proposed strategy. This segmentation is 

supposed to be adequate if the segmented ROI region 

incorporates all the teeth. Notwithstanding, from a conversation 

with a specialist, it is set up that the lower beginning of the ROI 

is hard to decide in any event, for a prepared annotator. This is 

on the grounds that the crowded of the lower teeth, which may 

look very similar to the processes of the jaw bones. Inaccurate 

start of the tooth region could either prompt undetected teeth or 

marking procedures of as teeth.  

The other explanation of non-tooth object bringing about the 

last tooth counting is the tooth shape models. By its clinical 

definition, the teeth are curved bones (A shape) that reach out 

from the upper jaw to bring down jaw. On account of this shape, 

the 2D X-ray images show the side just as the projection of the 

ventral side. Even our method was designed to remove such 

cases as non-tooth objects; the geometrical features of some of 

them are very similar to the real teeth.  

Another difficult that may prompt missing a few teeth is the 

low difference of the lower teeth. This reality makes the last 

mask of the lower teeth in certain images is moderately small 

and may not mask their surface in the information image to 

count. In a large portion of these cases, the last mask of the tooth 



  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

was automatically corrected. We can contend that our answer 

was prevailing to manage numerous difficult cases but few other 

cases were highly challenging. 

5.2.2 Parameters Sensitivity 

Some of steps in our proposed solution are subject to some 

fixed parameters or thresholds. Indeed, even we attempt to 

threshold the quantity of parameters; at times it is as yet 

unavoidable. Here we talk about the parameter sensitivity for 

certain qualities that may have a big impact on the final result 

as follow. 

 

5.2.2.1 The cut off frequency for the BHPF 

The estimation of cut off frequency for BHPF controls the 

constriction of the frequencies in the frequency domain. Setting 

this parameter to a generally large worth methods increasingly 

far off frequencies from the focal point of the frequency domain 

will be constricted and the other way around. For the tooth area, 

diminishing this parameter to a small worth will deliver solid and 

complete objects of the teeth (sharp edges objects) however at 

the cost of creating numerous non-tooth objects which entangle 

tooth masking at later stages. Expanding the slice off frequency 

to a moderately high worth will lessens some non-tooth protests 

and yet makes the teeth become dull thus inclined to be expelled 

in the later stages.  

 

5.2.2.2  Number of tiles for CLAHE 

CLAHE is a significant tool that utilized in this paper to 

build the differentiation of the tooth region. Notwithstanding, 

this technique is subject to a significant parameter that can 

control the level of difference of the image. This parameter is the 

quantity of tiles.  

Notwithstanding, expanding the quantity of tiles should 

build the differentiation yet it will likewise deliver more 



 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

background clamours in the homogenous area. It will be hard to 

reach a strong inference by credulous eye on which worth gives 

best appear differently in relation to least created clamours. To 

make clearer image about the reasonable incentive for number of 

tiles, we change the quantity of tiles while fixing different 

parameters and check the precision of teeth depending on the 

example of 50 images.  

6 Conclusion And Future Work 

Soft tissue profile is currently one of the most critical areas 

of interest in the selection of orthodontic treatment. Primarily 

through lateral cephalometric radiograph, soft tissue profile is 

studied extensively in orthodontics, under the belief that the soft 

tissue outline largely governs the aesthetics of the face. The 

facial soft tissues are considered a dynamic structure that can 

develop along with or independent of their skeletal substructure. 

The main advantage of identifying and counting panoramic teeth 

images is to avoid surgical intervention and thus reduce the 

morbidity of the surgery. The timing of early treatment is crucial 

for a successful outcome.  

Detection and counting of the teeth is essential for assessing 

teeth diseases. The aim of this study was to locate and count 

teeth rather than to segment and identify them in their entirety.  

We proposed a fully-automated pattern recognition based 

algorithm that relies on two-level reliability checks to detect and 

counts the teeth in X-ray images of human. We investigate the 

difficulties presented with detection of 2D X-ray images. We 

demonstrated that the method does not only reduce the number 

of images that need to be checked by manual annotators by 33% 

but also it makes the manual counting easier by producing 

accurate tooth detection (76% accuracy). The evaluation on 50 

images showed the ability of proposed method to detect majority 

of teeth in human X-ray images. We also showed the ability of 

our solution to overcome a variety of challenges presented by the 



  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

segmentation of the X-ray images. However, some limitations in 

accurate determination of lower start of the teeth area and loss of 

the teeth due to very low contrast still remain not entirely solved. 

Further research for more accurate and robust methods is still 

very much needed. 
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