
  
             Hanaa Mohammed     قسم التوثيق الإلكتروني  مركز الشبكات وتكنولوجيا المعلومات  بسم االله الرحمن الرحيم        



  
              Safaa Mahmoud       علي هذه الأقراص المدمجة قد أعدت دون أية تغيرات  نقسم باالله العظيم أن المادة التي تم توثيقها وتسجيلها  قسم  التوثيق الإلكتروني والميكروفيلم  جامعة عين شمس        



 
 

Effect of using teeth positioning guides on 

the accuracy of CAD/CAM complete 

dentures: an in-vitro study 
 

A thesis submitted to the Faculty of Dentistry, 

Ain Shams University in partial fulfillment of the 

requirements for the Master’s degree in Oral and 

Maxillofacial Prosthodontics 

 

By 

 

Muhammad Amr Nabil Sadek Ali 

 
Resident at Oral and Maxillofacial Prosthodontics Department, 

Faculty of Dentistry, Ain-Shams University 

B.D.S 2016 

Ain Shams University 

 

 

 

 
Faculty of Dentistry 

Ain Shams University 

2022 



 
 

SUPERVISORS 

 

 

Dr. Yasmine Galal Eldin Thabet 

Assoc. Professor of Prosthodontics 

Faculty of Dentistry 

Ain Shams University 

 
 

 

Dr. Hebatallah Tarek Abdallah 

Assoc. Professor of Prosthodontics 

Faculty of Dentistry 

Ain Shams University 

 

 

 

 

 

 



 
 

Acknowledgment 

 

I would like to express my most sincere gratitude and grateful 

appreciation to Dr. Yasmine Galal Eldin Thabet, Associate 

professor of Oral and Maxillofacial Prosthodontics Department, 

Faculty of Dentistry, Ain Shams University. I am so grateful and 

thankful for her endless support, encouragement, understanding, 

patience and enormous help and guidance.  

 

My deepest thanks are extended to Dr. Hebatallah Tarek 

Abdallah, Associate professor of Oral and Maxillofacial 

Prosthodontics Department, Faculty of Dentistry, Ain Shams 

University, her valuable advice, and help will always be 

remembered.  

 

I would also like to thank Prof. Dr. Marwa Ezzat Sabet, 

Professor of Oral and Maxillofacial Prosthodontics Department, 

Faculty of Dentistry, Ain Shams University for her help and 

support. 

 

Last but not least, I would like to thank Dr. Tarek Mohamed AL 

Sayed El Saaedi, Lecturer of Oral and Maxillofacial 

Prosthodontics Department, Faculty of Dentistry, Ain Shams 

University, for his guidance, support, and help since day one. 



 
 

 

Many more thanks are extended to all my professors, 

colleagues of the Oral and Maxillofacial Prosthodontic 

department, Faculty of Dentistry, Ain Shams University for their 

encouragement and help. 

 

  



 
 

This work is dedicated to …. 

My beloved wife and daughter,  

My father, my mother, and my brothers, 

My whole family and friends. 

 

I can’t thank you all enough for your continuous support 

and help through this journey. 

  



 
 

Table of Contents 
 

List of Figures: .......................................................................................................... i 

List of tables: ........................................................................................................... iv 

Introduction .............................................................................................................. 1 

Review of literature .................................................................................................. 3 

The conventional techniques used for fabrication of complete dentures: .......... 3 

Drawbacks of the conventional techniques: ....................................................... 4 

Selection and arrangement of artificial teeth in complete dentures: .................. 5 

Causes of teeth movement in complete dentures: .............................................. 8 

Effect of teeth movement on complete denture construction:............................ 9 

The rise of digital technology: ........................................................................... 9 

Advantages and disadvantages of CAD/CAM technology: ............................. 10 

CAD/CAM components:.................................................................................. 12 

Digital workflow for a complete denture: ........................................................ 26 

Different softwares for designing complete dentures: ..................................... 29 

Evaluation of the accuracy of teeth position: ................................................... 36 

Aim of the study ..................................................................................................... 38 

Materials and Methods .......................................................................................... 39 

Results ..................................................................................................................... 76 

Discussion ............................................................................................................... 81 

Discussion of methodology .............................................................................. 81 

Discussion of results ........................................................................................ 89 

Summary ................................................................................................................. 93 

Conclusion and Recommendation ........................................................................ 94 

References ............................................................................................................... 95 

 1 ............................................................................................................... الملخص العربي 



i 
 

 

List of Figures 
 

Fig.  1: Educational maxillary edentulous cast. ....................................................... 39 

Fig.  2: Educational mandibular edentulous cast. .................................................... 40 

Fig.  3: Occlusion blocks secured together and seated on their corresponding casts.

 ................................................................................................................................. 41 

Fig.  4: Anti-glare spray ........................................................................................... 42 

Fig.  5: 3Shape D850 extraoral scanner. .................................................................. 43 

Fig.  6: Full denture was chosen as the restoration type, and print base and teeth was 

chosen as the manufacturing technology. ................................................................ 45 

Fig.  7: The lower arch was selected as antagonist. ................................................. 45 

Fig.  8: Scan of the upper cast. ................................................................................. 46 

Fig.  9: Scan of the lower cast. ................................................................................. 46 

Fig.  10: scan of the occlusion blocks mounted on their corresponding casts. ........ 46 

Fig.  11: The scans were superimposed together by the best fit match option. ........ 47 

Fig.  12: Determining the positions of the lower right and left 1st molars. ............. 48 

Fig.  13: Determining the positions of the right and left 1st premolars. .................. 48 

Fig.  14: Determining the position of the mesial contact area of the lower central 

incisors. .................................................................................................................... 48 

Fig.  15: Determining the midline of the lower arch. ............................................... 49 

Fig.  16: Denture teeth placement ............................................................................ 49 

Fig.  17: Determination of the path of insertion of the denture. ............................... 50 

Fig.  18: Marking the denture borders. ..................................................................... 51 

Fig.  19: Denture base characterization. ................................................................... 51 

Fig.  20: Adapting denture base to teeth. ................................................................. 52 

Fig.  21: Finalizing the denture design. .................................................................... 52 

Fig.  22: Bite splint was chosen as the restoration material, and 3D printing was 

chosen as the technique of manufacturing. .............................................................. 53 

Fig.  23 : The offset value was set to 0.07mm. ........................................................ 54 



ii 
 

Fig.  24: Marking the extensions of the teeth positioning guide. ............................. 54 

Fig.  25: The teeth positioning guide design did not extend beyond the height of 

contour of the teeth. ................................................................................................. 55 

Fig.  26: The final design of the teeth positioning guide. ........................................ 55 

Fig.  27: Supporting arms added to the fitting surface of the denture base. ............. 56 

Fig.  28: Supporting arms added to the labial surfaces of anterior teeth and the 

occlusal surfaces of the posterior teeth. ................................................................... 57 

Fig.  29 Phrozen Shuffle 3D printer. ........................................................................ 58 

Fig.  30: Occlusal view of the printed denture base. ................................................ 59 

Fig.  31: Labial view of the printed denture base. .................................................... 59 

Fig.  32: Buccal view of the printed denture base. ................................................... 60 

Fig.  33: Post curing unit. ......................................................................................... 61 

Fig.  34: The platform of the 3D printer with the teeth attached to it. ..................... 62 

Fig.  35: Printed denture teeth. ................................................................................. 62 

Fig.  36: Adding supporting arms to the teeth positioning guide. ............................ 63 

Fig.  37: Frontal view of the teeth positioning guide. .............................................. 64 

Fig.  38: Rear view of the teeth positioning guide. .................................................. 64 

Fig.  39: Side view of the teeth positioning guide.................................................... 65 

Fig.  40: Denture base before applying the bonding resin. ...................................... 66 

Fig.  41: Denture base after applying the resin ........................................................ 67 

Fig.  42: Placement of posterior teeth in their recesses. ........................................... 67 

Fig.  43: Placement of anterior teeth in their recesses. ............................................. 68 

Fig.  44: All teeth in position. .................................................................................. 68 

Fig.  45: Teeth placed in the teeth positioning guide. .............................................. 69 

Fig.  46: A band is placed to ensure complete seating of the teeth positioning guide.

 ................................................................................................................................. 70 

Fig.  47: Teeth positioning guide in close contact with the denture base. ............... 70 

Fig.  48: All teeth in position after removal of teeth positioning guide. .................. 71 

Fig.  49: Denture sprayed by the anti-glare spray and placed inside the 3Shape D850 

extraoral scanner. ..................................................................................................... 71 

Fig.  50: Best fit alignment between the reference and measured data. ................... 72 



iii 
 

Fig.  51: The selected points at which deviation will be measured. ......................... 73 

Fig.  52: Measuring the overall accuracy of teeth positions. ................................... 74 

Fig.  53: Bar chart representing mean values of  the deviation of the positions of the 

canines in the two groups. ........................................................................................ 77 

Fig.  54: Bar chart representing mean values of  the deviation of the positions of the 

1st molars in the two groups. .................................................................................... 79 

Fig.  55: Bar chart representing mean values of  the deviation of the overall 

positions of the teeth in the two groups. .................................................................. 80 

 

  



iv 
 

List of tables 
 

Table 

no. 

Titles Pages 

 

 

I 

Mean, Standard deviation, and P value of student’s 

t-test for the comparison between the deviation of 

the positions of the canines in the two groups. 

 

 

76 

 

 

II 

Mean, Standard deviation, and P value of student’s 

t-test for the comparison between the deviation of 

the positions of the 1st molars in the two groups. 

 

 

78 

 

 

III 

Mean, Standard deviation, and P value of student’s 

t-test for the comparison between the deviation of 

the overall teeth positions in the two groups. 

 

 

79 



  Introduction 

1 
 

Introduction 
 

    Conventional complete dentures are the most viable treatment option for 

the majority of edentulous patients, even when other alternatives can be 

provided due to several reasons that influence patients’ preferences. They are 

the most practical intervention in scenarios that bring together the need to 

reduce costs and expand access to public dental health with low supply and 

high demand. 

    The inherent nature of the conventional fabrication techniques was the 

reason for the delayed usage of computer-aided technology in the fabrication 

of complete dentures. 

    The fabricating process of digital CDs involves scanning the definitive 

impressions or casts and the maxillomandibular records. Then the denture 

bases are designed and the artificial teeth are arranged by using a software 

program. Finally, the denture is manufactured by using either an additive 

(3D printing) or a subtractive (computerized numerical control milling) 

technique.  

    The use of 3D printing (3DP) technology in dentistry has increased as it 

allows the fabrication of objects with complex geometries and finer details. 

Moreover, it is fast, has greater mass production, and low material waste.  
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    Accuracy of teeth positions in the denture bases plays an important role in 

achieving both esthetics and precise occlusion. Slight changes in teeth 

positions may cause esthetic defects and occlusal interferences which in 

return affect the stability of the complete denture and the vertical dimension 

of occlusion. 

    Several studies have shown that after the manufacturing process there 

were deviation of the teeth positions in the finished denture when compared 

to the original design. Up to date no studies had proposed any technique to 

increase the accuracy and decrease the deviation occurring after printing of 

the complete dentures. 

    Thus, this study was conducted to determine whether the teeth positioning 

guide will improve the accuracy of the denture teeth positions in the printed 

complete dentures. 
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Review of literature 
 

    The restoration of the impaired stomatognathic system functions after loss 

of teeth can be done through different prosthetic and surgical options. The 

goal of a removable prosthetic restoration, besides restoring the lost 

functions due to the completely edentulous condition, is to maintain the 

health of the oral mucosa and the residual ridge.(1)  

    A complete denture is considered one of the most popular and traditional 

prosthodontic treatment solutions for edentulous patients who have systemic, 

anatomic, or financial limitations for implant treatment.(2, 3) 

    The main objectives of conventional complete dentures are the restoration 

of the masticatory function, speech, and esthetics as well as, providing 

physical and mental comfort to the patient.(4) 

The conventional techniques used for fabrication of complete 

dentures: 

    Conventional procedures include several clinical and laboratory steps. 

These procedures require at least five visits to acquire primary and secondary 

impressions and jaw relation records.(5) 

    The try-in step is an important step to verify all the previous clinical and 

laboratory steps. Then the delivery is the final step.(5, 6) 


