
Copyright@ Xiaomian Wu | Biomed J Sci & Tech Res| BJSTR. MS.ID.003157. 13609

 Research Article

ISSN: 2574 -1241

The CAD/CAM Method is More Efficient and Stable in 
Fabricating of Lingual Retainer Compared with the 

Conventional Method
Xiaolei Hu1,4,#, Jingya Ling1-3,# and Xiaomian Wu1-3,#,*
1Chongqing Key Laboratory of Oral Diseases and Biomedical Sciences, College of Stomatology, Chongqing, Medical University,  
Chongqing, China
2Chongqing Municipal Key Laboratory of Oral Biomedical Engineering of Higher Education, College of Stomatology, Chongqing Medical 
University, China
3Department of Orthodontics, College of Stomatology, Chongqing Medical University, China
4Key Laboratory of Clinical Laboratory Science, Ministry of Education, College of Laboratory Medicine, Chongqing Medical University, 
China
#These authors contributed equally to this work.

 *Corresponding author: Xiaomian Wu, Floor 9, No 7, Shangqingshi Road, Yuzhong District, Chongqing, People’ Republic of China, 
400015; Email: , 

      DOI: 10.26717/BJSTR.2019.18.003157

Received:   May 25,  2019

Published:   May 30, 2019 

Citation: Xiaolei Hu, Jingya Linga, Xiao-
mian Wu. The CAD/CAM Method is More 
Efficient and Stable in Fabricating of Lin-
gual Retainer Compared with the Con-
ventional Method. Biomed J Sci & Tech 
Res 18(3)-2019. BJSTR. MS.ID.003157.  

Keywords: Lingual Retainer; CAD/
CAM; Efficient; Stable; Individual and 
Morphological Difference

ARTICLE INFO abstract

The computer-aided designed and manufactured (CAD/CAM) technology is 
nowadays wildly used in the oral and dental science that provides a stable and efficient 
way to treat simple and severe disease. The lingual retainer has not change too much 
until nowadays with the CAD/CAM technology. In this study, we planned to compare 
the time-consuming and stability of lingual retainer fabricated between conventional 
method and CAD/CAM method. The results showed that the time for maxilla (B1= 
20.0±2.91) and mandible (B3= 9.7±0.67) with conventional method was four times 
to fabricate the lingual retainer for the maxilla (B2= 5.3±0.67) and mandible ( B4= 
4.5±0.53) with CAD/CAM method respectively. These results indicated that the digital 
method was more efficient in lingual retainer fabrication than conventional method. And 
while it was more complicated to manufacture lingual retainer for the maxilla than for 
the mandible, but the conventional method cost twice times to bend the lingual retainer 
for the maxilla (B1= 20.0±2.91) of the time to bend the lingual retainer for the mandible 
(B3= 9.7±0.67), while the difference of time-consuming between fabricating the maxilla 
and mandible was not more than ten percent. All of these indicated that compared with 
conventional method, the digital method was more efficient and stable which was not 
disturbed so much by the morphological or individual difference. And it should be the 
way to deal with the issue of shortage of orthodontists and orthodontic technicians.

Introduction
The shortage of orthodontists and orthodontic technicians 

are the worldwide issue [1-3]. There are several reasons for this 
issue. First, the systematic labor shortage makes the total number 
of orthodontic and orthodontic technician number limited. In the 
U.S., it is expected to transform the workplace over the next 15 to 
20 years as the gap between baby boomers and entrants of college-
educated workers widens due to the boomers’ mass retirement 
[2]. It was estimated that by the year 2020 one out of every two 
people in the U.S. will be older than 50. Second, the long-term 
basic knowledge studying, and clinical training make the number 
of orthodontists and orthodontic technician limited. Third, the  

 
geographic distribution of specialist orthodontists and orthodontic 
providers are regional inequalities. Study result from Japan showed 
that medical access to specialist orthodontic services might 
be limited in areas other than urban districts and the regional 
inequalities of specialist orthodontists are high [3].

The computer-aided designed and manufactured (CAD/CAM) 
technology is wildly applied in the biomedical science and oral and 
dental science that provides the stable and efficient way to treat 
common and severe disease [4-6]. The digital method could offer a 
stable method not matter for some simple cases or for some severe 
and complicated cases. For bone tissue regeneration, 3D-printed 
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scaffold exhibited excellent biocompatibility which was suitable 
for mesenchymal stem cells grow and differentiate and offered 
the appropriate mechanical property which was like its natural 
environment [7]. In the orthodontics, the CAD/CAM was used 
to fabricated not only the labial bracket system, but also lingual 
orthodontic bracket appliance [4]. In the prosthodontics, CAD/CAM 
was able to print removable partial denture but also customized 
CAD/CAM implants for complex craniofacial reconstruction in 
children [6,8]. Lingual retainer is bonded to the lingual side of upper 
and lower incisors. The bonded retainers are today a standard 
of care, especially in the mandible [9]. Renkema et al. found that 
97% of all Dutch orthodontists utilize fixed retainers [9]. But the 
process to bend the lingual retainer is a time consumer, which is 
usually fabricated by flexible spiral wire. In this study, we planned 
to compare the time-consuming and stability between conventional 
method and CAD/CAM method in fabricating lingual retainer.

Methods

Comparison of the Conventional and CAD/CAM 
Fabrication Process 

For the conventional method, the patient’s dental cast should 
be taken and sent to the laboratory. And it must be regularly 
disinfected and checked in. After grinding the cast, the lingual 
retainer will be designed and bent by an orthodontic technician. 
And the lingual retainer will be fixed by silicone rubber. And then 
it will be cleaned and has a quality test. And it will be disinfected 
again and outgoing checked. For the CAD/CAM method, the digital 
dental cast was obtained by a 3shape D900 digital scanner. And the 
lingual retainer was designed by the 3shape software and fabricated 
by a high-speed milling machine in titanium alloy. And the lingual 
retainer also will be fixed by silicone rubber, cleaned, and after it 
has a quality test, it will be disinfected again and outgoing checked. 

Comparison of the Manual Handling Time in Laboratory 
Between Conventional and CAD/CAM Method

In order to equal the sample, five dental casts were obtained, 
and 4 copies of each cast were prepared for lingual retainer 
manufacture. Each technician had five dental casts for conventional 
lingual retainer bending and another five same copies for CAD/CAM 
lingual retainer fabrication. While some steps of the two process in 
the labor were similar, we compared the manual handing steps of 
the two methods in the laboratory which were the main difference 
of two methods and also the main time-consuming part. For the 
conventional method, the main manual handing part was the wire 
bending and for the CAD/CAM part was the designing. So, we asked 
two sophisticated orthodontic technicians who had work in the 
laboratory for orthodontic appliance fabrication for more than 3 
year to bend the wires for the 5 dental casts and design the retainer 
in the 3-shape software individually. And we record the time.

Statistically Analysis

   Data are presented as mean±SD. Statistical analyses were 
performed using one-way analysis of variance and a value of P 
<0.05 was considered statistically significant.

Results

The Total Time Cost by the Conventional and CAD/CAM 
Method

  The conventional method contained 9 steps (Table 1) which 
was quite time-consuming and complicated, compared to the 
CAD/CAM approach which contained 6 steps (Table 2). Regularly, 
the conventional method might consume 24.727 hours to 36.727 
hours (Table 1), while the CAD/CAM method only costed 2.91 hours 
(Table 2). And the manual handing steps of the digital method in 
laboratory was simpler than the conventional method (Figure 1).

Table 1: Conventional Method for Lingual Retainer Fabrication.

Step Dental cast Disinfected Check in Grinding Design Bending Fixing Cleaning Quality test/Check out

Time (h) 24-48 12.00 4.00 7.2.0 0.17 0.33 0.83 0.03 0.17

Table 2: CAD/CAM Method for Lingual Retainer Fabrication.

Step Digital scanning Design High speed milling/3D print Fixing Cleaning Quality test/Check out

Time (h) 0.50 0.83 0.55 0.83 0.03 0.17

Figure 1:  The manual handing steps in laboratory of the digital method in fabricating the lingual retainer.
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The Time-Consuming of the Manual Handing Steps 
in Laboratory in Fabricating Lingual Retainer with 
Conventional and Digital Method

First, we compared the two sophisticated orthodontic 
technicians in fabricating maxillar and mandibular lingual retainer 
with conventional and digital method (Figure 2A). There is not 
significant between the two technician in bending maxillar lingual 
retainers (A1= 19.6±2.88, A2= 20.4±3.20 ) with conventional 
method, in bending the mandibular lingual retainers (A2= 
9.8±0.87, A2= 9.6±0.55) with conventional method, in fabricating 
the maxillar lingual retainers (A5= 5.0±0.71, A6= 5.6±0.55 ) 

with digital method, and in fabricating the mandibular lingual 
retainers (A7= 4.4±0.55, A8= 4.6±0.55) with digital method. All 
of these indicated the consistency of the data obtained from this 
study. Second, we compared the maxillar and mandibular lingual 
retainers bent with conventional methods or fabricated with digital 
method by the sophisticated technicians (Figure 2B). The results 
showed that no matter for the maxillar lingual retainer or the 
mandibular lingual retainer, the digital method (B2= 5.3±0.67, B4= 
4.5±0.53) was significantly faster than the conventional method 
(B1= 20.0±2.91, B3= 9.7±0.67). These data exhibited that the 
digital method was powerful in deal with the issue of shortage in 
orthodontic technicians.

Figure 2: Time consuming.
A. Different Technicians Fabricating Maxillar and Mandibular Lingual Retainers with Different Methods. (A1,A2
：Technicians fabricating the maxillar lingual retainers by conventional method; A3, A4:Technicians fabricating the mandib-
ular lingual retainers by conventional method;A3,A4:Technicians fabricating the maxillar lingual retainers by digital method; 
A3,A4:Technicians fabricating the mandibular lingual retainers by digital method).
B. The conventional and digital methods in fabricating maxillar and mandibular retainers. (B1 and B3: Bending maxillar 
and mandibular lingual retainer by conventional methods respectively; B2 and B4: Fabricating maxillar and mandibular lin-
gual retainer by digital methods respectively).

Third, the different time-consuming of maxillar and mandibular 
lingual retainers manufactured by conventional and digital 
methods showed that the maxillar lingual retainer consumed 
more time than the mandibular lingual retainer no matter by the 
conventional (Figure 2B) (B1= 20.0±2.91, B3= 9.7±0.67) or digital 
method (B2= 5.3±0.67, B4= 4.5±0.53). The significantly different 
time-consuming between bending the maxillar and mandibular 
lingual retainer was might be due to that it was more difficult to 
bend the maxillar lingual retainer than bend the mandibular lingual 
retainer with conventional method, because that the difference of 
morphology among the maxillar upper incisors were more notable 
than the mandibular lower incisors.

Discussion

Until the digital technique has fast developed and wildly 
applied, the lingual retainer wire technology has almost not 
significantly change over the past 40 years [10,11]. The thin 

(0.0195 or 0.0215 in) multistranded wire bonded to the incisors 
and canines and the thick (0.025 to 0.032 in) round stainless-
steel wire bonded only to the canines are the two lingual retainers 
mainly used in daily orthodontic practice. With the development of 
digital technology, the lingual retainer has a rapid growth, because 
the lingual retainer was more convenient to apply the digital 
technique than the removable retainer such as Harley retainer. For 
example, the “Memotain” was introduced recently, which was a 
CAD/CAM nickel-titanium lingual retainer [10]. There are kinds of 
advancements in CAD/CAM technology such as offering the digital 
impressions which reduced the time consuming steps to include 
tray selection, dispensing and the transforming of the impression 
to the laboratory, offering the digital models which eliminated of 
polymerization shrinkage of the impression, and offering the virtual 
articulators and face bows which is less time-consuming than using 
the physical face bow [12-14]. 
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In the study, we showed that the digital method was faster in 
fabricating maxillar (B2= 5.3±0.67) and mandibular (B4= 4.5±0.53) 
lingual retainer than the conventional method in fabricating 
maxillar (B1= 20.0±2.91) and mandibular lingual retainers（B3= 
9.7±0.67). The digital method is more stable than the conventional 
method in fabricating the lingual retainer, which was not disturbed 
by the individual differences or morphological differences of oral 
tissue or teeth as much as the conventional method [14,15]. The 
morphological differences among the maxillar upper incisors 
were more notable than the mandibular lower incisors. In these 
studies, the different time-consuming in bending the maxillar 
lingual retainers with conventional method (B1= 20.0±2.91) was as 
much as twice the time in bending the mandibular retainers (B3= 
9.7±0.67). While there was significantly different time-consuming 
in fabricating the maxillar (B2= 5.3±0.67) and mandibular lingual 
retainer (B4= 4.5±0.53) with digital method, but the difference was 
less than 10 percent. All these results suggested that the CAD/CAM 
is more efficient and stable in fabricating lingual retainer than the 
conventional method.

Conclusion
a) The CAD/CAM method saves much time and is an efficient 
method in fabricating lingual retainer than conventional 
method.

b) The CAD/CAM method is more stable in fabricating 
the lingual retainer, which is not disturbed by individual and 
morphological difference so much as the conventional method.

Acknowledgment
Our study was supported by the National Natural Science 

Foundation of China to 31400808, 81570979 and 21402018. 
And it is also supported by Natural Science Foundation Project 
of Chongqing, China (CSTS2015JCYJA10039) and Science and 
Technology Research Project of Chongqing Municipal Education 
Commission of China (KJ1600226) and Program for Innovation 
Team Building at Institutions of Higher Education in Chongqing in 
2016 (CXTDG201602006).

References
1. King G (2015) Solving the faculty shortage might require more than 

money. American Journal of Orthodontics and Dentofacial Orthopedics 
148(2): 200-201.

2. Turpin DL (2008) Meeting the challenges of a workforce shortage. 
American Journal of Orthodontics and Dentofacial Orthopedics 133(2): 
183.

3. Okawa Y, Hirata S, Sueishi K, Ishii T (2013) Geographic distribution of 
specialist orthodontists and orthodontic providers in Japan. Orthodontic 
Waves 72(4): 142-147.

4. Awad MG, Ellouze S, Ashley S, Vaid N, Makki L, Ferguson DJ (2018) 
Accuracy of digital predictions with CAD/CAM labial and lingual 
appliances: A retrospective cohort study. Seminars in Orthodontics 
24(4): 393-406.

5. Yilmaz B (2018) CAD-CAM high-density polymer implant-supported 
fixed diagnostic prostheses. The Journal of Prosthetic Dentistry 119(5): 
688-692.

6. Nguyen PD, Khechoyan DY, Phillips JH, Forrest CR (2018) Custom CAD/
CAM implants for complex craniofacial reconstruction in children: Our 
experience based on 136 cases✰. Journal of Plastic, Reconstructive & 
Aesthetic Surgery 71(11): 1609-1617.

7. Yan Y, Chen H, Zhang H, Guo C, Yang K, et al. (2019) Vascularized 3D 
printed scaffolds for promoting bone regeneration. Biomaterials 190-
191: 97-110.

8. Srinivasan M, Kalberer N, Naharro M, Marchand L, Lee H, et al. (2019) 
CAD-CAM milled dentures: The Geneva protocols for digital dentures. 
The Journal of Prosthetic Dentistry.

9. Pazera P, Fudalej P, Katsaros C (2012) Severe complication of a bonded 
mandibular lingual retainer. American Journal of Orthodontics and 
Dentofacial Orthopedics 142(3): 406-409.

10. Kravitz ND, Grauer D, Schumacher P, Jo Ym (2017) Memotain: A CAD/
CAM nickel-titanium lingual retainer. American Journal of Orthodontics 
and Dentofacial Orthopedics 151(4): 812-815.

11. Heymann GC, Grauer DAN, Swift JEJ (2012) Contemporary Approaches 
to Orthodontic Retention. Journal of Esthetic and Restorative Dentistry 
24(2): 83-87.

12. Alghazzawi TF (2016) Advancements in CAD/CAM technology: Options 
for practical implementation. Journal of Prosthodontic Research 60(2): 
72-84.

13. Brown MW, Koroluk L, Ko CC, Zhang K, Chen M, et al. (2015) Effectiveness 
and efficiency of a CAD/CAM orthodontic bracket system. American 
Journal of Orthodontics and Dentofacial Orthopedics 148(6): 1067-
1074.

14. Matta AK, Raju DR, Suman KNS (2015) The Integration of CAD/CAM and 
Rapid Prototyping in Product Development: A Review. Materials Today: 
Proceedings 2(4): 3438-3445.

15. Thiele OC, Nolte IM, Mischkowski RA, Safi AF, Perrin J, et al. (2018) 
Craniomaxillofacial patient-specific CAD/CAM implants based on 
cone-beam tomography data – A feasibility study. Journal of Cranio-
Maxillofacial Surgery 46(9): 1461-1464.

Submission Link: https://biomedres.us/submit-manuscript.php

Assets of Publishing with us

• Global archiving of articles

• Immediate, unrestricted online access

• Rigorous Peer Review Process

• Authors Retain Copyrights

• Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2019.18.003157

Xiaomian Wu. Biomed J Sci & Tech Res

http://dx.doi.org/10.26717/BJSTR.2019.18.003157
https://www.ncbi.nlm.nih.gov/pubmed/26232819
https://www.ncbi.nlm.nih.gov/pubmed/26232819
https://www.ncbi.nlm.nih.gov/pubmed/26232819
https://www.ajodo.org/article/S0889-5406(07)01362-5/abstract
https://www.ajodo.org/article/S0889-5406(07)01362-5/abstract
https://www.ajodo.org/article/S0889-5406(07)01362-5/abstract
https://www.sciencedirect.com/science/article/pii/S1344024113000939
https://www.sciencedirect.com/science/article/pii/S1344024113000939
https://www.sciencedirect.com/science/article/pii/S1344024113000939
https://www.semortho.com/article/S1073-8746(18)30062-8/fulltext
https://www.semortho.com/article/S1073-8746(18)30062-8/fulltext
https://www.semortho.com/article/S1073-8746(18)30062-8/fulltext
https://www.semortho.com/article/S1073-8746(18)30062-8/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/28967392
https://www.ncbi.nlm.nih.gov/pubmed/28967392
https://www.ncbi.nlm.nih.gov/pubmed/28967392
https://www.ncbi.nlm.nih.gov/pubmed/30220563
https://www.ncbi.nlm.nih.gov/pubmed/30220563
https://www.ncbi.nlm.nih.gov/pubmed/30220563
https://www.ncbi.nlm.nih.gov/pubmed/30220563
https://www.sciencedirect.com/science/article/pii/S0142961218307555
https://www.sciencedirect.com/science/article/pii/S0142961218307555
https://www.sciencedirect.com/science/article/pii/S0142961218307555
https://www.ncbi.nlm.nih.gov/pubmed/31079883
https://www.ncbi.nlm.nih.gov/pubmed/31079883
https://www.ncbi.nlm.nih.gov/pubmed/31079883
https://www.ncbi.nlm.nih.gov/pubmed/22920708
https://www.ncbi.nlm.nih.gov/pubmed/22920708
https://www.ncbi.nlm.nih.gov/pubmed/22920708
https://www.ajodo.org/article/S0889-5406(16)30889-7/fulltext
https://www.ajodo.org/article/S0889-5406(16)30889-7/fulltext
https://www.ajodo.org/article/S0889-5406(16)30889-7/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/22524713
https://www.ncbi.nlm.nih.gov/pubmed/22524713
https://www.ncbi.nlm.nih.gov/pubmed/22524713
https://www.ncbi.nlm.nih.gov/pubmed/26935333
https://www.ncbi.nlm.nih.gov/pubmed/26935333
https://www.ncbi.nlm.nih.gov/pubmed/26935333
https://www.ncbi.nlm.nih.gov/pubmed/26672713
https://www.ncbi.nlm.nih.gov/pubmed/26672713
https://www.ncbi.nlm.nih.gov/pubmed/26672713
https://www.ncbi.nlm.nih.gov/pubmed/26672713
https://www.sciencedirect.com/science/article/pii/S2214785315005647
https://www.sciencedirect.com/science/article/pii/S2214785315005647
https://www.sciencedirect.com/science/article/pii/S2214785315005647
https://www.ncbi.nlm.nih.gov/pubmed/29958732
https://www.ncbi.nlm.nih.gov/pubmed/29958732
https://www.ncbi.nlm.nih.gov/pubmed/29958732
https://www.ncbi.nlm.nih.gov/pubmed/29958732
https://biomedres.us/submit-manuscript.php
https://biomedres.us/
http://dx.doi.org/10.26717/BJSTR.2019.18.003157

	The CAD/CAM Method is More Efficient and Stable in Fabricating of Lingual Retainer Compared with the
	abstract
	Keywords
	Introduction
	Methods
	Comparison of the Conventional and CAD/CAM Fabrication Process 
	Comparison of the Manual Handling Time in Laboratory Between Conventional and CAD/CAM Method
	Statistically Analysis

	Results
	The Total Time Cost by the Conventional and CAD/CAM Method
	The Time-Consuming of the Manual Handing Steps in Laboratory in Fabricating Lingual Retainer with Co

	Discussion
	Conclusion
	Acknowledgment
	References
	Table 1
	Table 2
	Figure 1
	Figure 2

