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ABSTRACT 

Background: Conventional space maintainers in pediatric dentistry is a multistep, multi-visit process that involves 

paramount of patient co-operation and is a difficult especially in young un-cooperative children, and children with 

gag-reflex and children with special health care needs. Recent multiple case reports successfully describe 3D space 

maintainers and its effective use in multiple clinical scenarios. The aim of this current scoping review is to discuss 

the advances in terms of Computer aided design (CAD) and extent of use of 3D space maintainers and its use in 

pediatric dentistry 

Methodolody: PubMed, Scopus, Web of Science databases were evaluated with pre-defined search strategy 

((((CAD) OR (CAM)) OR (3d printing))) AND (Space maintainer). Google Scholar and Research Gate were also 

consulted with the search terms to include all the articles for this current scoping review. 

Results: A total of 349 titles were screened rigorously by three independent evaluators and after duplicate 

exclusion, removal of irrelevant titles, finally led to inclusion of 18 articles for the qualitative synthesis of data. 

Conclusion: 3D space maintainers seem to be an effective option for pediatric patients with gag reflex and single 

visit pediatric dentistry, however the amount of available literature is too sparse, well planned randomized control 

studies need to be planned to evaluate various parameters such as comfort, longevity and failures etc. 3D Space 

maintainers can be a game changer in single visit pediatric dentistry practice. 
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INTRODUCTION 

Dental caries is a major public health issue, 

often leading to premature tooth loss or extraction.
1-3

 

Primary dentition plays a crucial role in jaw growth, 

speech, and chewing abilities. Maintaining good oral 

hygiene promotes overall health of the child.
4,5

 

Space closure after premature loss of primary teeth is 

essential, especially in clinical scenarios with smaller 

jaw dimensions and deficient space. Early loss of 

primary first or second molars or proximal lesions 

can lead to various issues, including space closure, 

crowding of the permanent dentition, loss of arch 

circumference, drifting of adjacent teeth, impaction 

of succeeding teeth, midline shift, and impairment of 

function.
6
 

Primary teeth play a critical role as the 

optimal space maintainers in preventive dentistry. 

Aside from their aesthetic, communication, and 

mastication functions, primary teeth serve in 

directing and aiding the emergence of permanent 

teeth. However, in clinical situations where early 

extraction is not an option due to severe cavities and 

substantial crown destruction, space maintainers are 

judged necessary.
7-9

 

They serve to keep neighboring teeth in 

appropriate alignment for future orthodontic 

treatment. Making space maintenance essential in 

early space loss cases.
10,11

 This method supports the 

maintenance of optimal masticatory and speaking 

function, while also reducing malocclusion caused by 

unwanted tooth movement. Various types of space 

maintainers, including those based on design, 

fixation, position, and location, are designed to 

prevent malocclusion in erupting permanent teeth 

caused by premature tooth loss.
12

 

Amongst which conventional space 

maintainers have been recommended and preferred 

by practitioners for years. Conventional band and 

loop are a multistep and multi-visit process that 

involves adapting and trimming the band, band 

pinching, impression making, transfer of band 

material onto impression, stabilizing the band onto 

impression, duplicating cast, and soldering the loop, 

and then transferring the final band and loop 

intraorally in the second visit.
7,13-15

 Studies have 

identified challenges faced by traditional space 

maintainers, including nickel sensitivity, poor 

construction quality, increased risk of dislodgment 

and ulceration, tissue irritation, increased gagging, 

increased occlusal load, and increased risk of root 

resorption.
16-19

 

Advanced technologies and newer materials 

are preferable to traditional space maintainers due to 

their limitations. Some studies recommend utilizing 

technique-sensitive fiber-reinforced composite resin 

(FRCR)-based space maintainers, which may include 

components like polyethylene fibers, pre- 

impregnated salinized E-glass fibers with Bis-GMA, 

with or without PMMA, and CAD/CAM-aided 

ceramic- and polymer-based space maintainers, to 

address these challenges.
20-23

 

Digitalization in dentistry is progressing with 

the development of 3D printing technology, which 

generates 3D objects from digital files. This 

technology is revolutionizing a variety of sectors, 

including medicine and dentistry, and it holds great 

promise in pediatric dentistry by offering innovative 

solutions for dental treatments. Digital space 

maintainers are individuals who use these types of 

technologies. Three-dimensional (3D) printing of 

space maintainers is a manufacturing process that 

employs computer-aided design and CAD/CAM 

technology to construct custom 3D space maintainers 

on a layer-by-layer basis.
24-26

 

These space maintainers are also beneficial 

for patients who prefer a more aesthetically pleasing 

option compared to traditional metal appliances. 

Additionally, they can help reduce the risk of 

processing errors and the need for frequent 

appointments, leading to a more efficient treatment 

process. There is a gap in the literature for 

comprehensive studies that investigate the production 

of space maintainers through digital workflows, 

highlighting the necessity for further research in this 

area. This research aims to fill that gap by conducting 

a thorough analysis of space maintainers created 

using digital tools and techniques, contributing to the 

understanding of digital workflow in dental 

treatments. This scoping review is intended to offer 

an overview of the current literature on 3D space 

maintainers. 

Methodology 

Search strategy is depicted in Table 1. 

Electronic searches were performed in the databases: 

PubMed, Scopus, Web of Science, Google scholar. 

The search was conducted from inception to 1 march 

2024. A broader search strategy was used to prevent 

missing articles. 
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Table 1. Search strategy 

 

Search terms PubMed ((((CAD) OR (CAM)) OR (3d printing))) AND (Space 
maintainer) 

 Scopus 3d AND space AND maintainer 
 Web of Science 3D and space maintainer 

 Google Scholar and 
ResearchGate 

3D Space maintainer 

Search Dates Inception to 1 March 2024 
Last search was performed on 1 April 2024. 

Selection criteria Inclusion Clinical studies, Case reports, In-Vitro Studies, 

 Exclusion Space maintainers and other appliances in adults and narrative and 
systematic reviews 

The search was performed using broad terminology ((((CAD) OR (CAM)) OR (3d printing))) AND (Space 

maintainer) in PubMed, 3d AND space AND maintainer in Scopus-, 3D and space maintainer in Web of Science. 

The review was conducted according to PRISMA guidelines using PICO criteria. 

P (Population: Children below 16 years); 

I (Intervention: 3D printed space maintainers); 

C (Control: conventional space maintainers); 

O (Outcome: clinical parameters such as fit, retention and longevity). 

Apart from these databases Google scholar first 200 articles were screened with the same search strategy. 
Research gate was also consulted and cross references were also consulted on this topic to extract all the available 

literature. Any clinical trial, case report, technical note, invitro study on the topic in children is included for 

qualitative data synthesis. Exclusion criteria is adult studies and narrative and systematic reviews. 

 

RESULTS 

Extensive literature search was carried out using pre-defined search strategy was carried out. A total of 349 

titles were screened rigorously by three independent evaluators and after duplicate exclusion, removal of irrelevant 

titles, 19 articles were included for full text analysis out of which one article was excluded due to unclear description. 

Figure 1. PRISMA flow chart 18 articles were included for final data synthesis.
27-44

 

The characteristics of included studies are presented in Table 2. 
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Figure 1. PRISMA Flow Chart 
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Table 2. The characteristics of included studies 
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DISCUSSION 

Types of 3D space maintainers 

Fixed/Removable; Esthetic/Non-esthetic; Functional/ 

Non-Functional type of 3D space maintainers were 

reported in literature pertaining to pediatric dentistry. 

Removable esthetic 3D space maintainers were 

described in the study by Guo et al 2020.
30

 Multiple 

studies reported the use of 3D Fixed space 

maintainers. 

Esthetic 3D fixed space maintainers: Esthetic 3D 

fixed space maintainers can be inherently esthetic 

(PEEK, Zirconia) or masked (metal masked with 

opacifier). 

Esthetic 3D fixed space maintainers: PEEK material 

based- 3D posterior fixed space maintainers were 

reported in the studies by Abdelshahed et al 2023,
40

 

Aboulazam et al 2022,
37

 Essawy et al 2021,
31

 

PEEK material based- 3D Lingual arch has been 

reported in the study by Ierado et al 2017.
28

 PEEK 

material based- 3D anterior fixed space maintainers 

are reported in the study by Beretta et al 2022.
38

 

Zirconia based milled 3D fixed space maintainers 

were reported in the studies by Harleen Kaur Soni 

2016,
27

 Lee 2021.
32

 Metal fused opacifier added 

masked 3D fixed band and loop was reported in the 

study by Rathi et al 2023.
43

 

Non-Esthetic 3D fixed space maintainers: Metal 

based non esthetic 3D fixed space maintainers were 

reported in the studies by Cengiz and Karayilmaz 

2024 ,
44

 Yangdol et al 2023,
42

 Khanna et al 2021,
33

 

Pawar 2019.
29

 

Method of Scanning 

Two types of scanning are performed in 

relation to fabrication of 3D space maintainers. 

Direct scanning and Indirect scanning. Direct 

scanning involves the use of intra-oral scanners to 

scan directly in the patient. Indirect scanning utilizes 

lab scanners to scan a cast that is made after taking 

impression from the patient. 

Direct scanning is utilized in the studies by 

Cengiz and Karayilmaz 2024,
44

 Rathi et al 2023,
43

 

Beretta et al 2022,
38

 Aboulazam et al 2022,
37

 

Rodrigues et al 2022,
36

 Gupta et al 2022,
34

 Lee 

2021.
32

 

3Shape TRIOS, Medit T500, CEREC 
Omniscan, Primescan Dentsply were the most 

commonly used commercial intra-oral scanners 

available for direct scanning Cengiz and Karayilmaz 

2024,
44

 Rathi et al 2023,
43

 Beretta et al 2022,
38

 

Aboulazam et al 2022,
37

 Rodrigues et al 2022,
36

 

Gupta et al 2022,
34

 Lee 2021.
32

 Indirect scanning 

was utilized in the studies by Harleen Kaur Soni 

2016,
27

 Ierado et al 2017,
28

 Pawar 2019,
29

 Guo et al 

2020,
30

 Essawy et al 2021,
31

 Khanna et al 2021,
33

 

Abdelshahed et al 2023,
40

 

Yangdol et al 2023.
42

 3Shape E2 Series, D800, D810, 

InEos X5 DentSply Sirona were the lab scanners 

used for indirect scanning of casts after impression in 

the included studies. 

Computer Assisted Design for 3D space 

maintainers: 

After the scanning is achieved (Direct or 

Indirect) the scan is further processed in STL format 

to be uploaded in designing software. 3 Shape, 

ExoCAD, were the software‘s that was utilized for 

designing the space maintainers in the all the 

included studies. 

Materials used for 3D space maintainer 

fabrication 

PEEK, PMMA, Zirconia, Titanium alloy 

powder, Cobalt-Chromium alloy powder. PEEK 

material is esthetic it can be utilized for 3D printing 

as well as milling purposes. Zirconia blocks can be 

used for milling purposes. Titanium alloy powder, 

Cobalt- Chromium alloy powder can be used for 3D 

printing through laser sintering. 

Processing techniques used for 3D space 

maintainer fabrication 

The digital 3D space maintainers can be 

fabricated using additive or subtraction technology. 

Additive technology: Additive technology includes 

different types of techniques such as; 

Stereolithography, Digital Light Processing, Fused 

Filament Fabrication/Fused Deposition Modelling, 

Selective Laser Sintering/Melting and Electron Beam 

Melting, Digital Light Processing. Stereolithography 

(SLA) is a 3D printing process that uses a UV laser 

and liquid resin to create parts layer by layer. The 

resin is light-reactive and thermosets, meaning that 

when exposed to certain wavelengths of light, the 

resin's short molecular chains join together to create 

rigid or flexible geometries. The UV light cures the 

resin layer by layer until the final object is complete. 

Digital light processing (DLP) is a 3D printing 

technology that uses a digital projector to cure a layer 

of photopolymer resin at once, eliminating the need 

for path-planning procedures. DLP is a type of 

stereolithography (SLA), but uses a more 

conventional light source, such as an arc lamp, rather 

than a UV light. Fused Filament Fabrication/Fused 

Deposition Modelling. Fused deposition modeling 

(FDM), also known as fused filament fabrication 

(FFF), is a 3D printing technique that uses a 

continuous filament of thermoplastic material to 

create a 3D object. The filament is fed through a 

moving extruder head and deposited onto a substrate 

in layers, where it solidifies to form the object. FDM 

is a filament-based technique that uses thermoplastic 

materials, mainly polymer and its composites. 
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Selective laser sintering (SLS) is a 3D printing 

technology that uses a laser to fuse powdered 

material into a solid structure. The laser 

automatically targets points in space defined by a 3D 

model, binding the material together to create a solid 

structure. SLS is a powder-based technology that 

uses an even layer of powder, which is then sintered, 

and the process is repeated until the part is complete. 

Subtraction technology: Subtraction technology 

involves process such as Computer aided milling 

(CAM) of solid blocks of materials such as PMMA, 

PEEK and Zirconia, Metal blocks. 3D printing was 

utilized in the study by Beretta et al 2022.
38

 Milling 

was utilized in the studies by Harleen Kaur Soni 

2016,
27

 Ierado et al 2017,
28

 Essawy et al 2021,
31

 Lee 

2021,
32

 Rodrigues et al 2022,
36

 Aboulazam et al 

2022,
37

 Abdelshahed et al 2023.
40

 SLS was utilized 

in the studies by Yangdol et al 2023 and Cengiz and 

Karayilmaz 2024.
42,44

 DLP was utilized in the study 

by Tamburrino et al 2023.
39

 

Tooth preparation for 3D space maintainer 

Most of the included studies did not mention 

any tooth  preparation  for receiving  of  space 

maintainer. Few studies mentioned minimal tooth 

preparation before the intraoral scanning step.
32

 

Methods to obtain retention of 3D space 

maintainers 

Methods such as surface roughening using 

sandblasting air abrasion is employed in few studies 

to improve the bond strength of the fabricated 3D 

space maintainer Lee 2021,
32

 Aboulazam et al 

2022,
37

 Abdelshahed et al 2023.
40

 Other measures 

such as etching the enamel surface of abutment tooth 

is carried out in the studies by Barakat et al 2023,
41

 

Beretta et al 2022,
38

 Lee 2021,
32

 Essawy et al 

2021.
31

 Cementation of metal powder sintered 3D 

space maintainers was accomplished using glass 

ionomer luting cement Cengiz and Karayilmaz 

2024,
44

 Rathi et al 2023,
43

 Khanna et al 2021,
33

 

Pawar 2019.
29

 PEEK, Zirconia, PMMA based space 

maintainers were cemented using composite resin 

based luting cements such as Transbond Plus, 3M, 

Rely-X, Multilink R Speed (Ivoclar Vivadent AG), 

Panavia F 2.0; Kuraray Noritake Dental, Viso-link 

adhesive system. Harleen Kaur Soni 2016,
27

 Essawy 

et al 2021,
31

 Aboulazam et al 2022,
37

 Beretta et al 

2022,
38

 Abdelshahed et al 2023.
40

 

In-Vitro studies 

In-vitro studies evaluated different parameters 

related to 3D printed space maintainers. The study by 

Barakat et al 2023,
41

 evaluated and compared the 

bond strength between conventional and 3D printed 

band and loop using Universal testing machine. The 

authors have reported that bond strength is higher in 

3D printed space maintainer group as opposed to 

conventional band and loop space maintainer group. 

The study by Tocuk and Yilmaz 2022, 
35

 evaluated 

the fit and retention between conventional and 3D 

space maintainer and results of the study reported 

that there is no significant difference between both 

the groups. The study by Guo et al 2020, 
30

 evaluated 

the fit. The spacing between tissue surface of space 

maintainer and the cast was measured and compared. 

The authors reported that 3D space maintainers were 

better as it had less spacing. The study by 

Tamburrino et al 2023 has first reported DLP 

technology for 3D printing the band and loop space 

maintainer by using resin (OD-Clear MF Bio 

monomer free‖, 3Dresyns) which in their finite 

element analysis study reported excellent mechanical 

properties such as Flexural strength exceeding 110 

MPa, an elastic modulus ranging from 2 to 3 GPa, 

and a tensile strength exceeding 50 MPa.
39

 

Conventional versus 3D Space maintainers 

Clinical Studies 

Only few studies were clinical trials 

comparing conventional space maintainers with 3D 

Space maintainers. Most of the studies reported better 

patient satisfaction ad better survival rate in 3D space 

maintainers. Aboulazam et al 2022,
37

 Essawy et al 

2021,
31

 Abdelshahed et al 2023.
40

 Except the study 

by Cengiz and Karayilmaz 2024,
44

 which reported 

higher failure rates in 3D space maintainers. 

Limitations and Directions for Future Research: 

Most of the studies reported in the literature are 

isolated case reports, without a proper follow-up, a 

well-planned randomized control trial can be planned 

comparing parameters such as clinical survival 

between 3D space maintainer and conventional space 

maintainers in clinical scenarios with a minimum 

follow up of 24 months. 

CONCLUSION 
3D printed space maintainers have both 

advantages and disadvantages and certain limitations. 

Advantages include ease of fabrication, improved 

customization, chair side fabrication and delivery, 

reduced discomfort due to decrease in the number of 

steps, possibility of customization with various 

materials disadvantages include increased bulk, and 

difficulty in tight interproximal contact situations. 

More Randomized controlled trials are required to 

evaluate the clinical success rate of 3D space 

maintainers in comparison to conventional space 

maintainers. 
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