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Supplementary Table 1. Epidemiology of the data.
	Study’s name
	First Author
	Year of Publication
	Country
	Methodological Design
	Type of Space Maintainers (SM)
	Target Population
	Follow-up Period
	Outcomes and Main Findings

	A Modified Removable Space Maintainer for Compromised Dentition of Children [1]
	Tanya Argwal
	November 2020
	India
	Case series
	Removable functional space maintainer
	8 years old patients
	3, 6 and 12 months
	Removable space maintainer is easy to fabricate, cost-effective and doesn’t affect growth.

	Comparative Evaluation of Fixed Functional Cantilever Space Maintainer and Fixed Nonfunctional Space Maintainer [2]
	Savitha Sathyaprasad
	2023
	India
	Randomized Control trial (RCT)
	Fixed functional cantilever and fixed nonfunctional appliance
	6–9 years old patients
	9 months
	The fixed functional cantilever is a good alternative and overcomes the drawbacks of fixed nonfunctional appliances.

	Comparison of the longevity of prefabricated and conventional bands and loops in children’s primary teeth [5]
	Dana Tahiririan
	2019
	Iran
	Prospective clinical trial
	Conventional band and loops and prefabricated band and loops
	4–9-years old patients
	9 months
	similar success rate for the conventional and prefabricated bands and loops.

	Modern concepts of space maintainers and space regainers [6]
	Pheiroijam herojit singh
	2020
	India
	Review article
	Not specified
	
	
	Early intervention with space maintainers will decrease orthodontic complications in the future.

	Space Maintainer [9]
	Subhashree Samal
	2020
	India
	Review article
	Based and loop, distal shoe, lingual arch
	
	
	Different types of space maintainers are essential to preserve space before the eruption of permanent teeth.

	Banded vs Bonded Space Maintainers: Finding Better Way Out [16]
	Setia V.
	2014
	India
	Longitudinal in vivo study
	1. Conventional Band and Loop
2. Prefabricated Band with Custom Loop
3. Ribbond (fibre-reinforced composite)
4. Super Splint.
	Children aged 4–9 years;
60 extraction sites in 32 patients.
	3, 6 and 9 months.
	Survival Rate: Prefabricated Band and Loop had the highest success (84.6%) while Super Splint had the lowest (33.33%).
Gingival Health: Best with Prefabricated Band and Loop (27.2% poor gingival health), worst with Super Splint (50%).
Caries: None of the space maintainers caused caries during the 9 months.

	Clinical Effectiveness of Space Maintainers and Space Regainers in the Mixed Dentition [17]
	Khaled Khalaf
	2022
	United Arab Emirates
	A systematic review (RCTs, cohort, and case-control studies).
	• Lower lingual arches, band–loop, trans palatal arches.
• Also reviewed space regainers (e.g., lip bumpers).
	Children with mixed dentition require SMs or regainers.
	Varied depending on individual studies
	• Mixed evidence on SM effectiveness in maintaining arch length.
• Some studies showed effectiveness in preventing crowding, while others did not.
• Concluded a need for higher-quality studies with consistent designs.

	Clinical Evaluation for Space Maintainer after Unilateral Loss of Primary First Molar in the Early Mixed Dentition Stage [18]
	Mosharrafian S.
	2021
	Iran
	Cross-sectional study
	Not specified
	50 children aged 6–8 years.
	
	• Average space loss was 1.36 mm, with a slightly higher loss in the mandible.
• Space loss was influenced by facial growth pattern and time since extraction.
• Priority for SM placement should be given within 6–9 months post-extraction.

	The survival rate of different fixed posterior space maintainers used in Pediatric Dentistry [19]
	Mahesh Ramakrishnan
	2019
	India
	Systematic review of longitudinal studies and randomized clinical trials
	Fixed posterior space maintainers (e.g., band and loop, Nance palatal arch, fiber-reinforced composite resin)
	Children under 12 years of age with missing primary molars.
• Sample Size: 11 studies included with varying sample sizes
	Up to 52 months in individual studies.
	Limited evidence on the most effective type of space maintainer, highlighting the need for well-designed clinical trials.

	Survival of Bonded Space Maintainers [20]
	Shantanu S Deshpande
	September–October 2018
	India
	Systematic Review
	Bonded space maintainers
	randomized and non-randomized clinical trials
	
	Bonded space maintainer longevity is comparable to banded space maintainer with an average survival rate of 11 months.

	Comparative Evaluation of the Clinical Success of 3D-Printed Space Maintainers and Band–Loop Space Maintainers [21]
	Ayşe Cengiz and Hüseyin Karayilmaz
	2024
	Turkey
	Comparative clinical study.
	• 3D-printed SMs produced via laser sintering (LS).
• Traditional band–loop (T) SMs.
	70 children aged 5–10 years (mean age: ~7 years).
	Six months
	• Retention failure rates: 38% in the T group vs. 66% in the LS group (p = 0.007).
• Both groups experienced increased Gingival Index (GI) and Plaque Index (PI) in abutment teeth.
• Digital impressions were preferred by children.

	Clinical Effectiveness of Fibre-reinforced Composite Space Maintainer and Band and Loop Space Maintainer in a Pediatric Patient [22]
	Retish Kalaskar
	December 2021
	Indonesia
	Systematic Review and meta-analysis
	Fiber-reinforced Composite Space Maintainer
	3–12 years old patients
	
	Fibre-reinforced Composite Space Maintainer is good for the short term with better esthetic.

	Long-term space changes after premature loss of a primary maxillary first molar [23]
	Yng-Tzer J. Lin
	2017
	Taiwan
	Longitudinal study
	None used
	Children with unilateral premature loss of a primary maxillary first molar.
	81 months
	Space maintainers are not required following the premature loss of a primary maxillary first molar, as natural arch development compensates for the space loss.

	Clinical Evaluation of Short-Term Space Variation Following Premature Loss of Primary Second Molar at Early Permanent Dentition Stage [24]
	Naif A. Bindayel
	2019
	Saudi Arabia
	Cross-sectional
	Space maintainers evaluated post-premature primary molar loss.
	Children in the early permanent dentition stage (n = 32, mean age ~9 years).
	Three weeks
	• Significant space loss (mean reduction: 0.426 mm) within three weeks post-extraction.
• Stressed the importance of early SM placement.

	Efficacy of clear aligners vs rapid palatal expanders on palatal volume and surface area in mixed dentition patients [25]
	Alessandro Bruni
	2024
	Italy
	Randomized controlled trial
	Clear aligners (Invisalign First) and tooth-borne rapid maxillary expanders (RME).
	Target Population: Mixed dentition patients with maxillary transverse deficiency.
• Sample Size: 39 participants (20 in RME, 19 in Invisalign First).
	12 months
	• Both groups showed significant increases in palatal volume, surface area, and arch width.
• RME showed slightly better outcomes in intermolar width.
Main Findings: RME demonstrated better efficacy than clear aligners for certain parameters, but both approaches yielded significant improvements.

	Functional Band and Loop Space Maintainers in Children [26]
	Vinothini V.

	2019
	India
	Case series
	• Conventional Band and Loop
• Functional Band and Loop (modified with an acrylic tooth for occlusion).
	5 cases involving children aged 6–13 years
	One year
	• Functional SM aided in mastication, prevented supra-eruption and distributed occlusal forces.
• No soft tissue irritation or appliance failure during the follow-up, though long-term data is needed.

	Biogenic Tooth-Integrated Fixed Functional Space Maintainer for Pediatric Use [27]
	Aakriti Chandra
	2024
	India
	Novel approach
	Biogenic Tooth-Integrated Fixed Functional Space Maintainer
	Children with dental trauma (avulsion)
	Regular follow up
	Great alternative for natural aesthetic rehabilitation, improves speech development, and oral cleanliness, restores aesthetics and masticator function.


RCTs: Randomized Control trial.


Supplementary Table 2. Characteristics of included studies.
	Study
	Characteristic
	Findings
	Conclusions

	A Modified Removable Space Maintainer for Compromised Dentition of Children [1]
	The case series study presents an innovative modified removable space maintainer designed for children with compromised dentition, particularly when conventional space maintainers are unsuitable.
	Four cases were evaluated using modified removable space maintainers and monitored for 12 months. It was well-received by patients, demonstrating good retention and fit.
Follow-ups showed that erupting permanent teeth filled the spaces maintained by the appliances without issues.
	Modified removable space maintainers are suitable for uncooperative children. It effectively maintains space while restoring functional harmony and aesthetics.

	Comparative Evaluation of Fixed Functional Cantilever Space Maintainer and Fixed Nonfunctional Space Maintainer [2]
	A Randomized Controlled Trial-
evaluates the efficacy of two types of space maintainers (1) Fixed Functional Cantilever (FFC), (2) Fixed Nonfunctional (FNF) in 20 children aged 6–9 years
	Patient Acceptability is higher in the FFC group compared to the FNF group.
FFC maintained a success rate of 70% at 9 months.
- FNF had a higher success rate of 85% at 9 months.
	The study highlights the importance of considering both function and patient comfort when selecting space maintainers for pediatric patients.

	Comparison of the longevity of prefabricated and conventional bands and loops in children’s primary teeth [5]
	Prospective clinical trial. 50 children aged 4–9 years, with lost primary molars were divided into two groups:
Conventional band and loops.
Prefabricated band and loops.
Evaluation Criteria: Survival rate, cement dissolution, failure of soldering, breakdown, deformation of components, and gingival health assessed at 1, 3, 6 and 9 months.
	Both groups exhibited a survival rate of 92% at 9 months.
No significant difference in survival rates between conventional and prefabricated bands and loops.
At the 9-month follow-up, prefabricated bands showed better gingival health compared to conventional bands, with fewer cases of gingivitis (p = 0.03).
	Both prefabricated and conventional bands and loops have similar success rates for maintaining space in children’s primary teeth.
The prefabricated bands were associated with better gingival health.

	Modern concepts of space maintainers and space regainers [6]
	The review article focuses on space maintenance and its importance. It reviews various space maintainers and regainers used in pediatric dentistry. It discusses critical factors that influence the planning and selection of space maintainers, including the time elapsed since tooth loss, the rate of space closure, and the dental age of the patient.
Highlights advancements in space maintainer designs, such as the Ribbond and Easy (EZ) space maintainers.
	Prompt placement of space maintainers after tooth loss is vital to prevent rapid space closure, which typically occurs within the first six months, In cases where space maintenance is delayed, space regainers can be effective in accommodating the permanent successors.
	Early use of space maintainers is crucial for minimizing future orthodontic complications and treatment costs.
Considering individual patient factors, such as dental age and bone coverage, when planning space maintenance is essential.

	Space Maintainer [9]
	The review article focuses on space maintainers. Types discussed: Band and loop, Distal shoe, Trans palatal arch, removable space maintainer
Indications include premature loss of primary teeth and risk of orthodontic complications.
	Space maintainers are vital for Maintaining arch length and occlusion until permanent teeth erupt and addressing specific needs with a variety of fixed and removable appliances.
	Different types of space maintainers are essential to preserve space before the eruption of permanent teeth and to reduce future dental problems.

	Banded vs Bonded Space Maintainers [16]
	• This in vivo study was to evaluate various space maintainers in terms of survival rate, gingival health, and presence of caries.
• 60 extraction sites in the age group of 4 to 9 years were divided into four groups and different space maintainers were placed in them viz: conventional band and loop, prefabricated band with custom-made loop, Ribbond, Super splint.
	Success Rate:
• Prefabricated bands with custom-made loop showed maximum success rates (84.6%), while super splint (33.33%) was found to be least successful
• Gingival Health:
Prefabricated band with custom-made loop reported minimum cases with poor gingival health (27.2%), while maximum cases with poor gingival health (50%) were reported with Super splint.
• Caries:
None of the space maintainers developed caries at the end of 9 months.
	• Prefabricated band with custom-made loop exhibited maximum success rate followed by conventional band and loop and then Ribbond. The minimum success rate was shown by Super Splint.
• Prefabricated band and loop showed better gingival health followed by conventional band and loop and then Ribbond. Super splint observed poorest gingival health.
• Banded space maintainers remain the gold standard in the management of space in pediatric dental practice.

	Clinical Effectiveness of Space Maintainers and Space Regainers in the Mixed Dentition: A Systematic Review [17]
	• Review Scope: Evaluated 11 studies on Space Maintainers (SMs) and regainers in preventing crowding and maintaining arch length during mixed dentition.
• Devices: Included lower lingual arch, band–loop, and removable maintainers.
	• Evidence on SM effectiveness is inconsistent, with mixed results on arch length preservation.
• Fixed SMs often negatively affect the periodontal health of abutment teeth.
• Space regainers like lip bumpers showed moderate success in regaining lost space.
	• Fixed SMs and regainers are essential but vary in effectiveness, with very low evidence for long-term outcomes.
• High-quality, longitudinal studies are needed to guide treatment planning.

	Clinical Evaluation for Space Maintainer after Unilateral Loss of Primary First Molar [18]
	• This study aimed to assess the need for a space maintainer after the unilateral loss of a primary first molar in the early mixed dentition period.
• 50 children between 6 and 8 years who had lost a primary first molar unilaterally later than 6 months ago were randomly selected.
	• The mean amount of space loss was 1.36 ± 0.78 mm (1.32 mm in the maxilla and 1.40 mm in the mandible).
• Time since tooth extraction and facial pattern had significant correlations with space loss (p = 0.032).
• Maximum space loss was observed in patients with leptoprosopic facial growth patterns (mean value of 2.46 mm).
	• It is imperative to precisely assess the related factors such as the facial pattern and time since tooth extraction to decide about the placement of a space maintainer.
• The results indicated maximum space loss in patients with leptoprosopic facial growth patterns.

	The survival rate of different fixed posterior space maintainers used in Pediatric Dentistry [19]
	• Systematic review focusing on the survival rate of fixed posterior space maintainers in children under 12 years.
• Types of maintainers studied: Band and loop, Crown and loop, Nance palatal arch, Lingual arch, Resin-based maintainers, etc.
• Included randomized controlled trials and prospective longitudinal studies.
	• Significant variations in survival rates among metal-based and resin-based space maintainers.
• Band and loop maintainers had issues with cement loss and soft tissue irritation.
• Resin-based maintainers, though easy to fabricate, had limited longevity and frequent failures.
	• No single type of fixed posterior space maintainer can be universally recommended due to variability in performance and insufficient evidence.
• Longer follow-up clinical trials comparing maintainers are required to establish definitive recommendations.

	Survival of Bonded Space Maintainers [20]
	The systematic review study aims to describe a method for enhancing the conventional band and loop space maintainer by making it functional.
Studying the survival time and factors affecting the longevity of bonded space maintainers in pediatric dentistry. The review included randomized and non-randomized clinical trial.
	Survival period of bonded space maintainers was approximately 11.2 months.
Several factors influenced the success of bonded space maintainers, including the type of bonding system,
Material of the space maintainer, Condition of the abutment teeth.
The longevity of bonded space maintainers was comparable to that of banded space maintainers.
	Bonded space maintainers can effectively serve as alternatives to traditional banded ones, especially given their advantages in terms of placement and maintenance.

	Comparative Evaluation of the Clinical Success of 3D-Printed Space Maintainers and Band–Loop Space Maintainers [21]
	• Study Groups: 70 children (ages 5–10) divided into:
• Traditional Band–Loop (T) Group: SMs created with soldered wires.
• Laser Sintered (LS) 3D-Printed Group: SMs produced digitally with titanium.
• Purpose: To compare retention, periodontal health, and patient experience between traditional and 3D-printed SMs.
	• Failure rate: LS SMs (66%) vs. T SMs (38%) (p = 0.007).
• Retention was higher in T SMs (p = 0.035).
• Both types increased plaque and gingival inflammation, emphasizing the need for oral hygiene education.
	• Traditional SMs showed better retention but were less comfortable for patients.
• 3D-printed SMs highlighted the potential for future digital applications but require further improvements for reliability.

	Clinical Effectiveness of Fibre-reinforced Composite Space Maintainer and Band and Loop Space Maintainer in a Pediatric Patient [22]
	A systematic review and meta-analysis were conducted based on randomized controlled trials (RCTs) from 2000 to October 2020. The search was performed across multiple databases, including PubMed and Cochrane. The study aims to evaluate the clinical effectiveness of fibre-reinforced composite space maintainers (FRCSM) versus band and loop space maintainers (BLSM) in pediatric patients aged 3–12 years.
	147 studies were identified, with eight studies meeting the inclusion criteria after rigorous evaluation.
FRCSM demonstrated better performance for short-term space maintenance (up to 6 months) than BLSM.
FRCSM was found to be more esthetic, less time-consuming, and better accepted by patients and parents compared to BLSM.
	FRCSM is effective for short-term use in maintaining space after the premature loss of primary teeth but may not be superior in the long term when compared to BLSM.
Further RCTs with larger sample sizes and standardized fabrication techniques for FRCSM are necessary to improve its longevity and reliability.

	Long-term space changes after premature loss of a primary maxillary first molar [23]
	• Studied 9 children with unilateral premature loss of a primary maxillary first molar.
• Mean age at extraction: 6.0 ± 0.42 years.
• Follow-up: 81 months post-extraction.
• Used dental casts to compare measurements with contralateral intact primary molars as controls.
• Measurements included arch width, arch length, inter canine width, inter canine length, and arch perimeter.
	• Significant increases in arch width (p = 0.023), arch length (p = 0.007), intercanine width (p = 0.01), and inter canine length over 81 months (p = 0.002).
• Arch perimeter increase was not significant but approached significance (p = 0.071).
• No crowded permanent successors or canine block-out in 88.9% of cases at the extraction site.
• Crowding was found at the control site in 2/9 cases versus 1/9 at the extraction site.
	• Space maintainers were not needed after the premature loss of a primary maxillary first molar as the space was regained and increased during the transition from primary to permanent dentition.
• Significant growth in anterior and posterior arch dimensions provides sufficient compensation for early space loss.

	Clinical Evaluation of Short Term Space Variation Following Premature Loss of Primary Second Molar, at Early Permanent Dentition Stage [24]
	
	• Premature loss caused statistically significant space reduction (mean space loss: 0.426 mm ± 0.252 mm).
• No correlation between space loss and age or eruption stage of successor premolars.
• Space loss occurred rapidly within the first 3 weeks.
	• Premature loss necessitates immediate intervention with space maintainers to minimize long-term orthodontic issues.
• Early loss impacts arch integrity, leading to tipping of adjacent teeth and malocclusion.

	Efficacy of clear aligners vs rapid palatal expanders on palatal volume and surface area [25]
	• Randomized controlled trial comparing Invisalign First Phase I (CAT) and rapid maxillary expanders (RME) in children (mean age: CAT = 8.48 years, RME = 7.83 years).
• Measured changes in palatal volume, surface area, and transverse dimensions.
	• Both CAT and RME led to significant increases in palatal volume, surface area, and maxillary arch dimensions.
• No significant intergroup differences in most outcomes except intermolar width at the gingival level, where RME showed superior results (p = 0.005).
	• RME showed trends favouring better outcomes than Invisalign for maxillary arch expansion in the studied parameters, particularly intermolar expansion at the gingival level.
• CAT achieved satisfactory results but primarily through buccal tipping of teeth, which is less favourable biomechanically.
These findings highlight specific observations and their implications within the scope of pediatric dentistry and orthodontics.

	Functional Band and Loop Space Maintainers [26]
	• This paper describes a method to modify the conventional band and loop space maintainer into a functional one and reports its clinical application and follow-up in five children.
• The functional band and loop space maintainer were constructed by adding an acrylic tooth in the edentulous area to enhance mastication.
	• The appliance design did not interfere with oral hygiene maintenance nor did it cause soft tissue irritation, discomfort, or food lodgement.
• All the children were recalled every three months, and there were no reports of fractures of the appliance.
	• The functional band and loop space maintainer described in this report will be a good choice for use in premature loss of a single tooth in very young children.
• Managing space and at the same time improving the masticatory function and maintaining arch integrity in early loss of the primary teeth are challenging tasks.

	Biogenic Tooth-Integrated Fixed Functional Space Maintainer for Pediatric Use [27]
	Novel approach study that focuses on traumatic dental injuries in preschoolers, particularly avulsion of primary incisors, and introduces a biogenic tooth-integrated space maintainer.
	Preschoolers often experience traumatic dental injuries, particularly between the ages of two and four years.
A four-year-old girl had a complete avulsion of an upper front tooth due to trauma. The avulsed tooth was preserved and used to create a fixed functional biogenic space maintainer.
	Using a natural tooth crown as a space maintainer provides better esthetic rehabilitation and function.
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