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Purpose: To evaluate restorative strategies for compromised first permanent molars in pediatric patients, with emphasis on 
determining the optimal timing for intervention.

Materials and Methods: A comprehensive literature search was conducted across four electronic databases: PubMed, Sci-
enceDirect, Scopus, and Web of Science. Among the 127 retrieved articles, 42 studies that met the predefined inclusion cri-
teria were incorporated into the analysis. 

Results: Restoration of compromised first permanent molars can be accomplished through both direct and indirect tech-
niques. Standardized protocols for the management of severely compromised first permanent molars are still lacking. 

Conclusions: The principal determinants guiding treatment encompass patient cooperation, defect severity, dental devel-
opmental stage, pulp status and passive eruption.

Clinical Relevance: High-quality research is required to establish evidence-based guidelines for the restoration of compro-
mised molars in the pediatric population.
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A young permanent tooth is characterized as one that has 
emerged into the oral cavity but has not yet achieved full 

morphological and structural maturity. The relationship be-
tween the maxillary and mandibular first permanent molars is 
crucial for occlusion classification and plays a significant role 
in occlusal development.5 The first permanent molar, which 
emerges early and is highly susceptible to caries, is frequently 
mistaken for a deciduous tooth, leading to delayed treat-
ment.174 Common issues with children’s first permanent mo-

lars include caries, pulp and periapical diseases, and structural 
anomalies such as enamel hypoplasia, dentin dysplasia, fluor-
osis, and poor mineralization.179 Long-term defects in these 
teeth can result in mesial and distal spacing reduction, elonga-
tion and displacement of opposing teeth, and diminished 
masticatory efficiency.110 When large areas of the tooth are 
missing and only minimal tooth structure remains, direct resin 
restorations may be prone to failure due to detachment or 
fracture of the weakened surrounding tooth structure.104
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Losing the first permanent molar can significantly impact a 
child’s occlusal relationship, digestive function, and overall de-
velopment.157 Since children have not yet achieved full occlu-
sal balance, permanent restorations are challenging.5 Clini-
cally, transitional restorations are often employed to restore 
tooth morphology and occlusal function, while avoiding inter-
ference with permanent restorations or the eruption of adja-
cent permanent teeth.1 These restorations ensure a secure 
coronal seal to prevent bacterial infection until a permanent 
restoration can be done in adulthood. Early intervention in re-
storing defects in the first permanent molar can reduce the risk 
of poor clinical outcomes.18 The present review aims to guide 
the clinical management of tooth defects in children’s first per-
manent molars.

SELECTION OF RESTORATIVE METHODS (FIG 1)

The choice of restorative method primarily depends on the co-
operation, the remaining tooth structure, the structural, chem-
ical, and mechanical properties of both enamel and dentin, 
the occlusal conditions and the pulp status.139 Prior to restora-
tive intervention, it is essential to primarily consider the pa-
tient’s previous dental treatments, the depth of the cavity, and 
the condition of the pulp.20 Ideally, the remaining tooth struc-

ture should have a dentin shoulder of at least 1.5 mm in height 
and 1 mm in thickness.111 Recent research has indicated that 
full cusp coverage restorations are necessary when significant 
structural loss occurs, such as in cases of mesio-occlusal (MO) 
or disto-occlusal(DO) cavities with axial wall thicknesses less 
than 2 mm, or in mesio-occlusal-distal (MOD) cavities and 
cases where structural loss exceeds that observed in MOD cav-
ities.22 Conversely, when the remaining wall thickness exceeds 
2 mm, the reduction in stiffness caused by occlusal access is 
limited to approximately 5%.58 Therefore, direct adhesive res-
torations may be considered a viable alternative to cusp cover-
age restorations only in these specific scenarios, provided a 
stable occlusal environment is maintained, with higher suc-
cess rates reported under such conditions.68 Alternatively, suf-
ficient root length should be available to allow for crown 
lengthening or orthodontic methods to extend the clinical 
crown, ensuring a crown-to-root ratio of at least 1:1 to with-
stand potential lateral forces.97 To ensure the restored first per-
manent molar can perform normal masticatory functions, the 
patient’s occlusal condition must be assessed.98 For patients 
with bruxism or a tight occlusion that generates excessive oc-
clusal forces, full crowns or post-core crowns are recom-
mended.166 In cases of large defects in the first permanent mo-
lars, crown restoration can provide adequate protection.165

RESTORATIVE TECHNIQUES

Literature Search Strategy
The inclusion criteria for this study were as follows: articles 
published before 21 March 2025 and written in English; re-
views, case reports, book chapters, meta-analyses, ran dom-
ized controlled trials, clinical trials, and prospective and 
 retrospective cohort observational studies were included, 
while articles without full text available were excluded. A sys-
tematic search was carried out on 21 March 2025 in PubMed, 
ScienceDirect, Scopus, and Web of Science using different 
combinations of the following search terms and their syno-
nyms: “first permanent molars,” “tooth defect,” “restoration,” 
“restorative techniques,” “restorative treatment,” “children,” 
“pediatric,” “composite restoration,” “molar incisor hypomin-
eralization,” “enamel hypoplasia,” “composite resin,” “pre-
formed metal crown,” “inlays,” “all-ceramic crowns,” “onlays,” 
“post and core,” “implant timing,” and “treatment timing.”

Direct Glass-Ionomer Restoration
Compromised first permanent molars (cFPMs) presenting with 
mild to moderate defects, where carious lesions are limited to 
enamel or the outer one-third of dentin, can be restored using 
minimally invasive (MI) techniques.7 The use of glass-ionomer 
cement (GIC) in caries management represents a promising 
treatment strategy aligned with MI principles.90 Conventional 
GIC releases fluoride ions in a sustained manner, thereby af-
fording superior anticaries efficacy relative to other restorative 
materials by inhibiting demineralization, promoting remin-
eralization, and suppressing bacterial proliferation.20,196 GIC 
exhibits negligible volumetric shrinkage and expansion 
change, with a coefficient of thermal expansion matching that 
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of natural tooth structure.88 Moreover, in comparison to res-
in-based adhesive systems, GIC induces less pulpal irritation 
and affords excellent biocompatibility.91,107 GIC bonds directly 
to dental hard tissues without the requirement for supplemen-
tal bonding agents or pre-application acid etching, thereby 
streamlining clinical procedures and reducing operative 
time.169 Compared with resin-based materials, GIC exhibits 
superior hydrophilicity, resulting in low technique sensitivity 
in moist environments.8 These distinctive properties facilitate 
GIC eminently suitable for a broad spectrum of applications. 
For partially erupted or sensitive cFPMs, the application of 
conventional GIC using the “finger-press” technique for fissure 
sealing serves as an effective transitional treatment.81 This ap-
proach effectively alleviates patient discomfort, making it par-
ticularly suitable for pediatric patient who exhibit limited co-
operation.183 

Nonetheless, GIC is characterized by several drawbacks, 
including lower compressive and flexural strengths, compro-
mised aesthetic properties, and limited antimicrobial effi-
cacy.144 The limited mechanical strength of GIC restricts its ap-
plication in loadbearing regions.47,77,155 In regions subject to 
occlusal wear, the limited wear resistance of GIC curtails the 
long-term durability of restorations.206 The extent to which 
fluoride augments the antimicrobial properties of GIC remains 
marginal, particularly following the completion of the setting 
reaction.16,195 Clinical investigations have identified second-
ary caries as the principal factor leading to the failure of GIC 
restorations.193 Accordingly, various modified GIC formula-
tions have been developed to mitigate these deficiencies.199

High-viscosity GIC (HVGIC), distinguished by a high pow-
der:liquid ratio, has emerged as the preferred material for 
atraumatic restorative treatment (ART), attributable to its 
superior mechanical performance, improved margin sealing, 
and long-term durability.101 Resin-modified GIC (RMGIC) pre-
sents superior esthetic integration and mechanical perform-
ance, facilitating the restoration of occlusal cavities and cer-
vical defects in permanent dentition, and proving particularly 
advantageous in clinical scenarios where optimal isolation is 
unattainable.21,24,93 Nevertheless, RMGIC exhibits increased 
polymerization shrinkage and diminished capacity for fluoride 
release.109,133,203 

Silver diamine fluoride (SDF) inhibits the development of 
cariogenic biofilms and enhances acid resistance by promot-
ing dentin remineralization, preventing collagen degradation, 
and facilitating the transformation of hydroxyapatite into fluo-
rapatite.38,85,130,131,205 Furthermore, the application of 38% 
SDF prior to GIC not only preserves bond strength but also op-
timizes antimicrobial outcomes.105,132,147,198,205 SDF serves as 
a fluoride reservoir, promoting sustained fluoride release 
through ion exchange by substituting hydroxyl ions within the 
GIC matrix.79,106,145 Nevertheless, further investigations are re-
quired to validate its longterm efficacy in clinical practice.89,92

Direct Composite Restoration
Direct composite restorations offer several advantages, such 
as preserving tooth structure, ease of retreatment, time effi-
ciency, and cost-effectiveness.29 They are especially suitable 
for minor tooth defects, such as pit and fissure or proximal cav-

ities, in patients with a low risk of caries.54 When appropriate 
materials are properly utilized, a minimum of 60% of resin 
composite restorations exhibit durability exceeding ten 
years.117 In cases of minimal pit-and-fissure caries, the af-
fected tooth structure can be precisely removed and subse-
quently restored, thereby eliminating the need for the trad-
itional “extension for prevention” approach.24 Nonetheless, 
there are notable drawbacks (recurrent caries, marginal dis-
coloration, composite wear, retention failure and fracture of 
restorations) to consider.121 Achieving proper isolation in the 
distal areas of young permanent molars can be challenging, 
often resulting in decreased bonding strength and frequent 
detachment of the filling.180 Moreover, composite resins may 
undergo polymerization shrinkage, which can lead to marginal 
microleakage.82 Inadequate shaping or excessive polishing of 
proximal areas may create gaps susceptible to recurrent car-
ies.181 Properly shaping the occlusal surface and maintaining 
the occlusal-gingival height can also be difficult, and occlusal 
wear may reduce chewing efficiency.152 Furthermore, direct 
composite restorations do not offer substantial protection to 
the tooth structure, which could result in fractures under 
stress.143 The primary causes of failure include recurrent car-
ies, fracture of restoration, postoperative sensitivity, marginal 
staining and aesthetic deterioration.163 Additionally, younger 
age and a higher number of restored surfaces are associated 
with a shorter lifespan of the restoration.52 Despite these is-
sues, direct composite restoration remains a preferred mini-
mally invasive option when there is sufficient remaining tooth 
structure to provide retention and resistance.43 This approach 
can serve as a provisional measure before definitive treatment 
in adulthood, while also preventing the risks of pulp exposure 
and the need for crown preparation in younger patients.4,125

Composite Resin Inlays
Indirect restorations offer several advantages in terms of ana-
tomical form and reinforcement of a tooth compromised by 
fracture.140 In pediatric dentistry, indirect composite resin res-
torations are particularly beneficial due to their abbreviated 
treatment duration, which enhances patient satisfaction by 
alleviating procedural anxiety and discomfort.127 Composite 
resin inlays, used as semi-permanent or permanent restora-
tions, exhibit superior properties to conventional light-cured 
resins, including better thermal expansion coefficients, com-
pressive strength, and wear resistance.100,188 These inlays are 
beneficial because they have moderate hardness, which pre-
vents excessive wear on opposing teeth and helps establish a 
normal occlusal relationship in children.60 Physiological func-
tion is achieved by covering the entire cusp, thereby reducing 
the risk of tooth fractures.197 Additionally, composite resin in-
lays provide a good anatomical shape and proximal contact, 
promoting periodontal health.154 The biological compatibility 
of composite resin inlays is excellent, and their margin lines 
are easily adjustable and situated in areas that facilitate 
self-cleaning.171 Their optical properties ensure color harmony 
with surrounding teeth, and microleakage is minimized due to 
minimal polymerization shrinkage in the thin adhesive layer.84 
Compared to full crowns, composite resin inlays require mini-
mal tooth reduction, and if the original restoration is damaged, 
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it can be easily repaired with new composite resin, making it 
suitable for physiological needs during occlusal development 
in children.136 Drawbacks of composite resin inlays include 
long margin lines that require high bonding standards, suscep-
tibility to staining, fracture and reliance on the precision and 
polish of the margins.69 Based on the severity of the defect, 
restorations can be placed supra-gingivally, sub-gingivally, or 
intra-gingivally with differing edge smoothness, which may 
have long-term implications for periodontal tissues.55 Oral 
health education and guidance should be intensified for chil-
dren at high risk of recurrent caries.

Ceramic Inlays
Studies indicate that indirect restorations, such as inlays and 
crowns, significantly reduce marginal microleakage or mar-
ginal gap formation compared to direct composite restora-
tions.43,49 They also exhibit a lower failure rate due to recurrent 
caries and offer greater protection against root fractures fol-
lowing endodontic treatment.36 Ceramic materials used in 
these restorations, consist of resin matrix and ceramic parti-
cles that closely mimic the mechanical properties of natural 
teeth, including elastic modulus, compressive strength, flex-
ural strength, and wear rate.96 Nanoceramic resin crowns offer 
an advantageous restorative option for young permanent 
teeth, addressing not only dentin irregularities (DI) but also ex-
tensive carious lesions, decalcifications, enamel defects, and 
challenges associated with humidity control during dental 
procedures.32,71,156 This material, comprising 80% nanoce-
ramic particles, exhibits high fracture resistance, excellent 
bending strength, high elasticity, and aesthetic characteristics 
comparable to those of natural teeth.141 Fracture of the restor-
ation is the most common technical complication, followed by 
loss of retention and fragmentation.122 Increased occlusal 
wear and the loss of detailed anatomical morphology in res-
in-based composite (RBC) restorations are the most commonly 
detectable forms of damage, indicating a decline in their me-
chanical wear resistance.61 Lithium disilicate demonstrates 
enhanced aesthetic performance over composite resins, along 
with superior aging resistance and a reduced plaque retention 
rate.122 The indirect fabrication process sidesteps polymeriza-
tion temperature and shrinkage issues, resulting in dense, bio-
compatible restorations with good buffering capacity.160 These 
materials, in terms of anatomic form, offer excellent wear re-
sistance, which helps maintain occlusal space and supports 
periodontal health through effective polishing.23 Minimally in-
vasive tooth preparation allows for high-strength cusp cover-
age, safeguarding the tooth structure and ensuring that gingi-
val margins are preserved for optimal periodontal health.30 
For teeth with extensive caries or pulp and periapical diseases, 
high inlays and pulp chamber-retained crowns are recom-
mended to preserve as much of the natural tooth structure as 
possible.128 When utilizing ceramic restorations, it is essential 
to consider the shorter crowns of young permanent teeth, the 
relatively larger pulp chambers in vital teeth, and the varying 
levels of cooperation among pediatric patients.88 Deci-
sion-making was primarily influenced by cavity factors, includ-
ing the thickness of the residual cusp wall (interaxial dentin), 
the presence and thickness of proximal ridges, the depth of the 

cavity, and the presence or absence of the pulp chamber 
roof.76 Class II, two- or three-surface inlays were recommended 
in the following cases: as a replacement for amalgam or old 
RBC fillings where the buccal and lingual walls remained intact 
and were thicker than 2.5 mm; after caries removal, with buc-
cal and lingual walls intact and thicker than 2.5 mm, but with 
an excessively wide isthmus; for multiple medium-sized cavi-
ties in the same quadrant; or as an alternative to medium-sized 
direct resin composite restorations to address their limita-
tions.122 Onlays were indicated in situations where the cusp 
thickness was less than 2.0 mm with a cusp height under 4.0 
mm, or less than 2.5 mm with a cusp height greater than 4.0 
mm; when signs such as cracks or wide attrition facets indi-
cated traumatic overload on the relatively thick cusp that de-
fined the cavity; or for root canal-treated teeth with one miss-
ing marginal ridge, where the other ridge remained intact and 
both cusps were over 2.5 mm thick.122 Overlays were recom-
mended for root canal-treated teeth with MOD cavities or axial 
walls less than 2 mm thick, or when an intracoronal restoration 
was required with an additional need for increasing the verti-
cal occlusal dimension (VDO).122 For molars undergoing root 
canal treatment in late mixed dentition or early permanent 
dentition, both partial and full-coverage inlays, as well as pulp 
chamber-retained crowns, are viable options.46 The incorpora-
tion of auxiliary behavioral management methods, such as ni-
trous oxide sedation and intraoral scanning, may broaden its 
applicability across a wider range of clinical scenarios.45 In the 
posterior regions of the dentition, the application of bonded 
partial crowns—alternatively known as overlays or occlusal ve-
neers—offers an optimal equilibrium between comprehensive 
coverage of the tooth apex, conservation of dental tissue, and 
aesthetic enhancement, provided that sufficient tooth struc-
ture remains.118 Employing more conservative preparation 
techniques that preserve the existing enamel markedly im-
proves the predictability and success rates of bonded restora-
tions.190 Occlusal veneers and pulp-retained crowns facilitate 
the provision of new cusp-covering restorations without ne-
cessitating extensive reduction of the tooth’s axial surfaces or 
subgingival margins, thereby effectively addressing associated 
severe dental defects.118 In cases of significant tooth structure 
loss in young permanent molars, leading to diminished cusp 
support, the application of cusp-covering restorations pro-
vides a viable and aesthetically advantageous solution, offer-
ing both structural reinforcement and improved aesthetic out-
comes.35,56,108 Plaque accumulation can result from various 
factors, including the patient’s oral hygiene practices, the com-
position of their bacterial flora, and the quality of periodontal 
maintenance.73,74 Materials such as lithium disilicate and Poly-
mer-Infiltrated Ceramic Network (PICN) demonstrate superior 
elastic moduli relative to machinable composite materials, 
thereby exhibiting enhanced mechanical performance.17 
These advanced materials are highly recommended for use in 
partial crowns for endodontically treated teeth (ETT) to opti-
mize the bonding interface, facilitate effective force transmis-
sion to the underlying tooth structure, and ensure the long-
term durability and reliability of the restorative outcome.34,73,128 
Furthermore, this restorative approach presents several disad-
vantages, including the removal of additional dental tissue, 
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increased difficulty in repairing, and higher associated costs.122 
The most frequent failures for both Lithium disilicate and RBC 
restorations were bulk fracture with broken onlay cusp, and 
minor chip fracture of the restoration or tooth, endodontic 
complication, recurrent caries and loss of retention.122 Occlu-
sal stresses associated with bruxism mildly compromise resto-
ration integrity, increasing the risk of fracture, while poor oral 
hygiene further contributes to the occurrence of marginal 
staining.187 Using digital oral scanning combined with chair-
side computer-aided design and manufacturing (CAD/CAM), 
resin milling produces restorations without polymerization 
shrinkage, ensuring excellent biological compatibility, wear re-
sistance, comfort-oriented treatment and precision in pediat-
ric patients.46,208 This report presents an interdisciplinary 
treatment strategy for transitioning from mixed to permanent 
dentition using CAD/CAM technology, specifically applied to 
preformed crowns in a 10-year-old child with severe amelogen-
esis imperfecta (AI) and maxillofacial deformities. This ap-
proach simplifies the treatment process, reduces chairside 
operation time, and requires minimal tooth preparation for the 
transitional full crown restoration.135 Teeth with deep subgin-
gival margins present significant challenges for integration 
into digital systems using intraoral scanning technology.201 
The bonding system and pulp chamber retention enhance the 
bond strength between the inlay and the tooth, providing 
good retention and shear resistance.95

Preformed Metal Crowns
When the remaining tooth structure is insufficient to provide 
adequate resistance, full-coverage restorations can help miti-
gate the risk of tooth fractures and less recurrent caries.126,168 
Preformed metal crowns offer robust mechanical retention 
and restore occlusal function, making them effective semi-per-
manent solutions for first permanent molars.48,186 Stainless 
steel crowns (SSCs) are prefabricated dental restorations spe-
cifically designed for the rehabilitation of individual teeth.189 
According to the Guideline on Pediatric Restorative Dentistry, 
the utilization of SSCs is recommended for teeth that have 
multiple-surface caries or undergone pulp therapy, particu-
larly in patients with an increased risk of dental caries due to 
factors such as age, behavioral habits, or prior medical his-
tory.121 They are particularly useful in orthodontic planning 
where extraction is anticipated, as they help maintain space 
until the optimal time for extraction.148 However, it is crucial to 
prepare enough space distally if the second molar has not yet 
erupted. Preformed metal crowns require occlusal adjust-
ments post-restoration, with high points gradually wearing 
down to establish a stable occlusal relationship.200 In cases 
where severe disease affects occlusal relationships, adjust-
ments may be necessary before placing the crown to correct 
any issues impacting normal maxillofacial development.53 
These crowns necessitate less tooth preparation compared to 
high inlays, which is advantageous for future permanent resto-
rations.189 They are also more cost-effective, less tech-
nique-sensitive, and require shorter chair time, making them 
suitable for children who are intolerant of lengthy procedures.9 
However, preformed metal crowns can have drawbacks, such 
as risks of detachment, crown perforation, marginal adapta-

tion, unaesthetic appearance impaction of an adjacent second 
permanent molar and potential metal allergies.37 While they 
generally have lower detachment rates and better anatomical 
shape and proximal contact compared to resin fillings, the gin-
gival margins under these crowns can accumulate plaque, in-
creasing the risk of gingivitis and proximal caries.37,94 There-
fore, proper oral hygiene guidance and monitoring for 
periodontal issues or effects on the eruption of the second 
molar are essential.119 The longevity of preformed metal 
crowns can be age-dependent, with failure rates potentially 
increasing with age due to greater occlusal forces and defect 
size.59,116 Preformed metal crowns are often used as transi-
tional restorations for cases involving incomplete root devel-
opment or root canal treatment.59 The immediate post-opera-
tive placement quality and the loss of the proximal wall plays a 
crucial role in the long-term success of the restoration.37 The 
placement of the gingival margin of stainless steel crowns ex-
erts only a minimal influence on patients’periodontal health 
indicators.102 Due to the preformed shape and size of SSCs, 
achieving optimal marginal fit can be challenging.189 Perma-
nent SSCs on molars may compromise periodontal health if 
the crown contour is excessive, the marginal fit is inadequate, 
or residual cement remains in contact with the gingival sulcus, 
as all of these factors are associated with plaque accumula-
tion.186 The placement of SSCs subgingivally or inadequate 
contour of the crown margins may also pose a risk of damag-
ing the biologic width of the periodontal attachment.116,177 
Furthermore, restoring the normal morphology of severely 
compromised first permanent molars may be more effective in 
reducing plaque accumulation.114 Clinicians may avoid using 
SSCs in young permanent molars undergoing vital pulp ther-
apy (VPT) and instead recommend the use of direct bonded 
restorations as a preferable alternative.37 In studies addressing 
the treatment of molars affected by molar-incisor hypominer-
alization (MIH) with preformed metal crowns (PMC), a short-
term increase in periodontal pocket depth has been ob-
served.48 Furthermore, the invasiveness and potential 
consequences of traditional techniques, such as tooth prepa-
ration, should be carefully considered, including the reduction 
of tooth structure available for bonding and the retention of 
future restorations.116 Trimming, cutting, and crimping SSCs 
have been identified as significant risk factors for plaque accu-
mulation on these restorations.129 The deep-bite cases, pro-
gressive resorption of the root, bruxism or excessive tooth 
wear are among their contraindications.31 Consequently, the 
occlusal functional examination would be incorporated into 
the preoperative assessment.128

All-Ceramic Crowns
All-ceramic crowns offer adequate strength to endure func-
tional loads, while simultaneously ensuring optimal aesthetic 
outcomes.115,124,125 All-ceramic materials and bonding tech-
niques provide new solutions for permanent crown restor-
ations in young permanent teeth with extensive defects.125 
The success rate of the procedure seems to correlate positively 
with the amount of remaining dental wall structure.172 Specif-
ically, when all four walls of the tooth remain intact, the suc-
cess rate can reach as high as 100%.12 In a prospective 
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 randomized controlled study on ceramic crown treatment for 
patients with severe enamel hypoplasia,119 Procera crowns 
and 108 IPS e.max Press crowns were placed in patients aged 
11 to 22 years.153 After a 5.5-year follow-up, 95% of the crowns 
were rated as excellent or acceptable in quality, while 4% re-
quired adjustments due to poor marginal integrity.126 Recent 
research suggests that passive eruption during adolescence 
does not affect the aesthetic outcomes of all-ceramic 
crowns.126 Full-coverage prefabricated zirconia crown repre-
sents a durable restorative approach, capable of withstanding 
several years of service by ensuring the essential seal required 
to preserve pulp vitality, resisting escalating masticatory 
forces, and effectively adapting to growth and occlusal devel-
opment.10 Nevertheless, physiological passive eruption may 
result in the formation of supragingival margins over time.66 
Compared to preformed metal crowns, minimally invasive 
preparation with all-ceramic materials offers the advantage of 
better preserving tooth structure.204 In-vitro studies have 
demonstrated that monolithic zirconia full crowns possess su-
perior post-fatigue fracture resistance when utilized in ETT.80 
The exceptional mechanical properties and high machinability 
of monolithic zirconia enable the fabrication of crowns with 
significantly reduced thicknesses.44 This conservative prepara-
tion technique facilitates the preservation of a greater extent 
of tooth structure, which is imperative for the long-term stabil-
ity and integrity of restorations in ETT. Zirconia exhibits high 
biocompatibility and features a polished, smooth surface that 
reduces plaque accumulation, thereby minimizing gingival ir-
ritation.33,65 Additionally, restorations at the gingival level help 
maintain periodontal health.170 This approach ensures that 
the restoration not only restores function but also integrates 
well with the natural development of the tooth and surround-
ing tissues. Studies have demonstrated that zirconia crowns 
confer superior benefits for gingival health in comparison to 
stainless steel crowns.35 Contraindications include periodon-
tal and gingival inflammation, as well as excessive dental arch 
crowding.11 To preserve and restore teeth with subgingival de-
fects, several treatment approaches are utilized, including 
deep marginal elevation, surgical crown lengthening, and or-
thodontic traction.26,70,159

Post-and-Core Restorations
The wide root canal systems of young permanent teeth can be 
accommodated by modifying fiber posts to achieve a better fit, 
which helps control adhesive thickness, prevent voids, reduce 
polymerization shrinkage, and minimize stress transmission to 
the tooth root.13,149 There is no specific age limit for perma-
nent post-and-core restorations.41 For teeth with completed 
root canals and extensive defects that make direct fillings chal-
lenging, fiber posts and resin cores can significantly enhance 
coronal sealing, reduce microleakage, and improve the long-
term prognosis of the restoration.137 Fiber-reinforced compos-
ite posts are known for their biocompatibility, mechanical 
properties, and aesthetic appeal, and they can be customized 
to match the root canal morphology.83 In young permanent 
teeth that have undergone root canal treatment, minimal 
preparation of the post space is crucial to maintaining root 
fracture resistance and preventing irreparable damage.113 

Avoiding excessive post space preparation to maximize dentin 
preservation constitutes a fundamental principle in contem-
porary restorative procedures following endodontic therapy.75 
It is preferable to adjust the post according to the existing pa-
rameters of the root canal shape, rather than preparing the 
post space to accommodate a specific post.128 Inadequate 
compatibility between the post and root canal parameters can 
result in an excessively thick or uneven resin cement layer, 
thereby increasing the risk of porosity inclusion, irregular 
shrinkage during polymerization, and potential post displace-
ment.128 Fiber posts help distribute stress more evenly than 
metal posts, reducing the risk of stress concentration at weak 
areas of the root neck.40 In addition, fiber posts are easier to 
remove if necessary, minimizing the risk of iatrogenic root frac-
tures.178 While transitional crowns have no age restrictions 
and can be used throughout development, permanent crown 
restorations should take into account ongoing growth and de-
velopment.9 Early application of all-ceramic restorations is 
feasible, with the potential for replacement in adulthood while 
preserving the original fiber posts.72,78,164 Recent studies have 
reported that advanced short fiber-reinforced composites 
(SFRCs) achieve robust chemical bonding between glass fibers 
and the resin matrix.64 SFRCs offer both structural and chem-
ical reinforcement to compromised teeth.14 The intricate ar-
chitecture and orientation of short fibers, when integrated 
with the composite resin matrix, enhance the material’s ability 
to effectively limit crack propagation following the application 
of mechanical forces.87 This synergistic combination holds sig-
nificant potential in preventing fractures in ETT, thereby con-
tributing to the longevity and reliability of restorative treat-
ments.22,185 It is essential to encapsulate fiber-reinforced 
composite posts with conventional composites to mitigate the 
risk of hydrolysis between the fibers and the resin matrix.173 
The elastic modulus of fiber posts closely approximates that of 
dentin, which may contribute to reducing the likelihood of 
root fractures.161 Considering that the mechanical properties 
of the entire restorative system—including the post, cement, 
and dentin—must be harmonized, the use of fiber posts 
bonded with composite resin materials offers a promising ap-
proach for achieving optimal clinical outcomes.158 This com-
posite integration enhances the uniform distribution of 
stresses, potentially improving the longevity and effectiveness 
of root canal restorations.13 Posts primarily provide retention 
for crown restorations and are suitable for teeth with substan-
tial coronal structure loss, while in cases of irregularly shaped 
or highly divergent root canals, alternative solutions such as 
bonded custom fiber posts and fiber bundles can be used.162

To restore young permanent molars with extensive carious 
lesions or those that have undergone endodontic treatment-
considering factors such as longevity, precision, aesthetics, 
minimal tooth reduction, and time efficiency, endocrown res-
torations utilizing a digital workflow and CAD/CAM blocks may 
represent a novel treatment option.2,99,150 Another advantage 
of digital intraoral scanning is its ability to assess the volume of 
residual tooth structure, encompassing the remaining coronal 
dentin, the effects of the banding phenomenon, and the re-
sidual walls in all dimensions.128 The supra-gingival margin 
contributes to better preservation of gingival health and facili-
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tates oral hygiene maintenance, while the use of endocrown 
demonstrates superior efficacy in restoring short crowns, cal-
cified root canals, and fine roots.123 The preparation is con-
fined exclusively to the occlusal surface without proximal ad-
justments to preserve maximal tooth structure, while the 
custom restoration extended into the pulp chamber to en-
hance retention.46 The optimal marginal fit, color stability, and 
surface condition of root canal crowns are directly associated 
with proper preparation design, selection of ceramic material, 
favorable anatomical features provided by the CAD/CAM sys-
tem, and the type of adhesive used.167 

TIMING OF RESTORATIONS

Patients undergoing pulp treatment for young permanent 
teeth face unique challenges related to their age and develop-
mental stage.3 Regular dental check-ups and oral hygiene 
counseling play a crucial role in establishing a baseline for oral 
health needs, facilitating the identification of specific treat-
ment requirements as tooth eruption progresses, and ensur-
ing timely interventions and optimal care.15 The primary treat-
ment objectives are to preserve the integrity of the dental arch, 
maintain adequate tooth structure for future restorative pro-
cedures, optimize functional restoration, and enhance aes-
thetic outcomes.192 The early initiation and sustained provi-
sion of appropriate dental care throughout all stages of life are 
essential for effectively addressing patients’ dental needs and 
enhancing long-term prognostic outcomes.207 The selection of 
minimally invasive restorative treatments necessitates peri-
odic evaluation and maintenance in accordance with the “5 
Rs” (Reviewing, Resealing, Refurbishing, Repairing, Replacing) 
as required, thereby ensuring optimal clinical outcomes and 
long-term dental health.7 In children aged 6 to 9 years, the first 
permanent molars are often not fully developed, and various 
diseases can hinder apical development, resulting in large ap-
ical foramina and shorter roots.112 To address these issues, 
endodontic procedures such as pulp revascularization and 
apexification are employed to encourage continued apical de-
velopment, often requiring multiple visits.142 During the treat-
ment period, it is crucial to protect the affected teeth. Although 
glass ionomer or resin fillings are commonly used for this pur-
pose, the feasibility and protective benefits of preformed 
crowns during pulp treatment are poorly studied.177 The open-
faced stainless steel crowns have the potential to offer signifi-
cant protection to first permanent molars during endodontic 
procedures, with access created through the occlusal surface 
for subsequent treatments.114 Nevertheless, more research is 
needed to evaluate the effectiveness of different sealing ma-
terials for occlusal openings, their sealing efficacy, and their 
impact on patient oral hygiene. For patients aged 10 to 12 
years, the first permanent molar roots are usually fully devel-
oped, while the second permanent molars and premolars have 
not yet erupted.63 In this context, crown restorations for the 
first permanent molars must be carefully planned to ensure 
they do not interfere with the eruption of adjacent teeth. The 
timing of permanent restorations is not universally standard-
ized and depends on several factors, including occlusal rela-

tionship stability, changes in crown margin position, and the 
anatomical characteristics of young permanent teeth.120,202 
Restoration timing considerations include performing per-
manent restorations around ages 12 to 13 when the perman-
ent dentition is established to support stable occlusal relation-
ships and the eruption of the second permanent molar; 
delaying restorations until after the eruption of the second 
permanent molar between ages 13 and 16, when soft and hard 
tissues are still developing, with the choice between pre-
formed and permanent restorations based on the extent of the 
tooth defects; or opting for permanent restorations between 
ages 16 and 18, when occlusal relationships and tissue stability 
are better established, making it a more favorable period for 
such procedures.59,121,134 Continuous tooth eruption leads to 
the exposure of gingival margins, thereby rendering the modi-
fiability of restorative materials critically important, while the 
integration of digital technologies may offer unique advan-
tages in pediatric dentistry.57 Once the clinical crown height 
and gingival tissue have stabilized and matured, optimal re-
storative outcomes can be achieved through procedures such 
as gingival reshaping, crown lengthening, or orthodontic treat-
ment, all of which contribute to improved functional and aes-
thetic results.192 Consequently, selecting materials (nanoce-
ramic resin) that are easier to modify rather than those 
(zirconia) that are more difficult to bond is preferable to ac-
commodate the changes in gingival contour that occur during 
adolescent growth.176 Moreover, some studies advocate for 
immediate permanent restorations following pulp treatment, 
regardless of age, to enhance form and function, improve 
crown retention, and increase root fracture resistance.182 This 
could be because children’s temporomandibular joints typi-
cally adapt well to occlusal changes, which facilitates some 
self-adjustment after permanent restorations.25 Maintaining 
the arch space or integrity during the development of the den-
tal arch and restoring masticatory function.191

Root preservation is crucial for maintaining alveolar bone 
fullness, which can be beneficial until implant restoration.148 
The consensus on the earliest timing for oral implants generally 
advises against placing implants before the completion of max-
illofacial growth, typically around 20 years old.27,28 This is be-
cause growth and development can impact the stability and 
positioning of implants. During the age range from 20 to 25 years, 
third molar eruption may affect occlusal relationships and ne-
cessitate careful consideration of potential complications be-
fore proceeding with implant restoration.39,67 It is essential to 
communicate these potential issues to patients and plan ac-
cordingly to ensure optimal outcomes for implant treatments.39

SUMMARY AND OUTLOOK

Currently, there is no universal agreement on the restorative 
protocols for young permanent molars with defects.50 Given 
the critical role of the first permanent molar in a child’s dental 
development, a comprehensive approach that spans from pri-
mary prevention to lifelong management is crucial. This man-
agement should encompass various stages, including the em-
bryo phase, pre-eruption, eruption, and post-eruption, with 
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tailored interventions for different disease states.62 Direct res-
torations provide coronal sealing for defects arising from car-
ies, pulp and periapical diseases, and structural anomalies.151 
Inlays and high inlays are effective for restoring function and 
maintaining spatial relationships.103 Preformed crowns serve 
as transitional restorations, preserving the affected teeth until 
more permanent solutions, such as full crowns or post-crowns, 
can be applied.175,177 Permanent restorations are feasible once 
root development is complete, with the understanding that re-
placements may be necessary in adulthood; this should be 
clearly communicated before treatment begins, with diligent 
follow-up afterward.1 A comprehensive understanding of how 
occlusal factors and parafunctional stresses influence progno-
sis is essential.6 In cases where severe inflammation or non-re-
storable defects are present, extraction may be necessary.42 

Following extraction, space maintenance or orthodontic treat-
ment is important to prevent issues such as space reduction, 
arch length shortening, or rebuilding a complete dental arch.19

With advancements in materials and bonding techniques, 
various treatment options are now available for dental restor-
ations. For mixed and early permanent dentition, digital re-
storative technologies offer several advantages for young pa-
tients, including reduced anxiety, expanded range of materials, 
improved replicability of restorations, and the ability to 
streamline workflows for patients undergoing sedation.176 On-
going refinement and quantification of research indicators will 
enable clinicians to develop systematic approaches, allowing 
for more precise treatment plans tailored to individual patient 
needs. Direct and indirect restorations are evolving processes, 
with a preference for minimally invasive methods in initial 
treatments to preserve healthy tooth structure for future re-

Table 1 Comprehensive comparison of restorative strategies for compromised first permanent molars in children

Category Direct 
glass-ionomer 
restoration

Direct 
composite 
restoration

Composite 
resin inlays

Ceramic inlays Preformed metal 
crowns

All-ceramic 
crowns

Post-and-core 
restorations

Materials Glass-ionomer 
cement 

Resin com-
posites 

Indirect com-
posite resin 
restorations 

Lithium disili-
cate-polymer-In-
filtrated ceramic 
network

Stainless steel Monolithic 
zirconia, 
lithium 
 disilicate

Fiber or metal 
posts and com-
posite cores

Advan-
tages

Minimally inva-
sive, releases 
fluoride ions, 
biocompatibility, 
reducing opera-
tive time, low 
technique sensi-
tivity 

Minimally 
invasive, 
preserving 
tooth struc-
ture, ease of 
retreatment, 
time effi-
ciency, 
cost-effec-
tiveness

Abbreviated 
treatment 
duration, 
superior prop-
erties, pre-
vents excessive 
wear on 
opposing 
teeth, minim-
ally invasive, 
biocompatibil-
ity

Aesthetic, pre-
cise margins, 
reduce marginal 
microleakage or 
marginal gaps, 
lower failure rate 
due to recurrent 
caries, excellent 
wear resistance, 
prevents exces-
sive wear on 
opposing teeth

Cost-effective, 
space maintainer

Superior 
aesthetics, 
superior 
properties, 
biocompati-
bility

Preserves tooth 
structure,posts 
provide reten-
tion for crown 
restorations 

Disadvan-
tages

Lower compres-
sive and flexural 
strengths, com-
promised aes-
thetic proper-
ties, limited 
antimicrobial 
efficacy, limited 
wear resistance 

Recurrent 
caries, mar-
ginal discol-
oration, 
composite 
wear, reten-
tion failure, 
fracture of 
restorations

Long margin 
lines, high 
bonding stand-
ards, suscepti-
bility to stain-
ing and frac-
ture, technique 
sensitivity

High cost, the 
removal of 
additional den-
tal tissue, tech-
nique-sensitive

Risks of detach-
ment, crown per-
foration, marginal 
adaptation, unaes-
thetic appearance 
impaction of an 
adjacent second 
permanent molar 
and potential 
metal allergies

Tech-
nique-sensi-
tive, requires 
sufficient 
structure

Root fracture 
risk, post 
removal chal-
lenges

Indica-
tions

Mild to moder-
ate defects

Small pit/
fissure caries, 
MO/DO cavi-
ties (>2mm)

Moderate-large 
defects, MO/DI 
restorations

Extensive caries, 
MIH, ETT with 
MOD cavities

Endodontically 
treated molars, 
multi-surface 
caries

Intact axial 
walls, MIH 
cases

Extensive cor-
onal destruc-
tion, root-
treated teeth

Clinical 
consider-
ations

Limited wear 
resistance 

Isolation 
challenges, 
occlusal 
adjustment

Gingival mar-
gin placement, 
occlusal com-
patibility

Subgingival 
margin manage-
ment

Occlusal adjust-
ment, eruption 
guidance

Digital work-
flow, gingival 
margin eleva-
tion

Post-space 
customization, 
adhesive 
cementation

Long-
term 
perform-
ance

97.42% survival 
rate for a 3-year 
period;19

18.6% failure 
rate for a 6-year 
period184 

10-year 
durability 
(60%)117

91% survival 
rate at 5 years;6

79.2%-81% 
survival rate at 
10 years69

92-95% survival 
rate at 5 years138

8.9% failure rate for 
a 6-year period184 

95% success 
at 5.5 years51 

90% survival 
rate at 5 years86
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pairs and minimize complications.139 Given the unique growth 
and development characteristics of children’s orofacial sys-
tems, it is essential to base clinical decisions on evidence-based 
research and engage in multidisciplinary discussions.146 This 
approach will help in determining the most effective diagnos-
tic and therapeutic methods, as well as establishing appropri-
ate standards for treatment.

REFERENCES
1. Agel M, Alani A. The paediatric dentistry-restorative dentistry interface. Br Dent 

J 2022;233(6):475-482.
2. Al-Dabbagh RA. Survival and success of endocrowns: A systematic review and 

meta-analysis. J Prosthet Dent 2021;125(3):415.e1-415.e9.
3. Al-Madi EM, Al Saleh SA, Bukhary SM, Al-Ghofaily MM. Endodontic and restora-

tive treatment patterns of pulpally involved immature permanent posterior 
teeth. Int J Dent 2018;2018(1):2178535.

4. Al-Manei KK, Alzaidi S, Almalki G, Al-Manei K, Almotairy N. Incidence and influ-
ential factors in pulp necrosis and periapical pathosis following indirect restor-
ations: a systematic review and meta-analysis. BMC Oral Health 2023;23(1):195.

5. Aldahool Y, Sonesson M, Dimberg L. Spontaneous space closure in patients 
treated with early extraction of the first permanent molar: a retrospective 
cohort study using radiographs. Angle Orthod 2024;94(2):180-186.

6. Aldowish AF, Alsubaie MN, Alabdulrazzaq SS, Alsaykhan DB, Alamri AK, 
Alhatem LM, et al. Occlusion and its role in the long-term success of dental res-
torations: a literature review. Cureus 2024;16(11):e73195.

7. Alkhalaf R, Neves AA, Banerjee A, Hosey MT. Minimally invasive judgement 
calls: managing compromised first permanent molars in children. Br Dent J 
2020;229(7):459-465.

8. AlKhalaf R, Rosa TC, de Fatima Vieira FG, de Almeida Neves A, Hosey MT, Baner-
jee A. Managing compromised first permanent molars in children: minimally 
invasive treatment protocols for practitioners. Dent Update 2022;49(8):651-662.

9. Almajed OS. Shaping smiles: a narrative review of crown advancements in 
pediatric dentistry. Cureus 2024;16(1):e52997.

10. Alrashdi M. Survival analysis of prefabricated zirconia crowns with and without 
pulpotomy in primary teeth: a retrospective cohort study. Children (Basel) 
2024;11(11):1402.

11. Alrashdi M, Ardoin J, Liu JA. Zirconia crowns for children: A systematic review. 
Int J Paediatr Dent 2022;32(1):66-81.

12. AlSaleh, E.; Dutta, A.; Dummer, P.; Farnell, D.; Vianna, M. Influence of remaining 
axial walls on of root filled teeth restored with a single crown and adhesively 
bonded fibre post: A systematic review and meta-analysis, Journal of Den-
tistry. 2021, 114, 103813.

13. Alshabib A, Abid Althaqafi K, AlMoharib HS, Mirah M, AlFawaz YF, Algamaiah H. 
Dental fiber-post systems: An in-depth review of their evolution, current prac-
tice and future directions. Bioengineering (Basel) 2023;10(5):551.

14. Alshabib A, Jurado CA, Tsujimoto A. Short fiber-reinforced resin-based com-
posites (SFRCs); Current status and future perspectives. Dent Mater J 
2022;41(5):647-654.

15. American Academy of Pediatric Dentistry. Management of the developing den-
tition and occlusion in pediatric dentistry. The Reference Manual of Pediatric 
Dentistry. Chicago, Ill.: American Academy of Pediatric Dentistry, 2024:475-493.

16. Ananda SR, Mythri H. A comparative study of fluoride release from two differ-
ent sealants. J Clin Exp Dent 2014;6(5):e497-e501. 

17. Argyrou R, Thompson GA, Cho SH, Berzins DW. Edge chipping resistance and 
flexural strength of polymer infiltrated ceramic network and resin nanoce-
ramic restorative materials. J Prosthet Dent 2016;116(3):397-403.

18. Arrow P. Risk factors in the occurrence of enamel defects of the first permanent 
molars among schoolchildren in Western Australia. Community Dent Oral Epi-
demiol 2009;37(5):405-415.

19. Avila G, Galindo-Moreno P, Soehren S, Misch CE, Morelli T, Wang HL. A novel 
decision-making process for tooth retention or extraction. J Periodontol 
2009;80(3):476-491. 

20. Banerjee A, Frencken J, Schwendicke F, Innes N. Contemporary operative car-
ies management: consensus recommendations on minimally invasive caries 
removal. Br Dent J 2017;223(3):215-222.

21. Berg JH, Croll TP. Glass ionomer restorative cement systems: an update. Pedi-
atr Dent 2015;37(2):116-124.

22. Bhuva B, Giovarruscio M, Rahim N, Bitter K, Mannocci F. The restoration of root 
filled teeth: a review of the clinical literature. Int Endod J 2021;54(4):509-535.

23. Bonfante EA, Calamita M, Bergamo ETP. Indirect restorative systems—A narra-
tive review. J Esthet Restor Dent 2023;35(1):84-104.

24. Borges AB, Torres CRG, Schlueter N. Preventive measures and minimally inva-
sive restorative procedures. modern operative dentistry: principles for clinical 
practice. Cham: Springer International Publishing, 2019:631-666.

25. Bourdiol P, Hennequin M, Peyron MA, Woda A. Masticatory adaptation to occlu-
sal changes. Front Physiol 2020;11:263. 

26. Bresser R, Gerdolle D, Van den Heijkant IA, Sluiter-Pouwels LM, Cune MS, 
Gresnigt MM. Up to 12 years’ clinical evaluation of 197 partial indirect restor-
ations with deep margin elevation in the posterior region. J Dent 
2019;91:103227.

27. Bryant SR. The effects of age, jaw site, and bone condition on oral implant out-
comes. Int J Prosthodont 1998;11(5):470-490.

28. Bryant SR. Oral implant outcomes predicted by age- and site-specific aspects 
of bone condition. PhD thesis, Department of Prosthodontics, University of 
Toronto, Canada, 2001.

29. Bud M. Clinical steps for working protocols. In: Direct restorations. Cham: 
Springer Nature, 2024.

30. Cagidiaco EF. Periodontal evaluation of restorative and prosthodontic mar-
gins. Doctoral thesis, Università di Siena; 2021.

31. 
J Health Sci 2023:155.

32. Casaña-Ruiz MD, Frechina N, Estrela F, Catalá-Pizarro M. Dentinogenesis 
imperfecta: case report with nanoceramic resin crowns restorative treatment. 
J Clin Pediatr Dent 2024;48(2):189-195.

33. Casián-Adem J, Cobos L, Waggoner WF, Fuks AB. Prefabricated zirconia 
crowns–a solution to treat hypomineralized permanent molars: report of a 
case. J Clin Pediatr Dent 2021;45(1):8-11.

34. Caussin E, Izart M, Ceinos R, Attal JP, Beres F, François P. Advanced material 
strategy for restoring damaged endodontically treated teeth: a comprehensive 
review. Materials (Basel) 2024;17(15):3736.

35. Çehreli ZC. Restoring the endodontically treated young permanent tooth. In: 
Contemporary Endodontics for Children and Adolescents. Cham: Springer 
Nature, 2023:323-331.

36. Chabouis HF, Faugeron VS, Attal J-P. Clinical efficacy of composite versus cer-
amic inlays and onlays: a systematic review. Dent Mater 2013;29(12):1209-1218.

37. Chaipattanawan N, Chompu-inwai P, Nirunsittirat A, Phinyo P, Manmontri C. 
Longevity of stainless steel crowns as interim restorations on young perman-
ent first molars that have undergone vital pulp therapy treatment in children 
and factors associated with their treatment failure: A retrospective study of up 
to 8.5 years. Int J Paediatr Dent 2022;32(6):925-937.

38. Chu CH, Mei L, Seneviratne CJ, Lo EC. Effects of silver diamine fluoride on den-
tine carious lesions induced by Streptococcus mutans and Actinomyces 
naeslundii biofilms. Int J Paediatr Dent 2012;22(1):2-10.

39. Clark D, Levin L. In the dental implant era, why do we still bother saving teeth? 
J Endod 2019;45(12S):S57-S65. 

40. Clavijo VG, Reis JM, Kabbach W, Silva AL, Oliveira Junior OB, Andrade MF. Frac-
ture strength of flared bovine roots restored with different intraradicular 
posts. J Appl Oral Sci 2009;17(6):574-578.

41. Cloet E, Debels E, Naert I. Controlled clinical trial on the outcome of glass fiber 
composite cores versus wrought posts and cast cores for the restoration of 
endodontically treated teeth: a 5-year follow-up study. Int J Prosthodont 
2017;30(1):71-79.

42. Cobourne MT, Williams A, Harrison M. National clinical guidelines for the extrac-
tion of first permanent molars in children. Br Dent J 2014;217(11):643-648.

43. da Veiga AM, Cunha AC, Ferreira DM, da Silva Fidalgo TK, Chianca TK, Reis KR, et 
al. Longevity of direct and indirect resin composite restorations in permanent 
posterior teeth: A systematic review and meta-analysis. J Dent 2016;54:1-12.

44. Dal Piva AMO, Tribst JPM, Jalkh EB, Anami LC, Bonfante EA, Bottino MA. Minimal 
tooth preparation for posterior monolithic ceramic crowns: Effect on the mech-
anical behavior, reliability and translucency. Dent Mater 2021;37(3):e140-e150.

45. Davidovich E, Dagon S, Tamari I, Etinger M, Mijiritsky E. An innovative treat-
ment approach using digital workflow and CAD-CAM part 2: The restoration of 
molar incisor hypomineralization in children. Int J Environ Res Public Health 
2020;17(5):1499.

46. Davidovich E, Shay B, Nuni E, Mijiritsky E. An innovative treatment approach 
using digital workflow and CAD-CAM part 1: the restoration of endodontically 
treated molars in children. Int J Environ Res Public Health 2020;17(4):1364.

47. Davidson CL. Advances in glass-ionomer cements. J Appl Oral Sci 2006;14 
(suppl):3-9.

48. de Farias AL, Rojas-Gualdrón DF, Mejía JD, Bussaneli DG, Santos-Pinto L, 
Restrepo M. Survival of stainless-steel crowns and composite resin restor-
ations in molars affected by molar-incisor hypomineralization (MIH). Int J Pae-
diatr Dent 2022;32(2):240-250.

49. de Kuijper MC, Cune MS, Özcan M, Gresnigt MM. Clinical performance of direct 
composite resin versus indirect restorations on endodontically treated poster-
ior teeth: A systematic review and meta-analysis. J Prosthet Dent 2023; 
130(3):295-306.



Yu et al

444 Oral Health & Preventive Dentistry  

50. Bruna del Cojo M, Gallardo López NE, Mourelle Martínez MR, De Nova García 
MJ. Time and sequence of eruption of permanent teeth in Spanish children. 
Eur J Paediatr Dent 2013;14(2):101-103. 

51. Della Bona A, Kelly JR. The clinical success of all-ceramic restorations. J Am 
Dent Assoc 2008;139(Suppl):8S-13S.

52. Demarco FF, Cenci MS, Montagner AF, de Lima VP, Correa MB, Moraes RR, et al. 
Longevity of composite restorations is definitely not only about materials. 
Dent Mater 2023;39(1):1-12.

53. 
evaluation of occlusal adaptation of stainless steel crowns applied under deep 
sedation. J Clin Pediatr Dent 2025;49(1):60-66.

54. Dhar V, Hsu KL, Coll JA, Ginsberg E, Ball BM, Chhibber S, et al. Evidence-based 
update of pediatric dental restorative procedures: dental materials. J Clin 
Pediatr Dent 2015;39(4):303-310.

55. Dhareula A, Goyal A, Gauba K, Bhatia SK, Kapur A, Bhandari S. A clinical and 
radiographic investigation comparing the efficacy of cast metal and indirect 
resin onlays in rehabilitation of permanent first molars affected with severe 
molar incisor hypomineralisation (MIH): a 36-month randomised controlled 
clinical trial. Eur Arch Paediatr Dent 2019;20(5):489-500.

56. Dhareula A, Goyal A, Gauba K, Bhatia SK. Esthetic rehabilitation of first perman-
ent molars affected with severe form of Molar Incisor Hypomineralization using 
indirect composite onlays – A case series. Pediatr Dent J 2018;28(2):62-67.

57. Dias GF. Gingival overgrowth and altered passive eruption in adolescents: lit-
erature review and case report. Int J Dent Oral Health 2019;5:1-09.

58. Dietschi D, Duc O, Krejci I, Sadan A. Biomechanical considerations for the res-
toration of endodontically treated teeth: a systematic review of the literature, 
Part II (Evaluation of fatigue behavior, interfaces, and in vivo studies). Quintes-
sence Int 2008;39(2):117-129.

59. Discepolo K, Sultan M. Investigation of adult stainless steel crown longevity as an 
interim restoration in pediatric patients. Int J Paediatr Dent 2017;27(4):247-254.

60. Donly KJ, García-Godoy F. The use of resin-based composite in children: an 
update. Pediatr Dent 2015;37(2):136-143.

61. Edelhoff D, Erdelt KJ, Stawarczyk B, Liebermann A. Pressable lithium disilicate 
ceramic versus CAD/CAM resin composite restorations in patients with moder-
ate to severe tooth wear: Clinical observations up to 13 years. J Esthet Restor 
Dent 2023;35(1):116-128.

62. Eichenberger M, Erb J, Zwahlen M, Schätzle M. The timing of extraction of 
non-restorable first permanent molars: a systematic review Introduction. Eur J 
Paediatr Dent 2015;16(4):272-278.

63. Ekstrand KR, Christiansen J, Christiansen ME. Time and duration of eruption of 
first and second permanent molars: a longitudinal investigation. Community 
Dent Oral Epidemiol 2003;31(5):344-350.

64. El Agamy R. Effects of glass fibers reinforced and non-reinforced composite 
resin on fracture behavior of severely destructed primary incisors and restored 
with post and core system. Saudi Dent J 2024;36(3):451-455.

65. El Shahawy OI, Azab MM. Fracture resistance of prefabricated versus cus-
tom-made zirconia crowns after thermo-mechanical aging: an in-vitro study. 
BMC Oral Health 2022;22(1):587.

66. El Shahawy OI, Azab MM. Multiple prefabricated zirconia crowns for vital hypo-
plastic young first permanent molars. An eight-year case report. Int J Paediatr 
Dent 2024;34(6):740-743.

67. Ely BM, Tavares CA. What is the appropriate age for dental implant placement? 
Dental Pres Implantol. 2014;8(2):91-99.

68. European Society of Endodontology developed by:, Mannocci F, Bhuva B, Roig 
M, Zarow M, Bitter K. European Society of Endodontology position statement: 
The restoration of root filled teeth. Int Endod J 2021;54(11):1974-1981.

69. Fan J, Xu Y, Si L, Li X, Fu B, Hannig M. Long-term clinical performance of com-
posite resin or ceramic inlays, onlays, and overlays: a systematic review and 
meta-analysis. Oper Dent 2021;46(1):25-44.

70. Farouk AT, Hassanein OES, Fahmy OI, Elkady AM, ElNahass H. Biological evalu-
ation of indirect restorations in endodontically treated posterior teeth with 
deeply located proximal margins following deep margin elevation versus sur-
gical crown lengthening: a randomized controlled trial. Clin Oral Investig 
2023;28(1):24.

71. Fasbinder DJ, Neiva GF, Heys D, Heys R. Clinical evaluation of chairside com-
� -

�
72. Fathi A, Ebadian B, Dezaki SN, Mardasi N, Mosharraf R, Isler S, et al. An umbrella 

�
of prosthetic restorations on endodontically treated teeth. Int J Dent 
2022;2022:4748291.

73. Fathy H, Hamama HH, El-Wassefy N, Mahmoud SH. Clinical performance of 
resin-matrix ceramic partial coverage restorations: a systematic review. Clin 
Oral Investig 2022;26(5):3807-3822.

74. Ferrari M, Cagidiaco EF, Goracci C, Sorrentino R, Zarone F, Grandini S, et al. 
Posterior partial crowns out of lithium disilicate (LS2) with or without posts: A 

randomized controlled prospective clinical trial with a 3-year follow up. J Dent 
2019;83:12-17.

75. Ferrari M, Pontoriero DIK, Ferrari Cagidiaco E, Carboncini F. Restorative diffi-
culty evaluation system of endodontically treated teeth. J Esthet Restor Dent 
2022;34(1):65-80. 

76. Ferraris F. Posterior indirect adhesive restorations (PIAR): preparation designs 
and adhesthetics clinical protocol. Int J Esthet Dent 2017;12(4):482-502.

77. Forss H, Seppä L, Lappalaimen R. In vitro abrasion resistance and hardness of 
glass-ionomer cements. Dent Mater 1991;7(1):36-39.

78. Fousekis E, Lolis A, Marinakis E, Oikonomou E, Foros P, Koletsi D, et al. Short 
fiber-reinforced composite resins as post-and-core materials for endodont-
ically treated teeth: A systematic review and meta-analysis of in vitro studies. J 
Prosthet Dent S0022-3913(23)00643-1. 

79. Francois P, Fouquet V, Attal JP, Dursun E. Commercially available fluoride-re-
leasing restorative materials: a review and a proposal for classification. Materi-
als (Basel) 2020;13(10):2313. 

80. Frankenberger R, Winter J, Dudek MC, Naumann M, Amend S, Braun A, et al. 
Post-fatigue fracture and marginal behavior of endodontically treated teeth: 
partial crown vs. full crown vs. endocrown vs. fiber-reinforced resin composite. 
Materials (Basel) 2021;14(24):7733.

81. Frencken JE. The state-of-the-art of ART sealants. Dent Update 2014;41(2):119-
120, 122-114.

82. Fronza BM, Rueggeberg FA, Braga RR, Mogilevych B, Soares LE, Martin AA, et al. 
Monomer conversion, microhardness, internal marginal adaptation, and shrink-
age stress of bulk-fill resin composites. Dent Mater 2015;31(12):1542-1551.

83. Fu MC, Yang X, Wang HH, LI CH, Zhao YM. Effects of custom made fiber posts on 
the fracture resistance of young permanent teeth treated with calcium hydrox-
ide. J Shanghai Jiaotong Univ Sci 2017;37(8):1106-1110.

84. Galiatsatos A, Galiatsatos P, Bergou D. Clinical longevity of indirect composite 
resin inlays and onlays: an up to 9-year prospective study. Eur J Dent 
2022;16(1):202-208.

85. Gao SS, Zhao IS, Hiraishi N, Duangthip D, Mei ML, Lo ECM, et al. Clinical trials of 
silver diamine fluoride in arresting caries among children: a systematic review. 
JDR Clin Trans Res 2016;1(3):201-210.

86. Garcia PP, Wambier LM, de Geus JL, da Cunha LF, Correr GM, Gonzaga CC. Do 
anterior and posterior teeth treated with post-and-core restorations have simi-
lar failure rates? A systematic review and meta-analysis. J Prosthet Dent 
2019;121(6):887-894.e4.

87. Garoushi S, Säilynoja E, Vallittu PK, Lassila L. Physical properties and depth of 
cure of a new short fiber reinforced composite. Dent Mater 2013;29(8):835-841.

88. Gavriil D, Kakka A, Myers P, O Connor CJ. Pre-endodontic restoration of struc-
turally compromised teeth: current concepts. Br Dent J 2021;231(6):343-349.

89. Ge KX, Jakubovics NS, Quock R, Lam WY, Chu CH, Yu OY. Preventing proximal 
enamel caries in neighboring tooth with glass-ionomer cement restoration 
and silver diamine fluoride pretreatment. J Dent 2024;149:105312.

90. Ge KX, Lam WY, Chu CH, Yu OY. Updates on the clinical application of glass-iono-
mer cement in restorative and preventive dentistry. J Dent Sci 2024;19(Suppl 1): 
S1-S9.

91. Ge KX, Quock R, Chu CH, Yu OY. The preventive effect of glass-ionomer cement 
restorations on secondary caries formation: A systematic review and 
meta-analysis. Dent Mater 2023;39(12):e1-e17.

92. Ge KX, Quock R, Yan F, Lam WY, Chu CH, Yu OY. Ion release of the glass ionomer 
restoration with silver diamine fluoride dentin pretreatment. J Dent 2024; 
148:105247.

93. Ge KX, Lam WY, Chu CH, Yu OY. Updates on the clinical application of glass-iono-
mer cement in restorative and preventive dentistry. J Dent Sci 2024;19(Suppl 1): 
S1-S9.

94. Geduk N, Ozdemir M, Erbas Unverdi G, Ballikaya E, Cehreli ZC. Clinical and 
radiographic performance of preformed zirconia crowns and stainless-steel 
crowns in permanent first molars: 18-month results of a prospective, rand-
omized trial. BMC Oral Health 2023;23(1):828.

95. Govare N, Contrepois M. Endocrowns: A systematic review. J Prosthet Dent 
2020;123(3):411-418.e9.

96. Gracis S, Thompson VP, Ferencz JL, Silva NR, Bonfante EA. A new classification 
system for all-ceramic and ceramic-like restorative materials. Int J Prostho-
dont 2015;28(3):227-235.

97. Grossmann Y, Sadan A. The prosthodontic concept of crown-to-root ratio: A 
review of the literature. J Prosthet Dent 2005;93(6):559-562.

98. Gudipaneni RK, Alam MK, Patil SR, Karobari MI. Measurement of the maximum 
occlusal bite force and its relation to the caries spectrum of first permanent 
molars in early permanent dentition. J Clin Pediatr Dent 2020;44(6):423-428.

99. Gupta G, Gupta DK, Gupta P, Shah P. Customized digital restoration: an innova-
tive minimally invasive approach to restore young permanent molars: case 
series. Pediatr Dent 2022;5(2):105-109.



Yu et al

445doi: 10.3290/j.ohpd.c_2175

100. Hakmi A, Dashash M. Direct or indirect composite for restoring permanent first 
molars affected by Molar Incisor Hypomineralisation (MIH): a randomized clin-
ical controlled trial. BDJ Open 2023;9(1):37.

101. Hegde D, Suprabha BS, Rao A. Organic antibacterial modifications of high-vis-
cosity glass-ionomer cement for atraumatic restorative treatment: A review. 
Jpn Dent Sci Rev 2024;60:22-31.

102. Heidari A, Shahrabi M, Hosseini Z, Sari NM. Periodontal assessment of perman-
ent molar teeth restored with stainless steel crown in terms of pocket depth, 
bleeding on probing, gingival color and inflammation. Int J Clin Pediatr Dent 
2019;12(2):116-119.

103. Hickel R, Brüshaver K, Ilie N. Repair of restorations – criteria for decision mak-
ing and clinical recommendations. Dent Mater 2013;29(1):28-50.

104. Hickel R, Mesinger S, Opdam N, Loomans B, Frankenberger R, Cadenaro M, et 
al. Revised FDI criteria for evaluating direct and indirect dental restorations—
recommendations for its clinical use, interpretation, and reporting. Clin Oral 
Investig 2023;27(6):2573-2592.

105. Hicks J, Garcia-Godoy F, Donly K, Flaitz C. Fluoride-releasing restorative mater-
ials and secondary caries. J Calif Dent Assoc 2003;31(3):229-245.

106. Horst JA, Ellenikiotis H, Milgrom PL. UCSF protocol for caries arrest using silver 
diamine fluoride: rationale, indications and consent. J Calif Dent Assoc 
2016;44(1):16-28.

107. Hoshika S, Ting S, Ahmed Z, Chen F, Toida Y, Sakaguchi N, et al. Effect of condi-
tioning and 1 year aging on the bond strength and interfacial morphology of 
glass-ionomer cement bonded to dentin. Dent Mater 2021;37(1):106-112.

108. Huang X, Zou L, Yao R, Wu S, Li Y. Effect of preparation design on the fracture 
behavior of ceramic occlusal veneers in maxillary premolars. J Dent 
2020;97:103346.

109. Hussainy SN, Nasim I, Thomas T, Ranjan M. Clinical performance of resin-mod-
ified glass-ionomer cement, flowable composite, and polyacid-modified resin 
composite in noncarious cervical lesions: One-year follow-up. J Conserv Dent 
2018;21(5):510-515.

110. Hvaring CL, Birkeland K, Åstrøm AN. Discriminative ability of the generic and 
condition specific Oral Impact on Daily Performance (OIDP) among adoles-
cents with and without hypodontia. BMC Oral Health. 2014;14:57.

111. Jotkowitz A, Samet N. Rethinking ferrule–a new approach to an old dilemma. 
Br Dent J 2010;209(1):25-33.

112. 
of first permanent molars with cone-beam computed tomography: A retro-
spective study. J Dent Sci 2024;19(4):2172-2178.

113. Khadar S, Sapkale K, Patil PG, Abrar S, Ramugade M, Huda F. Fracture resist-
ance and stress distribution pattern of different posts-core systems in imma-
ture teeth: an in vitro study and 3D finite element analysis. Int J Dent 
2022;2022:2610812.

114. Kindelan SA, Day P, Nichol R, Willmott N, Fayle SA. UK National Clinical Guide-
lines in Paediatric Dentistry: stainless steel preformed crowns for primary 
molars. Int J Paediatr Dent 2008;18 Suppl 1:20-28.

115. Klink A, Groten M, Huettig F. Complete rehabilitation of compromised full den-
titions with adhesively bonded all-ceramic single-tooth restorations: Long-
term outcome in patients with and without amelogenesis imperfecta. J Dent 
2018;70:51-58.

116. Koleventi A, Sakellari D, Arapostathis KN, Kotsanos N. Periodontal impact of 
preformed metal crowns on permanent molars of children and adolescents: a 
pilot study. Pediatr Dent 2018;40(2):117-121.

117. Kubo S. Longevity of resin composite restorations. Jpn Dent Sci Rev 
2011;47(1):43-55.

118. Ladino L, Sanjuan ME, Valdéz DJ, Eslava RA. Clinical and Biomechanical per-
formance of occlusal veneers: a scoping review. J Contemp Dent Pract 2021; 
22(11):1327-1337.

119. Lakhani S, Noble F, Rodd H, Cobourne MT. Management of children with poor 
prognosis first permanent molars: an interdisciplinary approach is the key. Br 
Dent J 2023;234(10):731-736.

120. Larmas MA, Virtanen JI, Bloigu RS. Timing of first restorations in permanent 
teeth: a new system for oral health determination. J Dent 1995;23(6):347-352.

121. Leal SC, Takeshita EM. Pediatric restorative dentistry. Cham: Springer Interna-
tional, 2019.

122. Lempel E, Gyulai S, Lovász BV, Jeges S, Szalma J. Clinical evaluation of lithium 
disilicate versus indirect resin composite partial posterior restorations — A 7.8-
year retrospective study. Dent Mater 2023;39(12):1095-1104.

123. Lenz U, Bacchi A, Della Bona A. Biomechanical performance of endocrown and 
core-crown restorations: A systematic review. J Esthet Restor Dent 2024; 
36(2):303-323.

124. Linner T, Khazaei Y, Bücher K, Pfisterer J, Hickel R, Kühnisch J. Comparison of 
� -

� -
atr Dent 2020;30(5):597-606.

125. Lundgren GP, Dahllöf G. Advances in clinical diagnosis and management of 
amelogenesis imperfecta in children and adolescents. J Dent 2024;147:105149.

126. Lundgren GP, Vestlund GM, Dahllöf G. Crown therapy in young individuals with 
amelogenesis imperfecta: Long term follow-up of a randomized controlled 
trial. J Dent 2018;76:102-108.

127. Mackenzie L, Banerjee A. Minimally invasive direct restorations: a practical 
guide. Br Dent J 2017;223(3):163-171.

128. Mannocci F, Bitter K, Sauro S, Ferrari P, Austin R, Bhuva B. Present status and 
future directions: The restoration of root filled teeth. Int Endod J 2022;55(suppl 
4):1059-1084.

129. Mathew MG, Samuel SR, Soni AJ, Roopa KB. Evaluation of adhesion of Strepto-
coccus mutans, plaque accumulation on zirconia and stainless steel crowns, 
and surrounding gingival inflammation in primary molars: randomized con-
trolled trial. Clin Oral Investig 2020;24(9):3275-3280.

130. Mei ML, Ito L, Cao Y, Li QL, Lo EC, Chu CH. Inhibitory effect of silver diamine 
fluoride on dentine demineralisation and collagen degradation. J Dent 
2013;41(9):809-817.

131. Mei ML, Ito L, Cao Y, Lo EC, Li QL, Chu CH. An ex vivo study of arrested primary 
teeth caries with silver diamine fluoride therapy. J Dent 2014;42(4):395-402.

132. Mei ML, Lo ECM, Chu CH. Arresting dentine caries with silver diamine fluoride: 
what’s behind it? J Dent Res 2018;97(7):751-758.

133. Mei ML, Zhao IS, Ito L, Lo EC, Chu CH. Prevention of secondary caries by silver 
diamine fluoride. Int Dent J 2016;66(2):71-77.

134. Mele M, Felice P, Sharma P, Mazzotti C, Bellone P, Zucchelli G. Esthetic treat-
ment of altered passive eruption. Periodontol 2000 2018;77(1):65-83.

135. Millet C, Duprez JP, Tra BZR, Morgon L, Lafon A. Interdisciplinary rehabilitation 
using CAD/CAM technology for a young patient with severe malocclusion and 
amelogenesis imperfecta: a 5-year follow-up case report. Int J Prosthodont 
2024;37(5):583-589.

136. Mittal HC, Goyal A, Gauba K, Kapur A. Clinical performance of indirect compos-
ite onlays as esthetic alternative to stainless steel crowns for rehabilitation of 
a large carious primary molar. J Clin Pediatr Dent 2016;40(5):345-352.

137. Mohan SM, Gowda EM, Shashidhar MP. Clinical evaluation of the fiber post and 
direct composite resin restoration for fixed single crowns on endodontically 
treated teeth. Med J Armed Forces India 2015;71(3):259-264.

138. Morimoto S, Rebello de Sampaio FB, Braga MM, Sesma N, Özcan M. Survival 
rate of resin and ceramic inlays, onlays, and overlays: a systematic review and 
meta-analysis. J Dent Res 2016;95(9):985-994.

139. Mount GJ, Hume WR, Ngo HC, Wolff MS. Preservation and restoration of tooth 
structure. Hoboken: John Wiley & Sons; 2016.

140. Moussa C, Savard G, Rochefort G, Renaud M, Denis F, Daou MH. Fracture resist-
ance of direct versus indirect restorations on posterior teeth: a systematic 
review and meta-analysis. Bioengineering (Basel) 2024;11(6):536.

141. Muhetaer A, Tang C, Anniwaer A, Yang H, Huang C. Advances in ceramics for 
tooth repair: From bench to chairside. J Dent 2024;146:105053.

142. Murray PE. Review of guidance for the selection of regenerative endodontics, 
apexogenesis, apexification, pulpotomy, and other endodontic treatments for 
immature permanent teeth. Int Endod J 2023;56 Suppl 2:188-199.

143. Naka O, Millar BJ, Sagris D, David C. Do composite resin restorations protect 
cracked teeth? An in-vitro study. Br Dent J 2018;225(3):223-228.

144. Nantanee R, Santiwong B, Trairatvorakul C, Hamba H, Tagami J. Silver diamine 
fluoride and glass ionomer differentially remineralize early caries lesions, in 
situ. Clin Oral Investig 2016;20(6):1151-1157.

145. Natarajan D. Silver modified atraumatic restorative technique: a way towards 
“SMART” pediatric dentistry during the COVID-19 pandemic. Front Dent 
2022;19:12.

146. National Institutes of Health. Oral health in America: advances and challenges. 
Bethesda: US Department of Health and Human Services, National Institutes 
of Health, National Institute of Dental and Craniofacial Research; 2021.

147. Ng E, Saini S, Schulze KA, Horst J, Le T, Habelitz S. Shear bond strength of 
glass-ionomer cement to silver diamine fluoride-treated artificial dentinal car-
ies. Pediatr Dent 2020;42(3):221-225.

148. Pagni G, Pellegrini G, Giannobile WV, Rasperini G. Postextraction alveolar ridge 
preservation: biological basis and treatments. Int J Dent 2012;2012:151030.

149. Peiris HR, Pitakotuwage TN, Takahashi M, Sasaki K, Kanazawa E. Root canal 
morphology of mandibular permanent molars at different ages. Int Endod J 
2008;41(10):828-835. 

150. Pelagalli P, Gatto R, Moscati M. Kids Digital Crown Technique: an innovative 
approach to restore primary teeth. Eur J Paediatr Dent 2021;22(3):204-206.

151. Pilcher L, Pahlke S, Urquhart O, O’Brien KK, Dhar V, Fontana M, et al. Direct 
materials for restoring caries lesions: systematic review and meta-analysis-a 
report of the American Dental Association Council on Scientific Affairs. J Am 
Dent Assoc 2023;154(2):e1-e98.

152. Pizzolotto L, Moraes RR. Resin composites in posterior teeth: clinical perform-
ance and direct restorative techniques. Dent J (Basel) 2022;10(12):222.



Yu et al

446 Oral Health & Preventive Dentistry  

153. Pousette Lundgren G, Morling Vestlund GI, Trulsson M, Dahllöf G. A randomized 
controlled trial of crown therapy in young individuals with amelogenesis 
imperfecta. J Dent Res 2015;94(8):1041-1047.

154. Priya J, Ambooken M, Kuriakose A, Mathew JJ. The perio-restorative interrela-
tionship-expanding the horizons in esthetic dentistry. J Interdiscip Dent 
2015;5(1):46-53.

155. Reddy DS, Kumar RA, Venkatesan SM, Narayan GS, Duraivel D, Indra R. Influ-
ence of citric acid on the surface texture of glass ionomer restorative materials. 
J Conserv Dent 2014;17(5):436-439.

156. Rolim TZC, da Costa TRF, Wambier LM, Chibinski AC, Wambier DS, da Silva 
Assunção LR, et al. Adhesive restoration of molars affected by molar incisor hypo-
mineralization: a randomized clinical trial. Clin Oral Investig 2021;25(3):1513-1524.

157. Saber AM, Altoukhi DH, Horaib MF, El-Housseiny AA, Alamoudi NM, Sabbagh 
HJ. Consequences of early extraction of compromised first permanent molar: 
a systematic review. BMC Oral Health 2018;18(1):1-15.

158. Saker S, Özcan M. Retentive strength of fiber-reinforced composite posts with 
composite resin cores: Effect of remaining coronal structure and root canal 
dentin conditioning protocols. J Prosthet Dent 2015;114(6):856-861.

159. Samartzi TK, Papalexopoulos D, Ntovas P, Rahiotis C, Blatz MB. Deep margin 
elevation: a literature review. Dent J (Basel) 2022;10(3):48. 

160. Sampaio FBWR, Özcan M, Gimenez TC, Moreira MSNA, Tedesco TK, Morimoto S. 
Effects of manufacturing methods on the survival rate of ceramic and indirect 
composite restorations: A systematic review and meta-analysis. J Esthet 
Restor Dent 2019;31(6):561-571.

161. Santos AF, Meira JB, Tanaka CB, Xavier TA, Ballester RY, Lima RG, et al. Can fiber 
posts increase root stresses and reduce fracture? J Dent Res 2010;89(6):587-591. 

162. Santos TdSA, Abu Hasna A, Abreu RT, Tribst JPM, de Andrade GS, Borges ALS, et 
al. Fracture resistance and stress distribution of weakened teeth reinforced 
with a bundled glass fiber–reinforced resin post. Clin Oral Investig 
2022;26(2):1725-1735.

163. Sarrett DC. Clinical challenges and the relevance of materials testing for poste-
rior composite restorations. Dent Mater 2005;21(1):9-20.

164. Selvaraj H, Krithikadatta J, Shrivastava D, Onazi MAA, Algarni HA, Munaga S, et 
al. Systematic review fracture resistance of endodontically treated posterior 
teeth restored with fiber reinforced composites-a systematic review. BMC Oral 
Health 2023;23(1):566. 

165. Sequeira-Byron P, Fedorowicz Z, Carter B, Nasser M, Alrowaili EF. Single crowns 
versus conventional fillings for the restoration of root-filled teeth. Cochrane 
Database Syst Rev 2015;2015(9):CD009109. 

166. Shen J. Advanced ceramics for dentistry. Oxford: Butterworth-Heinemann; 
2013.

167. Shin Y, Park S, Park JW, Kim KM, Park YB, Roh BD. Evaluation of the marginal 
and internal discrepancies of CAD-CAM endocrowns with different cavity 
depths: An in vitro study. J Prosthet Dent 2017;117(1):109-115.

168. Sigal AV, Sigal MJ, Titley KC, Andrews PB. Stainless steel crowns as a restora-
tion for permanent posterior teeth in people with special needs: A retrospec-
tive study. J Am Dent Assoc 2020;151(2):136-144.

169. Sikka N, Brizuela M. Glass-ionomer cement. In: StatPearls. Treasure Island: 
StatPearls Publishing; 2024.

170. Sirajuddin S, Narasappa KM, Gundapaneni V, Chungkham S, Walikar AS. Iatro-
genic damage to periodontium by restorative treatment procedures: an over-
view. Open Dent J 2015;9:217-222. 

171. Sister G. Performance evaluation of the composite resins inlay/onlay: narrative 
review. MSc thesis, Universidade Fernando Pessoa; 2022.

172. Skupien JA, Cenci MS, Opdam NJ, Kreulen CM, Huysmans MC, Pereira-Cenci T. 
Crown vs. composite for post-retained restorations: A randomized clinical trial. 
J Dent 2016;48:34-39.

173. Souza JCM, Fernandes V, Correia A, Miller P, Carvalho O, Silva F, et al. Surface 
modification of glass fiber-reinforced composite posts to enhance their bond 
strength to resin-matrix cements: an integrative review. Clin Oral Investig 
2022;26(1):95-107. 

174. Stoica SN, Nimigean V, Vîrlan MJR, Nimigean VR. The pathology of the first per-
manent molar during the mixed dentition stage. Appl Sci (Basel) 2022;13(1):483.

175. Suzuki C, Miura H, Okada D, Komada W. Investigation of stress distribution in 
roots restored with different crown materials and luting agents. Dent Mater J 
2008;27(2):229-236.

176. Swanson AK, Duqum IS, Heimisdóttir LH, Wright JT. Digital restorative work-
flows for developmental dental defects in young patients: A case series. J Am 
Dent Assoc 2023;154(4):340-348.

177. Sztyler K, Wiglusz RJ, Dobrzynski M. Review on preformed crowns in pediatric 
dentistry—the composition and application. Materials (Basel) 2022;15(6):2081.

178. Tang W, Wu Y, Smales RJ. Identifying and reducing risks for potential fractures 
in endodontically treated teeth. J Endod 2010;36(4):609-617.

179. Taylor GD, Bulmer V. Advances in knowledge and practice benefiting the  
health and management of first permanent molars in children. Br Dent J 
2025;238(2):92-98.

180. Taylor GD, Vernazza CR, Abdulmohsen B. Success of endodontic management 
of compromised first permanent molars in children: A systematic review. Int J 
Paediatr Dent 2020;30(3):370-380.

181. Taylor M, Lynch E. Marginal adaptation. J Dent 1993;21(5):265-273.
182. Tickotsky N, Petel R, Haim Y, Ghrayeb M, Moskovitz M. Post-and-core restor-

ation of severely damaged permanent posterior teeth in young adolescents. 
Int J Prosthodont 2017;30(5):458–460. 

183. Torres PJ, Phan HT, Bojorquez AK, Garcia-Godoy F, Pinzon LM. Minimally inva-
sive techniques used for caries management in dentistry. A review. J Clin Pedi-
atr Dent 2021;45(4):224-232.

184. Tseveenjav B, Furuholm J, Mulic A, Valen H, Maisala T, Turunen S, et al. Survival 
of extensive restorations in primary molars: 15-year practice-based study. Int J 
Paediatr Dent 2018;28(2):249-256. 

185. Tsintsadze N, Margvelashvili-Malament M, Natto ZS, Ferrari M. Comparing sur-
vival rates of endodontically treated teeth restored either with glass-fiber-rein-
forced or metal posts: A systematic review and meta-analyses. J Prosthet Dent 
2024;131(4):567-578.

186. Uhlen MM, Tseveenjav B, Wuollet E, Furuholm J, Ansteinsson V, Mulic A, et al. 
Stainless-steel crowns in children: Norwegian and Finnish dentists’ know-
ledge, practice and challenges. BMC Oral Health 2021;21(1):190.

187. van de Sande FH, Opdam NJ, Rodolpho PA, Correa MB, Demarco FF, Cenci MS. 
Patient Risk Factors’ Influence on Survival of Posterior Composites. J Dent Res 
2013;92(7 Suppl):78S-83S.

188. van Dijken JW. Direct resin composite inlays/onlays: an 11 year follow-up. J 
Dent 2000;28(5):299-306.

189. Vatankhah P, Hashemi F, Shirazi AS. A literature review of stainless steel crown 
for permanent molars: indications, survival, periodontal and radiographic 
findings. J Dent (Shiraz) 2025;26(1):8-16.

190. Veneziani M. Posterior indirect adhesive restorations: updated indications and the 
morphology driven preparation technique. Int J Esthet Dent 2017;12(2):204-230.

191. Vinothini V, Sanguida A, Selvabalaji A, Prathima GS, Kavitha M. Functional 
band and loop space maintainers in children. Case Rep Dent 2019;2019:4312049. 

192. Wang CI, Sinada N, Schoenbaum TR. The dental management and prostho-
dontic reconstruction of patients with amelogenesis imperfecta: a narrative 
review. Dent Rev (N Y) 2024; 4(1): 100080.

193. Wang SP, Ge Y, Zhou XD, Xu HH, Weir MD, Zhang KK, et al. Effect of anti-biofilm 
glass–ionomer cement on Streptococcus mutans biofilms. Int J Oral Sci 
2016;8(2):76-83.

194. Webman M, Mulki E, Roldan R, Arevalo O, Roberts JF, Garcia-Godoy F. A retro-
spective study of the 3-year survival rate of resin-modified glass-ionomer cement 
class II restorations in primary molars. J Clin Pediatr Dent 2016;40(1):8-13.

195. Wiegand A, Buchalla W, Attin T. Review on fluoride-releasing restorative mate-
rials-fluoride release and uptake characteristics, antibacterial activity and 
influence on caries formation. Dent Mater 2007;23(3):343-362.

196. Wilson AD, Kent BE. A new translucent cement for dentistry. The glass-ionomer 
cement. Br Dent J 1972;132(4):133-135.

197. Yahyazadehfar M, Ivancik J, Majd H, An B, Zhang D, Arola D. On the mechanics 
of fatigue and fracture in teeth. Appl Mech Rev 2014;66(3):0308031-3080319.

198. Yin IX, Zhang J, Zhao IS, Mei ML, Li Q, Chu CH. The antibacterial mechanism of 
silver nanoparticles and its application in dentistry. Int J Nanomed 
2020;15:2555-2562.

199. Yu OY, Ge KX, Lung CY, Chu CH. Developing a novel glass-ionomer cement with 
enhanced mechanical and chemical properties. Dent Mater 2024;40(7):e1-e13.

200. Zafar S, Siddiqi A. Biological responses to pediatric stainless steel crowns. J 
Oral Sci 2020;62(3):245-249.

201. Zarone F, Ruggiero G, Russo LL, Mastrosimone A, Sorrentino R. In vitro assess-
ment of an intraoral scanner accuracy on abutments with horizontal prepar-
ation geometries and subgingival margins. J Dent 2025;153:105492.

202. Zarow M, Ramírez-Sebastià A, Paolone G, de Ribot Porta J, Mora J, Espona J, et 
al. A new classification system for the restoration of root filled teeth. Int Endod 
J 2018;51(3):318-334.

203. -
ified and hybrid glass-ionomer cements. Serbian Dent J 2018;65(4):186-194.

204. Zhang Y, Jin X, Zhang Z, Hu S, Jiang W, Pan H, et al. A novel approach to full-
mouth rehabilitation of dentinogenesis imperfecta type II: Case series with 
review of literature. Medicine (Baltimore) 2024;103(4):e36882.

205. Zhao IS, Mei ML, Burrow MF, Lo EC, Chu CH. Prevention of secondary caries using 
silver diamine fluoride treatment and casein phosphopeptide-amorphous cal-
cium phosphate modified glass-ionomer cement. J Dent 2017;57:38-44.

206. Zhao J, Weng Y, Xie D. In vitro wear and fracture toughness of an experimental 
light-cured glass-ionomer cement. Dent Mater 2009;25(4):526-534.

207. Zhou C, Duan P, He H, Song J, Hu M, Liu Y, et al. Expert consensus on pediatric 
orthodontic therapies of malocclusions in children. Int J Oral Sci 2024;16(1):32.

208. Zimmermann M, Ender A, Mehl A. Local accuracy of actual intraoral scanning sys-
tems for single-tooth preparations in vitro. J Am Dent Assoc 2020;151(2):127-135.


