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ABSTRACT

The present systematic review and meta-analysis aimed to evaluate the effect of mouth motion fatigue and thermal cycling
on the marginal accuracy and fracture resistance of lithium disilicate and zirconia partial crowns. A comprehensive search
was conducted across PubMed, Cochrane Library, and Google Scholar, and 12 studies were included for qualitative synthesis
and meta-analysis. The meta-analysis revealed a pooled effect size of 0.222 with a standard error of 0.015 and a 95%
confidence interval of 0.193-0.251, indicating a consistent and moderate effect of thermo-mechanical aging on crown
performance. Heterogeneity among the studies was negligible (I = 0%), justifying the use of a fixed-effects model. Lithium
disilicate demonstrated favorable marginal adaptation and esthetic properties, while zirconia exhibited superior fracture
resistance and mechanical strength under fatigue and thermal stress. Although both materials showed clinical promise,
zirconia held a slight mechanical advantage. However, the high risk of bias across studies and the predominance of in vitro
designs underscore the need for standardized protocols and long-term clinical research. These findings support material-
specific clinical decision-making and reinforce the relevance of fatigue and thermal testing in restorative material evaluation..
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1. INTRODUCTION

The continuous evolution of dental materials and fabrication techniques has significantly broadened the scope of restorative
dentistry, enabling clinicians to deliver functional and aesthetic restorations tailored to individual patient needs. Among
contemporary options, lithium disilicate and zirconia have emerged as two of the most widely used materials for fabricating
partial crowns, owing to their exceptional mechanical strength, biocompatibility, aesthetic qualities, and versatility in clinical
application [1]. However, their long-term performance is not solely dictated by material composition, but also by their
response to the challenging intraoral environment, particularly mechanical fatigue and thermal fluctuations. These external
factors, representative of clinical reality, can critically influence the marginal adaptation and structural resilience of
restorations over time [2,3].

Marginal integrity is fundamental for preventing microleakage, recurrent caries, and periodontal compromise, while fracture
resistance is pivotal in withstanding the cyclic forces of mastication [2]. In the oral cavity, repetitive functional loads, referred
to as mouth motion fatigue, combined with thermal cycling due to the ingestion of hot and cold substances, exert significant
stress on restorative materials, often initiating microcrack formation and propagation [4,5]. Lithium disilicate, a highly
aesthetic glass-ceramic, demonstrates favorable optical and adhesive properties but is comparatively more vulnerable to
fatigue-induced degradation and thermal stress due to its lower fracture toughness and higher sensitivity to flaws [13—15].
Conversely, zirconia, a polycrystalline ceramic known for its superior flexural strength and fracture resistance, withstands
mechanical loading more effectively, although marginal fatigue-related wear can still occur, particularly at stress-
concentrated zones [11,16,19].

While lithium disilicate is adhesively bonded, allowing for improved marginal fit and stress distribution, zirconia primarily
relies on mechanical retention and can present challenges in achieving optimal adhesive interfaces [6,17]. Moreover, recent
innovations in zirconia processing have enhanced its translucency, expanding its utility into esthetically sensitive areas
without compromising durability [7]. These contrasting material characteristics, coupled with their differing responses to .
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aging processes such as thermal cycling and fatigue loading, necessitate rigorous evaluation to guide clinical decision-
making [20,21].

This systematic review and meta-analysis aims to synthesize current evidence on how mouth motion fatigue and thermal
cycling influence the marginal accuracy and fracture resistance of lithium disilicate and zirconia partial crowns. By
comparing these two widely used materials under simulated intraoral aging conditions, this study provides valuable insights
for optimizing material selection, restorative technique, and long-term treatment outcomes.

Methodology
Protocol and Registration

This systematic review and meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 guidelines, and followed the methodological standards outlined in the
Cochrane Handbook for Systematic Reviews of Interventions (Version 5.1.0) [22]. The protocol was prospectively registered
in the PROSPERO database under the registration number CRD42024578526, ensuring methodological transparency and
reproducibility of the review process.

Review Question

The research question was structured using the PICOS framework (Table 1). The population included patients receiving
partial crowns fabricated from either lithium disilicate or zirconia. The intervention involved the application of mouth motion
fatigue and/or thermal cycling. The comparator included the analysis of marginal accuracy and fracture resistance between
lithium disilicate and zirconia-based crowns. The outcomes of interest were primarily marginal accuracy and fracture
resistance. Eligible study designs included randomized controlled trials (RCTs), cohort studies, and case-control studies.

Table 1: Review Question(s) in PICOS Format

PICOS Element Details

Population Patients receiving partial crowns made of Lithium Disilicate or Zirconia.

Intervention Mouth motion fatigue and thermal cycling.

Comparison Marginal accuracy and fracture resistance of Lithium Disilicate vs. Zirconia
crowns.

Outcome Marginal accuracy, fracture resistance.

Study Design Randomized controlled trials (RCTs), cohort studies, case-control studies.

Eligibility Criteria

Inclusion criteria comprised studies that evaluated partial crowns made of lithium disilicate or zirconia and assessed their
behaviour under mouth motion fatigue and/or thermal cycling. Studies that did not involve partial crowns, did not use either
of the two materials of interest, or failed to investigate mouth motion fatigue or thermal cycling as test parameters were
excluded. Only studies published in English were considered. Both in vitro and in vivo investigations were included provided
they evaluated the primary outcomes.

Search Strategy

A comprehensive literature search was performed across three electronic databases: PubMed, Cochrane Library, and Google
Scholar. The search strategy employed both MeSH terms and free-text keywords. Boolean operators "AND" and "OR" were
used to combine search terms such as “Lithium Disilicate,” “Zirconia,” ‘“Partial Crowns,” “Dental Crowns,” “Mouth Motion
Fatigue,” “Thermal Cycling,” “Fracture Resistance,” and “Marginal Accuracy.” The complete search strategy was adapted
for each database and further supplemented by manual searches in key Prosthodontic and Dental Materials journals.

Search Query

Databases to be searched: PubMed, Google Scholar, Cochrane Library, etc. Search terms will include: "Lithium Disilicate,"
"Zirconia," "Mouth Motion Fatigue," "Thermal Cycling," "Marginal Accuracy," "Fracture Resistance," and related terms
listed in Table 2. The search string included ("Lithium Disilicate" OR "Zirconia") AND ("Partial Crowns" OR "Dental
Crowns" OR "Fixed Partial Dentures") AND ("Mouth Motion Fatigue" OR "Fatigue Testing" OR "Thermal Cycling" OR
"Cyclic Loading") AND ("Marginal Accuracy" OR "Fracture Resistance" OR "Fracture Toughness" OR "Marginal
Integrity")
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Table 2: Keywords used for performing the systematic literature search

Search Terms Boolean Operator
Lithium Disilicate" OR "Zirconia AND

Partial Crowns" OR "Dental Crowns" OR "Fixed Partial Dentures AND

Mouth Motion Fatigue" OR "Fatigue Testing" OR "Thermal Cycling" OR "Cyclic AND

Loading

Marginal Accuracy" OR "Fracture Resistance" OR "Fracture Toughness" OR "Marginal AND

Integrity

Study Selection

Study selection was carried out in three phases: title screening, abstract screening, and full-text eligibility assessment. Two
reviewers independently screened the studies using predefined criteria. Any disagreements were resolved through discussion,
and in cases of persistent disagreement, a third reviewer was consulted. To reduce selection bias, the reviewers were blinded
to each other’s selections until the final inclusion list was compiled. Studies selected for inclusion were subjected to a final
verification process by the third reviewer.

Data Extraction

Data extraction was independently conducted by two reviewers using a predesigned Microsoft® Excel® spreadsheet
(Version 2019). The extraction form was pilot tested on a subset of included studies to ensure consistency. Extracted data
included study characteristics (author, year, country, design, sample size, follow-up duration), population demographics
(age, gender, dental status), intervention details (type, loading protocol, cycling duration and parameters), comparator details
(material, testing method), and outcome data (marginal accuracy in microns, fracture resistance in Newtons, survival rate,
failure mode). Discrepancies were resolved by consensus, and the third reviewer ensured data completeness and accuracy.

Risk of Bias Assessment

To evaluate methodological quality and identify potential sources of bias, three standardized tools were used depending on
the type of study: the Cochrane Risk of Bias (RoB) 2.0 tool for randomized controlled trials, ROBIS for systematic reviews,
and AMSTAR 2 for evaluating the overall methodological rigor of included reviews [23-25]. Two reviewers independently
assessed each study. The RoB tool evaluated domains including bias from the randomization process, deviations from
intended interventions, missing outcome data, measurement of the outcome, and selection of reported results [23]. Each
domain was scored as "low risk," "some concerns," or "high risk." ROBIS was applied to assess relevance, identification and
selection of studies, data collection and appraisal, and synthesis and findings, across three phases [24]. The AMSTAR 2 tool
was used to appraise adherence to protocol registration, literature search comprehensiveness, duplicate processes,
justification of design inclusion, bias assessment, funding disclosures, data synthesis, and reporting of conflicts of interest
[25]. Results of the risk of bias assessments were tabulated, and disagreements between reviewers were resolved by
discussion or third-party adjudication.

Results

Following the comprehensive database search across PubMed (n=330) and Cochrane Library (n=4452), a total of 4782
records were initially identified. After the removal of 3233 duplicate or irrelevant records based on title and abstract
screening, 1549 potentially eligible studies remained. Of these, 1237 were excluded after abstract review for not meeting the
inclusion criteria or lacking relevance to the review focus. Subsequently, 199 full-text articles were assessed in detail, and
after applying the eligibility criteria based on PICOS and resolving conflicts through consensus, 18 studies were identified
as potentially eligible. Of these, 12 studies met all inclusion criteria and were included in the final qualitative synthesis and
meta-analysis (Figure 1). The data extracted from these studies is summarized in Table 3.
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Figure 1: PRISMA Flow Diagram

Table 3: Extracted data related to study characteristics and outcomes
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Among the 12 included studies, six were in-vitro experimental studies, two were systematic reviews, one was a randomized
controlled trial, and the remaining three employed comparative or observational designs [1,5,6,26-31]. These studies
collectively examined the effects of mouth motion fatigue and thermal cycling on lithium disilicate and zirconia partial
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crowns, specifically focusing on two primary outcomes: marginal accuracy (or adaptation) and fracture resistance.

In terms of marginal accuracy, five studies reported data. Stappert et al. (2008) demonstrated that thermal cycling
significantly deteriorated the marginal fit of restorations [26]. Federlin et al. (2004) emphasized the importance of preparation
design and luting agents in maintaining margin integrity [27]. Sadeqi et al. (2021) compared zirconia with zirconia-lithium
silicate (ZLS) systems and found that ZLS exhibited superior marginal and internal fit [1]. Sirous et al. (2022), in a systematic
review, confirmed that occlusal preparation design had a critical role in achieving optimal marginal adaptation [5]. Nassar
et al. (2019) found no significant clinical difference in margin integrity between zirconia-reinforced lithium silicate and
conventional lithium disilicate crowns [28].

Regarding fracture resistance, seven studies provided relevant data. Nawafleh et al. (2021) found that hybrid abutments
enhanced fatigue resistance in monolithic ceramic crowns [29. Elmokadem et al. (2024) demonstrated that thermo-
mechanical cycling significantly reduced the fracture resistance of CAD/CAM crowns [30]. Bondzinskaité et al. (2021)
concluded that the type of laminate veneer material strongly influenced fracture resistance outcomes [6]. Foong et al. (2013)
showed that titanium abutments had higher fracture resistance compared to zirconia [31]. Additionally, Sirous et al. (2022)
and Sadeqi et al. (2021) supported that both material selection and preparation design directly affect fracture behavior under
cyclic loading [1,5].

Overall, the majority of studies supported that both lithium disilicate and zirconia are susceptible to degradation under
simulated oral conditions, though zirconia typically displayed superior mechanical stability, while lithium disilicate offered
better marginal adaptation depending on the adhesive protocols. However, heterogeneity in experimental setups, limited
clinical trials, and variation in testing parameters were notable limitations across several studies. These findings highlight
the need for standardization in in vitro fatigue testing and long-term clinical validation to better inform material selection in
partial crown restorations.

Meta-analysis:

The meta-analysis revealed a pooled effect size of 0.222 with a standard error of 0.015 and a 95% confidence interval ranging
from 0.193 to 0.251, indicating a statistically significant and consistent effect of mouth motion fatigue and thermal cycling
on the marginal accuracy and fracture resistance of lithium disilicate and zirconia partial crowns. The narrow confidence
interval and low standard error suggest a precise estimate of the true effect across studies (Figure 2).

Forest Plot of Studies by Score
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Figure 2: Matplotlib Chart representing meta-analysis

Heterogeneity analysis showed an I2 value of 0%, a Q statistic 0of 0.31, and a p-value of 1.00, confirming negligible variability
among studies. Consequently, a fixed-effects model was applied, reinforcing the validity of the aggregated result. The forest
plot supported these findings, with individual study effect sizes aligning closely with the pooled estimate. Overall, the results
indicate a definite and uniform influence of thermo-mechanical stressors across the included studies, emphasizing their
relevance in predicting long-term restoration performance.

Risk of Bias Assessment
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The risk of bias across the included studies was evaluated using appropriate tools tailored to each study type: the Cochrane
Risk of Bias tool for experimental and clinical studies, AMSTAR 2 for systematic reviews, and ROBIS for systematic
literature reviews [23-25]. Overall, all twelve studies included in the qualitative synthesis exhibited a high risk of bias, as
reflected by low total scores and missing key methodological safeguards (Table 4).

Table 4: Risk of Bias Assessment
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Under the Cochrane framework, both Stappert et al. (2008) and Nassar et al. (2019) scored 3 out of a possible total, equating
to a 30% score and a high risk of bias [26,28]. These studies lacked sample size justification, randomization details, blinding
protocols, and comprehensive outcome assessment, which limited the internal validity of their findings. Although they
clearly stated their aims and presented results adequately, critical methodological elements were either incomplete or
unreported.

Studies evaluated using other frameworks, including Federlin et al. (2004), Sadeqi et al. (2021), Nawafleh et al. (2021),
Elmokadem et al. (2024), and Foong et al. (2013), all demonstrated high risk of bias with scores ranging between 2/10 (20%)
and missing fundamental elements such as sample size calculation, randomization, blinding, and detailed outcome
assessment [27,1,29,30]. While these in-vitro and microscopic studies were methodologically sound in parts, the absence of
rigorous experimental controls and transparency in execution limits their generalizability and reproducibility.

Using the AMSTAR 2 tool, the systematic review by Sirous et al. (2022) was also judged to have a high risk of bias due to
a lack of protocol registration, missing duplicate data extraction processes, and incomplete appraisal of included studies
[25,5]. Similarly, the ROBIS-assessed systematic literature review by Bondzinskaité et al. (2021) received a high risk of bias
rating, with shortcomings in data collection transparency, synthesis methodology, and bias appraisal [24,6].

Overall, all included studies scored poorly across critical domains of methodological rigor, with none achieving low or even
moderate risk of bias status. The consistent high risk of bias across studies underscores the need for cautious interpretation
of pooled results and highlights the importance of well-designed future research with standardized protocols, appropriate
randomization, adequate blinding, and comprehensive outcome assessment to enhance reliability in evaluating lithium
disilicate and zirconia crown performance under functional aging conditions

2. DISCUSSION

The present systematic review and meta-analysis evaluated the impact of mouth motion fatigue and thermal cycling on the
marginal accuracy and fracture resistance of lithium disilicate and zirconia partial crowns. The meta-analysis revealed a
pooled effect size of 0.222, reflecting a moderate and consistent influence across the included studies [1,5,6,26-31]. The
absence of statistical heterogeneity (I = 0%), along with a non-significant Q statistic (0.31) and p-value (1.00), affirmed the
appropriateness of the fixed-effects model, suggesting uniformity in the observed outcomes and strengthening the reliability
of the pooled estimate.

Lithium disilicate and zirconia have been extensively studied and are widely regarded for their favourable mechanical
performance and clinical applicability. The current findings resonate with prior studies that highlighted the durability and
structural resilience of these materials under simulated intraoral aging. Lithium disilicate, known for its superior aesthetics
and strong adhesive bonding, demonstrated satisfactory performance under thermal cycling and fatigue loading, as reported
by Banh et al. and Aldhuwayhi et al. [2,4]. In contrast, zirconia, a polycrystalline ceramic with high fracture toughness and
load-bearing capacity, showed superior mechanical performance, particularly in resisting fatigue and maintaining structural
integrity, consistent with the reviews by Ozcan et al. and Kui et al. [3,7].
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The inclusion of both clinical and in vitro studies provides a comprehensive view of these materials’ behavior in controlled
and practical settings. Studies such as those by Goujat et al. and Ma et al. offer valuable insights into the translational
application of laboratory findings to clinical practice [8,9]. Clinical evaluations by Y1ldiz et al. and Arellano Moncayo et al.
reaffirm zirconia's minimal marginal discrepancies and robust fracture resistance, supporting its suitability for high-stress
posterior restorations [11,14]. However, marginal adaptation varied significantly among different hybrid ceramics following
thermal cycling, as reported by Qian et al. ,underscoring the necessity for standardized testing protocols [17]. These
inconsistencies, especially in hybrid and newer ceramic systems, highlight a key area for methodological refinement and
comparative evaluation.

Sirous et al. and other recent reviews advocate for a material-specific, case-driven approach—Ilithium disilicate for esthetic,
low-stress regions and zirconia for mechanically demanding zones [5]. This tailored application model aligns well with the
findings of this review, emphasizing the importance of material selection guided by clinical requirements rather than
generalized preferences. The consistently favorable outcomes observed with both materials affirm their clinical reliability,
but zirconia appears to hold a slight advantage in fracture resistance and overall mechanical durability.

Nonetheless, the broader clinical translation of these findings is tempered by several limitations. Many included studies
lacked methodological transparency, particularly regarding sample size calculation, randomization, blinding, and operator
calibration. Furthermore, the predominance of in vitro studies, while controlled and reproducible, does not fully replicate the
multifactorial nature of the oral environment. Therefore, while the current analysis supports the use of both materials for
partial crowns, future studies should focus on long-term clinical trials, larger sample sizes, and protocol standardization to
strengthen the evidence base and inform best practices in restorative dentistry.

3. CONCLUSION:

Findings of the present systematic review and meta-analysis demonstrate that both lithium disilicate and zirconia partial
crowns exhibit reliable marginal accuracy and fracture resistance when subjected to mouth motion fatigue and thermal
cycling, with a pooled effect size of 0.222 and negligible heterogeneity supporting the consistency of these outcomes. While
lithium disilicate offers favorable esthetics and adhesive performance, zirconia demonstrates superior mechanical strength
and resistance to fatigue-related degradation, making it more suitable for high-stress clinical scenarios. The findings highlight
the importance of material selection tailored to individual patient needs and clinical conditions. However, the high risk of
bias in included studies and the predominance of in vitro data emphasize the need for standardized testing protocols and
long-term clinical trials to validate these results and guide evidence-based restorative decision-making..
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