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Abstract  
 

  
The rise of quantum computing threatens blockchain security as traditional cryptographic schemes become 
vulnerable. Lattice-based cryptography has emerged as a promising quantum-resistant solution. This 
systematic literature review uniquely provides an in-depth, blockchain-specific analysis of lattice-based 
cryptographic integration challenges. Following PRISMA guidelines, we analyzed 48 studies published 
between 2017-2025 from major academic databases. Unlike previous reviews that broadly examine post-
quantum cryptography, we identify critical blockchain-specific implementation barriers, performance 
bottlenecks, and standardization gaps. Key challenges include computational overhead, protocol 
compatibility, and the need for lightweight cryptographic standards. Despite these challenges, lattice-
based cryptography demonstrates significant potential for enhancing blockchain security in the quantum 
era. Our findings provide actionable insights for blockchain developers transitioning to post-quantum 
standards, emphasizing optimization requirements and interoperability with existing systems. 
 

 
Keywords: lattice-based cryptography, blockchain security, post-quantum cryptography, quantum-
resistant algorithms, cryptographic integration. 

Introduction 
The rapid advancement of quantum computing poses a fundamental threat to the cryptographic foundations 
of blockchain technology. Traditional public-key cryptosystems, such as RSA and elliptic curve 
cryptography (ECC), rely on mathematical problems like integer factorization and discrete logarithms, 
which are vulnerable to quantum algorithms, most notably Shor’s algorithm (Yang, 2024; Shor, 1994). As 
quantum computing capabilities grow, blockchain networks must transition to quantum-resistant 
cryptographic solutions to safeguard the security and integrity of decentralized systems in the post-quantum 
era. 
 
Lattice-based cryptography has emerged as a leading candidate for post-quantum security due to its strong 
resistance to quantum attacks. Rooted in computationally hard problems such as the Shortest Vector 
Problem (SVP) and Learning With Errors (LWE), lattice-based cryptographic schemes have demonstrated 
significant promise in both theory and practice (Regev, 2005; Peikert, 2016). These schemes offer viable 
alternatives to traditional cryptographic systems, but their integration into blockchain protocols introduces 
a range of technical and practical challenges, including computational efficiency, scalability, and 
compatibility with existing blockchain frameworks. 
 
This study systematically reviews lattice-based cryptographic approaches for blockchain security, 
addressing significant gaps in prior research. While existing reviews (Fernández-Caramés & Fraga-Lamas, 



Issues in Information Systems 
Volume 26, Issue 4, pp. 443-461, 2025 

 
 

444 
 

2024; Peikert, 2016) examine post-quantum cryptography broadly or focus on theoretical foundations, they 
fail to provide the blockchain-specific implementation analysis crucial for real-world adoption. Our review 
distinguishes itself by exclusively analyzing the practical challenges of integrating lattice-based 
cryptography into blockchain protocols, identifying adoption barriers specific to distributed ledger 
architectures, and proposing tailored solutions for the post-quantum transition in decentralized systems. 
 
The remainder of this paper is organized as follows. The methodology employed for conducting this 
systematic review is outlined next, detailing the search strategy, inclusion and exclusion criteria, and data 
extraction process. This is followed by a presentation of the results, organized according to the conceptual 
framework's dimensions: technical characteristics, implementation aspects, and performance metrics. The 
subsequent section discusses the findings, identifying key challenges and opportunities in integrating 
lattice-based cryptography into blockchain systems. Finally, the paper concludes by summarizing key 
findings, identifying research gaps, and suggesting directions for future work in the field of quantum-
resistant blockchain security. 
 
This review is guided by the following research questions: 

• RQ1. What are the primary lattice-based cryptographic algorithms proposed for blockchain security 
in the post-quantum era? 

• RQ2. How do these algorithms perform in terms of computational efficiency, scalability, and 
security resilience? 

• RQ3. What challenges are associated with integrating lattice-based cryptographic algorithms into 
existing blockchain protocols, and how can these challenges be addressed? 

Conceptual framework 
Our analysis is structured around a comprehensive framework inspired by Ngai et al. (2011), which 
organizes systematic literature reviews into input, process, and output dimensions. Adapted specifically to 
the context of lattice-based cryptography in blockchain systems, this framework guides our evaluation by 
examining three core dimensions. As shown in Figure 1, the Input-Process-Output model begins with Input, 
encompassing technical characteristics such as algorithm design, cryptographic primitives, and the 
underlying security properties of post-quantum schemes. The Process dimension focuses on 
implementation aspects, including protocol integration, resource demands, and compatibility with existing 
blockchain infrastructures. Finally, the Output dimension captures performance-related metrics such as 
computational efficiency, scalability, and security resilience. This structured framework enables a holistic 
assessment of the practical viability, integration challenges, and performance implications of lattice-based 
cryptographic solutions for securing blockchain networks in the post-quantum era. 
networks in the post-quantum era. 
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Figure 1: Conceptual Framework for Evaluating Lattice-Based Cryptography in Blockchain 
 

This framework enables a systematic evaluation of lattice-based cryptographic approaches and identifies 
key challenges and opportunities in their blockchain implementation. This framework will later structure 
research themes. 

Methodology 
This systematic review employs a structured approach to assess lattice-based cryptographic algorithms in 
the context of post-quantum blockchain security. The methodology is divided into subsections, each 
detailing the procedures used in this review. Additionally, four quality criteria (QC1, QC2, QC3, QC4) are 
applied to ensure the rigor and relevance of the studies selected. 

Search Strategy 
We conducted systemetic searches across IEEE Xplore, SpringerLink, and ACM Digital Library for articles 
published between 2017-2025 using keywords including "lattice-based cryptography," "post-quantum 
cryptography," "blockchain security," "quantum-resistant algorithms," and specific cryptographic. 

Inclusion and Exclusion Criteria 
Studies were included if they met the following criteria: 

• IC1. Peer-reviewed research on lattice-based cryptographic algorithms or post-quantum 
cryptography 

• IC2. Discussions on applying these algorithms to blockchain security 
• IC3. Evaluation of performance characteristics such as efficiency, scalability, or security resilience 

against quantum attacks 
• IC4. Publication between 2017 and 2025 

Study Selection Process 
The study selection process followed a three-step procedure: (1) screening titles and abstracts for relevance, 
(2) full-text review based on inclusion criteria, and (3) quality assessment of methodology and relevance to 
blockchain security. In addition to these steps, studies were evaluated based on four quality criteria: 

QC1. Are the research objectives clearly defined? 
QC2. Are the algorithms' performance and applicability evaluated? 
QC3. Are the results robust and reproducible? 
QC4. Are the challenges of implementation discussed? 

Each article was scored on a scale of 1 to 4 for each quality criterion, with a maximum total score of 4 
points. Only studies that scored ≥ 3.0 points were selected for inclusion. This ensured that each study met 
a high standard of relevance and rigor.  

Data Extraction and Outcome Measures 
Data extraction was performed using a standardized form to ensure consistency. The extracted data included 
algorithm details (e.g., NTRU, Kyber, Dilithium), key sizes, cryptographic primitives used, performance 
metrics such as encryption/decryption speed and resource requirements, scalability metrics (such as 
handling increasing blockchain participants), and security resilience against quantum attacks. Additionally, 
challenges related to implementing these algorithms into blockchain systems, including issues like latency, 
interoperability, and key management, were also captured. 
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Data Analysis and Quality Appraisal 
We employed qualitative synthesis to summarize key trends, challenges, and research gaps across studies. 
A comparative analysis table presented findings on computational efficiency, scalability, and security of 
reviewed algorithms. Studies were categorized as theoretical analyses, experimental evaluations, or hybrid 
approaches. Quality appraisal used four criteria (QC1–QC4) to assess research design rigor, algorithm 
evaluation, result robustness, and implementation challenges. High-impact studies contributing 
significantly to post-quantum blockchain security were prioritized, with the process highlighting critical 
gaps like limited real-world testing.  

Results  
The PRISMA flowchart in Figure 2 details the results of applying the search strategy. A total of 118 records 
were identified from IEEE Xplore (48), SpringerLink (27), and ACM Digital Library (43). During the 
screening phase, duplicate records were removed, and the remaining 111 studies underwent title and 
abstract screening based on predefined inclusion and exclusion criteria. Of these, 11 records were excluded 
for not being relevant to lattice-based cryptography and blockchain security, obtaining 100 articles. With 
this manageable number, we proceeded to read the articles, obtaining 59 articles. With a more exhaustive 
review, we reduce the list to 56 to which we apply quality criteria. As a result, a final set of 48 articles was 
included for detailed analysis.  

Figure 2: PRISMA flowchart 

Technical Foundations 
Analysis of cryptographic approaches revealed that 68% of studies utilized Learning With Errors (LWE)-
based constructions (e.g., CRYSTALS-Kyber, Dilithium), while 32% employed Shortest Vector Problem 
(SVP) variants like NTRU. This distribution reflects the NIST Post-Quantum Cryptography 
Standardization Project's emphasis on LWE schemes (Chen et al., 2016). Notably, algorithm designs 
exhibited fundamental trade-offs: module lattice implementations demonstrated 15-30% faster key 
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generation than ring-based alternatives (Ducas et al., 2018), but required 2-3× larger key storage - a critical 
constraint for IoT-blockchain applications (Bagchi et al., 2023). 

Implementation Barriers 
Three key challenges emerged during synthesis of implementation studies: 

• Protocol Integration: Modifying existing blockchain architectures (e.g., Bitcoin's SegWit, 
Ethereum's EVM) to accommodate lattice-based operations necessitated fundamental changes to 
transaction validation logic (Li & Wu, 2021). 

• Resource Demands: Comparative analyses showed lattice signatures increased memory 
requirements by 4-10× compared to ECC (Fernández-Caramés & Fraga-Lamas, 2020), with 
particularly severe impacts on lightweight nodes. 

• Cross-Chain Compatibility: No studies proposed standardized approaches for post-quantum secure 
cross-chain communication, creating interoperability risks (Harris, 2023). These findings directly 
address research question RQ3 regarding integration challenges. 

Performance Outcomes 
Evaluation metrics clustered into three dimensions: 

• Computational Efficiency: Kyber demonstrated superior throughput (1,200 TPS) but required 
hardware acceleration for sub-100ms latency (Sharma & Mishra, 2021). 

• Scalability: 78% of studies identified key sizes ≥10KB as the primary bottleneck for decentralized 
networks (Yang et al., 2024). 

• Security Assurance: All analyzed schemes resisted known quantum attacks, though 12% exhibited 
potential side-channel vulnerabilities (Schärer & Comuzzi, 2023). 

Research Gaps Synthesis 
Our systematic analysis reveals six fundamental challenges limiting lattice-based cryptography adoption in 
blockchain ecosystems. These gaps are organized through the Input-Process-Output framework (Ngai et 
al., 2011), with Table 2 quantifying their prevalence and Figure 2 mapping their relationships. 

Technical Characteristics (Input): 
The computational intensity of lattice algorithms creates deployment barriers, with Kyber and Dilithium 
requiring 3.8× more processing cycles than ECC for equivalent security levels (Ducas et al., 2018). As 
shown in Table 2, 89% of IoT-focused studies identified memory constraints as critical, particularly for 
devices with <1MB RAM (Bagchi et al., 2023). The mathematical complexity of lattice-based schemes 
introduces significant implementation challenges, as developers must correctly manage parameters that 
directly impact both security and performance. Concurrently, the evolving quantum threat landscape 
demands continuous vigilance, as our review found 17% of analyzed schemes required patches for hybrid 
quantum-classical vulnerabilities within two years of publication (Wei et al., 2020). 

Implementation Aspects (Process): 
Protocol integration challenges manifest most acutely in three dimensions: First, lattice-based transactions 
increase Bitcoin's block validation time by 22.4±3.1% (Li & Wu, 2021). Second, Ethereum's gas model 
becomes economically unsustainable for complex lattice operations, with smart contract costs rising 5-7× 
(Fernández-Caramés & Fraga-Lamas, 2020). Third, the complete absence of cross-chain standards (Harris, 
2023) threatens to fragment post-quantum blockchain ecosystems, as visualized in Figure 2's 
interoperability gap analysis. These integration issues are compounded by significant knowledge gaps 
among developers—76% of studies noted insufficient expertise in both advanced cryptography and 
blockchain architectures as a major implementation barrier. 
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Performance Metrics (Output): 
Performance limitations span three critical areas: First, computational efficiency remains problematic, with 
lattice operations requiring 4-10× more memory than ECC implementations (Sharma & Mishra, 2021). 
Second, scalability is severely constrained, as 78% of studies identified key sizes ≥10KB as the primary 
bottleneck for decentralized networks (Yang et al., 2024). Third, security resilience assessments reveal 
concerning gaps, with 12% of studies identifying potential side-channel vulnerabilities in lattice 
implementations (Schärer & Comuzzi, 2023). Current assessment frameworks fail to account for 
blockchain-specific attack vectors, such as transaction malleability and consensus manipulation. Real-
world validation remains exceptionally scarce, with only 8.3% of studies testing implementations on live 
networks. This testing deficit exacerbates standardization challenges, where NIST's PQC standards lack 
blockchain-specific parameters for key rotation and signature aggregation (Chen et al., 2016).  

Table 2 prioritizes these gaps by academic attention, while Figure 2 visualizes the interdependencies 
between these challenges across the technical, implementation, and performance dimensions. 

Table 2: Quantified Research Gaps (n=48 studies) 
Gap Category Prevalence Key Limitation Supporting Evidence 

Computational 
Overhead 89% (43/48) High processing cycles (3.8× ECC) and memory 

demands (2-3× larger keys) limit IoT/edge adoption. 
Ducas et al. (2018), Bagchi et 
al. (2023) 

Protocol Compatibility 76% (36/48) Conflicts with legacy blockchain architectures (e.g., 
Bitcoin SegWit, Ethereum EVM). 

Li & Wu (2021), Fernández-
Caramés & Fraga-Lamas 
(2020) 

Real-World Testing 12% (6/48) Only 4/48 studies tested on live networks; lack of 
benchmarking standards. Yang et al. (2024) 

Interoperability 68% (33/48) No cross-chain standards for post-quantum secure 
communication. Harris (2023) 

Side-Channel 
Vulnerabilities 17% (8/48) Patches required for hybrid quantum-classical attacks. Wei et al. (2020), Schärer & 

Comuzzi (2023) 

Standardization Gaps 94% (45/48) NIST PQC lacks blockchain-specific parameters (key 
rotation, aggregation). Chen et al. (2016) 

 
This synthesis demonstrates how technical limitations (Input) propagate through implementation (Process) 
to create measurable performance deficits (Output). The quantified gaps in Table 2 and their causal 
relationships in Figure 3 provide evidence-based foundation for prioritizing research themes in the 
subsequent agenda 
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Figure 3: Gap Interdependencies in Lattice-Based Cryptography for Blockchain 

Research Agenda 
Building upon our systematic literature review of lattice-based blockchain cryptography, we propose a 
comprehensive research agenda to address the identified gaps in current knowledge. This agenda emerges 
directly from our conceptual framework's Input-Process-Output dimensions and offers a structured pathway 
for future investigations. We organize the agenda across seven core themes with corresponding sub-themes 
and specific research questions, addressing both theoretical and practical challenges in integrating lattice-
based cryptographic solutions into blockchain architectures. 
 
Our systematic identification of gaps in the literature revealed significant opportunities for advancement 
across multiple dimensions. As illustrated in Figure 4 and detailed in Table 3, the proposed research agenda 
comprises 4 core themes, 8 sub-themes, and 12 specific research questions, providing a roadmap for 
researchers and practitioners seeking to advance quantum-resistant blockchain technologies. Each theme 
addresses critical barriers to adoption identified in our review and corresponds to specific elements of our 
conceptual framework. 
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Figure 4: Research Agenda for Quantum-Resistant Blockchain Technologies 

Lightweight Cryptographic Standards 
Lattice-based cryptographic schemes such as CRYSTALS-Kyber and Dilithium are computationally 
intensive and require larger key sizes compared to classical algorithms. Specifically, they demand up to 
3.8× more processing cycles and 3–5× larger key sizes than ECC, posing significant challenges for 
deployment in resource-constrained environments such as IoT and mobile edge devices (Ducas et al., 2018; 
Bagchi et al., 2023). These limitations necessitate algorithmic refinements and lightweight implementations 
that maintain security guarantees while reducing computational overhead. 

Research Questions 

• RQ1.1: What parameter optimizations to CRYSTALS-Kyber can reduce key sizes while 
maintaining adequate security margins for blockchain applications? 

• RQ1.2: How can compressed representation techniques for lattice-based signatures minimize 
transaction size overhead in blockchain networks? 

• RQ1.3: What are the minimum viable security parameters for different classes of blockchain 
applications (e.g., DeFi vs. supply chain tracking)? 

Protocol Compatibility and Integration 
Integrating lattice-based cryptography into existing blockchain protocols like Bitcoin and Ethereum 
involves significant architectural modifications. For instance, studies show that lattice-based cryptographic 
operations increase Bitcoin block validation time by over 22% (Li & Wu, 2021). Additionally, Ethereum's 
EVM and smart contract architecture are not optimized for handling large cryptographic payloads. 
Developing hybrid cryptographic models and soft-fork pathways can facilitate smoother transitions. 

Research Questions 

• RQ2.1: What specific modifications to Bitcoin's SegWit framework are required to support lattice-
based signatures while maintaining backward compatibility? 

• RQ2.2: How must Ethereum's EVM be redesigned to efficiently handle lattice-based operations in 
smart contracts? 

• RQ2.3: What hybrid signature schemes combining classical and lattice-based approaches provide 
optimal security and efficiency during transition periods? 

Real-World Testing and Deployment 
A critical gap identified is the limited real-world testing of lattice-based cryptographic solutions in 
operational blockchain environments. Only 8.3% of studies included deployment trials, underscoring the 
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need for standardized benchmarking and robust security evaluations. Developing testbeds and performance 
suites is essential to validate scalability and resilience. 

Research Questions 

• RQ4.1: What benchmark suite would provide fair comparison of lattice-based cryptographic 
schemes across different blockchain architectures? 

• RQ4.2: How can energy efficiency considerations be incorporated into benchmarking lattice-based 
blockchain implementations? 

• RQ4.3: What formal verification approaches can validate the security properties of lattice-based 
blockchain protocols? 

Regulatory and Standardization Efforts 
Standardization is vital to ensure consistent implementation of post-quantum blockchain protocols across 
jurisdictions. However, NIST's current PQC standards lack blockchain-specific parameters such as key 
rotation policies and signature aggregation mechanisms (Chen et al., 2016). Collaborative frameworks 
involving regulators, industry stakeholders, and open-source communities are necessary to establish robust 
compliance models. 

Research Questions 

• RQ7.1: What governance models ensure balanced representation of academic, industry, and 
regulatory stakeholders in post-quantum blockchain standard development? 

• RQ7.2: How can open-source communities effectively collaborate with formal standardization 
bodies on quantum-resistant blockchain protocols? 

• RQ7.3: What certification processes would provide meaningful assurance of quantum resistance 
without imposing excessive burdens on blockchain innovators? 

Research Priority Matrix 
To guide strategic research efforts, we present a research priority matrix in Table 3 that maps key research 
questions to specific themes, sub-themes, timeframes, stakeholders, and potential impact. This matrix 
serves as a decision-support tool for researchers, developers, and policymakers by identifying which 
research areas are most urgent, feasible, and impactful for the post-quantum blockchain transition. 
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Table 3. Research Priority Matrix for Lattice-Based Cryptography in Blockchain 

Theme Sub-theme Key RQ Primary Stakeholders Impact Potential 

Lightweight 
Standards 

Memory Efficiency RQ1.1, 
RQ1.2 

Cryptographers, IoT Consortium High 

Computational 
Acceleration 

RQ1.3 Hardware Vendors, Mining Pools Very High 

Protocol 
Integration 

Legacy Protocol 
Adaptation 

RQ2.1, 
RQ2.2 

Core Developer Teams, NIST Critical 

Transition 
Frameworks 

RQ2.3 Exchange Platforms, Wallet Developers High 

Real-World 
Deployment 

Benchmarking 
Methodologies 

RQ4.1, 
RQ4.2 

Enterprise Blockchain, Testing Firms Medium 

Security 
Assessment 

RQ4.3 Security Auditors, Bug Bounty Programs Critical 

Regulatory 
Standards 

Governance 
Models 

RQ7.1, 
RQ7.2 

NIST, ISO Committees, Industry Associations Medium 

Compliance 
Frameworks 

RQ7.3 Regulatory Bodies, Compliance Solutions High 

Implementation Strategy 
This research agenda outlines critical directions for advancing lattice-based cryptographic approaches to 
secure blockchain networks in the post-quantum era. By addressing the identified gaps, the field can 
develop robust, efficient, and standardized solutions that ensure the long-term viability of blockchain 
technologies. 
 
The agenda emphasizes the need for collaborative efforts between cryptographers, blockchain developers, 
and industry stakeholders to overcome the challenges of implementing lattice-based cryptography in 
blockchain systems. As quantum computing advances, addressing these research gaps becomes 
increasingly urgent for maintaining the security and integrity of decentralized systems. 
 
Future research should focus on four strategic priorities: (1) developing lightweight implementations that 
reduce the 3.8× computational overhead compared to ECC, (2) establishing standardization frameworks to 
address the 94% gap in blockchain-specific parameters, (3) conducting comprehensive real-world testing 
beyond the current 8.3% of studies, and (4) creating transition strategies that ensure backward compatibility 
with existing systems. The time to act is now; failure to address these challenges could leave blockchain 
networks vulnerable to quantum attacks, undermining trust in decentralized systems and hindering their 
potential to transform industries worldwide. 

Discussion 
The findings highlight the potential of lattice-based cryptography for securing blockchain networks in the 
post-quantum era. However, several challenges must be addressed to facilitate adoption. Computational 
overhead and large key sizes remain significant barriers, particularly for resource-constrained 
environments. Our analysis revealed that 89% of IoT-focused studies identified memory constraints as 
critical, especially for devices with <1MB RAM (Bagchi et al., 2023). The review demonstrates that lattice-
based cryptographic approaches vary widely in their performance, with some offering high-speed key 
generation and encryption, while others struggle with scalability and resource utilization. 
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Integration into existing blockchain protocols presents substantial challenges, as evidenced by lattice-based 
transactions increasing Bitcoin's block validation time by 22.4±3.1% (Li & Wu, 2021). Unexpectedly, our 
review found that even optimized lattice-based implementations still require 3.8× more processing cycles 
than ECC for equivalent security levels (Ducas et al., 2018), a more significant performance gap than 
suggested in theoretical analyses. This contradicts earlier projections that algorithm optimizations would 
narrow this performance differential. 
 
Protocol compatibility emerged as a more critical barrier than anticipated, with 76% of studies highlighting 
conflicts with legacy blockchain architectures. Unlike previous reviews that emphasized theoretical security 
strengths, our findings reveal practical implementation barriers as the primary obstacle to adoption. The 
absence of standardized cross-chain communication protocols for post-quantum secure transactions 
represents a critical gap not identified in previous literature. 
 
Theoretical implications of our findings suggest that the current mathematical foundations of lattice-based 
cryptography may require fundamental rethinking to better align with blockchain's distributed validation 
model. The trade-off between security margin and computational efficiency appears particularly acute in 
blockchain contexts compared to centralized systems analyzed in previous reviews. 
 
Future research should focus on developing lightweight cryptographic standards, optimizing algorithm 
performance for blockchain integration, and conducting large-scale real-world testing to validate scalability 
and security. Collaboration between cryptographers, blockchain developers, and industry stakeholders will 
be critical to advancing the field and ensuring the long-term viability of quantum-resistant blockchain 
systems. 

Conclusion 
Lattice-based cryptography shows considerable promise as a quantum-resistant solution for securing 
blockchain networks in the post-quantum era. This systematic review has identified key trends, challenges, 
and opportunities in the adoption of lattice-based cryptographic approaches for blockchain security. The 
findings reveal that lattice-based cryptography offers strong security guarantees against quantum attacks, 
but its integration into blockchain systems presents significant challenges, including computational 
overhead (3.8× more processing cycles than ECC) and protocol compatibility issues (affecting 76% of 
reviewed implementations). 
 
This review distinguishes itself from previous work by focusing specifically on blockchain integration 
challenges rather than broad post-quantum cryptography. Our analysis demonstrates that the blockchain 
context introduces unique constraints not adequately addressed in general PQC research, particularly 
regarding consensus mechanism compatibility and decentralized key management. 
 
Several limitations of this study should be acknowledged. First, the rapidly evolving nature of both quantum 
computing and blockchain technology means that some findings may quickly become outdated. Second, 
the limited number of real-world implementations (only 8.3% of studies) restricts the empirical foundation 
for some conclusions. Third, publication bias may have excluded negative results regarding lattice-based 
implementation attempts.We recommend prioritizing three immediate actions: (1) development of 
blockchain-specific parameter sets for NIST-standardized lattice-based algorithms by 2026, (2) creation of 
comprehensive real-world testing frameworks and benchmarking standards for lattice-based blockchain 
implementations by 2027, and (3) implementation of transitional hybrid cryptographic schemes for high-
value blockchain networks by the end of 2025. 
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The societal implications of this work extend beyond technical considerations. Failure to adequately prepare 
blockchain networks for quantum threats could undermine trust in critical financial, supply chain, and 
digital identity systems. Conversely, successful implementation of quantum-resistant blockchains will 
preserve the security of these increasingly essential infrastructures in a post-quantum world. 
 
This review contributes to the field by providing a comprehensive synthesis of the current state of lattice-
based cryptography for blockchain security, identifying key research gaps, and proposing actionable 
directions for future work. By addressing these gaps, researchers and practitioners can develop secure and 
efficient quantum-resistant blockchain systems, ensuring the continued growth and adoption of 
decentralized technologies in an era where quantum computing threatens traditional cryptographic 
foundations. 
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