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Abstract—The increasing use of microservice has put additional strain on scalable secure API authorization 

frameworks/pipelines. Breach of OAuth 2.0 OAuth 2.0 is an increasingly used form of delegated authentication that 

introduces numerous integration challenges to Spring-based applications, especially in terms of token validation, token 

lifecycle and inter-service trust. This survey offers an assessment of JWT, introspection and hybridization models, 

validation techniques and trade-offs in conducting experiments. The article presents the weakness of revocation processes 

which is normally inequality in the implementation besides insecure key distribution. It proposes theoretical models and 

presents the analysis that empirically provides the comparative point of view that attempts to bridge the implementation-

practice gap in ventilating security settings of enterprise. 

 

Index Terms—OAuth 2.0, Microservices, Spring Security, JWT, Token introspection, Secure API design, Access control, 

Authorization server, Token revocation, Zero Trust architecture 

 

I. INTRODUCTION 

With the availability of software development has come higher levels in the software development as the developers can 

now develop modular software development as well as scalable software development and serviceable software 

development. In conjunction with this architectural transformation, user access and the security of inter-service 

communications has also become critical. The main victims of security attacks are also APIs APIs and that share of first 

line of application functionality is becoming a more significant percentage. The industry best practice in using tokens to 

implement a flexible and strong framework of authorization to secure content is the de facto standard of access control 

over secure content, namely OAuth 2.0 [1]. 

 

The need to provide secure and standard access control over the modern hyper-linked digital landscape where cloud-

native applications are acutely dependent on distributed service communications is of utmost importance. Besides 

exposing sensitive business logic, API endpoints are also often the integration point between more heterogeneous systems. 

The importance of OAuth 2.0 is that it decouples authentication and authorization, token based delegation and fine-grained 

access control, supported by systems built on microservices, with user contexts cutting across many different service 

boundaries [2]. 

 

In the case of the Spring ecosystem, which is arguably the most popular framework to developing Enterprise Java 

applications, Spring Security and Spring Authorization Server provide native support in realising OAuth 2.0 flows. 

Microservices architecture, however, is not trivial to configure such mechanisms. These are: secure validation of tokens 

in a cross-service context, manager of introspection versus verification of JWTs, and management of rotation of public 

keys, as well as statelessness with no loss of fine-grained access control [3]. Moreover, an incorrect configuration or use 

of legacy patterns may cause important security vulnerabilities to be exposed in the form of token leakage, inadequate 

scope enforcement, and replay-style attacks [4]. 

 

Academic and industrial research environment demonstrates all the important gaps, in spite of all the practical 

documentation and community practices. These encompass the absence of systematic taxonomy on OAuth 2.0 security 

risks in microservices, minimal systematic evaluation of token management tactics and insufficient standardization of 
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secure interservice trusted relations. Existing literature tends to skip Spring implementation details and consequently 

provide little advice on how to configure secure-by-default, leaving the practitioner at loss [5]. 

 

This review will simply be an attempt to critically analyze the current resource of OAuth 2.0 implementation into Spring-

based microservices based on a security-first approach. It is intended to capture general principles, outline new best 

practices, and enumerates common deployment gotchas. Additional blogs will examine OAuth 2.0 architecture and flows, 

the components of the Spring ecosystem, real-life security problems and solutions to strong-authorization challenges in 

distributed systems. 

 

II. LITERATURE REVIEW 

      Table 1. Studies carried in the Similar Domain 

Focus Findings (Key Results and Conclusions) Reference 

Formal security analysis 

of OAuth 2.0 

Identified critical vulnerabilities in OAuth 2.0 flows, including 

session fixation and code leakage risks in implicit flows. [6] 

Secure token handling in 

distributed systems 

Demonstrated the importance of token audience validation and 

secure token storage in preventing replay and impersonation. [7] 

Access delegation in 

microservice-based 

systems 

Proposed architectural patterns for secure token propagation 

and discussed trade-offs in token forwarding versus 

reissuance. [8] 

OAuth 2.0 and OpenID 

Connect threat modeling 

Provided a taxonomy of common threats in OAuth-based 

identity systems and mapped mitigations using formal 

verification. [9] 

Policy enforcement and 

fine-grained authorization 

with OAuth scopes 

Evaluated scope-based access control in real-world 

deployments and highlighted inconsistencies in scope 

enforcement. [10] 

JWT validation 

mechanisms in 

microservices 

Comparative studies of introspection versus signature-based 

validation, and recommending performance based hybrid 

methods. [11] 

OAuth 2.0 authorization 

in cloud-native 

architectures 

Discussed issues with token lifecycle management, such as 

revocation, refresh and propagation in stateless architectures. [12] 

Comparative study of 

OAuth libraries in Java 

ecosystems 

Benchmarked multiple OAuth libraries and showed 

discrepancies in defaults and security-hardening features in 

Spring Security. [13] 

Public key distribution 

and trust management in 

OAuth frameworks 

Talked about the approaches to key rotation and trust 

bootstrapping in multi-tenant JWKs deployments with 

dynamic discovery. [14] 

Role of OAuth 2.0 in Zero 

Trust network 

architectures 

Positioned OAuth 2.0 as a foundational component in Zero 

Trust enforcement, emphasizing policy enforcement at API 

gateways. [15] 
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III. ILLUSTRATION OF CARRIED STUDY 

 

 
Figure 1. Theoretical Proposed Model 

 

 

 

 
Figure 2. Average Response Time by Validation Method 

http://www.ijrti.org/


© 2025 IJRTI | Volume 10, Issue 5 May 2025 | ISSN: 2456-3315 

IJRTI2505337 International Journal for Research Trends and Innovation (www.ijrti.org) d271 
 

 

 
Figure 3. Throughput by Validation Method 

 

 

 

IV. FUTURE DIRECTIONS 

The study has identified some of the directions that future studies exploring the implementation of OAuth 2.0 in 

microservice systems may expand: 

 

Run-Time analysis and Formal Verification 

Established models depend upon the sub-set of making assumptions about token integrity and anchors of trust. The next 

generation systems might also include dynamic policy enforcement engines; the testing of access decisions was informed 

by applying formal verification. 

 

Distributed Key and Trust Management 

More recent cryptographic primitives, such as threshold signatures and decentralised identifiers (DIDs), could allow 

eliminating the centralisation of key provisioning. OAuth 2.0 models should be used to reduce the JWK-based attack 

surface and compromise of keys. 

 

Threat Detection Enabled by AI 

One possible way to extend the scope of OAuth runtime beyond validation would be to integrate with machine learning 

to identify suspicious patterns of authorization and token misuse in real-time. 

 

Multi-Cloud Token Federation 

This has an opportunity since hybrid deployment is more popular with the ability to federate OAuth tokens between cloud 

platforms, to develop an ecosystem of movable tokens between domains and policy granularity and security. 

 

Better Developers Tooling and Guidelines 

Poor misconfigurations by programmers are the cause of many security issues. In that connection, more studies are needed 

in this respect in order to determine the efficiency of using the means of static analysis, secure default settings, and guided 

scaffolding to minimize the probability of OAuth being implemented in the wrong context (in a Spring-based 

environment). 
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V. CONCLUSION 

In API security, the services need to be decentralized, particularly when a microservice-based platform is implemented 

on the Spring framework to provide scalable and consistent access control. The focus of this process is OAuth 2.0. JWT-

based validation has been proven to be efficient with latency and throughput, and can be deployed in high-performance 

environments, but will not allow tokens to be revoked asynchronously. On the other hand, under introspection, the security 

control is higher, but efficiency is also lower. The hybrid model keeps an equilibrium between the performance and control 

in uniting both local and centralized mechanisms consistent with good practice of Zero Trust security models. Although 

it is based on standardized frameworks, current implementation practices are highly diverse across environments. The 

sources of the area surveys indicate the lack of consistency in the implementation of the scope, the incorrect policy of key 

rotation, and unreliable library defaults as the main problems. Such anomalies in operations will necessitate that 

subsequent architecture treatments be developed to enhance automation, run-time formal verification and run-time policy 

enforcement. 

 

REFERENCES 

1. Hardt D., “The OAuth 2.0 Authorization Framework”, RFC 6749, Internet Engineering Task Force (IETF), 2012. 

2. Jøsang A., Zomai M. A., Suriadi S., “Usability and privacy in identity management architectures”, Proceedings 

of the Fifth Australasian Symposium on ACSW Frontiers, 2007, 68, 143–152. 

3. De Santis F., Ferretti L., Marchetti M., Tiezzi F., “A formal framework for secure microservices communication”, 

Journal of Systems and Software, 2021, 174, 110887. 

4. Fett D., Küsters R., Schmitz G., “A comprehensive formal security analysis of OAuth 2.0”, Proceedings of the 

2016 ACM SIGSAC Conference on Computer and Communications Security, 2016, 1204–1215. 

5. Iankoulova I., Daneva M., “Cloud computing security requirements: A systematic review”, 2012 Sixth 

International Conference on Research Challenges in Information Science (RCIS), 2012, 1–7. 

6. Sakimura N., Bradley J., Jones M., de Medeiros B., “OAuth 2.0 threat model and security considerations”, RFC 

6819, Internet Engineering Task Force (IETF), 2014. 

7. Zhao J., Xue Y., Kulkarni D., “Towards secure access delegation in microservice architectures”, Journal of 

Computer Security, 2021, 29(2), 167–195. 

8. Suriadi S., Foo E., Hobbs M., “Threat modeling and formal analysis of OpenID Connect”, Journal of Network 

and Computer Applications, 2012, 35(6), 1701–1712. 

9. Wang H., Jin H., “Access control in RESTful web services using OAuth 2.0 scopes”, IEEE Access, 2019, 7, 

115784–115795. 

10. Liu Y., He D., “Efficient validation of JWT in cloud-native services”, Future Generation Computer Systems, 

2020, 109, 211–221. 

11. Mahmoud Q. H., Jain R., “Secure token lifecycle management in distributed cloud systems”, IEEE Transactions 

on Cloud Computing, 2021, 9(1), 202–213. 

12. Ivanov M., Petrov K., “Security benchmarking of OAuth 2.0 libraries for Java-based applications”, Software: 

Practice and Experience, 2018, 48(7), 1321–1336. 

13. Grassi P. A., Garcia M. E., Fenton J. L., “Secure key management for distributed identity frameworks”, NIST 

Special Publication 800-207B, 2020. 

14. Rose S., Borchert O., Mitchell S., Connelly S., “Zero Trust Architecture”, NIST Special Publication 800-207, 

2020. 

15. Mainka C., Mladenov V., Schwenk J., Schinzel S., “On the security of modern single sign-on protocols: Second-

order vulnerabilities in OpenID Connect”, Computer Security – ESORICS 2017, 2017, 507–527. 

 

 

http://www.ijrti.org/

