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ABSTRACT 

The new possibilities of blockchain technology are finding its way to provide a solution to long-standing issues with regards 

to the management of electronic health records (EHRs) specifically in relatively narrow areas where it is utilized, like 

maxillofacial surgery. This paper looks into the implementation of blockchain-powered patient record systems within the 

areas of dental care and maxillofacial treatment so that data integrity, enhanced security and best working functions can be 

achieved. Three multi-specialty dental hospitals located in India were chosen to pilot a permissioned blockchain 

architecture that would make use of patient case records, imaging, and surgical history. Blockchain adoption was compared 

in terms of access latency, record consistency, and administrative efficiency of the pre and post adoption stage of the 

system. Outcomes revealed evidences of 42 percent decrease in efficiency of retrieving information, significant decline in 

cases of unauthorized access, and enhanced teamwork across disciplines of dental care experts. This cross-functional study 

is an amalgamation of on-ground, audits of clinical data with system-level performance analytics, and shows the potential 

of blockchain to transform the sector of dental care by increasing confidence and performance within ecosystems.. 
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1. INTRODUCTION 

Information management in the healthcare sector has been changing dramatically in the last 20 years as the paper format 

of storing data as archival material has become a fully electronic health record (EHR) information system. Although these 

systems present some significant benefits in terms of accessibility and space economy, they have also presented some 

serious security issues pertaining to data, security leaks and general wastage of resources. The challenges are most 

significant in domains of clinical activity where the spectrum of datasets with patient records is the largest, e.g., 

maxillofacial surgery, where patient records are usually characterized by multiple datasets, such as radiographic imagery, 

surgical plans, histopathology, and follow-up. This multidimensional data does not only require a very safe management 

but also a fluent collaboration of the dental and medical sub-specialties in order to achieve the best results in patients 

outcome. It is recently reported that dental informatics infrastructure, especially in developing states is not well integrated 

and services are highly susceptible toward data manipulation and unauthorized access, which has medicolegal implications 

and a lack of patient confidence. Research has pointed out cases in which patient record mismanagement negatively 

affected series of interventions particularly, in sophisticated processes such as orthognathic interventions and implant 

rehabilitation implications. In addition, the traditional centralized databases have the problem of being vulnerable to alone 

points of failure which makes them attractive targets of ransomware attacks and malicious manipulations. Blockchain 

technology describes blockchain-based paradigm, which is decentral in nature and able to resist vulnerability due to 

cryptographic immutability. Through distributed consensus algorithms, blockchain technology can create tamper-evident 

records but can also be used to enable controlled access to any of the parties involved in the chain such as oral surgeons, 

prosthodontists, periodontists, and administrative people. Although much literature is being produced on the potential of 

blockchain in general healthcare, a gap can still be discerned regarding its specific application in the particular use of 

dentistry and more specifically applied to the area of the maxillofacial surgery, where there is an absolute need to retain 

surgical certainty and multidisciplinary information integrity. This paper aims to address this gap by doing a systematic 

assessment of the implementation of a permissioned blockchain framework that fits the workflow in maxillofacial 

surgeries. The study is dedicated to the evaluation of both technical measurements of the parameters, "latency, throughput, 

and auditability," and clinical-administrative effects e.g. an increase of scheduling, consent management, medico-legal 

transparency. With the help of this integrative research on three of the busiest dental care facilities in India, this paper will 

provide the empirical information on the ways in which the data security in the work of dental care facilities can be 

strengthened through the blockchain-based solutions along with the improvement in the efficiency of operating the dental 

care facilities. The paper finally has a fundamental basis on the construction of wider policies and standardization of 

technology in the protection of sensitive patient information in the dental sector. 

2. RELEATED WORKS 

The cross-section between blockchain technology and healthcare informatics has received growing academic concern 

within the last decade due to the need to have health records systems with adequate security, distributed, and interoperable 

data. In broad reviews, attention has been drawn to the promise of blockchain in outputting fundamental problems in fields 

of data tampering, patient history fragmentation, and administrative redundancies which are feature to the existing 

“electronic health record (EHR)” systems [1], [2]. Nevertheless, the majority of the available frameworks and test cases 

mostly focus on the general healthcare environment, whether it is a multi-specialty hospital or, on a national scale, health 

registry, and do not explore very far specialized areas such as dentistry and, to be more specific, maxillofacial surgery. Kuo 

et al. [3] pioneered the development of the blockchain-based healthcare information exchange, evident in the formulation 

of a blockchain framework in healthcare information exchange that promotes the use of smart contracts in the context of 

explicit permissions and auditability. Their research found out that the distributed ledger mechanisms may reduce 

undesirable encroachment of data change but still keep up with healthcare privacy norms. On the same note, Xia et al. [4] 

implemented blockchain in the management of “personal health records (PHR)”, which brought enormous potential to data 

ownership and data provenance tracing with no precise granular attention to surgical and dental fields. Within the context 

of dentistry, Sarmiento et al. [5] stressed the gaps in the state of the art regarding dental informatics that include uneven 

procedures in the maintenance of records in different clinics and the lack of reliable interoperability standards. Such 

deficiency is even more detrimental to the maxillofacial surgery where combined access to radiographs, CT scans and 

biopsy findings and operation notes are palatable. Kumar et al. [6] investigated the problem of blockchain applicability in 

orthodontic treatment documentation, informing that decentralized ledger could minimize unnecessary amounts of imaging 

requests and improve the process of cross-consultation. Nevertheless, they only focused on orthodontic data sets and did 

not apply on complicated oral surgical procedures. Greater technological subtlety studies by Esposito et al. [7] and Mettler 

[8] commented on the fact of using smart contracts to streamline the signing of consent forms and surgical authorizations. 

This is specially applicable in maxillofacial settings where multi-phased procedures- cleft reconstructions or TMJ 

arthroplasty- require repeated consents and multi-discipline approvals. Wang et al. [9] also provided an example of how 

the combination of a blockchain with “Internet of Things (IoT)” sensors might allow monitoring the data on the stability 

of implants in real-time enriching the patient records with dynamic perioperative parameters. However, the operational 

research of latency and throughput which is one of the key issues in real-time clinical settings has not been performed 
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extensively. Chukwu and Garg [10] investigated the blockchain scaling of imaging metadata in dental cone-beam CTs, 

referencing that although chain-based solutions provide security, care should be taken to the network latency so that it 

would not become a bottleneck in the case of high-demand image fetching. This is mirrored in the opinions expressed by 

Agbo et al. [11], who have warned that, on the one hand, blockchain systems may unintendedly create obstacles to clinical 

workflows rather than fuel their simplification. Another perspective that was peculiar to Dagher et al. [12] was the 

combination of blockchain with “attribute-based encryption (ABE)” in the strengthening of role-based access control. This 

strategy fits best in the operational matrix in maxillofacial departments since various data sets such as anesthetic plans v/s 

prosthodontic models need to be selectively distributed across the personnel. Nevertheless, empirical confirmations in real 

life scenes of maxillofacial surgery are scarce. Patel [13] gave an overall healthcare wash on cryptographic procedures in 

blockchain systems, but she lacked specifics of following security priorities in disciplines, e.g., protection of photographic 

records of pre- and post-surgical activities widely used in oral surgery lawsuits. In an even more modern study, Zhang et 

al. [14] showed a permissioned prototype of blockchain in three hospitals to manage oncology-related data, with positive 

results in terms of minimizing unnecessary testing and cutting-down administration fees. This cross-hospital orchestration 

is similar to the requirements of tertiary dental care networks which commonly transfer complex Maxillofacial cases either 

between specialties or between cities. Nonetheless, their schematic approach that focuses on oncology has not considered 

imaging enthusiast fields such as oral and maxillofacial surgery. Lastly, the necessity to incorporate the blockchain 

solutions into both the national and international health standards is noted in the literature as well. The study conducted by 

Shuaib et al. [15] paid attention to how the information could be exchanged easily using HL7 and FHIR protocols. That is 

especially important in case of dental offices who are trying to get an insurance reimbursement or need medico-legal 

defense which involves standardized data snapshots. On the whole, although the current body of research is very effective 

in describing the revolutionizing potential of blockchain in the field of general healthcare informatics, there is a noticeable 

gap in scientific findings on specifically how this technology can be used to transform the sphere of maxillofacial surgical 

records and multidisciplinary dentistry care. The challenges related to the combination of high-resolution imaging data, 

automation of the multi-step consent processes, and the reduction of operational latencies within the blockchain are less 

understood. This work is directly suitable to fill these gaps by developing, implementing and experimentally proving a 

blockchain course of action patient referral system in maxillofacial surgery sections of three major dental services, hence 

supplying specialized evidence in both dental informatics and healthcare blockchain writing. 

3. METHODOLOGY 

3.1 Research Design 

The work had a mixed-method, multi-center design incorporating quantitative assessment of clinical workflow integration 

and qualitative assessment of the clinical workflow. The aim of this endeavor sought to evaluate the impact that a 

permissioned blockchain-based patient record platform has on patient security, operational workflow and the coordination 

between departments in maxillofacial surgery departments. The research was carried out with the analysis both of 

retrospective and of prospective data during a 14 months period (including pre implementation and post implementation 

periods). The method is compliant with advice by Kumar et al. [16] to design digital health intervention on the basis of 

both timely and operational standards. 

3.2 Study Population and Clinical setting 

The study was done in three high-volume multi-specialty dental hospitals in India which were chosen according to the 

number of cases throughput, range of specializations, and already installed digital record systems. Their general 

characteristics are summarized in table 1. The sites had separate oral and maxillofacial surgical departments, orthodontics, 

prosthodontics, radiology departments. Patient records that were added to blockchain trials as inclusion criteria included 

cases with multi-staged treatment pathways, including orthognathic surgeries, cyst enucleations followed by prosthetic 

rehabilitation, and complex implant planning, according to Esposito et al. [17], who recommended that clinical focus be 

on interdisciplinary dental procedures. 

Table 1: Participating Hospital Characteristics 

Hospital 

Code 

Location Avg. Monthly Maxillofacial 

Cases 

Existing EHR 

Platform 

Typical Imaging 

Modalities 

DH1 Bengaluru 210 Dentrix Cloud Panoramic, CBCT 

DH2 Hyderabad 180 Custom SQL-Based Intraoral, Cephalometric 

DH3 Pune 195 OpenDental Panoramic, CT 
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3.3 System architecture of block chain 

A permissioned blockchain platform was designed; a Hyperledger Fabric 2.5 was chosen because of a modular design, 

flexibility of smart contracts, and the demonstrated patterns in healthcare-related projects [18]. Every hospital had peer 

nodes that served as the stored distributed ledgers to avoid single points of faliure. The access was facilitated by the 

cryptographic credentials having multi-factor authentication. Smart contracts regulated the main processes which are 

consent verification, uploading imaging, and cross-specialty referrals. In accordance with the methods provided by Dagher 

et al. [19], an “attribute-based encryption (ABE)” was introduced, allowing role-based data access, i.e., surgical plans and 

anesthesia notes were accessed by an oral surgeon, and implant alignment records were retrieved by prosthodontists. 

Table 2: Blockchain System Specifications 

Feature Configuration/ Parameters 

Framework Hyperledger Fabric 2.5 

Consensus Mechanism Practical Byzantine Fault Tolerance (PBFT) 

Node Deployment 3 Peer Nodes (1 per hospital), 2 Orderers 

Block Size 1 MB 

Smart Contracts (Chaincode) Written in Go for patient workflows 

Encryption Layers SHA-256 + ABE + TLS 

Average Block Commit Time ~1.8 sec (under 200 TPS load) 

3.4 Operational Metrics 

Its implementation occurs between January to December 2024. To evaluate quantitatively, the comparisons of pre and post-

blockchain information included: 

• The latency (ms) of data retrieval to access the full records of the patients and imaging. 

• Unauthorized access cases, audited by means of server logs. 

• Mean awaiting time with interdisciplinary case preparation (time between first surgical consultation and 

acceptance of multi-department treatment plan).  

Moreover, the throughput, delay of block confirmation, and the uptime of the nodes were measured by system logs based 

on the benchmarks that were proposed by Chukwu and Garg [20]. Staff adaptation was also recorded by means of clinical 

audits, including perceived increases in efficiency of scheduling and medico-legal documentation. 

3.5 Data Security and Data Integrity Checking 

Security verification included intentional anomaly injection: artificial copies of imaging files and tampered letters of 

consent were placed into sandboxes of the blockchain to ensure that smart contracts identify and decline them. Other 

anomaly-based tests were tested in oncology data systems by Zhang et al. [21]. In addition, integrity verification of SHA-

256 hash on randomly sampled patient records was carried out to ensure immutability. 

3.6 Statistical analysis 

Statistical procedures were performed according to the statistical guidelines of digital health performance as outlined by 

Patel et al: the quantitative differences between the pre and the post-implementation metrics were paired in terms of t-tests 

with a p-level of significance of <0.05. Thematic coding was used to analyze the qualitative perception of staff on 

operations. 

3.7 Ethics 

The approval of institutional ethics boards was made available by all participating hospitals. The hashing of patient 

identifiers was delivered by secure hash. Informed consent agreement was signed by staff and patients to take part in 

operational studies. Minor attention based on environmental aspects was only focused on digital energy audits based on 

the best practices stated by Agbo et al. [23]. 

4. RESULT AND ANALYSIS 

4.1 Latency and access efficiency of data retrieval 

Patient record system implemented on the basis of blockchain helped to reduce the latency of data retrieving significantly 

in three dental hospitals. The mean time taken to keep detailed patient records with imaging data sets and surgical notes 
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also declined by about 42% of what it was before the blockchain-based processes. This was especially seen in the area of 

interdisciplinary case preparations where the concurrent access by the maxillofacial surgeons, prosthodontists and 

radiologists also caused the database bottlenecks. 

Table 3: Data Retrieval Latency Before and After Blockchain Implementation 

Hospital Pre-Implementation Avg. 

Latency (ms) 

Post-Implementation Avg. 

Latency (ms) 

% 

Reduction 

DH1 985 556 43.6% 

DH2 1040 601 42.2% 

DH3 920 528 42.6% 

The same latency performance across the nodes highlights the performance resilience of the distributed ledger in supporting 

multiple requests simultaneously and not sacrificing the latency performance both during pulses and peaking clinical 

workloads. 

4.2 Abuse and Data Integrity 

The examination of the server and access logs during the 12 months came to discover that the incidents of unauthorized 

access had reduced significantly since the implementation of the blockchain. Before the implementation, the three hospitals 

reported occasional cases of unauthorized data queries by administrative personnel that is not part of their scope and this 

is mainly due to outdated access controls, which were not fine-grained enough in legacy systems. After the incorporation 

of role-based smart contracts and attribute-based encryption, there were no such cases at all. 

 

Figure 1: Blockchain Enabled Healthcare System [24] 

4.3 Preparation and Case Coordination 

There was a 28% reduction in time (between initial surgical consultation and finalized multidisciplinary treatment plans) 

indicating an optimized cross-specialty coordination. The latter has been accredited to the distributed but coordinated 

availability of imaging, consent forms and surgical templates. The major advantage of the units was in planning 

orthognathic and reconstructive cases that needed iterative interaction with the orthodontists and the prosthetic teams, 

which were especially supplying maxillofacial units. 
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Figure 2: Blockchain based HER [25] 

Table 4: Interdisciplinary Case Preparation Time (Days) 

Hospital Pre-Implementation Post-Implementation % Reduction 

DH1 14.5 10.3 28.9% 

DH2 13.8 9.7 29.7% 

DH3 14.2 10.1 28.9% 

4.4 Staff Adaptation and Workflow Perceptions Observations 

The clinical and administrative staff qualitative feedback showed more confidence with record immutability and 

compliance with medico-legal imperatives. Survey of the staffs saw that smart contract driven consent workflow minimized 

the manual paper loads, and the immutable log of events in real-time improved the transparency, particularly the 

documentation of complex maxillofacial procedures in billing and insurance. 

4.5 Hotspot Information of Performance Monitoring 

Performance dashboard can display maintenance of similar block confirmation times across changes in transaction loads 

and average block commit latency of 1.8 seconds across the network to verify that imaging file hashes of any size did not 

impose noticeable delays. Meanwhile, peer nodes spatial monitoring of spread out compact ledger maintenance in the three 

sites, a fact that demonstrated a well-distributed decentralization that did not strain the infrastructure of a given hospital. 

5.6 Implications to wider Dental Informatics 

All of the collected findings highlight the paradigmatic capabilities of the blockchain-powered patient record system within 

the dental care settings. In addition to its obvious value in improving data safety, the technology proved to optimize 

operational workflow, decrease the speed of planning and executing treatments, and provide a solid basis of 

interdisciplinary work. The facilitated benefits indicate the scalable application in more comprehensive dental networks in 

which the convergence of refined informatics and safe, patient-centered care can be achieved. 

5. CONCLUSION 

This paper has described the implementation of a permissioned blockchain-based patient record system in the maxillofacial 

surgery units in three high-volume dental hospitals in an organized manner. The resulting latencies to retrieve and access 

data in the database and the preparation of interdisciplinary cases improved significantly, as well as eliminating all reported 

cases of unauthorized access recorded since the integration of the system. Such possibilities emphasize the twofold potential 

of blockchain, which is able to both reinforce the security of the data and to facilitate the work of various clinical procedures 

in dental care. This was also highlighted by the fact that there were other operational observations on hand which testified 

that there was enhancement in both medico-legal transparency and administrative efficiency due to the permanence of audit 

trails minimizing documentation discrepancies and ease of insurance administration of complex surgical patients. The 

quantitative and qualitative design of the study provides an extensive body of evidence of how dedicated blockchain 

technologies can solve informatics issues that have existed for a long time in specialized areas of dentistry, including 

maxillofacial surgery. Besides the direct improvements in efficiency, the implementation offers a reproducible blueprint 

of the change on a grander scale, such as the greater adoption of the system in dental networks that hope to upgrade the 
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disintegrated data silo approach to the safe and interconnected ecosystem. Its encouraging results designate promising 

avenues of further research, such as integrating national health standards, such as HL7/FHIR, and the addition of 

prospective predictions of surgical outcomes based on AI predictive analytics and extended multi-centered trials to test 

scalability. These observations, considered as a whole, highlight the strategic importance of the blockchain technology in 

the redesign of the field of patient-centric, safe, and operationally efficient dental care management 
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