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Abstract: Periapical endodontic surgery involves surgical techniques to: remove 

a persistent periapical lesion, clean the apex of the tooth, and facilitate access to 

the apical end of the root canal, which will then be retrograde filled. 

Intraoperative antimicrobials are important in these procedures because they 

prevent and treat sepsis in the area. The EPX® Biomolecule contains chitosan 

fortified with silver and copper nanoparticles; it is non-toxic, biocompatible, and 

antiseptic. The safety and antimicrobial pharmacodynamics of this medication 

were evaluated in periapical surgery. An experimental study—a Phase I clinical 

trial—was conducted on a sample of 36 patients with a clinical and radiographic 

diagnosis of chronic periapical disease requiring surgical treatment, who were 

treated at the Mexicali School of Dentistry, Autonomous University of Baja 

California, Mexico, from January 2022 to December 2025. All were healthy 

patients who underwent periapical surgery with topical application of the EPX® 

Biomolecule, in the form of a surgical gel, with the patients’ consent and under 

the multidisciplinary care of specialists in Oral and Maxillofacial Surgery and 

Endodontics. All patients had a favorable outcome, with signs and symptoms 

within normal parameters. Radiographic follow-up was favorable, with most 

patients showing signs of bone regeneration and no recurrent septic 

complications. No adverse reactions to the EPX® Biomolecule as an 

intraoperative gel were reported; doses were standardized in proportion to the 

size of the periapical lesion, and surgical wound healing was excellent in all 

patients, whether the procedure was simple or combined with bone grafting.  

Keywords: Endodontics, Periapical Healing, Bone Healing, Periapical Surgery, 

Nanoparticles, Chitosan. 
Copyright © 2026 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 
author and source are credited. 

 

INTRODUCTION 
Periapical surgery is an endodontic procedure 

indicated for treating persistent lesions of the periapical 

tissues when conventional treatment is insufficient, not 

feasible, or there is a specific surgical indication. It 

involves techniques such as flap access and osteotomy, 

curettage of the lesion, apicoectomy, and retrograde 

obturation, with the aim of removing pathological tissue, 

controlling infection, establishing an adequate apical 

seal, and promoting the repair of periapical tissues [1-3]. 

 

Controlling microbial contamination during the 

procedure is essential for promoting healing. In this 

regard, intraoperative antiseptics can be used as 

adjuvants to reduce the microbial load in the surgical 

field. Chitosan, due to its biocompatibility, antimicrobial 

https://doi.org/10.36349/easjdom.2026.v08i05.006
https://www.easpublisher.com/
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activity, and ability to form matrices, is a biomaterial of 

interest for promoting local conditions conducive to 

tissue repair. The incorporation of nanoparticles and 

other bioactive components allows for the development 

of nanostructured formulations with potential 

applications in periapical surgery, designed to 

complement microbial control and promote healing of 

the treated tissues [4-6]. 

 

About a decade ago, MedicalTech Laboratorios 

S.A. de C.V., in collaboration with the Institute of 

Engineering at the Autonomous University of Baja 

California (UABC), developed a formulation based on 

chitosan and enriched with graphene nanoparticles, 

metallic components—including colloidal silver and 

copper—as well as essential oils. The combination of 

these components gave rise to a nanostructured 

biomaterial designed to provide antimicrobial properties 

and promote local conditions conducive to tissue repair 

processes. This formulation was registered as 

Biomolécula EPX®, and subsequently, various 

pharmaceutical formulations were developed for dental 

applications, including a surgical gel, a post-surgical gel, 

a mouthwash, and biodegradable strips for periodontal 

use. Given its characteristics and method of application, 

Biomolecule EPX® can be considered a nanostructured 

formulation and, based on its name and pharmaceutical 

development, a nanomedicine for topical application in 

the field of dentistry [7-9]. 

 

The potential antimicrobial properties of this 

formulation are of particular interest in periapical 

surgery, since controlling microbial contamination is one 

of the key factors in promoting the repair of periapical 

tissues. During these procedures, after surgical access, 

removal of pathological tissue, and resection of the 

apical end, the surgical site requires local conditions that 

promote repair and reduce the risk of microbial 

persistence or reintroduction. In this context, the local 

application of a nanostructured biomaterial with 

antiseptic properties could serve as an adjunctive 

strategy for microbial control of the surgical site, 

provided that its use is compatible with periapical tissues 

and does not interfere with physiological healing 

mechanisms [7-9]. 

 

The EPX® Biomolecule has been evaluated 

through in vitro, in vivo, and preclinical studies aimed at 

characterizing its biological properties, antimicrobial 

activity, and tolerability. These findings laid the 

groundwork for continuing its clinical evaluation using 

various pharmaceutical formulations for topical 

application. Based on this research program, specific 

projects were developed to evaluate its performance and 

safety in various dental procedures, including surgical 

applications. The clinical evaluation of the surgical gel 

formulation allowed for the study of its use as a local 

antiseptic adjuvant and the assessment of its performance 

during the repair processes of the treated tissues [7-9]. 

 

This clinical study was conducted as a 

multicenter trial, involving patients treated at the 

“Federico Rivera Luna” Oral Surgery Clinic and the 

University Polyclinic of dental specialties, both part of 

the Mexicali School of Dentistry at the Autonomous 

University of Baja California (UABC), Mexico. The 

inclusion of both centers provided different clinical 

settings for the standardized application of the protocol 

and the follow-up of patients undergoing surgical 

procedures. Both institutions have the necessary human 

and material resources, as well as professionals trained 

to perform oral surgery procedures and provide clinical 

follow-up for patients. 

 

The overall objective of this study was to 

evaluate the topical antiseptic effect of the EPX® 

Biomolecule, in the form of a surgical intraoperative 

hydrogel, as an adjuvant in periapical surgical 

treatments. The specific objectives were to characterize 

patients undergoing periapical surgical treatment 

according to clinical and therapeutic variables; to 

evaluate the presence and progression of postoperative 

inflammation at 7, 14, and 21 days; to determine the 

degree of bone formation at 3, 6, and 12 months after 

surgery; and to identify the presence of any potential 

adverse reactions associated with the application of this 

nanostructured formulation. 

 

METHODS 
An experimental study—a Phase I clinical trial, 

without a control group (single-arm study)—was 

conducted to evaluate the topical antiseptic effect of the 

EPX® Biomolecule as an adjuvant to periapical surgery, 

through systematic monitoring of soft tissue healing and 

radiographic follow-up of hard tissues. 

 

The study population consisted of 77 patients 

requiring periapical surgery who sought care at the 

Endodontics and Oral Surgery departments of the 

“Federico Rivera Luna” Oral Surgery Clinic and the 

University Polyclinic, both part of the Mexicali School 

of Dentistry at the Autonomous University of Baja 

California, Mexico; during the period from January 2022 

to December 2025. 

 

The sample consisted of 36 patients (46.8%), 

who were selected through controlled, non-randomized 

sampling and divided into two groups: a group of 18 

patients who received surgical treatment without bone 

grafting and another group of 18 patients who received a 

bone graft following periapical surgery. 

 

Inclusion Criteria: 

• Adult patients (18 years of age or older) 

requiring periapical surgical treatment who 

provided valid informed consent to participate 

in the study. 

• Patients with no history of disease that would 

pose an uncontrolled surgical risk, no substance 
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abuse, and no allergies to medications and/or 

foods. 

 

Exclusion Criteria: 

• Patients who did not meet any of the inclusion 

criteria. 

• Patients with a history of previous periapical 

treatments. 

 

Discharge Criteria: 

• Patients who, after undergoing surgery, did not 

attend their scheduled postoperative follow-up 

appointments. 

 

The variables studied were: 

• Clinical: Age (broken down by age group) and 

sex (biological condition at birth) 

• Therapeutic: Apical curettage alone and apical 

curettage with apicoectomy. 

• Transoperative or intraoperative: With or 

without bone grafting. 

• Clinical signs of healing: Re-epithelialization, 

hemostasis, and inflammation. 

• Radiographic signs of bone regeneration: 

Growth and integration. 

 

A Clinical Trial Protocol was developed and 

approved by the Ethics and Research and Graduate 

Studies Evaluation Committee in January 2022, with 

registration number FOM/UABC/CEEIP/2022-020-01-

01, whose objective was to measure key parameters such 

as re-epithelialization, hemostasis, reduction of 

inflammation, and bone regeneration, as well as to 

evaluate potential adverse effects. The study complied 

with the bioethical principles of autonomy, beneficence, 

non-maleficence, and justice, and was supported by the 

signing of a valid informed consent form prior to surgical 

treatment. 

 

Techniques and Procedures for Gathering 

Information: 

The primary criterion for all patients 

participating in the study was to undergo some form of 

periapical surgical treatment, during which the EPX® 

biomolecule was applied as a surgical gel for 3 minutes 

and then rinsed off with normal saline (sodium chloride 

0.9%). 

 

During surgery, there were only two significant 

therapeutic differences: 

• Group of patients without periapical bone 

grafting: The surgical procedure was 

performed, and the site was closed immediately 

following the application of the EPX® 

Biomolecule. 

• Group of patients without periapical bone 

grafting: The surgical procedure was performed 

with the temporary application of the EPX® 

Biomolecule; once removed, a natural 

hydroxyapatite graft (500–1000 µm particles) 

from the Bioceramics® brand was placed, along 

with a resorbable collagen membrane from the 

OsseoSeal® brand, followed by wound closure. 

 

Subsequently, clinical follow-up was conducted 

with photographic documentation at three postoperative 

time points: 7 days, 14 days, and 28 days. During these 

follow-up visits, the Early Wound Healing Score (Early 

Wound Healing Score, EHS), published in 2018 and 

evaluated in 2019 by Marini L et al., which consists of 

three fundamental parameters: clinical signs of re-

epithelialization (CSR), clinical signs of hemostasis 

(CSH), and clinical signs of inflammation (CSI) [10, 11]. 

 

Clinical Signs of Re-epithelialization (CSR): 

Measures the progress of new epithelium formation at 

the wound site and uses the following scoring system: 

• 0 points: visible gap between the incision 

margins. 

• 3 points: contact between the incision margins. 

• 6 points: fused incision margins. 

 

Clinical Signs of Hemostasis (CSH): Determines the 

quality of hemostasis in the surgical area; its scoring 

scale includes: 

• 0 points: bleeding at the incision margins. 

• 1 point: presence of fibrin at the incision 

margins. 

• 2 points: absence of fibrin at the incision 

margins. 

 

Clinical Signs of Inflammation (CSI): Assesses 

the presence of signs of inflammation as an indicator of 

wound healing and uses the following scores: 

• 0 points: redness involving more than 50% of 

the incision’s length and/or pronounced 

swelling. 

• 1 point: redness involving less than 50% of the 

incision’s length. 

• 2 points: absence of redness along the entire 

length of the incision. 

 

Early Healing Scale (EHS): A total score is obtained by 

summing the three parameters mentioned above. 

• 0 to 5 points: favorable healing has not been 

achieved 

• 6 to 10: the healing process has been favorable 

 

The Periapical Index (PAI), developed by 

Ørstavik in 1986, was the standard radiographic tool 

used to classify the condition of periapical tissues and 

measure bone healing or regeneration following root 

canal treatment or periapical surgery [12]. 

 

PAI Scoring Scale: The index was based on an ordinal 

scale from 1 to 5, comparing periapical radiographs with 

histological reference standards. 
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• PAI 1: Normal periapical structure (no 

abnormalities; periodontal ligament space and 

lamina dura intact). 

• PAI 2: Marginal changes in bone structure 

(slightly widened periodontal ligament, 

discontinuous lamina dura). 

• PAI 3: Apical periodontitis with early signs of 

bone mineral changes (widened ligament at the 

foramen and loss of continuity of the bone 

margin). 

• PAI 4: Apical periodontitis with a well-defined 

lesion (bulb-shaped lesion and clear 

disappearance of the bone margin). 

• PAI 5: Severe apical periodontitis with signs of 

exacerbation (large diffuse lesion and advanced 

bone destruction).  

 

 
Image by: Salem, B., McKenna, G., & Quilligan, G. (2022). Impact of systemic disease on non-surgical endodontic treatment 

outcomes. Dental Update, 49(1), 69–73. https://doi.org/10.12968/denu.2022.49.1.69 

 

Clinical Interpretation of Healing: 

The progressive decrease in the PAI was 

measured to determine the success of bone regeneration 

and periradicular tissue healing. The first radiographic 

signs of bone repair were evaluated at 3 months, 6 

months, and 12 months as standardized time points for 

regeneration. 

• PAI values of 1 and 2 were considered clinically 

normal. 

• PAI value of 3 was interpreted as a lesion in 

resolution. 

• PAI values of 4 and 5 suggest failure or 

persistence of the inflammatory lesion. 

 

Data Processing and Analysis Techniques 

All information from the records and forms was 

entered into a database created using Microsoft Excel 

2016. First, descriptive biostatistical methods were 

applied—frequencies and percentages—and then 

inferential biostatistics were used to calculate the chi-

square (χ²) test, with p < 0.05 and without Yates’ 

correction, as well as to measure the strength or intensity 

of the association between two categorical or nominal 

variables using Cramér’s V. 

 

RESULTS 
Figure 1 shows the distribution of patients by 

age group and sex. The number of men and women was 

similar, as intentional sampling was used to ensure some 

similarities between the study groups; however, the age 

variable was more heterogeneous throughout the study. 

Seventy-two point two percent of the patients were over 

30 years of age, and the most representative age group 

was 40 to 49 years, accounting for 30.6% of the patients. 

 

 
Figure 1: Distribution of patients according to age groups and sex. (n=36) 

Source: The study's own database. 
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Figure 2. shows that, of the 36 patients included 

in the study, 72.2% (26 patients) underwent apicoectomy 

with apical debridement, while 27.8% (10 patients) 

received only apical debridement or curettage. 

Regarding the use of bone grafting, the overall 

distribution was balanced, with 18 patients (50%) treated 

with a graft and 18 (50%) without a graft as part of the 

experimental strategy. It is worth noting that the use of 

bone grafting was proportionally higher in apicoectomy 

with debridement procedures, where it was used in 15 of 

26 cases (57.7%), compared to 3 of 10 cases (30%) of 

isolated apical debridement. These results suggest a 

greater use of regenerative techniques associated with 

more extensive surgical procedures, likely related to the 

need to promote bone defect repair following the 

procedure. 

 

 
Figure 2: Types of surgical procedures performed and total number of patients who underwent bone grafting. (n=36) 

Source: The study's own database. 

 

The results in Figure 3 show a favorable trend 

in postoperative wound healing, as assessed using the 

Early Wound Healing Assessment Scale, with a gradual 

increase in the number of patients who achieved a 

favorable score during follow-up. At 7 days, a favorable 

score was observed in 4 patients who received a bone 

graft and 10 who did not; at 14 days, this number 

increased to 11 and 15 patients, respectively; at 21 days, 

to 16 and 18 patients; and at 28 days, all patients in both 

groups (18 with graft and 18 without graft) had a 

favorable score. This trend indicates a progressive 

improvement in healing conditions during the first four 

weeks following surgery, with an apparently earlier 

improvement in the group without a graft; however, by 

day 28, both groups showed complete favorable healing, 

so these descriptive results do not allow for the 

establishment of statistically significant differences or 

the attribution of causality to the use of bone grafting. 

 

In the assessment of healing quality, better 

clinical outcomes were observed during the first week in 

patients who did not receive a bone graft, and a 

statistically significant association χ² (1) = 4.88 was 

found between the use of a graft and early healing quality 

(p = 0.027). Therefore, at a significance level of 0.05, the 

null hypothesis of independence was rejected, indicating 

that the two variables are related. The magnitude of this 

association, estimated using Cramér’s V (V = 0.373), 

was moderate. This pattern could be explained by the 

initial inflammatory response associated with additional 

surgical manipulation and with the integration process of 

the graft material, which may generate a more intense 

tissue response during the early stages of healing. 

However, this difference was observed primarily in the 

early phase of the process; therefore, it should not be 

interpreted as evidence that the graft is detrimental to 

long-term healing, but rather as a possible transient 

inflammatory response associated with its placement. 
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Figure 3: Presence of a favorable score on the Early Wound Healing Assessment Scale based on postoperative course. (n=36) 

Source: The study's own database. 

 

 
Graph 4: Changes in Periapical Index (PAI) values over time in patients who underwent surgery without bone grafting. (n=18) 

Source: The study's own database. 

 

Figure 4 shows the results of the favorable 

outcome, as measured by Periapical Index (PAI ≤ 3) 

values, during follow-up of patients who underwent 

periapical surgery without bone grafting (n = 18). At 3 

months, 3 patients who underwent apicoectomy with 

debridement and 4 who underwent isolated apical 

debridement had PAI values ≤ 3; this proportion 

increased to 8 and 5 patients, respectively, at 6 months, 

and reached 10 and 7 patients at 12 months. Overall, the 

number of patients with a PAI ≤ 3 rose from 7 (38.9%) 

at 3 months to 17 (94.4%) at 12 months, suggesting a 

strong trend toward favorable periapical healing during 

the follow-up period. Although the proportion of 

favorable cases was progressively higher in both 

procedures, these results are descriptive and do not allow 

for the identification of differences between the surgical 

techniques without inferential statistical analysis. 

 

DISCUSSION 
The results of this study show a favorable 

clinical outcome following periapical surgery, both in 

terms of soft-tissue healing and radiographic periapical 

repair. The Early Wound Healing Score (EHS) showed 

progressive improvement during the first four weeks, 

with favorable results observed in all patients by day 28. 

Furthermore, in patients without bone grafting, the 

proportion of cases with a PAI ≤ 3 increased from 38.9% 

at 3 months to 72.2% at 6 months and 94.4% at 12 

months. These findings are consistent with those 

reported by Torra-Moneny [1] and Landázuri Rosero [2]. 

Regarding the favorable outcomes that can be achieved 
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through periapical surgery, success depends on various 

factors related to the lesion, the surgical technique, and 

local conditions. 

 

The use of the EPX® Biomolecule is of interest 

due to its potential role as a local antiseptic adjuvant. 

Chitosan exhibits antimicrobial properties, and its 

characteristics can be modified depending on the 

formulation and its physicochemical conditions, as noted 

by Jøraholmen [6]. Similarly, Torres-Rosas [4], observed 

antibacterial and anti-inflammatory activity in a 

chitosan-based formulation, while Soto Barreras [13], 

demonstrated that chitosan nanoparticles can enhance the 

antibacterial activity of other agents in applications 

related to periapical regeneration. These findings are 

consistent with the rationale for using EPX® as an 

adjuvant to control microbial contamination; however, 

they do not allow us to directly attribute a specific 

antimicrobial effect to the formulation under study. 

 

The incorporation of nanostructured silver and 

copper components is an additional point of interest due 

to their potential antimicrobial activity. In this regard, the 

topical application of EPX® Biomolecule could help 

create favorable local conditions for repair; however, the 

activity of these components depends on factors such as 

concentration, availability, release, and interaction with 

tissues. Therefore, although the observed clinical 

outcome was favorable, it is not possible to demonstrate 

a causal relationship between silver and copper 

nanoparticles and periapical antisepsis, since no direct 

microbiological evaluation was performed in this study. 

This consideration is important to avoid overestimating 

the results and underscores the need to incorporate 

microbiological variables in future research. 

 

The findings related to wound healing are 

consistent with those of de Jesús [14], and Espinoza [15], 

who studied the use of chitosan in oral tissue repair. 

Similarly, Martínez-Morales [7], reported favorable 

results regarding the efficacy and safety of EPX® when 

used as a mouthwash, while Moreno-Solorio [9], 

specifically evaluated soft tissue healing following 

periodontal surgery assisted by this biomolecule. The 

consistency between this literature and our results 

reinforces the potential of EPX® as an adjunct 

biomaterial; however, differences in routes of 

administration, procedures, and study populations 

prevent us from establishing direct equivalence between 

the results. 

 

The use of the Early Wound Healing Score 

provides a relevant methodological tool, as it allows for 

the systematic assessment of soft tissue healing. Our 

results are consistent with the approach taken by Marini 

[10], who developed this scale to evaluate early wound 

healing, and with Marini [11], who demonstrated its 

intra- and inter-examiner reliability. Likewise, Yuan 

[16], noted that healing following periodontal procedures 

is multifactorial. Consequently, the favorable outcome 

observed in our study should be interpreted as the result 

of the interaction between the surgical technique, local 

conditions, the patient’s response, and the adjunctive 

measures employed, rather than being attributed 

exclusively to EPX® Biomolecule. 

 

With regard to bone grafting, its use was more 

common in apicoectomy procedures with debridement 

(57.7%) than in cases treated solely with apical 

debridement (30%). This distribution may be related to 

the extent or characteristics of the bone defect and to the 

need to employ additional regenerative strategies. The 

results are consistent with those reported by Torra-

Moneny [1], who noted that regenerative techniques can 

be particularly useful in certain periapical defects, 

although their benefit is not uniform. Furthermore, the 

fact that 17 of 18 patients without grafting achieved a 

PAI ≤ 3 at 12 months indicates that grafting is not 

necessarily indispensable in all cases. In agreement with 

Gallardo-Gutiérrez [12], assessment using radiographic 

indices allows for the documentation of lesion 

progression; however, a PAI ≤ 3 should be interpreted as 

favorable radiographic periapical repair and not as direct 

histological evidence of bone regeneration. 

 

Overall, the results are consistent with the 

literature regarding the potential of chitosan as an 

antimicrobial biomaterial that promotes tissue repair, as 

well as regarding the role of bone grafting as an 

adjunctive treatment in certain cases of periapical 

surgery [17-20]. The multicenter study of the EPX® 

Biomolecule—as a nanostructured formulation and 

topically applied nanomedicine—provides initial clinical 

evidence regarding its tolerability and behavior during 

healing and periapical follow-up. However, the absence 

of a control group and of direct microbiological 

evaluation limits the ability to establish a specific effect 

of EPX® Biomolecule, silver, or copper. Therefore, 

comparative studies with larger sample sizes, 

microbiological evaluation, and inferential statistical 

analyses are required to more accurately determine its 

efficacy and safety as an antiseptic adjunct in periapical 

surgery [13-15] 

 

CONCLUSION 
The results of this study show a favorable 

immediate clinical course in all patients, with 

postoperative signs and symptoms within expected 

parameters. Surgical wound healing was excellent in all 

cases, even in those in which the EPX® Biomolecule, in 

the form of an intraoperative gel, was used in 

combination with granular hydroxyapatite as a 

xenograft. Radiographic follow-up showed a favorable 

course in most patients, with findings consistent with 

progressive bone repair and regeneration and no 

evidence of recurrent septic complications during the 

follow-up period. 

 

No adverse reactions associated with the use of 

the EPX® Biomolecule as an intraoperative gel were 
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reported. The dose used was standardized according to 

the size of the periapical lesion, allowing for localized 

application tailored to the characteristics of the surgical 

defect. Taken together, these findings support the 

tolerability and potential of the EPX® Biomolecule as an 

antiseptic and tissue-repairing adjuvant in periapical 

surgery; however, comparative studies with inferential 

statistical analysis are needed to confirm its efficacy and 

more precisely establish its contribution to treatment 

success. 
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