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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Successful apicoectomy relies on effective bone
healing at the resected root apex. Platelet-rich fibrin (PRF) and
bone graft materials have been proposed to enhance regeneration,
yet comparative evidence using both two-dimensional (2D) and
three-dimensional (3D) imaging remains limited.

Objective: To compare bone regeneration following
apicoectomy using PRF, PRF combined with Bio-Oss, and
conventional technique, and to evaluate postoperative pain and
edema.

Materials and Methods: Thirty patients undergoing
apicoectomy were randomly assigned to three groups (n =
10 each): PRF, PRF + Bio-Oss, and control (NaCl 0.9%).
Linear defect measurements were obtained from standardized
periapical radiographs, while volumetric analysis was
conducted using CBCT segmentation software at baseline and
3, 6, and 12 months postoperatively. Regeneration percentage
was calculated based on defect reduction. Postoperative pain
(VAS 0-10) and edema (0-3 scale) were recorded for 7 days.
Data were analyzed using paired t-tests and repeated-measures
ANOVA (p < 0.05).

Results: All groups showed significant defect reduction (p
< 0.001). PRF-based treatments achieved greater regeneration
than control (2D: F(2,27) = 12.41, p < 0.001; 3D: F(2,27) =
18.93, p < 0.001), with the PRF + Bio-Oss group showing the
highest percentages (2D: 82.6% + 7.2; 3D: 90.4% + 4.8). CBCT
analysis demonstrated greater sensitivity and effect size than
2D radiography. No significant differences were observed in
postoperative pain or edema.

Conclusion: PRF enhances bone regeneration after
apicoectomy, especially when combined with Bio-Oss,
without increasing postoperative morbidity. CBCT volumetric
assessment provides superior evaluation of regenerative
outcomes.

Key words. Apicoectomy, platelet-rich fibrin, bio-Oss, bone
regeneration, cone-beam computed tomography.

Introduction.

Apical surgery is indicated for persistent periapical pathology
when orthograde endodontic treatment or retreatment is
unsuccessful or not feasible, and it often represents the final
therapeutic option for tooth preservation [1]. The procedure
aims to eliminate apical infection and seal the resected root end
with a hermetic retrograde filling to prevent microbial leakage
into periradicular tissues [2-4]. Periapical disease may arise
from intraradicular [4] or extraradicular sources [5], both of
which can compromise healing. Advances in surgical techniques
and materials have significantly improved the predictability of
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apical surgery. Modern microsurgical approaches incorporate
magnification and microsurgical instruments [6], ultrasonic
retro-tips for conservative and centered root-end preparation [7],
and biocompatible retrograde filling materials such as mineral
trioxide aggregate (MTA) and other calcium silicate—based
cements [8]. In addition, erbium lasers have been introduced for
osteotomy and root-end cavity preparation due to their precision
and reduced thermal damage, potentially enhancing healing
conditions [9]. These technological developments have shifted
apical surgery toward minimally invasive and biologically
oriented protocols. In parallel, regenerative medicine, often
described as a biological solution to biological problems, has
gained increasing attention, with growth factors playing a
central role in tissue repair [10]. Strategies such as guided tissue
regeneration (GTR) with barrier membranes, bone grafting
materials, and biologically active adjuncts have been integrated
into endodontic microsurgery to optimize bone healing [11].
Autologous platelet concentrates, including platelet-rich fibrin,
have emerged as promising regenerative tools due to their
sustained release of growth factors that promote angiogenesis
and osteogenesis [12]. Furthermore, regenerative endodontic
procedures aimed at preserving or restoring pulp vitality
represent another biologically driven approach in selected
cases, particularly in immature teeth. The potential advantages
of platelet concentrates and regenerative strategies in periapical
surgery have been widely explored in contemporary literature
[12-14].

Platelet-rich fibrin (PRF) represents a second-generation
autologous platelet concentrate introduced by Choukroun et al.
in 2006 [15]. Unlike first-generation platelet concentrates such
as platelet-rich plasma (PRP), which require anticoagulants and
exogenous thrombin for activation, PRF is obtained through
a simplified centrifugation protocol without biochemical
additives [15,16]. This results in a natural fibrin matrix with a
three-dimensional architecture capable of gradually releasing
bioactive molecules over time. The preparation method is
relatively rapid, cost-effective, and technically straightforward,
which facilitates its routine use in clinical settings [15,16].
Biologically, PRF acts not only as a reservoir of growth factors,
including platelet-derived growth factor (PDGF), transforming
growth factor beta (TGF-B), and vascular endothelial growth
factor (VEGF), but also as a scaffold that supports cellular
migration, adhesion, proliferation, and differentiation [17-20].
Its leukocyte content further contributes to immunomodulation
and antimicrobial defense, potentially enhancing early wound
stability and angiogenesis [21]. These properties make PRF
particularly attractive in surgical endodontics, where both
soft tissue closure and hard tissue regeneration are critical for
predictable healing.
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Despite increasing clinical application, variability in reported
outcomes and differences in evaluation methods highlight the
need for standardized volumetric assessment and controlled
comparative trials. Therefore, the aim of the present study was to
evaluate and compare bone regeneration following apicoectomy
using PRF alone, PRF combined with Bio-Oss, and conventional
saline management, through both two-dimensional radiographic
analysis and three-dimensional CBCT volumetric assessment,
while also assessing postoperative pain and edema.

Materials and Methods.
Study design:

A prospective comparative clinical study was conducted to
evaluate bone regeneration dynamics following apicoectomy
using platelet-rich fibrin (PRF), PRF combined with xenograft
(Bio-Oss), and conventional treatment. The study was performed
at the University Dentistry Clinical Centre of Kosova between
2021 and 2024. This study was designed as a longitudinal
follow-up trial with predefined radiographic assessments at
baseline (preoperative), 3 months, 6 months, and 12 months
postoperatively. This study was prospectively conducted;
however, it was not registered in a clinical trial registry. This
is acknowledged as a limitation. Future studies will follow
CONSORT and prospective registration guidelines.

Ethical Approval:

Ethical approval was obtained from the Ethics Committee of
the University Dentistry Clinical Centre of Kosova (Approval
No. 648/2-2021). All procedures were performed in accordance
with the ethical principles of the World Medical Association
Declaration of Helsinki (1975, revised 2013). Written informed
consent was obtained from all participants prior to enrollment.
To comply with radiation protection principles (ALARA/
ALADA), CBCT imaging was strictly limited to clinically
justified time points and was not performed for research
purposes alone.

Sample Size and Patient Allocation:

Thirty patients, fulfilling eligibility criteria in Table 1, requiring
apicoectomy due to persistent periapical lesions were included.

A priori power analysis (G*Power 3.1) was performed
assuming a medium-to-large effect size (f=0.40), a. = 0.05, and
power (1—fB) = 0.80 for repeated measures ANOVA, indicating
a minimum required sample of 27 participants. Therefore, the
final sample size of 30 patients was considered adequate.

Patients were allocated into three equal groups (n = 10 per
group):

Group 1 (PRF group): Apicoectomy with placement
of autologous A-PRF. Group 2 (PRF + Bio-Oss group):
Apicoectomy with A-PRF combined with deproteinized bovine
bone mineral (Bio-Oss®).

Group 3 (Control group): Apicoectomy with conventional
saline irrigation (NaCl 0.9%) without regenerative material
Preoperative Assessment:

Diagnosis of persistent periapical lesions was established
based on:
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* Clinical examination (pain, sinus tract, tenderness to
percussion)

* Periapical radiography

* Cone-beam computed tomography (CBCT)

All radiographic imaging was performed using standardized
positioning protocols to ensure reproducibility. Radiographic
assessment was standardized and repeated at four defined
time points: preoperative, 3 months, 6 months, and 12 months
postoperatively.

Surgical Procedure:

All surgeries were performed under local anesthesia by
experienced oral surgeons.
1. Full-thickness mucoperiosteal flap elevation
2. Osteotomy and lesion curettage
3. Apical root resection (approximately 3 mm)
4. Retrograde cavity preparation and filling (standard
microsurgical protocol)
Defect management differed according to group allocation:
* Group 1: Placement of A-PRF clot/membrane into the defect
* Group 2: Placement of Bio-Oss® mixed with injectable PRF
(i-PRF) to form “sticky bone,” covered with PRF membrane
* Group 3: Conventional management with saline irrigation
only
Flaps were repositioned and sutured with interrupted sutures
(Figure 1).
PRF Preparation Protocol:

Advanced PRF (A-PRF) was prepared according to the
protocol described by Joseph Choukroun.
* 10 mL venous blood collected without anticoagulant
* Centrifuged at 1300 rpm for 14 minutes
* Fibrin clot separated and shaped for placement

For the PRF + Bio-Oss group, injectable PRF was combined
with xenograft particles to form cohesive sticky bone prior to
placement (Figure 2).

Radiographic Evaluation:

Radiographic evaluation was performed at:

» Baseline (preoperative)

* 3 months

* 6 months

* 12 months

Linear defect height and width were measured from
standardized periapical radiographs using calibrated digital
software, volumetric defect analysis was performed using
CBCT datasets. Lesion volume (mm?®) was calculated using
segmentation software. Bone regeneration (%) was calculated
as: Regeneration (%) = [(Baseline Defect Size — Follow-up
Defect Size) / Baseline Defect Size] x 100

Clinical Outcome Measures.

Pain Assessment: Pain was recorded using a Visual Analogue
Scale (VAS, 0-10) daily for 7 days postoperatively.

Swelling Assessment: Swelling was graded clinically from
0-3 based on visual comparison with the contralateral side:
* 0 =no swelling
e 1=mild
* 2 =moderate
* 3 =severe



Figure 2. Preparation of sticky bone by combining injectable PRF with Bio-Oss xenograft particles prior to placement in the defect.

Table 1. Eligibility criteria of study participants.

Inclusion criteria Exclusion criteria

Adults >18 years Uncontrolled systemic diseases (e.g., uncontrolled diabetes mellitus)
Single-rooted teeth Immunological disorders

Persistent periapical radiolucency following failed root canal treatment Malignant neoplastic diseases

Indication for apicoectomy Thrombocytopenia or bleeding disorders

Adequate oral hygiene and compliance Pregnancy or lactation

No acute infection at the surgical site Poor compliance or inability to attend follow-ups

177



Table 2. Two-Dimensional (2D), 12-month postoperative outcomes compared to baseline.

Group Baseline Mean + SD Postoperative Mean = SD Mean Reduction 95% CI of Reduction  p-value
PRF 29.8+5.6 7.1+24 22.7 19.8 -25.6 <0.001
PRF + Bio-Oss 31.2+6.8 53+2.1 259 22.4-294 <0.001
Control 28.9+4.9 11.4+3.6 17.5 142-20.8 <0.001
Overall paired comparison (all patients combined):
t(29) =8.79, p < 0.001
Cohen’s d = 1.60 (very large effect size)
Table 3. Three-Dimensional (3D), 12-month postoperative outcomes compared to baseline.
Group Baseline Mean = SD Postoperative Mean = SD Mean Reduction 95% CI of Reduction p-value
PRF 128.5+62.4 21.3+938 107.2 82.5-131.9 <0.001
PRF + Bio-Oss 182.6 £71.3 189+8.1 163.7 128.4-199.0 <0.001
NaCl 121.4 +54.8 39.6+14.2 81.8 56.3-107.3 <0.001
Overall paired comparison:
t(29) =9.42, p < 0.001
Cohen’s d = 1.72 (very large effect size)
Table 4. Temporal Changes in 2D Defect Size (mm) During Follow-up.
Group Baseline 3 Months 6 Months 12 Months
PRF 29.8+5.6 18.6+4.2 11.4+3.1 7.1+24
PRF + Bio-Oss 31.2+6.8 16.9+3.8 92+27 53+2.1
NaCl 28.9+49 22.5+45 16.3+4.1 11.4£3.6
Table 5. Temporal Changes in 3D Volumetric Defect Size (mm?).
Group Baseline 3 Months 6 Months 12 Months
PRF 128.5+62.4 78.2+31.6 42.8+ 189 21.3+9.8
PRF + Bio-Oss 182.6 +71.3 92.4+36.2 45.1+194 189+8.1
NaCl 121.4 +54.8 95.7+41.3 62.5+23.6 39.6+14.2
Table 6. Regeneration Percentage (%) Based on 2D and 3D Measurements.
Group 2D Regeneration % Mean = SD 95% CI 3D Regeneration % Mean + SD 95% CI1
PRF 74.8 £ 9.4 68.1 —81.5 85.2+6.1 80.8 — 89.6
PRF + Bio-Oss 82.6+72 77.5-87.7 90.4 +4.8 87.0-93.8
NaCl 60.3+11.5 52.1-68.5 67.8+9.7 60.9 -74.7
Table 7. Peak Postoperative Pain (VAS).
Group Mean Peak VAS = SD 95% CI
PRF 51+1.2 43-59
PRF + Bio-Oss 48+1.0 4.1-55
NaCl 54+13 45-63
Table 8. Peak Postoperative Edema Score.
Group Mean Peak Edema £ SD 95% CI
PRF 1.6+0.5 1.3-19
PRF + Bio-Oss 1.5+04 12-1.8
NaCl 1.7+0.6 1.3-2.1
No significant intergroup differences were detected.
Statistical Analysis. Results.
Statistical analysis was performed using SPSS (version 22.0). Study Population:

Paired t-tests were applied to compare pre- and post-treatment
measurements within groups, while repeated measures ANOVA
was used to evaluate time effects and time x group interactions.
The level of statistical significance was set at p < 0.05. Effect
size was calculated using partial eta squared (n?,) to assess the
magnitude of observed differences.
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Thirty patients (n = 30) completed the study, with 10
patients allocated to each group (PRF, PRF + Bio-Oss, and
NaCl control). No dropouts or postoperative infections were
recorded. Baseline 2D and 3D defect measurements showed no
statistically significant differences between groups (p > 0.05),
confirming homogeneity at study entry.



Radiographic Outcomes:

1. Two-Dimensional (2D) Defect Reduction: A statistically
highly significant reduction in linear defect size was observed
across all groups following treatment (p < 0.001) (Table 2).

Between-group comparison of regeneration percentage
demonstrated a statistically significant difference (F(2,27) =
12.41,p<0.001,n*= 0.48), with PRF-based treatments showing
superior outcomes compared to conventional control group.

2. Three-Dimensional (3D) Volumetric Defect Reduction:
Volumetric CBCT analysis demonstrated highly significant
defect reduction in all groups (p < 0.001), with greater effect
magnitude compared to 2D assessment (Table 3).

Between-group comparison revealed a highly significant
difference in regeneration percentage (F(2,27) = 18.93, p <
0.001, n? = 0.58). Post-hoc analysis demonstrated that PRF +
Bio-Oss achieved significantly greater volumetric regeneration
compared to both PRF alone and control group.

Temporal Bone Regeneration Dynamics:

Progressive reduction in defect size was observed at each
postoperative follow-up interval (3, 6, and 12 months) across all
treatment groups. As demonstrated in Table 4, two-dimensional
(2D) radiographic analysis revealed continuous linear defect
reduction over time, with the greatest improvement observed
in the PRF + Bio-Oss group. At 3 months, the PRF + Bio-Oss
group already demonstrated lower mean defect size (16.9 £+ 3.8
mm) compared to the PRF group (18.6 = 4.2 mm) and NaCl
control group (22.5 = 4.5 mm). This trend continued throughout
the follow-up period, resulting in the smallest residual defect
size at 12 months (5.3 + 2.1 mm). In contrast, the NaCl group
exhibited slower and less pronounced healing dynamics, with
a residual defect size of 11.4 £ 3.6 mm at the final evaluation.
Repeated-measures ANOVA demonstrated a statistically
significant time-dependent reduction in defect size in all groups
(p <0.001), confirming progressive bone healing throughout the
observation period.

Similarly, three-dimensional (3D) CBCT volumetric
assessment demonstrated marked and continuous volumetric
reduction in all groups during follow-up (Table 5). The PRF
+ Bio-Oss group showed the most pronounced volumetric
healing dynamics, with lesion volume decreasing from 182.6
+ 71.3 mm?® at baseline to 92.4 + 36.2 mm? at 3 months, 45.1
+ 19.4 mm3 at 6 months, and 18.9 + 8.1 mm? at 12 months.
The PRF-only group also demonstrated substantial volumetric
reduction, whereas the NaCl control group showed slower
healing progression and larger residual lesion volumes at
all time points. Notably, CBCT-based volumetric analysis
revealed clearer separation between treatment groups over time
compared to 2D assessment, supporting the superior sensitivity
of three-dimensional imaging for monitoring postoperative bone
regeneration dynamics. Repeated-measures ANOVA confirmed
a highly significant time effect for volumetric reduction across
all groups (p <0.001).

Bone regeneration evaluation:

Analysis of regeneration percentages demonstrated a
clear superiority of biologically active treatment modalities
compared to conventional saline management. As shown in
Table 4, both PRF-based groups achieved substantially higher
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mean regeneration percentages than the NaCl control group in
both 2D and 3D assessments. In 2D analysis, the PRF + Bio-
Oss group showed the highest regeneration (82.6% =+ 7.2),
followed by PRF alone (74.8% =+ 9.4), while the NaCl group
exhibited the lowest values (60.3% + 11.5). A similar pattern
was observed in volumetric 3D measurements, where PRF +
Bio-Oss reached 90.4% =+ 4.8 regeneration, PRF alone achieved
85.2% + 6.1, and NaCl demonstrated 67.8% + 9.7. Notably, 3D
regeneration percentages were consistently higher and showed
narrower confidence intervals compared to 2D values, indicating
greater sensitivity and measurement precision of CBCT-based
volumetric analysis. Between-group comparisons revealed
statistically significant differences (p < 0.001), confirming the
enhanced regenerative performance of PRF, particularly when
combined with Bio-Oss. These findings highlight the clinical
advantage of biologically driven regenerative strategies in
apical surgery.

Clinical Outcomes:

Postoperative Pain (VAS 0-10): Pain peaked on postoperative
Days 1-2 and progressively decreased to near-zero levels by
Day 7 across all groups (table 7).

Repeated-measures ANOVA demonstrated:

* Significant time effect (p <0.001)
* No significant group effect (p =0.31)
* No significant time X group interaction (p = 0.27)

Postoperative Edema: Swelling peaked on Day 2 in all
groups and resolved by Day 7 in the majority of patients (Table
8). Repeated-measures ANOVA showed:

* Significant time effect (p <0.001)
* No significant group effect (p =0.27)

Discussion.

The present prospective comparative clinical study evaluated
bone regeneration following apicoectomy using PRF, PRF
combined with Bio-Oss, and conventional management. The
findings demonstrate that biologically active regenerative
approaches significantly enhance bone healing compared
to conventional treatment, with the PRF + Bio-Oss group
showing the highest volumetric regeneration percentages. Large
effect sizes (n? up to 0.58) further confirm that the observed
differences are not only statistically significant but also
clinically meaningful. All groups exhibited significant reduction
in defect size over time; however, PRF-based interventions
achieved superior regeneration percentages compared to the
control group. Volumetric (3D) CBCT assessment demonstrated
particularly pronounced differences between groups, indicating
enhanced sensitivity for detecting regenerative changes. These
findings align with the randomized clinical trial by Gulsever et
al. (2025), who reported significantly higher periapical lesion
area (PALA) healing rates in L-PRF groups compared to non-
PRF groups, with healing rates exceeding 90% at 9 months
in PRF-treated cases [22]. Similar to our results, they found
no baseline differences between groups and demonstrated
accelerated early healing when L-PRF was applied. Their study
also supports the concept that PRF enhances both short- and
long-term regeneration [22]. In contrast, the systematic review
and meta-analysis by Sinha et al. (2023) concluded that while
PRF significantly reduced postoperative pain, quantitative



CBCT-based bone healing did not show statistically significant
superiority over controls [23]. Our findings differ from that
conclusion, as we observed statistically significant volumetric
advantages for PRF, particularly when combined with Bio-Oss.
This discrepancy may be explained by heterogeneity in PRF
preparation protocols, follow-up durations, lesion sizes, and
imaging standardization across studies, as also highlighted by
Guerreiro et al. (2023), who emphasized significant variability
in PRF protocols and clinical applications in endodontics
[24]. The PRF + Bio-Oss group demonstrated the highest
regeneration percentages in both 2D and 3D analyses. Similar
to other studies, these findings suggest synergistic biological-
mechanical interaction between the osteoconductive scaffold of
deproteinized bovine bone mineral and the sustained release of
growth factors from PRF [25,26].

Our results are consistent with the systematic review by Flynn
et al. (2024), which demonstrated that regenerative techniques
in apical surgery significantly improve healing outcomes
compared to conventional surgery alone (OR = 2.18; p = 0.004)
[27]. Although subgroup analyses in that review did not show
clear superiority for specific graft or membrane combinations,
the overall conclusion supports the benefit of regenerative
adjuncts, corroborating our superior outcomes in the PRF +
Bio-Oss group. Conversely, the histologic animal study by
Bernabé et al. (2010) reported that membrane and bone graft
materials did not significantly alter periapical healing following
MTA root-end filling [28]. The difference between their findings
and ours may be attributed to methodological differences:
their experimental canine model evaluated histologic healing
under controlled conditions, whereas our clinical human
study assessed volumetric regenerative dynamics in naturally
occurring lesions. Clinical biological variability may allow
regenerative adjuncts to exert a more measurable impact in real-
world surgical scenarios.

An important methodological contribution of this study is the
confirmation that CBCT-based volumetric analysis provides
greater sensitivity than conventional 2D radiography. Although
both methods detected significant healing, 3D measurements
demonstrated stronger effect sizes and narrower confidence
intervals. This supports the growing consensus that three-
dimensional imaging offers superior diagnostic accuracy in
periapical surgery assessment [29,30].

Furthermore, a randomized controlled trial by Karkle et al.
(2025) examined volumetric CBCT-based early bone healing
after endodontic microsurgery with and without advanced
platelet-rich fibrin (A-PRF) and found significant overall lesion
volume reduction over time, highlighting the importance of
standardized volumetric protocols and 3D imaging for accurate
assessment of bone regeneration dynamics [1]. Pain and edema
followed expected postoperative patterns, peaking during the
first 48 hours and resolving within one week. No statistically
significant intergroup differences were observed for pain or
swelling. Our findings partially contrast with the meta-analysis
by Sinha et al. (2023), which reported a significant reduction in
postoperative pain with PRF use (SMD =0.515; p=0.026) [23].
Although our PRF groups demonstrated slightly lower mean
VAS scores, the differences were not statistically significant.
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This may be attributed to sample size limitations or standardized
postoperative medication protocols minimizing variability
between groups. Importantly, the absence of increased
morbidity confirms the clinical safety of PRF and PRF + Bio-
Oss application. The systematic scoping review by Ardila and
Vivares-Builes (2022) highlighted that combined endodontic
and regenerative periodontal approaches significantly improve
bone defect filling and clinical attachment levels in endo-perio
lesions [31]. Although our study focused on periapical surgery
rather than combined EPL lesions, the biological principle
remains consistent: regenerative stimulation enhances bone
repair when combined with proper endodontic management.
Collectively, the current evidence, including our findings,
suggests a paradigm shift from passive defect healing toward
biologically enhanced regeneration in apical surgery. From
a clinical perspective, the findings of this study support the
integration of PRF-based regenerative protocols into endodontic
microsurgery, particularly in cases involving large periapical
defects. The enhanced volumetric healing observed with PRF
+ Bio-Oss suggests that combining biological stimulation with
osteoconductive scaffolding may represent an optimal strategy
for maximizing regenerative outcomes. At the same time, the
lack of increased postoperative pain or edema confirms that
these adjunctive techniques do not compromise patient comfort.

Nevertheless, limitations should be acknowledged. The sample
size was modest, and follow-up duration, although sufficient
to detect significant regeneration, may not fully capture long-
term remodeling dynamics. Furthermore, variability in PRF
preparation protocols across studies remains an important
factor influencing comparability of results. Future multicenter
randomized controlled trials with standardized PRF protocols
and long-term CBCT evaluation are recommended to further
validate these findings. The absence of prospective trial
registration is acknowledged as a methodological limitation
and may affect external validation. Future studies should adhere
to CONSORT guidelines and be registered prior to patient
enrolment.

In summary, the present study demonstrates that PREF,
particularly when combined with Bio-Oss, significantly
enhances bone regeneration following apicoectomy without
increasing postoperative morbidity. These findings are consistent
with contemporary regenerative literature and contribute
additional volumetric evidence supporting the biologically
driven enhancement of endodontic surgical outcomes.

Conclusion.

Within the limitations of this prospective clinical study, platelet-
rich fibrin significantly improved bone regeneration following
apicoectomy compared to conventional management, with the
combination of PRF and Bio-Oss demonstrating the greatest
volumetric healing. Three-dimensional CBCT analysis proved
more sensitive than conventional 2D radiography for detecting
regenerative changes. Importantly, the application of PRF, alone
or combined with xenograft, did not increase postoperative pain
or edema, confirming its clinical safety. These findings support
the integration of biologically driven regenerative protocols
into contemporary endodontic microsurgery to enhance healing
predictability, particularly in larger periapical defects.
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AHHOTALIMA.

Heas wucciaenopanus: OIEHUTH pereHEpanvi0 KOCTHOMH
TKaHH TIOCIIE alTMKO3KTOMHH C HCIIOIB30BAaHUEM O0OTaIIEHHOH
TpomboruramMmu  pubpuHOBO# Marpuubl (PRF), PRF B
xoMOmHamun ¢ Bio-Oss ¥ CTaHOapTHON METOMUKH, a TaKxke
N3Y4HTH NTOCIIEOTIEPAMOHHYIO OO U OTEK.

Marepuansl M MeToabl: Tpuanare MAMEHTOB OBUIH
cirydaitHeIM 00pa3oM pactpenenens! Ha Tpu rpynmsl (PRFE, PRF
+ Bio-Oss, xoHTpONs, n = 10). JIuneitapie pasmepsl gedexra
OIIPEACIANNCh TI0 TIEpiapHKalbHBIM pEHTTEHOTpaMMaM, a
o0beMHas OIeHKa MpoBoamiachk ¢ ucrnonb3oBanneM KJIKT Ha
HCXOTHOM dTare u 4depes 3, 6 u 12 mecsaneB. PaccuntsiBanics
mporeHT pererepanud. boms (VAS 0-10) m orék (0-3)
(uKcHpoBanuch B TeueHne 7 qHEH. JlaHHbBIe aHATM3UPOBAIINCH C
ITOMOIIIBIO TTApHBIX t-TecTOB 1 ANOVA MOBTOPHBIX H3MEPEHHUN
(p <0.05).

Pesyabrarsl: Bce rpynmbl  HoKazand — 3HAYUTENIBHOE
ymenbmenne aedekra (p < 0.001). PRF-tepamus obecreunna
Oonee BBICOKYIO PETCHEPAIHIO 10 CPABHEHMIO C KOHTPOJEM,
HaubompImme mokaszareny OsumH B Tpymme PRF + Bio-Oss (2D:
82,6% + 7,2; 3D: 90,4% = 4,8). KJIKT npogemoHcTprpoBana
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Oonee UYYBCTBHUTENBHYIO OLCHKY, 4eM 2D-peHTreHorpadus.
[ocmeomnepanonHas 60k W OTEK HE Pa3IMYAINCh MEKIY
TpyIIIaMH.

BeiBonbr: PRF ymyumaer pereHepanuio KOCTHOH TKaHU
MOCJIE alMMKOIKTOMUM, 0COOEHHO B KoMOuHaruu ¢ Bio-Oss, He
TIOBBIIIAsE MOCIIEONEPalMOHHYI0 3aboneBaeMocTb. OObeMHast
KJIKT mo3Bonsier Ooyiee TOYHO OIEHHBATh PE3YIBTAaThI

perenepaum.

KnwueBsie ciaoBa: Amnukoskromusi, PRF, Bio-Oss,
Perenepanus xoctu, KJIKT.

M9Bowmdy.

33930l dobsbo:  Fgxzoligds  dgarol  MgagbgMogool
3990099 9303M9dGH™dool godmygbgdom mM®IdM30GJO0m
9000sMH0 BodMHobol JsBHMogs (PRF), PRF Bio-Oss—msb
IO S LBEGHBIOEGMO FJMEOZs, 939 FgBsligds
30 GM3GMOE0IE0 (30300 O G9dM39ds.

sboegdo s dgomegdo: 30 3s309bG0 dgdmbzgzomo
Do  @sogm Lsd xamxndo (PRF, PRF + Bio-Oss,
3mb@mMmeo, n = 10). bsbmgzsbo ©nqdEHOL 4oBMIzgd0
23939009 U396 EH0BYdIMwOo 396053035 )MH0
9639606599000, 93 MO0MO 3b5¢0bo
30 CBCT-o» 08gbermes  dsbobby o 3, 6, 12
®3g9do.  godmomzgoms  MgagbgMogool  3Mm39bGo.
3bEM3gMooo @zogzowo (VAS 0-10) o 990v9390s
(0-3) Psbshgmgdme odbs 7 @ol  as63sgermdsdo.
9mbs399900  9Boe0BoM©IdMS Y30 MHo t-FgbGHom
5 29639 gd0mo Bmdgdol ANOVA-o (p < 0.05).

090092900: 9439 xaxnds  shg9bs  960d3bqwrmgzsbo
©989dBHOL 899300905 (p < 0.001). PRF-U 358myqbgdom
03990b5¢mdsd  9Bg9bs  m@dm  Fomowo  Mgagbgmsios
3MBEHOMEol XymBmsb dgsdgdom, PRF + Bio-Oss—ol
X3RS 30 439wy domowo 3Mm3gb@gdo doowm (2D:
82.6% + 7.2; 3D: 90.4% =+ 4.8). CBCT-05 53965 xacm
dmdbmdostg  dgxolgds 2D HgbGHagbmamsz305Lmsb
3900560 9300m. 3MLEHM3IMS30MO BHI0Z0¢0 ©s 9933900
960036003650 96 256b35309dM©s X YMB3gOL Fmeob.

©s33bs:  PRF  s9306Hgdl  dgwol  Mga9696s30slk
53030m9dGH™dool 9909, 39bLs3MNEMGdOom Bio-Oss—msb
30306530580, 3mbGHM39MOEGOIE0 ©5535©0)OJOOL DOl
20693d9. CBCT 3m3@mdomo sbsgrobo »B6HMbzgeymals
929696M5300L 990093900L Lygzas Fgz3oLgdsL.

b53396dm LoGYz9d0: 5303m9dGH™B0s, PRF, Bio-Oss, d3¢wol
9396965305, CBCT.
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