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Abstract

Background This randomized clinical trial evaluated the effect of two different hemostatic materials for end-
odontic microsurgery on bleeding control, postoperative pain and patients’ quality of life.

Methods Thirty-four subjects with apical periodontitis requiring endodontic microsurgery were randomized
(computer-generated allocation list, allocation concealment by sequentially numbered opaque sealed envelopes)
to receive N-hexyl cyanoacrylate surgical glue (n=15) or ferric sulfate 15.5% (n=19) for intraoperative haemo-
stasis. The primary outcome was the hemorrhage control score after application of the hemostatic agent. Second-
ary outcomes were intraoperative bleeding control before agent application, surgical field visibility, bleeding
recovery after agent removal, daily postoperative pain on the Numerical Rating Scale (NRS), daily analgesic
intake, postoperative swelling and the Oral Health Impact Profile-14 (OHIP-14) quality-of-life score, all col-
lected over seven days. Categorical variables were analysed using the chi-square or Fisher’s exact test; continu-
ous variables were analysed using independent-samples t-tests or Mann—Whitney U tests as appropriate, with
significance set at P<0.05.

Results The mean lesion volume and diameter were higher in the surgical glue group (P=0.022 and P=0.031
respectively). There was no significant difference regarding the bleeding control before (P=0.15) and after
(P=0.27) hemostatic agent use in both groups; at T1, complete hemorrhage control was observed in 60.0% and
52.6% of patients, respectively (absolute difference 7.4% points; 95% CI -24.1 to 36.4). The visibility of the
surgical field appeared similar in the two groups (P=0.092). After the removal of the surgical glue, there was
a significant increase in bleeding recovery compared to ferric sulfate (P=0.045). In unadjusted between-group
comparisons, postoperative swelling was more frequently reported in the surgical glue group (P=0.026), and
analgesic consumption was also higher in this group (P=0.040). However, these postoperative differences should
be interpreted in light of the significant baseline imbalance in lesion size between groups. The postoperative pain
curves showed parallel trends (P=0.31) and the overall QoL showed no significant differences between groups
(P=0.54).

Conclusion Both ferric sulfate and N-hexyl cyanoacrylate surgical glue provided comparable intraoperative hae-
mostasis during endodontic microsurgery under the conditions of the present study. Moreover, these statistical
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differences were not accompanied by significant between-group differences in postoperative pain or overall qual-
ity of life and should therefore not be interpreted as establishing a clinically meaningful overall disadvantage of
either material. Because follow-up was limited to seven days, the present study provides information only on
intraoperative performance and early postoperative morbidity and does not allow conclusions regarding periapi-
cal healing, late complications, radiographic healing, or long-term surgical success.

Trial registration ClinicalTrials.gov NCT07311291 (registered 20 November 2025; registration was retrospec-
tive with respect to the start of recruitment in November 2023). The study was approved by the local Ethics Com-
mittee and Institutional Review Board (Protocol ID: 0272/2023).

Keywords Endodontic microsurgery - Surgical glue - Ferric sulfate - Cone-beam computed tomography -
Hemostatic agents

Background

Endodontic microsurgery aims to achieve complete cleansing and three-dimensional obturation of the apical por-
tion of the root canal system through a surgical approach [1]. The introduction of new technologies, instruments
and materials has simplified the procedural steps and improved clinical outcomes, allowing more predictable
management of the apical anatomy [2]. The use of cone beam computed tomography (CBCT) has improved the
preoperative assessment of the root apical anatomy and of the lesion landmarks, which is critical for clinical
success [3, 4]. In addition, the surgical microscope and the ultrasonic tips for apical preparation enable a mini-
mally invasive approach that may reduce postoperative discomfort and favour wound healing [5, 6]. Adequate
haemostasis is an essential intra-operative requirement of endodontic microsurgery: it improves visibility of the
surgical field, reduces operative time and may indirectly influence the post-operative course [7-9]. The use of an
appropriate hemostatic agent therefore helps to control bleeding within the bone crypt and is one of several fac-
tors that, together with lesion size, surgical access and patient-related variables, can influence the post-operative
prognosis [10, 11].

The ideal characteristics of a hemostatic agent for periradicular surgery are a rapid onset of action, ease of han-
dling, biocompatibility and absence of interference with bone and soft-tissue healing [12]. Ferric sulfate is widely
used in endodontic microsurgery because the ferric ions induce blood clotting through the denaturation of plasma
proteins and platelets, forming a physical barrier that arrests bleeding, while its astringent effect further promotes
soft-tissue contraction and local haemostasis [12]. However, ferric sulfate has been associated with cytotoxic
effects on the underlying bone when retained in the crypt and with delayed osseous healing in animal models
[11], and the discoloured superficial layer of bone must be carefully removed before suturing. These limitations
have motivated the search for alternative hemostatic agents with a more favourable biological profile and a more
controllable mechanism of action [11].

Medical cyanoacrylate-based glues have been used for bleeding control in general, visceral and laparoscopic
surgery [13, 14] and, in oral surgery, as tissue adhesives to promote wound healing and stabilize free gingival
grafts [15—17]. To the best of our knowledge, no clinical data are available regarding the use of a surgical hemo-
static glue as an intraoperative agent in the management of the endodontic microsurgical field. Available evi-
dence on the biological behaviour of cyanoacrylates is largely derived from in vitro cytotoxicity assays and from
short-term preclinical in vivo studies in animal models of hernia repair and intraperitoneal mesh fixation, which
have shown variable degrees of local foreign-body reaction and modulation of the early inflammatory response
[18-20]. The clinical implications of these biological findings for periapical tissues and bone healing remain
unclear and provide the rationale for the present investigation.

The N-hexyl cyanoacrylate hemostatic glue investigated in the present study is commonly employed in diges-
tive, visceral, urogenital and breast surgery [13, 20]. Given the multifactorial nature of postoperative pain and the
indirect relationship between intra-operative haemostasis and patient-reported outcomes, the present randomized
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clinical trial was designed as a hypothesis-generating comparison of N-hexyl cyanoacrylate surgical glue and fer-
ric sulfate during endodontic microsurgery. The primary outcome was the hemorrhage control score after appli-
cation of the hemostatic agent; secondary outcomes were intra-operative bleeding control before application,
surgical field visibility, bleeding recovery after agent removal, postoperative pain on the NRS, daily analgesic
intake, postoperative swelling and oral-health-related quality of life measured with the OHIP-14. Accordingly,
the study was designed to assess intraoperative haemostatic performance and early postoperative morbidity and
was not intended to evaluate periapical healing or long-term surgical success.

Methods
Ethical considerations

This randomized controlled clinical trial was approved by the local Ethics Committee and Institutional Review
Board (Protocol ID: 0272/2023). Recruitment took place between November 2023 and September 2025; the
seven-day follow-up of the last enrolled patient was completed in October 2025. The trial was registered at Clini-
calTrials.gov (NCT07311291) on 20 November 2025. The authors acknowledge that registration was retrospec-
tive with respect to the start of recruitment. No protocol changes were introduced after the first participant was
enrolled, and the outcomes reported in the present manuscript correspond to those defined in the ethics-approved
protocol. Therefore, the ethics-approved protocol and predefined outcomes were maintained throughout recruit-
ment. All recruited subjects provided written informed consent. The manuscript was prepared in accordance with
the CONSORT 2010 statement and the Preferred Reporting Items for Randomized Trials in Endodontics (PRI-
RATE) 2020 guidelines [21], and the corresponding checklists are provided as Supplementary Material.

Eligibility criteria

Consecutive informed and consenting healthy subjects (ASA 1-2) of both genders with no medical history of
systemic disease and presenting a diagnosis of symptomatic or asymptomatic apical periodontitis in correspon-
dence of endodontically treated teeth with periapical lesions were enrolled. The diagnosis was performed clini-
cally and radiographically through periapical radiographs and small field of view (FOV) Cone-Beam Computed
Tomography (CBCT). The lesions volume and diameters were evaluated using the dedicated software Mimics
24.0 (Materialise, Belgium). Only periapical defects with one or two residual cortical walls were considered,
while bone cavity designs with no cortical walls were excluded. The clinical indications for retrograde endodon-
tic retreatment were reported for all cases: the teeth presented inadequate root canal treatment with periapical
radiolucency and impossible access through orthograde retreatment due to the presence of prosthetic restorations,
posts, canal blocks and ledges. Moreover, the teeth presented an adequate coronal seal and absence of pathologi-
cal periodontal records.

The subjects affected by diabetes mellitus, hypertension and hepatic or renal diseases were excluded from
the study. Similarly, exclusion criteria included bleeding disorders, pregnancy and antiplatelet or anticoagulant
therapy. The teeth that were considered unrestorable and the elements affected by fractures or extensive periodon-
tal defects were also dismissed. A written consensus reporting information about the surgical procedure and the
clinical and radiographical follow-up was supplied.

Sample size calculation
The sample size was estimated a priori using G*Power v.3.1 (Heinrich-Heine-Universitét, Diisseldorf, Germany).

Atthe study-design stage, the sample-size calculation was based on postoperative pain measured using the Numer-
ical Rating Scale (NRS), because this was considered the most variable patient-reported outcome for which a
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quantitative estimate of variability was available from a comparable endodontic microsurgery study. Specifically,
a common standard deviation of 6.24, derived from the postoperative NRS pain data reported by Bharathi et al.
[8], was used together with a two-sided a of 0.05 and a power (1 —f) of 80%, resulting in a minimum required
sample of 10 subjects per group. An appropriate variance or effect-size estimate for the hemorrhage-control score
for the specific comparison between N-hexyl cyanoacrylate and ferric sulfate was not available at the time of
study design. Because the hemorrhage-control score is an ordinal outcome, no sufficiently reliable quantitative
basis was therefore available to power the study directly on this endpoint. To compensate for a foreseen dropout
rate of approximately 20%, recruitment was extended to a total of 34 subjects. Postoperative pain was assessed
throughout the trial using the NRS, consistent with the operational definition adopted in all study documents and
outcome forms.

Randomization and allocation

The allocation sequence was generated by a researcher not involved in patient recruitment or clinical treatment
using a computer-generated random number list with simple 1:1 randomization. Allocation concealment was
ensured by sequentially numbered, opaque, sealed envelopes that were opened by the surgical assistant only
after the bone crypt had been prepared and the TO hemorrhage control assessment had been completed. Patients
were not informed of the type of hemostatic agent assigned to them. Because the two materials differ markedly
in physical appearance and handling, blinding of the operator was not feasible; however, postoperative patient-
reported outcomes were collected through standardized self-report diaries completed by the patients at home, and
the statistician who performed the analyses was blinded to group allocation.

Treatment procedure

All procedures were performed by a single experienced operator in a sterile environment using an operating
microscope (OPMI Pro Ergo, Carl Zeiss, Germany). Local anaesthesia followed a two-step protocol routinely
used by the operating team to ensure both deep pulpal/periapical anaesthesia and prolonged local haemostasis
from the vasoconstrictor: first, a buccal infiltration of articaine 4% with epinephrine 1:100,000 (Septodont, Saint-
Maur-des-Fossés, France) was administered (one to two 1.7 mL cartridges, depending on tooth location); ten
minutes later, supplementary buccal infiltration with lidocaine 2% with epinephrine 1:50,000 (Dentsply Sirona,
Charlotte, NC, USA) was given (one 1.8 mL cartridge). The total epinephrine dose never exceeded 0.2 mg, and
the total doses of articaine and lidocaine were kept well within the manufacturers’ recommended maxima (7 mg/
kg each). The same two-anaesthetic protocol was used in both arms and was completed before the allocation
envelope was opened, so that any vasoconstrictor-related haemostatic effect was expected to influence the two
groups equally. A full-thickness mucoperiosteal flap was then elevated, the periradicular lesion was debrided with
surgical curettes (Hu-Friedy, Chicago, IL, USA) and the bone crypt was refined with a #557 SL Lindemann bur
(Brasseler USA, Savannah, GA). Immediately after curettage and before disclosure of the allocation, the opera-
tor and two independent calibrated assistants assigned the hemorrhage control and the surgical field visibility
scores reported in Table 1 [8]. Before the trial, the three examiners had been calibrated on five pilot cases not
included in the study; Cohen’s kappa for inter-examiner agreement on hemorrhage control was 0.82 (very good

Table 1 Hemorrhage control  Score Hemorrhage Control Surgical Field View
and surgical field view 0 no hemorrhage control or profuse bleeding that covers the surgical site  not clear view of
scores hampering the root-end filling procedures the surgical field

1 slight intermittent bleeding that allowed root-end filling procedures clear view that

allowed root-end
filling procedures

2 complete hemorrhage control that allowed root-end filling procedures
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agreement), and in case of disagreement the median of the three independent scores was used. The envelope was
then opened. In group 1 (n=15), the N-hexyl cyanoacrylate surgical glue (IfaBond, Dipromed, Mondovi, Italy)
was applied to the bone crypt with a 23G needle in a single drop of approximately 0.05 mL and was allowed to
polymerize in contact with blood for 60 s without active compression (Fig. 1a). In group 2 (n=19), ferric sulfate
15.5% (Astringedent, Ultradent Products Inc., South Jordan, UT, USA) was applied with a sterile cotton pellet
under light digital pressure for 60 s and the area was then gently rinsed with sterile saline (Fig. 1b). After applica-
tion of the hemostatic agent, the hemorrhage control score and the surgical field visibility score were re-evaluated
independently by the same three examiners (T1) using the criteria reported in Table 1.

Apical resection of 2-3 mm with a 0°-10° bevel angle was performed with a #557 SL Lindemann bur (Brasse-
ler USA, Savannah, GA). The apical portion of the root was then stained with 2% methylene blue to visualize the
canal anatomy, isthmuses and possible microfractures. In both groups, the apical 3 mm were prepared along the
long axis of the root with a piezoelectric device (MiniPiezon, EMS, Nyon, Switzerland) and dedicated ultrasonic
tips (ProUltra Surgical Tips, Dentsply Sirona, Charlotte, NC, USA). Root-end filling was completed with super-
EBA cement (SuperSeal, OGNA, Muggio, Italy); super-EBA was preferred to MTA or bioceramic putty because

Fig. 1 The application of the
surgical glue in the bone crypt
with a needle (a) and the
application of a cotton pellets
soaked with ferric sulfate (b)
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of its short setting time, moisture tolerance, well-documented long-term clinical performance in endodontic
microsurgery and the operator’s prior calibration with this material [1, 5, 6]. After completion of root-end filling,
the surgical glue was removed by gentle mechanical detachment with a microsurgical curette followed by copi-
ous irrigation with sterile saline (approximately 20 mL), while ferric sulfate was removed by saline irrigation and
curettage of the superficial layer of discoloured bone until clean cortical and medullary bone was visible. In both
groups, the bone crypt was then allowed to refill with a blood clot, and the bleeding recovery was scored using the
hemorrhage control score by the same three calibrated examiners and compared with the previous records. The
flap was sutured with 5—0 resorbable sutures (Vicryl, Ethicon, Sankt Stefan, Switzerland). A standardized post-
surgical protocol was given to the patients according to Bharathi et al. [8]: a soft, room-temperature diet for 48 h,
abstention from strenuous physical activity and smoking for 7 days and chlorhexidine digluconate 0.2% mouth
rinses twice daily for seven days. Postoperative analgesia consisted of ibuprofen 600 mg to be taken as needed for
pain, up to a maximum of three doses per 24 h (1800 mg/day); no other analgesic was permitted and no antibiotic
prophylaxis was prescribed. Patients were instructed to record each ibuprofen intake on the same diary used for
pain assessment. No participant was excluded for excessive analgesic use. Sutures were removed at five days.

Outcomes

The primary outcome was the hemorrhage control score after application of the hemostatic agent (time T1).
Secondary outcomes were the hemorrhage control score before application of the agent (T0, immediately after
curettage of the bone lesion), the bleeding recovery score after removal of the hemostatic agent, the surgical field
visibility score at TO and T1, postoperative pain on the NRS over seven days, daily analgesic intake over seven
days, the presence of postoperative swelling and the OHIP-14 questionnaire score at one week. Scores were
assigned by the operator and two calibrated assistants using the criteria reported in Table 1 [8]. Cohen’s kappa for
inter-examiner agreement on the hemorrhage control score was 0.82 (very good agreement); discrepancies were
resolved by using the median of the three independent scores.

Patient-reported oral-health-related quality of life was assessed with the Oral Health Impact Profile-14 (OHIP-
14) questionnaire [8, 22]. The instrument explores seven domains (functional limitations, physical pain, psycho-
logical discomfort, physical disability, psychological disability, social disability and handicap) and the responses
are graded on a 5-point Likert-like scale (1 =never, 2=hardly ever, 3=occasionally, 4=fairly often, 5=very
often). Postoperative pain was assessed with the 0—10 Numerical Rating Scale (NRS), where higher values indi-
cate greater pain; a 1-point between-group difference is conventionally regarded as the smallest clinically relevant
change [23]. Patients recorded the worst pain they had experienced over each of the seven postoperative days.
The same diary was used to record analgesic intake (each ibuprofen 600 mg dose) and postoperative swelling:
each day, the patient indicated whether oral or facial swelling was present (binary outcome, yes/no). In addition,
an extra-oral and intra-oral clinical examination at the suture-removal visit on day 5 documented any clinically
detectable swelling. Patients were classified as having postoperative swelling if any self-reported or clinically
detected episode occurred during the seven-day window. To minimize missing data, patients were contacted by
telephone on day 1 and day 4 to verify completion of the diary and to answer queries about the forms.

Statistical analysis

Statistical analyses were performed by an independent biostatistician who was blinded to group allocation, using
SPSS Statistics v.23.0 (IBM Corp, Armonk, NY, USA). The normality of continuous variables was assessed with
the Shapiro—Wilk test. Between-group comparisons of categorical variables — hemorrhage control score, surgi-
cal field visibility score, presence of postoperative swelling and daily analgesic intake — were performed using
Pearson’s chi-square test, with Fisher’s exact test applied when expected cell counts were below five. Individual
OHIP-14 items were compared between groups using Fisher’s exact test and the OHIP-14 summary score was
compared with an independent-samples t-test. Daily NRS pain scores were compared between groups using the
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Fig.2 CONSORT flow diagram [ To st f vt st v e cne . s o ]

Ife aftor endodontic microsurgery

NCT number: NCTO7311291

Table 2 Demographic data

and les.ion characteristics Variable Surgical Glue (n=15)  Ferric Sulfate (n=19) P value
according to groups Age (yrs.) Mean+SD 49.1+6.1 51+8.3 0.411
(range) (21-75) (23-79)
Gender Females 7 (46.6%) 8 (42.2%) 0.871
Males 8(53.4%) 11 (57.8%)
Lesion characteristics ~ One cortical plate 9 (60%) 10 (52.6%) 0.712
Two cortical plates 6 (40%) 9 (47.4%)

Mann—Whitney U test on each postoperative day. To complement P values and facilitate interpretation of the mag-
nitude and precision of the observed differences, absolute between-group differences with corresponding 95%
confidence intervals were additionally reported for selected outcomes for which a directly interpretable contrast
was available. For lesion-size variables, mean between-group differences with 95% confidence intervals were
reported. For the ordinal hemorrhage-control outcome, the original comparison of the full score distribution was
retained, and the proportion achieving complete hemorrhage control (score 2) was additionally summarized as an
absolute between-group difference with a 95% confidence interval. Inter-examiner reliability for the hemorrhage
control score was quantified using Cohen’s kappa, which yielded a value of 0.82 (very good agreement). The
significance level was set at P<0.05. All between-group analyses were unadjusted. Given the limited sample size
and the resulting risk of model instability, no covariate-adjusted analysis for baseline lesion size was performed.

Results

The study followed the CONSORT guidelines, and a summary is provided in the diagram (Fig. 2). Forty subjects
were enrolled in the study, and six were excluded because not meeting the inclusion criteria. Demographic data
and lesions characteristics are reported in Table 2. The medullary bone surface limits in correspondence of the
lesions were 74.14% and 63.37% of the cases in the surgical glue and ferric sulfate groups respectively (P>0.05).
All the lesions presented chronic inflammatory tissue typical of periapical granuloma.

In the overall sample, no correlation was observed between lesion type (one- vs. two-walled bone defect)
and the hemorrhage control score. However, the mean volume and the mean diameter of the periapical lesions
were significantly greater in the surgical glue group than in the ferric sulfate group (P=0.022 and P=0.031

BMC Oral Health B BMC
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Table 3 Averages and standard deviations of the periapical lesion volumes and diameters in the two groups, with observed
mean between-group differences and 95% confidence intervals

Surgical glue (n=15) Ferric sulfate (n=19) P value Mean difference (95% CI)
Mean CBCT lesion volume (mm>*+SD) 459495 238+11 0.022 221 (168.2 to 273.8)
Mean lesion diameter (mm=SD) 9.12+3.75 6.02+1.4 0.031 3.10 (0.95 to 5.25)

Table 4 Analgesic consumption after treatment (number and rate of subjects recurring to analgesic therapy during the first
seven days), with absolute between-group differences and 95% confidence intervals
Prevalence of analgesic consumption (number of subjects and %)

Day 1 Day 2 Day 3 Day4 Day 5 Day6 Day7
Surgical glue (n=15) 12 (80%) 11 (73.3%) 11 (73.3%) 9 (60%) 7 (46.6%) 6 (40%) 5
(33.3%)
Ferric sulfate (n=19) 8 (42.1%) 8 (42.1%) 6 (31.5%) 4 (21.0%) 3 (15.7%) 2 (10.5%) 1
(5.26%)
P-value 0.022 0.031 0.043 0.039 0.042 0.045 0.048
Absolute difference, percent- 37.9 (4.7 to 31.2(2.0to 41.8 (8.0 to 38.9 (6.0 to 30.9 (2.6 to 29.5 (0.4 to 28.1
age points (95% CI) 60.9) 55.9) 64.4) 62.7) 56.3) 54.9) (1.5t
53.4)

respectively) (Table 3). The observed mean between-group differences were 221 mm? (95% CI 168.2 to 273.8)
for lesion volume and 3.10 mm (95% CI 0.95 to 5.25) for lesion diameter.

Statistical analysis confirmed that there was no significant difference between the two groups regarding the
bleeding control before hemostatic agent use (TO): the lesions examined after surgical curettage showed compa-
rable degree of bleeding (P=0.15). Moreover, data suggested there was no significant difference between the two
groups in the control of bleeding after hemostat use (T1) (P=0.27). At T1, complete hemorrhage control (score
2) was observed in 60.0% of patients in the surgical glue group and 52.6% in the ferric sulfate group, correspond-
ing to an absolute difference of 7.4% points (95% CI -24.1 to 36.4). No statistically significant between-group
difference was observed in surgical field visibility after application of the hemostatic agents (P=0.092). A clear
surgical field was observed in 26.7% and 57.9% of patients, respectively, corresponding to an absolute difference
of -31.2% points (95% CI -55.9 to 2.0).

Bleeding recovery scores measured immediately after removal of the hemostatic agent were significantly
higher in the surgical glue group than in the ferric sulfate group (P=0.045): bleeding rebound was observed in
79% of cases in the surgical glue group compared with 52% in the ferric sulfate group. Based on the correspond-
ing patient counts, the observed absolute between-group difference was approximately 27% points (95% CI 4.8
to 52.0).

In unadjusted between-group comparisons, postoperative swelling was more frequently reported in the surgical
glue group (P=0.026), while analgesic consumption was higher in the surgical glue group (P=0.040) (Table 4).
Absolute between-group differences in daily analgesic use, with corresponding 95% confidence intervals, are
reported in Table 4 to complement the P values. Because no covariate-adjusted analysis for the baseline imbal-
ance in lesion size was performed, these findings represent unadjusted associations and should not be interpreted
as independent effects of the hemostatic agent.

Regarding the postoperative pain, an average value of the NRS scale was calculated for each day for the two
groups. The curves representing the two groups showed parallel trends with values deviating not significantly
(P=0.31) (Fig. 3a). Patient perception of the impact of hemostatic agents on overall QoL showed no significant
differences between groups (P=0.54) (Fig. 3b).
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Fig. 3 The mean pain value (NRS scale) (a) and the overall QoL trend (b) for seven days after treatment in both groups

Discussion

Endodontic microsurgery relies on minimally invasive techniques and on adjunctive technologies such as the
operating microscope and CBCT [5, 6]. Within this framework, adequate intra-operative haemostasis is essential
to ensure visibility of the surgical field and to allow a controlled root-end filling [11, 24]. A variety of hemostatic
agents has been proposed, including bone wax, collagen sponges, adrenaline-impregnated pellets and ferric sul-
fate [7, 11], some of which have been associated with cytotoxic effects on bone tissue, foreign-body reactions
and impaired healing [7, 18]; an ideal agent — rapid, biocompatible, easy to handle and fully resorbable without
interfering with bone healing — has not yet been identified. The present trial compared a N-hexyl cyanoacrylate
surgical glue with ferric sulfate, the most widely used reference material in this field.

The baseline imbalance in lesion size represents an important potential confounder. As a chance finding of
simple randomization in a small sample, possibly amplified by the absence of stratification by lesion size, this
imbalance may have influenced bleeding recovery, postoperative swelling and analgesic intake. Accordingly, any
apparent disadvantage of the surgical glue in these outcomes could, at least in part, reflect the larger lesions in that
arm rather than an independent effect of the agent itself. Because a sufficiently reliable covariate-adjusted analy-
sis was not feasible within the present sample, residual confounding by lesion size cannot be excluded. Future
trials should therefore use stratified or block randomization by lesion volume and prespecified covariate-adjusted
analyses to disentangle the contribution of lesion size from that of the hemostatic agent.

The comparable intraoperative haemostatic performance and surgical field visibility observed with the two
agents suggest that both approaches can provide a clinically workable operative field under the conditions inves-
tigated [11]. However, these findings should be interpreted specifically in relation to short-term intraoperative
performance. They do not establish equivalence between the materials and should not be extrapolated to post-
operative tissue response, periapical healing or long-term surgical success. Moreover, the baseline imbalance in
lesion size remains a potential source of confounding when interpreting subsequent outcomes.
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The greater bleeding recovery observed after removal of the surgical glue is biologically and mechanically
plausible. Ferric sulfate produces a denatured protein-blood matrix that remains physically and chemically inte-
grated with the underlying tissue, whereas the cyanoacrylate polymer forms a discrete plug that is mechanically
detached when the agent is removed, thereby re-exposing the underlying microvasculature [25, 26]. Both materi-
als must in any case be removed from the bony crypt before suturing to optimize the postoperative prognosis [4,
26-27]. Importantly, bleeding recovery was assessed using a subjective ordinal score by examiners who were
necessarily aware of the material used. This observation should therefore be interpreted primarily as a mechani-
cally plausible consequence of the different physical behaviour and removal procedures of the two materials
rather than as evidence of inferior haemostatic efficacy of the surgical glue. Its clinical relevance remains uncer-
tain and should not be inferred from statistical significance alone. Future investigations should incorporate objec-
tive endpoints such as bleeding duration after removal, the weight of blood absorbed by standardized gauzes, or
blinded photographic/video assessment.

The postoperative findings require cautious interpretation. Although differences emerged in some second-
ary measures of early morbidity, they were not accompanied by a consistent between-group pattern in patient-
reported pain or overall oral-health-related quality of life [8, 22]. This argues against interpreting the isolated
postoperative findings as evidence of a clinically meaningful overall disadvantage of either material. In particu-
lar, the baseline imbalance in lesion size is a major potential confounder, because larger periapical lesions may be
associated with greater postoperative inflammation and analgesic requirements [8]. The observed differences in
swelling and analgesic use may therefore reflect, at least in part, differences in lesion characteristics rather than
an independent effect of the haemostatic agent. A direct pro-inflammatory effect of the cyanoacrylate cannot be
established from the present data. Although preclinical studies suggest that some cyanoacrylate adhesives can
induce foreign-body reactions and modulate early inflammatory responses [18, 20], no biological, histological
or biomarker measurements were collected in this trial. Such a mechanism therefore remains speculative and
hypothesis-generating. Adequately powered randomized trials incorporating stratification by lesion volume and
objective inflammatory outcomes are required to clarify whether the surgical glue independently influences early
postoperative morbidity. These findings should also not be extrapolated beyond the seven-day follow-up period
investigated.

From a clinical perspective, the choice of a haemostatic agent is likely to depend on the characteristics of
the surgical field. Ferric sulfate permits focal application and intimate contact with the bleeding bone surface,
whereas bulk polymerization of cyanoacrylate may offer a practical haemostatic barrier when bleeding is more
diffuse [1, 11, 25, 26]. However, the present trial does not establish lesion size as an indication for selecting one
material over the other, because the larger lesions in the surgical-glue arm resulted from baseline imbalance
rather than prespecified stratification. Any lesion-specific advantage should therefore be considered hypothesis-
generating and tested prospectively in trials stratified by lesion volume.

The present study has several limitations. First, the sample-size calculation was based on postoperative NRS
pain rather than on the primary haemostatic endpoint. At the study-design stage, postoperative pain was selected
because a quantitative estimate of variability was available from a comparable endodontic microsurgery study,
whereas no appropriate variance or effect-size estimate was available for the ordinal hemorrhage-control score
for the specific comparison investigated here. Nevertheless, basing the sample-size calculation on a secondary
patient-reported outcome rather than on the primary haemostatic endpoint represents an important methodological
limitation. The study may therefore have been insufficiently powered to detect clinically relevant between-group
differences in hemorrhage control, and its comparative efficacy estimates should be interpreted as hypothesis-
generating. The limited sample size also reduces the precision of estimates for secondary outcomes. Importantly,
the seven-day observation period of the present study was designed to capture intraoperative performance and
early postoperative morbidity and therefore does not provide information on periapical bone healing, late com-
plications, radiographic healing, or long-term surgical success. Recent evidence from Lu et al., who evaluated
through-and-through periapical lesions after endodontic microsurgery using both two-dimensional radiographic
criteria and three-dimensional CBCT assessment over a minimum follow-up of 24 months, further highlights the
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importance of lesion characteristics and of long-term, three-dimensional assessment of periapical regeneration
[29]. Their findings also illustrate the additional information provided by CBCT-based evaluation of bone healing
compared with conventional two-dimensional radiographic assessment. This is particularly relevant to the pres-
ent study, in which baseline lesion volume differed significantly between groups and was assessed preoperatively
using CBCT. Accordingly, the comparable intraoperative haemostatic performance observed in the present study
should not be interpreted as evidence of equivalence between the two materials with respect to long-term peri-
apical healing. Future trials should therefore incorporate longer clinical and radiographic follow-up, preferably
including three-dimensional CBCT-based assessment of lesion healing and volumetric bone regeneration.

The haemostatic outcomes are intrinsically subjective, and, despite operator calibration and good inter-exam-
iner agreement, the absence of operator blinding may have introduced assessment bias. The primary endpoint
relied on subjective ordinal assessment and examiners could not be blinded at T1 because of material appear-
ance. Future studies should incorporate adjusted analysis, blinded photographic or video assessment and, where
feasible, quantitative measures such as bleeding duration or the weight of absorbent materials. Postoperative
swelling was recorded as a binary present/absent outcome supplemented by a single clinical examination at
suture removal, which is less informative than three-dimensional volumetric assessment. The baseline imbalance
in lesion volume, together with the absence of a sufficiently reliable covariate-adjusted analysis, leaves residual
confounding that should be addressed in future trials through stratified randomization and prespecified adjusted
analyses. An additional methodological limitation is the retrospective registration of the trial. Although the out-
comes reported in the present study correspond to those defined in the ethics-approved protocol and no protocol
changes were introduced after enrolment began, registration occurred after the start of patient recruitment. Ret-
rospective registration provides less assurance regarding the transparency of prespecified outcomes and analyses
than prospective registration and should therefore be considered when interpreting the present findings. Larger,
prospectively registered, stratified randomized trials are needed to validate the present observations.

Conclusions

Within the limitations of this randomized clinical trial, N-hexyl cyanoacrylate surgical glue and ferric sulfate pro-
vided comparable intraoperative haemostatic performance during endodontic microsurgery. The greater bleeding
recovery observed after glue removal may reflect the different physical behaviour and removal procedures of
the materials and should not be interpreted as evidence of inferior haemostatic efficacy. Differences in selected
secondary postoperative outcomes cannot be attributed independently to the haemostatic agent because of the
baseline imbalance in lesion size and the absence of a sufficiently reliable, adjusted analysis. Overall, the findings
do not establish a clinically meaningful advantage or disadvantage of either material and should be regarded as
hypothesis-generating. Larger, prospectively registered trials adequately powered for the primary haemostatic
endpoint, stratified by lesion size and incorporating objective outcome assessment and longer-term follow-up are
required.
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