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A comparative study of photobiomodulation enhancing hemostasis in older patients at risk
of extraction socket bleeding
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ABSTRACT

Laser therapy effectively reduces the risk of excessive bleeding, a critical condition in rural healthcare units
due to limited hemostatic tools and specialist availability. This research aimed to compare the clinical out-
comes of utilizing lasers to enhance socket hemostasis in Thailand’s primary, secondary, and tertiary-level
healthcare units. This prospective observational study involved a total of 27 patients, aged 50 and older,
who were at risk of extraction socket bleeding due to medications or gingival inflammation. Each study
unit provided routine dental treatments along with supplemental laser therapy, as chosen by the operators.
A single researcher assessed the related clinical outcomes. Primary and secondary-level healthcare units uti-
lized an 810 nm diode laser; in contrast, a tertiary-level healthcare unit employed a 653 nm and 980 nm
diode laser. Soft-assisted tissue loosening was conducted using 810 nm or 980 nm diode lasers, with a
power of 2.5 to 3 W delivered via a 320-micron optical fiber. To initiate blood clot formation, a 635 nm
at 0.2 W, 5.08 J/cm? via 8-mm diameter laser probe, or 810 nm at 0.8 W, 5.93 J/cm? via 6-mm diameter
biomodulation probe was applied for 10 s per session.

Secondary and tertiary-level healthcare units often combined laser-assisted soft tissue loosening and pho-
tobiomodulation, whereas the primary-level healthcare unit generally opted for utilizing photobiomodula-
tion alone (p<0.001). Laser therapies employed in this study achieved socket hemostasis in 72 out of 86
sockets, with 55 achieving hemostasis within 5 min. The operators confirmed the clinical efficacy in re-
ducing hemostasis duration across all study units (p=0.702), without experiencing post-extraction bleeding
or clinical complications.

Our findings indicate that a combination of laser-assisted soft tissue loosening and photobiomodulation
to induce blood clot formation is a safe and effective local measure for enhancing socket hemostasis.
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Introduction

In routine dental extractions, uncontrolled bleeding may
occur in patients with bleeding disorders, multiple sys-
temic diseases, or specific local factors like severe gingival
inflammation.’ A retrospective study by Shao ez 4/. in
2024 indicated that individuals aged over 60 years old
were at elevated risk for post-extraction bleeding (PEB).*
This risk was compounded in those undergoing oral an-
tithrombotic therapy, which includes anticoagulants>® or
dual antiplatelet therapy (DAPT).” Both primary and sec-
ondary-level healthcare units in Thailand reported uncon-
trolled bleeding in routine dental practice, especially in
older patients on medications that induced bleeding and
those with severe gingival inflammation.® A systematic re-
view and meta-analysis by Mahardawi ez 4/. in 2023 dem-
onstrated that the use of additional hemostasis measures
significantly reduced the incidence of PEB, particularly in
patients undergoing oral antithrombotic therapy, by aid-
ing blood clot stability in the bleeding socket.” However,
the application of hemostatic sponges was associated with
an increased risk of socket bleeding due to expansion ef-
fects compared to pressure hemostasis techniques.” De-
spite being generally resorbable, some hemostasis agents
could occasionally trigger foreign body reactions or allergic
responses,'® although such instances were rare. Laser ther-
apy has recently emerged as an innovative technique pro-
viding enhanced socket hemostasis and introducing new
perspectives for managing bleeding in dental practices.

Since 2011, photobiomodulation, a new laser technique
that initiates blood clotting using light-emitting diode
(LED) irradiation, has proven effective in accelerating ex-
traction socket hemostasis both in healthy individuals''-
' and those on warfarin,'® surpassing conventional
pressure hemostasis. However, LED use has some draw-
backs, such as uncontrollable heat generation, fixed power
levels due to device design, and emission across a broad
spectrum of wavelengths. To tackle these limitations, non-
thermal laser therapy employing photobiomodulation
(PBM) was introduced to enhance blood clot formation
in bleeding extraction sockets.®'>'* Laboratory studies
have examined the effects of red light (632.8 to 670 nm)
on red blood cell aggregation,?** and clinical studies have
demonstrated the effectiveness of PBM using infrared
light (808 to 980 nm) to initiate blood clot formation in
bleeding sockets.®'>'? The crucial randomized controlled
trial (RCT) executed by Kelkar ez /. in 2023 also corrob-
orated the effectiveness of a2 980 nm diode laser in signif-

icantly accelerating socket hemostasis after tooth extrac-
tion in hemophiliacs.'” Despite these advantages, no
studies have examined the techniques and clinical efficacy
of laser therapy for enhancing blood clot formation after
tooth extraction in older patients across various healthcare
unit levels: primary, secondary, and tertiary. This prospec-
tive observational study aimed to explore laser therapy
techniques used for improving socket hemostasis and to
compare their related clinical outcomes across three dif-
ferent healthcare unit levels in Thailand.

Materials and Methods

Study design and study locations

A comparative study was carried out across three distinct
healthcare unit levels, all part of the Lasers in Dentistry
Research Group (LDRG) network at Khon Kaen Univer-
sity, Thailand. The study units included: i) a primary-level
healthcare unit (Dental Clinic, Bua Ngoen sub-district
health promoting hospital, Nam Phong District, Khon
Kaen Province, Thailand); ii) a secondary-level healthcare
unit (Dental Clinic, Borabue Hospital, Borabue District,
Mahasarakham Province, Thailand); and iii) a tertiary-
level healthcare unit (Orofacial Laserology Clinic, Depart-
ment of Oral and Maxillofacial surgery, Faculty of
Dentistry, Khon Kaen University, Thailand), which served
as the original, or referent, group. All operators at these
units were qualified in laser safety and application. The
study spanned from October 2023 to August 2024, fol-
lowing the approval of the study protocols by the Khon
Kaen University Ethics Committee for Human Research
(HEG72088).

Study size estimation

A survey of studies conducted between July 2021 and
March 2022 analyzed the use of laser therapy in primary
and secondary healthcare units. In each study unit, five
older patients were included.”® Therefore, the estimated
sample size for this study was set at a minimum of five
older patients per unit.

Participant recruitment

Participants in this study were either regular or referred

Laser Therapy



pISSN 0898-5901 | eISSN 1884-7269
Indexed in Scopus

Volume 32 - N. 1

patients seeking routine dental treatment. Comprehensive
dental treatment planning and procedures were admin-
istered by operators at each study unit. The initial eligi-
bility screening was conducted by the operator.
Participants were purposefully invited to participate in the
study by a single researcher (ST) who was not involved in
the patient’s treatment. Regarding patient rights, partici-
pants were informed that they could freely decline to par-
ticipate in the study without any consequences. Regardless
of their decision, they were assured that they would still
receive routine dental treatment, including laser therapy.

The inclusion criteria were as follows: patients had to be
at least 50 years old, designated as American Society of
Anesthesiologists Physical Status (ASA-PS) I to IV, lit-
erate, and in need of routine single or multiple tooth ex-
tractions. Eligible patients also had tendencies for socket
bleeding due to oral antithrombotic therapy (single or
dual antiplatelet therapy or anticoagulants) or local gin-
gival inflammation. The patient adhered to laser safety
measures, including the mandatory use of appropriate
eye protection during laser operations. These criteria
were applied consistently across all participating units.
The exclusion criteria were patients with local anesthesia
allergies, those unwilling to participate, individuals with
hereditary bleeding disorders, and those who had under-
gone organ transplantation. Withdrawal criteria in-
cluded cases where tooth extraction required
dentoalveolar surgery. For participants with severe sys-
temic health conditions or those undergoing oral anti-
thrombotic therapy, a consultation with a physician was
conducted before dental treatment.

Dental extraction procedure

Routine tooth extractions were conducted using a stan-
dardized atraumatic technique® by experienced oper-
ators in each study unit. Local anesthesia was
administered with 2% mepivacaine hydrochloride (20
mg/mL) and adrenaline (1:100,000) (Scandonest 2%
Special, Septodent, France, B32091AC, imported and
distributed by Accord Corporation Limited, Thailand).
An inferior alveolar and lingual nerve block were used
for mandibular teeth, with additional buccal infiltration
as needed, resulting in 1.5 to 1.8 mL of local anesthesia.
A supraperiosteal injection and palatal infileration were
used for maxillary teeth, amounting to around 0.6 to 0.8
mL per procedure. If required, the socket was gently cu-
retted after tooth extraction.

Laser Therapy

Laser procedures for enhancing socket hemostasis

The procedures included laser-assisted soft tissue loosen-
ing before tooth extraction and photobiomodulation ther-
apy to initiate blood clot formation in the extraction
socket. Regarding laser machine availability, primary and
secondary healthcare units had access to an 810 nm diode
laser, while a dual-wavelength diode laser (653 nm and
980 nm) was available at tertiary-level healthcare units.
For patients at risk of a bleeding tendency prior to tooth
extraction, laser therapy for sulcular fiber separation was
recommended (Figures 1A and 2A). This technique,
known as “laser-assisted soft tissue loosening”, aims to ab-
late sulcular fibers and seal gingival blood vessels. It in-
volves inserting a fiber optic tip into the periodontal sulcus
and moving it up and down until a whitish coagulative
zone appears. The tip was inserted 2 to 3 mm into the sul-
cus, avoiding the periosteum. The laser parameters used
in this study included an 810 nm diode laser (PICAS-
SO™LITE, AMD Lasers, Indiana) and a 980 nm diode
laser (SmartM, Lasotronix, Piaseczno, Poland) at a power
of 2.5 to 3 W in continuous wave mode. The use of this
technique was optional and was based on the operator’s
decision.

Figure 1. A combination of laser-assisted soft tissue loosening and
PBM to initiate blood clot formation used in a 73-year-old Thai fe-
male taking aspirin with clopidogrel. A) Laser-assisted soft tissue loos-

ening using a 980 nm diode laser with fiber optic (white arrow
indicates the whitish coagulative zone surrounding gingival sulcus);
B) PBM to initiate blood clot formation using a 635 nm diode laser
with an 8 mm-diameter laser probe; C) initial clot formation within
5 min following laser hemostasis; D) complete clot formation within
20 min following laser with pressure hemostasis.
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After tooth extraction, bleeding sockets were treated with
laser therapy for hemostasis (Figures 1B and 2B). A tech-
nique known as “PBM for initiating blood clot” was em-
ployed with specific laser parameters: an 810 nm diode
laser with a power output of 0.8 W that delivers an energy
density of 5.93 J/cm? in continuous wave mode, using a
6 mm diameter biomodulation laser probe, or a 635 nm
diode laser (SmartM, Lasotronix, Piaseczno, Poland) with
a power output of 0.2 W in continuous wave mode, de-
livering an energy density of 5.08 J/cm? using an 8 mm
diameter laser probe. The use of the laser comprised irra-
diating the bleeding socket for 10 s per session, with an
initial four sessions recommended. If the bleeding per-
sisted, more PBM sessions were carried out. Other hemo-
stasis techniques were implemented as needed. The total
observation period lasted 30 min and assessments were
carried out every 5 min.

Post-extraction instruction and evaluation

Analgesics were prescribed to be taken as needed every 6
h. For 2 days after the extraction, patients adhered to a
soft diet and were instructed to return to the study units
if any re-bleeding occurred. Follow-up evaluations were
tentatively scheduled for 2 to 4 weeks post-extraction. If
patients could not return for a visit, a phone interview was
conducted by the operator.

Figure 2. A combination of laser-assisted soft tissue loosening and
PBM to initiate blood clot formation used in a 58-year-old Thai fe-

male with diabetes. A) Laser-assisted soft tissue loosening using an
810 nm diode laser with fiber optic (white arrow indicates the whitish
coagulative zone); B) PBM to induce blood clot formation using an
810 nm diode laser with a biomodulation probe; C) complete clot
formation within 10 min following laser hemostasis; D) 2-week fol-
low-up indicating complete mucosal coverage.

Assessments of socket hemostasis and clinical efficacy

Hemostasis of the socket was clinically evaluated by both
the operator and the researcher (ST) within 10 s. The crit-
eria included: i) active bleeding, characterized by continu-
ous blood flow; ii) sluggish oozing, defined by blood
movement without overflow; and iii) clot formation, iden-
tified by a gel-like blood clot. Complete socket hemostasis
was confirmed through an agreement between the oper-
ator and the researcher (ST).

Before the evaluation of clinical efficacy, the operator per-
formed clinical data verification. The criteria were as fol-
lows: 1) positive: effective or expedited hemostasis achieved
with laser therapy or in combination with other measures;
i) neutral: hemostasis achieved at a rate comparable to the
normy; iii) negative: hemostasis achieved at a slower rate
than expected; iv) partial effectiveness: reactionary bleed-
ing occurring 2 to 3 h post-extraction; v) non-effective-
ness: persistent bleeding beyond 12 h, mandating return
visits, hospitalization, or blood transfusion.

Variable and measurement

The primary outcome of this study was the technique of
laser therapy utilized for socket hemostasis. Other related
clinical outcomes included the duration of hemostasis, the
efficacy of laser therapies, the incidence of PEB, and any
adverse effects.

Bias

Before treatment visits, participants underwent initial
screening and dental treacment planning carried out by
healthcare providers or operators in each study unit. Ap-
pointments for tooth extractions were then scheduled.
During the treatment visit, participants were informed
about laser therapy and invited to participate by the re-
searcher (ST), who was not directly involved in the dental
procedures.

Statistical analysis

The data recorded in this study were processed and ana-
lyzed using the SPSS program (version 29.0.2.0 Armonk,
NY: IBM Corp.). All analyses in this study were two-sided
and were conducted at a significance level of 0.05. The
normality of participants’ ages and irradiation sessions was
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explored using Shapiro-Wilk tests. Continuous variables
were expressed as averages with their 95% confidence in-
tervals (95% CI), while categorical variables were pre-
sented as frequencies. Comparisons of participants
proportions by demographic data across three study units
were performed using the chi-square test. In the event of
low expected frequency in the contingency table, Fisher’s
exact test was performed instead. To determine differences
in the proportion of extraction sockets by clinical data
among the three different study units, either the chi-square
test or Fisher’s exact test was performed, depending on the
expected frequencies in the contingency table.

Results

All patients in this study received routine dental treat-
ments conducted by dentists at each study site. For pa-
tients at risk of bleeding after tooth extraction, laser
therapies were used to expedite socket hemostasis. The re-
quirement for laser therapies was determined by the op-
erator, and they were used only after obtaining informed
consent from the patient.

Patient characteristic

Between October 2023 and August 2024, a total of 27
patients were included across all three study units, with

Table 1. Laser parameters used in this study.

more than half undergoing multiple tooth extractions. Of
these, 16 were female and 11 were male. The average age,
with a 95% confidence interval, was 64.78 (61.03 to
68.52). Twelve patients were receiving oral antithrombotic
therapy. The laser parameters used in this study are de-
tailed in Table 1. The demographic characteristics of the
patients, as presented in Table 2, showed no statistically
significant differences across primary, secondary, and ter-
tiary-level healthcare units in terms of gender (p=0.540),
age (p=0.339), and tooth removal procedures (p=0.885).
This underscores the demographic likeness of participants
across the three study units.

The proportions of patients classified as ASA-PS Class I11
and IV, as well as those with cardiovascular diseases, were
significantly more likely to receive dental treatments at a
tertiary-level healthcare unit (p=0.001 and p=0.022, re-
spectively). Additionally, there was no significant differ-
ence in the proportion of patients classified by ASA-PS
between primary and secondary-level healthcare units
(p=0.620).

Number of extraction sockets in three study units

and general characteristics

The total number of extraction sockets, as shown in Table
3, was 86 sockets across 27 participants. In primary and
secondary-level healthcare units, periodontitis was the
main reason for tooth extraction. However, tertiary-level

Parameter (units)

PBM for initiating blood clot

Laser-assisted soft tissue loosening

Wavelength (nm) 635 810+10

810+10 980

Laser type diode, semiconductor  gallium-aluminum-arsenide gallium-aluminum-arsenide  diode, semiconductor
(GaAlAs), diode laser (GaAlAs), diode laser

Average power (mW) 0.2 2.5 3

Energy density (J/cm?) 5.08 - -

Probe diameter (mm) 8 - -

Fiber diameter (micron) - 320 320

Operating mode

continuous wave

Application technique

contact mode

Application mode

stationary, perpendicular to the extraction socket

moving up and down into the periodontal sulcus

Irradiation time (s) 10 s per session

Laser off duration (s) 5s

Model of device SmartM, Lasotronix

PICASSO™ LITE

PICASSO™ LITE SmartM, Lasotronix

Manufacturer Piaseczno, Poland

AMD Lasers, Indiana

AMD Lasers, Indiana Piaseczno, Poland

Laser Therapy
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Table 2. Demographic data of the patients across three study units.

Demographic data Primary-level Secondary-level Tertiary-level P-value
healthcare unit (n=9) healthcare unit (n=9) healthcare unit (n=9)

Gender (n=27)
Male (n=11) 4 2 5 0.5402
Female (n=16) 5 7 4

Age with 95% CI 64.78 (61.03 to 68.52) 0.339°

65.33(58.69 to 71.98) 59.22(54.47 to 63.97) 69.78(61.53 to 78.03)

Range (years) 53 to 82 50 to 68 52 to 88

ASA physical status
ASA-PS1I (n=13) 5 7 1 0.010*
ASA-PS III, IV (n=14) 4 2 8

Patient health conditions
Cardiovascular diseases (n=12) 4 1 7 0.0222
Other systemic diseases (n=15) 5 8 2

Oral antithrombotic therapy (n=12)
SAPT (n=5) 0 1 -
DAPT (n=3) 0 0 3
Warfarin (n=4) 0 1 3

Procedures for tooth removal
Single (n=12) 4 5 3 0.885*
Multiple (n=15) 5 4 6

n, number of subjects; CIL, confidence interval; ASA-PS, American Society of Anesthesiologists Physical Status; SAPT, single antiplatelet therapy (aspirin); DAPT,

dual antiplatelet therapy; “Fishers exact test; *Shapiro-Wilk test.

Table 3. Number of extraction sockets across three study units and general characteristics.

General characteristics Primary-level Secondary-level Tertiary-level P-value
healthcare unit (32) healthcare unit (22) healthcare unit (32)

(Number of extraction sockets) 86 sockets

ASA physical status
ASA-PS II (n=13) 2 11 3 <0.001°
ASA-PSIII, IV (n=14) 10 11 29

Patient health conditions
Cardiovascular diseases (n=12) 10 5 16 0.105°
Other systemic diseases (n=15) 22 17 16

Oral antithrombotic therapy (29)
SAPT (n=5) 10 0 2 -
DAPT (n=3) 0 0 7
Warfarin (n=4) 0 5 5

Extraction socket location
Anterior tooth (32) 13 7 12 0.815°
Posterior tooth (54) 19 15 20

Tooth diagnosis
Periodontitis (53) 26 16 11 <0.001°
Pulp necrosis or pulpitis (33) 6 6 21

Periodontal treatment status (53)
Controlled periodontal disease (30) 18 1 11 <0.0012
Untreated periodontal disease (23) 8 15 0

Risk of bleeding tendency
Antithrombotic drugs (29) 10 5 14 0.260°
Gingival inflammation (57) 22 17 18

ASA-PS, American Society of Anesthesiologists-Physical Status; n, number of subjects; SAPT, single antiplatelet therapy (aspirin); DAPT, dual antiplatelet therapy;

PBM, photobiomodulation; HILT, high-intensity laser therapy; “Fishers exact test; *chi-square test.
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healthcare units primarily performed extractions due to
pulp necrosis or pulpitis (p<0.001). Patients’ periodontal
treatment status differed significantly between the three
study units (p<0.001). Most patients at the secondary-
level healthcare unit had not completed periodontal treat-
ment before extraction, whereas those in the primary-level
healthcare unit typically received periodontal treatment
before extraction.

Laser therapies used for enhancing socket hemostasis

As highlighted in Table 4, the use of PBM to initiate blood
clot formation was significantly prevalent in primary-level
healthcare units (p<0.001). In contrast, secondary and ter-
tiary-level healthcare units favored a different approach.
The preferred laser technique in these units involved a
combination of laser-assisted soft tissue loosening and
PBM for initiating blood clotting.

Out of 86 bleeding sockets, 72 significantly achieved
socket hemostasis by using laser therapy techniques alone
(p<0.001). The remaining 14 bleeding sockets from six
participants required a combination of laser therapies and
other hemostasis measures. Specifically, 12 sockets were
managed with suturing, one socket received pressure he-
mostasis, and only one socket was treated with both sur-
gical packing and suturing.

Time required for extraction socket hemostasis

During a 30-min clinical observation period, 55 bleeding
extraction sockets achieved hemostasis within 5 min fol-
lowing laser therapies to enhance hemostasis (Figure 3).
Complete clot formation was observed in sixteen, seven,
and four sockets at 10, 15, and 20 min, respectively. The

Table 4. Laser therapies used for enhancing extraction socket hemostasis.

remaining four sockets achieved hemostasis by the end of
the 30-min observation period.

According to Table 5, over half of the bleeding sockets in
secondary-level healthcare units required between 5 and
30 min to achieve socket hemostasis. However, the ma-
jority of bleeding sockets in both primary and tertiary-
level healthcare units were controlled within 5 min
(p=0.033). Further comparison of the hemostasis duration
between primary and tertiary-level healthcare units re-
vealed no significant difference in the proportion of bleed-
ing sockets controlled within 5 min (p=1.000). Given the
non-normal distribution of irradiation sessions, deter-
mined by the Shapiro-Wilk test (p<0.01), the median was
reported. The median number of irradiation sessions for

M secondary-level hospital
M primary-level hospital

[1] tertiary-level hospital

30

Number of extraction socket

5 10 15 20 25 30
Time (mins)

Figure 3. Number of sockets achieving hemostasis by times.

Hemostasis techniques Primary-level Secondary-level Tertiary-level P-value
(Number of extraction sockets) healthcare unit (32) healthcare unit (22) healthcare unit (32)
Laser therapy techniques
PBM for initiating blood clot (25) 23 (n=9) 2 (n=2) 0 <0.0012
Combination of laser-assisted soft 9 (n=2) 20 (n=7) 32 (n=9)
tissue loosening and PBM for
initiating blood clot (61)
Local hemostasis techniques
Laser therapies (72) 26 (n=8) 16 (n=8) 30 (n=7) 0.108*
Laser therapies with other 6 (n=3) 6 (n=1) 2 (n=2)

hemostasis measures (14)

PBM, photobiomodulation; “Fishers exact test.
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Table 5. Number of extraction sockets by related clinical outcomes.

Clinical outcomes Primary-level Secondary-level Tertiary-level P-value
(Number of extraction sockets) healthcare unit (32) healthcare unit (22) healthcare unit (32)
Hemostasis duration
Within 5 min (55) 23 23 0.033"
Between 5 to 30 min (31) 9 13 9
Effectiveness of laser therapy for initiating blood clot formation
Positive hemostasis achieved (84) 32 21 31 0.7022
Neutral hemostasis achieved (2) 0 1 1
Negative hemostasis achieved (0) 0 0 0
Partially effectiveness (0) 0 0 0
Non-effectiveness (0) 0 0 0
Post-extraction bleeding 0 0 0 -

“Fisher$ exact test; “chi-square test.

sockets achieving hemostasis within 5 min was 4, ranging
between 2 to 6 sessions, while sockets requiring between
5 to 30 min had a median of 8 sessions, with a range from
4 to 16 sessions.

Based on clinical assessments informed by the experiences
of operators, laser therapies that enhance blood clot for-
mation have been found to reduce the duration of hemo-
stasis in all study units (p=0.702).

Discussion

The study revealed a preference for the combination of
laser-assisted soft tissue loosening and PBM for initiating
blood clot formation, particularly in secondary and ter-
tiary-level healthcare units. In 2023, Cheng ez al. em-
phasized that most PEB generally resulted from soft
tissue trauma instead of bleeding from bone.? The results
demonstrated that the use of the 810 nm or 980 nm
diode lasers effectively reduced soft tissue bleeding via a
photocoagulation reaction. Morkmued ez a/. proposed
that pre-extraction laser-assisted soft tissue loosening sig-
nificantly enhanced socket hemostasis in patients with
liver transplantation and factor VIII deficiency by in-
stantaneously coagulating the soft tissue.>* Within pri-
mary-level healthcare units, PBM was most commonly
utilized to expedite blood clot formation. In addition, a
2023 RCT by Kelkar et al. first documented the clinical
efficacy of PBM for initiating blood clotting in hemo-
philia patients.!” Today, it is generally acknowledged that
the mechanism of PBM involves local nitric oxide (NO)
activation.?>¢ In 2022, Wajih et a/. determined that the
clotting effects induced by PBM were associated with

the level of NO on the surface of red blood cells
(RBCs).?” They found that a minimal quantity of NO
generated on the RBC surface triggered platelet activa-
tion. Conversely, an increased NO amount resulted in
platelet inhibition. Also, it was found that PBM-irradi-
ating RBCs enhanced the RBCs’ resistance to osmotic
stress and hemolysis.?® Furthermore, red light irradiation
(632.7 nm) reactivated heme-containing enzymes in bo-
vine RBCs.??

Based on the findings, all three study units exhibited
similar clinical outcomes, signifying that the laser ther-
apies used in this study effectively reduced the time nec-
essary for socket hemostasis without inducing clinical
complications. Roughly two-thirds of all bleeding
sockets achieved hemostasis within 5 min, which was
markedly less than the suggested time of 30 to 60 min
for pressure hemostasis application.?® Furthermore, out
of 86 bleeding sockets, 72 were controlled solely using
laser therapies. The laser therapies utilized in this study
received widespread approval from operators across all
study units.

In addition to medication-induced bleeding, local gin-
gival inflammation also increases the risk of bleeding
after tooth extraction. The results showed that over 50%
of patients in a secondary-level healthcare unit had a
higher risk of bleeding due to severe gingival inflamma-
tion caused by untreated periodontal disease.® Con-
versely, patients in tertiary-level healthcare units,
classified as ASA-PS III and IV, were at risk of bleeding
due to oral antithrombotic therapy used to manage car-
diovascular disease. Cheng ez a/. (2023) reported that in-
flamed gingivae delayed hemostasis and the healing
process, particularly in cases of untreated periodontal dis-
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eases. This finding is consistent with our results, where
a longer hemostasis duration was predominantly ob-
served in patients at secondary-level healthcare units due
to active periodontal diseases. While periodontitis was
the primary reason for tooth extraction in the primary-
level healthcare unit, most bleeding sockets were still
controlled within 5 min using PBM alone to facilitate
blood clot formation. Remarkably, the patients’ peri-
odontal status was well-controlled due to previously re-
ceived periodontal treatment before tooth extraction.
Studies by Kelkar ez a/.,'” Klangthong ez a/.,'® Malakam
et al.,”” Hamzah et al.,'® and Sattayut et al.® provided
clinical evidence that utilizing PBM to initiate blood clot
formation effectively shortened the hemostasis duration
in both healthy individuals and patients with systemic
health conditions.

The present study found no reports of PEB or other clin-
ical complications from any of the study units. Patients
experienced minimal pain at the extraction wound site
and required less analgesic use. All operators observed
accelerated mucosal healing upon the application of laser
therapy techniques, even in cases of severe gingival in-
flammation.

It is essential to emphasize that the included participants
did not require a systemic approach for hemostasis. All
bleeding sockets were managed using local hemostasis
measures. If patients require a systemic approach to he-
mostasis, it is worth further exploring the efficacy of laser
therapy on extraction socket hemostasis.

Conclusions

A combination of laser-assisted soft tissue loosening
through a photocoagulation reaction, along with PBM for
initiating blood clot formation, was the recommended
technique for enhancing socket hemostasis in older pa-
tients requiring tooth extraction. This laser therapy proved
to be an effective and safe local hemostasis measure, short-
ening the duration of hemostasis, minimizing PEB, and
preventing clinical complications across three different
levels of healthcare units in Thailand.
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