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Diode Laser - Mediated Photocoagulation 
in an Alveolar Socket after Tooth Extraction: 
A Preliminary Study 
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Abstract 
Diode laser has been addressed for its potential use in soft tissue surgery for decades and successful outcomes have been 

reported. This study therefore aimed at investigating the adjunctive effect of diode laser on the socket coagulation after tooth extraction. 
Twelve healthy individuals who required an extraction of premolar for an orthodontic purpose were subjected to randomization. Control 
group (N=6) was subjected to local gauze pressure technique to stop socket bleeding after the operation, while the experimental group 
(N=6) was irradiated with diode laser (808 nm, 0.5 watt, 5-second interval) 1 cm above the alveolar socket until bleeding stopped. Bleeding 
time and VAS scores between two groups were compared by using Mann Whitney U-test. Our data indicated that bleeding time was 2.74-
fold faster when diode laser irradiation was incorporated in the treatment. Photocoagulation induced by diode laser significantly 
accelerated the clotting. In this study, we showed the efficacy of diode laser application in promoting a blood coagulation at the extraction 
wound, in adjunct with a conventional tooth extraction procedure.  
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Introduction 
 Postoperative bleeding is a major complication 
commonly found after tooth extraction procedure. This 
unfavorable event may occur immediately after 
extraction or begin 2-3 hours postoperatively 
depending on traumatic level of extraction, pathology 
of the extracted tooth, and injury of the surrounding 
tissues.1 The simplest method for promoting blood 
coagulation is the utilization of local pressure 
technique. In patients on warfarin treatment, 88.6% 
among them experienced blood oozing from the 
alveolar socket after tooth extraction that can be 
controlled by a gauze compression at home,2 
indicating its effectiveness on promoting bleeding 
hemostasis even in patients with coagulopathy. 
However, in a case with suspicious bleeding tendency 

or persistent bleeding from the alveolar socket after 
extraction, additional local hemostatic measures are 
necessary to control post-extraction bleeding 
complication3.  
   Several strategies have been introduced as 
alternative methods to aid clot retention at the tooth 
extraction site. While most common procedures 
include an additional use of local hemostatic agents to 
attenuate bleeding at the extraction wound, the use of 
laser in dental surgery has shed new lights on the 
prevention of post-operative bleeding complication. 
It is believed that the mechanism by which the diode 
laser promotes photocoagulation is initiated via an 
energy absorption by hemoglobin.4 Importantly, a 
large body of evidence has clearly elucidated the 
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benefits of diode laser for clinical dentistry, particularly 
as an alternative treatment modality that could 
potentially be used with oral soft tissues.5–7 

Benefits of diode laser in surgical treatment 
has been extensively addressed in the past decade. 
One major outcome is the reduction of postoperative 
complications i.e. pain, facial edema, and trismus after 
the utilization of diode laser in combination with a 
traditional surgical procedure to remove lower third 
molars8. Previous study also indicated that 
postoperative pain and edema after periodontal flap 
surgery were decreased when the surgical sites were 
photo-irradiated by diode laser.9 Notably, the 
application of diode laser during orthodontic 
treatment can facilitate and reduce the pain occurred 
after tooth movement.10,11 In addition, irradiation of 
tooth enamel with diode laser has shown to decrease 
the mineral loss of enamel in response to hydrogen 
peroxide exposure.12 Collectively, earlier research 
studies have suggested diode laser a promising 
medical equipment that could be employed in 
multiple areas of dental treatments.   

It is noteworthy that continuous-wave diode 
laser has recently been reported to be an efficient 
tool in mediating blood coagulation during a laser 
microsurgery procedure on the skin.13 Remarkably, 
blood coagulation was visible after laser irradiation for 
3 seconds. The use of diode laser in dermal surgery 
also offers another advantage i.e., a fixation of 
collagen scaffold which results in the faster wound 
healing process.13  Despite its use for pain alleviation 
and bleeding control, it is still unclear whether diode 
laser can be used in combination with a conventional 
tooth extraction procedure to mitigate a potentially 
delayed coagulation at the extraction site. This study 
thus aimed to investigate the application of diode 
laser power and its effect on wound hemostasis after 
simple tooth extraction.  

 

Materials and methods  
Subject recruitment and inclusion criteria

 This preliminary clinical study was conducted 
upon the approval from Khon Kaen University ethics 
committee (Reference number: HE 552039) based on 
the declaration of Helsinki. Study population were 
walk-in dental patients at the Oral Surgery Clinic, 
Faculty of Dentistry, Khon Kaen University, whose 
simple extraction of premolar was indicated upon a 
request from orthodontist. All recruited participants 
must be in a good health without underlying systemic 
conditions, and classified as American Society of 
Anesthesiologist (ASA) physical status class I, in a 
range of 16 – 35 years of age. In addition, patients with 
concurrent history of taking anticoagulants or 
antiplatelet drugs were excluded from the study. 
Participants must have at least one premolar that 
required a simple extraction incorporated in an 
orthodontic treatment plan. Premolars planned to be 
extracted must be sound, asymptomatic and not 
exhibit any carious lesion and periapical pathology. 
Root dilaceration must not be visible on a pre-
operative periapical radiograph, otherwise the 
patients were excluded from the trial. In addition, 
administering local anesthesia with 2% mepivacaine 
containing 1:100,000 epinephrine must not be 
contraindicated for its use in any recruited subjects. 

Subject randomization, extraction and 
bleeding control procedures  
 Twelve healthy individuals were recruited 
into this study. All subjects were given a consent form 
prior to the beginning of the trial, subsequently 
randomized using a shuffled deck of cards to 
determine the bleeding control method they 
received. In accordance with a standard protocol for 
simple tooth extraction, patient history taking, 
physical examination, and vital sign monitoring were 
performed. The entire operation was done by one 
experienced oral maxillofacial surgeon to ensure a 
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well-controlled extraction procedure. Time used for 
injection and extraction were recorded by another 
assigned dentist.    
 After the extraction procedure was completed, 
bleeding from an alveolar socket was controlled by the 
method assigned from the randomization method. 
Control group was the subjects whose premolars were 
extracted and the bleeding was controlled using a 
gauze compression technique. Briefly, a fresh gauze 
damped with 0.9% normal saline was quickly used to 
wipe the seeping blood from the socket before a new 
sterile gauze was placed against the extraction wound 
and the subject was then asked to bite pieces of 
gauze with a moderate bite force. All individuals were 
informed that resistance from a gauze pressure must 
be felt with no muscle fatigue from biting. Coagulation 
at the extraction socket was timed by another blinded 
observer right after the gauze was placed. Bleeding 
control using gauze compression was evaluated every 
30 seconds until the initial blood coagulation was 
formed (Figure 1). Bleeding time, starting from socket 
wiping with gauze to when the bleeding stopped, was 
then recorded.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Initial blood coagulation at the alveolar socket seen 

after a gauze compression technique 
 
 
 

In experimental group, standard tooth 
extraction protocol was followed as described above. 
However, a laser application protocol was adopted 
from a previous study reported by Ishikawa et al. using 
blue-violet light-emitting diode to photocoagulate 
the socket bleeding.14 In brief, after wiping the 
extraction socket with a damp gauze, 808-nm diode 
laser of 0.5-watt power, and 2.4-mm spot size 
(Quanta808, Quanta System S.p.A., Solbiate Olona, 
Italy) was applied over a extraction socket for a 
duration of 5 seconds under continuous mode  (Figure 
2). Safety goggles were used by the operator and 
assistants. A laser handpiece delivering a collimated 
beam was position at 1 centimeter above the 
extraction wound without handpiece movement. 
Calculated energy density was 8.84 J/cm2. After a 5-
second irradiation intervals, bleeding time was 
recorded similarly as aforementioned. After the 
operation, all participating individuals were observed 
for another 30 minutes for a potential post-operative 
bleeding. They were also followed up with the same 
oral surgeon one week after the trial.    
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2 Positioning of Quanta 808 diode laser above the 

extraction wound 
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 Statistical analysis 
Bleeding time and post-operative pain 

intensity at different time points was compared 
between two groups of treatment by using Mann-
Whitney U test, unless otherwise indicated in the 
table legend. A statistical comparison was considered 
significant when P<0.05. Statistical analysis was 
performed using a GraphPad Prism version 7 
(GraphPad Software Inc., La Jolla, CA, USA)      
  
Results 
 Summarized demographic data as well as 
method used to control socket bleeding, time used 
for extraction of the subjects participated in the trial 
were shown in Table 1. We found that the mean age 
of young individuals allocated into a conventional 
treatment and diode laser irradiation was 20.50±2.81 
and 19.83±1.17 years old, respectively (Table 2).  
Distribution of the participants’ gender between two 
groups was not statistically different (Table 2), as 
determined by Chi-square test at P=0.1213. Twelve 
healthy individuals were recruited into the study. Nine 

individuals out of 12 subjects were young females 
whose either right or left lower premolar needed to 
be extracted for orthodontic reason. Only one female 
underwent a simple extraction of upper right 
premolar as indicated by a request from her 
orthodontist. Three young males whose lower 
premolar was planned to be extracted joined the trial. 
All subjects were classified as ASA class I healthy 
patients and the average age was 20.33±2.15 years 
old. The procedure did not cause any visible trauma 
of the remaining gingiva and hard tissues in all 
individuals participated in the study.  
 Bleeding time as determined by the cease of 
spontaneous bleeding from the alveolar socket was 
compared between the two groups as shown in Table 
2. While 270 seconds were allowed for bleeding to 
stop when gauze compression was used, it took 98.5 
seconds for photocoagulation mediated by diode 
laser to occur. Median of bleeding time compared 
between 2 treatment methods was significantly 
different as indicated in Table 2.  
 

 
 
Table 1  Demographic data and recorded information of each subject participated in the study 
 

Subject 
ID Gender* Designated bleeding 

control method 
Pre-operative blood 
pressure (mmHg) 

Number of extracted 
tooth in 2-digit system Age 

1 Female L 110/70 14 21 
2 Female L 110/70 34 19 
3 Female G 110/70 34 20 
4 Male L 120/70 44 20 
5 Female G 100/76 44 22 
6 Female G 110/70 45 16 
7 Female L 110/70 45 21 
8 Female G 110/70 34 24 
9 Female G 120/60 34 23 
10 Female G 120/70 45 20 
11 Female L 115/80 34 18 
12 Male L 130/80 44 20 

Average (Mean ± SD) 20.33 ± 2.15 
* L = Diode laser irradiation, G = Gauze compression, LA = Local anesthetics, NS = Not specified. 
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Table 2 Bleeding time recorded from the operation of each subject 
 

Bleeding control 
method 

Subject 
ID 

Mean age 
(years) 

Bleeding time 
(seconds) 

Bleeding time 
(Median in seconds) 

95% Confidence interval 
(seconds) 

Gauze compression 

3 20.50  2.81ns 240 

270 * 209.1 – 410.9 

5 360 
6 240 
8 480 
9 240 
10 300 

Diode laser 
irradiation 

1 19.83  1.17ns 107 

98.5 * 34.44 – 155.6 

2 70 
4 118 
7 5 
11 180 
12 90 

*Asterisk indicates statistically-significant difference at P-value = 0.0022 as determined by using Mann-Whitney U test. Non-statistical 
significance of mean age between two groups was analyzed with unpaired t-test and P-value = 0.6043 was achieved.  
 

Discussion 
 It is known to date that an emerging laser 
technology has become very beneficial for oral 
surgery particularly its application for the use with soft 
tissue operation. Diode laser, for instance, is most 
commonly utilized for gingival surgery as well as 
dental hard tissue mineralization.12 Considering its 
abilities to alleviate unfavorable symptoms following 
surgical removal of the tooth, diode laser might be 
viewed as an adjunctive tool used with dental patients 
whose systemic conditions might compromise the 
treatment plan. Furthermore, medically compromised 
health conditions may render these patients unsafe 
to undergo a traditional surgical operation.  
 Diode laser has been a potential instrument 
used for increasing satisfactory treatment outcomes 
in dentistry. Recently, the use of low-level laser 
therapy has been introduced in adjunct with 
conventional periodontal treatment i.e. scaling and 
root planning.15 A treatment combination with diode 
laser showed to promote host’s periodontal tissue 
healing as the changes of clinical parameters i.e. 
sulcus bleeding and probing depth were significantly 
improved in a group to which diode laser was 
supplementally applied.15  Intriguingly, gingivectomy 
in orthodontic patients with fixed appliances using 
diode laser in combination with a non-surgical 

periodontal treatment demonstrated a better 
improvement of gingival overgrowth index and 
probing depth when compared to subjects treated 
with non-surgical periodontal therapy alone.6 In 
chronic periodontitis patients, it is also striking to note 
that diode laser, as an adjunctive therapy, provided a 
more satisfactory treatment result over the 
conventional scaling and root planning.16  In addition, 
a recent in vivo study has demonstrated that 
irradiation of bony perforations on the femurs of mice 
with diode laser promoted formation of new 
trabecular bones and collagen fibers, when compared 
to the control group treated similarly without laser 
irradiation.17,18 Providing its substantial beneficial use, 
diode laser has therefore been rendered a promising, 
adjunctive treatment modality used to yield a more 
favorable and predictable surgical outcome. However, 
due to the cost of the diode laser machine, the 
practical use for promoting a coagulation in the 
extraction sockets may still be limited.   
 In this study, we report the potential use of 
diode laser as a photocoagulator in dental patients 
who underwent a surgical procedure for simple tooth 
extraction. Our results showed that an immediate 
irradiation of alveolar socket after tooth extraction 
with 808-nm diode laser at low level (0.5 watt, 5-
minute interval) can mediate photocoagulation, 
consistent with previous studies using diode laser to 
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successfully perform retinal photocoagulation19,20 and 
venous occlusion in the greater saphenous vein9,21 as 
well as hemostasis of the gingiva in several types of 
oral soft tissue surgeries.22  Although a split-mouth 
design was not employed in this study, our results 
obtained from healthy individuals have demonstrated 
a significant reduction of bleeding time when diode 
laser was applied. Remarkably, the use of 
subthreshold micropulse diode laser resulted in 
retinal photocoagulation without damage of 
epithelium. 20  Although not investigated in this study, 
the mechanism diode laser employs for 
photocoagulating the blood is thought to be via the 
energy absorption of the irradiated tissue in which 
hemoglobin, acting as a chromophore absorbing laser 
energy, is constituted.9 It is also possible that 
photocoagulation of the alveolar socket induced by 
diode laser is mediated by local steam bubble 
formation resulting in an indirect thermal change23. 
This phenomenon might lead to the generation of 
focal thrombosis that could result in the occlusion of 
superficial blood clot over the extraction wound. For 
better understanding of the use of diode laser, a 
precise mechanism by which local blood coagulation 
is mediated hence warrants further investigation.  
 Spontaneous bleeding from the alveolar 
socket and post-operative pain are the two most 
common complications after tooth extraction 
especially in third molars.24,25 Even though the 
utilization of diode laser for post-operative pain relief 
was not our primary focus of the study, it is possible 
that the long duration of tissue numbness after 
inferior alveolar nerve blocking might considerably 
hinder an individual perception of pain, thus 
exercising the self assessment of post-operative pain 
must be very careful. Pre-operatively, all of the 
extracted premolars exhibited neither inflamed 
surrounding gingival tissues nor pulpal pathology; 
hence, postoperative pain resulted from tissue 
inflammation was not expected. One clear 
assumption that could be drawn from our data was 

that diode laser irradiation did not provoke a 
significant postoperative pain throughout the follow-
up period. Strikingly, several lines of evidence have 
demonstrated its adjunctive property for pain 
alleviation. Diode laser irradiation at the surgical sites 
was associated with reduced postoperative pain 9,26 as 
well as swelling and trismus after surgical removal of 
lower third molar. 8  It is worth noting that diode laser 
irradiation after surgical removal of lower third molar 
mitigated trismus and facial edema; however, 
extraoral laser application showed more favorable 
outcomes when compared to an intraoral approach.27  
Interestingly, an irradiation of a low-level diode laser 
on the tooth prior to restorative procedures rendered 
the tooth less sensitive to mechanical preparation.28 
Collectively, earlier reports have highlighted the 
combination of diode laser with conventional surgical 
methods to achieve more successful, satisfactory 
treatment results. Further studies are therefore 
required to elucidate the mechanism by which diode 
laser energy diminishes pain in dental patients. 
 Clotting problem in individuals with acquired 
bleeding disorders from an anticoagulation therapy 
remains a serious concern among dental patients. 
Immediate diode laser irradiation of an alveolar 
socket after tooth extraction seems to be beneficial 
in promoting focal blood coagulation as our in vivo 
coagulation was 2.74-fold more rapid when diode 
laser was implemented (98.5 seconds mediated by 
diode laser versus 270 seconds induced by a local 
pressure, as shown in Table 2). Our research study was 
conducted in healthy individuals classified as ASA 
class I. Although the application of diode laser in type 
2 diabetes mellitus patients was reported to be safe 
and effective in the healing of periodontium,29  it is 
still unclear whether diode laser irradiation has any 
adverse effects on tissue healing in medically 
compromised patients with other chronic diseases. 
Safety and effectiveness of its clinical use with these 
patients thus remains to be investigated.  
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Conclusion 
In conclusion, we first report the efficacy of a 

808-nm diode laser used for photocoagulation at the 
extraction socket of the tooth in this clinical trial. We 
found that utilization of low-intensity diode laser 
promoted blood coagulation in the alveolar socket 
after tooth extraction. In stark contrast to a natural 
coagulation, bleeding control time was 2.74-fold 
accelerated when diode laser was applied 
immediately over the extraction site after the tooth 
was removed. However, further study in larger 
population using split-mouth design might be 
necessary to confirm our findings. Moreover, an 
objective method for assessing the blood coagulation 
should be implemented for a more accurate results, 
as well as an anatomical contribution of each tooth 
or dental arch must be considered for a more reliable 
interpretation of the results. Our results herein 
suggest clinical application of diode laser in a surgical 
dental practice to enhance blood clot formation.   
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****** แผนกทันตกรรม โรงพยาบาลโป่งน ้าร้อน อ าเภอโป่งน ้าร้อน จังหวัดจันทบุรี 
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การห้ามเลือดด้วยไดโอดเลเซอร์ในหลุมกระดูกเบ้า
ฟันภายหลังการถอนฟัน: การศึกษาน าร่อง 

อังคณา คลังทอง*  ศจี สัตยุตม ์*,**  ณฐัพงษ์ กันตรง ***,****  วริษนันท์ ประสงค์วรานนท์*****  ลภาภัทร ธนูเทพ****** 
   

บทคัดย่อ 
ไดโอดเลเซอร์ได้รับการกล่าวถึงประโยชน์ส าหรับน ามาใช้ในการผ่าตัดเนื้อเยื่ออ่อนมานานหลายทศวรรษและได้รับการรายงานถึง

ความส าเร็จของผลลัพธ์จากการรักษา การศึกษานี้จึงมุ่งเป้าไปที่การตรวจสอบผลเสริมจากการใช้ไดโอดเลเซอร์ต่อการแข็งตัวของเลือดในกระดูกเบ้า
ฟันหลังการถอนฟัน บุคคลที่มีสุขภาพดี 12 คนที่ต้องการการถอนฟันกรามน้อยเพื่อวัตถุประสงค์ในการจัดฟันได้รับการสุ่ม กลุ่มควบคุม (N = 6) 
ต้องใช้เทคนิคการกดด้วยผ้าก๊อซเพื่อหยุดเลือดออกหลังการถอนฟัน  ในขณะที่กลุ่มทดลอง (N = 6) ได้รับการฉายด้วยไดโอดเลเซอร์ (808 นาโน
เมตร 0.5 วัตต์ช่วงเวลา 5 วินาที) 1 เซนติเมตรเหนือแผลถอนฟันจนกว่าเลือดจะหยุด ระยะเวลาการไหลของเลือดระหว่างสองกลุ่มถูกน ามา
เปรียบเทียบโดยใช้สถิติแมนวิตนีย์ยู (Mann Whitney U-test) ข้อมูลของการศึกษาพบว่าระยะเวลาการไหลของเลือดลดลง 2.74 เท่าเมื่อใช้
ไดโอดเลเซอร์ร่วมในการรักษา การห้ามเลือดด้วยไดโอดเลเซอร์ช่วยเร่งการแข็งตัวของเลือดได้อย่างมีนัยส าคัญ การศึกษานี้แสดงให้เห็นถึง
ประสิทธิภาพของการใช้ไดโอดเลเซอร์เสริมภายหลังการถอนฟันแบบดั้งเดิมในการส่งเสริมการแข็งตัวของเลือดที่แผลถอนฟัน 
 
ค ำไขรหัส: ไดโอดเลเซอร์/ การถอนฟัน/ การห้ามเลือด/ ภาวะเลือดออกจากกระดูกเบ้าฟันหลังถอนฟัน 
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