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Abstract
The objective of this prospective randomized controlled single-center clinical trial was to prove the efficacy of adjunctive 
photobiomodulation in improving selected outcomes following the use of laterally closed tunnel technique for the man-
agement of isolated gingival recession. Nineteen participants (with isolated gingival recession) each treated by laterally 
closed tunnel technique were randomized to either add on treatment with control (sham laser application) or test group 
(photobiomodulation with 660 nm diode, 3.5 J/cm2 per point of application). The primary outcome variable was change in 
recession depth and secondary variables included recession width, width of keratinized gingiva, periodontal biotype, and 
VAS score for pain assessment and EHS index for early wound healing assessment. Analysis was performed using a linear 
mixed effects model. There were no significant differences in the gingival recession depth (p = 0.8324) and recession width 
(p-0.969) at 3-month follow-up. The VAS scores were significantly lower for the test (laterally closed tunnel technique + pho-
tobiomodulation) group as compared to control (laterally closed tunnel technique + sham laser) over time (p =  < 0.0001) 
as well as per site (p = 0.0006) The Early Wound Healing Index scores were significantly higher in the test (laterally closed 
tunnel technique + photobiomodulation) group as compared to control (laterally closed tunnel technique + sham laser) group 
(p < 0.0001). The adjunctive use of photobiomodulation did not show a better outcome concerning recession depth but appears 
to provide faster healing of the surgical wounds and better patient comfort. The result needs further evaluation in particular 
with respect to long-term effect and due to limitation in sample size. Clinical Trial Registry of India: CTRI/2019/11/022012.

Keywords Photobiomodulation · Laterally closed tunnel technique · Recession coverage · Recession depth · Patient-related 
outcome measures

Introduction

Gingival recession is clinically manifested by an apical dis-
placement of the gingival tissues, leading to root surface 
exposure. It is a concern for both patients and clinician for 
several reasons such as aesthetics, root hypersensitivity, ero-
sion, and root caries [1].

The primary indication to treat isolated recession is to 
increase soft tissue thickness and stability to facilitate plaque 
control and prevent further periodontal inflammation and 
breakdown or root caries [1]. Achieving predictable cover-
age of gingival recessions still represents a challenge for the 
clinician due to difficulties in managing the soft tissues and 
poorer wound healing related to factors such as the large 
avascular surface, blood supply, differences in recession 
depth and position of the teeth [2].
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Coronally advanced flap (CAF), although a gold stand-
ard, is technique sensitive, has limitations due to place-
ment of vertical incisions, difficulty in maintaining papilla 
integrity thereby compromising blood supply and may 
result in decreased vestibular depth and flap dehiscence 
due to increased flap tension [3]. A novel minimally inva-
sive surgical approach laterally closed tunnel (LCT) has 
been recently introduced for the management of isolated 
gingival recession [4]. The laterally closed tunnel tech-
nique is a minimally invasive procedure which ensures 
predictability by tunneling, and mobilization of flap for 
graft coverage [4].

Photobiomodulation involve the use of lasers of visible 
or near infrared wavelengths (660–980 nm) at low power 
(0.05–0.5 W) on the tissues to enhance wound healing 
and/or pain relief [5]. Lasers have been used as adjuncts 
in root coverage procedures for several purposes such 
as donor site-palatal wound healing [6], biomodulation 
at recipient site for enhancing healing [7], and graft de-
epithelialization [8]. In addition, photobiomodulation has 
been used an adjunct with Emdogain to enhance periodon-
tal regeneration [9]. A systematic review by Al-Shibani 
et al. [10] showed that PBMT was effective in improving 
certain clinical parameters such as tissue thickness, post-
operative discomfort, remaining wound area, and patient-
related outcomes such as visual analogue score at follow-
up. However due to the low number of included clinical 
studies, the authors reported more controlled trials needs 
to be performed to assess the healing outcomes.

We conducted a prospective randomized controlled sin-
gle-center clinical trial to prove the efficacy of adjunctive 
photobiomodulation compared to sham laser in improving 
clinical parameters and patient-reported outcome measures 
following the use of laterally closed tunnel technique for 
the management of isolated gingival recession.

Materials and methods

A single-center prospective blinded randomized controlled 
clinical trial with two arm parallel group design to proof a 
superiority hypothesis was conducted. Patients visiting the 
out-patient Department of Periodontology & Implantol-
ogy, Faculty of Dental Sciences, Sri Ramachandra Institute 
of Higher Education and Research (SRIHER), Chennai, 
India, fulfilling specific inclusion and exclusion criteria 
were enrolled in the study after obtaining informed con-
sent. The study was approved by the Institutional Ethics 
Committee of Sri Ramachandra Institute of Higher Edu-
cation and Research (IEC/19/APR/150/21) and was reg-
istered in the Clinical Trial Registry of India (Ref No: 
CTRI/2019/11/022012).

Inclusion and exclusion criteria

Patients with an age between 20 and 45 years, presence of 
isolated (single tooth) Cairo’s RT1 (RT1-gingival recession 
with no loss of interproximal atatchment) [11] maxillary/
mandibular isolated gingival recessions, full mouth visible 
plaque score [12] and Bleeding score [13] of < 20%, and 
no medication known to interfere with periodontal tissue 
health/healing (steroids, calcium channel blockers, antiepi-
leptic agents, immune-suppressants, non-smoker (= never 
smoker), or former smoker (= does not smoke now and has 
not smoked at all for a minimum of the last 12 consecutive 
months)) are eligible to participate to the trial. The exclusion 
criteria were multiple adjacent gingival recessions, lingual 
recession in the selected teeth, current smokers, systemic 
chronic conditions known to be associated with periodon-
titis or with changes in systemic inflammation, pregnant or 
lactating mothers, presence of malocclusion/patients with 
orthodontic therapy in progress, and previous history of 
periodontal disease/surgical periodontal therapy.

Randomization and blinding

A randomization list was prepared, using the Big Stick 
algorithm with a maximal tolerated imbalance of 4 and an 
intended 1:1 allocation ratio at the Department of Medical 
Statistics, RWTH Aachen University and send to Dr. SKB. 
Sealed opaque envelops were prepared accordingly by a co-
investigator (Dr. SKB), who was not involved in the conduct 
of the study, in particular patient enrolment. The envelopes 
numbered from 1 to 38 are collected in a box. Patient enrol-
ment was done by another investigator (Dr. AV), who also 
draws the next envelop from the box. The envelope is handed 
over to the surgeon Dr. VL, who opened the envelope prior 
to start of the surgery and applied the method indicated by 
the paper in the envelope.

To maintain assessor blinding the primary endpoint var-
iable was measured by Dr. AV, who was unaware of the 
allocated treatment. Further to maintain blinding of most 
personnel involved in the trial as well as the patients, a sham 
laser application was applied in the control group, with the 
light guide being placed in the same application points and 
time periods as in the control group but without the laser 
being activated.

Surgical procedure

All surgical procedures were performed by the same 
operator (Dr. VL) with a longstanding clinical experience 
(10 years) in periodontal plastic surgery. After oral proph-
ylaxis, under local anesthesia, root planning with curettes 
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and root conditioning with 5% tetracycline hydrochloride 
of the exposed root surfaces were performed. Laterally 
closed tunnel technique (LCT) was performed as described 
by Sculean and Allen [4] for both groups (Figs. 1, 2, 3 
and 4).

Each patient was prescribed with analgesics and anti-
biotics after surgery. All patients were instructed to dis-
continue tooth brushing and avoid trauma at the surgi-
cal site for 4 weeks. A 60-s rinse with 0.12% CHX will 
be prescribed 3 times/day for first 4 weeks. Sutures were 
removed after 10 days in the palatal site and after 3 weeks 
if necessary, at the surgical site. Four weeks after surgery, 
patients were instructed to resume mechanical tooth clean-
ing with a soft toothbrush and received a professional oral 
cleaning. Patients were recalled at 3, 7, 10, 14 days, 1, 3, 
and 6 months for professional oral hygiene and review for 
which they were notified through phone calls prior to the 
date of the visit.

Photobiomodulation protocol for test group 
(modified from Dias SB et al. 2015) [6]

The photo biomodulation was performed with a 660 nm 
diode laser (DuoLase, Medsol India Pvt Ltd) with 50mw 
output power and a light guide tip with a beam diameter of 
3 mm and area of 0.07  cm2, when used in contact with the 
tissue. A total energy density of 17.5 J/cm2 was achieved 
with irradiation at five different points [5 s at each point] in 
the wound area with energy density at each point being 3.5 J/
cm2. The light guide was kept perpendicular to the tissue 
in light contact with the wound site. The abovementioned 
protocol was performed at both the palatal wound (donor) 
site and surgical (recipient) site. The photobiomodulation 
therapy was done on day of surgery (baseline), third day, 
seventh day and tenth day post-surgery (Fig. 1). The sham 
laser application was done on the abovementioned days for 
the control group (Fig. 2).

Fig. 1  Sample case for test group (laterally closed tunnel tech-
nique + photobiomodulation) for recession management in upper left 
second premolar. a Pre-operative RT 1 recession. b De-epithelializa-
tion at tooth margin. c, d Tunneling with Sculean-Aroca Instruments. 

e Connective tissue graft from palate. f Graft placement in recipient 
site. g Graft stabilization and suturing. h Photobiomodulation at pala-
tal site. i Photobiomodulation at surgical site
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Fig. 2  Sample case for control group (laterally closed tunnel tech-
nique + sham laser application) for recession management in lower 
anterior. a Pre-operative RT 1 recession. b De-epithelialization at 
tooth margin. c, d Tunneling with Sculean-Aroca Instruments. e Con-

nective tissue graft from palate. f Graft placement in recipient site. g 
Graft stabilization and suturing. h Sham laser application at palatal 
site. i Sham laser application at surgical site

Fig. 3  Sample case of test group for recession management in upper left second premolar. a Pre-operative RT 1 recession. b 3 months post-
operative at same site
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Outcome variables assessed

The clinical measurements were taken at the facial aspect of 
the selected tooth before surgery (baseline) and at pre-deter-
mined post-operative time points (1 month and 3 months 
post surgery). The measurements were taken by an investiga-
tor blinded to the allocation who was calibrated prior to the 
start of the study. Gingival recession depth (RD), Gingival 
recession width (RW), Probing depth (PD), Clinical attach-
ment level (CAL), Width of the keratinized gingiva (WKT) 
and periodontal biotype were assessed at baseline and post-
operative time points.

The Primary outcome variable is change of recession 
depth after 6 month from baseline. Secondary outcome 
variables include recession depth, complete root coverage, 
increase in width of keratinized tissue, periodontal biotype 
[14], Visual Analogue Scale [15], and Early Wound Healing 
Index score [16].

Deviation from protocol

All patients randomized to the control group could be ana-
lyzed with the data obtained at the 3 month post-operative 
visit. However, in the test group, 4 patients who were pre-
pared and posted for surgery did not report due to the Covid 
19 pandemic situation and hence no surgery could be carried 
out. Further 1 patient was lost to follow up after receiving 
the surgery before the 3-month visit, because, the patient 
had moved to another city and could not come for further 
follow-up visits. As the 4 patients did not receive any treat-
ment and the one dropout patient did not provide any post 
randomization data, the patients were excluded from the full 
analysis set. In addition, due to limitation of the Covid 19 
pandemic situation, follow-up period has to be reduced to 
3 month instead of the initially planned 6 months.

Statistical analysis

The sample size was calculated based on the findings 
of Francetti et  al. [3] who observed mean residual 
recession depth at 6-month follow-up in the control 
group of 1.15 and in the test group of 0.44 with a com-
mon standard deviation of 0.62 resulting in an effect 
size of 1.145. Thus a reduced effect size of 1 was 
assessed as clinically meaningful effect. To proof this 
difference at the two-sided 5% significance level with 
a power of 80% using a t-test 17 patients per group are 
necessary (calculation nQuery 7.0, procedure MTT0). 
To allow for a rather high dropout rate of 10%, the 
total sample size of 38 patients was necessary, i.e., 
19/group.

Statistical analysis was done with SAS statistical 
software version 9.4. Data for primary and second-
ary outcome parameter were described by mean val-
ues, standard deviations, frequencies and percentages. 
The primary endpoint change in recession depth was 
analyzed by fitting an ANCOVA model to the data of 
recession depth at 3 month, with group effect treatment 
and the covariable baseline recession depth. In a sensi-
tivity analysis a linear mixed effects model was fitted 
to the data with random intercept and time to model the 
recession depth progress over time to study the effect 
of additional variables on the primary and secondary 
endpoints. Width of the keratinized gingiva (WOKG), 
recession width, VAS pain score, Early Wound Healing 
score, periodontal biotype, and complete root cover-
age were described by percentage. Appropriate linear 
contrast added to the fitted model was used to analyze 
further research questions. The analysis was based on 
the intention to treat population. The significance level 
was set to 5%.

Fig. 4  Sample case of control group for recession management in lower anterior. a Pre-operative RT 1 recession. b 3 months post-operative at 
same site
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Results

Demographic data of the study population 
and baseline parameters

A total of 38 subjects, 19 randomized to either the control group 
or test group, were enrolled in the trial. All control patients com-
pleted the 3-month follow-ups; however, only 14 participants of the 
test group completed follow-up. Details for non-participation are 
given in the section “Deviation from protocol” above and consort 
flow diagram (Fig. 5). Table 1 summarizes the demographic data 
of the study population and baseline clinical parameters and the 
participants were found to be matched for the baseline variables.

Analysis of the primary outcome variable (recession 
depth at 3 months)

The remaining mean recession depth at 3-month follow-up 
in the control group amounts to 0.632 (SD 0.895 mm) com-
pared to 0.571 (SD 0.646) mm in the PBMT group and was 

not statistically significantly different (F = 0.84, ndf 1, ddf 
30, p = 0.3654) using the preplanned ANCOVA model (Sup-
plementary Table 1, 2).

A linear mixed effects model was used to account for 
possible confounders (age, gender, baseline recession depth, 
time, and group). It was inferred from the analysis that apart 
from time (p < 0.0001) no factor modified the results for 
recession depth. The time effect describes a significant over-
all change in recession depth from baseline to 3-month fol-
low-up across the groups. Of particular interest is the “inter-
action group by time” which states, that the changes from 
baseline to 3 months does not significantly differs between 
the treatment groups (p = 0.1755) (Supplementary Table 3).

Analysis of the secondary outcome variable 
(recession width after 3 month)

The mean recession width after 3 months amounts in the 
control 0.632 (SD 0.89 mm compared to 0.643 (SD 0.745) 
mm in the PBMT group. The linear mixed effects model 

Fig. 5  CONSORT flow diagram 
for the study
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accounting for age, gender, baseline width, time and group 
showed a significant overall change in recession width 
from baseline to 3-month follow-up across the groups 
(p < 0.0001), but no significant influence of the other vari-
ables on recession width could be determined. In addition, 
no significant difference in recession width between the 
treatment groups (p = 0.2478) nor change over time between 
the treatment groups (p = 0.4001) could be detected (Sup-
plementary Table 4).

Analysis of width of keratinized gingiva (WOKG)

The mean width of keratinized gingiva at 3-month follow-up 
in the PBMT was 4.42 (SD 1.22) mm compared 3.632 (SD 
1.342) mm in the control group. The linear mixed effects 
model was used to account for possible confounders (age, 
gender, baseline recession width, time and group). It can be 
inferred from the analysis that apart from time (p < 0.0001), 
by means of a significant overall change in width of kerati-
nized gingiva from baseline to 3-month follow-up within 
the groups, no significant influence of the other variables 
on width of keratinized gingiva could be determined (Sup-
plementary Table 5). In addition, no significant difference in 
width of keratinized gingiva between the treatment groups 
(p = 0.4367) nor change over time between the treatment 
groups (p = 0.1478) could be detected (Supplementary 
Table 5).

Analysis of VAS score

The mean VAS—as patient reported outcome measure—
appears to be lower on the surgical site compared to the pala-
tal site to each of the time points with a lower VAS scores in 
the PBMT group as compared to the control group (Table 2).

The corresponding linear mixed effects model shows a 
significant difference over time (p < 0.0001), between sites 
(p = 0.0006), treatment groups (p < 0.0001) as well as the 
interaction of group by time (p < 0.0001) and group by site 

(p = 0.0043) (Supplementary Table 6). Considering the 
model base least square means shows, that.

• Overall, the control group shows significant higher VAS 
score than the PBMT group.

• VAS score decreases linearly over time.
• Mean VAS scores for the surgical site was significantly 

lower than the palatal site.
• The VAS score decreases faster in the PBMT group than 

in the control group.
• In the PBMT group, the VAS scores appear to be similar 

between surgical and palatal sites, whereas in the control 
group, the difference between surgical and palatal sites 
appears to be larger (Supplementary Tables 7–11).

Table 1  Demographic data and 
baseline clinical parameters of 
study population

S.No Category Control intervention 
group (LCT + Sham)

Test interven-
tion group 
(LCT + PBMT)

1 Number (N) 19 14
2 Age (mean ± SD) (years) 31.68 ± 6.20 31.21 ± 8.15
3 Male/female 11/8 9/5
4 Pre-operative recession depth (mm) (mean ± SD) 2.36 ± 1.01 2.71 ± 0.82
5 Pre op recession width (mm) (mean ± SD) 3.05 ± 0.62 3.35 ± 0.63
6 Pre-operative periodontal biotype (thin/thick) 13/6 9/5
7 Pre op width of keratinized gingiva (mm) 1.94 ± 1.35 2.28 ± 1.04
8 Oral Hygiene Index score 0.92 ± 0.88 0.77 ± 0.82

Table 2  Summary of mean values of VAS on days 3, 7, 10, and 14 
for control and test groups at the surgical site and at the palate

Group Time Site N Mean Standard 
deviation

Control 3 Surgical 19 2.737 0.653
Palatal 19 3.211 0.855

7 Surgical 19 1.632 0.761
Palatal 19 2.211 0.918

10 Surgical 19 0.421 0.607
Palatal 19 0.947 0.780

14 Surgical 19 0.000 0.000
Palatal 19 0.000 0.000

Test 3 Surgical 14 1.214 0.426
Palatal 14 1.214 0.893

7 Surgical 14 0.071 0.267
Palatal 14 0.214 0.579

10 Surgical 14 0.000 0.000
Palatal 14 0.000 0.000

14 Surgical 14 0.000 0.000
Palatal 14 0.000 0.000
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Analysis of Early Wound Healing score (EHS)—
secondary outcome variable

The following table shows the mean EHS scores split by 
site, time and treatment group. A higher mean EHS scores 
in the PBMT group at all time points was observed as 
compared to the control group (Table 3).

The linear mixed effect model analysis revealed a 
significant difference between time (p < 0.0001), group 
(p < 0.0001) as well as the interaction of group by site and 
time (p = 0.020) (Supplementary Table 12).

Periodontal biotype change at 3 months 
post‑operative for control and test groups

The graph demonstrates a change in the periodontal bio-
type from a predominantly thin biotype at baseline to a 
thick biotype at 3-month follow-up among the recession 
sites for the control group (n = 19) (Supplementary Fig. 1).

The graph demonstrates a change in the periodontal 
biotype from a predominantly thin biotype at baseline to 
a thick biotype at 3-month follow-up among the recession 
sites for the test group (n = 14) (Supplementary Fig. 2).

Complete root coverage at 3 months post‑operative 
control and test groups

Eleven out of 19 participants (58%) exhibited complete root 
coverage at 3 months post-operative (Supplementary Fig. 3). 
Seven out of 14 participants (50%) exhibited complete root 
coverage at 3 months post-operative (Supplementary Fig. 4).

Discussion

Laterally closed tunnel technique (LCT) is a novel technique 
proposed by Sculean and Allen in 2018 [4] for the manage-
ment of isolated gingival recession. The authors reported 
complete root coverage rates between 70 and 75% based on 
the type of recession in the case series published [4].

The use of connective tissue graft (CTG) is considered 
the gold standard for obtaining recession coverage irre-
spective of the technique used for recession coverage [17]. 
The harvesting of the connective tissue graft from the pal-
ate results in morbidity such as pain and bleeding from 
site and affects the patient’s quality of life till healing is 
complete. The soft tissue healing is enhanced by means of 
the influence of the particular laser wavelength on the cell 
metabolic process by photo chemical mechanisms. Lasers 
with 660–980 nm have been reported to have beneficial 
effects for soft tissue healing [5]. The photo biomodulatory 
activity of low level laser therapy for recession coverage 
procedures and at palatal wound healing sites has been 
attributed to minimizing the inflammatory phase of wound 
healing as assessed in an animal study by Fahimipour et al. 
[18]. The photobiomodulation also promotes epithelial cell 
proliferation [19] and fibroblast proliferation and collagen 
deposition [20] as demonstrated in in vitro cell culture-
based studies.

Published literature has reported improved short-term 
clinical outcomes in terms of complete root coverage and 
improved healing of palatal wounds following the use of 
adjunctive photobiomodulation. Fernandes-Dias et  al. 
[21] reported an improved percentage of root coverage 
and also increased complete root coverage outcomes in the 
LLLT + CAF (coronally advanced flap) group as compared 
to the CAF group alone. Other studies have reported posi-
tive results after LLLT irradiation in semilunar coronally 
advanced flap procedure [22], healing wounds of palatine 
mucosa caused by soft tissue graft harvest [23].

In the present study, a diode laser with a wavelength of 
660 nm was used with an energy density of 3.5 J/cm2 per 
point of application with five application points at surgi-
cal site and palatal donor site each. These settings were 
chosen based on the data published; wherein studies have 
shown 3–6 J/cm2 stimulated wound healing by fibroblast 
proliferation/collagen production and reducing edema/
inflammation [24–26].

The primary outcome variable assessed in the study 
was residual recession depth at the 3-month follow-up 
visit. The follow-up period used for analysis was 3 months 
and not 6 months as per study protocol (due to the Covid 
19 pandemic). At this short-term follow-up period of 
3 months, no significant difference could be determined 
between the PBMT (test group—0.57 mm mean residual 

Table 3  Summary of mean values of EHS scores on days 3, 7, 10, 
and 14 for control and test groups at the surgical site and at the palate

Group Time Site N Mean Standard 
deviation

Control 3 Surgical 19 3.000 2.236
Palatal 19 4.158 1.864

7 Surgical 19 4.474 2.038
Palatal 19 3.842 2.141

10 Surgical 19 6.053 1.471
Palatal 19 5.421 1.710

Test 3 Surgical 14 5.929 1.439
Palatal 14 5.643 2.098

7 Surgical 14 6.500 1.225
Palatal 14 5.714 2.234

10 Surgical 14 8.143 1.406
Palatal 14 8.143 1.657
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recession depth) and sham laser (control—0.63 mm mean 
residual recession depth) groups. These observations are 
in contrast to the findings of Ozturan et al. [7] and Fer-
nandes-Dias et al. [21] both of whom reported improved 
clinical outcomes (GRD—gingival recession depth) at 
1 year and 6-month follow-up respectively. The longer fol-
low-up periods in the abovementioned studies, could have 
contributed to the better outcomes due to the phenomenon 
of “creeping attachment” as reported by Pini Prato et al. 
[27] for the CAF technique.

In the present study, at 3 months post-operative, no sig-
nificant differences in the mean values of the residual gingi-
val recession width was observed between PBMT and sham 
laser group; however, the improvement in mean values of 
width of keratinized gingiva was more for the PBMT group 
as compared to the sham laser control. The abovementioned 
observations are in agreement with the meta-analysis find-
ings of Yan et al. [28]. The increase in width of keratinized 
gingiva and thick periodontal biotype are important find-
ings as these parameters influence long-term stability of the 
results obtained following recession coverage procedures 
[29].

The wound healing at Days 3, 7, 10 were analyzed by 
the EHS index and the Test group (LCT + PBMT) had 
significantly higher EHS scores as compared to control 
(LCT + sham laser) in both surgical site and palatal donor 
site. These findings are in agreement with the observations 
of Dias et al. [6] and da Silva Neves [30] wherein standard-
ized photographs with proprietary imaging software was 
used for the analysis of the remaining wound area. In the 
present study, we used the EHS score which has objective 
criteria and scores to assess the wound healing [16].

The patient-reported outcome measures assessed in this 
study was the VAS score which is a measure of pain inten-
sity, self‐completed by the respondent. It is commonly used 
as a measure of the post-operative discomfort as felt by the 
patient and can be administered at different time points 
based on the study objectives. In the present study, VAS pain 
scores were reported to be significantly lower by the partici-
pants in the test group as compared to control group at both 
day 3 and day 7. The present study findings are in agree-
ment with the observations of Ozcelik et al. [8] wherein the 
authors reported significantly lower VAS scores on day 7 
post-operative for the photobiomodulation group.

The strengths of the study are the use of the Big-Stick 
randomization procedure which mitigates allocation (selec-
tion) bias due to less predictability. Another strength is the 
use of assessor blinding to mitigate detection bias, while 
determining the primary endpoint. On the other hand limi-
tations of the present study include the deviation from pro-
tocol although due to unforeseen circumstances (pandemic) 
and the short-term follow-up period. The latter may also 

influence the power of the study, while the sample size cal-
culation was initially planned on 6 month visits.

In conclusion, within the limitations of this study, we 
consider the trend in the results of the study as valid, so the 
use of adjunctive PBMT appears to not improve the short-
term (3 months) recession coverage outcomes in a significant 
manner but it does improve the rate of healing and patient 
comfort in the immediate post-operative period. Long-term 
recession coverage outcomes need further investigation.
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tary material available at https:// doi. org/ 10. 1007/ s10103- 021- 03411-0.

Funding The study was self funded.

Declarations 

Ethics approval Approval was obtained from Institutional Ethics Com-
mittee of Sri Ramachandra Institute of Higher Education and Research, 
Chennai, India [IEC/19/APR/150/21].

Conflict of interest The authors declare no competing interests.

References

 1. Wennstrom JL (1996) Mucogingival therapy. Ann periodontol 
/ Am Acad Periodontol 1(1):671–701. https:// doi. org/ 10. 1902/ 
annals. 1996.1. 1. 671

 2. Hofmanner P, Alessandri R, Laugisch O, Aroca S, Salvi GE, Stav-
ropoulos A, Sculean A (2012) Predictability of surgical techniques 
used for coverage of multiple adjacent gingival recessions–a sys-
tematic review. Quintessence Int 43(7):545–554

 3. Francetti L, Weinstein R, Taschieri S, Corbella S (2018) Coronally 
advanced flap with or without subepithelial connective tissue graft 
for the treatment of single recession: 5-year outcomes from a com-
parative study. Int J Periodontics Restorative Dent 38(6):819–825

 4. Sculean A, Allen EP (2018) The laterally closed tunnel for the 
treatment of deep isolated mandibular recessions surgical tech-
nique and a report of cases. Int J Periodontics Restorative Dent 
38(4):479–487. https:// doi. org/ 10. 11607/ prd. 3680

 5. KARU T (1998) The science of low power laser therapy, 1st edn. 
Gordon and Breach Science Publishers, Australia

 6. Dias SB, Fonseca MV, Dos Santos NC, Mathias IF, Martinho FC, 
Junior MS, Jardini MA, Santamaria MP (2015) Effect of GaAIAs 
low-level laser therapy on the healing of human palate mucosa 
after connective tissue graft harvesting: randomized clinical 
trial. Lasers Med Sci 30(6):1695–1702. https:// doi. org/ 10. 1007/ 
s10103- 014- 1685-2

 7. Ozturan S, Durukan SA, Ozcelik O, Seydaoglu G, Haytac MC 
(2011) Coronally advanced flap adjunct with low intensity laser 
therapy: a randomized controlled clinical pilot study. J Clin Peri-
odontol 38(11):1055–1062. https:// doi. org/ 10. 1111/j. 1600- 051X. 
2011. 01774.x

 8. Ozcelik O, Seydaoglu G, Haytac CM (2016) Diode laser for har-
vesting de-epithelialized palatal graft in the treatment of gingival 
recession defects: a randomized clinical trial. J Clin Periodontol 
43(1):63–71. https:// doi. org/ 10. 1111/ jcpe. 12487

 9. Aoki A, Mizutani K, Schwarz F, Sculean A, Yukna RA, Takasaki 
AA, Romanos GE, Taniguchi Y, Sasaki KM, Zeredo JL, Koshy 
G, Coluzzi DJ, White JM, Abiko Y, Ishikawa I (2000) Izumi Y 

1633Lasers in Medical Science (2022) 37:1625–1634

https://doi.org/10.1007/s10103-021-03411-0
https://doi.org/10.1902/annals.1996.1.1.671
https://doi.org/10.1902/annals.1996.1.1.671
https://doi.org/10.11607/prd.3680
https://doi.org/10.1007/s10103-014-1685-2
https://doi.org/10.1007/s10103-014-1685-2
https://doi.org/10.1111/j.1600-051X.2011.01774.x
https://doi.org/10.1111/j.1600-051X.2011.01774.x
https://doi.org/10.1111/jcpe.12487


1 3

(2000) Periodontal and peri-implant wound healing following 
laser therapy. Periodontol 68(1):217–269. https:// doi. org/ 10. 1111/ 
prd. 12080

 10. Al-Shibani N (2019) Low-intensity laser for harvesting palatal 
graft for the treatment of gingival recession: a systematic review. 
J Investig Clin Dent 10(1):e12368. https:// doi. org/ 10. 1111/ jicd. 
12368

 11. Cairo F, Nieri M, Cincinelli S, Mervelt J, Pagliaro U (2011) The 
interproximal clinical attachment level to classify gingival reces-
sions and predict root coverage outcomes: an explorative and reli-
ability study. J Clin Periodontol 38(7):661–666. https:// doi. org/ 10. 
1111/j. 1600- 051X. 2011. 01732. x11

 12. O’Leary TJ, Drake RB, Naylor JE (1972) The plaque control 
record. J Periodontol 43:38. https:// doi. org/ 10. 1902/ jop. 1972. 
43.1. 38

 13. Lenox JA, Kopczyk RA (1973) A clinical system for scoring a 
patients oral hygiene performance. JADA 86:849–852

 14. Kan JY, Morimoto T, Rungcharassaeng K, Roe P, Smith DH 
(2010) Gingival biotype assessment in the esthetic zone: visual 
versus direct measurement. Int J Periodontics Restorative Dent 
30(3):237–243

 15. Ohnhaus EE, Adler R (1975) Methodological problems in the 
measurement of pain: a comparison between the verbal rating 
scale and the visual analogue scale. Pain 1(4):379–384

 16. Marini L, Rojas MA, Sahrmann P, Aghazada R, Pilloni A (2018) 
Early Wound Healing Score: a system to evaluate the early heal-
ing of periodontal soft tissue wounds. J Periodontal Implant Sci 
48(5):274–283. https:// doi. org/ 10. 5051/ jpis. 2018. 48.5. 274

 17. Cairo F, Nieri M, Pagliaro U (2014) Efficacy of periodontal plas-
tic surgery procedures in the treatment of localized facial gingi-
val recessions. A systematic review J Clin Periodontol 41(Suppl 
15):S44-62. https:// doi. org/ 10. 1111/ jcpe. 12182

 18. Fahimipour F, Mahdian M, Houshmand B, Asnaashari M, Sad-
rabadi AN, Farashah SE, Mousavifard SM, Khojasteh A (2013) 
The effect of He-Ne and Ga-Al-As laser light on the healing of 
hard palate mucosa of mice. Lasers Med Sci 28(1):93–100. https:// 
doi. org/ 10. 1007/ s10103- 012- 1060-0

 19. Ejiri K, Aoki A, Yamaguchi Y, Ohshima M, Izumi Y (2014) High-
frequency low-level diode laser irradiation promotes prolifera-
tion and migration of primary cultured human gingival epithelial 
cells. Lasers Med Sci 29(4):1339–1347. https:// doi. org/ 10. 1007/ 
s10103- 013- 1292-7

 20. Loevschall H, Arenholt-Bindslev D (1994) Effect of low level 
diode laser irradiation of human oral mucosa fibroblasts in vitro. 
Laser Surg Med 14(4):347–354. https:// doi. org/ 10. 1002/ lsm. 
19001 40407

 21. Fernandes-Dias SB, de Marco AC, Santamaria M Jr, Kerbauy 
WD, Jardini MA, Santamaria MP (2015) Connective tissue graft 
associated or not with low laser therapy to treat gingival recession: 
randomized clinical trial. J Clin Periodontol 42(1):54–61. https:// 
doi. org/ 10. 1007/ s10103- 014- 1685-2

 22. Singh N, Uppoor A, Naik D (2015) Semilunar coronally advanced 
flap with or without low level laser therapy in treatment of human 

maxillary multiple adjacent facial gingival recessions: a clinical 
study. J Esthet Restor Dent 27(6):355–366. https:// doi. org/ 10. 
1111/ jerd. 12160

 23. Isler SC, Uraz A, Guler B, Ozdemir Y, Cula S, Cetiner D (2018) 
Effects of laser photobiomodulation and ozone therapy on palatal 
epithelial wound healing and patient morbidity. Photomed Laser 
Surg 36(11):571–580. https:// doi. org/ 10. 1089/ pho. 2018. 4492

 24. Medrado AR, Pugliese LS, Reis SR, Andrade ZA (2003) Influ-
ence of low level laser therapy on wound healing and its biologi-
cal action upon myofibroblasts. Laser Surg Med 32(3):239–244. 
https:// doi. org/ 10. 1002/ lsm. 10126

 25. Almeida AL, Esper LA, Sbrana MC, Ribeiro IW, Kaizer RO 
(2009) Utilization of low-intensity laser during healing of free 
gingival grafts. Photomed Laser Surg 27(4):561–564. https:// doi. 
org/ 10. 1089/ pho. 2008. 2292

 26. Costa MS, Pinfildi CE, Gomes HC, Liebano RE, Arias VE, Sil-
veira TS, Ferreira LM (2010) Effect of low-level laser therapy 
with output power of 30 mW and 60 mW in the viability of a 
random skin flap. Photomed Laser Surg 28(1):57–61. https:// doi. 
org/ 10. 1089/ pho. 2008. 2444

 27. Pini-Prato GP, Cairo F, Nieri M, Franceschi D, Rotundo R, 
Cortellini P (2010) Coronally advanced flap versus connective 
tissue graft in the treatment of multiple gingival recessions: a 
split-mouth study with a 5-year follow-up. J Clin Periodon-
tol 37(7):644–650. https:// doi. org/ 10. 1111/j. 1600- 051X. 2010. 
01559.x

 28. Yan J, Zhang J, Zhang Q, Zhang X, Ji K (2018) Effectiveness of 
laser adjunctive therapy for surgical treatment of gingival reces-
sion with flap graft techniques: a systematic review and meta-
analysis. Lasers Med Sci 33(4):899–908. https:// doi. org/ 10. 1007/ 
s10103- 018- 2440-x

 29. Rasperini G, Acunzo R, Pellegrini G, Pagni G, Tonetti M, Pini 
Prato GP, Cortellini P (2018) Predictor factors for long-term out-
comes stability of coronally advanced flap with or without con-
nective tissue graft in the treatment of single maxillary gingival 
recessions: 9 years results of a randomized controlled clinical 
trial. J Clin Periodontol 45(9):1107–1117. https:// doi. org/ 10. 1111/ 
jcpe. 12932

 30. da Silva Neves FL, Silveira CA, Dias SB, Santamaria Júnior M, 
de Marco AC, Kerbauy WD, de Melo Filho AB, Jardini MA, 
Santamaria MP (2016) Comparison of two power densities on the 
healing of palatal wounds after connective tissue graft removal: 
randomized clinical trial. Lasers Med Sci 31(7):1371–1378. 
https:// doi. org/ 10. 1007/ s10103- 016- 1988-6

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1634 Lasers in Medical Science (2022) 37:1625–1634

https://doi.org/10.1111/prd.12080
https://doi.org/10.1111/prd.12080
https://doi.org/10.1111/jicd.12368
https://doi.org/10.1111/jicd.12368
https://doi.org/10.1111/j.1600-051X.2011.01732.x11
https://doi.org/10.1111/j.1600-051X.2011.01732.x11
https://doi.org/10.1902/jop.1972.43.1.38
https://doi.org/10.1902/jop.1972.43.1.38
https://doi.org/10.5051/jpis.2018.48.5.274
https://doi.org/10.1111/jcpe.12182
https://doi.org/10.1007/s10103-012-1060-0
https://doi.org/10.1007/s10103-012-1060-0
https://doi.org/10.1007/s10103-013-1292-7
https://doi.org/10.1007/s10103-013-1292-7
https://doi.org/10.1002/lsm.1900140407
https://doi.org/10.1002/lsm.1900140407
https://doi.org/10.1007/s10103-014-1685-2
https://doi.org/10.1007/s10103-014-1685-2
https://doi.org/10.1111/jerd.12160
https://doi.org/10.1111/jerd.12160
https://doi.org/10.1089/pho.2018.4492
https://doi.org/10.1002/lsm.10126
https://doi.org/10.1089/pho.2008.2292
https://doi.org/10.1089/pho.2008.2292
https://doi.org/10.1089/pho.2008.2444
https://doi.org/10.1089/pho.2008.2444
https://doi.org/10.1111/j.1600-051X.2010.01559.x
https://doi.org/10.1111/j.1600-051X.2010.01559.x
https://doi.org/10.1007/s10103-018-2440-x
https://doi.org/10.1007/s10103-018-2440-x
https://doi.org/10.1111/jcpe.12932
https://doi.org/10.1111/jcpe.12932
https://doi.org/10.1007/s10103-016-1988-6

	Laterally closed tunnel technique with and without adjunctive photobiomodulation therapy for the management of isolated gingival recession—a randomized controlled assessor-blinded clinical trial
	Abstract
	Introduction
	Materials and methods
	Inclusion and exclusion criteria
	Randomization and blinding
	Surgical procedure
	Photobiomodulation protocol for test group (modified from Dias SB et al. 2015) [6]
	Outcome variables assessed
	Deviation from protocol
	Statistical analysis

	Results
	Demographic data of the study population and baseline parameters
	Analysis of the primary outcome variable (recession depth at 3 months)
	Analysis of the secondary outcome variable (recession width after 3 month)
	Analysis of width of keratinized gingiva (WOKG)
	Analysis of VAS score
	Analysis of Early Wound Healing score (EHS)—secondary outcome variable
	Periodontal biotype change at 3 months post-operative for control and test groups
	Complete root coverage at 3 months post-operative control and test groups

	Discussion
	References


