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Abstract:

Background and aim: Free gingival graft (FGG) is one of the most predictable techniques for
gingival augmentation. However, patient’s discomfort and pain during healing period are
significant concerns. The aim of this study was to assess if laser photobiomodulation (PBM) was
effective in terms of enhancing wound healing and reducing postoperative pain.

Methods and Materials: Twelve patients participated in this split-mouth randomized controlled
clinical trial. Each patient had a 30-day interval between the two procedures. In the test group,
donor and recipient sites received diode laser (660nm, 200mW, continuous mode, time of
irradiation:32 seconds, energy density: 4J/cm?, spot size:0.5cm) immediately after FGG surgery,
and 1,2,4 and 7 days later. The control side received the same sequence of irradiation with the
laser-off. Complete wound epithelialization of donor site and clinical wound healing and visual
analogue scale (VAS) pain score of donor and recipient sites were evaluated after surgery.
Results: At 14 and 21 days after surgery, the number of donor sites with complete
epithelialization was greater in laser group compared to the placebo. After 21 days, all donor
sites in the test group were epithelialized completely, while at the same time, only eight donor
sites in the control group showed complete epithelialization (P value=0.05). In terms of clinical
healing of the recipient and donor sites, the test and control groups did not show any
significant difference during the 45-day period, except at days 1 (for recipient site) and 14 (for
donor site), when the test group showed better results (P values: 0.01 and 0.03, respectively).
The VAS pain score did not show statistically significant difference between two groups during
the study period, except for the first three hours after procedure when laser group showed

greater VAS pain score (P values <0.05).



Conclusion: PBM following FGG procedure with the parameters used in this study could
accelerate the rate of epithelialization at the donor site. However, it did not reduce

postoperative pain.

Key words: Photobiomodulation therapy; Low-Level Laser Therapy; Re-Epithelialization; Wound

Healing; Pain, Postoperative



Introduction

Gingival defects with a lack of keratinized tissue can be effectively treated with free gingival
graft (FGG) to create an adequate zone of attached gingiva.(1) This approach is inevitably
accompanied with postsurgical discomfort related to the exposed connective tissue.(2)
Numerous substances have been employed to accelerate wound healing like application of
chlorhexidine digluconate (3) the plant extracts (4, 5), ozonated oil,(6), and platelet
concentrate. (7)

The effect of photobiomodulation (PBM) on cellular proliferation, collagen synthesis, and
release of growth factors from various cells has been well documented.(8, 9) Little is known
about the mechanism of action of PBM; however, it was found that PBM can alter cellular
metabolism, especially through interfering with mitochondrial-membrane potential and ATP
synthesis.(10, 11) Due to such capabilities, PBM may induce a significant impact on the course
of biological events that take place during wound healing. (12)

Limited number of clinical trials has addressed the effect of PBM on postoperative oral wound
healing. The results of a clinical study showed that application of low-intensity diode laser (685
nm) following gingivectomy was effective in promoting clinical healing of the gingiva. (13) When
PBM was used after root coverage procedure, periodontal parameters such as clinical
attachment level and width of keratinized tissue showed improved results. (14) On the other
hand, Almeida et al. used PBM in order to accelerate healing (780 nm) and achieve analgesia
(660 nm) at the recipient site after FGG surgery. They did not find any benefit from the use of

PBM. (15)



Due to the lack of adequate evidence, the aim of this clinical trial was to evaluate if application
of PBM after FGG surgery could accelerate healing process of donor and recipient sites. The null
hypothesis was that of no difference in the outcome variables in patients undergoing FGG using

PBM or placebo.

Materials and Methods:

Patient population

The present study was conducted according to the guidelines of Helsinki Declaration of 1975, as
revised in 2008 (ClinicalTrials.gov ID: NCT02711501). The study protocol was approved by
ethical committee of Tehran University of Medical Sciences (NO: 91-01-97-16886, IRCT
registration code: IRCT201206121150N5). Patient selection was performed among those
referred to the department of Periodontics, Tehran University of Medical Sciences for
management of lack of keratinized gingiva. The inclusion criteria consisted of healthy patients
with lack of keratinized gingiva affecting two adjacent mandibular teeth, bilaterally. Patients
with poor oral hygiene, low cooperation, smoking habit, general contraindication for laser
therapy, existence of infection at the site of surgery, presence of pain at the time of surgery,
and pregnant or lactating females were excluded from the study. After explaining about the

study protocol, all participants signed the informed consent form.

Sample size calculation



The sample size of the study was planned based on published data on gingival healing after
PBM.(13) Considering significance level of 5% and power of 80%, the minimum sample size

would be 12 samples per group.

Study design

This triple-masked split-mouth placebo-controlled randomized controlled clinical trial was
performed from September 2014 to August 2015. The participants were consecutively
recruited. Oral hygiene instruction, polishing, scaling, and elimination of causative factors were
carried out, according to the needs of individual patients. The patients were randomly assigned
to the test (laser) or control (placebo) groups with a 1:1 allocation ratio. An epidemiologist who
was not aware of the treatment modalities generated the random allocation sequence using a
computerized block randomization process. An investigator, who was not involved in the
surgical procedure and laser/placebo therapy, performed the enrolment of patients and their
assignments into interventions (N. M.). Allocation concealment was obtained by sealed non-
transparent coded envelopes. Just before surgery, a practitioner who was not involved in the
surgical procedures opened the envelopes (H. N.). Patients did not receive information

regarding the type of treatment that was performed in each session.

Surgical procedure
One skilled masked surgeon performed all surgeries (M. H.).The surgical process was the same
for both groups and was carried out according to the method described by Sullivan and

Atkins.(16)



Graft harvesting: After injection of local anaesthesia, the graft (length 20 mm x height 10 mm)
was harvested from the palate with a thickness of approximately 1mm. The recipient site was
located between mesial aspect of first premolar to distal aspect of first molar. The donor site
was secured using cross mattress silk sutures.

Graft placement: The graft was adapted to the recipient site and secured by two periosteal and
two C-type sutures. The apical periosteal sutures were anchored to the teeth under surgery.
Thirty days after the first surgery, the contralateral site was operated following the same

procedure as described above.

Laser irradiation

All patients remained masked to the treatment modality throughout the study period.
Regardless of treatment group, both patients and operator wore safety glasses in all sessions.
The test group received diode laser (THOR® Laser, London, UK) at donor and recipient sites with
the following parameters: wavelength: 660 nm, power: 200mW, continuous mode, total dose
per session: 32 J/em? (energy density per point:4 J/cm?), total time of irradiation: 32 seconds
(application time of 4 seconds per point), spot size:0.5Cm. The laser beam was directed
perpendicularly with slight contact with the tissue. Laser was irradiated immediately after
surgery and 1, 2, 4 and 7 days later at the donor and recipient sites. Before each application,
the power of equipment was calibrated. The control group received placebo laser therapy with

laser off state.

Post-operative protocol



After surgery, all patients received a non-steroidal anti-inflammatory medication (Gelofen
400mg, Jaber EbneHayan, Iran). Patients were asked to take additional medication whenever
they felt pain. Chlorhexidine 0.2% was prescribed twice daily for one week. Patients were
instructed to eat only soft food during the first week and avoid mechanical trauma to the
treated sites for four weeks. The sutures of the donor and recipient sites were removed one

and two weeks after surgery, respectively.

Examined parameters:

Epithelialization of donor site: The donor site was dried with a gauze sponge. Then, 3%
hydrogen peroxide (H202) was applied to the wound, seeking to observe bubbling (oxygen
liberation) in the wound area. (17) This test was carried out at 7, 14, 21, and 30 days after
surgery. The degree of epithelialization was classified as follows: complete epithelialization:
bubble was not seen; incomplete epithelialization: bubbles were seen in the donor site.

Clinical Healing (CH): Photographs were taken from donor (D-CH) and recipient (R-CH) sites at 1,
2,7,14, 21, 30, and 45 days after surgery (PowerShot SX200 IS Canon, Japan). Three expert and
masked periodontists evaluated the photographs (N. M., M. P., and R. F.). Two photographs
(test and control sites) corresponded to the same elapsed postsurgical time were placed side by
side. The examiners were asked to choose the photograph exhibiting the better healing based
on shade, texture, and morphology.(15) The agreement was evaluated by means of 2 day-

interval between the observations (Kappa=0.85).



Postoperative pain: Postoperative pain was measured using visual analogue scale [no pain(0) to
unbearable pain(100)].(18) One masked examiner asked the patients to point out the pain
severity (H. N). The degree of pain perception at donor (D-VAS) and recipient (R-VAS) sites was
recorded at the day of surgery (first eight hours after surgery) and then daily till day 12.

NSAID intake: The number of NSAIDs used by the patients during the first postoperative week
was recorded.

Epithelialization of donor site and clinical healing were defined as the primary outcome
variables. Postoperative pain and number of NSAID intake were considered as the secondary

outcome variables.

Statistical analysis:

Kolmogrov-Smirnov test showed that data regarding “epithelialization of donor site” and
“clinical healing” were not normally distributed. Therefore, Wilcoxon signed ranks test was
used to compare test and control sides during the study period in terms of these two
parameters. To compare treatment groups regarding “postoperative pain” and “NSAID intake”
over time, two-way repeated measures analysis of variance (ANOVA) was performed. P-value of
less than 0.05 was set as statistically significant.

Results:

Twelve patients (8 women and 4 men; 24 to 55 years; mean age: 40.2 + 9.2 years) including 48
sites (24 donor and 24 recipient sites) completed the study. Postoperative period was

uneventful except for bleeding of the donor site in three patients (two patients at the test sites



and one patient at the control site) that occurred immediately after the surgery. The bleeding

was resolved by re-suturing the site.

Epithelialization of donor site:

At day 7, no donor site exhibited complete epithelialization (Table 1). At day 14, 25% of donor
sites in the laser group showed complete epithelialization, while at the same time none of the
sites in the control group were completely epithelialized (P value= 0.05).

After 21 days, 100% of test sites and 66.6% of control sites demonstrated complete

epithelialization. The difference between two groups was statistically significant (P value=0.02).

Clinical Healing:
Regarding D-CH, laser-treated group showed better results than did the placebo group at
14™day (P value=0.01) (Figure 1-A). At first day after surgery, the R-CH wounds treated with

laser was significantly better compared to the control wounds (P value=0.01) (Figure 1-B).

Postoperative pain:

Day of surgery:

D-VAS: A two-way repeated measures ANOVA with Greenhouse-Geisser showed that in the test
group, the mean D-VAS pain score was significantly higher in the first three hours after surgery
compared to other time points (Figure 2-A). Between-group analysis revealed that during the
first 3 hours after surgery, the mean value of D-VAS was significantly greater in the test group

compared to that of control group (P values=0.04, 0.003, 0.02, respectively).
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R-VAS: A two-way repeated measures ANOVA with a Greenhouse-Geisser correction
determined that the mean R-VAS did not differ significantly between time points at the first 8
hours after surgery (P value=0.164). Moreover, no significant difference was observed between

the two groups in terms of the R-VAS (Figure 2-B).

Days 1 to12:

D-VAS: Bonferroni post-hoc test revealed that D-VAS was significantly greater in first 5 days
compared to days 9-12 (all p values <0.05). The two groups did not show significant difference
in terms of D-VAS during this period (p value= 0.533) (Figure 2-A).

R-VAS: Post hoc tests using the Bonferroni correction showed that the mean values of R-VAS at
days 8-12 were significantly lower than that of first 4 postoperative days. No statistically
significant difference was noted between the treatment groups regarding the mean value of R-

VAS in the study period (Figure 2-B).

NSAID intake:

The average number of NSAID intake during the study period was 1.33 + 1.52 in the test group
and 1.29 + 1.63 in the control group (Figure 3). Two-way repeated measures ANOVA showed an
overall significant reduction of NSAID intake over time (P value<0.001), but between-group

analysis did not show any significant difference between test and control groups (P value=0.93).

Discussion
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The main aim of this triple-blind split-mouth randomized clinical trial was to evaluate the effect
of PBM on FGG donor and recipient areas healing process. The results of the present study
showed that the PBM protocol that was used (660 nm, 32 J/em?) can promote epithelialization
of donor site and thus reduce wound repair time in the palate. From clinical point of view, laser-
treated recipient and donor sites showed better healing at days 1 and 14, respectively.
Epithelialization is the most essential part of secondary wound healing and is used as a defining
parameter of its success. In the absence of epithelial resurfacing, wound cannot be considered
healed.(19) PBM with the protocol used in this study could promote re-epithelialization of FGG
donor site, since at day 21, 100% of laser-treated donor sites presented complete
epithelialization. In contrast, Vieira et al. did not find any difference between laser and control
groups, in terms of rate of epithelialization of palatal donor site.(20) This controversy can be
attributed to methodological differences, particularly laser protocol (650 nm, 4 J/em? per point
transcutaneously, immediately and 2 and 3 days after surgery). Moreover, limited number of
participants (5 patients in each group) might hamper this effect and lead to insignificant result.
Using H202-bubble test, even thin epithelial barrier is detected, while simultaneously it
appears as incomplete wound coverage in the clinical photograph. Moreover, other factors
such as connective tissue maturation and neovascularization influence on the clinical judgment
about palatal wound healing. In the present study, clinicians found that healing of laser-treated
palatal donor wounds was significantly better than that of placebo sites at day 14. This finding
is in accordance with that of Da Silva Neves et al. (21) (660 nm, 15 and 30 J/cm? at O,
2,4,6,8,10,12 days after surgery) and Dias et al. (22) (660 nm, 3 J/cm?, at 0,2,4,6,8,10,12,14 days

after surgery). They used PBM in the donor palatine area after connective tissue graft removal
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and found that palatal wound color pattern in the PBM group was better than the placebo
group at day 14.This finding can be attributed to the influence of PBM on tissue erythema and
angiogenesis during healing process.

The results obtained from clinician’s assessment and H202-bubble test were consistent at day
14, when both tests showed better result in laser-treated sites compared to the placebo sites.
Despite greater number of laser-treated donor sites presenting complete epithelialization at
day 21, the clinicians did not find significantly better clinical healing at the same site and day,
although a trend in favor of PBM was noted. This discrepancy between the results might be
explained by the fact that healing of the palatal donor site was advanced at day 21 and better
healing site might not be distinguishable by clinicians at this time.

In terms of clinical healing of FGG recipient site, the superiority of PBM over placebo was
evident at first day after surgery. This effect was not observed later on. A similar study by
Almeida et al. evaluated clinical healing of FGG recipient sites at days 7, 15, 30, and 60. They did
not find better clinical healing in laser-treated FGG recipient sites compared to the control sites
at any time points.(15) The ability of PBM to modulate inflammation could be contributed to its
beneficial effects in early stage of wound healing. The inflammatory phase (first postoperative
days) is a critical step in the process of wound healing, during which inflammatory cells play a
key role in clearing tissue debris and promoting migration of keratinocytes and fibroblasts for
healing to progress(23-26).

In our study, energy density of 4 J/cm®was applied per point in each session. Most authors
recognized 4 J/cm®to be the optimal flounce for tissue repair.(27) However, comparing two

energy densities (15 and 30 J/cm?) of 660 nm diode laser, Da Silva Neves et al. revealed that
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protocol of 30 J/cm?provided faster palatal wound healing after removing the connective tissue
graft (CTG) for root coverage.(21) It should be noted that there are some differences between
the palatal wounds of FGG and CTG regarding depth of wounds and the healing process.
Typically, FGG donor site is a shallow and open wound that heals by secondary intention. On
the other hand, CTG donor site usually includes deeper palatal connective tissue without
involving the superficial epithelium; thereby it allows healing of the donor site by primary
intention. As a rule, higher energy density of laser is needed for deeper wounds compared to
ones that are more superficial.

Besides energy density, laser wavelength was selected based on the literature. Most studies on
tissue repair show significant benefits within the red visible spectrum (622—-780 nm).(28) Garcia
suggested that the influence of PBM on tissue repair might be due to the high absorption of
660-nm-wavelength lasers by cytochrome C oxidase.(29)

Although the exact mechanism of action of PBM on palatal donor wound healing after FGG
harvesting is not clear, a recent clinical trial demonstrated that the level of TGF-f3;, PDGF-BB,
and IL-8 in the palatal wound fluid increased after application of PBM. They suggested that PBM
may accelerate palatal wound healing by stimulating production of these mediators.(30)
Despite findings regarding acceleration of donor site epithelialization, the beneficial effect of
PBM on postoperative pain relief was not verified through this study. Consistently, Almeida et
al. (660 and 780 nm) and Dias et al. (660 nm) did not report palliative effect after postoperative
PBM (15, 22). On the contrary, Ozcelik et al. reported that the use of 810 nm diode laser for
biostimulation after harvesting the FGG resulted in less postoperative pain and discomfort than

the controls (31). This dissimilarity between the results can be due to the following factors:
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collagen sponge and sutures were only used in the control sites which might cause
postoperative pain and discomfort.(32). More importantly, infrared lasers (810 nm) can
penetrate deeper in the tissue where nerve endings are located. Therefore, they seem to be
suitable for pain relief. (33) In the present study, laser setting was adjusted for wound healing
purposes, since the main goal of our study was to accelerate wound healing through PBM. The
analgesic effect of laser was considered as a secondary outcome and result of wound healing
progress.

We could not find the effect of PBM on the number of NSAID intake after FGG. The result of a
systematic review on the effectiveness of PBM in acute pain showed equal effect size of PBM
and NSAIDs. (34)We administered NSAID after surgery and upon patient’s discretion, due to
ethical concerns. Therefore, the effect of NSAID might hinder the analgesic effect of PBM.
Patients in the laser group experienced more pain than that of control group at the first 3 hours
after surgery. This side effect has been reported before in the literature. (35) In a systematic
review, Bjordal et al. reported that optimal analgesic effects of PBM will be achieved if it is
administered at high doses, typically 7.5 J/ecm?, in the first 72 hours (34). From ethical point of
view, it is essential to inform the patients about this transient adverse effect before initiating
PBM.

More well-designed randomized clinical trials with larger sample size need to be performed in
this area to find the optimal laser irradiation parameters in which promote healing and at the
same time reduce patient’s discomfort.

In conclusion, the results of this study showed that PBM with the parameters used in this study

was helpful in accelerating complete epithelialization of palatal donor site after harvesting FGG.
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However, the effect of laser on alleviation of postoperative pain was not confirmed through this

trial.
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Table 1- Number (percentage) of donor sites with complete/incomplete epithelialization in

laser and control groups at 7, 14, 21, and 30 days after surgery.

Epithelialization Laser [N (%)] Placebo [N (%)]
Day 7 0 (0%) 0 (0%)
Day 14 3 (25%) 0 (0%)
Complete
Day 21 12 (100%) 8 (66.6%)
Day 30 12 (100%) 12 (100%)
Day 7 12 (100%) 12 (100%)
Day 14 9 (75%) 12 (100%)
Incomplete
Day 21 0 (0%) 4 (0%)
Day 30 0 (0%) 0 (0%)
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Figure 1- Clinical wound healing for laser and control groups at recipient (A) and donor (B) sites
during the experimental period.

* denotes that clinical healing at laser group was significantly better than the placebo group.
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Figure2-Mean visual analogue scale (VAS) pain score from donor (D-VAS) (A and C) and
recipient (R_VAS) (B and D) sites during first 8 postoperative hours (A and B) and 1* to 12t

postoperative days (C and D) in laser and placebo groups.
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Figure 3- NSAID intake during the first postoperative

week in laser and placebo groups.
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Highlights

e Application of laser PBM accelerated epithelialization of palatal donor site.
o Use of laser PBM did not significantly affect the clinical healing outcomes.
e Laser PBM with this protocol was not effective for reducing the postoperative pain.
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