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Abstract
Objective: The purpose of this pilot study was to evaluate the effects of photobiomodulation
(PBM) with a 2940-nm Er:YAG laser on post-operative pain and wound healing at the palatal
donor site of subepithelial connective tissue grafts (CTGs).
Methods: Ten systemically healthy patients who required CTG surgery completed this
randomized clinical trial. Participants were assigned to receive PBM therapy or sham laser
treatment of the palate following harvest of the graft. Analgesic consumption was recorded, and
a visual analogue scale (VAS) pain questionnaires completed for the first post-operative week.
At one week, patients completed an Oral Impact on Daily Performance (OIDP) questionnaire.
At one and two weeks, healing was evaluated according to a modified early wound-healing index
(MEHI) and the healing index of Landry, Turnbull and Howley (HI). Patients returned at six
weeks for assessment of tissue thickness and for collection of a tissue sample.
Results: There were no significant differences in VAS scores, analgesic intake, or healing of the
palate between the Test and Control groups. The Test group reported more frequent disruptions
to doing light work, going out, sleeping, smiling, and interacting with others.
Conclusions: Within the limitations of this study, PBM therapy with an Er:YAG laser did not

impart any beneficial effects.
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Introduction

When evaluating the success of periodontal treatment, both surgical and non-surgical, one must
consider the clinical results as well as patient-centred outcomes. Ensuring the healing process
proceeds as optimally as possible is central to achieving success in both these realms. Finding
new ways to improve post-operative healing and patient comfort continue to be areas of great
interest in periodontology, from the evolution of new procedures to the implementation of
minimally invasive and less traumatic surgical techniques to the development of new materials.

All with the goal of minimizing morbidity and maximizing healing potential.

Literature Review

Wound healing in the human body encapsulates a wide spectrum of processes that vary greatly
depending on factors such as the type of injury incurred, the severity of said injury, the
immunocompetency of the patient, and the type of tissue injured, among others. Within the

scope of this paper, the discussion of healing will be limited to that of the periodontal tissues.

Intraoral healing of periodontal tissues is considered more complex than epidermal wound
healing. The periodontium includes a multitude of diverse tissue types: alveolar bone, gingiva,
periodontal ligament, and cementum. The oral cavity is unique in that it is an “open system,”
which has teeth protruding from the underlying bone, up through the protective soft tissues, and
establishing a communication with the external environment. Healing of these tissues attempts
to establish a new connection between vascular soft tissues and mineralized hard tissues in the
presence of a consistent and significant bacterial load. Thus, the outcomes of this process can be

quite variable.



In the literature, many different sequences of healing have been described; on the tissue level,
following a variety of different surgical procedures.!® It was not until periodontal healing was
later studied in the animal model with electron microscopy, that the overarching cellular events
were described and adapted from the established model of healing observed in epidermal
wounds.” Generally, the process can be broken down into four separate but overlapping phases.
The initiation of the healing sequence is marked by the onset of the Clotting Phase. This begins
immediately following wound closure. Bleeding is reduced due to vasoconstriction, facilitating
formation of a fibrin clot, which acts as a scaffold for cell migration and proliferation from
adjacent tissues. Gathering platelets promote the activation of coagulation proenzymes as well
as releasing several growth factors, adhesive proteins, and chemotactic factors. These molecules
signal the chemotaxis of osteoblasts, fibroblasts, leukocytes, monocytes, smooth muscle cells,

and neutrophils.!®12

The next stage, referred to as the Inflammatory Phase, begins in the first hours following injury.
There is an increase in vasodilation and capillary permeability as the inflammatory process
dominates the site. Neutrophils and monocytes migrate to the site of injury, removing bacteria
and necrotic tissue. Within three days, macrophages also migrate to the area, eliminating spent

PMNs and erythrocytes. Granulation tissue formation then starts on approximately day four.!%'?

Following this is the onset of the Proliferation Phase. Macrophages significantly outnumber
neutrophils at this point. Macrophages stimulate the recruitment of fibroblasts, endothelial cells,

and additional inflammatory cells to the wound via release of several growth factors and



inflammatory cytokines. There is an elevated metabolic demand at this stage, which is met by
increased vascularity, stimulated by VEGF and other growth factors. Endothelial cells migrate
into the provisional wound matrix where they proliferate and elongate, leading to formation of
new blood vessels. By day seven, granulation tissue dominates the site of injury and there is
formation of initial collagen fibers. Once the collagen matrix has been synthesized, some
fibroblasts undergo transformation into myofibroblasts and express o.-smooth muscle actin,

which leads to wound contraction.'®'2

As new vasculature develops, the wound matrix continues to mature. Within a few weeks of the
initial injury, healing progresses into the Remodelling/Maturation Phase. Fibroblasts and
endothelial cells will undergo apoptosis. Subsequently, tissue volume and vascularity are
decreased. Maturation of the granulation tissue eventually results in regeneration or repair (i.e.

scar formation).'%!?

The patient’s experience during the healing process, specifically their perception of post-
operative pain or discomfort is another key component when evaluating treatment outcomes.
How individuals perceive pain is an extremely nuanced and multi-faceted concept. It involves
emotional and psychological aspects such as anxiety, previous experiences, control of one’s
environment, and anticipation of stress.!>!* However, these factors are beyond the scope of this
paper. The perceived level of post-operative pain also involves physical factors related to the
surgery itself and the resultant physiological processes that occur. Such surgery-related factors
include the complexity and duration of the procedure, the pre-operative thickness of the tissues at

the surgical site, the experience of the surgeon, the extent of the surgical site, the amount of



anesthetic used, whether or not sedation was used, the post-operative analgesic regimen, and the
specific surgical techniques employed.'*!>!® The mechanism of post-operative pain is likely
multifactorial, involving several of the steps that occur during the healing process. Initial
perception of post-operative pain may be influenced by adequate hemostasis and formation of
the fibrin clot which could act as a physical barrier for the underlying tissues containing
mechanoreceptive nociceptive neurons.!> Immune cells that migrate to the wound site secrete a
variety of growth factors and these have been shown to directly excite primary afferent
nociceptors.!” Bone and periosteum are innervated with afferent sensory neurons that have acid-
detecting ion channels which are likely activated by the decreased pH that is a result of
inflammation at the site of injury.'®!” The interacting effects of these activities which occur
during healing, and likely several other processes which have not yet been fully elucidated, help

illustrate why the experience of post-operative pain is so individualized.

As our understanding of the events involved in periodontal healing continues to expand, so too
do the efforts to enhance the speed, comfort, and regenerative capacity of this process. Various

modalities and techniques, aimed at improving different aspects of healing, have been advocated.

Synthetic biomaterials for wound closure have been developed to aid the healing process by
minimizing the inflammatory response compared to traditional methods of wound closure (i.e.
natural braided sutures). An example of this is the development of monofilament synthetic
sutures fabricated from materials such as PTFE and polypropylene. Multifilament sutures allow
penetration of bacteria into the inner compartment of the thread, between the filaments,

impairing the immunological response of the host as well as facilitating migration of bacteria and



oral fluids along the suture, into the wound, via the wicking phenomenon.?*** Compared to
synthetic monofilament sutures, natural multifilament sutures accumulate more plaque and have
a higher bacterial adherence, induce a more pronounced inflammatory reaction, and display
poorer overall healing of the soft tissues.?'>* Furthermore, wound closure with tissue adhesives
such as cyanoacrylate has demonstrated superior healing in the first post-operative week
compared to traditional sutures, displaying less clinical signs of inflammation as well as less
inflammatory cell infiltration.?* Periodontal dressings have also been developed to help improve
post-operative healing and patient discomfort however their value has been widely questioned

and several studies demonstrate that they do not impart any significant benefit.?>2°

Clinical and patient-centred post-operative outcomes may also be enhanced through modification
and evolution of surgical techniques. This trend is well-illustrated by the multitude of
connective tissue harvesting techniques that have been developed. From the trap-door (TD)
technique to the parallel-incision (PI) technique to the single-incision (SI) technique, to name a
few.>*3* The rationale for development of such techniques is to reduce the number of incisions
needed to harvest the graft, thus improving the blood flow to the remaining overlying tissue that
remains at the donor site. This reduces the risk of flap necrosis, improving the potential for
uneventful healing of the site and a better patient experience.>> When SI techniques are used,
this also allows primary closure of the palatal wound. Primary closure allows a thin, stable clot
to form between the tissue margins with little to no local ischemia. Bacterial penetration into the
wound is greatly reduced. Blood supply to the site is rapidly restored and there is little to no
formation of scar tissue. In the context of healing, this can be described as regeneration as the

tissues are essentially restored to their original condition.*® Secondary wound healing,



conversely, illustrates repair of tissues. The body produces low-grade scar tissue in an attempt to
quickly bridge the gap resulting from the injury.*®> These techniques, when applied to tissue-
harvesting of the palate, likely have a very minor impact on the long-term clinical outcomes of
surgery. However, they do illustrate how refinement of these principles in all aspects of

periodontal surgery can improve healing and reduce patient morbidity.

Another step in the evolution of these tenets as applied to surgical techniques can be seen with
the introduction of papilla-preserving incision designs, allowing for more predictable primary
closure and wound healing. The papilla preservation incision design put forth by Takei in 1985
has since been adapted into the Modified Papilla Preservation Technique (MPPT) and the
Simplified Papilla Preservation Technique (SPPT), both commonly employed today.*** Results
have demonstrated a trend of better regenerative outcomes associated with papilla preservation
techniques.***** Further building on these principles is the concept of minimally invasive
surgery, which was introduced into periodontology by Harrel and Rees in 1995.*! This approach
is based on limited flap reflection and gentle handling of the soft and hard tissues. It has
continued to evolve, incorporating new materials and instrumentation, all with the objectives of
reducing surgical trauma, increasing wound and flap stability, reducing surgical time, attaining
primary closure, and minimizing patient discomfort and morbidity.>”*#4*>* The majority of
studies on minimally invasive periodontal surgeries (MIPSs) report results that are comparable to
conventional techniques and do not necessarily illustrate that these approaches provide clinically
superior outcomes.”> However, there is a paucity of studies that directly compare the clinical
outcomes of MIPSs with those of “traditional” surgical approaches.’> The evidence also shows

that MIPSs do not benefit from the use of biomaterials or membranes, which have shown to



enhance clinical parameters when used with traditional regenerative techniques.” This may
speak to the impact of the surgical principles, which are inherent in MIPSs. The positive effect
of precise primary wound closure, adequate clot stability and maturation, good flap perfusion,
and satisfactory space maintenance provided by a minimally invasive technique may overshadow
any additional benefit that would be provided by membranes or biomaterials in a conventional
surgical approach. Regarding patient-centered outcomes after MIPSs, generally patients report
low VAS values for post-operative pain and discomfort.>> Overall, the development and
evolution of MIPSs illustrates the ongoing pursuit to improve patients’ experiences and clinical

healing following periodontal surgery.

In this pursuit, one area of interest that continues to gain momentum is the use of lasers in the
field of periodontology. Experimentation with lasers and their effects on the oral tissues began
in the 1960s.>¢ By the late 1980s, the FDA had given approval for an Nd:YAG laser specifically
designed for dental use.’” Nd:YAG (neodymium-doped yttrium aluminum garnet) refers to the
active medium within the optical cavity of the laser. Generally, lasers are named and
differentiated based on the material of their active medium. The different lasers utilized in
dentistry include carbon dioxide, Nd:YAG, Er:YAG, argon, Er,Cr:YSGG, and several types of
diode lasers.’®> A defining characteristic of lasers is monochromaticity, meaning they emit one
specific wavelength of light.®®° The wavelength of the laser determines the degree of scattering,
tissue penetration, and the amount of energy absorbed by the tissues.’® Thus it is wavelength that
dictates how the laser will interact with its target tissues and the subsequent effects it will have.
As such, lasers have been implemented for a variety of uses in dentistry, including treatment of

dentinal hypersensitivity, aphthous ulcers, herpetic lesions, BRONJ and TMDs, osseous



resection, bacterial elimination, root and implant debridement, analgesia, periodontal

regeneration, soft tissue incisions, as well as for restorative and endodontic purposes.>®¢*

The origins of laser treatment can be traced back to the use of sunlight for therapeutic purposes,
which dates back several centuries. It has long been recognized that light can have a positive
stimulatory effect on the growth and metabolism of organisms and their cells. Consequently, it
was speculated whether or not lasers could impart similarly beneficial stimulation. This
application of lasers was first in developed in 1967 by Endre Mester and has since been called by
many names: low-level laser therapy, cold laser, low-intensity laser therapy, biostimulation, soft
laser, low-power laser therapy, photobiomodulation, photobiostimulation, and perhaps
others.®> A nomenclature consensus meeting of the North American Association for Light
Therapy and the World Association for Laser Therapy in 2014 has deemed photobiomodulation
(PBM) to be the appropriate term. PBM has been defined as “a form of light therapy that utilizes
non-ionizing forms of light sources, including lasers, LEDs, and broadband light, in the visible
and infrared spectrum. It is a nonthermal process involving endogenous chromophores eliciting
photophysical and photochemical events at various biological scales. This process results in
beneficial therapeutic outcomes including but not limited to the alleviation of pain or

inflammation, immunomodulation, and promotion of wound healing and tissue regeneration.”®

PBM has been compared to photosynthesis in plants, whereby the light is absorbed and exerts
chemical changes within the tissues.®” However, the exact mechanism of action by which PBM
exerts its therapeutic effects on healing is still not well established. The most widely accepted

explanation has been the “CCO theory.”®® Within mammalian tissues, there are three major



photoacceptor molecule: hemoglobin, myoglobin, and cytochrome ¢ oxidase (CCO).* CCO is a
protein located in the inner membrane of eukaryotic cells and it is the terminal enzyme of the
respiratory electron transport chain. CCO catalyzes the reduction of O> to H>0 and utilizes the
energy of the redox reaction to transport protons across the membrane.”® It has been proposed
that PBM stimulates CCO, initiating secondary cell-signaling pathways, leading to increased
ATP production and energy metabolism, reduced oxidative stress, and improved cell
viability.®""77 It is speculated that this occurs due to the removal of nitric oxide (NO)
molecules that are bound to the CCO protein. NO competes for oxygen-binding sites on CCO
and can displace O», inhibiting cellular respiration and decreasing ATP production. PBM may
elicit its positive effects on wound healing by dissociating NO from CCO, reversing the
mitochondrial inhibition of respiration and shifting the overall redox potential of the cell toward
greater oxidation and increased generation of reactive oxygen species (ROS).**7 Redox-
sensitive transcription factors are then activated, resulting in the expression of gene products that
prevent apoptosis, modulate the inflammatory response, and stimulate fibroblast proliferation,

collagen synthesis, angiogenesis, and tissue repair.5”-¢%-77-8!1

There may be even more evidence to support the success of PBM in alleviating pain, but this
mechanism of action is also more poorly understood than its effect on healing.®>®* There are
several hypotheses on how PBM reduces pain. Theories include modulation of nerve conduction
and stimulation of endogenous opioid release, among others. The most plausible and well-
supported theory proposes that PBM has an inhibitory effect on prostaglandins and pro-
inflammatory cytokines, such as PGE>, TNF-a, and IL-1p. These inflammatory mediators

function either directly by activating peripheral nociceptors and causing spontaneous pain or



indirectly via stimulation of additional pain-inducing agents, such as bradykinin, which has
shown to induce hyperalgesia when experimentally administered to humans.®*% However, the

exact processes explaining how PBM could elicit this effect are not well established.

PBM may be administered with various different light sources, be they lasers, LEDs, or others.
As research into this form of therapy progressed, a large predominance of studies seemed to be
investigating its application with diode lasers.®*°* Diode lasers can produce a spectrum of
different wavelengths, depending on their active medium. As previously stated, a laser’s
interaction with tissues and the subsequent effects that are produced are dictated by its
wavelength. Most of the diode lasers used in PBM research produce wavelengths in the domain
of 810-1064 nm, which falls into the red and near-infrared (NIR) “optical window.” Thus it is
this range of wavelengths for which there is the majority of supporting literature demonstrating
the effects of PBM.%>** However, research into PBM has ventured outside this range and
investigated the potential effects Nd:YAG, Er:YAG, and CO» lasers with wavelengths of 1064

nm, 2940 nm, and 10600 nm, respectively.6%6%77.79-81.95-100

Studies into PBM with Er:Y AG lasers have primarily consisted of in vitro experimentation, with
a scarcity of research investigating its effects in vivo.”’""* 8196101 Tg this author’s knowledge,
there have been no human clinical trials assessing the effects of PBM on post-operative pain and
healing using an Er:YAG laser. The aim of this pilot study was to investigate if PBM with
Er:YAG laser treatment enhanced the post-operative patient experience and/or wound healing of

the palatal donor site following subepithelial connective tissue graft surgery. The findings of this
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study will help guide future research on this topic and provide insight into the feasibility of

conducting larger clinical studies.

Materials and Methods

Subjects

Eleven systemically healthy patients of the Graduate Periodontics Clinic at the University of
Manitoba who required a connective tissue graft (CTG) were recruited to participate. Informed
consent was obtained from all patients. They received initial periodontal examination and
treatment, if necessary, before proceeding with surgery. To be eligible for the study, participants
had to be classified as ASA I or ASA II and have a Full Mouth Plaque Score (FMPS) <20% and
a Full Mouth Bleeding Score (FMBS) <20%. This threshold was established based on the
precedent set by previously conducted, similarly designed studies.!??"1% Patients were excluded
from the study if they had any contraindications for periodontal surgery, were taking
anticoagulants or corticosteroids, or smoked >10 cigarettes per day. Patients were assigned to
one of two treatment groups using a computer-generated randomization table, either the Test
group who received PBM or the Control group who received no additional treatment. The same
randomization program was also used to evenly distribute and assign which resident would
conduct which follow-up appointments. This study was independently reviewed and approved

by the Biomedical Research Ethics Board of the University of Manitoba.

Surgical Procedure

Surgery was performed by one of four periodontal residents (BW, JC, CS, JV). The surgeons

were calibrated on the study protocol in a training meeting prior to commencement of the study.
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Each resident was informed at the time of surgery if their patient was in the Test group or
Control group. The appropriate technique used for root coverage was dictated by the clinical
situation and was at the discretion of the surgeon, as it did not impact the outcomes of the study.
Prior to harvesting the CTG, transgingival probing was performed at the donor site to measure
the initial thickness of the palatal tissue. The graft was then harvested using the Single-Incision
technique described in detail in previous studies.*> The length of the incision and the length and
width of the graft were measured to the nearest 0.5 mm with a periodontal probe. The thickness
of the graft and the thickness of the remaining palatal flap were measured to the nearest 0.1 mm
with calipers. Hemostasis of the palatal wound was established with gauze and manual pressure.
At the end of the surgery, the Test group received PBM with an Er:YAG laser and the Control

group received sham laser treatment. The palatal incision was closed with cyanoacrylate.

Laser Protocol

In the Test group, irradiation was performed with an Er:YAG (Morita AdvErL Evo) laser that
emitted a 2940 nm wavelength with an energy output of 80 mJ and at pulse rate of 25 Hz. PBM
was administered for 30 seconds in a continuously sweeping motion over the site of graft harvest
at a distance of 10 mm from the tissue. In the Control group, the same procedure was repeated
with the exception that the “Ready” button on the laser unit was not activated and thus no laser
was emitted from the handpiece. In both the Test and Control groups, during all sessions of laser
or sham treatment, the manufacturer-recommended safety precautions were stringently adhered
to. The clinician, patient, and anyone else inside the operatory wore protective glasses designated
for use with Er:YAG lasers. Whenever possible, the individuals present within the operatory

were limited to the patient and those directly involved with the procedure (i.e. surgeon and

12



assistant). The activated laser was never directed anywhere other than the intended site of

treatment.

Post-Operative Instructions

After the surgery, all participants were administered 2 g of amoxicillin and 400 mg of ibuprofen
to be taken immediately. In cases of allergy or sensitivity to these medications, 600 mg of
clindamycin would be given instead of amoxicillin and 1 g of acetaminophen instead of
ibuprofen. Patients were instructed to apply a cold pack alternating 15 minutes on and 15
minutes off for the first 24 hours, rinse twice daily with 0.12% chlorhexidine, avoid the surgical
sites during oral hygiene, avoid hot foods and liquids as well as hard and crunchy foods for 24
hours after surgery, refrain from smoking for two weeks, and avoid sucking on straws or spitting.
Participants were provided with a bag of 30 200 mg ibuprofen tablets (or 500 mg acetaminophen
tablets), instructed to take them as needed, and bring the remaining tablets to their one-week
follow-up appointment. They were also given a visual analogue scale (VAS) questionnaire to
rate their post-operative pain from 0 (no pain) to 10 (unbearable pain), prior to intake of any

analgesics, for each night of the first post-operative week.

Clinical Evaluations

Clinicians performing the one- and two-week follow-ups were blinded to which treatment group
the patient belonged to. At the one-week post-operative appointment, participants returned their
completed VAS questionnaires and any remaining ibuprofen tablets. Then they were asked to
fill out a modified Oral Impact on Daily Performance (OIDP) questionnaire to assess the effect

of the palatal wound on their oral health related quality of life (OHQoL) during the first week.
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The OIDP has been translated into several languages and validated across many different
populations.'®!!2 Tt asked the participants to gauge the degree to which the palatal wound had
disrupted ten different aspects of their daily life. For each category, subjects rated the frequency
of disturbances from 0 (never) to 10 (constantly) and, when applicable, the usual severity of the
disturbance from 0 (barely noticeable) to 10 (extremely disruptive). Next, the clinician assessed
the donor site according to a modified early-wound healing index (MEHI) (Table 1) proposed by
Fickl!'!® (a variation of the EHI originally conceived by Wachtel)!!'* as well as the healing index
of Landry, Turnbull and Howley (HI)!'® (Table 2). It is important to note that the MEHI is a 5-
point scale from 1 (complete primary wound closure) to 5 (complete flap necrosis) while the HI
is also a 5-point scale, but its grading system runs in the opposite direction from 5 (excellent
healing) to 1 (very poor healing). Assessment of the palatal wound via the MEHI and HI was
repeated at the two-week follow-up. Sutures were also removed at this appointment.
Participants returned at six weeks post-operatively for a follow-up with the original surgeon.
The palate was anesthetized and the tissue thickness at the donor site was again measured with
transgingival probing. Then a tissue sample was harvested with a tissue punch. However, the
COVID-19 pandemic precluded the processing of specimens for histological analysis.

Table 1: Modified Early Wound Healing Index (MEHI)

Rating Description

n Complete flap closure without fibrin line at the palate

n Complete flap closure with fibrin line at the palate

“ Complete flap closure with small fibrin clot(s) at the palate

" Incomplete flap closure with partial necrosis of the palatal tissue
(£50% of the flap is involved)

- Incomplete flap closure with complete necrosis of the palatal tissue
(>50% of the flap is involved)

14



Table 2: Healing Index (HI) of Landry, Turnbull, and Howley

Rating Quality
1 Very
Poor

Poor

Good

Very
Good

Excellent

Statistical Analysis

Criteria
Tissue colour: >50% of gingiva is erythematous
Response to palpation: bleeding
Granulation tissue: present
Incision margin: not epithelialized, with loss of epithelium beyond margins
Suppuration: present
Tissue colour: >50% of gingiva is erythematous
Response to palpation: bleeding
Granulation tissue: present
Incision margin: not epithelialized, with connective tissue exposed
Suppuration: absent
Tissue colour: >25% and <50% of gingiva is erythematous
Response to palpation: no bleeding
Granulation tissue: none
Incision margin: no connective tissue exposed
Suppuration: absent
Tissue colour: <25% of gingiva is erythematous
Response to palpation: no bleeding
Granulation tissue: none
Incision margin: no connective tissue exposed
Suppuration: absent
Tissue colour: pink and healthy
Response to palpation: no bleeding
Granulation tissue: none
Incision margin: no connective tissue exposed
Suppuration: absent

The primary outcome for this study was the patients’ post-operative discomfort from the palatal

donor site during the first week following surgery. This was assessed by VAS scores and

analgesic consumption. Friedman’s two-way ANOVA test was used to compare the change in

VAS scores over time within each treatment group. Mann-Whitney U test was used to compare

the difference in VAS scores between the two groups at each time point as well as the

differences in total analgesic use between the two groups. The secondary outcomes were

healing of the donor site and the palatal wound’s effect on the patients” OHQoL. Healing was

15



assessed by MEHI and HI scores and by tissue thickness. Wilcoxon Signed Ranks test was used
to compare the change in MEHI and HI scores from week one to week two within each treatment
group. Mann-Whitney U test was used to compare the differences in MEHI and HI scores
between the treatment groups as well as the differences in tissue thickness at six weeks post-
operatively between the groups. OHQoL was assessed by OIDP scores. The differences in
OIDP scores between treatment groups was compared with Mann-Whitney U test. The level of
significance was established at p <0.05. IBM SPSS Statistics for Windows (Version 25.0) was

used for analysis.

Results

Participants

Ten patients (seven females and three males; ages 38 to 74 years old) completed the study.
Enrollment and participation in this study was stopped earlier than originally planned due to the
COVID-19 pandemic. The Test group (n=4) was composed of all females, the Control group
(n=6) was three males and three females. The mean age was 62.3 for the Control group and 58.5
for the Test group. There were no statistically significant differences in the ages or in any of the
initial clinical measurements between the groups (Table 3). One patient had to be removed from
the study due to excessive post-operative bleeding from the donor site, which required sutures
for satisfactory wound closure and hemostasis. No other treatment was required. One patient
experienced a hematoma at the recipient site, and they were seen for an additional post-operative
appointment at three weeks to monitor healing. No other measures were necessary. Two
patients were allergic to penicillin and one patient had a sensitivity to ibuprofen. They were

instead administered clindamycin and acetaminophen, respectively.
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Table 3: Clinical measurements taken during harvesting of CTGs

Measurements (mm) Control Group (mean) Test Group (mean) p-value

Pre-Op Palatal Tissue Thickness 3.08 4.00 0.10
Incision Length 18.17 19.25 0.56

15.33 16.50 0.45
633 7.75 0.24
2.42 1.65 0.65
1.50 0.76 0.21

Post-Operative Pain

Comparison of the VAS scores within each group over the first post-operative week did not
demonstrate any statistically significant changes over time for either group. Comparison of VAS
scores between the two groups at each day during the first post-operative week did not show any
statistically significant differences. However, the mean VAS scores for the Test group were
consistently higher than the Control group at all time points (Table 4, Fig. 1). The mean number
of analgesics taken for the Control group was 6.0 and for the Test group it was 10.5. This
difference was not statistically significant.

Table 4: Mean VAS scores recorded during the first post-operative week

Day Control Group (mean) Test Group (mean)  p-value

2.45 4.90 0.35
0.83 3.30 0.17
0.72 2.93 0.17
0.40 2.75 0.11
0.32 2.65 0.18
0.16 2.65 0.09

Oral Health Related Quality of Life (OHQoL)
The results of the OIDP questionnaire are presented in Table 5. Compared to the Control group,
the mean frequency of disturbances was significantly higher in the Test group while doing light

physical work, going out, sleeping, relaxing, smiling and laughing, and interacting with others.
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Figure 1: Mean VAS scores recorded during the first post-operative week
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The difference in mean frequency of disturbances was not statistically significant between the
two groups for any of the other activities. The difference in mean severity of disturbances
between the groups was not statistically significant for any category of the OIDP.

Table 5: Mean values of the OIDP questionnaire recorded at one-week post-operatively

3.65 7.52 0.16 2.65 5.25 0.23
1.87 4.73 0.16 0.55 3.28 0.34
4.22 5.18 0.46 4.98 4.40 1.0
0.25 1.30 0.03 0.35 0.90 0.40
0.38 2.95 0.02 0.58 2.55 0.31
1.62 6.20 0.05 2.20 3.03 0.86
0.58 4.53 0.05 0.80 1.33 0.71
2.22 7.77 0.05 3.20 4.70 0.86
2.25 2.83 0.66 3.30 1.17 0.29
1.00 4.23 0.05 1.43 2.90 0.71



Healing

The mean MEHI scores for the Control group were 3.08 and 2.67 at the one- and two-week
follow-ups, respectively. The mean MEHI scores at the one- and two-week follow-ups for the
Test group were 4.25 and 2.50, respectively. The mean HI scores for the Control group were
2.67 and 2.83 at the one- and two-week follow-ups, respectively. For the Test group, the mean
HI scores at the one- and two-week follow-ups were 2.25 and 3.25, respectively. Both healing
indices demonstrated improvement from week one to week two within both groups. The amount
of change for each group was not statistically significant, however the Test group did
demonstrate a greater level of improvement between the two appointments compared to the
Control group according to the MEHI and HI (Figs. 2 and 3). There were no statistically
significant differences for the mean scores of both healing indices between the two groups at any

time point. Comparison of the palatal tissue thickness of the Control group (3.50 mm) and the

Figure 2: Mean MEHI scores at one and two weeks post-operatively
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Figure 3: Mean HI scores at one and two weeks post-operatively
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Test group (3.00 mm) at the six-week post-operative appointment did not demonstrate a

statistically significant difference.

Discussion

This pilot study was the first clinical human trial investigating the effects of PBM with an
Er:YAG laser on post-operative pain and intraoral wound healing. This field of study is
relatively new and there is far from a consensus regarding the potential benefits, if any, provided
by PBM therapy. The sequence of VAS scores over the first post-operative week display an
almost identical pattern in both groups, with the highest score on day one, followed by a sharp
decline on day two, and then gradually levelling off over the rest of the week (Fig. 1). The

PBM-treated group demonstrated a mean VAS score of approximately 2.2-2.5 points higher than
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the Control group on every post-operative day. Also, the relative difference in the mean VAS
scores increased throughout the week. On Day 1, the Test group had a mean VAS score that was
twice that of the Control group and on Day 6, the Test group reported a mean VAS score that
was more than 16 times that of the Control group. However, given that the change in the
absolute values of the differences in their scores is relatively small and the limited sample size of
this pilot study, the importance of this increasing relative difference should be interpreted with
caution. Statistically comparing the VAS scores of the subjects did not reveal any significant
change in self-reported pain over the course of the first post-operative week or any significant
difference between the groups. This is in opposition to several studies that report positive effects

on post-operative pain following laser treatment.

A meta-analysis of nine human trials by Enwemeka et al’ demonstrated that PBM had a positive
analgesic effect, with the most significant results produced by a wavelength of 830 nm.
However, there was significant heterogeneity between the included studies. There was no
mention of how specific factors such as the type of wound/condition being treated or how
different laser parameters (other than wavelength) affected the results. Heidari et al'!'®
investigated PBM therapy with a 940-nm diode laser on post-operative pain following MWF
surgery. They found significantly less pain was experienced during the first post-operative week
for the subjects receiving PBM, as indicated by lower VAS scores on days two through seven
and reduced intake of analgesics on days three through seven. Sanz-Moliner®? et al reported

similar results using 810-nm diode laser. Subjects receiving PBM in conjunction with MWF

surgery reported lower VAS scores and reduced analgesic intake compared to the control group.
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The analgesic effect of PBM has not been universally observed, however. Heidari et al®¢
compared post-operative pain following free gingival graft surgery between those receiving
PBM with 660-nm diode laser and those receiving placebo treatment. That study showed no
significant differences in VAS scores or analgesic consumption on days one through 12. The
PBM group actually reported significantly greater discomfort from the donor site than the

placebo group during the first three hours post-operatively. Dias et al'!’

compared the effects of
660-nm diode laser on the palatal donor site after harvesting of CTGs. No statistically
significant differences were found between the test and control groups when comparing post-
operative analgesic usage or discomfort to a blast of air. In a similar study, da Silva Neves et
al'!® evaluated the effect of PBM on CTG donor sites with a diode laser at two different power

settings (30 J/cm? and 60 J/cm?). VAS scores between the two test groups and a control group

showed no significant differences in discomfort to air blast or in consumption of painkillers.

The inconsistent findings regarding the efficacy of laser treatment for pain relief are likely a
result of the difficulty with objectively quantifying discomfort. Pain is experienced uniquely by
different individuals. Not only is pain affected by many different factors, how these factors are
perceived and tolerated by different people can vary widely. Pradhan et al''® evaluated the
impact of several surgical and patient factors on the perception of pain following different
periodontal surgeries. The quantity of local anesthetic and the sex of the patient were reported to
be the only significant factors. Duration of the surgery, age of the patient, site of the procedure,
and use of periodontal dressing had no significant impact. While Curtis et al'?* found post-
operative pain to only be significantly associated with the type and duration of the surgery.

Neither sex of the patient nor use of periodontal dressing showed to be a statistically significant
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1'?! found the duration

factor. Comparing different gingival augmentation procedures, Griffin et a
of the surgery to be the most consistently significant factor associated with post-operative pain

while age and sex of the patient had no significant impact. The effect of other aspects, such as

the site of the procedure and smoking habit, varied depending on the type of surgery.

It is also important to note that the emotional and psychological state of the patient have a

pronounced influence on pain perception. Beaudette et al'®

evaluated the relationship between
pre-surgical anxiety and post-surgical pain following implant and mucogingival surgeries.
Patients consistently anticipated more pain than they actually experienced and those who
anticipated higher amounts of pain were more likely to experience more pain than those who
anticipated low levels of pain. In addition, they also found that patient age was significantly
associated with pain, but that the type of surgery performed and the sex of the patient were not.
A study by Eli et al'* demonstrated a significant correlation between patients’ anxiety levels and
their reported pain levels associated with implant surgery. Further illustrating the complexity of
pain, this study also found a significant relationship between anxiety and gender but no
significant association between pain and gender. Fardal et al'?? reported similar observations,

with those patients who had the highest pre-treatment anxiety also having significantly higher

levels of pain than those with the lowest levels of anxiety.

It is easy to see why thus far it has been difficult to get consistent findings regarding PBM, a
relatively new field of study that is still not well understood, and its potential role in pain
management. Another important factor to consider that could contribute to the lack of

significant differences in reported pain between the Test and Control groups in this study is that
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CTG surgeries are generally well-tolerated by patients. Palatal donor sites do not typically
produce severe discomfort, especially with a minimally invasive approach such as the SI

1'92 compared the healing of palatal tissue following three procedures:

technique. Del Pizzo et a
harvesting of a CTG with the SI or the TD techniques and harvesting of an FGG. CTG-
harvesting procedures showed significantly less post-operative discomfort in the first week
compared to FGGs, with only 50% of both the SI and TD groups reporting discomfort while
100% of the FGG group reported discomfort. Fickl et al'!® also assessed healing and patient
morbidity of the SI and TD techniques. Both procedures reported low mean VAS scores
following surgery. 2.16£1.18 and 2.67£2.28 for the SI and TD groups, respectively, with no
significant difference between the two. Also, the SI group consumed significantly less

123 reaffirm the minimal patient

painkillers than the TD group. Findings from Wessel and Tatakis
morbidity associated with harvesting of a CTG. At three days post-operatively, 50% of CTG
patients reported pain from the palate compared to 90% of FGG patients. To accurately assess

pain relief at CTG donor sites, it may require methods that are more precise than a VAS

questionnaire or a significant increase in sample size to increase the power of that test.

To the knowledge of this author, this is the first study to expand the investigation of patient-
centred outcomes immediately following periodontal surgery to include not just post-operative
pain but also how the procedure affected the patient’s OHQoL during this recovery period. As
such, there are no studies with which to directly compare the results of the OIDP. The short-
term post-operative OHQoL was studied by McGrath et al'?* following extraction of third
molars. The questionnaire they used for their assessment included the Oral Health Impact

Profile (OHIP-14) and the UK Oral Health-Related Quality of Life measure (OHQoL-UK). Both
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these surveys indicated a significant decrease in OHQoL at one week post-operatively, compared
to pre-operative ratings. By one month, the subjects’ self-rated OHQoL had surpassed their pre-
operative scores and continued to improve throughout six months. A similar study by Shugars et
al'® utilized the OHIP-14 and the Health-Related Quality of Life instrument (HRQOL) to
evaluate the effect of third molar extractions on patients’ OHQoL. Results indicated that patients
were most affected on the first post-surgical day, followed by continued improvement until most
categories reached pre-operative levels by day 14. For the day after surgery, more than 70% of
subjects reported a lot of trouble opening their mouths, eating their regular diet, and chewing
while more than 50% said it caused a lot of trouble to their social life and recreation. These
studies help provide some context regarding how oral surgery in general affects patients’ well-

being, beyond the scope of just pain, during the short-term post-operative period.

The findings from our study allow a more in-depth exploration of how patients’ day-to-day
functioning is affected during the post-operative period following periodontal surgery. The
results of this study also provide insight into whether the OHQoL during this period is improved
by PBM therapy. The lack of any significant differences between the groups regarding the
severity of disturbances likely reflects the fact that the palatal wound is not generally reported to
cause a great deal of post-operative discomfort, as has already been discussed. The significantly
higher frequency of disturbances during certain activities (light work, going out, sleeping,
smiling, and interacting) for the Test group is unclear. It could be postulated that if PBM does
provide any level of analgesia, it is not enough to be perceived by the patient. However, if it is a
patient’s natural tendency to try to protect an area of injury, such as the donor site, a negligible

improvement in comfort level may be enough to reduce this protective reflex to the point that the
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patient notices the wound more often but not with any appreciable difference in intensity. This
theory could also help explain why the activities that had the greatest difference in severity of
disturbances were almost mutually exclusive of those that demonstrated a significantly greater
frequency of disturbances. Of the four categories (Eating, Speaking, Going Out, and Emotional
State) that had the most significantly greater severity in the Test group, three of them (Eating,
Speaking, and Emotional State) were separate from those that had a significantly higher
frequency. While this could help clarify the relationship between the scores of frequency and
severity on the OIDP, the reason for the consistently higher severity scores in the Test group

remains uncertain.

Neither group in this study demonstrated a statistically significant change in MEHI or HI scores
from the one-week to the two-week post-op appointment, nor were there any statistically
significant differences between the groups at any time point. This is in agreement with Almeida
et al'?6 who evaluated the effect of 780-nm and 660-nm diode lasers on the healing of FGGs.
This split-mouth study compared post-operative photographs of test and control sites. It too

found no significant differences in healing between the two groups. Damante et al'?’

similarly
conducted a split-mouth study to evaluate the effects of PBM with a 670-nm diode laser on soft
tissue healing following gingivoplasty. Histological analysis compared the width and

composition of epithelium and connective tissue, as well as the density of inflammatory cells

present. This comparison found no significant difference between test and control sites.

While no statistically significant differences were found in the healing, the Test group did

demonstrate a trend of greater improvement between the two appointments compared to the
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Control group (Figs. 2 and 3). This trend is in accordance with the findings of a split-mouth pilot

study by Ozcelik et al®®

which compared the healing of gingivectomies and gingivoplasties, half
the sites were treated with a 588-nm diode laser and half acted as controls. Patients were

followed for 15 days post-operatively and surgical sites that were treated with PBM

demonstrated faster epithelization at all time points.

Other human clinical trials have shown mixed results regarding the influence of PBM on the
healing of periodontal soft tissues. While they provide some initial insight and basic
understanding into the concept of PBM and its potential applications, their results cannot be
directly compared to this study as they have primarily used diode lasers and our study

implemented the use of an Er:YAG laser.

A major challenge for a pilot study such as this is the lack of similar studies with which to build
off of and design the protocol. As this is the first human clinical trial attempting to use PBM
with an Er:YAG laser to improve the healing of intraoral soft tissues, the rationale for this
investigation was based on findings from in vitro studies. Pourzarandian et al” and Ogita et al®°
exposed cultured human gingival fibroblasts to PBM treatment with an Er:YAG laser. Three
days after irradiation, both studies found significantly increased cellular proliferation of the
laser-treated fibroblasts compared to that of the control group. Additionally, Ogita et al*® tested
for a potential cytotoxic effect of PBM by evaluating any changes in extracellular levels of
lactate dehydrogenase (LDH), which is released from damaged cells. The test group showed no

177

significant change in LDH, indicating minimal damage to exposed cells. Kong et al’’ confirmed
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the findings of these two previous studies and expanded on them by demonstrating that ATP

production was significantly elevated 30 minutes following laser treatment.

Certain limitations are common to a clinical pilot study of this nature. Foremost among these
limitations is the small sample size, as was the case for this study. This limits the statistical
power of the research, makes it more difficult to detect significance in our outcomes, and hinders
the external validity of the findings. Despite randomization of the participants, there was an
imbalance in the distribution of males and females between the two groups. It is plausible that
this could influence the results, as males and females have shown to experience and report pain
differently.'?®!12° Another limitation lies in the inherent variability of the protocol, with regards
to differences in the dimensions of the harvested tissue and the thickness of the remaining
mucosal flap, which was dictated by the requirements of each individual surgery. While the
clinical measurements of the donor sites presented no significant differences between the groups,
one must consider how this lack of standardization could confound the relationship between the
variables being investigated. Furthermore, the procedures were performed by four different
clinicians, introducing another element of variability into the surgical protocol. Thus, the results

of this study should be interpreted with caution.

The merit of a pilot study can be primarily accredited to its role as a preliminary step in a
developing field of research. It provides information on the viability of conducting larger studies
and imparts guidance for the methodology of future research. It is recommended that larger
clinical studies be conducted on the applications of PBM, specifically with the use of Er:YAG

lasers. Histological evaluations are planned for future investigations and will be beneficial to
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gain a better understanding of the mechanism of action of PBM and the effects it has on different
cell types. With a larger sample size, it would also be advisable to have multiple treatment
groups with which to compare different parameters of the laser therapy (power, pulse frequency,
exposure time, etc) so as to assess how these different factors influence treatment outcomes.
Lastly, as this study aimed at evaluating the analgesic effects of PBM therapy on the palatal
wound following CTG harvesting, which has not typically shown to cause significant post-
operative pain, investigating a procedure that causes more discomfort would make it less

complex to accurately measure the treatment effect.

Conclusion

Within its limitations, the findings of this pilot study did not demonstrate that any significant
analgesic effect or clinically visible improvement in healing was provided by PBM therapy with
an Er:YAG laser. Harvesting of CTGs from the palate remains a predictable procedure with a
relatively low risk of complications and minimal patient morbidity. The PBM-treated group did
report more frequent disruptions of certain day-to-day activities, specifically doing light work,
going out, sleeping, smiling, and interacting with others. The Test group also exhibited a trend
of more appreciable improvement in healing between the first and second post-operative weeks.
However, this finding did not reach the level of significance and cannot be extrapolated to the

general population. Further research on this topic is recommended.
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RESEARCH PARTICIPANT INFORMATION AND CONSENT FORM

Effects of Er:YAG Photobiomodulation Therapy on Wound Healing of Human Palatal
Mucosa After Connective Tissue Graft Harvesting: A Pilot Study

Principal Investigators: Dr. Brian Wiens, Dr. Reem Atout
Dental Diagnostic and Surgical Sciences, Periodontics
University of Manitoba
D343-780 Bannatyne Ave

You are being asked to participate in a Clinical Trial (a human research study). Please take your
time to review this consent form and discuss any questions you may have with the study staff.
You may take your time to make your decision about participating in this clinical trial and you
may discuss it with your regular doctor, friends and family before you make your decision. This
consent form may contain words that you do not understand. Please ask the study doctor or
study staff to explain any words or information that you do not clearly understand.

WHAT IS THE RESEARCH ABOUT?

This Clinical Trial is being conducted to study the effects of photobiomodulation with an Er:YAG
laser on tissue healing following subepithelial connective tissue graft (SECTG) surgery. The
“photobiomodulation” procedure involves using a low-level laser directed at the roof of the mouth
to stimulate these cells, inducing a quicker and more comfortable healing process. You are
being asked to take part in this study because you are a patient of the Graduate Periodontics
Clinic, College of Dentistry, University of Manitoba and require a connective tissue graft.

The purpose of this study is to compare palatal tissue donor sites following stimulation with an
Er:YAG laser with tissue donor sites that do not receive laser treatment to determine if there is
a beneficial effect on the healing of the tissues as well as any potential effect on your post-
operative discomfort following SECTG surgery.

This research is being done because currently, there are no clinical trials that have investigated
the effects of photobiomodulation with Er:YAG lasers on healing tissues following periodontal
surgery. This study is voluntary. If you decide not to participate in the study or withdraw
from the study, your normal dental care will not be affected in any way.
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AM | ELIGIBLE TO PARTICIPATE?

Patients of the Graduate Periodontics Clinic, College of Dentistry, University of Manitoba that
require a connective tissue graft, will participate in this study. Patients will be limited to those
who are periodontally and systemically healthy. Within the context of this study, this includes
disease-free individuals and those with only minor conditions that do not cause significant
functional limitations. Examples include, but are not limited to, well-controlled hypertension, mild
lung disease, pregnancy, obesity, well-controlled diabetes, or a smoking habit of no more than
10 cigarettes per day. To participate, patients must also not be taking corticosteroids or
anticoagulants.

WHAT WILL | HAVE TO DO?

In this study, each participant will be “randomized” into one of 2 study groups described below.
“‘Randomized” means that you are put into a group by chance, like flipping a coin. One group
will receive post-operative laser stimulation of the palate and the other group will not receive any
laser treatment.

You will undergo SECTG surgery as per standard procedure by one of the periodontology
residents. Measurements of the palatal tissue will be recorded during surgery. After successful
completion of the procedure, the palate will either receive treatment with an Er:-YAG laser,
according to the parameters that have demonstrated to promote healing in human cells, or will
receive “sham treatment” in which the resident will mimic the laser treatment procedure but with
the unit turned off. Following surgery, you will be given post-operative instructions and provided
with antibiotics, painkillers, an antibacterial oral rinse, and a questionnaire to take home.

You will be required to return to the clinic for the standard one-week and two-week post-operative
appointments, as well as a six-week follow-up appointment. At the first post-operative
appointment, you are to return your questionnaire and any remaining painkillers that you did not
need. You will complete one additional questionnaire and a resident who did not perform the
procedure will assess the healing of the surgical sites. At the two-week post-operative
appointment, healing of the surgical sites will again be assessed by the same resident. At the
six-week appointment, you will receive an injection of local anesthetic to numb the palate (similar
to what was done during your surgery) and the resident will measure the thickness of the healed
tissues at the donor site. At this appointment, a small tissue sample will also be taken from the
palate which will be assessed under a microscope to further evaluate the healing that has taken
place. The tissue samples will be transported and stored in containers labelled with a numerical
code and no identifying information that could be linked to you. After being analyzed, they will
be securely stored in a locked location for the duration of the study (approximately 2 years).

The researcher may decide to take you off this study if it becomes evident that there are any
contraindications to the surgery or laser treatment, funding is stopped, new information becomes
available, or you become medically compromised during the study. You can stop participating
at any time by voluntarily withdrawing. However, if you decide to stop participating in the study,
we encourage you to talk to the study staff and your regular doctor first.
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WHAT ARE THE POSSIBLE HARMS OR BENEFITS?

The two treatment options offered in this study will both follow effective and efficient surgical
protocols used in North America and worldwide for SECTG procedures. In addition to standard
treatment, one of the options will include application of laser stimulation which has demonstrated
to be safe for human tissue. Zero to minimal side effects are observed after both therapies.
Possible side effects following any SECTG surgery include bleeding, swelling, bruising, infection,
pain, failure of graft integration and healing, and allergic reaction to the sutures. Similarly, there
are minimal risks associated with taking a tissue sample from the palate. These may include
bleeding, infection, and pain.

IS THERE ANY PAYMENT FOR PARTICIPATING?

This is a research study, so you may not personally benefit by participating in this study. We will
provide you with the required medication following surgery, as well as a $50 discount off of the
standard fee charged for this procedure. Eventually, the results of this study may benefit you
and future patients by helping to establish the applications of laser treatment and how this can
be utilized to improve healing following periodontal surgery.

WHAT IS THE COST OF THE STUDY?

All clinic and professional fees used in this study fall under the standard clinical fee guide and
will be at no additional cost to you.

IS THE STUDY CONFIDENTIAL?

Information gathered in this research study may be published, presented in public forums, or
shared with academic journals. If any data is published, presented, or shared, it will be done so
in an anonymized form. Your name and any other identifying information will not be used or
revealed. Data shared with academic journals may be stored under an open access policy so
that it can be utilized by other researchers for further analysis and research purposes. Medical
records that contain your identity will be treated as confidential in accordance with the Personal
Health Information Act of Manitoba. Despite efforts to keep your personal information
confidential, absolute confidentiality cannot be guaranteed. Your personal information may be
disclosed if required by law. All study documents related to you will bear only your assigned
patient code/number instead of your name. Only your file marked with your specific code will be
kept securely in an office safe at the Graduate Periodontics Clinic. Data based on your clinical
measurements will be entered into the computer and transmitted electronically based on your
patient code. Organizations that may inspect and/or copy your research records for quality
assurance and data analysis include groups such as the Biomedical Research Ethics Board
(BREB) at the University of Manitoba.

The University of Manitoba Biomedical Research Ethics Board may review research-related
records for quality assurance purposes. If any of your medical/research records need to be
copied to any of the above, your name and all identifying information will be removed. No

49
Version 2.0 — 19/10/2018 Participants Initials



Effects of Er:YAG Photobiomodulation Therapy on Wound Healing of Human Palatal Mucosa After
Connective Tissue Graft Harvesting: A Pilot Study

information revealing any personal information such as your name, address or telephone
number will leave the Graduate Periodontics Clinic.

WHAT ELSE SHOULD | KNOW?

You will be responsible for the cost of the surgical fees. You have the right to withdraw from the
study at any time. The Investigators reserve the right to end your participation for any reason.
If someone withdraws, their samples and measurements already taken (if any) will be discarded.
You are entitled to know the scientific and technical results at the end of the research project
and may request that a copy of any reports be sent to you upon completion of the study.

WHO CAN | CONTACT FOR MORE INFORMATION?

Information regarding the study is available on a publicly available Registry Databank.
ClinicalTrials.gov is a website that provides information about federally and privately supported
clinical trials. A description of this clinical trial will be available on http://ClinicalTrials.gov. This
website will not include information that can identify you. At most, the website will include a
summary of the results. You can search this website at any time.

You are free to ask any questions that you may have about your treatment and your rights as a
research participant. If any questions come up during or after the study or if you have a
research-related injury, contact:

Shelly Rempel-Rossum

Bannatyne Campus Research Ethics Board Coordinator
(204) 789-3389

shelly.rempel-rossum@umanitoba.ca
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CONSENT FORM

| have read this consent form. | have had the opportunity to discuss this research study with Dr.
Wiens and his study staff. | have had my questions answered by them in language | understand.
The risks and benefits have been explained to me. | believe that | have not been unduly
influenced by any study team member to participate in the research study by any statement or
implied statements. Any relationship (such as employee, student or family member) | may have
with the study team has not affected my decision to participate. | understand that | will be given
a copy of this consent form after signing it. | understand that my participation in this clinical trial
is voluntary and that | may choose to withdraw at any time. | freely agree to participate in this
research study.

| understand that information regarding my personal identity will be kept confidential, but that
confidentiality is not guaranteed. | authorize the inspection of my medical records by The
University of Manitoba Biomedical Research Ethics Board.

By signing this consent form, | have not waived any of the legal rights that | have as a participant
in a research study. | understand that | can end my participation at any time and for any reason
and that this will not affect my care at the Graduate Periodontal Clinic. | agree to participate in
the research protocol, Effects of Er:-YAG Photobiomodulation Therapy on Wound Healing of
Human Palatal Mucosa After Connective Tissue Graft Harvesting: A Pilot Study.

Participant signature Date

(day/month/year)
Participant printed name:

I, the undersigned, have fully explained the relevant details of this research study to the
participant named above and believe that the participant has understood and has knowingly
given their consent

Printed Name: Date
(day/month/year)

Signature:
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