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23
24  SHORT ABSTRACT:
25  This study introduces a protocol for measuring microcirculation in human oral mucosa by laser
26  speckle contrast imaging. The monitoring of wound healing after vestibuloplasty combined with
27  axenogenic collagen graft is presented on a clinical case.
28
29 LONG ABSTRACT:
30 Laser speckle contrast imaging (LSCI) is a novel method for measuring superficial blood
31  perfusion over large areas. Since it is non-invasive and avoids direct contact with the measured
32  area, it is suitable for monitoring blood flow changes during wound healing in human patients.
33  Vestibuloplasty is periodontal surgery to the oral vestibule, aiming to restore vestibular depth
34  with simultaneous enlargement of the keratinized gingiva. In this special clinical case, a split
35 thickness flap was elevated at the first upper premolar and a xenogenic collagen matrix was
36 adapted to the resulting recipient bed. LSCI was used to monitor the re- and neovascularization
37  of the graft and the surrounding mucosa for one year. A protocol is introduced for the correct
38 adjustment of microcirculation measurement in the oral mucosa, highlighting difficulties and
39  possible failures.
40
41  The clinical case study presented demonstrated that — following the appropriate protocol — LSCI
42  is asuitable and reliable method for following up microcirculation in a healing wound in the
43  human oral mucosa and gives useful information on graft integration.
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INTRODUCTION:

Monitoring long-term changes of human gingival microcirculation in a clinical situation is a hot
topic in oral and periodontal surgery. However, reliable assessment of perfusion can be
difficult. There are only a few methods that do not invasively measure changes in the blood
circulation of the human mucosa. Two of these employ a laser beam?®*, but in a different way.
Laser doppler flowmetry (LDF) makes use of the Doppler shift in a laser beam>®, while the laser
speckle contrast imaging (LSCI) method relies on the speckle pattern of the backscattered laser
light to measure the velocity of red blood cells’.

LDF measures only in a single point, and reproducible standardization of the sensors’ position is
a desirable yet difficult task. Another problem is that the probe of the LDF is small in diameter
(1 mm?). Measuring at predetermined points before surgery is too specific, and may be blind to
postoperative circulatory changes, while edema, tissue removal, tissue movement or the
implanted graft cause significant changes in the postoperative geometry of the affected soft
tissue. The measuring distance of LDF is less than 1 mm which prohibits use of a dental splint
with a predetermined hole for the probe in case of volumetric change of the tissue. LSCI does
not require any special tools for localization and can measure in areas of several cm?. As a
result, wound healing can be followed throughout the surgical site. In addition, LSCI can display
blood perfusion in color-coded images at a fraction of a second, with a resolution of up to 20
pum.

The LSCI device presented in this paper is used mostly for animal research applications where
high resolution in small measurement areas is desired. However, since the structure and
histology of the human oral mucosa are different from area to area (attached gingiva, marginal
gingiva, vestibular mucosa), blood circulation is also heterogeneous®. Therefore, high-resolution
LSCl has a great advantage over normal-resolution LSCI which is usually used in human testing.

The LSCl instrument employs an invisible laser (wavelength 785 nm). The beam is diverged to
illuminate the measurement area, creating a speckle pattern. A CCD camera images the speckle
pattern in the illuminated area. The CCD camera used in this system has an active imaging area
of 1386 x 1034 pixels and its resolution is between 20-60 um/pixel depending on the size of the
measurement area and on the setting of the software (low, medium, high). It can take images
at a speed of 16 frames per second, or even more, up to 100 frames per second, if the image
size is reduced. Blood perfusion is calculated by the built-in software. It analyzes variations in
the speckle pattern and quantifies the contrast. The resulting flux is color coded to produce a
perfusion image. According to our previous results, LSCI assesses the blood perfusion of the
gingiva with good repeatability and reproducibility °. This implies that it is a reliable tool for
monitoring changes in the microcirculation of the oral mucosa not only in short-term
experiments, but also during long-term studies to track disease progression or wound healing°.

In this paper, we present a clinical case report to demonstrate that the high spatial resolution of
LSCI makes it possible to reveal the neovascularization pattern of a xenogenic collagen graft.
Furthermore, this case indicates that LSCI, owing to its high reliability, could sensitively detect
individual variation. This is important as significant local anatomical variation and a different
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systemic background between the cases makes it difficult to standardize the surgical
intervention in clinical trials of periodontal surgery.

PROTOCOL:

The reported method was employed in a clinical trial which was granted ethical approval from
the Hungarian Committee of the Health Registration and Training Center (approval number:
034310/2014/0TIG).

1. LSCI Setup

1.1. Switch on the computer and any peripherals.

1.2.  Switch on the LSCl instrument to be used with the switch on the rear panel.

1.3.  Allow the instrument to warm up for at least 5 minutes. The instrument is ready for
measurement when both LEDs on the rear panel have stopped flashing.

1.4. Start the software by double-clicking on the software icon on the desktop or via the
Start menu.

1.5.  Wait until both the yellow and the green LEDs on the rear panel have stopped flashing,
which indicates that the laser is warm and initialization is finished.

Note: When starting up the system, one will occasionally be prompted to perform the
verification procedure for the system.

2. System Verification

2.1.  Use the calibration box supplied. Remove the lid from the calibration box and shake it to
avoid sedimentation in the colloidal suspension.

2.2.  Leave the lid off for 30 seconds to avoid bubbles.
2.3.  Putthe lid back on the calibration box.

2.4. Click Advanced | Verification | Verify instrument.
2.5. Select Routine verification | Next.

2.6. Turn the head 90 degrees, fasten the calibration box using the integrated magnets and
click Next.

2.7. Enter the room temperature in the text box, select °C and click Start.
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2.8.  Wait while the wizard completes the verification procedure.

2.9.  After a successful verification procedure close the wizard by clicking Finish.

3. Participant Preparation

3.1. Make sure that measurement is performed in a temperature-controlled room (26 °C).

3.2. Place the patient in a comfortable supine position in a dental chair and use a vacuum
pillow for fixing his head in a position appropriate to the area under investigation (Figure 1).

3.3. Leave the patient undisturbed for 15 minutes before any measurements are taken.
3.4. Measure blood pressure as well as pulse before and after the LSCI measurements.
4, Microcirculation Image Measurement

4.1. In the File menu, select and click on New recording. A new Image Window opens and
the Setup panel is displayed.

4.2. Under Recording Setup, select the following parameters.
4.2.1. Select a Project: vestibulum (name of the project).
4.2.2. Select a Site: tooth 14 (site examined in the oral cavity).

4.2.3. Select a Subject or create a new Subject by opening the Subject drop-down list. The
Select subject dialog appears.

4.2.3.1. Click New. Enter the name of the patient in the New subject dialog and click OK.

4.2.4. Enter a name for the recording in the Rec Name field: e.g., day 1 (days elapsed after the
operation) Enter the name of the operator in the Operator field.

4.2.5. Under Image Setup, the current working distance is displayed. Adjust the working
distance by moving the instrument in relation to the tissue. Fix the working distance at 10.0 cm.

4.2.6. Set the size of the measurement area by entering the desired width and height in the
corresponding text boxes: height: 2 cm; width: 3 cm.

4.2.7. Select a point density (resolution): normal.
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4.2.8. Under Image Capture Setup, select the number of images per second to record from the
Frame rate drop-down list: 16 images/s.

4.2.9. In the Duration drop-down list, select Time and specify the duration of the recording:
0:30.

4.2.10. Select Record with no averaging.

4.2.11. Select the capture rate of the color photo: one per second.
4.3. Ask patient to open his mouth.

4.4. Retract lips gently by two dental mirrors (Figure 1).

4.5. Adjust the instrument’s head parallel to the measured area of the gingiva. A built-in
visible (650 nm) indicator laser facilitates the positioning of the imager relative to the subject.

4.6. Adjust the distance to 10 cm. The distance is measured continuously by the LSCI device
and it is displayed by the software as working distance/measured value.

4.7. Instruct the subject to remain still for the duration of the measurement.

4.8. Click on the Record button to start recording. The color of the Image Window now
changes to red, indicating that recording is in progress. The Setup panel is replaced by the
Recording panel. Recording stops automatically after 30 s. When recording is finished, the color
of the Image Window changes to blue and the Recording panel is replaced by the Review panel.
4.9. Remove dental mirrors and allow the patient to close his mouth and swallow.

4.10. Switch back to the live image by pressing the Resume recording button.

4.11. Repeat the steps from 4.3 to 4.10 twice.

4.12. Press the Stop recording button. Close the file. The data are saved automatically.

5. Offline analysis

5.1. Analyze the LSCl images using the built-in software. Go to Image or Split view
(Figure 2).

5.2. Define regions of interest (ROI). Average the perfusion values of pixels within a ROl and
define as the blood flow value of the ROI, expressed in an arbitrary value called Laser Speckle
Perfusion Unit (LSPU).
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5.3. Select the desired ROl shape within the ROI tools palette on the right.

5.4. Select the Apply option in the ROI tools palette, which applies ROl operations to all
images of the recording.

5.5. Draw the ROI by clicking and holding the mouse button in the intensity image, dragging
the ROl out to the desired size, and releasing the mouse button (click and double-click for free-
form ROIs). Adjust the position of the ROI, resize or rotate it, if needed.

5.6. Repeat steps from 5.3. to 5.5 as many times as the desired number of ROIs (Figure 3).

5.7. Define time periods of interest (TOIl). This allows for averaging perfusion in a ROl over a
definite period of time (Figure 2).

5.8. Go to Graph or Split view. Select the TOI tool.

5.9. Click and hold on the graph at the position where you want the TOI to begin and drag
the cursor to the desired end position. Then release the mouse button.

5.10. Export data from the mean value table for further processing.
5.11. Construct blood flow curves by a suitable software used for statistical analysis.

REPRESENTATIVE RESULTS:

Vestibuloplasty is periodontal surgery to the oral vestibule, aiming to increase vestibular depth,
the zone of keratinized gingiva and soft tissue thickness for enhanced aesthetics and function.
The apically repositioned split thickness flap combined with a collagen matrix is a frequently
used vestibuloplasty procedure. Xenogenic collagen matrix is a viable alternative to autogenous
gingival graft for increasing the amount of keratinized gingiva'''3; however, no data are
available on the direction of graft revascularization and on how it affects the microcirculation of
the surrounding tissues. Understanding these mechanisms may facilitate proper flap and
incision design in periodontal surgery.

A 17-year-old male patient with an inadequate width of keratinized gingiva at the first premolar
in the maxilla was treated by vestibuloplasty, using an apically repositioned split thickness flap
combined with a collagen matrix. Intraoral photographs (taken by a photo camera) and blood
flow (BF) measurements by LSCI were taken before the vestibuloplasty (baseline) as well as 1, 2,
3,4,5,7,9,11,14, 21, 27 days and 2, 3, 4, 5, 6 and 12 months postoperatively. Blood pressure
and pulse were evaluated before and after each measurement.

During offline analysis, multiple ROls were determined in the area of the augmented mucosa;
some in the graft region and others in the surrounding mucosa, defined as ‘peri’ regions. As
shown in Figure 3, the ‘peri’ and graft regions were further split into zones depending on
distance from the center of the implanted graft, marked as zone F in the picture. Zones A and B
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were defined in the ‘peri’ region and zones C, D and E in the graft region. Each of these zones
was delimited separately at all four sides of the graft (mesial, distal, apical and coronal). Each
30-second shot was identified as a TOI (Figure 2). Data at each ROl and TOI were exported into
a spreadsheet program. Blood flow curves were constructed by a suitable software used for
statistical analysis.

There was no significant change in mean arterial pressure (MAP) during the one-year
experiment, either in MAP before or after the blood flow measurements per session. Figure 4
shows a color photo, an intensity image and a perfusion image of the operated gingiva on the
representative days of our study. During the first postoperative week complete flap closure, a
thick layer of fibrin on the grafted area, and mild erythema and edema in the surrounding
gingiva were visible. Blood perfusion images showed ischemia in the operated region and
hyperemia in the ‘peri’ regions. From day 14, the grafted area was clinically erythematous, in
parallel with severe hyperemia observed on blood perfusion images. By the third month after
graft incorporation, the wound healed, and gingival perfusion was close to preoperative
circulation levels.

Figure 5 shows a blurred intensity image and the perfusion graph of the entire image. The
sudden peak on the graph indicates movement by the patient. The measurement was repeated
immediately, after making sure that the patient is in a comfortable position. Changes in BF in
the different zones within the graft and in the ‘peri’ regions are shown in Figure 6. It is common
in all curves that from the fourth month, blood flow did not change any further until the end of
the investigation. The average blood flow for this period could be used as a resting blood flow
value for the new tissue and the random variation between time points allowed us to calculate
the time-based variance component for each ROl respectively, using a linear mixed model. The
minimum detectable difference could be calculated then to identify real change (with 95%
confidence) between time points during the healing period (before the fourth month) in order
to determine the hyperemic and the ischemic phase. The basic characteristics of curves were
similar in all ROIs within the graft, starting with an ischemic phase followed by a hyperemic
phase. However, the length of these two phases was different (Table 1). Ischemia was longest
(7-9 days) in the central and in all coronal zones, with late hyperemia starting between day 11
and 27. In other zones of the graft, ischemia lasted only 4-7 days and hyperemia started earlier,
between day 7 and 21.

The BF curves of the zones at the different sides of the graft had unique characteristics (Figure
5). At the apical side, all four zones had similar blood flow curves. At the coronal side, perfusion
was regained in the outer zone later than in the inner zones, contrary to the mesial and distal
side. At both lateral sides, BF increased first in zone C, then in zone D, followed by BF increase
in zone E and finally in the central zone F. In the zones of the surrounding mucosa (zone A and
B) no significant ischemia was observed. Instead, hyperemia of a different magnitude and
extent was observed at the different sides.

There were two time points when the BF value did not tally with the overall characteristics of
the BF curve. On day 9, there was a sudden drop in most zones and mainly in the ‘peri’ zones of
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the apical and distal side. It cannot be stated with certainty that this was a measurement error,
as no measurements were taken on the previous and on the following day. However, according
to a note in the measurement report, the buccal fold was retracted with too much pressure by
the operator, resulting in a drop in BF. This makes sense considering that mainly the circulation
of the distal and apical sides could have been affected by pulling the cheek. On day 182 (6
months later), due to longer intervals between measurement times, the patient has forgotten
to keep to the agreed restrictions before the measurement. The bleeding of the marginal
gingiva on the colored photograph (Figure 5) indicates harsh tooth brushing prior to the
measurement. In the meantime, the patient underwent orthodontic treatment, too, and he
used intermaxillary elastics. Both factors could greatly increase BF*4%°, so the measurement was
repeated at a later time under more carefully controlled circumstances.

FIGURE AND TABLE LEGENDS:

Figure 1: Experimental LSCI setup and patient preparation for blood flow measurement in the
operated area. The lips are retracted by dental mirrors.

Figure 2: Split view (combination of the Images view and the Graph view) of a typical
recording of gingival blood flow in the treated area. Perfusion image (upper right sub-view) is
a color-coded representation of blood perfusion in the gingiva. Areas of high perfusion are
shown in red while areas of low perfusion are blue. The color range of perfusion images
corresponds to 0-450 LSPU; smoothing was set to 10. An intensity image (lower right sub-view)
is created by the total backscattered laser light. It corresponds exactly with the perfusion image
and is useful for orientation and for identifying details in the perfusion image. Regions of
interest (ROI) are always defined in the intensity image. The graph (upper left panel) shows
real-time blood perfusion traces for each ROl in the recording. Check boxes to the left can be
used to select which traces to show. Three consecutive measurements are shown on the graph.
Each 30-second shot was identified as a TOIl. A mean value table showing mean perfusion
values in each ROl and TOl is also displayed in Split view (lower left panel).

Figure 3: Regions of interest (ROI) defined within the examined gingival area in the intensity
image. Zone A and B are in the ‘peri’ region, while zone C, D and E are in the graft at decreasing
distances from the center of the graft, marked as zone F. Zone A is situated on the vestibular
surface of the lips.

Figure 4: Representative photographs (upper line), LSCI intensity image (middle line) and LSCI
perfusion image (lower line) of the operated gingiva. The images represent the preoperative
state and perfusion, and wound healing and perfusion 1, 4, 7, 14, 21, 27 and 98 days
postoperatively.

Figure 5: Split view of a sub-optimal recording. Blurred intensity image and outlying peaks on
the graph as a result of incorrect setting.
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Figure 6: Scatter plot of BF over time at the coronal (a), mesial (b), distal (c) and apical (d) side
of the graft. The central part of the graft (zone F) was depicted in all graphs to serve as a
reference for more external zones.

Table 1. Time frame of the ischemic and hyperemic phase in the various zones in the graft, in
days

DISCUSSION:

The aim of this study was to introduce a novel technique for monitoring the neovascularization
of a graft in the human gingiva. According to our previous results, LSCI assesses the blood
perfusion of the gingiva with good repeatability and reproducibility®, when strict
implementation of each step of the planned protocol as a critical requirement is met. LSCl is
regarded as a semi-quantitative technique that requires calibration periodically to ensure
accuracy and stability. During verification, the room temperature must be measured as
accurately as possible, because this value is used by the verification algorithm to calculate
perfusion.

The LSCI method is highly sensitive to the working distance setting and movement artifacts as
well. In this study, working distance was fixed at 10 cm. The measurement area was 2.7 cm x 2
cm, which corresponds to an approximately three teeth wide gingival area. The effective frame
rate was 16 images/s and 0.06 s/image as the arterial pulse induces pulsatile changes in gingival
microcirculation®, which has to be averaged out from the recording. Rapid imaging reduced the
risk of movement artefacts, too. However, in case of incorrect settings or patient movements,
the recording should be stopped and repeated under optimum conditions.

Two operators took part in every measurement: one adjusted the LSCI head and controlled the
computer while the other retracted the lips of the patient. In this study, three repeated
measurements were performed in each session, each taking 30 seconds. Since measurements
always involve some kind of irritation to the soft tissue due to the inevitable retraction of the
lips and cheeks, which disturbs the microcirculation of the gingiva, an increase in random error
occurs. Such inter-day variation, however, can be minimized by repeating the entire
measurement process, i.e., by re-opening the mouth, retracting the soft tissue again, re-setting
the camera’s position and re-selecting ROIs in the software®.

Gingival microcirculation showed high regional variation®. Therefore, a method such as LSCI
which measures blood flow in a wide area has a great advantage over single point
measurement techniques like LDF. In this study, the measurement area covered the whole
surgical field. The wide measurement area allowed us to compare re- or neovascularization in
various regions within the wounded area in our study. Contrary to LDF, where the probe is fixed
by stents fabricated before surgery, in the case of the LSCI method, there is no need to define
the region to be examined in advance. For the primary aim of monitoring wound healing in
personalized medicine is to recognize unexpected patterns anywhere around the wound or the
flap. In addition, postoperative changes in tissue geometry and edema caused by soft or hard
tissue augmentation would make the pre-fabricated stents useless after surgery. To help visual
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evaluation, smoothing was turned on during recording and the smoothing value was set to 10.
This means that perfusion was averaged over ten images for a smoother appearance of the
perfusion image and in order to decrease background noise. However, smoothing is only a
visual effect and does not influence actual recorded perfusion values.

Gingival blood flow has a high temporal variation as well. This may be related to many
physiological factors which accompany everyday life, such as gingival inflammation6-18,
circadian rhythm?®, blood pressure??, temperature!®?!, mechanical pressure®?2-24, tooth
brushing'41725> or orthodontic force®®. Therefore, the standardization and stabilization of these
factors is obligatory for successful follow-up measurements.

The methods used earlier for investigating graft vascularization are highly invasive, which
meant a major restriction on measurement time points during healing, especially in human
studies?®32, They also have limitations in terms of measuring regional differences
quantitatively. Our previous studies>'? have already proved the high reliability of LSCI in clinical
trials and it was found to be useful to determine the time of soft tissue healing of an individual
after tooth extraction in order to optimize implant placement3. In this study, the wound area
covered by a xenogenic collagen graft showed excellent neovascularization, as on the 11t
postoperative day all zones within the graft achieved the maximum blood flow level. However,
it could be presumed that the collagen graft sloughed off or was resorbed by day 11 and we
actually measured the revascularization of the recipient bed. In addition to its non-invasive
feature, another special attribute of LSCl is a capability to characterize reperfusion curves at
various regions of a graft during incorporation at individual level. The centripetal characteristics
of graft neovascularization are similar to previous histology observations®. This suggests that
graft revascularization not only occurs from the periosteal vascular plexus but also from the
wound margin.

The experiment presented shows that the revascularization of a graft can be clearly followed up
if every step is followed strictly. However, on day 182, non-compliant patient preparation and
instruction resulted in a significant increase in BF.

LSCl is extensively used for full-field imaging of vascular structure and associated blood flow in
other tissues, like in the retina3%3>, the skin”-3® and the brain3’3%. The most promising clinical
applications of LSCI are burn wound assessment3%4°, evaluation of flaps*' and intraoperative
cerebral blood flow monitoring®?. Apparently, there are serious limitations to widespread
gingival measurements by LSCl in human subjects. This tool is very robust and heavy. The main
difficulties arise in connection with the documentation camera, which has low resolution and is
located a few centimeters away from the measurement camera. These features make it difficult
to identify regions of interest directly on color photos. The size of the LSCI machine head
prevents shooting inside the oral cavity. Therefore, areas which are not visible directly may not
be measured. We have demonstrated earlier that using an indirect approach with a
photographic mirror may serve as an alternative method®. However, using a mirror involves
more movement artifacts which LSCl is sensitive to, makes it more difficult to capture a
perpendicular image and decreases the focal distance. When the measured area cannot be
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captured perpendicularly, the blood flow value may be correct®3°, but region identification on
the image remains complicated because of 3D torsion.
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Item 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: | x Standard Access

Item 2 (check one box):

Open Access

X The Author is NOT a United States government employee.

| The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

| The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0  Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JOVE”
means MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JOVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JOVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
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Rebuttal Letter
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19 August 2018, Budapest

Dear Editor,

We are indebted for the further suggestions made to improve our manuscript (Manuscript ID:
JoVE58535). We have carefully studied the valuable criticism and comments of the Editor and the
Reviewers. The paper was rewritten to answer the questions and to adopt the suggestions made.
Additional data were included and changes were highlighted by using the track changes feature of MS
Word. Please note that in addition to these modifications, the title of the paper has also been changed
from “Laser Speckle Contrast Imaging as a method of monitoring graft neovascularization in the human
gingiva” to “A novel approach to monitoring graft neovascularization in the human gingiva”. Thank you
very much for your suggestions.

| hope our manuscript is now in a form acceptable for publication.

Yours sincerely,

Dr Réka Fazekas

I+


http://www.editorialmanager.com/jove/download.aspx?id=886067&guid=5e75f304-578a-444e-aef3-61c36cafcd56&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=886067&guid=5e75f304-578a-444e-aef3-61c36cafcd56&scheme=1

Response to the editorial comments
Changes to be made by the Author(s) regarding the written manuscript:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues.

We have carefully proofread the manuscript.
2. Please revise lines 71-74 and 78-80 to avoid previously published text.
We revised the lines concerned as follows:

“The LSCI instrument employs an invisible laser (wavelength 785 nm). The beam is diverged to
illuminate the measurement area, creating a speckle pattern. A CCD camera images the speckle
pattern in the illuminated area. The CCD camera used in this system has an active imaging area of 1386
x 1034 pixels and its resolution is between 20-60 um/pixel depending on the size of the measurement
area and on the setting of the software (low, medium, high). It can take images at a speed of 16 frames
per second, or even more, up to 100 frames per second, if the image size is reduced.”

“According to our previous results, LSCI assesses the blood perfusion of the gingiva with good
repeatability and reproducibility (Molnar, Fazekas et al. 2018). This implies that it is a reliable tool for
monitoring blood flow changes in the oral mucosa not only in short-term experiments, but also during
long-term clinical studies to track disease progression or wound healing (Molnar, Molnar et al. 2017).

”

3. Please revise the title to be more concise.

The title of the paper has been changed to “A novel approach to monitoring graft neovascularization
in the human gingiva”.

4. Please remove all commercial language from your manuscript and use generic terms instead. All
commercial products should be sufficiently referenced in the Table of Materials and Reagents. For
example: Geistlich Mucograft, Nikon D5200, IBM Corp., PeriCam PSI, Omron M4, etc.

All commercial language has been removed from the manuscript.

5. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text
between sections. Please simplify the Protocol so that individual steps contain only 2-3 actions per
step and a maximum of 4 sentences per step. Please move the discussion about the protocol to the
Discussion. Please revise lines 111-121 and 197-206 accordingly.

The Protocol has been simplified as requested. Lines 108-121 and 197-206 have been moved to the
Representative Results.

6. Please revise the protocol to contain only action items that direct the reader to do something. The
actions should be described in the imperative tense in complete sentences wherever possible. Avoid
usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text
that cannot be written in the imperative tense may be added as a “Note.”

The Protocol has been revised as requested.
7. 2.1: Please describe how to calibrate the PeriCam at 26 °C.

A paragraph describing system verification has been added to the Protocol (line 96-113 with track
changes enabled).



1.5. “Wait until both the yellow and the green LEDs on the rear panel have stopped flashing, which
indicates that the laser is warm and initialization is finished.
Note: When starting up the system, you will occasionally be prompted to perform the
verification procedure for the system.

2. System verification

2.1.Use the calibration box supplied. Remove the lid from the calibration box and shake it to avoid
sedimentation in the colloidal suspension.

2.2.Leave the lid off for 30 seconds to avoid bubbles.

2.3.Put the lid back on the calibration box.

2.4.Click Advanced/ Verification/ Verify instrument.

2.5.Select Routine verification and click Next.

2.6.Turn the head 90 degrees, fasten the calibration box using the integrated magnets and click
Next.

2.7.Enter the room temperature in the text box, select °C and click Start.

2.8. Wait while the wizard completes the verification procedure.

2.9. After a successful verification procedure close the wizard by clicking Finish.”

8. Please add more specific details (e.g. button clicks for software actions, numerical values for
settings, etc.) to your protocol steps. There should be enough detail in each step to supplement the
actions seen in the video so that viewers can easily replicate the protocol.

Specific details have been added to the protocol steps (line 123-188 with track changes enabled).

4. “Microcirculation image measurement

4.1. In the File menu, select and click on New recording. A new Image Window opens and the
Setup panel is displayed.
4.2. Under Recording Setup, select the following parameters:

4.2.1. Select a Project: vestibulum (name of the project)

4.2.2. Select a Site: tooth 14 (site examined in the oral cavity)

4.2.3. Select a Subject or create a new Subject by opening the Subject drop-down list.
The Select subject dialog appears.

4.2.3.1. Click New
4.2.3.2. Enter the name of the patient in the New subject dialog and click OK.

4.2.4. Enter aname for the recording in the Rec Name field: e.g. day 1 (days elapsed after
the operation). Enter the name of the operator in the Operator field

4.2.5. Under Image Setup, the current working distance is displayed. Adjust the working
distance by moving the instrument in relation to the tissue. Note: Working
distance must be fixed at 10.0 cm

4.2.6. Setthe size of the measurement area by entering the desired width and height in
the corresponding text boxes: height: 2 cm; width: 3 cm

4.2.7. Select a point density (resolution): normal

4.2.8. Under Image Capture Setup, select the number of images per second to record
from the Frame rate drop-down list: 16 images/s

4.2.9. In the Duration drop-down list, select Time and specify the duration of the
recording: 0:30

4.2.10. Select Record with no averaging

4.2.11. Select the capture rate of the color photo: one per second

4.3. Ask patient to open his mouth.



4.4.
4.5.

4.6.

4.7.
4.8.

4.9.

4.10.
4.11.
4.12.
4.13.

5.1.

5.2.

5.3.

5.4.

5.5.

5.6.

5.7.

5.8.

5.9.

5.10.

5.11.
5.12.

Retract lips gently by two dental mirrors (Fig. 1).

Adjust the instrument’s head parallel to the measured area of the gingiva. Note: A built-in
visible (650 nm) indicator laser facilitates the positioning of the imager relative to the
subject.

Adjust the distance to 10 cm. Note: The distance is measured continuously by the LSCI
device and it is displayed by the software as working distance/measured value.

Instruct the subject to remain still for the duration of the measurement.

Click on the Record button to start recording. The color of the Image Window now changes
to red, indicating that recording is in progress. The Setup panel is replaced by the Recording
panel. Recording stops automatically after 30 s. When recording is finished, the color of the
Image Window changes to blue and the Recording panel is replaced by the Review panel.
Remove dental mirrors and allow the patient to close his mouth and swallow.

Switch back to the live image by pressing the Resume recording button.

Repeat the steps from 4.3 to 4.10 twice.

Press the Stop recording button.

Close the file. The data are saved automatically.

Offline analysis

Analyze the LSCl images using the built-in software. Go to Image or Split view

(Fig. 2).

Define regions of interest (ROI). Note: The perfusion values of pixels within a ROl are
averaged and defined as the blood flow value of the ROI, expressed in an arbitrary value
called Laser Speckle Perfusion Unit (LSPU).

Select the desired ROl shape within the ROI tools palette on the right.

Select the Apply option in the ROI tools palette, which applies ROl operations to all images
of the recording.

Draw the ROI by clicking and holding the mouse button in the intensity image, dragging the
ROI out to the desired size, and releasing the mouse button (click and double-click for free
form ROIs). Adjust the position of the ROI, resize or rotate it if needed.

Repeat steps from 5.3 to 5.5 as many times as the number of ROls you want (Fig. 3).
Define time periods of interest (TOI). Note: This allows for averaging perfusion in a ROl over
a definite period of time (Fig. 2).

Go to Graph or Split view.

Select the TOI tool.

Click and hold on the graph at the position where you want the TOI to begin and drag the
cursor to the desired end position. Then release the mouse button.

Export data from the mean value table for further processing.

Construct blood flow curves by a suitable software used for statistical analysis.”

9. Please include single-line spaces between all paragraphs, headings, steps, etc.

The requested correction has been made.

10. After you have made all the recommended changes to your protocol (listed above), please
highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the
essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most
cohesive story of the Protocol.

Essential steps of the protocol for the video have been highlighted in yellow.

11. Please revise to explain the Representative Results in the context of the technique you have
described, e.g., how do these results show the technique, suggestions about how to analyze the



outcome, etc. The paragraph text should refer to all of the figures. However for figures showing the
experimental set-up, please reference them in the Protocol. Data from both successful and sub-
optimal experiments can be included.

Representative Results has been changed in order to meet your requirements. One more figure (Fig.
5) and a paragraph has been added to it (line 226-228 with track changes enabled).

“Figure 5 shows a blurred intensity image and the perfusion graph of the entire image. The sudden
peak on the graph indicates movement by the patient. The measurement was repeated immediately,
after making sure that the patient is in a comfortable position.”

12. Discussion: Please also discuss critical steps within the protocol, any modifications and
troubleshooting of the technique.

Some additional information has been added to the Discussion section (line 297-319 and 337-353 with
track changes enabled).

“The aim of this study was to introduce a novel technique for monitoring the neovascularization of a
graft in the human gingiva. According to our previous results, LSCI assesses the blood perfusion of the
gingiva with good repeatability and reproducibility (Molnar, Fazekas et al. 2018), when strict
implementation of each step of the planned protocol as a critical requirement is met. LSCl is regarded
as a semi-quantitative technique that requires calibration periodically to ensure accuracy and stability.
During verification, the room temperature must be measured as accurately as possible, because this
value is used by the verification algorithm to calculate perfusion.

The LSCI method is highly sensitive to the working distance setting and movement artifacts as well. In
this study, working distance was fixed at 10 cm. The measurement area was 2.7 x 2 cm, which
corresponds to an approximately three teeth wide gingival area. The effective frame rate was 16
images/s and 0.06 s/image as the arterial pulse induces pulsatile changes in gingival microcirculation
(Molnar, Fazekas et al. 2018), which has to be averaged out from the recording. Rapid imaging reduced
the risk of movement artefacts, too. However, in case of incorrect settings or patient movements, the
recording should be stopped and repeated under optimum conditions.

Two operators took part in every measurement: one adjusted the LSCI head and controlled the
computer while the other retracted the lips of the patient. In this study, three repeated measurements
were performed in each session, each taking 30 seconds. Since measurements always involve some
kind of irritation to the soft tissue due to the inevitable retraction of the lips and cheeks, which disturbs
the microcirculation of the gingiva, an increase in random error occurs. Such inter-day variation,
however, can be minimized by repeating the entire measurement process, i.e. by re-opening the
mouth, retracting the soft tissue again, re-setting the camera’s position and re-selecting ROlIs in the
software.”

“The methods used earlier for investigating graft vascularization are highly invasive, which meant a
major restriction on measurement time points during healing, especially in human studies (Oliver, Loe
et al. 1968, Janson, Ruben et al. 1969, Mormann, Bernimoulin et al. 1975, Busschop, de Boever et al.
1983, Vergara, Quinones et al. 1997, Schwarz, Rothamel et al. 2006, Rothamel, Benner et al. 2014).
They also have limitations in terms of measuring regional differences quantitatively. Our previous
studies (Molnar, Molnar et al. 2017, Molnar, Fazekas et al. 2018) have already proved the high
reliability of LSCI in clinical trials and it was found to be useful to determine the time of soft tissue
healing of an individual after tooth extraction in order to optimize implant placement (Fazekas, Molnar
et al. 2018). In this study, the wound area covered by a xenogenic collagen graft showed excellent
neovascularization, as on the 11" postoperative day all zones within the graft achieved the maximum
blood flow level. However, it could be presumed that the collagen graft sloughed off or was resorbed
by day 11 and we actually measured the revascularization of the recipient bed. In addition to its non-
invasive feature, another special attribute of LSCl is a capability to characterize reperfusion curves at



various regions of a graft during incorporation at individual level. The centripetal characteristics of
graft neovascularization are similar to previous histology observations (Janson, Ruben et al. 1969). This
suggests that graft revascularization not only occurs from the periosteal vascular plexus but also from
the wound margin.

The experiment presented shows that the revascularization of a graft can be clearly followed up if
every step is followed strictly. However, on day 182, non-compliant patient preparation and instruction
resulted in a significant increase in BF.”

13. References: Please do not abbreviate journal titles.

Reference style has been modified. We used the available refence style file: jove.ens.

Response to Reviewer 1

Authors present Laser Speckle Contrast Imaging (LSCI) as a novel method for monitoring blood flow
changes and graft integration in a healing wound in the human oral mucosa. The paper is well written;
title and abstract are appropriate for this methods article, and almost all used materials and equipment
are listed. The protocol is well detailed: steps listed in the procedure are explained, critical steps are
highlighted, and limitations of LSCI with regard to this application are discussed.

The following points could be discussed by the authors:
* L73: Specify the size of the pixels of the CCD camera

The size of the pixels of the CCD camera has been added to the description (line 68-70 with track
changes enabled):

“The CCD camera used in this system has an active imaging area of 1386 x 1034 pixels and its resolution
is between 20-60 um/pixel depending on the size of the measurement area and on the setting of the
software (low, medium, high).”

* The reported method was employed for a 17-year-old male patient. Since older bodies need more
time to repair, would LSCI method be as sensitive and efficient for monitoring graft integration for
older patients?

LSCl is a sensitive and efficient technique in all ages. However, there are well-known age-related
anatomical and functional changes in microcirculation (Bentov and Reed 2015), and delayed healing
might need a few more days to measure. Our team has experience with monitoring wound healing
after periodontal plastic surgery in older patients (Molnar, Molnar et al. 2017).

* In the section related to microcirculation image measurement:
- L157: explain why the framerate was set equal to 16 images/s

A paragraph explaining LSCI setup has been added to the Discussion (line 306-309 with track changes
enabled):

“The effective frame rate was 16 images/s and 0.06 s/image as the arterial pulse induces pulsatile
changes in gingival microcirculation (Molnar, Fazekas et al. 2018), which has to be averaged out from
the recording. Rapid imaging reduced the risk of movement artefacts, too.”

- L159: indicate the unit for the time



The unit for the time has been indicated.
- L169: give more information about the indicator laser and include it in the table.
Additional information has been added to paragraph 4.5 (line 151-153 with track changes enabled):

“Adjust the instrument’s head parallel to the measured area of the gingiva. Note: A built-in visible (650
nm) indicator laser facilitates the positioning of the imager relative to the subject.”

We cannot include the indicator laser in the table as it is not a separate instrument.

* In the legend of figure 4, L276: it is stated that smoothing value was set to 10.
- Authors should justify this value. They should also add this step to the protocol.
- Does smoothing value change from one patient to another? If yes, according to which factor?

Additional information about smoothing has been added to the Discussion (line 328-331 with track
changes enabled):

“To help visual evaluation, smoothing was turned on during recording and the smoothing value was
set to 10. This means that perfusion was averaged over ten images for a smoother appearance of the
perfusion image and in order to decrease background noise. However, smoothing is only a visual effect
and does not influence actual recorded perfusion values.” The smoothing value does not change from
one patient to another.

* LSCl is well-known to be a powerful tool for full-field imaging of blood flow in other medical fields
(e.g. neuroscience, dermatology and ophthalmology). Additional information about the extent of
the reported technique to these fields should be added in the discussion.

A paragraph describing the significance of LSCl in other medical fields has been added to the Discussion
(line 354-357 with track changes enabled):

“LSCl is extensively used for full-field imaging of vascular structure and associated blood flow in other
tissues, like in the retina (Briers and Fercher 1982, Srienc, Kurth-Nelson et al. 2010), the skin (Briers
and Webster 1996, Choi, Kang et al. 2004) and the brain (Ayata, Dunn et al. 2004) (Armitage, Todd et
al. 2010). The most promising clinical applications of LSCI are burn wound assessment (Lindahl,
Tesselaar et al. 2013) (Mirdell, Iredahl et al. 2016), evaluation of flaps (Zotterman, Bergkvist et al. 2016)
and intraoperative cerebral blood flow monitoring (Hecht, Woitzik et al. 2009).”

There are shortcomings that must be corrected:
* L59: replace "prohibit" by "prohibits"
* 1L223: replace "as" by "us"

Corrections in grammar and typewriting have been made as the Reviewer suggested.

Response to Reviewer 2

In this manuscript, the authors demonstrated that the high spatial resolution of Laser Speckle Contrast
Imaging (LSCI) has possibility to reveal microcirculation in a healing wound in the human oral mucosa
and gives useful information on graft integration. They show the neovascularization pattern of a
xenogenic collagen graft with a clinical case. They provided detailed protocol and highlighted
difficulties and possible failures during experimental process. The work in this manuscript deserves the
publication in Journal of Visualized Experiments after a few minor revisions.



1. References. Please recheck the reference format.

Reference format has been modified. We used the available reference style file: jove.ens
2. Please clearly explain each sub-figure in figure 2.

Each sub-figure in Figure 2 has been explained in detail.

“Figure 2: Split view (combination of the Images view and the Graph view) of a typical recording of
gingival blood flow in the treated area. Perfusion image (upper right sub-view) is a color-coded
representation of blood perfusion in the gingiva. Areas of high perfusion are shown in red while areas
of low perfusion are blue. The color range of perfusion images corresponds to 0-450 LSPU; smoothing
was set to 10. An intensity image (lower right sub-view) is created by the total backscattered laser
light. It corresponds exactly with the perfusion image and is useful for orientation and for identifying
details in the perfusion image. Regions of interest (ROI) are always defined in the intensity image. The
graph (upper left panel) shows real-time blood perfusion traces for each ROl in the recording. Check
boxes to the left can be used to select which traces to show. Three consecutive measurements are
shown on the graph. Each 30-second shot was identified as a TOl. A mean value table showing mean
perfusion values in each ROl and TOl is also displayed in Split view (lower left panel).”

3. It would be better if the author can add a title before each line in figure 4.

Thank you for your recommendation. Since we would like to avoid further reduction in the size of the
photos, we rewrote the legend of Figure 4 to clarify the order of the images.

“Figure 4: Representative photographs (upper line), LSCI intensity image (middle line) and LSCI
perfusion image (lower line) of the operated gingiva. The images represent the preoperative state
and perfusion, and wound healing and perfusion 1, 4, 7, 14, 21, 27 and 98 days postoperatively.”
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