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ARTICLE INFO ABSTRACT

The objective of this work is to define the conditions for improving the use of laser Doppler flowmetry (LDF) and
to determine the limits for the use of this technique.

This article systematically reviews the literature on the evaluation of oral soft tissue blood microcirculation
by LDF. We analysed the available literature through October 2016 using the database resources Medline/
PubMed, the Cochrane Oral Health Group Specialist Trials Register and the ISI Web of Knowledge.

Several points emerged from this literature review

The use of LDF involves specific constraints; however, the influence of different factors (temperature, tobacco,
pressure etc.) must be adequately controlled when using LDF. LDF measurements of soft tissue within the oral
cavity vary depending on the anatomical site. In dentistry, LDF can be used to track healing progress in peri-
odontal surgery and to diagnose vascular flow changes in the connective tissue of mucosae covered by a re-
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movable prosthesis at an early stage prior to the onset of clinical inflammation signs.

1. Introduction

LDF allows the measurement of microcirculation in tissues of hu-
mans and animals. This approach was first used in the 1980s and
continues to be used because it is not invasive and is an easy technique
to use after a training period. The principle of LDF is based on light-
tissue interactions, i.e., the principle of the Doppler effect as applied to
laser radiation (Doppler, 1842) (Fig. 1). The main disadvantage of LDF
is that it does not accurately measure blood flow, so it cannot be used to
calculate absolute blood flow (e.g., in units of ml/min/100 g tissue).
LDF produces a relative value of blood flow (Vongsavan & Matthews,
1993). This technique has been used for various tissues such as skin
(Svalestad, Hellem, Vaagbg, Irgens, & Thorsen, 2010), retina (Riva,
Geiser, & Petrig, 2010), intestine (Hoff, Gregersen, & Hatlebakk, 2009),
kidney (Babos, Jarai, & Nemcsik, 2013) and bone (Hellem, Jacobsson,
Nilsson, & Lewis, 1983). In addition, in the orofacial area (Retzepi,
Tonetti, & Donos, 2007a; Verdonck et al., 2009), this tool has been used
to highlight the microcirculation of the tongue (Singh, Stansby, &
Harrison, 2008), the buccal mucosa (Hirai, 2005), periodontal tissue
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(Cho, Yu, Lee, Lee, & Kim, 2013), the masseter muscle (Curtis, Gansky,
& Plesh, 2012), human dental pulp (Gazelius, Olgart, Edwall, & Edwall,
1986; Chen & Abbott, 2009) and luxated teeth (Gazelius, Olgart, &
Edwall, 1988).

However, issues involving the use of this technique must be strictly
respected, such as the method of standardization adopted for the
Periflux, the effects of ambient light and the artefacts caused by probe
movement during measurements (Vongsavan & Matthews, 1993).
Therefore, in dentistry (Orekhova & Barmasheva, 2013), the study of
blood microcirculation in various soft tissues is used to evaluate the
following:

- The mucosal variation of microcirculation due to pathological con-
ditions in the oral cavity (gingivitis, periodontitis, white and red
lesions)

- The healing of gingival, palatal and connective grafts

- Tissue modification in mucosa recovery due to dentures

This article systematically reviews the literature on the use of LDF
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Fig. 1. Effect of Doppler applied to laser radiation; c¢: immobile cell.

for studying oral mucosa blood microcirculation.
2. Materials & methods

A literature search for articles published through October 31, 2016
was performed using the following keywords: “oral mucosa,” “palatal
mucosa,” “alveolar mucosa,” “mucosa gingival,” “laser Doppler flow-
metry” and “laser Doppler”. Combinations of the keywords were also
used. A total of 295 articles were extracted from PubMed/MEDLINE;
the Cochrane Oral Health Group (COHG) Specialist Trials Register and
ISI Web of Knowledge. Article titles and abstracts were examined to
exclude irrelevant articles and articles that had already been manually
identified. Then; the abstracts of the selected articles were read to
identify studies that met the inclusion criteria. Finally; additional ar-
ticles were obtained by reviewing the references of the selected articles.

” «

2.1. Inclusion criteria

Original articles written in English were included in the review if
they met one of the following criteria:

— Articles on blood microcirculation in the human oral cavity mucosa
measured using laser Doppler
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— Articles on the measurement of microcirculation in the human oral
cavity mucosa using laser Doppler

— Articles on the variability of blood microcirculation in the oral
cavity mucosa measured using laser Doppler

2.2. Exclusion criteria

— Articles were excluded from this review if they met one of the fol-
lowing criteria:

— Articles on blood microcirculation in the oral cavity of animals
measured using laser Doppler

— Articles on blood microcirculation in the oral mucosa of animals
measured using laser Doppler

— Articles on blood microcirculation in dental organs measured using
laser Doppler (indirect measurement)

— Clinical case reports (due to the high variability of the results)

— Articles written in a language other than English.

The articles were divided into five themes to provide a precise
clinical perspective in this review. The following themes were analysed:

. Recording techniques used with LDF

. Stimuli that can modify blood flow

. Oral cavity soft tissues that are studied with LDF

. LDF applications in surgical treatments

. The influence of mucosal recovery on a removable prosthesis

G~ wN =

3. Results

The electronic and manual literature searches resulted in 295 arti-
cles. After evaluating the titles and abstracts, the references from the
selected articles, and the exclusion and inclusion criteria, 30 articles
were chosen and read entirely (Fig. 2).

To summarize our results, the papers were grouped according to
five themes as follows:

1. Recording techniques used with LDF (Table 1) (Hoke, Burkes,
White, Duffy, & Klitzman, 1994; Hinrichs, LaBelle, & Aeppli, 1995;
Matsuki, Xu, and Nagasawa, 2001; Singh et al., 2008)

2. Stimuli that can modify blood flow (Table 2) (Baab, Oberg, &
Holloway, 1986; Herlofson, Brodin, & Aars, 1996; Ahn & Pogrel, 1998;
Ketabi & Hirsch, 1997; Perry, McDowell, & Goodis, 1997; Heckmann
et al.,, 2000; Kemppainen, Avellan, Handwerker, & Forster, 2003;
Patino-Marin et al., 2005; Sakr et al., 2010; Kawaai et al., 2013);
(Reuther, Hale, Matharu, Blythe, & Brennan, 2016)

3. Oral cavity soft tissues that are studied with LDF (Table 3) (Baab,
Oberg, & Lundstrom, 1990; Matheny, Johnson, & Roth, 1993; Matheny,

Literature search (electronic and manual): 295 potentially eligible publications

Fig. 2. Selection procedure of articles included in the litera-
ture review.

187 excluded publications
Titles and abstracts selection

A 4

108 publications corresponding to the topic

A 4

75 excluded publications
Critical reading and inclusion criteria
application

A 4

33 studies included in the literature review
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Abrams, Johnson, & Roth, 1993; Heckmann et al., 2001;
Kerdvongbundit, Vongsavan, Soo-Ampon, Phankosol, & Hasegawa,
2002; Kerdvongbundit, Sirirat, Sirikulsathean, Kasetsuwan, &
Hasegawa, 2002; Kerdvongbundit, Vongsavan, Soo-Ampon, & Hase-
gawa, 2003; Svalestad, Thorsen, Vaagbg, & Hellem, 2014; Le Bars et al.,
2016)

4. The application of LDF in surgical treatments (Table 4)
(Ambrosini, Cherene, Miller, Weissenbach, & Penaud, 2002; Donos,
D'Aiuto, Retzepi, & Tonetti, 2005; Retzepi et al., 2007a; Retzepi et al.,
2007b)

5. The influence of mucosal recovery on a removable prosthesis
(Table 5) (Akazawa & Sakurai, 2002; Kocabalkan & Turgut,2005;
Okada, Ueda, & Sakurai, 2010); (Ogino, Ueda, Ogami, Koike, & Sakurai,
2017)

4. Discussion

LDF is a useful, non-invasive, sensitive, reproducible, and non-
harmful method that is used to measure blood flow in soft tissues in
humans (Stern, 1975; Oberg, Tenland, & Nilsson, 1984).

LDF can reduce the use of objective and unreliable sensitivity tests
(Gazelius et al., 1986; Ebihara, Tokita, [zawa, & Suda, 1996; Evans,
Reid, Strang, & Stirrups, 1999; Emshoff, Moschen, & Strobl, 2004).
Unlike molecular and cell biology techniques, LDF is non-invasive. LDF
is a good tool for the diagnosis and follow-up of the progression/healing
of gingivitis/periodontitis and for the evaluation of wound healing
(Retzepi et al., 2007a; Retzepi, Tonetti, & Donos, 2007b).

An early and accurate assessment of blood flow is a significant asset
in any physiopathological or treatment paradigm. Furthermore, the
evaluation of wound healing can be significantly improved without the
risks of contamination, infection or discomfort to the patient (Broz
et al., 2015).

The disadvantages of LDF derive from uncontrolled micro-move-
ments of the hand holding the probe, the pressure applied by the op-
erator on the tissue, the angle of the probe, (Hinrichs et al., 1995; Hoke
et al., 1994; Vongsavan and Matthews, 1993) which inevitably differs
from assessment to assessment, and the unknown morphology of the
vasculature. Laser Doppler flowmetry is also spatially limited (1 mm?®)
(Frerichs & Feuerstein, 1990; Rajan, Varghese, van Leeuwen, &

There were no statistically significant differences between hand-held

and stent-stabilized probes.
For the same sites the differences of measures for both stent stabilized

rate become smaller, but was not statistically significant effect from

the angle.
The measurements using the surface probe were significantly higher

When changing the probe distance from 1 to 10 mm, the blood flow
than with the endoscopic probe at all times and sites

and hand held method were statistically significant.

RESULTS
Soft tissues

Number of sites/number of
measures per sites/time
2/2/1 day interval
10/ND/at OH,6H and 24 h

18/3/30s

Gingival sulci Comparison between flows measured with  5/2/1 month interval

Oral mucosa Comparison between flows measured with
stents stabilized and non-stents stabilized

A handheld probe and with a stent stabilized probe
between flows measured with different distance and
Tongue and oral mucosa Comparison between flows

measured with surface probe and catheter endoscopic

Labial gingiva of upper central incisor comparison

Influences of parameters and technics with probe for measuring oral soft tissues blood flow (BF) using laser Doppler. Variability of the results is showed by Hoke et al. (1994) and Singh et al. (2008) in relation with different sites. Matsuki et al.
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tissue and the angle of the probe. According to Matsuki et al. (2001), a
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distance of less than or equal to 3 mm ensures reliable measurements of
gingival blood flow. Furthermore, according to the same authors, per-
pendicular orientation of the probe to the tissue surface improves
measurement reliability.

In addition, LDF can be used in combination with other methods,
including visible light spectrophotometry (VLS), which measures visible
light.

4.1.2. Laser doppler and visible light spectrophotometry (VLS)

A previous study compared the results of LDF (Moor Instruments
DRT4) and measurements of tissue oxygen saturation (SO,) by VLS
(Whitland Research RM200) in the tongue and oral mucosa. Regarding
probe inter-variability, the results indicated that the SO, measurements
by VLS using various probes on the tongue and mucosa were sig-
nificantly correlated. Blood flow measurements obtained using various
probes were significantly correlated, but the standard deviations were
very large. Furthermore, the results revealed that the SO, measure-
ments were not correlated with the LDF results (Singh et al., 2008).
However, the two methods were not comparable because one measures
blood flow and the other measures oxygen saturation. VLS is a clinical
tool that is easily used to measure tissue ischaemia. Combining LDF and
VLS can be useful in the management of patients who are in intensive
care due to septic shock from surgery. Indeed, LDF superficially mea-
sures the oral mucosa microcirculation, while VLS provides a more
detailed measurement of haemoglobin oxygen saturation (UHbO2)
(Sakr et al., 2010).

4.2. The measurement of oral soft tissue blood flow by laser doppler after
various types of stimulation (Table 2)

4.2.1. Tobacco

The complex effect of tobacco on the blood microcirculation in the
buccal area includes many parameters. The use of LDF has revealed the
following features:

Historically, vasoconstriction was found to be initiated by the action
of nicotine on noradrenaline secretion (Shuler, 1968). The study by
Baab and Oberg (1987) on the effect of smoking on gingival blood flow
(GBF) showed that smoking causes a transient increase in GBF that
returns to the original level after 10 min. According to these authors
and contrary to popular belief, it appears that smoking does not reduce
gingival blood flow in humans. Another parameter tested by Ketabi and
Hirsch (1997) supported this result. Indeed, the use of a local anesthetic
(lignocaine hydrochloride 2% (0.5 ml) with adrenaline 1:80,000) in the
gums of smokers resulted in an initial decrease in gingival blood flow
that later returned to baseline levels compared with non-smokers.

However, two effects must be distinguished: heat-induced vasodi-
lation (Molnér et al. 2015) and nicotine-induced vasoconstriction; these
two contradictory effects interact with each other. Nevertheless, the
high dose of nicotine absorbed by chronic smokers may exert the
dominant effect (Svalestad et al., 2010). Another study using laser
Doppler measurements used a heat test as a valuable tool to examine
the vascular reactivity of gingival vessels (Molnér et al. 2015). Another
parameter is the frequency of smoking. Assessing blood pressure con-
trol, Mavropoulos (Mavropoulos, Aars, & Brodin, 2003) used the laser
Doppler technique and detected a hyperaemic response in casual
smokers due to an increase in blood pressure, and the net result was
slight vasoconstriction. In three groups (light smokers, heavy smokers
and non-smokers), (Meekin, Wilson, Scott, Ide, & Palmer, 2000) eval-
uated gingival blood flow using laser Doppler and found no acute effect
of smoking on gingival blood flow. This finding could be due to the
absence of a comparison of the baseline values among the groups and to
the fact that blood pressure was not measured. The findings of another
study (Morozumi, Kubota, Sato, Okuda, & Yoshie, 2004) may explain
this result; gingival blood flow as measured by laser Doppler was ele-
vated in former smokers after smoking cessation.

Reuther et al. (2016) suggested that the use of electronic cigarettes
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for smoking cessation should not be ignored or dismissed, which could
at least serve as a short-term measure via laser Doppler, and that these
devices may even have some beneficial effects, although their long-term
safety remains unknown.

Finally, the results obtained using LDF can be influenced by the
presence of periodontal disease in smokers. (Marcenes et al., 2013)
explained that periodontal inflammation can change the morphological
aspects of the gingiva and can modify gingival blood flow. The results
of smokers depend on the severity of periodontal disease. In the case of
moderate periodontal inflammation, Molnar et al. (2015) showed that
vascular modification could be suppressed by smoking.

4.2.2. Vasoconstrictors and vasodilators

The vasoconstrictive effects of two local anaesthetics, 2% lidocaine
with adrenaline 1:100,000 (Ahn & Pogrel, 1998) and dexmedetomi-
dine, an a2 adrenoceptor agonist (Kawaai et al., 2013), on gingival
mucosa flow and on palatal mucosa were evaluated. Both resulted in a
significant decrease in blood flow. The vasodilator effect of capsaicin
(Capsaicin 3%, 10 ml), when applied topically to the alveolar mucosa
and to the attached gingiva, has been highlighted by laser Doppler
imaging (LDI), which measures microcirculation and blood perfusion.
The results of blood flow measurements revealed that the alveolar
mucosa is more sensitive than the attached gingiva to chemical irri-
tants, such as capsaicin (Kemppainen et al., 2003). These results were
corroborated in five different studies, four of which concerned the
surgical treatment of periodontal disease (Ambrosini et al., 2002; Donos
et al., 2005; Retzepi et al., 2007a; Retzepi et al., 2007b) (see part 4,
Oral soft tissue blood flow measured by laser Doppler) and the tech-
nique used to record blood flow with LDF (Hinrichs et al., 1995) (see
part 1). The authors used adrenaline Alphacaine 2%, Xylocaine at a
dose of 3.6 ml and 1.8 ml of 2% lidocaine with adrenaline 1:80,000,
and 0.2 to 0.3ml of 2% lidocaine with 1:100,000 adrenaline
(Ambrosini et al., 2002; Donos et al., 2005; Hinrichs et al., 1995;
Retzepi et al., 2007a; Retzepi et al., 2007b).

It appears advisable for practitioners to use adrenaline for gingival
retraction without any concern regarding side effects. A low con-
centration of 0.01% may prevent both hyperaemia and the production
of crevicular fluid in the marginal gingiva after cord removal without
affecting systemic circulatory parameters or causing prolonged
ischaemia (Csillag, Nyiri, Vag, & Fazekas, 2007).

4.2.3. Temperature

Topical temperature changes on the oral mucosa were tested to
measure blood flow fluctuations. First, in a study by Heckmann, the
application of dry ice (CO5) for 10 s (Heckmann et al., 2000) resulted in
increased mucosal blood flow at various sites in the oral cavity (the
tongue, palatal mucosa, lip and vestibule); this increase reached a
maximum at 30 s and returned to the baseline level at 90 s after sti-
mulation. Overall, the responses in elderly patients were more variable
than those observed in younger patients. Stimulation with dry ice ap-
pears to be an effective, non-invasive and tolerable method for studying
blood microcirculation at different mucosal sites.

Therefore, the evaluation of mucosal blood flow appears to be a
promising tool for studying the pathophysiology of neurological
symptoms. Furthermore, in the study by Baab et al. (1986), the appli-
cation of water at 15 °C or 44 °C under the oral mucosa caused transient
hyperaemia, which was followed by a rapid return to the initial blood
flow level after the cessation of stimulation. More recently, another
study with laser Doppler measurements used the heat test with a ha-
logen lamp and demonstrated that an elevation in temperature caused a
rapid significant and transient increase in GBF in the human gingiva
(Molnar et al., 2015).

4.2.4. Compression
Several authors have studied the influence of pressure on buccal
areas using LDF. (Patino-Marin et al., 2005) noted a transient decrease
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in gingival blood flow following compression applied with a cotton
swab on the alveolar mucosa. (Baab et al., 1986) tested another method
based on a spring device that demonstrated the onset of ischaemia
followed by hyperaemia for all types of tissues after applying a localized
pressure of 1.5 N. The same authors studied the influence of an occlusal
force applied to mandibular and maxillary central incisors and de-
scribed transient ischaemia in the free gingiva, while blood flow re-
mained unchanged at the interdental papillae and the attached gingiva
of the tested teeth.

4.2.5. Brushing and toothpaste

Some authors have studied whether daily hygiene techniques in-
fluence mucosal blood flow using LDF. Perry et al. (1997) noted an
increase in microcirculation in healthy gingival mucosa after brushing
for short durations (3 s and 10 s) using a nylon multi-tooth soft brush.
Regarding toothpaste, Herlofson et al. (1996) tested the effect of so-
dium lauryl sulphate (1.5%, applied for 90 s), a detergent that is widely
used in toothpaste. The GBF measured above the marginal gingiva of
the maxillary incisors was increased between the second and tenth
minutes and reached a maximum at eight minutes before returning to
baseline levels.

4.2.6. Septic shock

The measurement of buccal microvascular responses in patients
with septic shock using combined laser Doppler flowmetry/visual light
spectroscopy shows a buccal mucosal response to surgical stress that is
consistent with a redistribution of microvascular flow in favour of su-
perficial layers (Sakr et al., 2010).

4.3. Oral soft tissue blood flow measured using the laser doppler technique
(healthy and inflamed gingiva) (Table 3)

The oral mucosa is divided into several areas that are related to
underlying muscle or bone structures. Depending on the topography of
the oral cavity, the oral mucosa is divided into the masticatory mucosa,
the bordering mucosa and the specialized area (back of the tongue).

Blood microcirculation differs between these buccal mucosa areas.

4.3.1. Healthy and inflamed gingiva

Blood microcirculation in healthy gingiva was studied in the max-
illary and mandibular areas using LDF by Kerdvongbundit’s team
(Kerdvongbundit and Sirirat et al., 2002; Kerdvongbundit and
Vongsavan et al., 2002). The results indicated that blood circulation in
the anterior maxillary gingiva was significantly higher than that in the
anterior mandibular gingiva. This finding was also true for the inter-
dental gingiva, the attached gingiva and the alveolar mucosa. It was
also noted that the bone tissue density was significantly higher in the
mandible than in the maxilla. On the other hand, blood microcircula-
tion measurements confirmed that the anterior maxilla responded more
favourably to surgery (tissue sampling, grafting, periodontal deconta-
mination, etc.) than the anterior mandible. Therefore, healthy gingiva
has low blood flow, and inflammatory processes appear to increase
blood flow. Studying the palatal mucosa, Le Bars et al. (2016) showed
that the Schroeder area appeared to have the greatest sensitivity and
that vascular flow variability among individuals was greatest in this
region. These findings suggest that the analysis of blood stream changes
using laser Doppler measurements of the palatal mucosa can help detect
the onset of pathological alterations.

In 2003, the same team (Kerdvongbundit, Vongsavan, Soo-Ampon,
& Hasegawa, 2003) measured the amount of time required for inflamed
gingiva to recover a healthy appearance after a hygiene treatment. LDF
for blood microcirculation, coupled with scanning electron microscopy
(SEM) to examine gum micromorphology, demonstrated that the in-
flamed gingiva returned to normal within three months. Matheny and
Abrams et al. (1993); Matheny and Johnson et al. (1993), who created
an experimental model of gingivitis in humans by suspending oral
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hygiene for 12-16 days, assessed changes in the gum microcirculation.
By combining LDF with videomicroscopy, the researchers showed a
significant decrease in blood flow in the presence of gingivitis. We
propose a possible explanation for the different results observed be-
tween gingivitis and periodontitis, namely, the greater spatial limit of
LDF. Although periodontitis proceeding from the gingiva to the bone
(through the periodontium) can span a 1l-cm anatomical area, the
flowmeter can measure only an area of ~1 mm?.

This protocol reveals a dramatic and dynamic change in gingival
microcirculation in response to the establishment of gingivitis and its
progression.

Other studies have also shown that the marginal gingiva mandibular
area has a higher rate of blood flow than the maxillary area according
to LDF imaging (Kerémi et al., 2000); however, no difference in blood
flow was detected in cases of periodontitis (Molnar et al., 2015).

4.3.2. Periodontitis and temperature

Baab et al. (1990) examined the effect of a fresh air current (15 °C)
on the GBF of young patients with a history of localized juvenile peri-
odontitis or progressive periodontitis using LDF. According to this
study, inflamed gingiva react to fresh air by becoming warmer. This
study further showed that patients with periodontitis and localized
juvenile periodontitis have similar warming temperature curves but
that the blood flow recovery curves are faster than those of control
patients. Thus, GBF in periodontitis patients recovered faster after local
cooling than that in healthy controls.

4.3.3. The influence of hyperbaric oxygen therapy on the microcirculation
of irradiated patients

In 2013, Svalestad et al. (2014) conducted a study on patients with a
history of radiotherapy of the orofacial region (50-70 Gy) with a
follow-up period between 2 and 20 years. Using LDF, the authors
measured blood flow after transcutaneous oximetry (TCPO;) following
hyperbaric oxygen therapy (OHB) (240 kPa). According to the study,
blood flow in the mucosa and skin was significantly increased. In ad-
dition, TCPO, values were significantly increased in the irradiated
cheek but did not reach reference point levels outside the radiation
field. However, in the control group, no significant change in blood
flow or TCPO, was observed. The results of this study revealed that the
oxygenation and vascular capacity of irradiated facial skin and the
gingival mucosa are enhanced by OHB.

4.3.4. Burning mouth syndrome (BMS)

In a previous study, Heckmann et al. (2001) measured oral mucosa
blood flow using LDF in the presence of burning mouth syndrome
(BMS). Measurements were conducted after applying dry ice for 10s
using a pen-like device (Vitstab w, dental Jaschke, Umkirch, Germany;
diameter, 4 mm; dry weight, 10.8 g). The results demonstrated that
mucosal blood flow increased in all areas in response to the application
of dry ice, with flow reaching a maximum at 0.5-1.5 min and exhibiting
a tendency to return to baseline after 2 min. The vasoreactivity of BMS
patients was higher than that of healthy subjects. These changes in oral
blood flow appear to be specifically related to symptoms that indicate
disturbed vasoreactivity in the presence of BMS (Svalestad et al., 2010).

4.4. Oral soft tissue blood flow measured by laser doppler: modification of
gingival blood flow by periosteal stimulation before a gingival graft (Table 4)

The survival of a gingival graft is dependent on the blood supply to
the graft. Ambrosini et al. (2002) studied the effect of periosteal sti-
mulation on GBF. Using periosteal stimulation before a gingival graft
led to a statistically significant increase in GBF.

4.4.1. Change in blood flow in a periodontal flap
LDF also has applications in the field of periodontal surgery, in-
cluding flaps. Donos (Donos et al., 2005) observed a change in blood
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circulation in a flap using LDF. The author noted an increase in GBF for
7 days after surgery, followed by a gradual return to baseline after
60 days. This result was confirmed by Retzepi et al. (2007a), Retzepi
et al. (2007b). It was also noted that GBF in the portion of the flap
attached to the mucosa was more important than GBF in the central
part of the flap. This finding extends a comparison of the Widman flap
and a flap preserving the interdental papilla: in the latter, GBF recovers
to the initial level of vascularization more quickly.

On the one hand, during healing, the morphology of a wound/flap
changes. Therefore, it would be better to accommodate the altered
condition instead of mechanically positioning the probe on the same
location relative to the teeth, rather than relative to the flap or wound
margin. On the other hand, to obtain reliable results, the researchers
used a Periflux laser Doppler flow meter (Perimed, Stockholm,
Sweden), so it was necessary to immobilize the laser Doppler probe
during measurement. In the study of Baab et al. (1986), stents that
perforated self-curing acrylics were used to support the laser Doppler
probe. The stents were based on the lower anterior teeth and were
4-6 mm thick. The mucosa was 0.5 mm thick and was supported by an
interposition installed wax structure during stent manufacture. Several
studies have used this method to explore palate vascularization
(Heckmann et al., 2000). In other studies, laser Doppler was used to
measure the microcirculation of the palatal mucosa. For reliability, the
immobility of the laser Doppler probe was maintained using a ther-
moformed channel with a pierced stud at each recording site (Le Bars
et al., 2016).

4.5. Oral soft tissue blood flow measured by laser doppler in denture
wearers (Table 5)

Table 5 highlights the advantages of using LDF to diagnose changes
in mucosal microvascularization under a removable prosthesis. The
influence of masticatory forces (10 N, 1/0.75 Hz) during different per-
iods (T = 1, 4, 8 or 12 min) on the palatal mucosa blood flow (2 cm?) of
eleven maxillary full denture wearers was studied by Okada et al.
(2010) using LDF. In this study, three subjects showed no increase in
blood flow during the application of masticatory pressure, while eight
subjects showed a significant and steady increase in blood flow during
stimulation compared to baseline. Chewing acted as a pump on blood
circulation. The duration of the masticatory forces did not significantly
affect blood microcirculation; however, the recovery time appeared to
increase as the duration of stimulation increased.

The relationship between blood flow in denture-supporting mucosa
during fast and slow chewing was studied by Ogino et al. (2017). The
authors concluded that slow chewing induced less blood flow than ty-
pical or fast chewing in denture-supporting mucosa and that people
with less reactive hyperaemia experienced less blood flow in denture-
supporting mucosa during chewing. This same observation was already
established by the results of Akazawa & Sakurai (2002) experiments.
These authors used a continuous compression force of 10 N and per-
formed measurements of mucosal blood flow near the mandibular first
molar (2 cm?) in relation to a partial removable prosthesis every 5, 10,
20, 30 and 60 s. Early during the application of pressure, blood flow
decreased. Upon removing the pressure, a return to baseline by more
than 100% (110%) was observed. This high score can be explained by
the viscoelastic properties of the palatal mucosa as evidenced by the
study of Kydd et al. (1971).

A study Kocabalkan and Turgut (2005) examined the influence of
materials based on hard and soft polymerized acrylic resins on mucosal
blood flow before and after the delivery of a complete mandibular
denture (1 week, 1 month, 3 months and 6 months). In this protocol,
blood flow was measured bilaterally in the molar and canine regions
using LDF. After one week, blood flow in the canine and molar regions
was significantly lower than before dentures were worn in two different
study populations (removable hard denture wearers and removable soft
denture wearers). After six months, the blood flow in the canine areas
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of those wearing removable hard dentures returned to near normal
levels. However, the blood flow in the molar area increased. For re-
movable soft denture wearers, the blood flow did not return to the le-
vels recorded before insertion. Therefore, it appears that wearing a full
mandibular denture impedes the flow of blood in supporting tissues,
even when soft bases are used.

4.5.1. New perspectives for LDF

Many technical studies of microcirculation are currently available,
and more studies are in development. These experiments have led to
progress in the understanding of the pathogenesis of microvascular and
tissue diseases. The techniques described here are not invasive and are
currently allowed in the clinic. An innovative flow meter can measure
the microcirculation not only at a single point alone but also over large
surface areas.

Description of the Perimed system: The PIM PeriScan system is a
laser Doppler imager used to noninvasively view perfusion in super-
ficial tissues and variations in blood perfusion.

This technique can be used to study and monitor microcirculatory
activity in healthy and diseased tissue. The PIM3 PeriScan system al-
lows practitioners to highlight basic values and resulting microvascular
responses to stimulation. Based on the Doppler principle, it is possible
to view blood perfusion in two dimensions (Picture Mode) or over time
(Monitoring Mode). The ease of operation and the simplicity of the
software (LDPIwin) facilitate the interpretation of the results and the
creation of the final study report. Laser beam scanning can be used to
study very poorly perfused areas. No physical contact with the tissue is
required and no tracer or dye is used. Therefore, the influence of this
technique is minimal (Hirai, 2005; Bay, Hiliges, Weidner, & Sandborgh-
Englund, 2009).

Quantitative imaging of the microcirculatory blood supply to tissues
improves the diagnosis, therapy and monitoring of vascular and critical
diseases. Two microcirculation parameters, blood flow (blood volume
per unit time in the vasculature) and perfusion (blood volume per vo-
lume tissue per unit time) are intimately related to blood flow velocity
due to the morphology of the vasculature, vessel diameter and vessel
density. Research using a modified microcirculation imager (integrated
sidestream dark field — laser speckle contrast imaging (SDF-LSCI) in
vitro and in vivo revealed quantitative measures of flow velocity and
vasculature morphology (vessel diameters and vessel density).

Vessel diameter and vessel density can be estimated from the ob-
tained images, allowing the quantitative mapping of flow and velocity
and the estimation of tissue perfusion using laser speckle flowmetry.
Therefore, the clinical realization of quantitative speckle flowmetry
requires an estimation of blood vessel geometry. These findings de-
monstrate the quantitative flowmetry capabilities of LSCI and show that
the clinically relevant parameters of blood flow, velocity and tissue
perfusion can be quantitatively represented in SDF-LSCI microcircula-
tion images (Nadort, Kalkman, van Leeuwen, & Faber, 2016).

5. Conclusions

The LDF technique has been used for approximately thirty years in
many medical fields, and the technique has been greatly improved. Its
use requires a mastery of the technique.

Recommendations for the use of laser Doppler flowmetry concern
the probe used, the use of a splint, the duration of measurement, and
the skill of the practitioner.

— Concerning the probe, Setzer, Challagulla, Kataoka, and Trope,
2013 recommend limiting micro-movements of the hand and that the
recording probes be used with a “silicone splint”, leading to a mea-
surement discrepancy of 0.25%. In addition, this method limits the
variation of the angle of hand holding.

— The use of a splint limits the subjective and unreliable pressure
applied by the dentist and discrepancies in orientation, both in the
sagittal and axial planes. The orientation of the shaft drilled in the
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splint is influenced by the position of the area of the palate; therefore, it
is better to use the same splint and shaft for different measurements in
one patient.

— The duration of measurements should be noted (approximately
7 min for a tooth but only 5 min for soft tissue) and the time of day
should be consistent (diurnal variations occur due to circadian
rhythms) (Roeykens et al., 2016).

— The practitioner must be trained to minimum standards in the
use of LDF, thus providing homogenous parameters for clinical mea-
surements.

In dentistry, many applications of LDF involving soft tissue in-
vestigation are becoming more apparent.

However, several parameters can influence measurements of mi-
crocirculation using LDF (e.g., temperature, tobacco use, anesthesia
use, brushing, and pressure), which must be addressed.

Histological knowledge of the most sensitive anatomical sites for
measurements of microcirculation determines the best investigative
information available using LDF. Despite the limitations of this tech-
nique and considering all these parameters, we suggest the use of LDF
preferentially in two areas of dental practice: periodontal surgery and
the monitoring of tissue reactions under dentures.
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