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Abstract

Purpose: Monitoring the sublingual and oral microcircula-
tion (SM-OM) using hand-held vital microscopes (HVMs) has
provided valuable insight into the (patho)physiology of dis-
eases. However, the microvascular anatomy in a healthy
population has not been adequately described yet. Meth-
ods: Incident dark field-based HVM imaging was used to vi-
sualize the SM-OM. First, the SM was divided into four differ-
ent fields; Field-a (between incisors-lingua), Field-b (be-
tween the canine-first premolar-lingua), Field-c (between
the first-second premolar-lingua), Field-d (between the sec-
ond molar-wisdom teeth-lingua). Second, we investigated
the buccal area, lower and upper lip. Total/functional vessel
density (TVD/FCD), focus depth (FD), small vessel mean di-
ameters (SVMDs), and capillary tortuosity score (CTS) were
compared between the areas. Results: Fifteen volunteers
with a mean age of 29 + 6 years were enrolled. No statistical
difference was found between the sublingual fields in terms
of TVD (p =0.30), FCD (p = 0.38), and FD (p = 0.09). SVMD was

similar in Field-a, Field-b, and Field-c (p = 0.20-0.30), and
larger in Field-d (p < 0.01, p = 0.015). The CTS of the buccal
area was higher than in the lips. Conclusion: The sublingual
area has a homogenous distribution in TVD, FCD, FD, and
SVMD. This study can be a description of the normal micro-
vascular anatomy for future researches regarding microcir-

culatory assessment. © 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Direct observation of the microcirculation at the bed-
side provides a unique insight into the pathophysiology
of different disease states [1]. Since the introduction of
hand-held vital microscopes (HVMs), the relevance of
monitoring microcirculation in clinical and preclinical
practice, especially in critically ill patients, is increasing
[2-4].

Technically, all organ surfaces covered with an epithe-
lial layer are suitable for the microcirculatory assessment
using HVM. However, the sublingual microcirculation
(SM) is the most frequently used area since it represents
an easily accessible window into the human body and has
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been found to reflect many diseases [5]. The growing clin-
ical evidence about the importance of monitoring the SM
led experts of the Cardiovascular Dynamics Section of the
European Society of Intensive Care Medicine to the for-
mulation of guidelines for the assessment of the SM [6].
Based on this consensus, the visualized area should in-
clude a mix of venules, capillaries, and, if possible, arteri-
oles. Vessel loops should be avoided since they cause mis-
interpretations of the analysis because they are consid-
ered to belong to a different anatomical region in the
mouth.

From an anatomical point of view, the sublingual area
is mainly supplied by the lingual artery, which branches
off from the external carotid artery. Most of the venous
drainage of the sublingual area passes directly to the in-
ternal jugular vein via the deep lingual veins. The lymph
vessels of the sublingual region drain into the jugulodi-
gastric group of the deep cervical lymph nodes. The sub-
lingual area has a non-keratinized stratified squamous
epithelium, which contains some fat deposits and minor
salivary glands in the submucosa layer. The main ana-
tomic structures in the sublingual area are the lingual
frenulum in the midline, the sublingual papilla (caruncle)
containing the opening of the submandibular salivary
ducts, and some of the sublingual salivary ducts; and sub-
lingual folds on either side cover the underlying subman-
dibular ducts and sublingual salivary glands. The SM
originates from the same embryogenic origin and dis-
plays similar behavior with the splanchnic system [7].

Asknown from routine sublingual measurements, dif-
ferent microcirculation types and structures exist in the
various sublingual area such as the saliva gland, ducts of
the glands, areas with vessel loops. Recognition of these
structures is crucial for the accurate interpretation of the
microvascular parameters since they all have different in-
nervation and blood supply, which might give different
reactions to pathological processes. Furthermore, the cat-
egorization of the vessel loops could also provide early
recognition of chronic diseases such as hypertension, di-
abetic vasculopathy, and atherosclerotic cardiovascular
disease before the appearance of laboratory and clinical
symptoms [8, 9].

Description of the normal microvascular anatomy is
essential for accurate interpretation of pathologic micro-
vascular findings. However, to our knowledge, no previ-
ous study has described the morphological properties of
microvessels present in the SM. Although several studies
have analyzed the sublingual area of healthy volunteers
[3, 10, 11], they focused on only a limited space around
the lingual frenulum and have not included other mor-
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phological areas in the oral cavity. The present study aims
to characterize the morphology of the oral microcircula-
tion (OM) and assess the variability between the healthy
population.

Materials and Methods

This study is a single-center prospective observational study
conducted at the Academic Medical Center, Amsterdam Univer-
sity, The Netherlands. Fifteen healthy volunteers aged >18 years
were included in the study. The primary objective of the study is
to map the morphology of the OM, including the sublingual area,
buccal area, and lips. This study was performed using the data of
the volunteers’ study that was approved by the Medical Ethical
Committee of the Academic Medical Center with number
W17_258. All volunteers gave oral informed consent.

Study Design

Healthy volunteers without symptoms of ongoing diseases
such as flu or chronic disease were included in the study. Taking
any medication, smoking or being an ex-smoker, and being preg-
nant were the exclusion criteria. Volunteers were told not to use
any product for mouth cleaning and not to have lunch or dinner
for atleast 2 h before the measurement session. All volunteers were
investigated under similar environmental conditions. All mea-
surements were performed in the same room, and sublingual mea-
surements were commenced. Vital signs (body temperature, sys-
temic arterial blood pressure, heart rate, and oxygen saturation)
were recorded. The room temperature was monitored and kept
constant at 23°C + 1°C. Once all the environmental conditions
were met and the volunteers had rested for 20 min in a semirecum-
bent position, three investigators evaluated the microcirculation of
the volunteers. The Cytocam-IDF HVM device (Braedius Medical,
Huizen, The Netherlands) was used to record SM image sequenc-
es. The OM was investigated in two different steps, first the sub-
lingual followed by non-SM. To assess the SM, the sublingual area
was divided into four different parts as shown in Figure 1 (a: inci-
sors and lingua, b: canine + first premolar and lingua, c: second
premolar + first molar and lingua, and d: second molar + wisdom
teeth and lingua). The non-SM included three different regions as
the lower lip, upper lip, and buccal area. Measurements were made
in 11 different oral areas, as shown in Figure 1.

Microcirculatory Mapping of the Sublingual Area

The HVM device was covered by a disposable plastic cap and
placed on the tissue surface. We recorded five image sequences for
each Field-a, -b, -¢, and -d. Thus, 20 image sequences were record-
ed for each volunteer’s sublingual area. Once an image sequence
was recorded, the HVM device was gently moved to the next area
of interest to visualize the different microcirculatory fields. Image
recording was performed at a frame rate of 25 frames/s. After that,
the images were exported offline for analysis. All sequences were
investigated for identification of anatomical structures. The image
sequences were stabilized with CCTools 1.7.x and were analyzed
in terms of microvessel density (total vessel density [TVD] and
functional vessel density [FCD]) using MicroTools [12, 13]. The
focus depth (FD) was measured directly using the Cytocam-IDF
device (Braedius Medical, Huizen, The Netherlands) during the
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study process. Previously, we have validated this method of mea-
suring the FD in biopsy studies obtained from patients [14]. All
measurements were started at an FD of 160 pm as a default and
then adjusted the FD until the best quality image was obtained.
Moreover, the outer tip of the cap was marked with a pen to rule
out the presence of an extra space area between the tip of the device
and the cap. Two investigators carried out each of the measure-
ments to increase the quality of the recordings. While one investi-
gator was performing the measurement, the other controlled the
HVM settings double-checking the camera’s position. The Mi-
croTools software measures the small vessel mean diameter
(SVMD) individually to allow a quantitative comparison of the
microvascular anatomy between the different sublingual regions.
Vessel diameter <20 um was used to define small vessels. The ves-
sels larger than this diameter are referred to as large vessels. The
data were analyzed in a blinded fashion.

Microcirculatory Visualization Using IDF Imaging and Offline

Analysis

Cytocam-IDF (Braedius Medical B.V., Huizen, The Nether-
lands) uses incident dark-field illumination. Using green light (530
nm) with an isosbestic wavelength for hemoglobin allows visual-
ization of Hb containing red blood cells (RBC) movement in the
microcirculation. Therefore, irrespective of the oxygenation of the
hemoglobin, RBCs appear as black/gray dots and can be tracked to
assess blood flow and calculate the velocity. In addition, a novel
stepping motor-assisted focusing mechanism enables precise fo-
cusing microvessels by adjusting the FD with 4-um steps. In this
manner, a quantitative measurement of FD is accomplished as well
as enabling high-quality point-of-care images. High power light-
emitting diodes with rapid pulse time (2 ms) were used for illumi-
nation which allows accurate RBC tracking with minimized mo-
tion-induced blurring. The IDF imaging device has a full digi-
talized image and incorporates microscope lenses instead of simple
magnification lenses, which provides a view of 1.55 x 1.16 mm that
corresponds to a three times larger field of view than previous
HVMs. In addition, high-quality lens, high-resolution sensors (be-
tween 0.36 and 1.3 megapixels), and automatic and quantitative
focusing mechanisms increase contrast and sharpness compared
to previous HVM techniques [15]. Image sequences were edited to
remove unstable segments, graded for quality, and stabilized using
embedded CCtools 1.7 software (Braedius Medical B.V., Huizen,
The Netherlands). Offline image sequence analysis was then per-
formed using the MicroTools software package that is described in
detail elsewhere [12]. This novel software platform consists of an
advanced computer vision algorithm that enables the automated
quantification of microvessel density and RBC velocity obtained
by HVM devices and enables analysis without manual supervision,
yielding objective and quantitative results that are not subject to
potential operator bias. This software has been recently validated
in a large clinical database [13].

Microvascular Parameters

TVD of vessels <20 pum is expressed as TVD, which is calcu-
lated as the ratio of the length of the microvessels to the total field
of view (TVD =length of the microvessels/total surface area of the
field of view). FCD is defined as the sum of the length of the mi-
crovessels containing moving RBCs divided by the total surface
area of the field of view. SVMD is defined as the diameter of a mi-
crovessel. The FD is the distance between the surfaces of the tissue

Morphologic Mapping of the Sublingual
Microcirculation

Lingua

Lingual
artery &
vein

External ‘
carotid
artery Internal

jugular
vein

Fig. 1. Mapping of the SM. Macrovascular anatomy and mapping
of SM are shown in the figure. The sublingual area is mainly sup-
plied and drained by the lingual artery and deep lingual veins,
which are branches of the external carotid artery and internal jug-
ular vein, respectively. The sublingual area is divided into four dif-
ferent parts to map the SM, as shown in the figure. Field-a displays
the area between the incisors (1 and 2) and the lingua. Field-b dis-
plays the area between the Canine + first premolar (3 and 4) and
the lingua. Field-c displays the area between the second premolar
+ first molar (5 and 6) and the lingua and Field-d displays the area
between the second molar + wisdom teeth (7 and 8) and the lingua.
The same four fields exist on the other side of the sublingual area.

to the plane containing the microvessels. FD value was directly
recorded from the machine.

The Capillary Tortuosity Score

The Capillary Tortuosity Score (CTS) describes the morpho-
logical architecture of capillaries based on the number of twists per
capillary [8]. The number of twists among the majority of the cap-
illaries defines the score and varies from pinhead twists to four
twists (Score 0: no twists, Score 1: one twist, Score 2: two twists,
Score 3: three twists, Score 4: four twists) (Fig. 2). This score has
been shown to have a good inter- and intraobserver variability [8].

Statistics

The Shapiro-Wilk test was used to assess if the data were dis-
tributed normally. All values were displayed as the mean =+ stan-
dard deviation or median with an interquartile range if the data
were distributed skewed or nonskewed, respectively. Since each
group’s values were shown to have a nonskewed distribution, a
nonparametric test (the Friedman test) was performed to analyze
these data. Per-vessel diameter distributions measured by Mi-
croTools were compared between different sublingual fields using
linear mixed model analysis [16]. The sublingual field was entered
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Fig.2. The CTS is defined as the number of
capillary twists in the majority of capillaries
existing in the field of view. The figure
shows capillary images where each star and
dot indicates the presence of twists present
in a capillary loop (a displays no twist, one
twist, and two twists, b includes three and
four twists) (black dot, no twist; one star,
one twist; two stars, two twists; three stars,
three twists; four stars, four twists).

into the model as fixed effects, and individual intercepts for sub-
jects and per-subject random slopes representing the effect on the
dependent variables were entered as random effects. p values were
calculated using a likelihood ratio test of the full model with the
effect in question against a “null model” that lacks the effect in
question [17]. p values for individual fixed effects were obtained
via the Satterthwaite approximation [18]. A two-sided p value
<0.05 was considered as a criteron for significance. All the statisti-
cal tests were performed within the R environment for statistical
computing, version 3.4.2 (R Foundation for Statistical Computing,
Vienna, Austria; http://www.R-project.org/), and the figures were
created with the ggplot2 software package, version 2.2.1.

Results

The mean age of the 15 volunteers was 29 + 6 years
(range 22-39 years; 12 men, 3 women). The mean age of
the volunteers was 30 + 6 (range 23-39 years) for the men
and 26 + 6 (range 22-3 years), respectively, (p = 0.47) for
the women. None of the volunteers had active disease or
comorbidity. Oral microcirculatory measurements were
performed with the same device and were well tolerated
by all volunteers.

Sublingual Microcirculatory Parameters

Three hundred image sequences from the 15 volun-
teers were measured using MicroTools to yield TVD,
FCD, SVMD, and FD of the different sublingual micro-
circulatory fields. There were around 40,000 frames used
to evaluate different kinds of structures and microvascu-
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lar types within different regions. Thirty-four image se-
quences (about 5,000 frames) were excluded due to low
image quality.

TVD was examined separately in small and large mi-
crovessels and presented as small vessel TVD and large
vessel TVD using a cutoff value of 20 um diameter for
classification. Small vessel TVD was found to be 20.9
(IQR, 20.5-23.1) mm/mm? in Field-a, 22.2 (IQR, 21.5-
24.5) mm/mm? in Field-b, 23.1 (IQR, 21.7-24.5) mm/
mm? in Field-c, and 21.6 (IQR, 19.7-23.0) mm/mm? in
Field-d (p = 0.30) (Fig. 3; Table 1). Large vessel TVD was
7.6 (IQR, 6.6-8.5) mm/mm? in Field-a, 7.2 (IQR, 6.8-7.9)
mm/mm? in Field-b, 7.3 (IQR, 6.6-7.6) mm/mm? in
Field-c, 7.9 (IQR, 7.4-8.6) mm/mm? in Field-d (p = 0.11)
(Fig. 3; Table 1). There was no statistical difference be-
tween the different regions in terms of small, large or total
microvessel density. The coefficient of variance of small
vessel TVD was found to be 11.6%, 10.1%, 9.6%, 10% in
the Field-a, Field-b, Field-c, and Field-d, respectively. The
FCD of small microvessels were 20.0 (IQR, 19.7-22.7)
mm/mm? at Field-a, 21.6 (IQR, 20.6-23.7) mm/mm? at
Field-b, 22.4 (IQR, 21.1-23.4) mm/mm? at Field-c, 21.2
(IQR, 19.3-22.3) mm/mm? at Field-d (p = 0.38) (Fig. 3;
Table 1). The FD had a trend to be deeper at Field-b but
was not statistically different between different regions
(160 [IQR, 141-210] pum in Field-a, 177 [IQR, 101-186]
pum in Field-b, 160 [IQR, 116-201] pm in Field-c, 170
[IQR, 110-195] um in Field-d, p = 0.09) (Fig. 3; Table 1).
In addition, microcirculatory parameters were compared
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Fig. 3. Box-Plots of microcirculatory pa-
rameters within different mouth regions.
Microcirculatory parameters were assessed
for homogeneity among sublingual fields.
The analyses were performed on the com-
plete data set of the 15 healthy volunteers.
Friedman test was used for the statistical
analysis. No statistical significance was
found between the defined sublingual
fields for the distribution of small vessel
TVD (p = 0.30), large vessel TVD (p =
0.11), FCD (p = 0.38), and FD (p = 0.09).
Red, green, blue, and purple bars displayed
Field-a, -b, -c, and -d, respectively. TVD,
total vessel density; FCD, functional capil-
lary density; mm, millimeter.
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Table 1. Microvascular parameters of the different sublingual fields
Field Small vessel TVD Large vessel TVD FCD FD
Median (IQR), mm/mm? Median (IQR), mm/mm? Median (IQR), mm/mm? Median (IQR), um
a 20.9 (20.5-23.1) 7.6 (6.6-8.5) 20.0(19.7-22.7) 160 (141-210)
b 22.2 (21.5-24.5) 7.2 (6.8-7.9) 21.6 (20.6-23.7) 177 (101-186)
C 23.1(21.7-24.5) 7.3 (6.6-7.6) 22.4(21.1-23.4) 160 (116-201)
d 21.6 (19.7-23.0) 7.9 (7.4-8.6) 21.2(19.3-22.3) 170 (110-195)
p value 0.30 0.11 0.38 0.09

Sublingual microcirculatory parameters, including small vessel TVD, large vessel TVD, FCD, and FD, were
analyzed in all fields. We used Cytocam-IDF (Braedius Medical B.V., Huizen, The Netherlands) to visualize the
microcirculation and included fifteen healthy volunteers’ image sequences. Statistical analyses were performed
using Friedman Test due to the skewed distribution was found using the Shapiro-Wilk test. Values were displayed
as the median (before parenthesis) and interquartile range (in the parenthesis). No statistical significance was found
between the defined sublingual fields for the distribution of small vessel TVD (p = 0.30), large vessel TVD (p =0.11),
FCD (p = 0.38), and FD (p = 0.09). TVD, total vessel density; FCD, functional capillary density; mm, millimeter; um,

micrometer.
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Fig. 4. a, b Individual microvascular diameter distributions in the
different sublingual regions. SVMDs are defined as the horizontal
diameter of the vessels. About 26,092 microvessels and 3,073 mac-
ro vessels were detected among 266 image sequences. Per-vessel
diameter distributions measured by MicroTools were compared
between different sublingual regions using linear mixed model
analysis. SVMDs were found similar in Field-a, -b, and -c (10.51

Table 2. Comparison of CTSs between upper and lower lips and
buccal area

CTS Lower lip*# Upper lip*t Buccal area®
0: no twists 5 5 2
1: 1 twist 9 7 6
2: 2 twists 1 2 5
3: 3 twists 0 1 1
4: 4 or more twists 0 0 1

CTS is a microvascular score that morphologically assesses
microvascular architecture based on the number of twists per
capillary (Fig. 2). The table shows the number of volunteers that
have the CTS in the right column. The volunteers predominantly
have CTS-1 at the lower lip, upper lip, and buccal area, as displayed
at the table. The CTS was not statistically different between the
lower and upper lip (p = 0.5). However, CTS was much higher in the
buccal area than lower lip (p = 0.01) and upper lip (p = 0.03). CTS,
capillary tortuosity score. * p=0.5.*p=0.01. T p = 0.03.

between men and women in all sublingual fields. How-
ever, there was no statistical difference in TVD, FCD, and
FD between men and women (data were not shown).
SVMDs were similar in Field-a, -b, and -c (10.51 +
2.37,10.47 + 2.35, and 10.55 + 2.37 pm, respectively, in-
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2.37,10.47 + 2.35, and 10.55 + 2.37 mm, respectively, individual
fixed effect p = 0.20-0.30), and larger in Field-d (10.61 + 2.35 mm,
overall p < 0.01, individual fixed effect p for Field-d = 0.015). There
was no difference between sublingual regions for large vessel mean
diameters (overall 30.35 + 6.99 mm, p = 0.43). Red, green, blue, and
purple density plots displayed Field-a, -b, -c, and -d, respectively.
n, number of microvessels.

dividual fixed effect p = 0.20-0.30), and larger in Field-d
(10.61 + 2.35 pum, overall p < 0.01, individual fixed effect
p for Field-d = 0.015) (Fig. 4). No difference between sub-
lingual fields was found for large vessel mean diameters
(30.35 + 6.99 pum, p = 0.43).

The morphology of the microcirculation of all volun-
teers was evaluated in terms of microvessel structure in
the upper and lower lip and in the buccal areas. The CTS
was used for scoring the morphology of the capillaries
(Table 2). Each number in Table 2 corresponds to the
number of volunteers that had the same subscore. There
was no difference between the upper and lower lip (p =
0.5). However, the CTS was higher in the buccal area
compared to both upper and lower lip (p = 0.03 and p =
0.01, respectively) (Table 2).

Discussion

To the best of our knowledge, this study is the first to
quantitatively assess the morphological structures of the
complete OM using the latest generation IDF imaging
HVM. The use of improved optics of the latest generation
IDF imaging for characterizing baseline values of healthy
humans is important because several studies have shown
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higher microvascular densities in human volunteers than
those found using the previous generation sidestream
dark-field (SDF) imaging devices [15, 19]. For example,
Kannoore Edul et al.[9], using SDF imaging found in vol-
unteers a sublingual microcirculatory density of 16.9
mm/mm?, whereas in this study, we found a density of
20.9 mm/mm? similar to found in other studies using IDF
imaging. Furthermore, the present study describes ranges
of the microvascular parameters throughout the oral
field, unlike previous studies where precise anatomical
locations of the measurements were lacking. Moreover,
FD and quantitative distribution of SVMDs within the
whole sublingual field are reported for the first time in a
healthy human population. We found that all fields of the
sublingual area have similar microvessel density regard-
less of the presence of vessel loops in the field of interest.
The distance between the surface of the tissue and the
microvessels was found to be between 160 and 170 pm.
The mean diameter of small vessels was found to be larg-
er in the back of the mouth compared to other locations.

The morphological mapping of the normal SM is of
importance because the sublingual location is by far the
most studied microcirculatory location in patients having
different states of disease, especially in critically ill pa-
tients [3, 20]. Point-of-care assessment of the microvessel
density and microvascular flow parameters can potential-
ly provide valuable information regarding the diffusive
and convective capacity of oxygen transport of the micro-
circulation [21, 22]. Similarly, chronic systemic diseases
such as diabetes mellitus, hypertension, coronary artery
disease have shown to be associated with sublingual mi-
crovascular alterations [9, 23, 24]. However, it is un-
known whether early recognition of microvascular ab-
normality with HVM can predict microvascular compli-
cations before developing macrovascular and/or clinical
complications. Identifying the extent of microcirculatory
alterations as a marker of disease can only be accom-
plished if there is knowledge regarding the baseline char-
acteristics of the microvessels under conditions of health.

In the current study, the SM revealed a morphologi-
cally heterogeneous capillary pattern. Firstly, the sublin-
gual field showed the presence of more capillary loops
toward to backside of the mouth (Fields ¢ and d). Also,
more capillary loops were found near the sublingual fold.
This is probably due to the anatomical location of the sub-
lingual saliva glands, which are present under the sublin-
gual folds [25]. Identifying the presence of vessel-loop
free fields is crucial for sublingual monitoring since an
area without the presence of capillary loops is required for
the microcirculatory assessment with an HVM [6]. A sec-

Morphologic Mapping of the Sublingual
Microcirculation

ond finding was that the FD of the microcirculation did
not significantly differ between the sublingual regions
even though heterogeneity within the volunteers was
present. Each volunteer had his or her characteristic focal
depth. However, considering all patient measurements,
the average distance between the SM and the tissue sur-
face was found around 160 um. Similarly, Ten Tusscher
et al. [26] reported an FD of around 130 pm [22]. The
purpose of their study was to identify if this variable was
related to tissue edema; however, they found that there
was no correlation between the severity of tissue edema
and FD [26]. On the other hand, this parameter has been
shown to identify the presence of vaginal atrophy in a
quantitative manner. In a validation study using vaginal
biopsies, Kastelein et al. [14] found a linear correlation
between histologically determined focal depth and that
measured using IDF imaging. Using this methodology,
Weber et al. [27, 28] showed how successful estrogen
treatment in patients could be demonstrated by changes
in FD in patients suffering from vaginal atrophy [14].

Only a few studies have been performed describing the
anatomical structure of the OM [29, 30]. These research-
es mainly focused on the lip, gingiva, and buccal mi-
crovessels due to the technical limitations to reach the
sublingual area [29, 30]. However, these studies used pre-
vious video-capillaroscopy techniques the values of which
have been shown to deviate from the newly introduced
HVM [15, 19, 31, 32]. Hubble et al. [11] showed the nor-
mal ranges of sublingual microvessel diameters with the
second-generation SDF imaging handheld video micro-
scope and visualized the microvessels in a limited sublin-
gual field. In contrast, our study used the latest generation
HVM (Cytocam-IDF) to comprehensively map the whole
OM. This device has already been validated (for labial
capillaries [8]) and confirmed to have a sublingual image
with higher quality and visualize more capillaries (30%
more vessels) than its predecessors [15, 19]. For example,
Kannoore Edul et al. [33] found, using SDF imaging, sub-
lingual microcirculatory densities in human volunteers of
16.9 mm/mm?, whereas our study found a density of 20.9
mm/mm? similar to that found in other studies using IDF
imaging. Moreover, the novel full automated and vali-
dated software program MicroTools was used for data
analysis. This innovative software enables rapid data
analysis and is expected to start a new era on the bedside
microcirculatory-based diagnosis and treatment modali-
ties in the future. Importantly, we believe that the current
study enabled a base for future studies by comprehen-
sively providing normal ranges and anatomical structure
of the microvessels.
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In this study, TVD and FCD were found 20-21 um/
mm? and were not significantly different between the
sublingual regions. This finding is important because it
allows a random choice for the best sublingual area con-
forming to the Massey Microcirculation Image Quality
Score [34]. Previous studies were also reported a com-
patible TVD range in a healthy population [9, 11, 15,
35]. Moreover, the area between the incisors’ teeth, lin-
gua, and frenulum (as depicted Field-a) was found to be
the most suitable area in most of the volunteers. As rec-
ommended in the consensus report [6] and the Massey
Microcirculation Image Quality Score [34], this field
was determined to contain the least capillary loops
among the sublingual area. This finding confirms the
location that Uz et al. [36] previously described as the
triangle area.

International guidelines recommend visualizing a
minimum of 3-5 image sequences for a sublingual mea-
surement to be acceptable [6, 37]. However, the guide-
lines also recommend visualizing the same spot to moni-
tor the changes in the same field [6]. Practically, this is
hard to realize as the probe can easily move. The sublin-
gual map generated in this study could help the observer
to find a previously visualized spot by identifying its loca-
tion on the map (such as aR [Field-a, right side] and aL
[Field-a, left side]).

Another finding of the current study was defining the
number of capillary tortuosities, which has been pro-
posed as a useful parameter for recognizing microvascu-
lar alterations in patients with chronic diseases such as
diabetes [8]. In previous studies, normal ranges of capil-
lary tortuosity were found between 0 and 2 [8, 29], which
agreed with our findings of values between 0 and 1. The
CTS was not different between the upper and lower lip.
However, our study showed that the buccal area showed
a significantly higher CTS than the lips. An important
correlation was reported between smoking and capillary
tortuosity [38]. In addition, Djaberi et al. [8] reported that
the high CTS (0-2) is significantly associated with higher
obstructive coronary artery disease in asymptomatic dia-
betic patients.

The current study has several limitations. The relative-
ly small number of volunteers, notably women, concerns
that the findings may not be generalized to larger popula-
tions. However, the number of subjects we investigated is
similar to previous volunteer studies, which aimed to ex-
amine the sublingual parameters [3, 10, 11]. Confound-
ing factors such as the choice of ethnicity may also affect
the quantitative value of the variables measured [39]. Cer-
tain chronic diseases and older age may also affect the

206 ] Vasc Res 2022;59:199-208

DOI: 10.1159/000522394

nature of the morphology and density of the microcircu-
latory structure. Finally, the participants of the current
study are relatively younger, and microcirculatory pa-
rameters might change by age. Future studies would have
to investigate the values of the microcirculatory variables
identified in this study in the older volunteers and the pa-
tients. Finally, a comparison of these baseline values to
states of disease may have been undertaken. However,
this would have been a considerable undertaking which
we leave for future studies since each specific state of dis-
ease has deviation in specific types of microcirculatory
values as we and others have shown in previous studies
[13].

Conclusion

The sublingual area has a homogenous distribution in
small and large vessel TVD, small and large vessel FCD,
and FD. The lateral sublingual region, between the sec-
ond molar, wisdom teeth, and lingua, was found to pos-
sess larger individual vessels. Therefore, based on the
current finding, investigators could use the area between
the incisors and the lingua for measurements for obtain-
ing reproducible measurements of the SM in clinical
studies.
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