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Determination of baseline alveolar mucosa perfusion parameters using laser
Doppler flowmetry and tissue spectrophotometry in healthy adults
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ABSTRACT
Objectives: To determine the baseline perfusion parameters of the alveolar mucosa using laser
Doppler flowmetry and tissue spectrophotometry (LDF-TS) in healthy adults.
Material and methods: Forty-two healthy adult subjects of either sex were tested. The perfusion of
the alveolar mucosa was evaluated using a laser Doppler flowmetry and tissue spectrophotometry
using O2C ‘oxygen to see’ device. The measurements encompassed the maxillary and mandibular
mucosa at 20 different points.
Results: The O2C device is a reliable method for noninvasive measurement of different perfusion
parameters of the oral mucosa. The hemoglobin saturation values (So2 in %), as well as relative
amount of hemoglobin in arbitrary units (AU) of the maxillary mucosa demonstrated lower values of
that in the mandible. The flow value (AU) exhibited a significant difference in the posterior molar
region only, while the velocity value (AU) showed a significant difference across all points except for
the anterior region.
Conclusion: the present study provides a set of brand-new perfusion parameters of the microcircula-
tion of the alveolar mucosa using LDF-TS. The study suggests a variation of the perfusion parameters
between the maxilla and the mandible. Differences in the anatomy of the blood supply, the thickness
of the mucosa and the cortical bone, may be attributed to this variation. Further studies using differ-
ent probes and a combination of ultrasonic measurements and SDF imaging will aid in giving a better
overview of the perfusion in the oral mucosa.
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Introduction

Adequate perfusion of tissues is an essential requirement to
maintain the regular functions of every organ. The blood-
stream carries oxygen to all organs and transports toxic
metabolic byproducts to different excretion sites [1,2].

Multiple techniques to monitor the perfusion directly such
as pulse oximetry and indirectly like with Doppler ultrasonog-
raphy and angiography have been developed and are being
used clinically on a daily basis [3–5]. Other costly and time-
consuming methods like positron emission tomography (PET)
and single photon emission computed tomography (SPECT)
can also be used to assess the perfusion of tissue [6,7].

A technique combining white light spectrometry and laser
Doppler spectroscopy using the O2C ‘oxygen to see’ device
(LEA-Medizintechnik, Gießen, Germany) enables noninvasive
assessment of postcapillary microcirculation. The device pro-
duces a continuous white light ranging from 500 to 800 nm
and a white laser light of 830 nm simultaneously [8].

White light is used for the detection of hemoglo-
bin parameters;

1. Postcapillary oxygen saturation (So2): this value shows
the lowest oxygen saturation of the tissue. Venous

oxygenation is an excellent indicator of venous hypoxias,
thus, making this value critical.

2. Relative amount of hemoglobin (rHb) in the microvessels
which is a measurement of relative filling of blood ves-
sels with hemoglobin.

The movement of red blood cells within the vessels causes a
Doppler shift, which can be detected with the probe and
converted to arbitrary numerical values:

3. The flow of blood in the microcirculation shows how
many erythrocytes move and at which velocity.

4. The velocity of the blood in microcirculation is a param-
eter that delivers no information on the quantity of
transported blood and is rather the measurement of the
average velocity of the blood in the microcirculation.

The O2C device has been used as a diagnostic tool mostly
with organ transplantation and wound healing monitoring.
The O2C device has also been deployed in the field of max-
illofacial surgery, particularly as monitoring for soft and hard
tissue reconstruction of the oral cavity and control of flap
reperfusion [9,10].
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This study was conducted to determine the baseline per-
fusion parameters of the alveolar mucosa using laser
Doppler flowmetry and tissue spectrophotometry (LDF-TS) in
healthy adults. These parameters can be helpful in the future
to compare the perfusion after surgical and reconstruction
procedures in the alveolar cavity.

Material and methods

The study was carried out in 42 healthy adult subjects of
either sex. The age range was 21–51 years, with a mean age
of 28.1 ± 5.9 years. Convenience sampling was used to select
test subjects. The perfusion of the alveolar mucosa was eval-
uated at 20 different points encompassing the overlying oral
mucosa of the maxilla and the mandible approximately
5mm from the mucogingival junction using laser Doppler
flowmetry and tissue spectrophotometry as a noninvasive
diagnostic tool.

Study design

Patient recruitment took place at the Department of Oral
Surgery of Bonn University Dental Clinic. Patients who
matched the inclusion and exclusion criteria were
approached. Inclusion criteria were adults of either sex, age
of 18 years and older, nonsmoker, no previous dental treat-
ment (conservative, prosthodontic, endodontic treatments or
previous trauma), no known medical history. Exclusion crite-
ria were tobacco smoking, patients with known systemic dis-
eases, pregnancy, history of chemotherapy or radiotherapy in
head and neck region.

Measurements

Measurements were performed using a noninvasive LDF-TS
system (O2C ‘oxygen to see’ device, LEA-Medizintechnik,
Gießen, Germany) to assess oxygen saturation So2 (%), rela-
tive amount of hemoglobin rHb in arbitrary units (AU), blood
flow (AU) and velocity (AU) of the oral alveolar mucosa at
depth up to 3mm. The location of the measurement’s pos-
ition was in the oral mucosa 5mm away from the mucogin-
gival junction in an apical direction. Twenty measurement
sites were selected in the maxilla and the mandible of
each patient.

Previous examinations showed that results obtained with
the O2C device are reproducible and accurate [11–13].
However, these studies were conducted using the O2C
device in an extraoral environment. Probes were fixed to the
examined tissues using a special tape in these studies
[11,12]. The challenging anatomy in the oral cavity in add-
ition to the saliva’s effect meant that fixing the probe to the
oral mucosa using tape was not possible and an alternative
method of application was required. Thus, the measurements
were conducted using a modified pressure sensitive dental
probe (Figure 1). The results were consistent using the modi-
fied probe while a direct application with the finger showed
great discrepancies.

The O2C probe cannot be sterilized and, therefore, was
attached to the dental instrument and covered with a trans-
parent endoscopic protection cover (Ultracover, Microtek,
Wertheim, Germany) as recommended by the manufacturer
of the O2C device. Different covers have been used in the
pre-studies to determine the effect of the cover material on
the results of the measurement. The cover used in this study
showed consistent results, whereas other covers were
not reliable.

All measurements were performed using the LFX-2 probe
(LEA-Medizintechnik, Gießen, Germany) that has a dimension
of 5� 5mm. The measurement depth was predefined from
the manufacturer at 3mm. Conditions such as supine pos-
ition, temperature-controlled room (22 �C), a dark environ-
ment to minimize interference from external light sources
such as sun or fluorescent lamps were standardized. Each
patient and examiner wore laser safety goggles. All measure-
ments were performed by two experienced surgeons. Basic
parameter such as age, height, weight and blood pressure
(mmHg) were also recorded.

Measurements were performed for each quadrant starting
from the anterior region going through to the posterior,
tuber or retromolar region and ending at the palatal or lin-
gual region of the premolars. The sites were allocated
according to the diagram in Figure 2.

The probe was calibrated before each measurement ses-
sion according to the instructions of the manufacturer. Each
measurement consisted of a preliminary 5 seconds period.
The additional period was included in the measurement
protocol to give the examiner adequate time to place the
probe accurately without compressing the area with more

Figure 1. Modified pressure sensitive dental probe used as the carrier for the
O2C sensor.
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than 0.25 N force. The duration of the measurement was set
at 15 s. During this period, measurements recorded with the
O2C device were averaged and saved as mean number auto-
matically. The period was set to more than 10 seconds to
compensate for fluctuations caused by minimal bodily move-
ments such as swallowing and breathing of the patient.

Different measurement points were clustered into the fol-
lowing zones to take the average values:

1. Maxillary or mandibular anterior region: measuring
points M1 and M6;

2. Maxillary or mandibular posterior region: measuring
points M2, M3, M7 and M8;

3. Tuber or retromolar region: measuring points M4 and M9;
4. Palatal or lingual region of the premolars: measuring

points M5 and M10.

Statistical analysis

A Kolmogorov–Smirnov test was used to analyze the distribution
of the values. Subsequently, the t test (Welch-test) was used to
compare the heteroscedastic values. Statistical significance was
set at 5% (p� .05). In the cases of multiple tests, a Bonferroni
correction was performed to neutralize the alpha adjustment
for multiple comparisons. The analysis was performed with
SPSS software version 21 (IBM Corp., Armonk, NY, USA).

Results

Hemoglobin oxygenation (So2)

The average hemoglobin oxygenation for the entire maxilla
was 75.6 ± 9 [%] while the mandibular counterpart had a sig-
nificantly higher value at 77.2 ± 7.9 [%] (p¼ .007). The aver-
age value of the anterior region of the maxilla at 73.8 ± 8.2
showed a significant statistical lower oxygenation to the
value of the anterior region of the mandible at 76.9 ± 8.9 [%]
(p¼ .02). Measurements of the tuber region also

demonstrated lower values with a statistically significant dif-
ference at 72.7 ± 7.1 [%] compared to the retromolar region
at a higher value of 77.7 ± 7.2 [%] (p< .001). Measurements
of the posterior region of the maxilla and the mandible, as
well as the palatal and lingual areas of the premolars,
showed no statistical differences (Table 1 and Figure 3(A)).

Relative amount of hemoglobin

The relative amount of the hemoglobin value of the entire
mandible also demonstrated a significant difference
87.4 ± 9.9 [AU] compared to the maxilla with 82.5 ± 13.9 [AU]
(p< .001). The anterior region of the maxilla had a value of
85.9 ± 9.2 [AU] significantly different compared to the anter-
ior region of the mandible at 90.6 ± 6.7 [AU] (p< .001).
Measurements of the lower retromolar region demonstrated
a higher value at 84.3 ± 9.1 [AU] in comparison to the tuber
region at 80.6 ± 10.6 [AU] (p¼ .02). In contrast to the results
of So2, the relative amount of hemoglobin in the palatal and
lingual area of the premolars was significantly different at
66.8 ± 10.8 [AU] and 83.4 ± 13.1 [AU] respectively (p< .001).

Measurements of the posterior region of the maxilla and
the mandible (M2, M3, M7 and M8) exhibited no statistical
differences (Table 1 and Figure 3(A)).

Figure 2. Diagram of measurement points in the maxillary and mandibular mucosa.

Table 1. Hemoglobin oxygenation (So2 values) and relative amount of hemo-
globin (rHb) of different areas of the maxilla and the mandible.

Region
So2
(%) SD p value

rHb
(AU) SD p Value

entire maxilla 75.6 9.0 .007 82.5 13.9 <.001
entire mandible 77.2 7.9 87.4 9.9
anterior region - maxilla 73.8 8.2 .02 85.9 9.2 <.001
anterior region - mandible 76.9 8.9 90.6 6.7
posterior region - maxilla 77.0 8.9 .782 89.6 11.9 .715
posterior region - mandible 76.8 7.6 89.2 8.7
tuber region 72.7 7.1 <.001 80.6 10.6 .016
retromolar region 77.7 7.2 84.3 9.1
palatal region of the premolars 72.2 10.6 .764 66.8 10.8 <.001
lingual region of the premolars 77.7 8.3 83.4 13.1

SD: Standard deviation. (AU¼ arbitrary unit).
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Blood flow and velocity

Comparing the values of the blood flow demonstrated a sig-
nificant difference only in the posterior regions of the maxilla
and mandible at 246.5 ± 86.1 [AU] and 225.7 ± 76.7 [AU]
respectively (p¼ .019). Other regions had similar comparable
values. The blood velocity, on the other hand, exhibited sig-
nificant differences in all regions except in the anterior max-
illa and mandible (Table 2 and Figure 4).

Discussion

Sufficient perfusion is essential for all cells to function cor-
rectly. Diseases, traumas, surgeries as well radiotherapy and
chemotherapy have a considerable impact on the circulation
of the affected organ. Noninvasive monitoring of the circula-
tion is of great importance to minimize intervention time as
well as trauma caused by invasive procedures. Laser Doppler
flowmetry and tissue spectrophotometry (LDF-TS) measure-
ments using the O2C device offers noninvasive, real-time
monitoring capabilities of all perfusion parameter. The device
has been extensively used in various fields of medicine such
as angiogenesis research [14], neurosurgery [15–17],

gastrointestinal reconstruction [18] wound healing [19,20]
and vascular disease research [13,21].

The number of studies encompassing tissues of the oral
cavity up to now has been limited. H€olzle and coworkers [9]
performed monitoring of free flaps to detect early perfusion
problems using the O2C device. The measurements were
able to detect vascular complications in real time and decide
over surgical revisions. A sudden reduction in blood flow
and So2 values indicated an arterial occlusion, while a swift
rise in hemoglobin concentration of more than 30% indi-
cated venous congestion in transplant sites [10].

A pilot study at the Department of Oral Surgery in Bonn
University Dental Clinic used the O2C device to compare the
perfusion parameters of 20 healthy Han Chinese adult to
those of 20 Caucasian adults. The measurements were per-
formed at 8 different points (upper and lower vestibular
mucosa of the incisors, palatal mucosa and cheek mucosa).
The study showed a significant difference in perfusion values
of Caucasian and the Han Chinese adults [22].

Another study was also performed to measure the perfu-
sion parameters in different patient categories (healthy vs.
with periodontal disease, with or without nicotine consump-
tion or diabetes mellitus) after tooth extraction. Four meas-
urements were performed at different dates (pre-extraction,
on extraction day, seven days and fourteen days later). The
study showed a significant statistical difference in oxygen
saturation in smokers and diabetic patients compared to the
control group. The flow value (AU) was significantly higher in
periodontally affected teeth compared to those in the
healthy group with no periodontal disease. [23].

Our current study was able to provide a set of brand-new
baseline values of all perfusion parameters of the maxillary
and mandibular mucosa at 20 different points using the O2C
device in healthy adults. The measurement procedure should
be coupled with a pressure sensitive dental probe to reduce
unwanted pressure on the examination area influencing the
microcirculation.

Figure 3. (A) Box plot diagrams indicating results of the comparison of hemoglobin oxygenation (So2 values in %) measured in the maxilla and the mandible.
(B) Box plot diagrams indicating results of the comparison of the relative amount of hemoglobin (rHb values) measured in the maxilla and the mandible
(AU¼ arbitrary unit).

Table 2. Blood flow and velocity values of different areas of the maxilla and
the mandible.

Region
Flow
(AU) SD p Value

Velocity
(AU) SD p Value

entire maxilla 218.1 78.2 .556 30.5 8.4 .019
entire mandible 214.1 113.0 29.2 7.7
anterior region - maxilla 219.1 75.0 .546 30.0 7.8 .326
anterior region - mandible 233.5 204.5 28.8 7.7
posterior region - maxilla 246.5 86.1 .019 32.9 9.4 .015
posterior region - mandible 225.7 76.7 30.7 7.5
tuber region 186.6 63.2 .168 25.7 6.0 .031
retromolar region 199.9 62.0 27.7 6.1
palatal region of the premolars 191.7 61.5 .574 31.1 6.8 .021
lingual region of the premolars 185.8 72.7 28.2 8.9

SD: Standard deviation (AU¼ arbitrary unit).
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The measurement depth in this study was 3mm and is
predefined by the so-called separation in the probe. Other
probes can perform measurements up to 8mm in 2 separate
channels. The gingiva was excluded in this study as the bio-
type of patients and the thickness of the tissues can vary
greatly and accurate measurements with the 5� 5mm probe
were not physically possible.

According to the results of the study, the hemoglobin sat-
uration values (So2 in %), as well as the relative amount of
hemoglobin (in AU) of the maxillary mucosa, demonstrated
lower values compared to the mandible. The flow value (in
AU) exhibited a significant difference in the posterior molar
region only, while the velocity values (in AU) showed differ-
ences across all points except for the anterior region. These
differences could be attributed to the variation of the oral
mucosa thickness, neurovascular regulations, or environmen-
tal factors as well as the anatomical variation. We speculate
that the thickness of the cortical bone in the mandible plays
a role when comparing the results to the maxilla. The meas-
urements of the O2C device are a representation of postca-
pillary circulation, up to a depth of 3mm in this study. A thick
cortex limits the amount of vascular communication with the
bone marrow; this consequently leaves more oxygenated
blood in the microcirculation and increases the values. Since
the measurement of the flow value is a representation of the
number of erythrocytes moving in the microcirculation, the
value can be affected similarly in the posterior maxilla because
the probe may be able to penetrate beyond the thin cortical
bone giving higher values. A difference between the maxilla
and the mandible regarding the velocity value can be
expected due to differences in the diameter of the nutrient
blood vessel as well as the number of primary branches. The
anastomoses in the anterior region can be attributed to neu-
tralizing such difference between the maxilla and the man-
dible. The effects of the environment and neurovascular
changes should be minimal in this study since the measure-
ments were standardized as described earlier in the article.

The thickness of the tissue can be assessed with an ultra-
sonic scan. A B-scan ultrasonic analysis of the maxillary gin-
giva showed that male subjects had thicker maxillary gingiva
in comparison to females [24]. A newer A-scan measurement
technique has been developed to achieve more precise results
(measurement range: 0.25–6mm with an axial resolution of
0.01mm). This method has been used so far in implant-related
research [25]. The technique can be combined in future stud-
ies with LDF-TS to get more information on the blood supply
and perfusion of examined tissues while taking into consider-
ation the thickness of the mucosa and the anatomical well-
described concept of angiosomes [26].

Capillary microcirculation has also been studied using
optical spectroscopic based microvascular imaging techni-
ques. Orthogonal polarization spectral imaging and more
recently sidestream dark-field (SDF) imaging, have demon-
strated reproducible measurements of the capillary density
of the gingiva [27,28]. Milstein and coworkers conducted
measurements of microcirculation parameters to assess the
differences between normal and alveolar cleft gingiva using
the O2C device in addition to sidestream dark-field imaging
[29]. The measurements showed significant differences in
blood flow and velocity in areas of previous surgery. The
SDF of the alveolar cleft gingiva demonstrated altered angio-
morphology with notable large avascular zones [30] similar
to the alveolar crest mucosa of edentulous jaws [26].

The data collected in this study is a representation of
baseline values of postcapillary microcirculation in healthy
adults. Our aim is to give a reference for future real-time
measurements. A change in the parameters should be
expected after surgical procedures; an increase in the flow
and velocity values after surgery should indicate good heal-
ing due to the increased angiogenesis and proper utilization
of the oxygen. A fall in the relative amount of hemoglobin,
for instance, should indicate arterial congestion, whereas an
increase in the value can be attributed to more venous con-
gestion and edema formation.

Figure 4. (A) Box plot diagrams indicating results of blood flow values measured in the maxilla and the mandible (AU¼ arbitrary unit). (B) Box plot diagrams com-
paring blood velocity values measured in the maxilla and the mandible (AU¼ arbitrary unit).
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Further clinical studies are needed to assess the pattern
of changes in blood perfusion related to pathologies and fol-
lowing dentoalveolar surgery to obtain better values during
healing stages. The clinical advantages of using the O2C
device include providing detailed information about the per-
fusion parameters prior to surgical procedures such as soft
or hard tissue augmentation or other reconstruction proce-
dures, as well as consequent postoperative monitoring dur-
ing the healing period.

Some limitations of this method are acknowledged, such
as requiring proper training and standardized measurement
conditions. Anatomical microvascular changes associated
with tissue healing can be detected using the O2C device.
However, the data cannot be linked to a certain microvascu-
lar network. Additional measurements using ultrasonic meas-
urements and SDF imaging could be of great value in
relation to the individual soft tissue thickness. The effects of
the environment and neurovascular regulation should be
taken into consideration when performing the measurements
in a nonstandardized setting. Further studies with different
probes are also required to assess the perfusion of the bone
and mucosa after various surgical procedures.
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