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Abstract

Objectives: To systematize a procedure that allows one to characterize the perfusion
response pattern of attached gingiva to the topical and transitory compression of
alveolar mucose, using laser-Doppler flowmetry.

Material and methods: A cross-sectional study was carried out, in 20 healthy adult
subjects of either sex, with teeth in antero-mandibular sextant but without periodontitis
at the lower left lateral incisor (LLLI). Sample was selected by convenience non-
probability sampling. Gingival perfusion was evaluated at labial LLLI attached
gingiva using a specially designed gingival tray. Two perfusion recordings were
carried out 5 min. apart, each one consisting of a 40 s control phase, a 22 s compression
phase and a 40s post-compression phase. During compression phase, LLLI alveolar
mucose was compressed with a wood-mounted cotton swab until the perfusion
decreased to about 1/5 of its control perfusion value.

Results: Integrated primary basal flow (IPBF) during control phase was of

14,210 £ 1075 perfusion units (PU), whereas integrated flow during compression
phase was of 1651 £ 202 PU (p <0.05). After compression was released, integrated
total secondary real flow was 13,322 + 1513 PU (p <0.05) which represented a

91.3 £ 3.8% of IPBF. Gingival compression propitiated an induced flow debt (IFD) of
6478 + 781 PU, which increased in 980 + 482 PU after compression was released,

representing 18% of the IFD (Debt index).

Conclusions: A hypoaemic response in reaction to topical and transitory LLLI
alveolar mucose compression was observed. Debt index and the ITSRF% are
reproducible indices of microvascular perfusion response whose validation under
pathological circumstances remains to be evaluated.
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Laser-Doppler flowmetry (LDF) emerged
almost 30 years ago in the absence of
any other method to fulfil the clinical
requirements of a sensitive, continuous,
frequency responsive, non-invasive and
real-time method for perfusion measure-
ments in undisturbed microcirculation
(Stern  1975). Although laser-Doppler
methodology made it possible to demon-
strate that blood flow wave patterns
differ consistently among gingival tissue
types (Baab et al. 1986) and that there
are no within-subject differences over
time in laser-Doppler readings (Boutault

et al. 1989, Hinrichs et al. 1995), one of
the major drawbacks of this methodol-
ogy is that it gives the average blood
cell flux (cells/mzls) linear (Nilsson
1984) read-out in relative perfusion units
(PU) (Leahy et al. 1999). It has been
documented in cat gingiva (Sasano et al.
1995), as well as in human skin (Johnson
et al. 1984) that relative PU read-outs
correlate linearly and significantly with
absolute flow values (ml/min./100g of
tissue mass) measured by result-discrete
methods; however, the slope of the
regression line for each animal differs

significantly from every other. This has
been attributed to (1) spatial heteroge-
neity of blood flow within the tissue
itself, (2) a small sampled volume, (3)
optical properties of sample volume and
(4) variations in microvascular haema-
tocrit (Salerud et al. 1983, Johnson et al.
1984, Sasano et al. 1995; Leahy et al.
1999). Whatever the reason, the critical
point is that, so far, there is no average
calibration factor able to convert relative
PU to absolute flow values.

The consequences of the above are
multiple: (1) it contributes to high be-
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tween-subjects variability in laser-Dop-
pler readings (Baab et al. 1986); (2) it is
not possible to compare individual rela-
tive PU values between subjects, although
it is possible to compare between-groups
relative PU means (Kerdvongbundit et al.
2003) and (3) it is not possible to know
whether in an individual a given read-out
value of relative PU represents much or
little perfusion; individual assessment of
sufficiency of perfusion must, therefore,
be based on its variation in response to an
appropriate stimulus, each subject serving
as own control.

Although several stimuli have been
proposed to induce microvascular gingi-
val blood flow variations (heat, cold,
localized pressure on sampled gingiva,
occlusal force, vasoconstrictors, tooth
brushing, periosteal stimulation, etc.) and
evaluated (Baab et al. 1986, 1990, Atkins
& Tuncay 1993, Ambrosini et al. 2002),
with none of these calibrated stimuli have
the haemodynamic tissue repercussions,
which result from their application, been
controlled and much less quantified.

Because we are interested in having a
way of evaluating in vivo sufficiency of
perfusion, the aim of the present study
was to systematize, in healthy subjects
without periodontitis at the lower left
lateral incisor (LLLI), an operative and
analytical procedure that allows us to
characterize perfusion response pattern at
labial LLLI attached gingiva to topical
and transitory compression of LLLI
alveolar mucose, using LDF. The follow-
ing principles dictated our operative
design: (a) the procedure should be
simple; (b) the stimulus should be toler-
able, topic, transitory, controllable and
reproducible; (c) the laser-Doppler probe
should be spatially insulated from
sampled gingiva, and this should be a site
different from the site of gingival com-
pression in order to assure mechanical and
geometric stability before, during and
after stimulus and finally (d) the technique
should preserve the microenvironment
humidity in attached gingiva. To possess
a procedure that allows us to evaluate
clinically, individually and quantitatively
the sufficiency of perfusion constitutes a
tool that will improve the quality of
periodontological attention, while the
technology gives us the possibility of
measuring absolute gingival blood flow.

Material and Methods

A cross-sectional study was carried out
from August 2002 to July 2003, with

subjects attending the Clinica de Med-
icina Estomatologica, Facultad de
Odontologia, UASLP, México. The
Ethics Committee of the school ap-
proved the study in accordance with
international guidelines for the protec-
tion of human beings. Forty subjects
participated in two appointments in our
facilities. The first appointment was
used for obtaining a complete clinical
and oral history, laboratory tests and
complete periodontal evaluation and
making an mandibular impression. The
second appointment was used for
obtaining vital signs and performing
gingival vascular response, for which,
the subjects were not allowed to eat for
at least 2 h before the start of the study.
By convenience non-probability sam-
pling, 20 subjects were selected, who
fulfilled the following criteria: (a) inclu-
sion criteria: either sex, absence of
systemic diseases, preprandial and 2h
post-prandial glucose concentration < 120
and <140mg/dl, respectively, body
mass index <27kg/m* (Casillas &
Vargas 1980), without arterial hyperten-
sion or first-grade diabetes mellitus
antecedent, presence of teeth in antero-
mandibular sextant without perio-
dontitis at LLLI and informed written
consent to participate in the study; (b)
exclusion criteria: pregnancy, evident
genetic diseases, use of drugs that affect
blood glucose, have anticholynergic
action or inhibit angiotensin converting
enzyme; current treatment of perio-
dontal disease; epilepsy; edentulous
persons; smokers and persons with renal
transplantation; (c) elimination criteria:
(1) technical impossibility to reach,
during gingival compression, a perfu-
sion value of about 1/5 of its control
value in two consecutive recordings
and/or (2) differences greater than 30%
in perfusion responses to gingival com-
pression between two consecutive
recordings and/or (3) differences greater
than 15% in total backscatter signal
between two consecutive recordings.

Periodontal evaluation

The periodontal evaluation was per-
formed in LLLI. The same 6-months
pre-calibrated examiner conducted all
clinical examinations. The presence or
absence of gingival inflammation was
evaluated and graded (Loe 1967) in
mild (0.1-1.0 GI score), moderate (1.1-2.0
GI score) or severe (2.1-3.0 GI score).
The probing depth and attachment level
were registered with a calibrated perio-

dontal probe graded at 1, 2, 3,5,7, 8,9,
and 10mm (Hu-Friedy, Chicago, IL,
USA). The probing depth was evaluated
from gingival margin to the base of the
gingival pocket, considering a healthy
sulcus as <3 mm. The attachment level
was evaluated from the cemento-enamel
junction to the base of sulcus, consider-
ing a healthy sulcus as <2mm. The
criteria to consider the presence of perio-
dontitis at LLLI were probing depth
>3 mm and attachment level >2 mm.
A dental cast was made and a
blocking out resin spacer (LC Block-
Out, Ultradent, South Jordan, UT, USA)
of 0.5 mm was transiently applied over
LLLI attached gingiva labial aspect of
the model and a probe miniholder (PH
07-5, Perimed AB, Jarfalla, Sweden)
superposed to it in order to keep
constant the distance between the small
straight probe and attached gingival
(Probe 407-1, Perimed AB), and to keep
the tray from contacting the LLLI
tissues. A heat/vacuum tray-forming
machine (Sta Vac, Buffalo Dental,
Syosset, NY, USA) and 0.20-in hard-
tray (Splint Sheets, Ultradent) were
used to fabricate the horseshoe-shaped
tray extended from the second left
premolar to the second right premolar.
The lowest margin of labial aspect of
the tray was trimmed at the level of the
inferior edge of the probe miniholder.

Gingival vascular response evaluation

Each subject was placed in a decubitus-
supino comfortable position on a dental
chair, the head placed with discrete neck
hyperextension, using a travel pillow.
Moreover, the head was kept motionless
by using a semicircular frontal metallic
arc fixed to the dental chair and then
packed with low-compression pillows,
to avoid lateral head movements. All
subjects were given a full explanation of
the procedure and were asked to keep
relaxed during the procedure, not to
gesticulate, swallow or speak and to
breathe normally and smoothly. After
20min. of stabilization, a soft-tissue
retractor (Morita Co., Osaka, Japan)
was placed in the oral cavity and both
gingival tray and laser-Doppler probe
(Probe 407-1, Perimed AB) were
installed (Fig. 1). Before starting gingi-
val perfusion recordings, vital signs
were taken.

Gingival perfusion recordings were
obtained using a Periflux System (Peri-
med AB) consisting of a PF 5001 main
unit, a PF 5010 LDPM unit (Class 1



Fig. 1. Oral cavity with soft-tissue retractor,
gingival tray, miniholder (Perimed, PH 07-
5) and laser-Doppler probe (Perimed, Probe
407-1) installed. The site where the wood-
mounted cotton swab was placed is shown.

laser, 780 nm, near-infrared laser diode,
power = 1 mW, time constant=0.2s,
bandwidth = 20 Hz—20kHz, with vali-
dated electronic linearizer (Nilsson
1984), a Probe 407-1 (5 mm diameter,
0.25 mm fibre separation) and a PF1000
calibration device. With the equipment
calibrated, two continuous perfusion
recordings were carried out 5 min. apart.
Each one consisted of a 40s control
phase, a compression phase of 22 and a
40s post-compression phase. During
compression phase, the LLLI alveolar
mucose below the tray margin was
quickly (~ 2.5 s) and progressively com-
pressed with a wood-mounted cotton
swab (Prodema, Bogota, Colombia)
until the perfusion decreased to about
1/5 of its control perfusion value. Once
there, compression was borne for 20s,
after which, came the post-compression
phase. Both the perfusion signal and
the total backscatter signal were cap-
tured to a frequency of 32Hz and
analysed by PSW Perisoft 1.30V soft-
ware, which allows one to obtain the
area under the curve (AUC) as well as
spectral analysis directly.

Panels A-D in Fig. 2 describe the
perfusion parameters evaluated in each
perfusion recording; the terms “pri-
mary” and “secondary” in this context
are synonymous of control phase and
post-compression phase, respectively.
Preliminary recordings performed under
control phase conditions gave evidence
that if gingiva was not disturbed, control
perfusion values were stable for at least
3min. Thus, the term “basal” means
under undisturbed flow conditions, so
that the term “integrated secondary
basal flow” speaks of the integral of
flow that would exist if gingival perfu-
sion had not been disturbed (.e.,
undisturbed), and it was proportionally
derived from integrated primary basal

”

flow, whereas the term “real” means the
measured flow. Finally, flows and flow
debts are expressed in relative perfusion
units (PU) and time durations in seconds

(s).

Data analysis

Before starting the study, the examiner
was calibrated with an expert perio-
dontist and with herself in all perio-
dontal variables to be measured. For
this, the agreement rates weighted k and
Cohen’s x with their 95% confidence
bounds and bands were computed in 30
study-independent subjects. The perfu-
sion parameter (see Fig. 1) values as
well as the power spectral density
values (dB) for every frequency in the
two consecutive perfusion recordings of
each subject were averaged. From these
20 averaged values, mean, SE and
coefficient of variation (CV,%) were
obtained, the latter taken as index of
between-subject variability (Zar 1974).
The degree of absolute agreement be-
tween perfusion measurements obtained
in the two consecutive recordings was
evaluated, using intra-class correlation
coefficient (ICC, one way, single mea-
surement, randomly chosen subjects,
two observations, one rater, n =40,
Model ICCI1; McGraw & Wong 1996,
calculating their 95% confidence
bounds and bands). To evaluate k¥ and
ICC, Landis and Koch criteria (Kramer
& Feinstein 1981) were used. The time
course of perfusion was analysed by
one-way repeated measurements (sub-
ject as block) before Box—Cox data
transformation to adhere to assumptions
of parametric statistics (Winner et al.
1991); p<0.05 was considered statisti-
cally significant. All the data were
analysed by using both JMP V.4 (SAS
Institute) and R 1.8.0.beta packages.

Results

Twenty healthy subjects, 13 females
and seven males (age 30-55 years) with
body mass index of 24.5 + 0.4kg/m’,
mean arterial pressure of 92 +£ 1 mmHg,
heart rate of 80 & 2bpm, pre-prandial
glucose of 89 4+ 2mg/dl and 2h post-
prandial glucose of 100 £ 4 mg/dl con-
stituted the group selected. From the
remaining 20 eliminated subjects, three
(15%) were eliminated by criterion 1,
nine (45%) by criteria 1+2, five (25%)
by criteria 1+3 and three (15%) by
criteria 1+2+3. The inter- and intra-
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observer reproducibility of LLLI perio-
dontal indices reached by examiner
showed concordance indices above
0.80. Their k 95% confidence bands
were from 0.20 to 0.55. The labial LLLI
periodontal diagnostic in the selected
group was as follows: no gingivitis
25%, mild gingivitis 0%, moderate
gingivitis 70% and severe gingivitis
5% of the cases. No subject showed
periodontitis at LLLI.

Figure 3 shows the four different
gingival perfusion patterns seen in
response to LLLI alveolar mucose
compression. From 40 recordings
obtained, pattern 1 was seen in 40% of
them, pattern 2 in 10%, pattern 3 in 5%
and pattern 4 in 45%. The consistency
in gingival perfusion response pattern
between two consecutive recordings
was 80%. Figure 4 shows the average
time course of gingival perfusion during
the three phases. As can be seen, the
compression significantly reduced gin-
gival perfusion to almost 1/5 of its
control value, showing a recuperation to
control phase levels 9s after compres-
sion was released. A pattern of reactive
hypoemia was observed in 80% of the
subjects; the remaining showed a pat-
tern of reactive hyperaemia.

The perfusion parameters evaluated
in the selected group are shown in Table
1. Primary basal flow during control
phase was of 357 4+ 39 PU, which, in a
lapse of 2.4 £ 0.2 s, was reduced to give
a compression flow of 60 + 8 PU. The
integrated primary basal flow was
14,210 + 1075 PU (IPBF), whereas the
integrated flow during compression
phase was 1651 £ 202 PU, which repre-
sented a 12.4 + 1.3% of IPBF. After
compression was released, integrated
total secondary real flow (ITSRF) was
13,322 + 1513 PU, which represented a
913+ 3.8% of IPBF (ITSRF% =
ITSRF/IPBF x 100). The transitory gin-
gival compression induced a debt of
flow (IFD) of 6478 + 781 PU, which,
after compression was released, in-
creased early (903 4 321 PU) and late
(77 £ 208 PU), generating a total sec-
ondary flow debt (TSFD) of 980 £
482 PU, which represented 18% of the
debtinduced during the compression
phase (debt index = TSFD/IFD). Debt
index and ITSRF% showed between
them a negative (r= —0.9926) and
significant (p <0.0001) correlation. On
the other hand, there was a light but
significant correlation between labial
LLLI gingival index and ITSRF%
(p =0.4620, p=0.040) as also with
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Fig. 2. Perfusion parameters schematically represented. Panel (A) basic parameters: primary basal flow (PBF, average perfusion during
control phase); compression flow (CF, average perfusion during maximal and sustained gingival compression); flow reduction (FR = PBF —
CF); time for minimal flow (TMF, time required for reaching the start of CF); time of compression (TC, duration total of compression); time
of stable minimal flow (TSMF, time of maximal and sustained gingival compression); Panel (B) integrated basal parameters: integrated
primary basal flow (IPBF, area under the curve (AUC) from £, to 49 ); integrated early secondary basal flow (IESBF = IPBF x duration in s
of compression phase/40 s); integrated late secondary basal flow (ILSBF = IPBF x 40 s—duration in s of compression phase/40 s); integrated
total secondary basal flow (ITSBF = IESBF+ILSBF); Panel (C) integrated real parameters: integrated compression flow (ICF, AUC of real
flow during the compression phase); integrated early secondary real flow (IESRF, AUC of real flow after compression phase but with its
duration); integrated late secondary real flow (ILSRF, AUC of real flow after compression with duration = 40 s-duration in s of compression

phase); integrated total secondary real flow (ITSRF = IESRF+ILSRF); Panel (D) calculated flow debts: induced flow debt (IFD =

IPBF with

duration of compression phase — ICF); early secondary flow debt (ESFD = IESBF — IESRF); late secondary flow debt (LSFD = ILSBF —
ILSRF); total secondary flow debt (TSFD = ESFD+LSFD). Debt index = total secondary flow debt/induced flow debt ratio = TSFD/IFD
ratio (positive = reactive hypoaemia, negative = reactive hyperaemia).

debt index (p = —0.4531, p=0.045)
but not with primary basal flow.
Between-subjects variability in per-
fusion parameters (excluding times)
measured directly (basic, primary basal,
compression and secondary real), or
calculated (secondary basal and induced
flow debt) until just before releasing the
gingival compression had similar and
relatively elevated coefficient of varia-
tion (CV =52% on average, Table 1).
In contrast, calculated secondary debts
and debt index showed dramatic
increases in their CV (e.g. debt index
CV =212.2%). When integrated com-
pression flow (ITC) and ITSRF were
expressed as percentage of integrated

primary basal flow (ITC% and ITSRF%,
respectively), their CV decreased to
45.4% and 18.8%, respectively.
Perfusion parameter absolute agree-
ment between two consecutive perfusion
recordings (within-subject variability)
was, on the other hand, very good
(Table 1). With the exception of the
times and secondary flow debts, the
remaining perfusion parameter ICCs
were >0.82 with ICC 95% confidence
bands <0.29. Even though times during
compression phase ICCs were lower
and confidence bands wider, both inte-
grated compression flow and IFD
showed almost-perfect ICCs with nar-
row bands. The same happened with

integrated secondary real flows (early,
late and total); however, when these
were expressed as percentage of IPBF
(e.g. ITSRF%), their ICCs decreased on
average to 0.76 and their confidence
bands increased on average to 0.43. The
debt index ICC was substantial (0.82)
with a 95% confidence band relatively
narrow (0.29).

The real-time wave pattern of
attached gingiva perfusion was charac-
terized by a heart-synchronous flow,
with a superimposed slower and gradual
pattern. Mean power spectral density
analysis (Fig. 5) corroborated it, show-
ing that the highest power density
(8.0 &= 1.7dB) was seen at about heart
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Fig. 3. Schematic representation of LLII gingival perfusion patterns seen in response to the
topical (LLII alveolar mucosa) and transitory gingival compression. Pattern no. 1: There was
no initial post-compression peak and post-compression response went up. Pattern no. 3:
There was an initial post-compression peak that could or could not exceed control phase
value and post-compression response went down. Pattern no. 2: There was no initial post-
compression peak and post-compression response went down. Pattern no. 4: There was an
initial post-compression peak that could or could not exceed control phase value and post-

compression response went up.
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Fig. 4. LLII gingival perfusion time course
in the group of subjects studied during the
three phases (control, compression and post-
compression). Values are mean £ SE - - -
p<0.05 versus average control phase value,
n = 20.

frequency ( ~ 1.13 Hz); however, there
were two additional small peaks at 1.07
and 1.32Hz. An important power den-
sity peak (6.8 &+ 0.9 dB) was also seen at
a much lower frequency (0.13Hz),
which corresponded to vasomotion fre-
quency (8/min).

Discussion

Laser-Doppler flowmetry (LDF) was
developed (Stern 1975) as a plausible
alternative to former invasive and non-

invasive methods (Bishop & Dorman
1968; Baab et al. 1986, Leahy et al.
1999) to assess blood flow in intact
microvascular systems, and it has been
applied to study oral tissue blood flow.
One of the major drawbacks of this
methodology is the absence of an
average calibration factor capable of
converting relative perfusion units (PU)
to absolute blood flow units. Although
the consequences of this are multiple, a
very important one is that it is impossible
to know whether in an individual a given
relative PU value represents much or
little perfusion. So, the aim of the present
study was to systematize an operative
and analytical procedure that permits
characterization of perfusion response
pattern at attached gingiva to the com-
pression of alveolar mucose, using LDF
as a mean to assess the sufficiency of
gingival perfusion individually.

In our operative design, it was
necessary first to decide about the
nature, intensity, site of application
and duration of gingival stimulus. From
the multiple stimuli reported and eval-
uated so far (Baab et al. 1986, 1990,
Atkins & Tuncay 1993, Ambrosini et al.
2002), the mechanical compression was
chosen because it is topic, tolerable and
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selective and it can be transitory and
sharply applied, allowing one to evalu-
ate the short-term gingival perfusion
recuperation. Moreover, the haemody-
namic tissue repercussion, which results
from its application, can be controlled,
reproduced and quantified. In order to
assure that stimulus intensity was pro-
portional to baseline gingival perfusion,
this was reduced to about 20% of its
control value instead of (a) reducing it
to a fixed positive value (e.g. two or 10
relative PU), which would represent the
different extent of gingival ischaemia in
each subject or (b) applying a calibrated
standard force, which does not guaran-
tee that perfusion decreases in approxi-
mately the same proportion in all the
subjects. The LLLI alveolar mucosa
was selected as the compression site
because (a) small arteries from which
facial mucosal-supra-periostical arter-
ioles come are accessible here and are
easily compressible (Nuki & Hock
1974, Itois & Carranza 2002), (b) dental
loss is more frequent in antero-mandib-
ular and molar teeth (Drury et al. 1996),
(c) when there is interest in studying
gingival arteriolar dynamics, it is not
desirable to compress these attached
gingiva-localized structures and (d) me-
chanical and geometric stability of laser-
Doppler probe before, during and after
stimulus application is essential (Leahy
et al. 1999). Therefore, the sites of
gingival compression and perfusion
recording (facial LLII attached gingiva)
were separated. Finally, about 20s of
compression duration were chosen on
the basis of prior gingival hyperaemia
descriptions (Baab et al. 1986, Omori
et al. 2002) as well as our preliminary
gingival compression-tolerance assays.
The results indicate that the proce-
dure here reported allowed us to mea-
sure perfusion parameters with a
reproducibility intra-observer, within-
subject almost-perfect, corroborating
that there are no within-subject differ-
ences over time in laser-Doppler read-
ings (Boutault et al. 1989, Hinrichs et al.
1995). That integrated compression flow
had an almost-perfect ICC when ischae-
mia-times had moderate to substantial
ICC, suggests that: (1) the extent of
ischaemia reached is a greater determi-
nant of compression flow than the little
within-subject differences in ischaemia
times, and (2) that these ischaemia-time
differences had minimal influence on
total secondary real flow because this
had almost-perfect ICC. The similar CV
among IPBF, integrated compression
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Table 1. Basic, integrated (basal and real) and debt values of perfusion parameters with indices
of between-subjects variability and intra-observer agreement

Mean SE CV ICC  95% Band
Basic parameters
Primary basal flow™ 357 39 483 097 0.04
Compression flow™ 60 8 63.0 0.94 0.09
Flow reduction™ 298 35 523 097 0.04
Time for minimal flow™ 24 0.2 362 055 0.62
Time of compression™ 229 0.4 72 0.70 0.46
Time of stable minimal flow™ 20.6 0.3 7.5 0.66 0.51
Integrated basal parameters
Integrated primary basal flow™ 14,210 1075 483  0.97 0.04
Integrated early secondary basal flow 8140 899 494 097 0.05
Integrated late secondary basal flow 6162 663 48.1  0.96 0.06
Integrated total secondary basal flow 14,302 1545 483 097 0.04
Integrated real parameters
Integrated compression flow™ 1651 202 549 0.94 0.10
Integrated early secondary real flow™ 7237 865 53.5 093 0.11
Integrated late secondary real flow™ 6085 677 49.8  0.93 0.12
Integrated total secondary real flow™ 13322 1513 50.8  0.95 0.08
Debts
Induced flow debt 6478 781 540 098 0.04
Early secondary flow debt 903 322 159.3  0.63 0.54
Late secondary flow debt 77 208 1203.3  0.60 0.57
Total secondary flow debt 980 482 220.0 0.66 0.50
Debt index 0.18 0.08 2122 0.82 0.29

Boldface letters constitute the acronym of perfusion parameter. Parameters with asterisk were
measured; otherwise parameters were calculated. Flows and flow debts in relative perfusion units
(PU), times in seconds (s) and debt index adimensional. Values are mean + SE of 20 healthy
subjects without periodontitis. Coefficient of variation (CV in %) was taken as index of between-
subjects variability (n = 20). Intraclass correlation coefficient (ICC), with its 95% confidence band,
was taken as index of intra-observer within-subject absolute agreement (n =40). Perfusion

parameters as in Fig. 1 legend.
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Fig.5. Mean power spectral density (dB)
analysis of LLII perfusion recordings during
the control phase in the group of subjects
studied. Frequency (Hz), n = 20.

flow and integrated secondary real flow
indicate that between-subjects variabil-
ity, although high, existed before, dur-
ing and after gingival compression. In
addition to spatial heterogeneity of
blood flow, size and optical properties
of sampled volume (which depends,
among other things, on gingiva thick-
ness), subject and site-specific varia-
tions in microvascular haematocrit,
individual differences in basal neuro-
genic sympathetic activity could also

contribute to between-subjects variabil-
ity (Sasano et al. 1995).

The flow debt concept comes from
circulatory physiology (Gregg & Fisher
1963) and describes the difference
between undisturbed and real territorial
blood flow (measured at nutritious
vessel) when nutritious vessel is partial
or totally occluded. Depending on
vascular territory handled, this flow
debt can be variably overpaid, under-
paid or in some cases increased after the
occlusion is released (Gregg & Fisher
1963). We transferred this concept to
gingival microcirculation, with the
reservation that perfusion measurement
was carried out on the microcirculatory
bed supplied by the nutritious vessel but
not in the nutritious vessels per se. The
results indicate that topical and transi-
tory compression of facial LLLI alveo-
lar mucosa induced a debt of flow (IFD)
that increased (TSFD) after compres-
sion was released. This response, on
average, can be characterized as reac-
tive hypoaemia with a debt index
(TSED/IFD) of +18%. The last one
reflects how the post-compression per-
fusion response is (direction and mag-

nitude), in function of the debt
contracted. Although ICC debt index
was substantial, its CV was almost four
times greater than IFD CV (54% versus
212.2%). This CV increment not only
happened with debt index but also with
secondary flow debts. Because positive
(hypoaemia) and negative (hyperaemia)
flow debts coexisted within the same
group (reducing the mean and increas-
ing standard deviation and therefore the
CV), a calculated parameter that reflects
the same phenomenon, without how-
ever, containing positive and negative
values (therefore with a much lower
CV) was looked for. It was found that
when ITSRF is expressed as the percen-
tage of IPBF (ITSRF%), its CV
decreased from 51% to 19%. This
reparameterization is consonant with
debt index because values <100%
translate reactive hypoemia (+debt
index), whereas values >100% trans-
late reactive hyperaemia ( — debt index).
ICC ITSRF% decreased from almost-
perfect to substantial and increased the
95% confidence band from 0.10 to 0.39.

Baab et al (1986) reported that
application of localized pressure on
inter-dental, free or attached gingiva
and on alveolar mucose caused ischae-
mia followed by reactive hyperaemia in
all tissue types studied. As our results
show, on average, a hypoaemic response
in reaction to topical and transitory
LLLI alveolar mucose compression
does not invalidate our findings,
because both the stimuli applied (site
intensity and duration) and the way of
recording the perfusion was totally
different. In contrast to our study,
Baab’s group pushed the laser-Doppler
flow probe against the tissues with a
calibrated force (1.5N/~ 150g) for
60s and then they observed the perfu-
sion response in the same site after
releasing the force. On the one hand,
this procedure does not assure mechan-
ical or geometric stability between the
probe and tissue before, during or after
gingival compression, thereby introdu-
cing some noise to the laser-Doppler
signal. On the other hand, it is likely
that such a stimulus affects primarily
meta-arteriolar and capillary structures
of the microcirculatory unit; therefore,
the microcirculatory response reflects
the interaction of at least two compo-
nents that are known to control tissular
perfusion: (a) tissue vasodilator meta-
bolites such as CO,, adenosine, K™, etc.
and (b) endothelium-derived vasodila-
tor/vasoconstrictor metabolites (Pohl &



de Wit 1999, Omori et al. 2001). The
stimulus in the present work, in contrast,
affected primarily the small arteries and
it is likely that the microcirculatory
response (reactive hypoaemia) reflects
the interaction of at least a third
component, in addition to the two above
mentioned, which would consist of the
miogenic vasoconstrictor response of
arterioles when they are faced with
normal blood pressure after the com-
pression is released (De Wit et al.
1997). So far, however, the existence
of this third component in gingival
circulation has not been documented.
Finding a light but significant corre-
lation between labial LLLI gingival
index and ITSRF% (p = 0.4620,
p=0.040) as also with Debt index
(p = —0.4531, p =0.045) suggests that
to greater gingival inflammation there is
a greater trend to show reactive hyper-
aemia. The biological significance of
this cannot be ascertained from the
present study, but it invites us to suggest
that capillary and venular conductance
is permanently augmented in gingival
inflammation. The lack of association
between facial LLLI gingival index and
primary basal flow does not support this
contention but does not invalidate it
either, because it is difficult to show
such an association when there exists a
high between-subjects variability in
primary basal flow. Recently, Ker-
dvongbundit et al (2003) reported that,
as group, patients with moderate gingi-
vitis have greater gingival perfusion
than healthy gingival patients and that
gingival perfusion was reduced to normal
levels after the inflammation subsided.
In summary, by systematizing an
operative-analytical procedure (simple,
tolerable, controllable and reproduci-
ble), we characterized the perfusion
response pattern of labial LLII attached
gingiva microvasculature to the topical
and transitory compression of LLII
alveolar mucose as being one of reac-
tive hypoaemia. Debt index (ITSRF/
ICF) and the ITSRF% (ITSRF/
IPBF x 100) are reproducible indices
of microvascular perfusion response,
whose validation under pathological
circumstances remains to be evaluated.
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