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SUMMARY

Background: Evaluating the health status of the gingival tissue
represents an important objective in the dental daily practice.
Inflammation changes the microcirculatory and micromorpho-
logical dynamics of human gingiva which cannot always be
determined by clinical examination and which may lead to
unpleasant complications if not treated at the right moment.
The purpose of this study was to evaluate the microcirculation
in subjects with gingivitis compared to healthy gingiva by using
laser Doppler flowmetry. 
Material and Methods: Recordings of the gingival microcircula-
tion were taken from 20 healthy gingival sites and from 20 sites
with moderate gingivitis. Four consecutive determinations of the
GM were registered for each site, as follows: before the initial
therapy, at 24 hours, after 7 days and after 14 days from the 
initial therapy. All patients received initial therapy, including oral
hygiene instructions. The gingival blood flows in the gingivitis
group before treatment was significantly different from those in
the healthy gingiva group. After 14 days flows were restored to
the same level as the healthy gingiva, with no significant 
difference (P > 0.01). Signals were recorded with the aid of a
laser Doppler MoorLab instrument VMS-LDF2 probe VP3 10
mm S/N 2482, held in place with a silicon impression. The data
were processed using the statistical analysis software SPSS
v16.0.1. 
Results: The results showed statistically significant differences
among the GM values recorded before and after the initial ther-
apy for the gingivitis sites. 
Conclusions: LDF could be a useful, noninvasive, sensitive,
reproducible, and harmless method for measuring gingival
blood flow in humans. 
Abbreviations: GBF = gingival blood flow, GM = gingival
microcirculation, Hours = h, Laser Doppler flow readings =
LDFRs, LDF = laser Doppler flowmetry

RÉSUMÉ

Evaluation par débitmétrie au laser à effet Doppler de la 
récuperation de la ocirculation gingivale en cas de gingivite

Introduction: L'évaluation de l' état de santé du tissu gingival
représente un objectif important dans la pratique dentaire 
quotidienne. L’inflammation change la microcirculation et la
dynamique micromorphologique de la gencive humaine, ce qui ne
peut pas toujours être déterminée seulement par l’examen 
clinique et qui peut conduire à des complications désagréables si
elle n’est pas traitée au bon moment. Le but de cette étude était
d'évaluer la microcirculation chez les sujets atteints de gingivite
comparativement à ceux avec des gencives saines, en utilisant la
débitmétrie au laser à effet Doppler.
Méthodes: Les enregistrements de la microcirculation gingivale
ont été pris à partir de 20 sites gingivaux sains et de 20 sites à la
gingivite modérée. Quatre déterminations consécutives de la MG
ont été enregistrées pour chaque site, comme il suit: avant la
thérapie initiale, à 24 heures, après 7 jours et 14 jours après le
traitement initial. Tous les patients ont reçu la thérapie initiale, y
compris les instructions d'hygiène buccale. Le saignement 
gingival dans le groupe avec gingivite avant le traitement a été 
significativement différent de celui du groupe avec les gencives
saines. Après 7 jours les flux ont été restaurés au même niveau
que les gencives saines, sans noter une différence significative (P
> 0.01). Les signaux ont été enregistrés à l'aide d'un laser
Doppler MoorLab instrument VMS- LDF2 sonde VP3 10 mm S
/ N 2482, maintenu en place avec une impression de silicium. 
Les données ont été traitées en utilisant le logiciel d'analyse 
statistique SPSS v16.0.1.
Résultats: Les résultats ont montré des différences statistique-
ment significatives entre les valeurs de MG enregistrées avant
et après le traitement initial aux sites de gingivite.
Conclusions: La LDF pourrait être un procédé utile, non 
invasive, sensible, reproductible, et inoffensif, utilisé pour
mesurer le débit sanguin gingival chez l'homme.
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BACKGROUND

TT
here is quite little information in the literature
about the vascular dynamics of the gingival 
circulation in healthy and diseased sites. LDF

emerged more than 30 years ago as a non-invasive and 
real-time method for perfusion measurements. (1) Although
laser-Doppler technique made it possible to demonstrate
that blood flow wave patterns differ consistently among 
gingival tissue types (2) and that there are no within-subject
differences over time in laser-Doppler readings (3), one of
the major drawbacks of this technique is that it gives the
average blood cell flux (cells/m2/s) linear (4) read-out in 
relative perfusion units (PU) (5). 

One of the earliest signs of any inflammatory process is
change in the vascular architecture and microvasculature.
This is also true for gingivitis. The healthy gingiva is 
characterized by a sub-epithelial vascular plexus consisting of
a capillary network with loops arching towards the 
epithelium. (6) Gingival inflammation presents as an
increased vascularity with larger vessel size, more capillary
loops, (7) and slowed blood flow, (8) and a restriction of the
afferent blood vessels. (9) Among the first vessels affected by
inflammation in the crestal gingiva we encounter the 
capillary units. (10) If changes of the vascular morphology in
inflammation are related to blood flow changes, these may
be the first sign to predict the onset of pathological events
in the gingiva. Thus, GBF may serve as a prognostic 
marker. 

Gingival microcirculation has lacked exact evaluation
for a long time. This was mainly due to methodological 
difficulties. Different methods, such as impedance plethys-
mography or the implantation of microspheres, have been
employed to study GBF. (11-17) Unfortunately most of them
were invasive or inapplicable to humans. 

There are numerous applications where laser Doppler
flowmeter was used to non-invasively monitor changes in
blood flow in living tissues. LDF has been used to assess
blood flow for intact microvascular systems such as the
skin, the retina, gut mesentery, renal cortex, and mucous
membranes.(18,19) Dental applications include LDFRs of
periodontal ligament, (20) pulpal blood vessels, (21-23)
gingival or sulcular blood flow in health and disease, (24-
28) the effect of orthodontic treatment, (29) or the injec-
tion of vasoconstrictive anaesthetics (30) on blood flow. 

Other studies on dogs have shown that predictable
morphologic changes occur in the blood vessels at the
gingival margin with the onset of inflammation. These
vascular changes precede recognizable histopathological
alterations, starting as early as 2 days after the induction

of gingivitis. (31,32) 
The present investigation aimed to evaluate the GBF evo-

lution of gingivitis sites over a period of 14 d by using LDF. 

MATERIAL AND METHOD

This study involved 10 patients (7 females and 3 males)
aged between 20 and 30 years old. The study was carried out
at the Department of Oral Rehabilitation and Dental 
Emergencies, University of Medicine and Pharmacy “Victor
Babeæ” Timiæoara, with the approval of the Local Ethics
Committee. Written informed consent was obtained from
all patients before the measurement. Recordings of GBF
were registered from 20 healthy sites (control group) and 20
sites with moderate gingivitis (gingivitis group).

Inclusion criteria

The sites included in the study referred only to natural
teeth. Plaque deposits, changes of gingival color or texture
and gingival bleeding at probing for the inflamed sites were
accepted. For each patient we had at least 1 gingivitis site
and 1 healthy site.

Exclusion criteria

The exclusion criteria were related to smokers, current
pregnancy, systemic disease or long-term medication
(except for contraceptives), use of antibacterial or anti-
inflammatory medication within 1 month before LDFRs,
use of antibiotic therapy within the past 6 months, fillings
of the test teeth, orthodontic bands or appliances, 
clinical attachment loss >1 mm (non-inflamed gingival
recession was accepted) and probing depths >2 mm.

Study design

The study was divided into four parts: 1) evaluation of
LDFRs before initiating any treatment (for both groups);
2) reevaluation of LDFRs at 24 hours; 3) reevaluation after
7 days: and 4) reevaluation after 14 days from the initial
therapy for the gingivitis group.

The gingival sites selected for observation were situated
at the labial gingiva of the upper front teeth (from canine to
canine), at the tip of the interdental papillae (papilla tip),
and the lowest, central part of the buccal gingival margin.
The healthy gingiva presented rounded margins closely
adapted to the tooth while the gingival morphology of the
inflamed sites presented irregular free gingival margins 
(fig. 1). All patients were instructed to avoid brushing their
teeth for at least 1 hour prior to each of the appointments.

On the first appointment, the sites included in the study
were selected. The silicon index was created by using a 

Key words: gingivitis, healthy gingiva, gingival blood flow,
microcirculation, laser Doppler flowmetry

Abréviations: GBF = Le flux sanguin gingival, MG = La
microcirculation gingivale, Heures = h, LDFRs = Les valeurs
du debit Laser Doppler, LDF = La débitmétrie au laser à effet
Doppler
Mots-clés: gingivite, gencive saine, flux sanguin gingival,
microcirculation, débitmétrie au laser à effet Doppler
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double silicon impression using Optosil Comfort Putty /
Xantopren Comfort (Heraeus Kulzer, Dormagen, Germany).
The index covered two teeth on each side of the tested area
and was extended on the anterior palatal surface for

improved stability. The impression obtained in this manner
served for the acquisition of the laser Doppler signals. After
decontaminating the impression, a drill of 1,5 mm in 
diameter was used to create a hole from the vestibular 
(buccal to palatal) to the oral side of the impression, 
perpendicularly to the cervical third of the tooth involved
in the study, at 2 mm apical distance from the marginal 
gingiva (fig. 2). The diameter of the drill corresponds to the
diameter of the optical probe. 

Calibration had to be performed prior to any LDFR
according to the instructions of the manufacturer (fig. 3).
In order to insure the reproducibility of the laser Doppler
signal acquisition a guiding mark that permitted its 
placement in the same position for each testing was set on
the fibre (fig. 4). .

Every patient was set comfortably on the dentist’s

Figure 1 - (a) gingivitis sites; (b) healthy gingival site

a b a

Figure 2 - The silicon index: (a) creating the hole for the LDFRs; (b) the correct placement of the holes for the optical fibre

a b

Figure 3 - The correct calibration of the optical probe

Figure 4 - The correct position of the optical fibre in the silicon holder
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chair; the room temperature was approximately 21°C, and
the lamp from the dentist’s unit was positioned at a 
distance of approximately 45 – 55 cm from the patient.
Prior to being tested, the subjects were asked to rest in the 
dental chair for approximately 10 min.  The initial LDFRs
were accomplished and subsequently the initial therapy
(gingivitis treatment) was performed for the inflamed sites.
All patients received oral healthy instructions. 

On the second, third and fourth appointment (at 24 h,
after 7 days and after 14 days), LDFRs were again assessed
for the gingivitis group.

RESULTS AND STATISTICAL ANALYSIS

Using dedicated analysis software, MoorSoft Windows® /

MoorLAB, v2.01 software, the LDFRs (initial, at 24 h, after
7 days and after 14 days) were viewed and analyzed from a
mathematical standpoint (table 1).

Using the data from Table I, an obvious increase in the
PBF could be observed at 24 h and at 7 days compared to
the control sample values. After 7 days the values tend to
lower but they are still not at the initial point. Only after
14 days the GBF was improved when compared to the 
initial LDFRs and approached the values of the control
group (fig. 5).

In order to verify the differences regarding the GBF we
implied the repeated measures One-Way ANOVA.  The
initial values of the two groups were compared and a sig-
nificant difference (p<0.01) was observed among the
healthy and the gingivitis group (table 2).

Control GBF healthy Gingivitis GBF - initial GBF - at 24 hours GBF - after 7 days GBF - after 14
group group group days
2.2-2.3 108,6 1.1-2.1 138,6 222,8 158,5 110,5
2.2-2.3 89,4 1.1-1.2 129,4 192 208 100,6
2.2-2.3 123,5 1.2-1.3 188,9 246,2 231 113,3
1.2-1.3 180,5 2.1-2.2 285,7 402,5 356,2 200,2
1.2-1.3 155,7 2.2-2.3 203,5 258,5 247,2 165,2
2.2-2.3 80,5 1.1-1.2 107,7 201,6 157 97,4
2.2-2.3 68,8 1.2-1.3 188,2 212,3 108,3 69
2.2-2.3 76,1 1.3-1.4 106,1 205,2 111,2 81,3
1.3-1.2 89,5 2.1-2.2 109,5 122,5 108,5 86,2
2.2-2.3 155,5 1.1-1.2 211,3 332,5 245,3 148,5
1.1-1.2 208,6 2.2-2.3 276,5 447,6 316,8 215,6
2.2-2.3 167,4 1.2-1.3 167,4 293,3 233,2 150,4
1.2-1.3 177,7 2.1-2.2 255,2 409,2 345,2 190,5
2.2-2.3 201,3 1.1-1.2 280,1 414,2 305,4 221,3
1.2-1.3 150,4 2.2-2.3 210,5 325,1 300,4 197,2
1.3-1.4 180,5 2.1-2.2 220,3 402,5 321 200,1
1.2-1.3 210,6 2.2-2.3 280,4 443 302,7 221,5
2.3-2.4 113,3 1.2-1.3 199,2 234,5 200,3 115,5
1.3-1.4 192,5 2.1-2.2 240,5 387 254,1 190,2
2.2-2.3 97,2 1.2-1.3 150,7 234 187 100,7

Table 1 -  The values obtained from signal acquisition of GBF for the four moments of time

Figure 5 - The mean values of the
GBF for the four moments in time
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The four moments in time were also compared and the
results showed significant differences between them. At
24 h the GBF is extremely increased compared to the
baseline values suggesting a local inflammation of the tissues
after the initial therapy. No significant differences were
noticed between the moment after 24 h and the moment
after 7 days. At 7 days the dynamics of GBF is not 
completely restored to the baseline values in any case, this
suggests that the healing of the tissue does not occur 
within this interval. But after 14 days the GBF values 
presented no significant differences when compared to the
control group (table 3). 

DISCUSSIONS

Vascular changes are essential to the initiation of acute
as well as chronic inflammation, and blood flow is essential
to its resolution. Inflammation begins with vasodilation,
increasing the circulation and bringing more blood into the
area. The subjects of the present study were young adults in
whom oral hygiene and dietary habits were well established.
After 7 days the gingiva was not restored to a healthy con-
dition, with normal blood flow as shown by LDFRs but after
14 days the GM recorded by LDF and also the clinical assess-
ment showed almost a complete restoration of the gingivitis
group. Consequently, the clinical signs of inflammation 
correlated with the changes in GBF. LDF may therefore play
a key role in clarifying the role of GBF dynamics in clinical

gingivitis as well as in understanding the blood flow 
dynamics in the gingiva. Furthermore, irregular gingival
margins can become regular rolled borders after gingivitis
treatment.

Ramsay et al.33 indicated that the reliability of blood
flow measurements required accurate repositioning of the
measurement probe; therefore the technique used in the
study was able to achieve a correct reproducibility of the
LDF measurements.   

Although LDF has proved valuable for a variety of clini-
cal applications, there are some limitations to its use in oral
medicine. A major drawback is that LDF can only detect red
blood cell movement in a small volume of tissue (1 mm3);
thus, variables such as the number of vessels with active flow,
changes in vessel diameter, and flow in individual micro-
vessels cannot be analyzed. (2) The small measuring area may
also influence the reproducibility of the results due to the fact
that a minimal displacement of the optical probe would lead
to a change in the investigated area. (34) Another source of
error in LDF measurements is artifacts caused by tissue
motion in relation to the probe. Additionally, oral LDFRs
have demonstrated considerable intra- and inter-individual
variability. (35,36) 

The LDFRs technique presented in this study is simple
and hygienic, it facilitates reproducibility, and artifacts are
minimized. Furthermore, the selection of addition silicone
elastomer impression material was based on its documented
dimensional stability and excellent handling properties in

Table 2 - Analysis of Variance between the two groups at the initial LDFRs

Analysis of Variance (One-Way)

Summary
Groups Sample size Sum Mean Variance
Control group 20 2.827,6 141,38 2.306,31958

Gingivitis group - intial 20 3.949,7 197,485 3.649,33608 
ANOVA
Source of Variation SS df MS F p-level F crit
Between Groups 31.477,71025 1 31.477,71025 10,5707 0,00241 4,09817
Within Groups 113.157,4575 38 2.977,82783
Total 144.635,16775 39

Table 3 - Analysis of Variance between the LDFRs of the control group and the gingivitis group at 14 days

Analysis of Variance (One-Way)

Summary
Groups Sample size Sum Mean Variance
Control group 20 2.827,6 141,38 2.306,31958

Gingivitis group - 14days 20 2.975,2 148,76 2.752,75305
ANOVA
Source of Variation SS df MS F p-level F crit
Between Groups 544,644 1 544,644 0,21531 0,64528 4,09817
Within Groups 96.122,38 38 2.529,53632
Total 96.667,024 39
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clinical dentistry. (37) This investigation also showed that
addition cured silicone impression material can be used as a
stable holder for the optical probe. 

CONCLUSION

In conclusion our results indicate that even in moderate
gingivitis, 7 days are not enough to restore the gingival
microcirculation to an initial healthy gingival blood flow. A
period of at least 14 days should be considered before any
treatment in the inflamed gingival areas is installed. 
However, LDF proves to be a useful, noninvasive, sensitive,
reproducible, and harmless method for measuring gingival
blood flow in humans.
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