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Abstract The aim of this study was to investigate if
coherence length is of importance in laser phototherapy.
Twenty patients with moderate periodontitis were selected.
After oral hygiene instructions, scaling and root planing
(SRP), one side of the upper jaw was randomly selected for
HeNe (632.8 nm, 3 mW) or InGaAlP (650 nm, 3 mW) laser
irradiation. One week after SRP, the following parameters
were measured: pocket depth, gingival index, plaque index,
gingival crevicular fluid volume, matrix metalloproteinase
(MMP-8), interleukin (IL-8) and subgingival microflora.
The irradiation (180 s per point, energy 0.54 J) was then
performed once a week for 6 weeks. At the follow up
examination, all clinical parameters had improved signifi-
cantly in both groups. A more pronounced decrease of
clinical inflammation was observed after HeNe treatment.
MMP-8 levels were considerably reduced on the HeNe
side, while there was no difference for IL-8 or microflora.
Coherence length appears to be an important factor in laser
phototherapy.
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Introduction

Gingivitis and periodontitis are very common diseases
among adults. In a Swedish population, approximately
90% have gingivitis, 60% show signs of periodontitis,
while 7% have severe periodontitis [1]. Gingivitis is
described as a reversible inflammation of the gums. Clinical
signs include redness, swelling, and in severe cases, bleed-
ing. Periodontitis is a chronic inflammation that degrades
the tissues attaching the tooth to the jaw bone. Eventually,
periodontitis can result in tooth loss and edentulousness.
Both these conditions are induced by microorganisms
colonising the gingival sulcus. Conventional treatment
consists of mechanical removal of the microorganisms by
scaling, root planing (SRP) and polishing, in combination
with the patient’s own oral hygiene measures to remove
the bacterial plaque. However, this treatment is not always
sufficient.

Treatment with high-output lasers such as Nd:YAG, Er:
YAG, diodes and CO2 have been used in periodontal
practise for many years. The wavelength and output of each
of these lasers differ, and attention has to be paid to the
advantages and limitations. Several studies have, however,
reported a successful outcome of laser irradiation as an
adjuvant therapy to conventional treatment [2–5], but the
usage is not quite uncontroversial [6].

Treatment with therapeutic lasers or “low-level lasers” is
less common, and little has been published concerning
periodontal applications. Therapeutic lasers do not cut or
ablate but are based on photobiological processes [7].
Unlike the powerful surgical lasers, these latter lasers
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perform in the milliwatt range, with wavelengths usually in
the red and near-infrared spectrum. Among the suggested
photoreceptors are endogenous porphyrins, flavoproteins
and cytochrome c-oxidase in the respiratory chain [7]. The
absorption of the light stimulates a cascade of photobio-
logical events. Cells in a reduced state respond best to laser
irradiation [7, 8].

The positive effects of therapeutic lasers in dentistry are
reported for a number of conditions such as mucositis [9],
paresthesia [10, 11], herpes simplex type 1, [12], temporo-
mandibular disorders [13–15], dentine hypersensitivity [16]
and osseointegration [17–19]. The most common in vitro
object for study is the fibroblast. Several authors have
reported a stimulation of gingival fibroblast proliferation
after laser irradiation [20–22]. Ozawa et al. [23] reported a
reduction in stretching-induced plasminogen activator ac-
tivity in human periodontal ligament cells, which suggested
that laser irradiation may reduce collagen breakdown
associated with traumatic occlusion. The clinical effect of
therapeutic laser after gingivectomy is reported by Amorim
et al. [24]. Kawamura et al. [25] reported that GaAlAs laser
irradiation could reduce epithelial down growth into the
pocket after flap operations.

Previously, we have [26] demonstrated a positive effect
on gingival inflammation, using a combination of Helium–
Neon (HeNe) and GaAlAs lasers. The aim of the present
study was to further examine the possible mechanisms
behind the obtained results. One previously unattended
parameter in laser phototherapy research is the length of
coherence of the laser light. It was hypothesised that the
longer coherence length of the HeNe laser would have a
more pronounced biological effect than a diode laser of the
same wavelength and power.

The importance of the coherency has not been studied
extensively, and it has even sometimes incorrectly been
claimed that coherency is lost when light is diffusely scat-
tered in the tissue, implying that coherency is not necessary
at all. However, the fact that coherency is important in the
treatment of bulk tissue is documented in some 20 studies
comparing coherent and noncoherent light [27]. There is up
until now no in vivo study comparing coherent and
noncoherent light, suggesting that the effects are equal.

Coherency, in general, is the property of wave-like states
that enables them to exhibit interference. It is also the
parameter that quantifies the quality of the interference, also
known as the degree of coherence. It was originally
introduced in connection with Young’s double-slit experi-
ment in optics but is now used in any field that involves
waves, such as acoustics. The degree of coherence is equal
to the interference visibility, a measure of how perfectly the
waves can cancel due to destructive interference.

Coherency of light is a complicated phenomenon.
Photons in a coherent laser beam follow a certain statistical

distribution regarding the temporal distance from one to
the other. This distribution is the Poisson distribution,
while non-laser light, for example, light of a thermal light
source, obeys the very different Bose–Einstein distribu-
tion. Furthermore, the wave model of light is a model to
describe the propagation of light in transparent media. In
contrast, the photon is introduced by a completely dif-
ferent model, the quantum model of light, which is used
to describe the interaction of light with matter. Two types
of coherency are at hand, temporal coherency, where
phase synchronization is valid for a certain time, and
spatial coherency, meaning that light waves show coher-
ency when they are emitted from different locations of an
extended light source. In bulk tissue, laser speckles are
formed through interference, and their contrast depends on
the degree of spatial coherence of the light, which in turn,
depends on the bandwidth of the laser light.

All diode lasers do not have the same bandwidth and
coherency. The laser diodes used in therapeutic lasers are
not very sophisticated; they are usually of multimode type,
and an external resonator is never used. The HeNe laser in
this study was of nonpolarized type and with a bandwidth
of about 0.02 nm. The free-running bandwidth of the laser
diode was about 2.0 nm. As the length of coherency can be
estimated as 12/Δ1, it would mean that the length of
coherency differs by a factor 100. However, a certain
reduction of the coherence length takes place in the trans-
mission through the fibre. But compared to the reduction of
the coherency due to the scattering in tissue, this factor is
probably negligible. The bandwidth of the different lights,
respectively, in tissue is unchanged.

The effect of laser irradiation on gingival inflammation
has been reported in a study by Qadri et al. [26]. In a split
mouth study, the effect of laser light on gingival inflam-
mation was investigated. The laser parameters used indi-
cated that all clinical variables improved as well as some of
the laboratory variables. In the study, one side of the mouth
was treated with laser, and the opposite side was used as
control. In spite of the possibility of systemic effects, the
clinical and laboratory findings suggested that the model
could be a base for studying the importance of the
coherence length. The objective of the present pilot study
was then to study whether or not the degree of coherence is
of any importance and not only the coherence itself.

Materials and methods

Study population

After informed consent, 20 patients were selected for the
study; 9 male and 11 female patients. The mean age was
51 years (SD), with a minimum age of 35 years. The peri-
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odontal condition was assessed as light to moderate chronic
periodontitis according to the 1999 classification [28]. No
pockets should be >7 mm in the experimental area. No
acute inflammatory processes, such as marginal abscesses
or periapical lesions, were allowed. Patients with partial
dentures in the upper jaw were not included. Three
patients were smokers. Patients were not to take anti-
biotics of any kind during the 4 weeks before the beginning
of the study.

Experimental design

The clinical parameters registered included probing pocket
depth (PPD, Perio Wise, Premier, Canada) plaque index
(PI) [29] and gingival index (GI) [30]. A dental surgeon
recorded the clinical data, did the SRP and informed the
patients how to perform their home care. Gingival cre-
vicular fluid (GCF) was collected with paper strips (Perio-
paper, Oraflow, Plainview, NY, USA). The strip was
inserted into the pockets/crevices until resistance was felt
and kept there for 30 s. Blood-contaminated samples were
discarded. The GCF volume was measured with a calibrat-
ed Periotron 8000 meter (Oraflow, Plainview, NY, USA).
Each sample was eluted in phosphate-buffered saline (PBS)
for 15 min; then, the strips were removed and the samples
frozen at −20°C until analysis. The collected GCF samples
were analysed for matrix metalloproteinase (MMP-8) and
interleukin (IL-8). Furthermore, the presence of periopath-
ogens was assessed through DNA analyses; all in all, 80
samples before and after the laser phototherapy sessions.
The baseline procedures were performed not later than
1 week before laser phototherapy. The study had been ap-
proved by the Regional Ethical Review Board in Stockholm.

Laser irradiation

One side of the upper jaw in each patient was randomly
assigned for HeNe irradiation and the contra lateral side for
diode laser irradiation. Randomisation and laser irradiation
were performed by a dental hygienist. The lasers used were
a 3-mW HeNe laser (632.8 nm) from Irradia AB, Stock-
holm, Sweden and a Pocket Therapy diode laser (nominally
635 nm) from Lasotronic AG, Zug, Switzerland, equally of
a nominal power of 3 mW. Both lasers had the same size of
the aperture (2 mm in diameter), allowing for equal power
densities of approximately 100 mW/cm2. The wavelength
of the diode laser was measured in a spectrometer and
found to be 650 nm instead of the reported 635 nm. Laser
diodes in the 630-nm range require cooling and are
generally not found on the therapeutic market place. The
possible implications of this are found in the discussion.

The output of the HeNe laser was measured in 7 min and
found to be practically constant. In 7 min of radiation, the

power of the diode laser first increased up to 3.2 mW (in
2 min) and then slowly fell to 2.9 mW. During the actual
therapy, the laser was shut off for 10 s between each point
of irradiation. The laser outputs were controlled weekly
using analogue power meters provided by the manufac-
turers. The HeNe laser light was delivered through an
optical fibre (flexible fibre bundle with 2 mm circular
aperture), and the output power was measured at the fibre
aperture. The length of coherence is reduced during the
transmission in the fibre but is still much longer than that of
the diode laser. The diode laser light was conducted through
a stiff glass rod, the aperture of which was circular with a
diameter of 2 mm.

Laser phototherapy started 1 week after baseline, with
one session every week for 6 weeks. The laser treatment
was performed by holding the laser probe in light contact
with the tissue for 180 s per point, providing an energy of
0.54 joules (J). Each buccal papilla of teeth 13, 14, 15, 16,
17, 23, 24, 25, 26, 27 and the lingual papillae of 16 and 26
were irradiated. Total energy per quadrant was, hence,
3.24 J. Final clinical recordings and GCF sampling were
done 1 week after the last laser session.

Laboratory analyses

MMP-8 and IL-8 were analysed with commercial kits
(Quantikine, R&D Systems, Minneapolis, MN, USA) in
accordance with the manufacturer’s instructions. Samples,
diluted ten times for MMP-8 or undiluted for IL-8, and
standard curves were pipetted into the wells of a micro-
titre plate, precoated with a monoclonal antibody against
MMP-8 or IL-8. The plates were incubated at room
temperature for 2 h. The plates were washed, and a
horseradish peroxidase-conjugated polyclonal antibody
against MMP-8 or IL-8 was added and incubated as
before. After another washing procedure, the substrate
solution was added, and the reaction stopped after 15 min
with a stop solution. The absorbency at 450 nm was read
within 20 min in a spectrophotometer. The amount of
MMP-8 was expressed in nanograms (ng) and the amount
of IL-8 in picograms (pg) per site.

The subgingival microbiota was analysed using a
checkerboard DNA–DNA hybridisation method. Twelve
microorganisms were tested with the DNA probe in the
subgingival samples and included: Porphyromonas gingi-
valis, Prevotella intermedia, Prevotella nigrescens, Tanner-
ella forsythensis, Actinobacillus actinomycetemcomitans,
Fusobacterium nucleatum, Treponema denticola, Peptos-
treptococcus micros, Campylobacter rectus, Eikeinella
corrodens, Selenomonas noxia and Streptococcus interme-
dius. Standard procedures for the checkerboard DNA–DNA
hybridisation method were used [31] and the frequencies of
positive sites recorded.
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Statistical analyses

Neither clinical nor laboratory variables were normally
distributed. Thus, the significances of the differences in

treatment effect between the two lasers were calculated with
Wilcoxon signed rank test.

Results

Baseline and follow up values for plaque and gingival
index are shown in Figs. 1 and 2. Both plaque and gingival
index were significantly more reduced on the side treated
with HeNe laser (p=0.022 and p<0.001, respectively)
(Table 1). The median baseline probing depth was
4.6 mm on the HeNe laser side and 4.3 mm on the diode
laser side. After treatment, the probing depth was 3.5 mm
on the HeNe laser side and 4.2 mm on the diode side
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Fig. 1 Plaque index before and after laser treatment. Filled boxes
indicate the results after treatment. The box plots show median, 75 and
90% range and outliers. Indicated p-values calculated with Wilcoxon
signed rank test

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

3.0

G
in

gi
va

l i
nd

ex

HeNe-laser    Diode-laser

p<0.001

p<0.001

a
Fig. 2 Gingival index before and after laser treatment. Filled boxes
indicate the results after treatment. The box plots show median, 75 and
90% range and outliers. Indicated p-values calculated with Wilcoxon
signed rank test

Table 1 Summary of clinical changes after treatment with diode laser
or HeNe laser

Parameter Change with diode
laser (median and
range)

Change with HeNe
laser (median and
range)

p-value

Plaque index −0.5 (0.1 to −1.7) −0.9 (−0.2 to −1.7) 0.022
Gingival
index

−0.6 (−1.0 to −1.7) −1.8 (−0.3–2.5) <0.001

Pocket
depth, mm

−0.1 (0.2–0.4) −0.9 (−0.2 to −1.6) <0.001

GCF volume,
μl

−0.06 (0.21 to −0.43) −0.25 (−0.01 to −0.43) 0.014

n=20 patients
Significance of differences calculated with Wilcoxon signed rank test.
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Fig. 3 Pocket depth (mm) before and after laser treatment. Filled
boxes indicate the results after treatment. The box plots show median,
75 and 90% range and outliers. Indicated p-values calculated with
Wilcoxon signed rank test
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(Fig. 3). The probing depth reduction was significantly
larger on the HeNe laser side (Table 1). The gingival
crevicular fluid volume decreased more on the HeNe laser
side (Fig. 4 and Table 1).

The laboratory analyses showed no significant effect of
the laser irradiation on the content of IL-8 and MMP-8 in
GCF (Table 2). The reduction of MMP-8 was more
pronounced on the side that had been treated with HeNe
laser, but the difference between the two lasers was not
significant (p=0.066). With regard to the subgingival
microbiota, no differences were detected between the two
lasers in the frequencies of positive subjects or of subjects
with >106 of the 12 bacteria analysed.

Discussion

The clinical signs of inflammation, such as gingival index
and probing pocket depth, were significantly more reduced
on the side given treatment with the HeNe laser compared
to the side treated with diode laser. The results in this study
are in line with those reported by Kiernicka et al. [32],
although 830 nm laser light was used in that study,
compared to 632.8–650 nm in the current investigation.
The optical parameters are important in laser phototherapy,
and this may explain the conflicting results in the studies on
gingivectomy by Amorim et al. [24], Damante et al. [33]
and Mousques [34].

A number of studies have compared the biological effect
of coherent and incoherent light, and all of them indicate
that the effect of light from lasers is superior to noncoherent
light [35]. (With noncoherent light, we mean light with very
low degree of coherency, such as light from LED or filtered
halogen lamps.). In a study by Rosner et al. [36], the effect
of HeNe laser in the regeneration process of crushed optical
nerves was estimated. While HeNe laser postponed the
degenerative process, noncoherent infrared light was
ineffective or affected the injured nerves adversely. Other
studies [37–41] have also compared coherent and incoher-
ent light and have drawn similar conclusions. Karu et al.
[42, 43] has studied the importance of different light
characteristics in cell stimulation, such as wavelength,
coherence, dose and time regimen. In these studies,
coherence had no additional effect. However, these were
all performed in vitro on cell monolayers. The cells are here
“naked”, and there is no scattering in the medium and
practically no speckle formation, so the in vitro situation is
quite different from the clinical environment, as suggested
in the experiments quoted above. Thus, coherence mainly
seems to be an important parameter in light stimulation in
bulk tissue, which is also pointed out by Karu.
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Fig. 4 Gingival crevicular fluid volume (GCF) (μL) before and after
laser treatment. Filled boxes indicate the results after treatment. The
box plots show median, 75 and 90 % range, and outliers. Indicated p-
values calculated with Wilcoxon signed rank test

Table 2 Median values (inter-quartile range) of interleukin 8 (IL-8) (pg/site) and collagenase-2 (MMP-8) (ng/site) before and after treatment in 20
patients

Parameters IL-8 MMP-8

Diode laser HeNe laser p-valuea Diode laser HeNe laser p-valuea

Baseline 74.5 (40.1) 77.8 (36.1) Ns 8.3 (10.6) 9.0 (11.2) Ns
Follow up 43.1 (50.1) 52.0 (44.6) Ns 8.0 (9.4) 5.5 (9.3) Ns
p-valueb Ns Ns Ns Ns
Change −36.6 (80.2) −21.7 (69.9) Ns −0.7 (13.7) −2.8 (6.0) Ns
Change % 48.4 (85.4) 32.2 (88.2) Ns −8.6 (149.9) −44.9 (101.6) Ns*

Significance of differences calculated with Wilcoxon signed rank test.
*p=0.066
a p-value indicates significance of difference between diode laser and HeNe laser.
b p-value indicates significance of difference between baseline and follow up.
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In this study, the irradiation with HeNe laser also
reduced the amount of supragingival plaque more than the
diode laser, while neither of the lasers had an obvious effect
on the subgingival microflora. These findings are in
agreement with earlier reports [26, 44].

A new explanation of the action of coherent light in
tissue, contributing to the understanding of biological
activity caused by low-level laser radiation, has been
suggested by Rubinov [45]. It is based on the dipole
interaction of gradient laser fields with cells, organelles and
membranes. The laser intensity gradients in an object arise
due to the interference of the light, scattered by the tissue
with the incident light beam (speckle formation). It is
shown that gradient laser fields may cause spatial modula-
tion of the concentration of particles and increase their
partial temperature. Incoherent light does not cause speckle
formation. In the discussion about the mechanisms behind
laser phototherapy, usually, absorption of light in photo-
receptors, such as porphyrines and cytochrome-c oxidase,
has been mentioned as the most important factor. However,
with the explanation above in mind, an effect on the cell
can also be exerted through the gradient forces induced by
the coherent light in itself.

A weakness in this study is the difference in wavelength.
Although the difference is small, 17 nm, it may not be
negligible. The biological differences for irradiation at 633
and 650 nm are not well documented. Nascimento et al.
[46] has compared the differences between 670 and 685 nm
diode laser irradiation on wound healing in rats, using the
same dose but three different powers for each wavelength.
All six groups healed better than the control group, and
although microscopically all were slightly different, the
differences in result between the two wavelengths were not
great. The exact influence of the wavelength cannot be
extracted from that study, but it still underlines the delicate
response from the cells. As for the clinical considerations of
the present study, it is documented that all clinical
parameters were improved on the HeNe side, while the
results of the diode laser were less pronounced.

Further studies should be performed using more exact
laser parameters and at different doses. It seems that the
HeNe laser dosage lies within the therapeutic window. The
less pronounced results of the diode laser might be
explained by the assumption that light of low coherency
requires higher doses than light from highly coherent
sources. Increasing the dose of the diode laser may, in that
case, provide results similar to the HeNe laser.

Conclusion

The results from the present study suggest that there is a
difference in the biological effect between lasers of long

and short coherence length and that the lasers of longer
lengths of coherence have a stronger stimulating effect.
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