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Abstract

Background/Aim: Root surface biomodification has been used to treat gingival recession and periodontitis. The
principle for this procedure is that removing the smear layer from the root surfaces exposes collagen fibers,
which leads to improved healing. Clinical studies generally have failed to find any improvement in clinical
parameters when using such agents. The aim of this study was to evaluate and compare the outcome of gingival
recession therapy using the subepithelial connective tissue graft (SCTG) with or without Er:YAG laser appli-
cation for root surface biomodification. Materials and Methods: Twenty-four teeth in 12 patients with Miller
class I and II recession were treated with SCTG with (test group) or without (control group) the application of an
Er:YAG laser (2 Hz, 60 mJ=pulse, 40 s, with air spray). Clinical attachment level (CAL), recession depth (RD),
recession width (RW), and probing depth (PD) were measured at baseline and 6 months postsurgery. Results:
There were no significant differences between test and control groups ( p> 0.05). Postoperatively, significant root
coverage, gains in CAL, and highly significant increases in the RW were observed in both groups. For test and
control groups, the average root coverage was 80% and 86%, respectively ( p> 0.05), and complete root coverage
was 75% and 67%, respectively. Conclusions: The present study showed that root surface conditioning with an
Er:YAG laser does not enhance the results achieved when SCTG was performed alone.

Introduction

Gingival recession is a most common and undesirable
condition, which is characterized by the displacement of

the gingival margin apically from the cemento–enamel junc-
tion (CEJ) and the exposure of the root surface to the oral
environment. The principal objective in the treatment of gin-
gival recession is to cover the exposed root surfaces to im-
prove esthetics and to reduce hypersensitivity. Additional
benefits that result from treating areas of gingival recession
may include an increase in the width and thickness of kera-
tinized gingiva. Coverage of denuded roots has become one of
the most challenging procedures in periodontal mucogingival
surgery.1–4 The search for the appropriate root-coverage
technique has taken many different approaches. Various
surgical options have been developed to achieve the above
goals and include the use of subepithelial connective tissue
grafts (SCTG),5 free gingival grafts,6 laterally sliding flaps,7

coronally advanced flaps,8 double papillae flaps,9 guided
tissue regeneration,10 and acellular dermal matrix allografts.11

Among these surgical options, variations of SCTG procedures
demonstrated a high percentage of root coverage with high

predictability and without significant postsurgical complica-
tions.12–18 Also, the root coverage gained with SCTG proce-
dures was reported to be stable over the long term.14

Therefore, SCTG procedures have commonly served as the
gold standard to evaluate the safety and results of new root-
coverage techniques.1–4

So far, a concerted effort has been made in the field of
root conditioning to improve the outcome of regenerative
periodontal therapies by favoring the attachment of the re-
generated periodontal structures. Mechanical instrumenta-
tion (scaling and root planing) leaves a smear layer, which
affects cell reattachment and can serve as a reservoir for
microbial growth.19 Therefore, chemical conditioning of the
roots has been performed to remove the smear layer and
improve biocompatibility. After smear-layer removal, the
dentinal collagens are exposed, and they are supposed to be
a chemoattractant for periodontal fibroblasts.20 Besides these
surgical options, various adjunctive agents have been ap-
plied to promote healing and further enhance clinical out-
comes. These include root conditioners (e.g., citric acid,20–25

tetracycline HCI,26 EDTA,19,27 phosphoric acid,28 and hy-
drogen peroxide3), enamel matrix proteins,29 recombinant
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human growth factors, platelet-rich plasma,30 and dentin
bonding conditioner.31 In addition to chemical conditioning,
the applicability of different laser systems, such as the CO2,
Nd:YAG diode, and Er:YAG laser in the removal of the
smear layer has been demonstrated.32–41

However, until now no published data have been avail-
able concerning the clinical outcomes following root-surface
biomodification with the Er:YAG laser for the treatment of
gingival recession. The aim of the present study was to
evaluate and compare the outcome of gingival recession
therapy using the SCTG with or without Er:YAG laser ap-
plication for root-surface biomodification.

Materials and Methods

The research protocol and consent form were initially
submitted for consideration by the Ethics Committee, and
the Institutional Internal Review and Ethics Board at Atatürk
University, Faculty of Dentistry, approved the study. All
participants provided written informed consent.

Selection of subjects and test teeth

The study population consisted of 12 patients with esthetic
problems due to the exposure of recession-type defects when
smiling (6 women and 6 men, 18–42 yr, mean age 27.3� 8.4
yr) who visited the periodontology department of Atatürk
University, Erzurum, Turkey. Teeth with cracked structure,
carious lesions, or restorations or that were nonvital were
excluded. All the recession defects (24 teeth) fall into class I
or II according to the definitions given by Miller, since no
loss of interdental soft and hard tissue height was present.42

The 24 experimental nonmolar teeth were identified and
randomly balanced into two groups (12 test-group teeth,
including 4 incisors, 2 canines, and 6 premolars, and 12
control-group teeth, including 6 incisors, 2 canines, and 4
premolars) and were subjected to one treatment modality for
each group (Table 1).

All patients were nonsmokers, systemically and peri-
odontally healthy, with no contraindications for periodontal
surgery, and not taking medications known to interfere with
periodontal tissue health or healing.

Following examination, all teeth received scaling, root
planing, and crown polishing, and oral hygiene instructions
were given 4 weeks before surgery. All patients demon-
strated optimal oral hygiene (plaque score� 15%).43

Clinical parameters

After baseline clinical measurements [recession depth
(RD), recession width (RW), clinical attachment level (CAL),
and probing depth (PD)], the teeth were randomly assigned

to the test group or control group. All measurements were
performed by means of periodontal probe (Williams Peri-
odontal Probe, Hu Friedy, Chicago, IL, USA).and caliper
(Castroviejo Calipers 1730-1, Schwert, Germany).

The following clinical measurements were taken at the
facial aspect to the experimental teeth 1 week before the
surgery and at 6-month follow-up:

� Recession depth (RD), measured from the CEJ to the
most apical extension of the gingival margin

� Recession width (RW), measured at the level of the CEJ
� Clinical attachment level (CAL), measured from the CEJ

to the bottom of the gingival sulcus
� Probing depth (PD), measured from the gingival margin

to the bottom of the gingival sulcus

The percentage of recession coverage was calculated ac-
cording to the following formula:

recession coverage¼ (preoperative recession depth

�postoperative recession depth)=

preoperative recession depth · 100

Examiner calibration

The investigator charged with clinical assessments was
calibrated for intraexaminar repeatability prior to the start of
the trial. Eleven patients with a total of 21 teeth with gingival
recession were enrolled for this purpose. Duplicate mea-
surements of CAL were collected with an interval of 24 h
between the first and second recording. The intraclass cor-
relation coefficient, as a measure of intraexaminer repro-
ducibility, was 0.99.

Treatment

The exposed root surfaces were planed with curettes to
remove edges, grooves, and dental plaque and to reduce the
convexity of the root. The area was gently irrigated with
sterilized physiological saline solution. Afterward, relative
isolation of the region was carried out with the aid of a
cotton roll, drying of the buccal surface with gauze and
lasing was performed in the test group, and the exposed root
surface was conditioned with the Er:YAG laser.

Lasing was performed using an Er:YAG laser (Doctor
Smile erbium&diode, Lambda Scientifica S.r.l., Vicenza,
Italy). Root surfaces in the test group were radiated by a laser
beam of 2 Hz, 60 mJ=pulse, 40 s, 2094 nm with sweeping
motion and air coolants. In addition, the distance between
the end of the sapphire tip (diameter 400 mm) mounted on a
hand piece (LAEH4012.5) and the tooth surface was adjusted
to about 2 mm. (An energy density of 19.51 J=cm2 with two
irradiations of 20 s each was used.) When the lasers were in
use, protective eyewear of appropriate optical density was
worn by the investigator and patients.

Before surgery, extraoral antisepsis was performed with
10% povidone–iodine solution (Glividon�, Bikar Drug Ltd.,
Istanbul, Turkey) and intraoral antisepsis with 0.12% chlor-
hexidine rinse (Kloroben�, Drogsan Drug Ltd., Istanbul, Tur-
key). All defects were treated by using the Langer and Langer
technique.5 A local anesthetic (Ultracaine DS Forte�, Hoechst
Roussel, Frankfurt, Germany) was administered to donor and
recipient sites to achieve anesthesia. A partial-thickness flap

Table 1. Frequency Distribution

of the Two Groups (n¼ 12)

Evaluation
group

Anterior absolute
frequency

Premolar absolute
frequency

Gingival recession Class 1 Class 2 Class 1 Class 2

Test group 4 2 2 4
Control group 4 4 2 2
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was created with two vertical incisions placed at least one-half
to one tooth wider mesiodistally than the area of gingival re-
cession. The coronal margin of the flap was started with a
horizontal sulcular incision to preserve all existing facial gin-
giva. The proximal papillae were left intact. Care was taken to
extend the flap to the mucobuccal fold without perforations
that could affect the blood supply. The area was irrigated with
a sterile saline solution.

The connective tissue graft was harvested from the palate
with the ‘‘trap-door’’ approach described by Harris.15 A
connective tissue graft in an adequate size of 2-mm thickness
was harvested, and pressure was applied to the donor area
with gauze soaked in saline after the graft was taken. The
donor area was closed with silk 4-0 sling sutures.

The graft was trimmed with a sharp surgical blade, if
necessary, and the SCTG was introduced to the recipient site,
where the flap was pulled over a major portion of the SCTG.
The recipient flap was then sutured directly over the graft
with silk 5-0 sutures. The overlying flap covered the donor
tissue as much as possible to provide more blood supply to
the graft. The vertical incisions were also closed with silk 5-0
sutures. A mild compress with gauze soaked in saline was
applied for 5 min. Dry foil was applied to the recipient area,
and then a noneugenol periodontal dressing (Coe-Pak, GC
America, Alsip, IL, USA) was placed over the dry foil to
stabilize and protect the donor site for 14 days postsurgery.
Techniques were performed with an interval of 6 weeks
between surgeries.

Postsurgical care

All patients were instructed to take antibiotic (amoxicillin,
Remoxil�, I.E. Ulagay Drug Ltd., Istanbul, Turkey), 500 mg
every 8 h for 7 days, and analgesic medication (naproxen,
Apranax�, Abdi _IIbrahim Drug Ltd., Istanbul, Turkey),
550 mg every 12 h for 5 days, and to discontinue tooth
brushing around the surgical sites for the first 14 days after
surgery. A cold compress extraorally and a bland diet were
advised. During this period, plaque control was provided by
rinsing with 0.12% chlorhexidine digluconate (Kloroben�,
Drogsan Drug Ltd., Istanbul, Turkey) solution twice a day
for 1 min. After this period, the sutures were removed. Pla-
que control in the surgically treated area was maintained by
0.12% chlorhexidine rinsings for an additional 2 weeks, and
gentle tooth brushing with a soft-filament toothbrush was
permitted twice daily. The patients were instructed to per-
form a nontraumatic brushing technique (roll technique)
using a standardized soft toothbrush and toothpaste during
the trial.

All patients were recalled for prophylaxis 1 and 3 weeks
after suture removal and then monthly until the end of the
study period. All participants completed the study and re-
ported 100% compliance.

The initial therapy, laser application, and surgical treat-
ments were performed by one investigator and the clinical
measurements were assessed by another.

Statistical analysis

Descriptive statistics including means and standard devi-
ations were calculated for both groups. The data thus col-
lected were assessed using SPSS 11.0 statistical software
(SPSS, Inc., Chicago, IL, USA). The Wilcoxon’s signed ranks

test was chosen to compare test group and control group
differences in RD, RW, CAL, and PD. The differences in
mean RD, RW, CAL, and PD values between baseline and
6 months were evaluated using Wilcoxon’s signed ranks test.
In addition, the Wilcoxon’s signed ranks test was used to
compare recession coverage (%, mm) between groups.

Results

Following the initial oral hygiene phase and at the post-
treatment examinations, all subjects showed low frequencies
of plaque-harboring tooth surfaces (PI< 20%) and bleeding
gingival units (GI< 15%), indicating a good standard of su-
pragingival plaque control during the study period.

The statistical analyses for the mean� SD of clinical pa-
rameters at baseline and after 6 months for both groups are
presented in Table 2.

No statistically significant differences between groups
were observed for any of the clinical parameters at baseline
and 6 months ( p> 0.05). RD values were 3.08� 0.57 and
3.00� 0.71 mm at baseline and 0.58� 1.02 and 0.46�
0.75 mm at 6 months in the test and control groups, respec-
tively ( p> 0.05). RW values were 3.29� 1.13 and 3.25�
1.07 mm at baseline and 0.75� 1.36 and 0.92� 1.32 mm at
6 months in the test and control groups, respectively
( p> 0.05). In addition, CAL values were 4.54� 0.90 and
4.67� 0.94 mm at baseline and 2.04� 0.59 and 2.08�
0.49 mm at 6 months in the test and control groups, respec-
tively ( p> 0.05).

In the test group, statistically significant changes from
baseline were found for RD, RW, and CAL. RD decreased
from 3.08� 0.57 to 0.58� 1.02 mm ( p< 0.01), RW decreased
from 3.29� 1.13 to 0.75� 1 .36 mm ( p< 0.01), and CAL de-
creased from 4.54� 0.90 to 2.04� 0.59 mm ( p< 0.01).

In the control group, statistically significant changes from
baseline were found for RD, RW, and CAL. RD decreased
from 3.00� 0.71 to 0.46� 0.75 mm ( p< 0.01), RW decreased
from 3.25� 1.07 to 0.92� 1.32 mm ( p< 0.01), and CAL de-
creased from 4.67� 0.94 to 2.08� 0.49 mm ( p< 0.01).

Probing depths did not show a statistically significant
change after treatment in both groups ( p> 0.05). PD val-
ues were 1.46� 0.43 and 1.58� 0.49 mm at baseline and

Table 2. Mean� SD of Clinical Parameters (mm)

at Baseline and 6 Months Postoperatively (n¼ 12)

Parameters Test group
Control
group

p
Value

Recession depth (RD)
Baseline 3.08� 0.57 3.00� 0.71 >0.05
6 months 0.58� 1.02* 0.46� 0.75* >0.05

Recession width (RW)
Baseline 3.29� 1.13 3.25� 1.07 >0.05
6 months 0.75� 1.36* 0.92� 1.32* >0.05

Clinical attachment level (CAL)
Baseline 4.54� 0.90 4.67� 0.94 >0.05
6 months 2.04� 0.59* 2.08� 0.49* >0.05

Probing depth (PD)
Baseline 1.46� 0.43 1.58� 0.49 >0.05
6 months 1.46� 0.66 1.63� 0.68 >0.05

*p< 0.01, significant differences between baseline and 6 months.
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1.46� 0.66 and 1.63� 0.68 mm at 6 months in the test and
control groups, respectively.

The recession coverages at 6 months postoperatively for
the test and the control groups are shown in Table 3.

The mean recession coverage values for the test group
were 2.50� 1.19 mm and 79.79%� 35.83%. Corresponding
values for the control group were 2.54� 1.14 mm and
85.95%� 22.91%. These values were not statistically different
( p> 0.05).

Complete recession coverage was accomplished in 75% (9
of 12) of the treated cases in the test group and in 66.7% (8 of
12) of the treated cases in the control group (Table 4).

Discussion

The aim of this randomized, controlled, split-mouth,
double-blind clinical trial was to evaluate and compare the
outcome of gingival recession therapy using the SCTG with
or without Er:YAG laser application for root-surface bio-
modification. The present study showed no clinical benefit of
root conditioning with the Er:YAG laser. For test and control
groups, the average root coverage was 80% and 86% and the
complete root coverage was 75% and 67%, respectively. Both
of these results compare well with those of others, who re-
ported an average mean root coverage of 64.7–97.3% and
complete root coverage of 18.1–96.1% in studies that was
used SCTG to obtain root coverage (Chambrone et al.,1 Oates
et al.,3 and Roccuzzo et al.4).

Patients with gingival recessions who complain of esthetic
concerns and hypersensitivity are possible candidates for
root-coverage procedures. Before performing periodontal
plastic surgery, clinicians should select the most predictable
way to achieve successful root coverage. Although the more
accepted techniques were the free gingival grafts and various
pedicle grafts during the 1960s and 1970s,6–9 SCTG was used
to enhance covering areas of root exposure in the early
1980s.5 Different flap procedures further modified this tech-
nique.16–18 Longitudinal observations and case studies have
shown a high success rate and predictability.1–4 To accom-
plish patients’ esthetic requirements and obtain successful
root coverage, improved surgical techniques with SCTG
were used.11–18 Therefore, in the present study, SCTG was
chosen for treatment of gingival recessions.

Complete root coverage is considered the true goal of
treatment, because only complete coverage assures recovery
from the hypersensitivity and esthetic defects associated
with recession areas.1–4 Previous studies have tried to im-
prove the percentages of complete coverage with root-
surface biomodification. Root-surface conditioning has been
introduced, using a variety of agents, to detoxify, decon-
taminate, and demineralize the root surface, thereby re-

moving the smear layer and exposing the collagenous matrix
of dentin and cement.19–28 However, the literature seems
controversial with respect to root conditioning. The results of
some studies have demonstrated that conditioned root sur-
faces have a higher percentage of complete root coverage
compared with sites not treated with root-conditioning
agents.21–23 Conversely, the results of other studies showed
no significant clinical benefit of root conditioning in con-
junction with root-coverage procedures.24,26,27 The present
study showed that root-surface conditioning with the Er:
YAG laser does not enhance the clinical results achieved
when SCTG was performed alone. The results of our study
are in agreement with the results of the earlier studies.

So far, no published data are available concerning the
clinical outcomes following root-surface biomodification
with the Er:YAG laser for the treatment of gingival recession,
whereas the use of lasers has often been proposed for this
condition. In previous clinical studies it has been demon-
strated that lasers are an effective tool in the field of root
conditioning to improve the outcome of regenerative peri-
odontal therapies by favoring the attachment of the re-
generated periodontal structures.32–41 Among the dental
lasers, the Er:YAG laser has been considered to be one of the
most promising for use in periodontal therapy.44–48 Previous
clinical studies have reported the effectiveness and safety of
root-surface debridement using the Er:YAG laser in non-
surgical and surgical periodontal pocket therapies.49–55

The changes on the root surface produced by the ther-
momechanical effect of the Er:YAG laser seem to be com-
posed of both microstructural and thermal changes of the
dentin.38,40,41,56–58 The effect of the microstructure of the
lased surface would be advantageous for initial cell and tis-
sue attachment in vivo since the fibrin and blood clot form
better on the lased surface56–58 and would provide a scaffold
for the ensuing cell and collagen fiber attachment. Because
the emission wavelength is highly absorbed by water, the
Er:YAG laser possesses an excellent capacity for ablating
dental hard tissues without producing major thermal side
effects,38,44 such as carbonization, melting, and cracking of
the root substance, which are usually observed following
CO2 and Nd:YAG laser irradiation.36–38,59,60 Regarding the
biocompatibility of the Er:YAG laser-irradiated root surface,
several previous studies reported a faster adhesion and
growth of fibroblasts on laser-treated surfaces compared
with mechanically debrided surfaces.41,51,61 Feist and col-
leagues41 reported that the root surfaces prepared by Er:YAG
laser irradiation at a high energy level delayed early human
gingival fibroblast adherence. In addition, Mizutani and
colleagues61 reported that the affected layer on the root
surface produced by Er:YAG laser irradiation was generally
biocompatible, and most of the lased site with the affected
layer was completely resorbed during the wound healing
process at the site of connective-tissue attachment. Im-

Table 3. Mean� SD of Recession Coverage

at 6 Months Postoperatively (n¼ 12)

Test
group

Control
group

p
Value

Recession coverage
(mm)

2.50� 1.19 2.54� 1.14 >0.05

Recession coverage
(%)

79.79� 35.83 85.95� 22.91 >0.05

Table 4. Frequency of Recession Coverage

with Test and Control Group

Treatment 100.00% 99–50% 49–0%

Test group 9 (75%) 0 (%) 3 (25%)
Control group 8 (66.7%) 3 (25%) 1 (8.3%)
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munohistochemical characterization of wound healing fol-
lowing nonsurgical periodontal treatment revealed that Er:
YAG laser radiation was effective in controling disease
progression and may support the formation of a new con-
nective-tissue attachment.50 However, Maruyama and col-
leagues62 reported that the characteristic microstructure of
the root cement surface after Er:YAG laser irradiation had a
tendency to hinder the early attachment of periodontal lig-
ament cells. The Er:YAG laser parameters used in the present
study (2 Hz, 60 mJ=pulse, 40 s, 2940 nm) were based on ear-
lier studies,41,51 which demonstrated that the Er:YAG laser
when used with these parameters did not affect the bio-
compatibility of the root surface.

In contrast to the favorable effects of Er:YAG laser appli-
cation described in the above studies, some authors have
indicated that root surfaces following Er:YAG laser treat-
ment in vitro exhibit a characteristic feature of micro-
irregularities.63,64 Fujii and colleagues64 showed that the
lased root surface displays a characteristic microstructure
with a denaturation of collagen fibers. Regarding studies
using other lasers, Trylovich and colleagues65 reported that
Nd:YAG laser irradiation alters the biocompatibility of the
root surface, making it unfavorable for fibroblast attachment.
Fayad and colleagues59 reported a total lack of fibroblast
attachment to CO2-lased root surfaces.

The results of recent studies have shown that Er:YAG laser
application resulted in significant improvements of some
clinical parameters, such as PD and CAL.51–55 The results of
the present study demonstrate that root-surface conditioning
with the Er:YAG laser has no additional clinical benefit when
compared with root planing alone regarding CAL, RD, and
RW. In both the test group and control group, the means of
CAL, RD, and RW values showed decreases from baseline to
6 months, and these changes were statistically significant.
Caffesse and colleagues24 and Bouchard and colleagues25

compared the SCTG in conjunction with citric acid to the
SCTG where no root conditioning was performed and re-
ported that root conditioning did not affect the clinical out-
come of the surgical technique. Our findings are in accord
with these reports.

The laser parameters affecting the amount of energy ap-
plied to a given surface include power level (W), exposure
time (s), pulsed versus continuous wave energy, energy
density ( J=cm2), distance from the surface, and the angle
between the target tissue and the fiber tip. As a laser beam
strikes a target tissue surface, the light energy can be affected
in four ways: it can be reflected, transmitted, absorbed, or
scattered, and the changes seen in target tissues are largely
due to the absorbed energy.66 Therefore, the most important
issue in laser therapy is to determine the correct parameters
to use to achieve satisfactory results, without inducing det-
rimental thermal effects in the pulp or causing fracturing or
carbonization.

Conclusions

The most significant and interesting finding of the present
study is that the use of the Er:YAG laser as a root-surface
biomodifier did not affect the outcome of root coverage with
the SCTG. Further comparative studies are needed to clarify
this issue and to evaluate the long-term effects of this type of
therapy.
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19. Blomlöf, J.P., Blomlöf, L.B., and Lindskog, S.F. (1996). Smear
removal and collagen exposure after non-surgical root
planing followed by etching with an EDTA gel preparation.
J. Periodontol. 67, 841–845.

20. Polson, A.M., Frederick, G.T., Ladenheim, S., and Hanes, P.J.
(1984). The production of a root surface smear layer by in-
strumentation and its removal by citric acid. J. Periodontol.
55, 443–446.

21. Common, J., and McFall, W.T., Jr. (1983). The effects of citric
acid on attachment of laterally positioned flaps. J. Period-
ontol. 54, 9–18.

22. Miller, P.D., Jr. (1985). Root coverage using the free soft
tissue autograft following citric acid application. III. A suc-
cessful and predictable procedure in areas of deep-wide re-
cession. Int. J. Periodontics Restorative Dent. 5, 14–37.

23. Tolmie, P.N., Rubins, R.P., Buck, G.S., Vagianos, V., and
Lanz, J.C. (1991). The predictability of root coverage by way
of free gingival autografts and citric acid application: an
evaluation by multiple clinicians. Int. J. Periodontics Re-
storative Dent. 11, 261–271.

24. Caffesse, R.G., De LaRosa, M., Garza, M., Munne-Travers,
A., Mondragon, J.C., and Weltman, R. (2000). Citric acid
demineralization and subepithelial connective tissue grafts.
J. Periodontol. 71, 568–572.

25. Bouchard, P., Etienne, D., Ouhayoun, J.P., and Nilvéus, R.
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