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Er:YAG Laser Scaling of Diseased Root
Surfaces: A Histologic Study
Roberto Crespi,* Antonio Barone,* and Ugo Covani*

Background: The aim of the present study was to observe
the effects of an erbium-doped:yttrium, aluminum, and garnet
(Er:YAG) laser when used to treat periodontally involved root
surfaces.
Methods: Forty teeth affected by severe periodontal disease and scheduled for extraction were divided into two
groups: in group A (control), 20 teeth were treated by hand instrumentation, and in group B (test), 20 teeth were treated by
Er:YAG laser.
Results: In group A (teeth treated by curets), the root
cementum layer was completely removed, but many deep
scratches on the dentin layer were also observed. In group B,
the laser-treated root surfaces, there was no cracking or carbonization, and the bacterial flora was completely eliminated,
leaving a rough and uniform surface.
Conclusion: Results of the present study showed that
clinical use of an Er:YAG laser in vivo achieves plaque and
calculus removal, providing a rough surface morphology.
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S

ince the erbium-doped:yttrium,
aluminum, and garnet (Er:YAG)
laser is able to induce an efficient
ablation of tooth tissue for the laser’s
water-based absorption,1,2 this laser
system can be used for caries removal
and cavity preparation without significant thermal effects, avoiding collateral
damage to tooth structure, or patient
discomfort.3-6 With the Er:YAG laser, it
has been shown that hard tissues of teeth
are removed by a process of explosive
subsurface expansion of interstitially
trapped water.7
Other studies8-11 have demonstrated
the increased efficiency of the Er:YAG laser in removing calculus from the root surfaces of periodontally involved teeth,12,13
reducing thermal injuries and avoiding
structural modifications to the dentin layer.
These debridement effects on root surfaces are enhanced by the antimicrobial
effects of the Er:YAG laser,14 which provides a smoother and more decontaminated aspect of treated root surfaces.8
These lased surfaces seem to offer better
conditions for the adherence of periodontal ligament (PDL) fibroblasts than scaling and root planing (SRP) with hand
instruments.15,16 The same results were
obtained by Schwarz et al.17 in an in vitro
study showing that clinical use of an
Er:YAG laser resulted in a smooth root
surface morphology, even at higher energy settings, suggesting that calculus
removal can be selectively done in vivo.
On the other hand, many of these studies
relied on scanning electron microscopy
(SEM) observations, in which only surface
doi: 10.1902/jop.2006.050043
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Figure 2.
Figure 1.
Histologic section of root surface treated by hand instrumentation.
Dentin surface presents a smooth shape (phase-contrast; original
magnification ·32).

aspects can be examined. Little information is reported about the effects induced by lasers on cementum and the dentin layer situated below the lased
surfaces.
The aim of the present study was to study the effects of an Er:YAG laser on diseased, calculus-covered
root surfaces in periodontal pockets in vivo using
non-decalcified histologic sections and comparing
the experimental results to conventional mechanical
debridement.
MATERIALS AND METHODS
Samples
In 15 patients, nine women and six men with a mean
age of 57 years (range: 42 to 72 years), 40 teeth, 26
monoradicular and 14 multiradicular, affected by severe periodontal disease, showing probing depths
(PD) >6 mm and clinical attachment levels (CAL)
>8 mm, and scheduled for extraction, were considered
for this study. Teeth had received no periodontal treatment in the previous 6 months, and professional tooth
cleaning was performed before tooth extraction by a
hygienist to remove supragingival plaque and calculus. In group A (control), 20 teeth were treated by
hand instrumentation (Gracey curets†); root surfaces
were instrumented until a smooth surface was

Lacunar defects filled with subgingival bacterial cells infiltrating
radicular dentin and dentinal tubules (DIC; original magnification
·400).

achieved. In group B (test), 20 teeth were treated by
Er:YAG laser. All patients signed informed consent
forms in accordance with the Helsinki Declaration of
1975, as revised in 2000.
Laser Radiation and Delivery System
An Er:YAG laser system‡ (wavelength: 2.94 mm) was
used at 160 mJ/pulse, at 10 Hz, equivalent to an energy density of 94 J/cm2. The Er:YAG laser beam was
delivered into the periodontal pockets using a chiselshaped fiber quartz tip with the handpiece§ in contact
mode under water irrigation. The laser beam was
transmitted in focused mode along the 10-mm vertical axis of the quartz tip with a diameter of 300 mm.
Laser Treatment
Teeth were irradiated at 160 mJ/10 Hz. The laser fiber
was applied at the bottom of periodontal pockets
around teeth and used with apico-coronal movements
in a parallel direction along the root surface with an
angulation of 30.
The working time required for each pocket treatment was 7 minutes for single-rooted and 10 minutes
for multirooted teeth.
All teeth, both control and test groups, were immediately extracted after instrumentation, crowns were
† Hu-Friedy, Chicago, IL.
‡ HOYA ConBio, Fremont, CA.
§ HOYA ConBio.

219

Er:YAG Laser Scaling of Diseased Root Surfaces

Volume 77 • Number 2

Figure 3.
On root surface treated by hand instrumentation, deep scrapes
caused by curets are observed (DIC; original magnification ·32).

cut at the cemento-enamel junction (CEJ), and
treated roots were immersed in phosphate-buffered
10% formalin.
Histologic Examination
Specimens were post-fixed in osmic acid and embedded in Epon.18 Samples were sectioned in a longitudinal plane using a microtome.i Four root sections for
each tooth were obtained. Each section was fixed
onto glass slides. Sections were ground down to 10
to 15 mm thickness using a grinding and polishing
machine.¶ Unstained specimens were examined by
light microscope# by Normasky differential interference contrast (DIC). Cross-sections were evaluated
histometrically at ·400 magnification.
RESULTS
In group A, teeth treated by curets presented smooth
root surfaces with elimination of calculi and bacterial
flora (Fig. 1), and the cementum layer was completely
removed, leaving open dentinal tubules. In one sample, the root surface exhibited lacunae with bacteria
infiltrating dentinal tubules (Fig. 2), and in a first maxillary premolar, bacteria were observed into interradicular septa. In some samples, many defects, such
as deep scratches on the dentin layer due to manual
strokes of the curet, were also observed (Figs. 3 and 4).
In the test group, the laser-treated root surfaces
revealed no major thermal damage. No cracking or
220

Figure 4.
At higher magnification, it is possible to see the large gap caused
by the curet (DIC; original magnification ·160).

carbonization was observed along irradiated root
surfaces; steep grooves and crater walls were completely absent. The bacterial flora was entirely eliminated along all root surfaces observed (Fig. 5).
Laser scaling was accompanied by an increased removal of tissue; the cementum was ablated through
to the dentin in unvarying thickness, leaving a rough
and uniform surface (Fig. 6).6 It was possible to
observe a 15-mm thick superficial rough layer,
but no structural dentin alteration processes immediately beneath the superficial margin (Fig. 7) were
detected.
DISCUSSION
Hand instrumentation provided adequate root debridement through elimination of bacterial flora
and calculi along surfaces of periodontally involved
teeth, but led to the removal of dental tissue, leaving
a surface with opened dentinal tubules and scratches
of variable depth.19,20 Histologic examinations indicated that the clinical use of the Er:YAG laser beam
delivered by a tip into periodontal pockets in humans
i Isomet, Bueler, Lake Bluff, IL.
¶ Metaserv, Bueler.
# Fomi III, Carl Zeiss, Oberkochen, Germany.
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Figure 5.

Figure 6.

Histologic view following Er:YAG laser irradiation at 160 mJ/10 Hz.
There is a complete absence of calculus, plaque, and cementum layer
as far as the bottom of the pocket (DIC; original magnification ·32).

There is a difference between the lased surface, without cementum
layer, and the bottom of the pocket, where the tip of the laser
stopped, with clear evidence of cementum layer (DIC; original
magnification ·160).

produced a removal of calculi and bacterial cells, providing roughened surfaces with complete cementum
removal.12,21 No deep cracks and no denaturation
or grooves were found in the observed cross-sections.
These results are in contrast to the observations of
Frentzen et al.22 who studied histologically the
effects on periodontally involved teeth of an Er:
YAG laser at 160 mJ/10 Hz, using a 1.10-mm scaling
tip at 120 mJ. Laser scaling provided an increased removal of tissue and roughened surfaces, but grooves
were found in all cross-sections, and crater walls
treated with the 1.10-mm application tip were steeper.
Furthermore, some signs of melting processes in the
superficial layer were visible under SEM examination,
and these effects were more distinct after using the
1.10-mm tip. In another study,23 the periodontal
pockets remaining in situ in jaws of human corpses
were irradiated with Er:YAG laser radiation at 60,
100, or 180 mJ. Following laser treatment, the entire
tooth, marginal gingiva, and underlying alveolar bone
were removed from the jaw and examined under a light
microscope. The histologic examination revealed two
kinds of thermal changes within the laser-treated root
surface. First, a thin superficial layer, 5 to 10 mm in
width, was observed. The surface of this layer showed
ultrastructural irregularities. Second, a semicircular,
more deeply stained area close to the apical end of
the scaling track beneath the irradiated cementum

Figure 7.
The lased surface has a rough aspect without morphological
modification of the dentin layer underneath (DIC; original
magnification ·250).
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was observed. The depth of this area ranged from 255
to 611 mm and appeared to be independent of the radiation energy. Eberhard et al.24 treated single-rooted
teeth with untreated periodontitis either by SRP (hand
instrumentation) or Er:YAG laser irradiation, with
the aim of achieving a calculus-free root surface. Results showed that 83.3% – 5.7% of the root surface was
devoid of calculus when laser irradiation was allowed
twice the time used for hand instrumentation. The histologic evaluation showed that after SRP, 73.2% of
root dentin was completely denuded from cementum,
whereas only a minimal cementum reduction was
apparent after laser irradiation. Both treatment modalities resulted in a similar reduction of periodontopathogens. The current study demonstrated the in
vivo ability of the Er:YAG laser to remove calculus
from periodontally involved root surfaces, yet the effectiveness did not reach that achieved by hand instrumentation. The lack of cementum removal in
contrast to SRP may qualify the laser as an alternative
approach during supportive periodontal therapy.
However, Schwarz et al.17 in an in vivo study showed
that the clinical use of an Er:YAG laser resulted in a
smooth root surface morphology, even at higher energy settings. The results also indicated that calculus
removal can be selectively done in vivo.
CONCLUSIONS
Irradiation in vivo of periodontal pockets with the Er:
YAG laser at 160 mJ and 10 Hz induced a complete
elimination of calculi and bacterial flora, eliminated
debris and cementum layer, and caused neither
cracks nor grooves. However, further studies should
be carried out to examine the overall effect of Er:YAG
laser scaling on periodontally involved teeth.
REFERENCES
1. Stock K, Hibst R, Keller U. Comparison of Er:YAG
and Er:YSGG laser ablation of dental hard tissues. SPIE
2000;3192:88-95.
2. Weber MJ. Handbook of Optical Materials. Boca
Raton, FL: CRC Press; 2002;375-377.
3. Hibst R, Keller U. Experimental studies of the application of the Er:YAG laser on dental hard substances: I.
Measurement of the ablation rate. Lasers Surg Med
1989;9:338-344.
4. Hibst R, Keller U. Experimental studies of the application of the Er:YAG laser on dental hard substances: II.
Light microscopic and SEM investigations. Lasers
Surg Med 1989;9:345-351.
5. Walsh JT, Flotte TJ, Deutsch TF. Er:YAG laser ablation
of tissue: Effect of pulse duration and tissue type on
thermal damage. Lasers Surg Med 1989;9:314-326.
6. Walsh JT, Deutsch TF. Er:YAG laser ablation of tissue:
Measurement of ablation rates. Lasers Surg Med 1989;
9:327-337.
7. Freiberg RJ, Cozean C. Pulse erbium laser ablation of
hard dental tissue: The effects of atomised water spray
vs water surface film. SPIE 2002;4610:74-84.

222

Volume 77 • Number 2

8. Aoki A, Ando Y, Watanabe H, Ishikawa I. In vitro
studies on laser scaling of subgingival calculus with an
Er:YAG laser. J Periodontol 1994;65:1097-1106.
9. Aoki A, Miura M, Akiyama F, et al. In vitro evaluation
of Er:YAG laser scaling of subgingival calculus in comparison with ultrasonic scaling. J Periodontal Res 2000;
35:266-277.
10. Folwaczny M, Mehl A, Haffner C, Benz C, Hickel R.
Root substance removal with Er:YAG laser radiation at
different parameters using a new delivery system.
J Periodontol 2000;71:147-155.
11. Fujii T, Baehni PC, Kawai O, Kawakami T, Matsuda K,
Kowashi Y. Scanning electron microscopic study of
the effects of Er:YAG laser on root cementum.
J Periodontol 1998;69:1283-1290.
12. Israel M, Cobb CM, Rossmann JA, Spencer P. The
effects of CO2, Nd:YAG and Er:YAG lasers with and
without surface coolant on tooth root surfaces: An in
vitro study. J Clin Periodontol 1997;24:595-602.
13. Yamaguchi H, Kobayashi K, Osada R, Sakuraba E,
Nomura T, Nakamura J. Effects of irradiation of an
erbium:YAG laser on the root surface. J Periodontol
1997;68:1151-1155.
14. Ando Y, Aoki A, Watanabe H, Ishikawa I. Bactericidal
effect of erbium:YAG laser on periodontopathic bacteria. Lasers Surg Med 1996;19:190-200.
15. Rossa CJ, Silverio KG, Zanin IC, Brugnera AJ,
Sampaio JE. Root instrumentation with an erbium:
yttriumaluminum-garnet laser: Effect on the morphology of fibroblasts. Quintessence Int 2002;33:496-502.
16. Schoop U, Moritz A, Kluger W, et al. Changes in root
surface morphology and fibroblast adherence after
Er:YAG laser irradiation. Journal of Oral Laser Applications 2002;2:83-93.
17. Schwarz F, Putz N, Georg T, Reich E. Effect of an
Er:YAG laser on periodontally involved root surfaces:
An in vivo and in vitro SEM comparison. Lasers Surg
Med 2001;29:328-335.
18. Crespi R, Grossi SG. A method for histological examination of undecalcified teeth. Biotech Histochem
1992;67:202-206.
19. Corbet EF, Vaughan AJ, Kieser JB. The periodontallyinvolved root surface. J Clin Periodontol 1993;20:
402-410.
20. Coldiron NB, Yukna RA, Weir J, Caudill RF. A quantitative study of cementum removal with hand curets.
J Periodontol 1990;61:293-299.
21. Radvar M, Creanor SL, Gilmour WH, et al. An evaluation of the effects of a Nd:YAG laser on subgingival
calculus, dentine and cementum: An in vitro study.
J Clin Periodontol 1995;22:71-77.
22. Frentzen M, Braun A, Aniol D. Er:YAG laser scaling of
diseased root surfaces. J Periodontol 2002;73:524-530.
23. Folwaczny M, Benner KU, Flasskamp B, Mehl A,
Hickel R. Effects of 2.94 mm Er:YAG laser radiation
on root surfaces treated in situ: A histological study.
J Periodontol 2003;74:360-365.
24. Eberhard J, Ehlers H, Falk W, Ac
xil Y, Albers H-K,
Jepsen S. Efficacy of subgingival calculus removal with
Er:YAG laser compared to mechanical debridement:
An in situ study. J Clin Periodontol 2003;30:511-518.
Correspondence: Dr. Roberto Crespi, Via Cadore n.9, 21052
Busto Arsizio Varese, Italy. E-mail: robcresp@libero.it.
Accepted for publication July 6, 2005.

