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Histologic Evaluation of Three Methods
of Periodontal Root Surface Treatment
in Humans
Roberto Crespi,* Antonio Barone,* and Ugo Covani*

Background: Removing subgingival plaque and calculus is a
major goal of periodontal treatment. Few attempts have been
made to evaluate the use of lasers for root surface debridement
in periodontal therapy. The aim of the present study was to compare, histologically, the effects of hand instrumentation, ultrasonic
instrumentation, and CO2 lasers on the root surfaces of teeth
treated in situ.
Methods: A total of 33 teeth scheduled for extraction due to
severe periodontal disease were divided into three groups. In the
first group, teeth were treated by ultrasonic bactericidal curettage
(UBC) with an ultrasonic scaler; in the second group, teeth were
treated by hand instrumentation; and in the third group, after
hand instrumentation, roots were lased by a CO2 laser. The
samples were then processed for histological examination.
Results: In the first and second groups, plaque and calculus
were present in interradicular septa, lacunae, and surface concavities. In the third group, surfaces of specimens treated by a
low-power defocused CO2 laser showed areas devoid of cementum, with completely sealed dentinal tubules, and no bacterial
cell remnants.
Conclusions: The CO2 laser treatment, used at low power
and in the defocused mode, combined with traditional mechanical instrumentation, could improve root surface debridement
of periodontally involved teeth. More extensive, long-term studies are needed to confirm this hypothesis. J Periodontol 2005;76:
476-481.
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use; periodontal diseases/therapy; tooth root.
* Department of Biophysical, Medical and Odontostomatological Sciences and
Technologies, Medical School, University of Genova, Genova, Italy.

476

R

emoving subgingival plaque and
calculus is a major goal of periodontal treatment since local bacteria have been shown to be primary
etiologic factors in the development of
disease.1-3 Comparisons between studies
of manual and power-driven scalers for
calculus removal are difficult since there
is inconsistency among study designs
and methodologies. Studies4,5 have demonstrated the efficacy of curets in complete cementum removal but also the
loss of tooth substance by these hand
instruments. However, other authors6,7
have not obtained plaque and cementum-free root surfaces with traditional
hand instrumentation. Thornton and Garnic8 reported no significant difference
between hand and ultrasonic instruments
in their ability to remove subgingival
plaque, since both methods left surfaces
covered with plaque in 33% of the examined cases. This shortfall has led to conflicting evidence with regard to the
superiority of hand versus sonic or ultrasonic instruments for calculus removal.9-16
Although a number of studies have investigated the effect of laser irradiation on
dental hard tissues, there have been relatively few attempts to evaluate the use
of lasers, particularly for root surface
debridement. In an in vitro study on
human teeth root surfaces Yamaguchi
et al.17 reported that Er:YAG laser irradiation might be useful for root conditioning in periodontal therapy. Israel et al.18
compared the morphologic changes in
root surfaces treated in vitro by scaling
and root planing followed by irradiation
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with the Er:YAG laser using air/water surface cooling
and the CO2 and Nd:YAG lasers, both with and without a surface coolant. They observed that the Er:YAG
laser, when used at low-energy densities, showed sufficient potential for root surface modification, thus warranting further research. Similar results were observed
by Barone et al.19 using a CO2 laser at low energy in
pulsed mode. The aim of the present study was to
compare the effects of hand instrumentation, ultrasonic instrumentation, and CO2 laser treatment on root
surface debridement and the integrity of periodontally
involved teeth.
MATERIALS AND METHODS
A total of 33 teeth scheduled for extraction, 15 incisors,
9 premolars, and 9 molars affected by severe periodontal disease, were included in this study. Each tooth
type (i.e., molar, premolar, incisor) was randomly
assigned to the experimental and test groups so that
each treatment group received an equal number of
each tooth type. All teeth included in the study were
affected by severe periodontal disease, showing probing depths (PD) >6 mm and clinical attachment levels (CAL) >8 mm, and were scheduled for extraction.
They had not received periodontal treatment in the last
6 months.
Clinical trial
Pretreatment periapical x-rays and six point measurements of probing depths (mesio-buccal, mesio-lingual,
buccal, disto-buccal, disto-lingual, palatal) were obtained.
Gingival full-thickness flaps were resected around each
tooth to gain access to root surfaces. The 33 teeth were
divided into three groups as follows:
Teeth in the first group were treated by ultrasonic
bactericidal curettage (UBC) with an ultrasonic scaler,†
using constant irrigation in a sterile saline solution at
a concentration of 1:10. The solution was prepared
fresh for each use by combining directly into a reservoir
container 150 cc of iodine solution with 1,000 cc of
sterile saline. Ultrasonic root debridement was carried
out until it was clinically determined that calculus had
been removed.
Teeth in the second group were treated by hand
instrumentation.‡ Root surfaces were instrumented until
a smooth surface was achieved.
In the third group, after hand instrumentation, roots
were lased by a CO2 laser§ in defocused pulsed mode.
The laser beam was emitted with a 2.5 mm diameter
spot size in pulse mode with a frequency of 1 Hz, a
power of 2 W, and a duty cycle of 6%. The duty cycle
is defined as the ratio of laser pulse duration to the
length of one repetition period, and varies between 2%
and 40%.20 The energy density was 2.45 J/cm2.. All
teeth were extracted immediately after the experimental
treatment procedures.

Figure 1.
Histological section of a root surface treated with an ultrasonic device.
The root surface is rough (DIC; original magnification ×160).

Histologic procedure
Following extraction, the teeth were immediately placed
in Karnovsky’s fixative; left overnight; and then embedded in resin.20 The crowns were removed and samples sectioned in a plane perpendicular to the long
axis of the teeth using an microtome.¶ Ten root sections of 1 mm each were taken from the cementoenamel junction toward the apex perpendicular to the
long axis of each tooth, for a total of 330 histological
samples. The sections were ground down to a thickness of 10 to 15 um using a grinding and polishing
machine.# The unstained specimens were examined by
phase-contrast and Nomarski differential interference
contrast (DIC) using a microscope.**
RESULTS
Root surfaces treated with the ultrasonic instrument
showed a scaly and rough topography with some
gouges in several areas (Fig. 1). The cementum layer
presented variable thickness along the root surfaces
(Fig. 2) and, in some areas, it had been completely
removed, leaving a superficial layer of dentin. In some
histological sections, cracks were observed in the dentinal structure, possibly due to the prolonged time of
instrument tip contact on the root surface. Residual
bacterial aggregates were observed along root surfaces in two teeth, and in the interradicular septa of premolars and molars (Fig. 3).
Teeth treated by curettes presented smooth root surfaces, especially on convex surfaces (Fig. 4). Cementum
†
‡
§

¶
#
**

Odontoson M, Goof, Denmark.
Gracey curet, Hu-Friedy, Chicago, IL.
DEKA, Florence, Italy.
Epon, Fluka, Chemie AG, Buchs, Switzerland.
Isomet, Buehler, Lake Bluff, IL.
Buehler.
Fomi III, Carl Zeiss, Oberkochen, Germany.
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Figure 2.

Figure 3.

Histological section of a root surface treated with an ultrasonic
device. Irregular aspects and cracks are visible (DIC; original
magnification ×250).

Histological section of interradicular septs of a premolar treated by an
ultrasonic device. Plaque aggregates are present in this area (phasecontrast; original magnification ×160).

Figure 4.

Figure 5.

Histological section of a root surface treated by hand instrumentation.
Smooth surface and opened dentinal tubules are present (phasecontrast; original magnification ×250).

Histological section of a root surface treated with a CO2 laser.
Smooth surface and melted dentin layer are observed (DIC; original
magnification ×160).

was completely absent and the dentin layer exhibited
open tubules. Defects on the dentin layer were also present along root surfaces. In two teeth, one molar and
one premolar, plaque and calculus were present in interradicular septa, in lacunae, and in concavities.
Specimens treated with a low-power defocused CO2
laser exhibited areas devoid of cementum with completely sealed dentinal tubules (Fig. 5). The dentin surface appeared as a melted layer (Fig. 6), showing a
flat and smooth surface with an apparent fusion of the
smear layer. The dentin layer had the appearance of
a glazed surface (Fig. 7). Further, no residual bacteria
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were observed on any of the examined roots following
CO2 laser irradiation.
DISCUSSION
The effectiveness of lasers in dentistry has been the
subject of recent reviews,21 including specific analyses
referring to periodontal practice.22 At present, the question is which parameters can the clinician use in order
to achieve the desired goals in root conditioning without initiating damage to the root surface. Misra23 studied histologically the effect of the CO2 laser compared
to citric acid, EDTA, and hydrogen peroxide in the
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Figure 6.
Histological section of a root surface treated with a CO2 laser.
Melted layer with sealed dentinal tubules are observed (DIC; original
magnification ×400).

removal of the root surface smear layer after root planing on periodontally involved root surfaces. A smear
layer was present on root surfaces of teeth that had
been root planed. In contrast, with the use of the CO2
laser, plaque was completely eliminated and, at some
power density levels, glazed root surfaces were obtained
without cracks or damage to the dentinal layer; the
most effective energy level and time of exposure was
3.0 W at 1.0 second. With these values, a complete
removal of the smear layer was attained. The power
density in the Misra study was similar to that of other
investigations.19,24 EDTA and citric acid were also
effective in removing the smear layer, but they exposed
tunnel-shape dentinal tubules. A low-power beam and
a short exposure time has been suggested also by
Simeone25 for hard tissue conditioning because these
conditions limit temperature increases on the surface,
where it is necessary to obtain detoxification, and in
depth, where damage to vital tissues might be caused.
In the Simeone study, various power and application
time combinations were tried in order to observe cooling rate on the surface structure.
Further confirmation of the lower power choice was
obtained by Barone, while comparing the effect of a
continuous focused beam with a pulsed, defocused
mode.19 In the first case, using a continuous focused
beam, outcomes confirmed other negative results previously published.18 In the latter in vitro study, a comparison between Er:YAG, Nd:YAG, and CO2 lasers, the
authors used high-energy densities, between 100 and
400 J/cm2, obtaining results that included melting
and surface charring. They used a focused beam from
a 0.8 mm diameter ceramic delivery tip 1 to 2 mm
from the target surface. The CO2 power density can be
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calculated as 100 J/cm2, and the authors concluded
that increased energy densities were directly related to
changes in the target surface. This is in agreement with
Barone’s in vitro experimental results of severe damage to root surfaces with a focused beam at a power
density of 1,600 W/cm2 in continuous mode. An alternative to such high-power densities with the CO2 laser
is the defocused mode of application. Beyond the
focal point, typically less than 1 mm in diameter, the
beam cone diverges and therefore its power density
decreases. In this mode Barone et al.19 used the lowpower CO2 laser without damaging hard tissue, confirming other positive results.26,27 Ben Hatit28 compared
the effects of scaling and Nd:YAG laser treatments with
that of scaling alone on cementum and levels of Actinobacillus actinomycetemcomitans (Aa), Tannerella
forsythensis (Tf ), Porphyromonas gingivalis (Pg), and
Treponema denticola (Td). After treatment, scanning
electron microscopic examination of the specimens
irradiated with the Nd:YAG laser at increasing power levels showed different levels of root surface alterations.
These results revealed the usefulness of scaling and
root planing; however, when scaling was followed by
low-power Nd:YAG laser treatment and appropriate oral
hygiene instruction, the suppression and eradication of
the three types of subgingival microorganisms (Tf, Td,
and Pg) were more evident than with scaling alone.
The specimens treated by Nd:YAG laser revealed root
surface changes, e.g., melt-down and resolidified
areas with a flat and smooth appearance. When used
at energy densities between 11 and 41 J/cm2, the CO2
laser may destroy microbial colonies without inflicting damage to root surfaces.29 In a histological study,
Frentzen30 compared the effects of Er:YAG laser instrumentation of diseased root surfaces to mechanical
removal of plaque and calculus with ultrasonic instruments and scalers. Areas of subgingival calculus were
identified on 40 freshly extracted human teeth. Each of
these areas was randomly divided into two equal parts.
The control site was treated either with scaling and root
planing or with an ultrasonic instrument. Histologically,
scaling resulted in complete debridement in all samples,
producing a smooth root surface. At the test sites, laser
scaling was accompanied by an increased loss of
cementum and dentinal tissue, and roughened surfaces.
In addition to physical radiation parameters, the parameters of clinical handling, in particular the angulation
of the application tip, have a strong influence on the
amount of root substance removal obtained with Er:YAG
laser radiation.31
Subgingival plaque and calculus removal appears
to be equivalent when using either ultrasonic devices
or hand instruments, 32-40 although in the present
study both ultrasonic devices and hand instrumentation were not able to remove all residual plaque and
calculus deposits present on root surfaces, in septa
479
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of furcations, or in lacunae defects, zones where
instruments cannot thoroughly clean. Both ultrasonic
devices and hand instrumentation left residual plaque
and calculus along root surfaces of premolars and
molars. However, ultrasonic root debridement left
fewer bacteria along treated surfaces than hand instrumentation alone, so there may be additional advantages to using ultrasonic devices in conjunction with
hand scalers for removing bacterial plaque. Specifically, the lavage effect produced by the water coolant
used with power-driven scalers provides a constant
flushing activity during instrumentation, which appears
to have some therapeutic effects.41-44 The antimicrobial effect may be due to effective disruption of the
bacterial cell wall. Breininger et al.15 obtained similar
results when they observed bacterial aggregates after
hand instrumentation in 11 of 14 instances and after
ultrasonic scaling in 8 of 22 samples. Curettes appeared to be somewhat more prone to leaving
calculus-associated plaque than ultrasonic devices.
The authors concluded that both hand and ultrasonic
instrumentation left very little adherent plaque, and
ultrasonic devices appeared to maintain effectiveness
in plaque removal.
In conclusion, CO2 laser treatment, used at low power
and in the defocused mode, combined with traditional
mechanical instrumentation, could be considered an
adjunctive tool for root treatment of periodontally
involved teeth.45 However, further studies are needed
to better understand the usefulness of the CO2 laser in
root conditioning.
ACKNOWLEDGMENT
The authors thank R. Loewenstein for assistance with
the manuscript.
REFERENCES
1. Socransky SS. Relationship of bacteria to the etiology
of periodontal disease. J Dent Res 1970;49:203-222.
2. Genco RJ. Microbiologic and host response factors in
periodontal disease. In: Goldman HM, Cohen DW, eds.
Periodontal Therapy, 6th ed. St. Louis: The CV Mosby
Company, 1980:72-104.
3. Van Palenstein Helderman WH. Microbial etiology of
periodontal disease. J Clin Periodontol 1981;8:261-280.
4. Lasho DJ, O’Leary TJ, Kafrawy AH. A scanning electron microscope study of the effects of various agents
on instrumented periodontally involved root surfaces.
J Periodontol 1983;54:210-220.
5. O’Leary TJ, Kafrawy AH. Total cementum removal: A
realistic objective? J Periodontol 1983;54:221-226.
6. Schroeder HE, Rateitschak-Pluss EM. Focal root resorption lacunae causing retention of subgingival plaque in
periodontal pockets. SSO Schweiz Monatsschr Zahnheilkd
1983;93:1033-1041.
7. Sherman PR, Hutchens LH, Jewson LG, Moriarty JM,
Greco GW, McFall WT. The effectiveness of subgingival
scaling and root planing. I. Clinical detection of residual
calculus. J Periodontol 1990;61:3-8.
480

Volume 76 • Number 3

8. Thornton S, Garnick JJ. Comparison of ultrasonic to
hand instruments in the removal of subgingival plaque.
J Periodontol 1982;53:35-37.
9. Stende GW, Shaffer EM. A comparison of ultrasonic and
hand scaling. J Periodontol 1961;32:312-314.
10. Hunter RK, O’Leary TJ, Kafrawy AH. The effectiveness
of hand versus ultrasonic instrumentation in open flap
root planing. J Periodontol 1984;55:697-703.
11. Jones S, Lozdan, Boyde A. Tooth surfaces treated in situ
with periodontal instruments. Br Dent J 1972;132:5764.
12. Lie T, Leknes KN. Evaluation of the effect on root surfaces of air turbine scalers and ultrasonic instrumentation. J Periodontol 1985;56:522-531.
13. Jotikasthira NE, Lie T, Leknes KN. Comparative in vitro
studies of sonic, ultrasonic and reciprocating scaling
instruments. J Clin Periodontol 1992;19:560-569.
14. Garnick JJ, Dent J. A scanning electron micrographical study of root surfaces and subgingival bacteria after
hand and ultrasonic instrumentation. J Periodontol 1989;
60:441-447.
15. Breininger DR, O’Leary TJ, Blumenshine RVH. Comparative effectiveness of ultrasonic and hand scaling for
the removal of subgingival plaque and calculus. J Periodontol 1987;58:9-18.
16. Sherman PR, Hutchens LH, Jewson LG. The effectiveness
of subgingival scaling and root planing. Clinical responses
related to residual calculus. J Periodontol 1990;61:9-15.
17. Yamagushi H, Kobayashi K, Osada R, et al. Effects of
irradiation of an Er:YAG laser on root surfaces. J Periodontol 1997;68:1151-1155.
18. 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.
19. Barone A, Covani U, Crespi R, Romanos GE. Root
surface morphological changes after focused versus
defocused CO2 laser irradiation: A scanning electron
microscopy analysis. J Periodontol 2002;73:370-373.
20. Crespi R, Grossi S.G. A method for histological examination of undecalcified teeth. Biotech Histochem 1992;
67:202-206.
21. Weesner BW. Lasers in medicine and dentistry: Where
are we now? J Tenn Dent Assoc 1998;78:20-25.
22. American Academy of Periodontology. Lasers in periodontics (position paper). J Periodontol 2002;73:12311239.
23. Misra V, Mehrotra KK, Dixir J, Maitra SC. Effect of a
carbon dioxide laser on periodontally involved root surfaces. J Periodontol;1999;70:1046-1052.
24. Coffelt DW, Cobb CM, MacNeill S, Rapley JW, Killoy
WJ. Determination of energy density threshold for laser
ablation of bacteria. An in vitro study. J Clin Periodontol
1997;24:1-7.
25. Simeone D, Gallet P, Papini F, Cerisier P. The radicular
dentine temperature during laser irradiation: An experimental study. J Clin Laser Med Surg 1996;14:17-23.
26. Rossmann JA, Cobb CM. Lasers in periodontal therapy.
Periodontol 2000 1995;9:150-164.
27. Israel M, Rossmann JA, Froum SJ. Use of carbon dioxide laser in retarding epithelial migration: A pilot histological human study utilizing case reports. J Periodontol
1995;66:197-204.
28. Ben Hatit Y, Blum R, Severin C, Maquin M, Jabro MH.
The effects of a pulsed Nd:YAG laser on subgingival
bacterial flora and on cementum: An in vivo study. J Clin
Laser Med Surg 1996;14:137-143.

3131.qxd

4/5/05

10:07 AM

Page 481

Crespi, Barone, Covani

J Periodontol • March 2005

29. Coffelt DW, Cobb CM, MacNeill S, Rapley JW, Killoy
WJ. Determination of energy density threshold for laser
ablation of bacteria. An in vitro study. J Clin Periodontol
1997;24:1-7.
30. Frentzen M, Braun A, Aniol D. Er:YAG Laser scaling of
diseased root surfaces. J Periodontol 2002;73:524-530.
31. Folwaczny M, Thiele L, Mehl A, Hickel R. The effect of
working tip angulation on root substance removal using
Er:YAG laser radiation: An in vitro study. J Clin Periodontol 2001;28:220-226.
32. Torfason T, Kiger R, Selvig K, et al. Clinical improvement of gingival conditions following ultrasonic versus
hand instrumentation of periodontal pockets. J Clinical
Periodontol 1979;6:165-176.
33. Boretti G, Zappa U, Graf H, et al. Short-term effects of
phase I therapy on crevicular cell populations. J Periodontol 1995;66:235-240.
34. Laurell L, Pettersson B. Periodontal healing after treatment with either the Titan-S sonic scaler or hand instruments. Swed Dent J 1988;12:187-192.
35. Laurell L. Periodontal healing after scaling and root planing with the Kavo Sonicflex and Titan-S sonic scalers.
Swed Dent J 1990;14:171-177.
36. Cobb CM. Non-surgical pocket therapy: Mechanical.
Ann Periodontol 1996;1:443-490.
37. Renvert S, Wilkstrom M, Dahlen G, et al. Effect of root
debridment on the elimination of Actinobacillus actinomycetemcomitans and Bacteroides gingivalis from periodontal pockets. J Clin Periodontol 1990;17:345-350.
38. Thornton S, Garnick J. Comparison of ultrasonic to hand
instruments in the removal of subgingival plaque. J Periodontol 1982;53:35-37.
39. Kocher T, Plagmann HC. Root debridement of molars
with furcation involvement using diamond-coated sonic
scaler inserts during flap surgery – a pilot study. J Clin
Periodontol 1999;26:525-530.
40. Walmsley AD, Laird WR, Williams AR. Dental plaque
removal by cavitational activity during ultrasonic scaling.
J Clin Periodontol 1988;15:539-543.

41. Nosal G, Scheidt M, O’Neal R, et al. The penetration of
lavage solution into the periodontal pocket during ultrasonic instrumentation. J Periodontol 1991;62:554-557.
42. Walmsley AD, Walsh TF, Laird WR, et al. Effects of cavitational activity on the root surface of teeth during ultrasonic scaling. J Clin Periodontol 1990;17:360-312.
43. Thilo BE, Baehni PC. Effect of ultrasonic instrumentation
of dental plaque microflora in vitro. J Periodontal Res
1978;22:518-522.
44. Crespi R, Barone A, Covani U, Ciaglia RN, Romanos GE.
Effects of CO2 laser treatment on fibroblast attachment
to root surfaces. A scanning electron microscopy analysis. J Periodontol 2000;73:1308-1312.
Correspondence: Dr. Roberto Crespi, Via Per Busto Arsizio
N50, 20020 Busto Garolfo MI, Italy. E-mail: robcresp@libero.it.
Accepted for publication July 14, 2004.

481

