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Human Clinical and Histologic Evaluations of  
Laser-Assisted Periodontal Therapy with a  
9.3-μm CO2 Laser System 

This investigation was designed to evaluate the healing response of 9.3-µm  
CO2 laser–assisted periodontal therapy. Five patients presenting with moderate 
to severe periodontitis, with an initial pocket depth (PD) ≥ 5 mm and with teeth 
predetermined to be surgically extracted, were enrolled and consented to 
treatment with full-mouth CO2 laser–assisted therapy. The laser treatment was 
carried out in the Ultraguide Mode at a setting of 0.25-mm spot size, with an 
average power of 0.65 to 1.15 watts and 20% mist. The laser tip was passed 
from the gingival margin and down apically to the base of the pocket with 
a sweeping L motion. The teeth were intensely scaled with piezoultrasonic 
instrumentation afterwards. A second pass of the laser tip was performed for 
the study teeth. At 9 months, all patients were clinically reevaluated. For sites 
with an initial pocket depth of ≥ 7 mm, a mean PD reduction of 3.97 ± 1.36 mm 
and a mean clinical attachment level gain of 3.54 ± 1.54 mm were achieved, 
resulting in a mean PD of 3.91 ± 0.77 mm. En bloc biopsy samples of four teeth 
were obtained and analyzed; two demonstrated histologic evidence of new 
bone formation while the other two healed with a long junctional epithelium with 
minimal inflammatory infiltrate. Further long-term clinical studies are needed to 
investigate the treatment stability obtained with a 9.3-µm CO2 laser compared 
to conventional surgical therapy. Nevertheless, the encouraging clinical results 
indicated that adjunctive use of the 9.3-µm CO2 laser–assisted periodontal 
therapy can be beneficial for treatment of periodontally compromised patients. 
Int J Periodontics Restorative Dent 2020;40:203–210. doi: 10.11607/prd.4616

Periodontal debridement therapy 
has a phase-I goal of removing accre-
tions from the tooth surface, includ-
ing bacterial plaque and calculus, 
in an effort to seek an environment 
compatible with periodontal health.1 
Traditionally, this has been accom-
plished using scalers, curettes, 
ultrasonic instrumentation, or com-
binations of these devices during 
one or more appointments.2 Vari-
ous types of dental lasers have been 
advocated as a monotherapy or as 
an adjunct to nonsurgical/surgical 
periodontal therapy.3,4 Lasers can 
also make treatment of medically 
and psychologically compromised 
patients less complicated.5 

The benefits of lasers include 
tissue interactions such as ablation, 
vaporization, hemostasis, bacte-
rial inhibition and destruction, and 
biostimulation.6 However, it is im-
portant to note that lasers of vary-
ing wavelengths exert different 
levels of tissue penetration deter-
mined by the degree of absorption. 
In general, lasers can be classified 
into two types depending on their 
wavelengths: lasers of shorter wave-
lengths (such as neodymium-doped 
yttrium-aluminum-garnet [Nd:YAG] 
and diode lasers) penetrate and 
scatter deeply into tissue, while la-
sers of longer wavelengths (such as 
carbon dioxide [CO2], Er:YAG, and 
ErCr:YSGG lasers) are regarded as 
the shallowly penetrating type.7,8 
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A significant amount of conflict-
ing evidence exists regarding the ef-
ficacy of laser-assisted periodontal 
therapy. The consensus report re-
leased by the American Academy of 
Periodontology stated that appro-
priate laser therapy may provide a 
modest additional clinical improve-
ment (< 1 mm) in probing depth 
and clinical attachment level (CAL) 
compared with conventional non-
surgical treatment for patients with 
an initial pocket depth (PD) ≥ 5 mm.9 
Nonetheless, a study by Nevins et al 
that evaluated the efficacy of laser-
assisted new attachment procedure 
with an Nd:YAG laser demonstrated 
histologic evidence of periodontal 
regeneration with new cementum, 
periodontal ligament, and alveolar 
bone.10 However, the multiple laser 
wavelengths, choice of parameters, 
and differing protocols make com-
parisons between studies difficult. 
Every laser cannot be expected to 
replicate results of a different wave-
length laser; therefore, each therapy 
must be individually investigated. 

The CO2 laser with a wavelength 
of 10.6 μm is a soft tissue laser com-
monly used for excisional biopsy 
owing to the advantage of a limited 
beam penetration into the mucosa, 
resulting in a smaller thermal dam-
age zone.11 It has the ability to seal 
small blood vessels for better visibil-
ity during surgery. Few studies have 
investigated the clinical efficacy of 
the CO2 laser for nonsurgical peri-
odontal therapy, while in vitro stud-
ies looking at root surface changes 
have yielded conflicting results.3,12–16 
Some studies showed that the CO2 
laser enhanced fibroblast attach-
ment to the root surface of teeth 

while some demonstrated surface 
damage with signs of carbonization. 
The 9.3-μm CO2 is relatively new to 
dentistry and is produced by the 
use of isotopic 12C18O2 as a laser gas. 
While soft tissue absorption is simi-
lar between the 10.6-μm and 9.3-μm 
lasers, the 9.3-μm CO2 has a higher 
absorption for hydroxyapatite. The 
purpose of the present study was 
to assess the healing response after 
introducing the 9.3-μm CO2 laser 
(Solea, Convergent Dental) to treat 
periodontally compromised teeth. 

Materials and Methods 

This study was designed as a proof-
of-principle prospective clinical 
investigation with a limited enroll-
ment related to human histology. 
Subjects were provided with and 
signed an informed consent ac-
cording to the Declaration of Hel-
sinki as revised in 2013. A total of six 
periodontal defects were identified 
in five subjects with advanced peri-
odontitis. Patients and sites were 
included in the study if they were 
between 18 and 70 years of age 
and had at least one tooth diag-
nosed and prescribed for extraction 
with a PD ≥ 5 mm. Subjects were 
excluded from the study if they had 
systemic conditions that could af-
fect wound healing; were current 
smokers (within 6 months of entry 
into the study); or were pregnant or 
planning to become pregnant dur-
ing the study. In addition, subjects 
with a history of active periodontal 
surgical treatment or scaling and 
root planing during the past 12 
months were excluded. 

Patient histories were taken, and 
extra- and intraoral examinations 
were performed at the screening 
visit. The study sites were identified 
at the beginning of the treatment 
visits, and baseline clinical measure-
ments were recorded. The 9.3-μm 
CO2 laser–assisted periodontal ther-
apy was provided in two separate 
visits. In the first visit, teeth with PD 
≥ 5 mm other than the study teeth 
are treated nonsurgically with the 
laser according to the standard pro-
tocol provided by the manufacturer. 
In the second visit, focusing on the 
study teeth, surgical treatment with-
out flap elevation was performed 
with the laser in two passes: prior to 
and after ultrasonic debridement. 

Treatment Procedure 

The laser-assisted periodontal ther-
apy was provided using a 9.3-μm 
CO2 laser first for teeth with PD ≥ 
5 mm that would remain and be 
maintained. The treatment proce-
dure was as follows: clinical mea-
surements for PD, recession depth, 
mobility, and furcation grade were 
accomplished for the study teeth 
prior to administering local anes-
thesia. At this time, photographs 
were taken of the study sites with 
attachment-level probing. The pa-
tients underwent an initial-phase 
full-mouth treatment (with the ex-
ception of the study teeth), which 
consisted of scaling and root plan-
ning with a single pass of the 9.3-μm 
CO2 laser and piezo-elimination of 
accretions on the root surfaces. Two 
weeks later, the patients returned 
for the 9.3-μm CO2 laser–assisted 
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periodontal therapy for the study 
teeth. Under local anesthesia, a 
notch was placed at the estimated 
apical extent of calculus on the 
study teeth using a #1/4 round bur 
with high-speed handpiece as pre-
viously described.10 A horizontal 
groove was placed at the identi-
fied level on the root, and the loca-
tion was measured relative to the 
cementoenamel junction for future 
reference. The laser was used in the 
Ultraguide mode utilizing the Ultra-
guide Handpiece attached with the 
15/600 hollow waveguide tip at a 
setting of 0.25-mm spot size with an 
average power of 0.65 to 1.15 Watts, 
71-Hz repetition rate, and 20% 
mist. The hollow waveguide tip was 
passed from the gingival margin 
and down apically to the base of the 
pocket parallel to the root surface, 
moving with a sweeping L motion 
to remove the diseased granulation 
tissue. Afterwards, the teeth were 
thoroughly scaled and root-planed 
with piezo-ultrasonic instrumenta-
tion. A second pass was performed 
using the same settings. 

Occlusal adjustment with se-
lective grinding and extra- or intra-
coronal splinting of the teeth was 
provided immediately postopera-
tively or as needed at follow-up visits 
to eliminate teeth mobility. Patients 
were given the following postopera-
tive instructions and medications: 
0.12% chlorhexidine mouth rinse 
bid for 4 weeks, oral antibiotics 
(amoxicillin, 500 mg) every 8 hours 
for 7 days, and anti-inflammatory 
analgesics for pain relief as needed 
(ibuprofen, 600 mg, every 6 hours). 
Toothbrushing regimes were modi-
fied to protect against dislodg-

ing the fibrin clot. Patients were 
instructed to only brush the coronal 
tooth surfaces for the first 2 weeks 
postoperatively. 

Patients were seen for follow-up 
care and oral hygiene instructions at 
7, 14, and 30 days. The study sites 
were inspected and gently cleaned 
with chlorhexidine-soaked gauze. 
Prophylaxis and oral hygiene tech-
niques were reviewed with the 
patient on a monthly basis until 
the biopsy was performed. Radio-
graphs were updated at 9 months at 
the time of the en bloc biopsy of the 
study teeth. 

Prior to providing local an-
esthesia, full-mouth clinical mea-
surements and photographs were 
collected, including PD, reces-
sion depth, mobility, and furcation 
grade. Guiding grooves for histo-
logic preparation were placed on 
the coronal tooth structure over the 
study site. Each study tooth and a 
measured amount of surrounding 
tissue and bone were removed en 
bloc as previously described.17 Bi-
opsy sites were reconstructed with 
regenerative procedures in prepara-
tion for implant placement and sub-
sequent prosthetic reconstruction 
with implant-supported prostheses. 
Biopsy specimens were stored in 
10% formalin. 

Microcomputed Tomography 

Specimens were scanned using a 
high-resolution microcomputed to-
mography (micro-CT) system (μCT 
40, Scanco Medical) in multislice 
mode. Each image dataset consist-
ed of approximately 600 micro-CT 

slice images. The specimens were 
scanned in high-resolution mode 
with an x-, y-, and z-resolution of 16 
μm. The image datasets were used 
to produce three-dimensional views 
of the specimens using special soft-
ware (Scanco Medical). 

Light Microscopy 

Fixed samples were prepared for 
the preparation of nondemineral-
ized ground sections according to 
the technique of Donath and Breun-
er.18 The core specimens were pro-
cessed by dehydration in a graded 
series of alcohols over a period of 
at least 9 days at standard tempera-
ture and pressure while constantly 
shaking. Then, the specimens were 
infiltrated with a graded series of 
alcohols and Technovit 7200 VLC 
embedding resin (Kulzer) over a pe-
riod of at least 12 days at standard 
temperature and pressure while 
constantly shaking. When finished, 
specimens were placed in three 
consecutive containers of 100% 
Technovit 7200 VLC for 24 hours 
each at standard temperature and 
pressure while constantly shaking. 

Following dehydration and infil-
tration, specimens were embedded 
in Technovit 7200 VLC and polym-
erized using 450 nm of light for 10 
hours, never exceeding 40ºC. 

Polymerized blocks were sliced 
longitudinally along the orientation 
grooves of the teeth, applied by the 
surgeon using an Exakt cutting unit. 
This involved preparing a section of 
approximately 150-μm width using 
the cutting/grinding instrument and 
then finishing the section to 30 to 
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50 μm using the microgrinding unit. 
A final polish was used with 0.1-μm 
diamond polishing paste. 

The sections were stained with 
Sanderson Rapid Bone Stain (methy-
lene blue and potassium permanga-
nate stain). Sections were enclosed 
by cover slips for analysis by means 
of both brightfield and polarized-
light microscopic evaluation. 

Results

Five patients with six teeth identified 
for extraction and histologic analy-
sis were enrolled in the study. All 
patients returned for the 9-month 
reevaluation; however, only 3 pa-
tients underwent en bloc biopsy of 
the study teeth (n = 4 teeth). A to-
tal of 56 teeth and 145 sites with an 
initial PD ≥ 5 mm were treated with 
the CO2 laser–assisted periodontal 
therapy. All sites healed unevent-
fully with no unexpected adverse 
events. The 56 treated teeth pre-
sented with a mean initial PD of 5.94 

± 1.31 mm and a mean initial CAL 
of 7.87 ± 2.05 mm. After 9 months, 
these sites had a mean PD reduction 
of 2.52 ± 1.17 mm and a mean CAL 
gain of 2.33 ± 1.27 mm, resulting in 
a posttreatment mean PD of 3.41 
± 0.74 mm. Recession increase was 
minimal (0.19 ± 0.66 mm). For sites 
with an initial PD ≥ 7 mm, the mean 
PD reduction was 3.97 ± 1.36 mm, 
resulting in a mean PD of 3.91 ± 0.77 
mm at 9 months. Recession increase 
was also negligible (0.43 ± 0.87 mm) 
(Table 1). 

Four teeth were evaluated us-
ing micro-CT and then prepared 
for histologic evaluation. Two teeth 
showed long junctional epithelium 
healing with mild infiltration while 
two teeth showed new bone forma-
tion but not occlusal to the calculus 
notch. 

Three teeth are presented as 
case examples (from patient 1 and 
patient 2). The first biopsy sample 
was a mandibular right second mo-
lar that presented with an initial PD 
of 7 mm on the mesial buccal as-

pect. After 9 months, there was a 
PD reduction of 3 mm. Recession 
increase was 1 mm, resulting in a 
CAL gain of 2 mm. Histologic as-
sessment revealed bone formation 
with a healthy periodontal ligament 
(Fig 1). 

The second biopsied specimen 
was a mandibular left first premolar 
presented with an initial PD of 7 mm 
on the mesial lingual aspect. After 9 
months, there was a PD reduction of 
3 mm. Histologic assessment dem-
onstrated new bone formation with 
a healthy periodontal ligament api-
cal to the notch (Fig 2). 

The third biopsied specimen 
site was a maxillary right second 
molar with an initial PD of 9 mm 
on the distal palatal side that de-
creased to 4 mm at 9 months. Re-
cession was increased by 1 mm. 
However, the periodontium healed 
mostly with long junctional epithe-
lium. The presence of a periodontal 
ligament and minimal inflammatory 
infiltrate indicated a state of health 
(Fig 3). 

Table 1 Clinical Results (mm) for All Treated Teeth at Baseline and 9 Months 

Patient 
no.

Teeth 
treated, 

n

Baseline 9 mo
PD  

reduction
CAL  
gainPD Recession CAL PD Recession CAL

1 13 5.43 ± 0.93 3.78 ± 1.51 9.20 ± 1.28 3.20 ± 0.47 4.00 ± 1.12 7.20 ± 1.24 2.23 ± 0.80 2.00 ± 0.89

2 14 6.69 ± 1.65 0.62 ± 1.10 7.31 ± 2.09 3.59 ± 0.54 0.62 ± 1.10 4.21 ± 1.22 3.10 ± 1.58 3.10 ± 1.73

3 13 5.83 ± 1.07 1.53 ± 1.82 7.35 ± 1.98 3.50 ± 0.89 1.88 ± 1.94 5.38 ± 2.24 2.33 ± 0.82 1.98 ± 0.85

4 6 6.08 ± 1.38 2.31 ± 1.77 8.38 ± 2.17 3.46 ± 0.63 2.46 ± 1.82 5.92 ± 1.90 2.62 ± 1.39 2.46 ± 0.93

5 10 5.44 ± 0.60 1.83 ± 1.78 7.28 ± 1.97 3.22 ± 0.42 2.06 ± 1.78 5.28 ± 1.76 2.22 ± 0.17 2.00 ± 0.82

Mean 5.94 ± 1.31 1.93 ± 1.95 7.87 ± 2.05 3.41 ± 0.66 2.12 ± 1.96 5.54 ± 2.01 2.52 ± 1.17 2.33 ± 1.27

Teeth with PD ≥ 7 mm

19 7.89 ± 1.21 1.06 ± 1.35 8.89 ± 1.60 3.91 ± 0.77 1.49 ± 1.50 5.40 ± 1.71 3.97 ± 1.36 3.54 ± 1.53

PD = pocket depth; CAL = clinical attachment level.
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Discussion

The goal of periodontal therapy 
is to create an environment that is 
maintainable by the patient and 

dental professionals. A probing 
depth of 3 to 4 mm is consistent 
with clinical periodontal health.19 
Due to the limitation of traditional 
phase I therapy with hand and sonic 

instrumentation, teeth with an initial 
PD ≥ 5 mm will frequently require 
surgical therapy for access and di-
rect visualization of the root surface 
and defects.20,21 

Fig 1 (a) Baseline radiograph of 
the mandibular right second molar 
revealing greater than 50% bone loss. 
(b) Baseline periodontal PD of 7 mm on 
the mesial buccal aspect with bleeding 
on probing. (c) Reevaluation at 9 months 
after laser therapy revealed a 4-mm 
probing depth. (d) Histologic results 
demonstrating new bone formation. 
(e and f) Higher magnifications revealed 
new bone formation and healthy 
periodontal ligament. D = dentin; 
C = cementum; E = epithelium;  
CT = connective tissue; NB = new bone;  
OB = old bone; PL= periodontal ligament; 
SF = Sharpey’s fiber (bone fibers).  
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The current study results dem-
onstrated the effectiveness of using 
the 9.3-μm CO2 laser in achieving a 
stable periodontium state compared 
to conventional periodontal surgery 
for moderate to severe periodontitis 
patients. After a healing period of 
9 months, there was a mean PD re-
duction of 3.97 ± 1.36 mm for sites 
with initial PD ≥ 7 mm, resulting in 
a posttreatment mean PD of 3.91 ± 
0.77 mm. With a minimal recession 
increase (0.43 ± 0.87 mm) following 
treatment, the CAL gain was 3.54 ± 
1.53 mm. Except for one tooth (pa-
tient 3), no teeth had PD ≥ 5 mm 
at the 9-month reevaluation. Com-
plete charting for all five patients is 
shown in Appendix Tables 1 through 
5 in the online version of this article 
at www.quintpub.com. Of the four 
teeth evaluated histologically, two 
exhibited bone formation and the 
other two healed with long junction-
al epithelium. It is worth noting that 
there were few inflammatory infil-
trates in the tissue, and all specimens 
had a healthy periodontal ligament. 

The demand for more minimally 
invasive treatments and the need to 
provide alternative treatment mo-
dalities to patients who are either 
medically compromised or psycho-
logically unprepared for surgical 
procedures have spun the develop-
ment of new armamentarium such 
as dental lasers. For these patients, 
the amount of PD reduction and the 
length of time that the healthy state 
is maintained are encouraging. The 
reduction in PD achieved with the 
9.3-μm CO2 laser resulted in a mean 
PD of < 4 mm at 9 months, which 
is maintainable by the patients and 
dental hygienists without the need 
for surgical intervention. Studies 

Fig 2 (a) The mandibular left first premolar 
demonstrated new bone formation apical 
to the notch. (b, c, d) Higher magnifications 
revealed new bone formation and 
a healthy periodontal ligament. 
D = dentin; C = cementum; E = epithelium; 
CT = connective tissue; NB = new bone; 
OB = old bone; PL= periodontal ligament. 
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have shown that pathogenic bacte-
ria can return to pretreatment lev-
els in approximately 9 to 11 weeks; 
therefore, a 3-month interval be-
tween each maintenance visit is 
recommended.22 Results from the 
current study indicated that severe 
defect sites with PD ≥ 5 mm can re-
turn to a healthy, noninflamed state 
and be maintained up to 9 months. 

Due to the paucity of evidence 
on the human histologic response 
to laser therapies, there is a great 
need for additional data. Although 

the current data set is limited to four 
specimens, it adds to the current 
knowledge base and demonstrates 
CAL gain, lack of histologic inflam-
mation, and new bone formation. 

The present study provided 
evidence that a healthy periodontal 
state could be achieved and main-
tained up to 9 months in moderate 
to severe periodontitis patients with 
the 9.3-μm CO2 laser–assisted peri-
odontal therapy. Further research is 
necessary to generalize the results 
of this study. 

Conclusions

The present study provided evi-
dence that a healthy periodontal 
state could be achieved and main-
tained at up to 9 months in moder-
ate to severe periodontitis patients 
treated with 9.3-μm CO2 laser–
assisted periodontal therapy. This 
result is especially relevant for man-
agement of patients who are physi-
cally and mentally unable to endure 
conventional surgical therapy. 

Fig 3 (a) The baseline radiograph of the 
maxillary right second premolar revealed 
advanced bone loss. (b) Baseline probing 
revealed a 9-mm pocket depth on the 
distal palatal aspect. (c) PD at 9 months 
was 4 mm. Note the minimal recession. 
(d) The maxillary right second molar healed 
mostly with a long junctional epithelium. 
The area indicated by the black box 
showed connective tissue attachment 
below the notch, and a small amount of 
new bone apposition can be observed. 
(e) Histologic slide of the same tooth at 
another surface demonstrated healing with 
minimal signs of inflammation. (f) Higher 
magnification showing mild infiltrate and 
healthy periodontal ligament. D = dentin; 
C = cementum; JE = junctional epithelium; 
CT = connective tissue; OB = old bone; 
PL = periodontal ligament; OE = oral 
epithelium. 
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Appendix Table 1  Complete Periodontal Mandibular Charting for Patient 1 

 PD = pocket depth.

Appendix Table 2a Complete Periodontal Maxillary Charting for Patient 2 

 PD = pocket depth.

Appendix Table 2b Complete Periodontal Mandibular Charting for Patient 2 

 PD = pocket depth.
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Appendix Table 3a Complete Periodontal Maxillary Charting for Patient 3 

 PD = pocket depth.

Appendix Table 3b Complete Periodontal Mandibular Charting for Patient 3 

 PD = pocket depth.

© 2020 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



Volume 40, Number 2, 2020

210c

Appendix Table 4a Complete Periodontal Maxillary Charting for Patient 4 

 PD = pocket depth.

Appendix Table 4b Complete Periodontal Mandibular Charting for Patient 4 

 PD = pocket depth.
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Appendix Table 5a Complete Periodontal Maxillary Charting for Patient 5 

 PD = pocket depth.

Appendix Table 5b Complete Periodontal Mandibular Charting for Patient 5  

 PD = pocket depth.
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