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Abstract 

Background and Objectives: This study was conducted to evaluate how soft tissues 

respond to treatment by a tunable laser with an optical parametric oscillating 

mechanism capable of simultaneously emitting two wavelengths. Study 

Design/Materials and Methods: Marginal gingiva of dogs was incised by a prototype 

laser oscillator. The oscillator was set at two wavelengths to effectively incise tissue 

and arrest hemorrhage with minimal invasiveness. Four laser irradiation 

conditions were used, based on different mixing of the 2.94µm and 1.67µm 

wavelengths. The animals were sacrificed immediately, 7 days and 28 days after 

surgery for histological examination. Results: A haemostatic effect of the 1.67µm 

irradiation and incision due to the 2.94µm irradiation were observed during surgery 

with simultaneous irradiation. No serious inflammation was observed and wound 

healing was similar to that in conventional methods. Conclusion: Simultaneous 

irradiation at wavelengths of 1.67 µm and 2.94 µm can be an effective method in 

surgery. 



Introduction 

 

The use of lasers in medicine has rapidly developed in recent years. Clinical 

applications of various types of lasers are now widely reported and discussed. The 

lasers most commonly used in dentistry are the Er:YAG laser, Nd:YAG laser, carbon 

dioxide laser, and semiconductor laser. The outstanding effects of these lasers in 

disinfection, coagulation, and hemostasis make the devices ideal not only for 

auxiliary therapies, but also for new alternatives to conventional therapies, 

especially for soft tissue treatment. 

Among the various lasers available, the Nd:YAG laser has been reported to have 

higher coagulant and haemostatic effects (1) when used for incising and excising 

soft tissues. This can be a tradeoff, however, as coagulation by the Nd:YAG laser 

sometimes leads to delays in wound healing because of the high penetrance of its 

wavelength (2). In contrast, the Er:YAG laser has lower coagulant and haemostatic 

effects but allows the wounds to heal more rapidly (3). With the lower penetrance of 

its wavelength, the light from the Er:YAG is absorbed by the surface layers of the 

tissue and inflects less tissue damage. The carbon dioxide laser has a higher 

haemostatic effect, but it tends to generate carbonized layers which slow the wound 

healing (4). The wavelength characteristics of each type of laser need to be 

considered for each clinical application, and the type of laser should be carefully 

selected based on the intended purpose and use. Hence, a laser capable of emitting 

several wavelengths with optimal effects for different purposes, each selectable 

based on the treatment at hand, would be ideal for clinical use. 

In the field of dentistry, meanwhile, equipment manufacturers have recently 

developed a tunable laser (1.4~4.0 µm) with an optical parametric oscillation (OPO) 



mechanism. The OPO is essentially an optical device pumped by a laser to produce 

two wavelengths distinct from those of a conventional pump laser: the “signal” 

wavelength and “idler” wavelength. This mechanism can be used to shift the 

wavelength of fixed-frequency lasers to a desired wavelength or to generate tunable 

light. The OPO is a light source similar to a laser, but based on nonlinear optical 

gain from parametric amplification rather than on stimulated emission.  

This new tunable laser can simultaneously emit two different wavelengths in 

the range from 1.4 to 4.0 µm in the infrared region. In the near infrared range, the 

low absorbance of the laser light in water helps to achieve acceptable levels of 

coagulation and hemostasis in irradiated soft tissues. In the middle infrared region, 

the high absorbance of the light in water ensures a sharp laser incision into soft 

tissue, but with less hemostasis. When laser light is irradiated onto soft tissue at 

these two selected wavelengths at the same time, the irradiation can incise the 

tissue sharply while conferring superior coagulation and hemostasis. As a result, 

soft tissue wounds from this irradiation may heal better than the wounds incurred 

from irradiation by the conventional lasers currently in use. This can reduce the 

physical burden on patients, shorten surgery times, and improve postoperative 

courses.     

In this study we used a dual-wavelength laser equipment with an optical 

parametric oscillator (OPO) set to irradiate at two minimally invasive wavelengths, 

i.e., 1.67 µm for effectively coagulating the soft tissue and 2.94 µm for sharply 

incising the soft tissue. We investigate and discuss the effects of simultaneous 

irradiation on the soft tissues in vivo based on an experimental pathological 

method. 

  



Materials and Methods 

 

The experiments were performed using a prototype laser oscillator 

(Dual-Wavelength Laser with an Optical Parametric Oscillator) (Dual-Wavelength 

Laser: J. Morita Mfg. Corp., Kyoto, Japan) with a flat contact tip with a diameter of 

600 µm (C600F: J. Morita Mfg. Corp., Kyoto, Japan). The delivery system was a 

hollow waveguide with an inner silver layer with a dielectric-coating made up of 

cyclic olefin polymer transparent to the wavelength of the laser. The light energy 

was emitted in a pulsed mode and the output power of the tip was measured with a 

laser power meter (Lasermate-P, Coherent Instruments Division, USA). 

We selected the dual-wavelength condition by the following method. First, we 

identified 2.94 µm as the wavelength with the highest absorption in water within 

the wavelength range from 1.4 to 4.0 µm. Next, based on our determination of the 2.94 

µm wavelength, we used the OPO system in this laser to identify 1.67 µm as the 

wavelength with the lowest absorption in water in the same wavelength range. 

Irradiation at these wavelengths could be stably and consistently emitted at the 

same time without any drops in power. Thus successful in our purpose, we selected 

2.94 µm and 1.67 µm as the dual wavelengths for our system.  

After we selected the two wavelengths (1.67 µm and 2.94 µm), we established 

four separate irradiation conditions by adjusting the mixing ratios of the two 

wavelengths: (1) 1.67 µm (100%) and 2.94 µm (0%), no irrigation, 40 Hz (Group A ); 

(2) 1.64 µm (0%) and 2.94 µm (100%), no irrigation, 40 Hz (Group B ); (3) 1.64 µm 

(50%) and 2.94 µm (50%), no irrigation, 40 Hz (Group C ); and (4) 1.64 µm (100%) 

and 2.94 µm (100%), no irrigation, 40 Hz (Group D ). Table 1 shows the output 

power of the transmission device and the contact tip in each group.  



Three adult dogs were used as the experimental subjects. The dogs were given 

a general anesthesia and the marginal gingiva was excised using a contact tip 

attached to the laser oscillator. Four irradiation conditions were used for the 

excision of the marginal gingival. Scalpel incisions and electrocautery incisions 

were used as control.  

Observation periods were defined as immediately after surgery, 7 days after 

surgery, and 28 days after surgery. Paraffin-embedded serial sections of samples 

from each period were prepared for H-E staining and simultaneous observation by 

optical microscope. This research was performed in accordance with the 

experimental animal guidelines of Tokyo Dental College.  

 

Results 

 

The pathological results are summarized in Table 2. The dissections generated 

clearly observable wounds of the marginal gingiva in all of the cases immediately 

after surgery. The wounds were thickly coagulated in the cases irradiated at the 

1.64 µm wavelength. All of the cases hemorrhaged during the observation. None of 

the specimens showed serious inflammatory changes such as inflammatory cell 

infiltration.  

 

Group A 

The incision of the marginal gingiva was incomplete just after the treatment, 

with observable portions of remnant tissue. The surface of this remnant marginal 

gingiva was thickly coagulated, but bleeding was observed in and around the 

coagulation layer (Fig. 1a). Seven days after treatment, the coagulation layer had 



disappeared and new epithelium completely covered the incised surface. No 

inflammation was observed at the marginal gingiva (Fig. 1b). By 28 days after 

treatment, the epithelium had grown over the wound surface area and no 

inflammation was observed (Fig.1c). 

 

Group B 

The marginal of gingiva was sharply incised just after the treatment. No 

coagulation was observed below the incision surface, and the incision surface itself 

was bleeding (Fig. 2a). Seven days after treatment, the wound surface produced by 

the laser irradiation had disappeared under a covering of newly grown epithelium 

(Fig. 2b). By 28 days after treatment, the epithelium had grown over the entire area 

of the wound surface and no inflammation was observed (Fig. 2c).  

 

Group C 

The histopathological change of this group during the observation was almost 

the same as that in Group B. Immediately after treatment, the marginal gingiva 

was not thoroughly incised. The surface of the remnant marginal gingiva was 

thickly coagulated, but bleeding was observed in and around the coagulation layer 

(Fig.3a). Seven days after treatment, the wounds and coagulation layer around the 

marginal gingiva had disappeared and the epithelium was continuous. By 28 days 

after treatment, the epithelium had grown over the wound surface area and no 

inflammation was observed (Fig. 3b). 

 

Group D  

Immediately after the treatment, the marginal gingival was sharply incised, 



thick coagulation was formed below the incision surface, and bleeding was observed 

around the coagulation layer ( Fig. 4a). Seven days after treatment, the coagulation 

layer had disappeared and a new layer of epithelium had grown over the wound, 

covering all areas except a slightly inflamed section of marginal gingiva (Fig. 4b). 

Wounds in the marginal gingiva were observed in 50% of the animals in this group. 

By 28 days after treatment, a thick outer margin of epithelium had grown over the 

thin inner marginal epithelium, and no inflammation was observed (Fig. 4c).  

 

Control (Scalpel group) 

The marginal gingiva was sharply incised, but the bleeding was ample. No 

coagulation was observed under the incision line. By 7 days after treatment, the 

wound had disappeared and new epithelium completely covered the wound surface 

(Fig.5a). By 28 days after treatment, the epithelium covered the wound surface area 

and no inflammation was observed (Fig. 5b). 

 

Control (Electrocautery group)  

The marginal gingiva was incised perfectly, but the surface of the incision was 

irregular. A wide and thick coagulation layer occupied the area below the incised 

surface (Fig.6a). The coagulation layer had disappeared by 7 days after treatment, 

but the marginal gingiva in the area was discontinuous and slightly inflamed. 

Fibrous connective tissue had newly grown and thickened underneath the 

epithelium, replacing the coagulation layer (Fig.6b). By 28 days after treatment, a 

thick outer margin of epithelium had grown over the thin inner marginal 

epithelium and no inflammation was observed. 

 



Discussion 

 

The dual-wavelength laser equipment in this study can simultaneously emit 

two different wavelengths in the range from 1.4 to 4.0 µm. In the present 

experiment we studied the effects of this laser at two selected wavelengths within 

this range, i.e., 1.64 µm and 2.94 µm. The former wavelength, 1.64 µm, has the 

lowest absorption in water in the range from 1.4 to 4.0 µm and was thus postulated 

to be ideal for coagulating irradiated soft tissue. The latter, 2.94 µm, has the highest 

absorption in water and was thus postulated to be ideal incising the tissue sharply 

and cleanly. In earlier studies on the irradiated periodontal tissues of adult dogs, 

the Er:YAG laser sharply incised the periodontal tissue with weaker haemostatic 

properties, causing degeneration of a thin layer of tissue (5-20 µm) (5) and 

damaging collagen to depths ranging from 10 to 50 µm (6).  

To our knowledge, however, the present study represents the first attempt to 

irradiate soft tissue at the wavelength of 1.64 µm. The absorption of this 

wavelength in water is about 100-fold greater than that of 1.064 µm (the 

wavelength of Nd:YAG laser) but only about a tenth of that of 2.04 µm (the 

wavelength of the Ho:YAG laser). The Nd:YAG, a laser with better haemostatic 

properties, generates thermocoagulation from 0.3 to 0.6 mm (7). This is a tradeoff, 

however, as the Nd:YAG laser is very poor at vaporizing soft tissue. The Ho:YAG 

laser (8,9) incises soft tissue much more effectively than the Nd:YAG, but much less 

effectively than the CO2 laser or Er:YAG. Soft tissue irradiated by the Ho:YAG laser 

also exhibits thick coagulation, but not to the extent of tissue irradiated by the 

Nd:YAG laser(10). The characteristics of the 1.64 µm wavelength may be 

intermediate between the wavelengths of the Nd:YAG laser and Ho:YAG laser. Our 



group thus postulated that the 2.94 µm wavelength achieves good dissection with 

poorer coagulation, while the 1.67 µm wavelength achieves good coagulation with 

poorer dissection.  

Simultaneous irradiation at 1.67 µm and 2.94 µm in our study conferred the 

haemostatic properties of irradiation at 1.67 µm alone and the dissectional 

properties of irradiation at 2.94 µm alone.  

In general, the haemostatic properties produced at an 

electrocautery-temperature of 140 to 190°C are effective for veins with diameters of 

1 mm or less and for arteries with diameters of 0.5 mm or less (11). Irradiation at 

the wavelength of  1.67 µm (Group A, Group C and Group D) brought about 

hemostasis via a coagulative degeneration around the dissection line. Irradiation at 

2.94 µm (Group B) conferred no haemostatic effect, although the temperature of the 

surface layer irradiated by the laser reached the requirement for a haemostatic 

effect. The temperature increase in the Group B samples was found to be 

circumscribed to certain areas. There were coagulated layers with insufficient 

thickness, and the bleeding was not stopped.  

In the observations on the 7th day postoperatively, continuous epithelia were 

present at the dissection lines, with complete disappearance of the wounds, in 

Groups A, B, and C. These results were consistent with those observed following the 

scalpel surgery control, hence the wounds were assumed to have undergone the 

same therapeutic process of healing.  

In contrast, half of the cases in Group D (1.64 µm (100%) and 2.94 µm (100%)) 

and half of the cases in the electrocautery group still had wounds on the 7th 

postoperative. This suggested that the cases in Group D underwent the same 

therapeutic process effectuated following electrocautery surgery. The wound healing 



in Group D seemed to be delayed because of the higher output power of irradiation 

compared to that applied in the other laser-irradiated groups. 

 Continuous-mode CO2 lasers and electrocautery are known to inflict collagen 

damage of a type that takes much longer to heal than wounds caused by a scalpel (4). 

The use of the dual-wavelength laser for gingivectomy appeared to bring about the 

same therapeutic outcome as conventional methods, with disappearance of all of the 

surgical wounds by the 28th postoperative day and continuous epithelia observed in 

all of the specimens. No serious inflammatory changes such as round-cell 

infiltration were observed, and continuous epithelia were observed with time after 

surgery. Thus, gingivectomy by simultaneous irradiation at the 1.67 µm and 2.94 

µm wavelengths appears to generate little or no inflammatory change in 

periodontal tissues. 

In conclusion, we used a Dual-Wavelength Laser with an Optical Parametric 

Oscillator to investigate how the soft tissues responded to simultaneous irradiation 

at wavelengths of 1.67 µm and 2.94 µm in the infrared region. Pathological 

investigation of the irradiated tissues suggested that the 1.67 µm laser has a 

superior thermal protein coagulation effect and that the 2.94 µm laser has a high 

capacity for incising soft tissues. Given these dual properties, gingivectomy using 

simultaneous irradiation with the 1.67 µm and 2.94 µm can bring about the same 

therapeutic effects obtainable by conventional methods. 
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Table 1. Output power of the transmission device and the contact tip in each group  

 

  Coupling filter Transmitter C600F 

  1.67 µm  2.94 µm  Power Power Transmittance 

Group A 100% 0% 1.64 W 1.3W 79% 

Group B 0% 100% 1.28 W 0.86 W 67% 

Group C 50% 50% 1.70 W 1.36 W 80% 

Group D 100% 100% 3.25 W 2.7 W 83% 



Table 2. Pathological results following gingivectomy. 

 

 
Observation 

period 

Marginal 

gingival 

wounds 

Cell 

infiltration 
Coagulation Hemorrhage 

Group A 
Immediately 

after surgery 
4/4 - 2/4 4/4 

Group B 
Immediately 

after surgery 
4/4 - - 4/4 

Group C 
Immediately 

after surgery 
4/4 - 1/4 4/4 

Group D 
Immediately 

after surgery 
4/4 - 3/4 4/4 

Electro- 

cautery 

Immediately 

after surgery 
3/3 - 1/3 3/3 

Group A 7 days - - - 4/4 

Group B 7 days - - - 3/3 

Group C 7 days - - - 4/4 

Group D 7 days 2/4 - - 4/4 

Electro- 

cautery 
7 days 1/2 - - 2/2 

Scalpel 7 days - - - 2/2 

Group A 28 days - - - 4/4 

Group B 28 days - - - 4/4 



Group C 28 days - - - 3/3 

Group D 28 days - - - 4/4 

Electro- 

cautery 
28 days - - - 1/1 

scalpel 28 days - - - 2/2 

 



Figure Legends 

Fig.1  Histopathological features in Group A 

a. Immediately after surgery    

b. 7 days after treatment 

c. 28 days after treatment  

Fig.2 Histopathological features in Group B 

a. Immediately after surgery  

b. 7 days after treatment 

c. 28 days after treatment  

Fig.3 Histopathological features in Group C 

a. Immediately after surgery 

b. 28 days after treatment 

Fig.4 Histopathological features in Group D 

a. Immediately after surgery  

b. 7 days after treatment 

c. 28 days after treatment  

Fig.5 Histopathological features in scalpel group 

a. 7 days after treatment 

b. 28 days after treatment 

Fig.6 Histopathological features in electrocautery group 

a. Immediately after surgery 

b. 7 days after treatment 

c. 28 days after treatment 

 


































