
Physics of a Diode Laser Sapphire Knife,  
first clinical results of a randomized study

G. Volland, P. Bargiela Perez, R. Walker, D. Torres Lagares, M. Ernstberger
Universidad Sevilla, Facultad de  Odontologia, Cirurgia Bucal, Seville, Spain

INTRODUCTION

The combination of the precise cut of a sapphire scalpel combined with the coagulation of 
diode laser light should be developed to provide both advantages for surgical incisions.

MATERIAL AND METHOD

Sapphire crystals were ground into scalpel forms used in oral surgery and connected to diode lasers 
of common wavelengths used in dentistry. The angles of the scalpel that are important to get the laser 
light at the cutting edge were calculated and ground in a special process. Then the pressure needed 
for cutting was measured and compared to normal scalpels. After this the forms of the knife that were 
capable of cutting soft tissue were coupled into a fiber transmission of 320 μm diameter and the amount 
of transmission at the cutting edge was measured. After this a histological study of the peripheral zone 
of necrosis was investigated in sections of pork mucosa.

The beam spreads on its way through the blade from the incoupling (left) to the distribution (right).The main part of the beam exits right  
at the tip. Best coagulation is therefore achieved targeting the blade tip right to the area where haemostasis is necessary. 

Cut with diode 980 nm, 2 W, cw Cut with scalpel diode 980 nm, 6 W, cw

Energy Distribution inside the sapphire cristal. It is clearly 
visible that right at the tip the energy accumulates and is 
more or less focused 

RESULTS 

It is possible to grind a sapphire crystal in the form of a dental knife that is able to cut oral soft 
tissue using force between 10 and 20 N. Diode laser radiation can be coupled into a fiber system 
reaching transmission in a range between 88 and 93% at the blade edge. Tissue alteration 
in the in vitro cuts is only achieved when color is present. In vivo cuts cut be done without 
bleeding, the healing was not prolonged and patients’ pain was comparable to laser procedures. 

CONCLUSION

With this blade design it is possible to transmit more than 99% of the laser radiation which is coupled 
into the blade out to the tissue. The losses on the incoupling side are roughly 8%. On the tissue side 
it is much more efficient when contact of the blade to (water) containing tissue is achieved. The effect 
on tissue of transmitted light after cutting with sapphire scalpel can be controlled by adequate power 
settings depending on the wavelength and the coloration of the tissue. First clinical follow ups encourage 
further clinical study. 

Excision of a fibroma at the border of the lip red: Cut with the sapphire knife and immediate coagulation with the 
laser beam diode 980 nm, 9 W, cw

CLINICAL CASE

Additional coagulation 	 After treatment 	 2 weeks after


