Lasers in Surgery and Medicine 25:401-406 (1999)

Effects on Oral Soft Tissue Produced by a
Diode Laser In Vitro

K. Goharkhay, wmbp, bmp,* A. Moritz, Mp, bMDp,** P. Wilder-Smith, mb, bmb,?
U. Schoop, mp, bmp,* W. Kluger, mp,* S. Jakolitsch, wmp,* and W. Sperr, mp, bmpt

IDepartment of Conservative Dentistry, Dental School, University of Vienna,
A-1090 Vienna, Austria

2Beckman Laser Institute and Medical Clinic, University of California, Irvine,
Irvine, California 92697

Background and Objectives: This investigation determined incision
characteristics and soft-tissue damage resulting from standardized in-
cisions using a wide range of laser modes and parameters of a diode
laser at 810 nm.

Study Design/Materials and Methods: Histologic examinations were
performed to verify vertical and horizontal tissue damage as well as
incision depth and width.

Results: Incision depth and width correlated strongly with average
powers, but not with laser parameters or the used tips. No laser damage
was visible to the naked eye in the bone underlying the incisions in the
range between 0.5-4.5 W.

Conclusion: The remarkable cutting ability and the tolerable damage
zone clearly show that the diode laser is a very effective and, because of
its excellent coagulation ability, useful alternative in soft-tissue sur-

gery of the oral cavity. Lasers Surg. Med. 25:401-406, 1999.
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INTRODUCTION

The scalpel and the conventional electrosur-
gery unit are the instruments of choice for soft-
tissue surgery. In addition, lasers are an alterna-
tive to conventional surgical systems. Scalpels
have been used for many years because of their
ease of use, accuracy, and minimal damage to the
surrounding tissue. On the other hand, scalpels
cannot provide the hemostasis that is helpful for
use on highly vascular tissue [1].

One characteristic difference between a laser
and a scalpel cut is the generation of a coagulated
tissue layer along the walls of the laser incision
[2]. All laser-tissue interactions produce some de-
gree of tissue vaporization and a surrounding
zone of thermal necrosis [3]. This zone of thermal
damage should ideally be kept to a minimum, as it
may impede wound healing and graft take, and
reduce tensile strength [2]. Clinical experience
suggests some advantages for laser over scalpel
surgical procedures of the oral tissues. Advan-
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tages of this tool include greater precision, a rela-
tively bloodless surgical and postsurgical course,
sterilization of the surgical area, minimal swell-
ing and scarring, coagulation, vaporization, and
cutting, minimal or no suturing, and much less or
no postsurgical pain [4-6]. Research has consis-
tently demonstrated that laser surgery can be
performed safely by using parameters which pro-
tect underlying bone and tooth structures [7]. The
factors that determine the initial tissue effect in-
clude the laser wavelength, laser power, the avail-
able laser waveform (continuous wave, chopped,
and pulsed beams), tissue optical properties, and
tissue thermal properties [8]. At this time, oral
laser applications do not replace the majority of
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traditional scalpel procedures or the high-speed
drill. Certain lasers are ideal for specific oral pro-
cedures, but lasers cannot provide the same effi-
ciency and efficacy as a scalpel for many different
oral procedures [4]. Electrosurgery units produce
adequate hemostasis but result in greater ther-
mal injury and also have the disadvantage of
causing muscle fasciculations. Reports suggest
that healing is delayed for electrosurgery wounds
when compared with scalpel wounds [1]. The
thermal and histologic events resulting from soft-
tissue incision with different CO, lasers have al-
ready been determined [2]. These examinations
showed that incision depths correlate positively
with the average power [9—11]. Diode lasers have
been used successfully for conditioning enamel
and dentin surfaces. Furthermore, the diode laser
reveals a bactericidal effect and helps to reduce
inflammation in the root canal and in the peri-
odontal pocket in addition to scaling [12-14].

The aim of this study was to determine inci-
sion characteristics and soft-tissue damage re-
sulting from standardized incisions using a wide
range of laser modes and parameters of a diode
laser at 810 nm.

MATERIALS AND METHODS

For this investigation, 17 fresh pig man-
dibles were used no later than 6 hours after the
animals’ death. Immediately after death, the
mandibles were cooled until 1 hour before use and
then returned to room temperature. Six standard-
ized incisions per laser parameter combination, 3
cm in length, were made in the oral mucosa par-
allel to the border of the mandible. Three incisions
per parameter were positioned 5 mm below the
gingival margin, and three in the thicker soft tis-
sue 5 mm from the lower border of the mandible.
The average thickness of these tissues was 0.8-2
mm. A total of 198 incisions was made. The inci-
sions were performed in the anterior, middle, and
posterior third of the mandible. The incision
length was standardized, with a template posi-
tioned 3 mm below the planned incision site dur-
ing the performance of each incision. The laser
handpiece was attached to a motorized device to
standardize the incision and to control move-
ments. Radiation was applied by the handpiece at
a speed of 10 mm/second and was timed with a
stopwatch. This experimental model has been
used for many years in standardized studies
[2,3,15].

Treatment was carried out with 33 different
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settings of the Dentek LD 15 diode laser (Dentek
Austria GMBH, Gasselberg 53-54, A-8564 Gais-
feld, Austria). This laser has a wavelength of 810
nm. The laser output power ranges from 0.5-15
W. A pulse rate of 2-32 msec in pulsed mode and
a frequency of 1.5-250 Hz can be used. The laser
can also be operated in continuous wave mode.
The target beam is generated by a helium-neon
laser (5633 nm, 1 mW).

The application occured with a 200- or 400-
pm tip. Not only continuous wave (cw), but also
pulsed modes with a frequency of 25 Hz and 30-
msec pulse width, and 50 Hz and 10 msec, were
used. The mentioned output powers do not corre-
spond to the output powers described on the laser
instrument, but were measured directly at the
outflow of radiation with a wattmeter. The 400-
pm tip was used in a measured range of 0.5-4.5
W, whereas a maximum of 2 W could be achieved
for the thinner 200-pm tip.

Immediately after irradiation, incisions were
dissected out with a margin exceeding 5 mm and
divided with a scalpel. The bone underlying each
incision was marked, labeled, and photographed.
The chief evaluation factor for bone was charring,
which was selected as a gross indicator of signifi-
cant laser-induced thermal damage.

The soft-tissue samples were fixed directly in
10% neutral-buffered formalin for 15 days and
were dehydrated for 8 days in a rising alcohol se-
ries. After treatment with terpineol and toluol for
10 days, the specimens were embedded in paraffin
for another 8 days. A total of 198 wax blocks was
prepared, and 6-pm sections were cut routinely
with the microtome and stained with Serius red.
Measurements were made from 15 slides per pa-
rameter and incision site. A photographic record
of the results was made. Incision depth and
width, as well as depth and width of adjacent tis-
sue damage, were determined. A typical slide
with measurement locations is shown in Figure 1.

RESULTS

Mean incision depths and widths, as well as
mean collateral vertical and horizontal damage
measurements and standard deviations, are pre-
sented in Tables 1 and 2. Mean incision depths
using cw and a 400-pm tip measured from 217.5—
647.5 pm, and mean incision widths from 78.8—
357.5 pm. Using the 200-pum tip, mean incision
depths of 405-605 pm and mean widths of 87.6—
278.3 pm were measured. In the 50-Hz/10-msec
pulsed mode, mean depths ranged from 295-
737.5 pm. Mean widths of 162.5-400 pm were
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Fig. 1. Incisional and collateral effects of diode laser in oral soft tissue.

measured for the 400-pum tip, while mean incision
depths from 240-614.3 pm and mean widths from
103.8-210.3 pm were determined for the 200-pm
tip. The 25-Hz/30 msec pulsed mode revealed
mean depths from 298.5-527 pm and mean
widths from 138.8-377.5 wm for the thicker tip,
and mean incision depths from 201.6-345 pm and
widths from 115.2-244.3 pm for the thinner tip.

Mean vertical damage measured from 22.5—
85.3 um and mean horizontal damage from 28.3—
98 pm, irrespective of the laser parameters and
tips used.

The depth and width of incision correlated
strongly and positively with average powers, but
not with laser parameters or the tips used.

To the naked eye, no laser damage was vis-
ible in the bone underlying the incisions, either in
the thicker soft tissue or in the thinner soft tissue.

DISCUSSION

Histologic events resulting from soft-tissue
incisions with different CO, lasers have already

been determined. Histologic effects are related to
the parameters used and the beam characteristics
rather than wavelength; greater damage to the
collateral tissues has been observed with the use
of the constant wave mode. This effect enhances
thermocoagulation to achieve hemostasis and pro-
vide a bloodless surgical field. The desired results
with the least risk of unwanted thermal damage
can be achieved with very short pulses at the
highest power density for the shortest time pos-
sible [2]. The extent of collateral thermal effects is
smaller by a factor of about 2—3 for the superpulse
mode in comparison to the cw mode [16,17]. A
wide range of clinical effects can be achieved con-
sistently and predictably in soft tissue, depending
on the parameter configuration selected. The use
of higher average powers correlates with increas-
ing depths of incision. Incision width and collat-
eral damage are the results of complex interac-
tions between the different laser parameter vari-
ables, as mentioned. Incision shape and width are
strongly mode-dependent. The cw mode produces
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TABLE 1. Incisional and Collateral Effects of 400-pm Tip*

Average Pulse Pulse Mean + SD Mean + SD Mean + SD Mean + SD
power width repetition incision depth incision width vertical damage horizontal
(W) (msec) (Hz) in pm (n) in pm (n) in pm (n) damage in pm (n)
0.5 cwW 217.5 + 12.6 (15) 78.8 + 19.3 (15) 30 +4.0(15) 29.8 + 1.3 (15)
1 W 230 + 18.7 (15) 119.3 £ 8.7 (15) 22.5 + 6.5 (15) 37.5+6.5(15)
1.5 cw 272.3 + 12.3 (15) 175 + 23.8 (15) 44.5 £ 5.3 (15) 56.3 + 25 (15)

2 W 302.5 + 22.2 (15) 205 + 17.3 (15) 40 = 8.2 (15) 775 +2.1(15)
2.5 cw 421.3 + 19.3 (15) 277.5 + 20.6 (15) 48.8 £ 4.8 (15) 76.8 £ 4.6 (15)
3.5 W 593 + 9.5 (15) 300 + 7.1 (15) 46.3 +5.1 (15) 73.3 £11.6 (15)
4.5 cw 647.5 + 9.6 (15) 357.5 £ 30.3 (15) 55 +4.1(15) 98 + 33.4 (15)
0.5 30 25 298.5 + 11.5 (15) 138.8 + 8.5 (15) 35+ 12.9 (15) 40 + 4.1 (15)
1 30 25 380 + 40.8 (15) 162.5 £ 6.5 (15) 28.3 £ 2.4 (15) 51.8 £ 16 (15)
1.5 30 25 416.3 + 13.8 (15) 218.8 + 1.7 (15) 23.3 £5.4 (15) 55.75 + 4.3 (15)
2 30 25 488.7 + 12.6 (15) 275.7 + 14.1 (15) 48.6 + 7.7 (15) 49 + 2.6 (15)
2.5 30 25 476.3 + 18 (15) 371.3 + 8.5 (15) 449 +10.2 (15) 66.7 £ 5.8 (15)
3.5 30 25 497 + 12.6 (15) 367 + 15 (15) 57.5 + 6.5 (15) 72.5 + 32 (15)
4.5 30 25 527 +22.2 (15) 377.5 + 45.7 (15) 56.3 + 4.8 (15) 97.5 + 12.6 (15)
0.5 10 50 295 + 13 (15) 213.75 + 4.8 (15) 28.8 + 3 (15) 37.5+29(15)
1 10 50 4775 + 9.6 (15) 162.5 + 8.7 (15) 23.8 + 4.8 (15) 35 +£5.8(15)
1.5 10 50 492.5 + 6.5 (15) 248.8 + 9.8 (15) 43.8 £ 4.8 (15) 63.3 +7(15)

2 10 50 590 + 8.2 (15) 304.8 + 12.7 (15) 34.5 +5.3(15) 55 + 5.8 (15)
2.5 10 50 587 +20.6 (15) 372.7 £ 20.2 (15) 75 £ 20.4 (15) 78.8 £ 29.5 (15)
3.5 10 50 707.5 +17.1 (15) 400 + 8.2 (15) 70 + 21.6 (15) 65 + 12.9 (15)
4.5 10 50 737.5 + 9.6 (15) 377.5 + 48 (15) 80 + 35.8 (15) 87.2 + 8.6 (15)

*SD, standard deviation.

TABLE 2. Incisional and Collateral Effects of 200-pm Tip*

Average Pulse Pulse Mean + SD Mean + SD Mean + SD Mean + SD
power width repetition incision depth incision width vertical damage horizontal
(W) (msec) (Hz) in pm (n) in pm (n) in pm (n) damage in pm (n)
0.5 cw 405 + 20.8 (15) 98.3 +9.3 (15) 52 +4.3(15) 53.9 + 8.1 (15)
1 W 475.7 + 8.9 (15) 87.6 + 13.7 (15) 47.8 +4.7 (15) 55.5 + 11.3 (15)
1.5 cw 520.5 + 29.7 (15) 138.3 £ 9.3 (15) 60.3 £ 5.6 (15) 59.8 + 7.5 (15)
2 cw 605 + 16.38 (15) 278.3 + 19.8 (15) 59.5 + 8.6 (15) 62 + 9.4 (15)
0.5 30 25 201.6 + 6.3 (15) 195.8 £ 5.7 (15) 29.3 + 3.3 (15) 28.3 £ 3.3 (15)
1 30 25 307.5 + 9.6 (15) 115.2 + 11.1 (15) 37.5+6.5(15) 31.5 £ 5(15)
1.5 30 25 262.5 + 6.5 (15) 204.3 £ 9.9 (15) 60.3 £ 5.6 (15) 48.8 + 3 (15)

2 30 25 345 + 12.9 (15) 244.3 + 8.3 (15) 58.4 + 11.6 (15) 42.7+17.9 (15)
0.5 10 50 240 + 18.3 (15) 103.8 £ 11.1 (15) 38.8 £6.3(15) 49.5 + 4.2 (15)
1 10 50 306.4 + 7.7 (15) 111.8 + 12.5 (15) 85.3 £ 8.5 (15) 60.6 + 8.2 (15)
1.5 10 50 566.3 + 12.5 (15) 157.8 £ 13.3 (15) 81.4 +9(15) 53.1 + 8.5 (15)
2 10 50 614.3 + 11.8 (15) 210.3 + 7.6 (15) 75.9 £ 6.9 (15) 56.2 + 10.5 (15)

*SD, standard deviation.

relatively wide, straight-sided incisions. There-
fore, this mode can cut or ablate large amounts of
tissue. Comparable incisions in depth can be
achieved equally quickly and efficiently at lower
average powers with the superpulse mode [3].
Of the clinically common dental lasers, the
CO, laser usually produces narrower zones of
damage in soft tissues than does the Nd:YAG la-
ser because of the greater absorption of the CO,
wavelength by soft tissues [18-20]. The average
zone of damage caused by CO, lasers after laser
incision in soft tissues is less than 0.6 mm [16,18,
21-23]. This finding is directly relevant to clinical

dentistry because of concerns regarding possible
damage to neighboring structures, such as teeth
or bone, during soft-tissue laser surgery. Com-
parisons of Nd:YAG and diode laser show that,
when used in contact mode, these two lasers pro-
duce similar extents of tissue vaporization and
zones of thermal necrosis [24]. With 10-12 W, val-
ues of 0.625 and 0.79, respectively, and 0.48 and
0.9 mm, respectively, are obtained with diode and
Nd:YAG lasers [25,26]. Although the extent of tis-
sue vaporization at low powers is less for the di-
ode laser, these differences are not apparent at
higher laser powers and energies that can be
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clinically applied with commercially available
units [24].

However, the radiation of a diode laser
shows a greater absorption and a smaller pen-
etration depth than that of a Nd:YAG laser, espe-
cially in blood-rich tissue. The wavelength of the
diode laser is considerably more absorbed due to
hemoglobin than that of the Nd:YAG laser. This
causes not only a better incision performance but
also an excellent coagulation of tissue [27]. The
thickness of the charring layer and the coagula-
tion layer, and incision depth, are similar for the
diode laser and the Nd:YAG laser with the same
laser settings [25].

Advantages of the diode laser seen in our
clinical routine are that it requires no anesthetics
and that the wounds heal softly. Moreover, its
simple use allows very good modeling of the gin-
giva.

Favorable results in other dental areas en-
couraged us to determine the surgical effects on
soft tissue produced by a diode laser, using two
different tips in continuous wave mode and two
pulsed modes. According to our results, the inci-
sion depth correlates strongly and positively with
the average power, whereas incision shape and
width depend neither on the mode used, nor on
the fiber. These results confirm the findings re-
ported by Judy et al. [25], who investigated the
Nd:YAG laser. A possible explanation may be the
chopped operating mode of the diode laser.

The horizontal and vertical damage zone de-
pends neither on the average power, nor on the
mode used or fiber tip. When compared with the
CO, laser, one characteristic difference from the
diode laser can be found, namely that no trend of
greater damage to lateral tissues with the con-
stant wave mode at higher power levels can be
observed. Also, no charring of bone underlying
0.8-mm-thick soft tissue was observed with the
continuous wave mode, or with the pulsed mode
at an average power of 4.5 W. Several authors
have reported that the use of the CO, laser can
result in possible damage to the underlying bone
around teeth when cutting tissues with either
pulsed or continuous wave CO, lasers [2,3,28].
Clayman et al. [29] described minimal damage to
the bone under gingiva treated with a CO, laser,
but the gingiva healed well, although over a
longer period of time. It is possible that the laser
wavelength is transmitted through the surface
layer of the bone into the inner cancellous tissue.
Simple observation of the surface does not pre-
clude inner damage. However, in this study, low-
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power settings were used, so that the possibility of
damage was extremely remote.

Blood circulation acts as a potential, not very
significant coolant. One typical example of heat
convection in tissue is heat transfer due to blood
flow. Due to the low perfusion of most tissues,
however, heat convection is negligible in a first
approximation. Only during long exposures does
it play a significant role [30]. Certainly an adverse
cellular response will over time change the histo-
logical picture of the tissues affected. Yet the fo-
cus of this study was on the measurement of di-
rect thermal damage, not on tissue response to
irradiation.

Contrary to other investigations [3,7], deeper
incisions could be achieved with the diode laser
than were achieved by other authors with the CO,
or Nd:YAG laser at the same power setting, even
with fewer movements of the delivery system.
Even the horizontal and vertical zones of thermal
damage are in a comparable range. These find-
ings, i.e., the remarkable cutting ability and the
tolerable damage zone, clearly show that the di-
ode laser is a very effective and, because of its
excellent coagulation ability, useful alternative in
soft-tissue surgery of the oral cavity.
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