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During the last decades, the use of dental implants for tooth replacement became state of the art in dental pros-
thetic therapy. The high survival rate of osseointegrated dental implants is well documented, but it is becoming 
increasingly evident that even successfully integrated implants are susceptible to diseases that finally may lead 
to implant loss. One of the most frequent reasons for implant failure nowadays is periimplantitis caused by 
pathological inflammatory changes in the tissue being adjacent to a load bearing implant. Clinically it is associ-
ated with pocket formation, suppuration, bleeding and implant mobility. 
Numerous methods for implant surface decontamination have been suggested as a part of the surgical treatment 
of periimplantitis. Actually, decontamination of infected implant surfaces can be achieved very effectively by 
application of laser radiation. Hence, the purpose of our study was to evaluate suitable parameters for laser de-
contamination of titanium plasma-sprayed implant surfaces by employing laser pulses in the microsecond range 
generated by two laser systems (Diode and frequency-doubled Nd:YAG). In this paper the results for tempera-
ture development and surface morphology of different laser parameters and their clinical relevance and limita-
tions are reported. 
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1. Background and objective 
During the last decades, the use of dental implants for re-
placement of missing or extracted teeth became state of the 
art in dental prosthetic therapy. Actually, current goals of 
dental therapy include the development of prosthetic fix-
tures for this purpose being easy to fabricate and implant. 
The high survival rate of osseointegrated dental implants is 
well documented, but it is becoming increasingly clear that 
successfully integrated implants are susceptible to disease 
conditions that may finally lead to their loss. As with any 
treatment modality, however, failure can occur with im-
plants. One of the most probable reasons for implant failure 
nowadays is periimplantitis.  
Generally, periimplant disease refers to the pathological 
inflammatory changes that take place in the tissue sur-
rounding a load bearing implant. This type of inflammation 
is associated with the typical clinical symptoms of periim-
plantitis like increased probing depth (i.e. pocket forma-
tion), bleeding, mobility and suppuration for the implant 
representing. Implant failure may be the final result of one 
or several pathogenic factors such as infection, implant 
contamination, trauma during surgery, impaired healing 
and/or premature loading during the healing process. 
During periimplantitis therapy, contaminants such as bacte-
ria and their products, calculus, and soft tissue cells should 
be removed without modifying the implant surface. How-
ever, it is still unknown to which extent these contaminants 
have to be removed to achieve a successful treatment out-
come [1]. 

Various treatment possibilities for plaque-induced inflam-
matory lesions in the periimplant tissues have been re-
ported in literature [e.g. 2-5]. Thus, mechanical debride-
ment, antiseptics, antibiotics, surgical procedures and ex-
plantation were suggested depending on the severity of the 
clinical and radiographic manifestations of the lesions. 
Surgical treatment of periimplantitis lesions can be per-
formed in cases with considerable pocket formation (larger 
than 5 mm) and bone loss, after the acute infection has 
been resolved and proper oral hygiene has been established 
[6]. It has been suggested that the provision of an implant 
surface conducive to bone formation is a prerequisite for 
successful regenerative treatment of periimplantitis [7]. 
The present study puts it is focus on the issue of applying 
lasers for decontamination of periimplantitis lesions around 
commercially available titanium implants. The results 
should provide a solid base for recommendation of laser 
parameters for safe therapy. 
The development of laser technology is in a fast progress 
particularly concerning its adaptation for medical applica-
tions. Nevertheless, it still requires profound knowledge to 
select the right laser device and the parameters fitting for 
the planned therapy. 
The clinical target of periimplantitis therapy is mostly the 
elimination of the inflammatory lesion caused by bacterial 
infection around the implant, the inhibition of further pro-
gression of the disease and the maintenance of the implant 
function in situ with sound re-attached bone and soft tis-
sues [12-14]. 
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In several studies the bactericidal effect of high-power 
microsecond-pulse laser irradiation on contaminated dental 
implant surfaces already has been demonstrated. Usually, 
the laser energy is strongly absorbed in water, thus causing 
preferentially the evaporation of water-rich tissues. In bac-
terial cytoplasm this effect causes cellulysis. Publications 
have shown the effectiveness of lethal photosensitization in 
decreasing the viable count of periodontal pathogens in 
periimplantitis lesions without damage of the dental im-
plant surface [8, 15]. 
The diode laser as a typical medical laser device with a 
broad range of possible applications has already been in-
vestigated in literature for temperature development during 
simulated laser periimplantitis treatment. Temperature 
elevations during irradiation were registered for a period of 
120s. An estimated critical threshold of 47°C was exceeded 
after 9.0s at 2.5W, 12.5 s at 2.0W, 18.0s at 1.5W and 30.5s 
at 1.0W. Specific implant surface characteristics were not 
reported to have a significant effect on the temperature 
elevations. The study recommended that with respect to the 
applied energy, implant surface decontamination with an 
809nm Diode laser must be limited in time to allow the 
implant and bone to cool down [9]. 
The estimated threshold for temperature increase in bio-
logical tissue is based on the finding that temperatures be-
yond 47 to 50°C (i.e. a temperature increase of 10−13°C 
above body temperature) can induce tissue damage in the 
bone [10, 11]. It must therefore be ensured that this thresh-
old is not exceeded during laser application.  
Another problem is that many authors just reported the 
parameter settings they have chosen on the control panel of 
their devices but never checked for the real output. Espe-
cially for Diode lasers the real output parameters can differ 
significantly from the programmed settings, as older de-
vices often do not calculate for the specialties of chopped 
mode operation in their displayed values. 
However, the effects of heat application to already osseoin-
tegrated implants are still not sufficiently known and there-
fore further research to clarify the safety of such laser tech-
niques is necessary.  
According to this, the primary goal of the present study 
was the evaluation of the commonly suggested laser pa-
rameters regarding the temperature development during 
laser implant decontamination. Hence, the experiments 
were performed following established protocols for periim-
plantitis therapy under clinical conditions, as particularly 
implant surface alterations possibly inhibiting osseointegra-
tion and temperature rise inducing bone necrosis above a 
certain level were considered to lead to implant failure. 
 
2. Material and methods 
For the investigation of the implant temperature develop-
ment during laser decontamination, two laser systems with 
different wavelength were applied: a diode-pumped fre-
quency-doubled Nd:YAG laser (mostly referred to as 
“KTP” in medical applications, λ=532nm) with pulse dura-
tions of 20 and 50ms and a PRR of 10Hz and a Diode laser 
(λ=810nm) with pulse durations in the µs range and a very 
high pulse repetition rate (PRR) in the 20kHz regime. Both 
lasers were using 300µm fiber as a delivery system. Their 
average power settings were chosen according to the values 
suggested by the manufacturer for this purpose, i.e. 1.05, 

1.5 and 1.95W for the Diode laser, and 1.0, 1.5, 2.0 and 
2.5W for the KTP laser. It is important to mention that in 
medical applications, mostly just the displayed output pow-
ers are considered by the user with almost no attention paid 
on rechecking the differences between the displayed output 
power and the real output power. This fact can directly 
influence the temperature results according to our practical 
observations and recorded data. 
The actual output powers for both lasers were recorded by 
a thermal measurement head (Ophir Optronics 10A-FS) to 
be compared with the displayed power.  
For the investigation of possible surface alterations of the 
implants during irradiation, different output powers were 
applied on new titanium plasma sprayed implants of 
4.1mm diameter and 12mm length (Straumann, Switzer-
land). The implants were fixed in a mechanical holder and 
the laser radiation was applied under an irradiation angle of 
30° between implant surface and fiber. All irradiated im-
plants were investigated under ESEM for potentially in-
duced morphological damages. 
For the temperature evolution measurements, a block of 
polyoxymethylene (POM) having a comparable heat con-
ductivity to bone tissue was prepared with a geometry 
being in the order of magnitude of a human jaw bone. An 
implant bed with artificial cavity, i.e. a deep pocket lesion, 
was processed in the block to simulate the typical shape of 
a periimplantitis lesion. An implant of 4.1mm diameter and 
12mm length was mounted in this bed to simulate the in-
vivo situation of the implant with adjacent bone defect. 
Before and during the experiments, the block was placed in 
a water bath having a constant temperature of 37°C for 
simulation of the intra-oral in vivo conditions (see Fig-
ure 1). 
 
 

 
 

Fig. 1 For evaluation of the temperature development during laser 
irradiation, the implants were embedded in a POM block model 
placed in a water bath at 37°C. Two T-type thermocouples were 
connected to the implant surfaces in the apical (lower third) and 
coronal (upper third) region through two small holes in the block. 
 
For the temperature recordings, two T-type thermocouples 
were connected to the implant surfaces in the apical (lower 
third) and coronal (upper third) region through two small 
holes in the block. The measured temperature values were 
directly transferred to a personal computer connected to the 
electronic measurement device (see Figure 2). Twelve 
temperature measurements were recorded for each power 
setting and the average, maximum and minimum tempera-
ture course was calculated.  
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Fig. 2 Experimental setup for temperature recordings. The ther-
mocouples attached to the implant surfaces were connected to the 
electronic measurement device and the temperature was directly 
read out to a personal computer.  

  

 

The implants were irradiated in cycles of 4x5s. After each 
5s of laser irradiation under constant, slow movement of 
the laser beam over the exposed implant surface from the 
bottom of the lesion to the neck of the implant, the implant 
surface was allowed to cool down for a certain intermission 
time. To investigate the influence of this cooling time, 
experiments with 1s and 5s intermission time between the 
single irradiation periods were performed. This irradiation 
procedure was according to usual clinical procedure for 
dental pocket and periimplantitis decontamination. The 
temperature was recorded continuously from the start of the 
irradiation and subsequently till the implant was cooled 
down again to the initial temperature. After laser irradiation 
the cover of the water bath was closed during cooling of 
the implant to simulate the oral cavity closed by the patient 
after treatment.  
Opposite to the cited literature, a lower temperature limit of 
4°C above body temperature (i.e. about 41°C absolute) was 
chosen, as this is a level where still no significant inhibition 
of enzymatic activities being important for tissue survival 
takes place. Higher temperatures already result in inhibition 
of enzymatic processes by destabilization of proteins, thus 
representing a first induction of processes for permanent 
cell damage [16].  

Fig.3 Screw-shaped Titanium plasma-sprayed (TBS) implant 
surfaces investigated under ESEM (100x magnification). The 
grooves representing the threads of the implant showed no struc-
tural modifications or damaged regions in the irradiated sites.  
Above: Implant irradiated with Diode, λ=810nm, 20Hz, 1.05W.  
Below: Implant irradiated with frequency-doubled Nd:YAG, 
λ=532nm, 10Hz, 50ms, 1.0W.  
The small particles on the surface are artifacts placed during 
examination. 

  
  

 
 Maximum temperature rise 
 coronal apical 

Output Diode KTP 20ms KTP 50ms Diode KTP 20ms KTP 50ms 
power ti =1s ti =5s ti =1s ti =5s ti =1s ti =5s ti =1s ti =5s ti =1s ti =5s ti =1s ti =5s 
0.2W   0.7°C 0.7°C     0.4°C 0.5°C   
0.3 W   1.5°C 0.8°C     0.8°C 0.4°C   
0.5 W   2.3°C 1.1°C 1.9°C 0.9°C   1.2°C 0.5°C 1.3°C 0.6°C 
0.8 W     3.4°C 1.6°C     1.5°C 0.9°C 
1.1W 10.6°C 2.4°C   5.6°C 2.2°C 5.8°C 2.3°C   2.2°C 1.1°C 
1.3W     6.9°C 2.9°C     3.8°C 1.7°C 
1.4W 11.6°C 2.3°C     7.1°C 2.2°C     
1.7W 13°C 2.5°C     7.5°C 2.3°C     

 
Table 1: Maximum values of the temperatures at the apical and coronal regions of the implants recorded during irradiation with the listed 
output powers of the applied laser systems. Significant differences in the temperature rise were recorded between the two selected inter-
mission times for cooling, ti = 1s or 5s, during the applied treatment cycles. Of course the diode laser yields a higher temperature increase 
due to the generally higher output power. Nevertheless, comparing the range of identical output powers, the frequency-doubled Nd:YAG 
shows significantly less temperature rise for 1s intermission time. For 5s intermission time the differences are reduced and both lasers 
show acceptable results.  
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3. Results and discussion 
3.1 Surface morphology 
The observation for the lased implants under ESEM sho-
wed a sound and homogeneous surface structure after treat-
ment for all applied laser wavelengths and power settings 
with no molten or altered areas (see Figure 3). Hence, the 
suggested prerequisites for supporting a good re-attachment 
of the bone structures [7] are perfectly met. 
 

 
 

 
 
Fig.3 Screw-shaped Titanium plasma-sprayed (TBS) implant 
surfaces investigated under ESEM (100x magnification). The 
grooves representing the threads of the implant showed no struc-
tural modifications or damaged regions in the irradiated sites.  
Above: Implant irradiated with Diode, λ=810nm, 20Hz, 1.05W.  
Below: Implant irradiated with frequency-doubled Nd:YAG, 
λ=532nm, 10Hz, 50ms, 1.0W.  
The small particles on the surface are artifacts placed during 
examination. 
 
 
3.2 Recorded output power  
For the Diode laser, the recorded output power was in good 
correlation to the displayed power settings (compare Table 
2). Opposite to this, the measured output power of the KTP 
showed remarkable aberrations. This can be explained by 
the chopped operation mode and the internal software not 
calculating for these conditions and thus not correcting the 
displayed values. Chopped operation mode means that the 
laser is set to a certain value representing the maximum 

output power (or, in other terms, the peak power) of the 
emitted laser pulses. With this maximum power, the laser is 
turned on and off according to the chosen pulse duration 
and frequency. As just the maximum power is displayed on 
the control panel, the real average power depends on the 
duty cycle of the chopped operation, i.e. in other terms the 
ratio of pulse period (in our case 100ms) and the pulse 
duration (20 and 50ms, respectively). Hence, depending on 
the chosen pulse length, the real average output power will 
just be 20% or 50% of the displayed value. Considering 
this specialty, the measured output power is in good accor-
dance to the theoretically possible values. 
 
3.3. Temperature measurements 
Table 1 shows the recorded temperature rise according to 
the different output powers for the investigated lasers. The 
temperature measurements clearly indicate that lower irra-
diation powers cause a lower temperature rise in the im-
plant in an almost linear correlation. Beside this linear 
correlation, the Diode laser shows a higher temperature rise 
compared to the frequency-doubled Nd:YAG laser (KTP)  
at the implant surface. This effect is more significant for 1s 
than for 5s cooling per cycle, probably because of the 
lower cooling time.  It will have to be investigated if this 
effect occurs due to a difference in the absorption of the 
applied wavelengths at the implant surface or any other 
effect.  
The results of Table 1 are also graphically displayed in 
Figure 4. In this graph it easily can be seen which power 
settings exceed the allowed limit of 4°C and also how 
strongly the inter cycle cooling time influences this result. 
Hence, treatments according to this protocol should be safe 
for clinical application. 
Pointing out e.g. the Diode laser at 1.1W, the coronal tem-
perature rise reaches 10.6°C for ti=1s, whereas for ti=5s it 
just goes up to 2.4°C. Moreover, the difference between 
apical and coronal temperature decreases significantly for 
longer cooling times. 
Summing up it can be stated that all results for ti=5s are 
acceptable and cause no damage to the implant as well as 
to the POM jaw bone model.  
 

 
 
Fig. 4 Maximum temperature elevations after laser periimplantitis 
treatment in a POM jaw bone model recorded in the apical and 
coronal regions of the implant surface. An intermission cooling 
time of ti=5s is required to keep the temperature rise within the 
accepted clinical limits.  
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The reason for this effect is that, of course, for longer cool-
ing times more energy can be transferred to the surround-
ing air by convection, but mostly conduction via the block 
where the implant is embedded in will take place. 
Hence, also the heat from the coronal region standing free 
in the air can be removed more effectively by transporta-
tion through the implant into the block. For shorter inter-
mission (cooling) times this heat conduction can not be 
performed so well, thus the heat stays more concentrated in 
the coronal region, consequently yielding a higher tempera-
ture rise in this part. It is likely that similar results will be 
achieved for the implants being in situ in the real bone 
during periimplantitis treatment, as bone and POM have 
comparable heat conductivities. 
 
 

Display output power [W] Measured output power [W]
Diode 
laser 

KTP 
20ms 

KTP  
50ms 

Diode 
laser 

KTP 
20 ms 

KTP 
50 ms 

1.05 1.0 1.0 1.15 0.23 0.53 
1.5 1.5 1.5 1.43 0.33 0.8 
1.95 2.0 2.0 1.7 0.46 1.1 

 2.5 2.5  0.55 1.3 
 
Table 2  Overview of the differences between displayed power 
settings and measured output powers. The Diode laser showed 
rather comparable values for both measured and displayed output, 
while the KTP device showed about 50% to 80% reduction from 
the display output power, according to its operation mode and 
non-consideration of the specialties of chopped mode operation. 
 
 
4. Conclusion 
Based on the procedure applied in this study to simulate the 
clinical decontamination with lasers, several aspects have 
to be taken into consideration like e.g. the intercycle cool-
ing time. By using two different time durations as a break 
between each 5s of laser irradiation, variable values for the 
temperature rise were recorded resulting in the expectable 
finding that short intermission times for cooling yield high-
er temperatures rise. 
During the measurements, also changes of the hand-guided 
movements and the position of the fiber during lasing 
caused variations in the resulting temperature. This indi-
cates that it will be necessary to standardize the treatment 
procedure and that the operator very strictly obeys the 
suggested protocol.  
The bactericidal effect of lasers in periimplantitis therapy 
has already been proved in many studies. As a result of this 
work, the Diode laser showed a higher temperature rise 
compared to the frequency-doubled Nd:YAG (KTP) laser 
at the implant surface at 1 and 5 s cooling cycle. 
Hence, according to our results, the range of safe applica-
tion is situated between 0.2-1.2W real output power for the 
frequency-doubled Nd:YAG (KTP) laser and below 1.0W 
for the diode laser, when combined with an intercycle inter-
mission time of 5s. At output powers higher than 1.0W, 
both, coronal and apical region of the implant, showed a 
temperature rise exceeding the 4°C limit. 
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