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A variety of methods of implant decon-
tamination have been proposed. There are 
many published studies showing the effective 
mechanical and bacterial debridement by laser 
application of contaminated titanium implant 
surfaces in in vitro studies.12-14 Laser applica-
tions to debride contaminated implant surfaces 
in the erbium wavelengths of 2,940 nm and 
2,780 nm have been subject to animal and a 
limited number of clinical studies.15-20 Erbium 
laser energy of these wavelengths is capable 
of ablating and vaporising residual organic 
debris, including microbial plaque, and has 
been found to be able to disinfect and remove 
the peri-implant pocket’s sulcular lining.21

To date, however, there is no consen-
sus on the appropriate use of lasers in the 
management of peri-implantitis. A recent 
systematic review and meta-analysis of 
the ErYAG 2,940 nm laser concluded that 
the current evidence base supported the 
use of the ErYAG laser to reduce inflam-
mation although there was no evidence to 
support a significant reduction in CAL or 
PD.22 There are at present only a few clini-
cal studies reporting on the efficacy of the 
2,780 nm ErCrYSGG laser in the manage-
ment of peri-implantitis.23-25

Surgical intervention to treat infrabony 
defects around implants may involve the use 

INTRODUCTION
Peri-implant mucositis and peri-implantitis 
are destructive inflammatory conditions 
that are mainly initiated by bacterial insult.1 
Pathogens form as a biofilm that activates 
inflammatory cells which then release 
cytokines and enzymes that are harmful to 
the surrounding tissues.2 The role of plaque 
in the disease process is well documented.3-7

A number of studies have reported that 
the optimum outcome in the reduction of 
probing depth (PD), clinical attachment level 
(CAL) and bone levels in association with 
peri-implant osseous defects was achieved 
by surgery in conjunction with augmenta-
tive products including natural bone mate-
rial and barrier membranes.8,9 However, an 
ideal method to decontaminate the infected 
implant surface has not been determined.10-12

Aim  To date there is no consensus on the appropriate usage of lasers in the management of peri-implantitis. Our aim was to 
conduct a retrospective clinical analysis of a case series of implants treated using an erbium, chromium:yttrium, scandium, 
gallium, garnet laser. Materials and methods  Twenty-eight implants with peri-implantitis in 11 patients were treated with an 
Er,Cr:YSGG laser (68 sites >4 mm), using a 14 mm, 500 μm diameter, 60º (85%) radial firing tip (1.5 W, 30 Hz, short (140 μs) 
pulse, 50 mJ/pulse, 50% water, 40% air). Probing depths were recorded at baseline after 2 months and 6 months, along with 
the presence of bleeding on probing. Results  The age range was 27-69 years (mean 55.9); mean pocket depth at baseline 
was 6.64 ± SD 1.48 mm (range 5-12 mm),with a mean residual depth of 3.29 ± 1.02 mm (range 1-6 mm) after 2 months, 
and 2.97 ± 0.7 mm (range 1-9 mm) at 6 months. Reductions from baseline to both 2 and 6 months were highly statistically 
significant (P <0.001). Patient level reduction in bleeding from baseline to both 2 and 6 months were statistically significant 
(P <0.001). Conclusion  In view of the positive findings in this pilot study, well-designed randomised controlled trials of the 
use of Er,Cr:YSGG laser in the non-surgical management of peri-implantitis are required to validate our clinical findings.

of regenerative materials and barrier mem-
branes.26 The difficulty of adequately debriding 
the contaminated implant surface, as well as 
the removal of associated granulation tissue, 
poses a serious problem which can result in 
treatment failure.27,28 Recent reviews and meta-
analyses of the evidence base on the adjunctive 
use of lasers in the non-surgical management 
of peri-implantitis have failed to show an 
advantage over other non-surgical approaches, 
and none over surgical approaches. Also the 
current consensus view is that the non-sur-
gical management of peri-implantitis associ-
ated with and without infrabony defects is an 
unpredictable treatment modality.8–10,22,29

There are relatively few reports in the lit-
erature of the application of the ErCr:YSGG 
laser in the non-surgical and surgical man-
agement of periodontitis.29-33 However, the 
studies on record to date demonstrate that 
pocket depths around infected teeth typi-
cally halve after a single application of the 
2,780  nm laser in a non-surgical proto-
col.30-32 This technique involves the removal 
of granulation tissue from the lining of the 
infected pocket, root surface debridement 
and de-epithelialisation, all achieved by the 
application of 500 μm diameter 60° zirco-
nium radial firing periodontal tips (Biolase 
Technology, Inc., San Clemente, CA).
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• Highlights that successful treatment 
of peri-implantitis is unpredictable and 
usually involves the need for surgery.

• Outlines a minimalistic treatment 
approach for peri-implantitis with 
promising results after six months.

• Suggests that the protocol described may 
be of use in a pilot study or controlled 
clinical trial.
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In view of the reports of successful treat-
ment of periodontal disease with Er,Cr:YSGG 
lasers30-32 and the author’s empirically 
observed successes of this treatment in a 
periodontal practice setting it was decided 
to apply the same principles in an attempt to 
non-surgically treat peri-implantitis.

This study reports on a clinical case series 
followed over 6 months and is a retrospective 
analysis of the use of the 2,780 nm Er,CrYSGG 
laser in the management of peri-implantitis 
using a minimally invasive approach.

MATERIALS AND METHODS
Patients with a clinical diagnosis of peri-
implantitis at consultation, based on the 
clinical and radiographic findings, were eli-
gible for inclusion in this analysis. Implants 
with at least one site >4 mm and evidence 
of bone loss compared to baseline radio-
graphs, were included. No exclusions were 
made based on smoking or medical history.

Two percent lignocaine hydrochloride 

solution with 1:80,000 adrenaline local 
anaesthetic was administered at all sites 
affected by pocketing as a combination of 
buccal and lingual infiltrations to achieve 
bone and soft tissue anaesthesia. The pockets 
were treated with the Er,Cr:YSGG laser using 
a 14 mm, 500 μm radial firing periodontal 
tip (Biolase, Irvine California, RFPT5). The 
settings used were: power 1.5 W, frequency 
30 Hz, 50% water, 40% air, 50 mJ/pulse, 
140 μs pulse duration. The same settings 
were used in each case. The tip was inserted 
into the base of the pocket and maintained 
at an angle parallel to the long axis of the 
implant and the epithelial lining as much 
as possible. Once it touched bone, it was 
withdrawn slightly, and constantly moved 
vertically (apico-coronal), up and down the 
pocket and side to side (either bucco-lingual 
or mesio-distal depending on location of the 
pocket) with slow smooth sweeping motions. 

This was continued until no further deposits 
of granulation tissue were seen to be com-
ing out of the pocket (typically taking up 
to around 15 minutes/implant if widespread 
circumferential pocketing). A titanium 
curette was then used to scrape along the 
pocket epithelium and bony walls to ensure 
that all granulation tissue had indeed been 
removed. The laser tip was then re-inserted 
and moved slowly, and angled this time 
firstly parallel to the implant surface, and 
then towards all the bony walls surrounding 
the implant, now that the granulation tissue 
had been removed. This was a much briefer 
laser application, just ensuring energy con-
tact with all the surface area of bone and 
exposed implant. Finally the tip was run 
outside the pocket, parallel to the tissue, 
to disrupt the epithelium surrounding the 
implant by a distance of at least 5 mm from 
the gingival margin.

Table 1  Demographics and distribution of 
implants between patients

Patient 
no.

Gender Smoker Age Implant 
no.

1 Male No 62 1

2

3

4

2 Female Yes 57 5

6

7

8

9

10

3 Female No 45 11

4 Female No 59 12

5 Male No 64 13

14

15

6 Male Yes 51 16

17

18

7 Male No 27 19

20

8 Male No 60 21

22

9 Male No 69 23

10 Female No 53 24

11 Male No 68 25

26

27
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Fig. 1  Mean pocket depth of affected implants before treatment (pd bef), 2 and 6 months 
after treatment (PD after 2, PD after 6)

Fig. 2  Mean pocket depth of implants from each patient before treatment (pd bef), 2 and 
6 months after treatment (PD after 2 months, PD after 6 months) (N = 11). ***P <0.001 
significantly different from baseline by repeated measures ANOVA and Bonferroni post test
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If bleeding was excessive following the 
procedure, pressure with water-moistened 
damp gauze was applied to the tissues until 
bleeding stopped. Patients were advised to 
commence brushing as normal the next day 
and to use appropriate sized interdental, 
wire-free brushes. All treatment was car-
ried out with the fixtures in place, with no 
occlusal adjustment, and no adjunctive anti-
microbials were used.

Periodontal reassessment was carried out 
at 2 months consisting of probing depths 
and bleeding on probing, and repeated 
again at 6 months. Follow-up radiographs 
(periapicals with paralleling technique) 
were taken at that stage or at later reviews 

in cases where pocketing had resolved and  
remained stable.

Operator, examiners and exclusions
All patients were referred to the practice for 
the management of peri-implantitis. The 
same operator (RAl-F) carried out all clini-
cal work, including the initial charting of 
periodontal pockets and the reassessment. 
A total of 68 sites (around 28 implants in 
11 consecutive patients) were treated and 
the data analysed to show pocket depth 
reduction and the presence of bleeding on 
probing. Pre-operative radiographs were not 
taken for all patients if they attended with 
radiographs from their own dentist to avoid 

over-irradiating the patient as this was not 
conducted as a clinical trial. Observations 
noted over time led to this more in-depth 
analysis. Post-operative radiographs were 
not taken until at least 7 months post 
treatment, and only if the results demon-
strated pocket resolution that had remained  
stable to date.

Data analysis
The mean of pocket depths and bleeding 
score around each implant were calculated. 
Statistical analysis was carried out at a 
patient level (N = 11) by taking the mean 
pocket depth and bleeding score around 
each implant and used to calculate a mean 
for each patient. Differences between base-
line were determined 2 months post-opera-
tively and 6 months post-operatively using 
repeated measures ANOVA and Bonferroni 
post test for pocket depths and Friedman’s 
test and Dunn’s multiple comparisons test 
for bleeding scores. Statistical analyses were 
carried out using GraphPad Prism software.

RESULTS
The age range of patients was 27 to 69 years 
old, with a mean of 55.9 years. Two patients 
were smokers, and no patients had a medi-
cal history that would typically compromise 
the results, such as uncontrolled diabetes or 
being immuno-compromised. Treatment was 
mostly uneventful, with no reported pain 
or discomfort post-operatively. The basic 
demographics and distribution of implants 
treated are shown in Table 1.

Mean pocket depth reductions for all 
implants are shown in Figure 1. There was 
a marked reduction in pocket depths seen 
with almost all sites treated. One implant 
(Implant 4) showed a marked reduction at 2 
months but complete relapse by 6 months; 
only 2 other implants (19 and 20) showed 
no significant reduction following treatment. 
Analysis of responses by patients showed 
baseline pocket depth measurements rang-
ing from 5  to 12  mm with a mean ±SD 
of 6.64 ± 1.48 mm, with a mean residual 
depth of 3.29 ± 1.02 mm after 2 months, 
and 2.97 ± 0.7 mm at 6 months. Reductions 
from baseline to both 2 and 6 months were 
highly statistically significant (P <0.001 by 
repeated measure ANOVA and bonferroni 
post test) (Fig. 2). Eighty-eight percent of 
sites were bleeding at baseline, 18% after 
2 months, and 10% after 6 months. Patient 
level reduction in bleeding from baseline to 
both 2 and 6 months were statistically sig-
nificant (P <0.001 by Friedman’s test and 
Dunn’s post test) (Fig. 3).

Recession occurred following treatment, 
with the exposure of implant surface and 
threads in many cases, as illustrated in case 
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Fig. 3  Mean bleeding score of implants from each patient before treatment (pd bef), 2 and 6 
months after treatment (PD after 2 months, PD after 6 months) (N = 11). *P <0.05, **P <0.01 
significantly different form baseline by Friedman’s test and Dunn’s post test

Fig. 4  Case 1: Radiographs taken before (a) and after 14 months (b). Some suggestion of bone 
fill of 2 thread on distal, and 4 threads on mesial aspect of 14 implant. (c) Photograph showing 
8 mm pocket on distal of 14 implant before treatment , and (d) 3 mm pd 2 months later, along 
with recession. (e) Creep back of tissues 14 months later, with less recession in region of 14

a

c d e

b
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3. The threads were not smoothed down, but 
it was ensured that the patient was able to 
clean the implant surface effectively. Over 
time, in many cases, the recession reduced, 
with less exposure of threads, and radio-
graphically, some bone fill was observed 
when initially associated with vertical 
defects around the implants, but this was 
quite subjective.

DISCUSSION
The results of this study demonstrate that 
treatment resulted in the resolution (<4 mm) 
of 91% of sites, and unresponsive outcomes 
in only 3 of 28 implants, none of the lat-
ter having keratinised tissue around them, 
which may have been a factor in affecting 
plaque control in these cases. In addition, by 
6 months, 10% of total pockets were bleed-
ing on probing. The use of Er,Cr:YSGG laser 
as a non-surgical aid to the management of 
peri-implantitis seems to be effective in the 
majority of cases in this analysis, allowing 
for the limitations within the study.

It is also of interest that sequential non-
standardised radiographs suggest some infill 
of bone with fewer threads exposed (cases 1, 
2 and 3; Figs 4-6), although this was quite 
minor and therefore possibly worthy of fur-
ther study or follow-up over a longer period 
of time. In addition over a period of observa-
tion of fourteen months, author R. Al-F has 
observed a degree of creeping reattachment 
(case 1), with less recession and implant 
exposure over time.

A number of recent systematic reviews 
have addressed the issue of whether or not 
lasers may be useful in the management of 
peri-implantitis.22,32-34 A very recent review 
by Kotsakis  et  al.22 concluded that non-
surgical laser therapy may be investigated 
as phase  I (non-surgical) therapy for the 
treatment of peri-implantitis, with a view 
to perhaps needing surgery as a second 
phase treatment after 6 months. However, 
they also pointed out the limitations of the 
systematic review and meta-analysis due to 
the high heterogeneity and the low number 
of included studies. Unlike the results found 
in the present analysis, they demonstrated 
that most lasers seemed to be beneficial in 
the reduction of inflammation, but did not 
significantly reduce probing depths. Another 
limitation was the lack of information in 
studies about power settings, tips used, 
angulations and doses. This means that it is 
difficult to be able to compare success rates 
satisfactorily.

To date published research on lasers and 
peri-implantitis have largely focused on the 
2,940 nm Er:YAG and the 9,600/10,600 nm 
CO2 lasers.23,33–35 The choice of these particu-
lar wavelengths is based on the findings that 

these are safe wavelengths to use which can 
remove biofilm and infected tissue without 
collateral adverse thermal or structural dam-
age.35-37 The 2,780 nm Er,Cr:YSGG laser is 
a very similar wavelength to the 2,940 nm 
Er:YAG laser and the primary chromophore 
of both of these lasers is water. On expo-
sure to laser energy at this wavelength water 
expands explosively by a factor of 1600× 
in 1/50th of a second and this rapid expan-
sion produces beneficial clinical effects by 
virtue of the effective disruption of biofilm, 
the destruction of bacteria and the ability to 
debride infected surfaces of smear layer. In 
addition it is possible to remove infected tis-
sues without untoward damage to superficial 
tissues as well as remove calculus.38-44

The protocol adopted in this case series 
involved the application of radial firing 
tips (RFT) (Biolase Technology, Inc., San 

Clemente, CA). The relatively novel use of 
RFTs in the treatment of peri-implantitis has 
not thus far been described in the literature. 
In all of the implant-related clinical studies 
on the Er:YAG laser, the energy has been 
delivered to the target tissues using end fir-
ing tips. Previous studies utilising end fir-
ing tips and the 2,940 nm Er:YAG laser in 
controlled studies have found that there was 
little difference between laser and control 
protocols in outcome when applied non sur-
gically and the outcome of a reduction of 
pocket depth post therapy was of the order 
of 0.8-0.9 mm.22,32-34 By contrast in this study 
the order of event was of a different mag-
nitude and pocket depths reduced on aver-
age by 3.5 mm. In similarity to other laser 
studies, the reduction in bleeding on prob-
ing and inflammation was highly significant. 
This may be a consequence of the markedly 

Fig. 6  Case 3: Radiographs showing before (a) and after 7 months (b). Some bone visible 
distally form 6th thread pre-treatment, to 3rd thread after treatment. Photograph showing 
3 mm probing depths mesially (c) and distally (d) 2 months after treatment, with considerable 
exposure of threads and recession. Pockets had reduced from 10 mm distally and 9 mm mesially

Fig. 5  Case 2: Radiographs showing before (a) and after 7 months (b) – bone level down to 4th 
thread before and 2nd thread 7 months later on distal aspect of 35 implant, and mesially some 
bone fill from 4th to 2nd thread. Very little change visible on 34 implant
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a
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b

b
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different energy distribution by the RFT’s 
enhancing the effective removal of biofilm 
as well as aiding access without raising a 
surgical flap to areas otherwise difficult to 
reach with conventional end firing tips.

At this stage this study comprises a retro-
spective analysis of a case series and as such 
represents a low level of evidence for the 
efficacy of the laser. The results, however, 
are impressive and are sufficiently supported 
by the statistical analysis to be hypothesis 
forming. In view of the excellent results 
gained in this pilot study, it is proposed that 
well-designed randomised controlled trials 
of the use of Er,Cr:YSGG laser in the non 
surgical management of peri-implantitis are 
required to validate our clinical findings.
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