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Decontamination of the  
Infected Implant Surface:  
A Scanning Electron Microscope Study

A number of treatment options have been explored for peri-implantitis. Seven 
rough-surfaced implants that failed from peri-implantitis were retrieved. Surfaces 
were treated by different methods: saline, chlorhexidine, citric acid, 35% phosphoric 
acid etch gel, hydrogen peroxide, implantoplasty, airborne-particle abrasion, laser, 
and titanium brush. Implants were observed under scanning electron microscopy. 
Chemical agents failed to remove any biologic debris. Airborne-particle abrasion, 
laser, and titanium brush removed part of the biologic debris, and implantoplasty 
showed complete biologic debris removal. In ex vivo failed implants, 
implantoplasty showed complete disturbance and removal of bacterial biofilm. 
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Peri-implantitis is a pathologic con-
dition occurring in the tissues around 
dental implants, characterized by 
inflammation in the peri-implant 
connective tissue and progressive 
loss of supporting bone.1 If left un-
treated, this inflammation can lead 
to complete implant failure and 
loss. The treatment goal with peri-
implantitis is elimination of bacterial 
colonization, implant preservation, 
improved esthetics, reductions in 
bony defects, and regeneration of 
lost bone structure.

Many studies have reported 
and presented treatment options 
for peri-implantitis, though these 
are often based on clinical case re-
ports. Additionally, prior studies 
have described different methods 
of treatment for peri-implantitis; 
these methods can be divided into 
two main types: chemical and physi-
cal. Chemical agents, such as citric 
acid, saline, hydrogen peroxide, 
chlorhexidine and 35% phosphoric 
acid gel, have been reported as 
treatment options,2–4 with noncon-
clusive evidence in their efficacy.5–7 

Physical agents can be subdivid-
ed into mechanical and laser decon-
tamination techniques.8 Mechanical 
agents include airborne-particle 
abrasion,9 though conflicting re-
ports have shown treatment failures 
or yielded insufficient data to make 
any conclusion of its benefit.10,11 Ad-
ditionally, there is a high risk of air 
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embolism when this method is used 
surgically,12,13 as well as high risk of 
contamination with the bicarbonate 
powder.14 Titanium brush has also 
been proposed as a surgical treat-
ment,2,15,16 though more studies are 
needed to prove its efficacy. 

Implantoplasty, a procedure 
that is done to smooth contami-
nated implant surfaces, is another 
model of surgical treatment that has 
also been described at length in the 
literature.17 Though implantoplasty 
has been shown to be effective for 
the treatment of peri-implant infec-
tions and inhibiting peri-implantitis 
progression,18 the procedure has 
also been shown to weaken narrow-
er implants and impact mechanical 
strength.19 

The Er:YAG laser has also been 
widely proposed as an effective 
method of treatment due to its bac-
tericidal effect and can be used as 
a nonsurgical approach,20,21 but re-
cent studies have shown ineffective-
ness of its application.6,22 

Due to the numerous treat-
ment options available, clinicians 
face a challenge when considering 
which treatment is most appropri-
ate for providing decontamination, 
as there is no consensus in the lit-
erature about validated and effica-
cious treatment of peri-implantitis. 
In order to choose the appropriate 
treatment, a clinician should first 
understand the goals of the decon-
tamination therapy, which are:

•	 Inflammation control 
•	 Complete removal of 

the bacterial biofilm and 
detoxification of the implant 
surface to prevent recurrence 

•	 Creation of a healthy 
environment for regeneration

•	 Provision of a safe treatment 
with no or minimal side effects

The purpose of this pilot study 
of ex vivo implants is to test the ef-
ficacy of different treatment modali-
ties in the removal of the biologic 
debris (which can be a biofilm, cal-
culus, necrotic bone residue, or a 
combination) from infected implant 
surfaces, using a scanning electron 
microscope (SEM) for measuring the 
outcome of interest. 

Materials and Methods

Seven retrieved implants—with sur-
faces including: SLA, Straumann; 
TiUnite, Nobel Biocare; and MTX, 
Zimmer Biomet—that had failed 
due to peri-implantitis were collect-
ed from seven different patients in 
the postgraduate clinic of Periodon-
tology and Implant Dentistry at New 
York University College of Dentistry. 
These implants were diagnosed as 
hopeless by the supervising faculty, 
using an internal criteria whereby 
any implant that has > 50% bone 
loss and is unable to be grafted will 
be removed using a standardized 
internal protocol. Therefore, these 
implants were considered biologic 
samples (medical waste) due to the 
surface contamination. There was 
no identifiable patient information, 
and a review from an internal review 
board was not needed. The princi-
pal investigator completed a self-
certification form for the study, as 
the activities did not involve human 
subjects. 

After retrieval, any visible cal-
culus or debris was removed using 
a scaler, per standard of care. The 
specimens were then immediate-
ly placed in buffer formaldehyde 
solution fixer and stored. After 
24 hours, the specimens were re-
moved from the fixer solution and 
left in a disposable plastic dish and 
rinsed thoroughly for 1 hour. The 
specimens were then air-dried for 
15 minutes and mounted in a glass 
slab using epoxy glue until set. The 
specimens were then placed in the 
environmental SEM (EVO 50, Zeiss; 
or S-3500N, Hitachi). The speci-
mens did not require any kind of 
coating due to the fact that both 
SEMs used can image specimens 
under low vacuum (environmental 
SEM). The vacuum used was 100 Pa 
and the voltage was 15.00 kV. The 
images were taken in different mag-
nifications and working distance 
length. 

Images were taken at different 
power levels for all the specimens 
before any surface decontamination 
efforts were implemented. After 
completing the images, the speci-
mens were removed from the SEM 
chamber. 

The testing treatments were 
conducted by one examiner (J.R.) 
and the SEM images were conduct-
ed by three separate, calibrated ex-
aminers (M.A., K.A., and A.A.). The 
treated implants were grouped as 
follows: Group A used chemical de-
bridement via the individual agents 
of hydrogen peroxide 3%, saline, 
phosphoric acid gel 35% (Dentsply 
Sirona), chlorhexidine gluconate 
0.12% (Peridex, 3M ESPE), and 40% 
citric acid (pH = 1). Group B used 
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mechanical debridement using (in-
dividually) implantoplasty, titanium 
brush (TiBrush, Straumann), and 
airborne-particle abrasion with so-
dium bicarbonate (Cavitron Prophy 
Jet, Dentsply Sirona). Group C used 
laser debridement using an Er:YAG 
laser (Waterlase, Biolase) (Table 1). 

For Group A, three implants 
(SLA and TiUnite surfaces) were 
randomly assigned and labeled 
with numbers from one to three. 
The treatment sequence was as fol-
lows: all three implants were treat-
ed by hand scrubbing with one of 
the chemical agents soaked on a 
cotton pellet for 60 seconds, and 
then placed in the SEM chamber of 
Zeiss EVO 50 separately. The sur-
faces were analyzed, and images 
were taken. The specimens were 
removed from the SEM chamber 
and washed with running tap water 
for 1 hour before the next chemical 
agent was applied. The addition of 
chemicals on the same specimen 
had no carry-over effect from prior 
tested treatments.23 All three im-
plants had the following sequence 
of treatment: saline, hydrogen per-
oxide 3%, phosphoric acid gel 35%, 
chlorhexidine gluconate 0.12%, and 
40% citric acid. 

The remaining specimens were 
randomly assigned for Groups B and 
C. The specimen assigned for Group 
B–implantoplasty (SLA surface) was 
labeled number four and treated by 
resecting the rough implant surface 
by using a rotary instrument with first 
a fine diamond bur, followed by a fine 
carbide bur (Diamond: 39011-052, 
859EF, EF.31.010, 390UF.31.016; car-
bide: H48LUF.31.012, H246LU.31.012; 
Brasseler). The goal was to remove 

the rough surface until reaching 
pure titanium. The instrumentation 
ceased when a polished titanium sur-
face was achieved up to the threads 
of the implant. 

The specimen assigned to 
Group B–airborne-particle abrasion 
(MTX surface) was labeled number 
five and treated by applying the 
airborne particles on the infected 
implant surface by moving the hand 
piece from top to bottom of the 
implant until complete removal of 
surface contamination was visual-
ized by the operator with the aid of 
surgical loupe at ×2.5 (allowing for a 
greater field of view). The specimen 
assigned to Group B–titanium brush 
(SLA surface) was labeled number 
six and treated according to the 
manufacturer’s instructions. 

The specimen that was assigned 
to Group C–laser (MTX surface) 
was labeled number seven. The 
machine was set to the predeter-
mined manufacturer setting using 
the closed approach with the insert 
RFPT5 Biolase from Waterlase, pre-
set to the following: Power: 1.5 W; 
frequency: 30 Hz; Air: 40; Water: 
50. The beam was passed along 
the outer area and inner side of the 
thread, as well as the surface in be-
tween. The implant was examined 

for the removal of biologic debris 
after each passage, not for the re-
moval of the surface texture as with 
the other mechanical debridement. 
The same imaging procedure after 
each treatment model in all groups 
was applied to every specimen. 

To evaluate the specimens, SEM 
was used to scan the entirety of the 
implant. The SEM is a nondestruc-
tive testing device that can be used 
to examine surface topography and 
chemical composition and display 
clear images about the tested speci-
mens. In evaluating the amount 
of biofilm removal, the specimens 
were scored from 0 to 2 by a single 
examiner (E.E.C.). The following cri-
teria were used to determine the 
score: 0 = displayed no removal of 
biofilm; 1 = some removal of biofilm; 
2 = complete removal of biofilm.

Results

A mass of organic film was found 
occupying the surface of all the re-
trieved implants; this was evident 
in the SEM images taken before 
the treatment initiation. This bio-
logic debris varied in the degree 
of darkness and was easily differ-
entiated from the implant surface 

Table 1 � Tested Treatment Methods for Debridement on  
Retrieved Implants That Failed Due to Peri-implantitis

Group A:  
chemical debridement

Group B:  
mechanical debridement

Group C:  
laser debridement

Saline Airborne-particle abrasion Er:YAG laser
Hydrogen peroxide 3% Titanium brush
Phosphoric acid gel 35% Implantoplasty
Chlorhexidine gluconate 
0.12%
Citric acid 40%
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(Fig 1). The level of implant surface 
roughness varied from one implant 
to another. Small pores, sized 0.5 
to 5.0 μm, were observed in some 
of the implants. No mechanical 
damage was evident in any of the 
implant specimens before the treat-
ment was observed. Some fissures 
were observed on some of the im-
plant surfaces after completion of 
citric acid treatment (Fig 2). 

For the samples treated by 
chemical agents in Group A, the bi-
ologic debris was still evident in the 
SEM images and these agents were 
given a score of 0 (Fig 3). Treatment 
in Group B with airborne-particle 
abrasion or titanium brush resulted 
in some removal of the biologic de-
bris and was given a score of 1 (Figs 

4a to 4c). Treatment with implanto-
plasty resulted in removal and dis-
ruption of the biologic debris that 
was occupying the implant surface, 
and this treatment was given a score 
of 2 (Fig 4d). Laser treatment in 
Group C resulted in some removal 
of the biologic debris; since residual 
biologic debris was evident, this 
treatment was given a score of 1 
(Fig 5). A summary of the scores by 
treatment is displayed in Table 2.

Discussion

Existing published literature on 
peri-implantitis treatment is in 
agreement regarding the necessity 
of removing debris from the surface 

of diseased implants. This debris 
can be biofilm alone, calculus, ne-
crotic bone, or a combination of all 
of these elements. This pilot study 
showed great discrepancy between 
the chemical and mechanical treat-
ments. Even within the mechani-
cal group, differences were noted. 
Prior clinical studies and reports 
have shown that an efficacious re-
sponse to peri-implantitis treatment 
is one that combines chemical and 
mechanical therapies with or with-
out photodynamic therapy (laser) or 
photodynamic therapy alone.10,20,24  

The question that still remains 
is whether complete removal of 
debris is essential to allow for bone 
regeneration and successful reos-
seointegration. Is it possible that 

Fig 1  SEM image taken before treatment. Fig 2  SEM image taken after the treatment with citric acid, 
showing the resulting fissures on the implant surface.

Table 2 � Treatment Scores by Tested Agent

Group A: chemical debridement Group B: mechanical debridement Group C: laser debridement

Agent Score Tool Score Tool Score

Saline 0 Airborne-particle abrasion 1 Er: YAG laser 1

Hydrogen peroxide 3% 0 Titanium brush 1
Phosphoric acid gel 35% 0 Implantoplasty 2
Chlorhexidine gluconate 0.12% 0
Citric acid 40% 0
Scores: 0 = no removal of biofilm; 1 = some removal of biofilm; 2 = complete removal of biofilm. 
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disturbance by partial removal and 
sterilization with chemical or photo-
dynamic therapy is enough to allow 
a resolution and bone regeneration 
with reosseointegration? If complete 
removal of biologic debris alone al-
lows for bone regeneration, then 

implantoplasty (as demonstrated in 
this pilot study) may be capable of 
achieving that goal. While implanto-
plasty is superior in biofilm removal, 
there is no data available from this 
study to affirm that implantoplasty 
is a superior method of treatment 

for peri-implantitis, since the treat-
ment of peri-implantitis was not 
an objective of the study. The only 
way to validate this finding would 
be to conduct an animal study that 
induces peri-implantitis, explant, 
treat with the different above stated 

Fig 3  SEM images taken after treatment for Group A–chemical 
agents: (a) chlorhexidine gluconate 0.12%, (b) citric acid, 
(c) hydrogen peroxide, (d) phosphoric acid gel 35%, and (e) saline. 

c d

e

a b
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modalities, verify via SEM, and re-implant them in the 
same host defect. The healing should be observed over 
a period of time, with a histologic analysis of sectioned 
blocks. This experiment would be very difficult to com-
plete but would be able to further the understanding of 
what constitutes effective treatment of peri-implantitis.  

There are limitations to the present study. The 
small sample size limits generalizability of the results. 
Additionally, three types of implants with different sur-
faces were used in the testing; although these three 
surfaces are widely used by clinicians, it is possible that 
differing surface characteristics were a factor in treat-
ment efficacy and may have influenced the test results. 
For Group B (mechanical debridement), glycine and 
erythritol were not available at the time of the experi-
ments, and further investigation using these tools could 

Fig 4  SEM images taken at different magnifications following treatment for (a and b) Group B–airborne-particle abrasion and 
(c) Group B–titanium brush. Results show some removal of the biologic film, with remnants observed. (d) SEM image taken following 
treatment for Group B–implantoplasty. Results show complete removal of the biologic film. The rough surface was removed, and the pure 
titanium is exposed.

Fig 5  SEM image taken following treatment for Group C–laser. 
Results show some removal of the biologic film, with remnants 
observed.

a b

c d
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be of value. Finally, this study only 
examined removal of the biologic 
debris from the implant surface and 
not the vitality of the biofilm. 

Conclusions

In a pilot study examining ex vivo 
failed implants, a variety of treat-
ment options were tested and eval-
uated for removal of biologic debris, 
which could approximate potential 
treatment of peri-implantitis. All of 
the chemical agents used were un-
able to remove the biologic debris 
from the implant surface. Partial re-
moval was achieved with airborne-
particle abrasion, titanium brush, 
and Er:YAG laser. Implantoplasty 
showed disturbance and removal 
of the biologic debris occupying 
infected implant surfaces. Implan-
toplasty may be a superior method 
of removing biologic debris from 
implant surfaces and potentially a 
more effective treatment for peri-
implantitis, though further confirma-
tory studies are needed.  
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