
Original Research Article

Evaluating surfaces of titanium dental implants 
after contact with surgical gloves, steel rongeur, 
and titanium tweezers using scanning electron 
microscopy

Tatiana Miranda Deliberador1

Caroline Moreira Auersvald1

Maurício Santos de Araújo1

Luís Henrique Chaves1

Allan Fernando Giovanini1

João César Zielak1

Corresponding author: 
Tatiana Miranda Deliberador 
Universidade Positivo.
Rua Professor Pedro Viriato Parigot de Souza, 5.300 – Campo Comprido
CEP 81280-330 – Curitiba – Paraná – Brasil
E-mail: tdeliberador@gmail.com

1 Positivo University – Curitiba – PR – Brazil

Received for publication: July 12, 2015. Accepted for publication: September 30, 2015.

Keywords: 
dental implants; 
osseointegration; 
scanning electron 
microscopy; 
transmission electron 
microscopy; titanium.

Abstract

Introduction and Objective: To use scanning electron microscopy 
(SEM) and determine whether the surfaces of titanium implants are 
damaged when touched with a steel rongeur, titanium tweezers, or 
surgical gloves. Material and methods: Ten dental implants were 
divided into five groups: Control (C), Titanium Tweezers (T-T), Steel 
Rongeurs (S-R), Surgical Gloves (S-G), and Steel Support (S-S). The 
implants were assembled in a metallic base (stub) with the aid of 
copper strips. They were then imaged and their microstructures 
were characterized using SEM. Results: An analysis of the obtained 
images showed that the implants that had been handled with 
titanium tweezers or a steel rongeur suffered some damage to their 
physical structure; "scratches" and other small signs of damage 
were visible on their surfaces. The affected areas were very small 
compared to the total surface area of the implants. Small dark 
local stains were observed at the spots where some of the implants 
had rubbed against a steel support. The rubbing of the implants 
against the support did not cause any structural damage. The 
implants handled with surgical gloves exhibited many dark stains 
their surfaces. This suggested that the powder from the surgical 
gloves had contaminated the surfaces of the implants. Conclusion: 
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Using SEM imaging, it was determined that the surfaces of dental 
implants suffer minor physical damage when handled with various 
pieces of dental equipment. However, the damage should not result 
in failure of the osseointegration process. In vivo studies are needed 
to confirm this hypothesis. 

Introduction

The phenomenon of osseointegration, which 
was first described by Branemark in 1960 involves 
bone-implant interactions and is characterized by a 
direct, structural, and functional connection between 
the organized vital bone and the implant surface 
subjected to functional loads [7]. The discovery of 
this phenomenon, which is also called functional 
ankyloses [15, 17], has led to exciting and far-reaching 
developments in dentistry, since it has allowed for 
the replacement of lost dental elements [6].

Numerous studied have been performed on 
titanium dental implants, which are widely used 
clinically, with the aim of scientifically determining 
not only their compatibility with biological tissue 
but also whether they undergo osseointegration.8 
Titanium does not corrode and or cause allergic 
reactions [19].

Studies usually evaluate different formats, 
different surface treatments, different dental implant 
topographies and different alloys that constitute 
the implant [5, 17]. Of the various characteristics 
of dental implants, their surface topography is one 
of the most important one, as it determines the 
response of the adjacent tissue cells. This is because 
the surface topography has a significant effect on 
the migration, insertion, proliferation, and synthesis 
of collagen at the implant site and thus determines 
the type of tissue that will grow at the bone-implant 
interface as well as its degree of integration [12].

The surface treatment of dental implants results 
in an increase in the superficial roughness of the 
implants; this improves the odds of osseointegration 
and, hence, the success of the implants [4, 12, 14, 
18].

Various surface treatments have been described 
in the literature. In addition to those involving the 
incorporation of a hydroxyapatite surface layer and 
the use of a titanium plasma spray [9, 13], the most 
common surface treatments are the acid etching of 
the machined surfaces of the implants, blasting the 
implants with particles with different hardnesses and 
sizes, and combinations of these two methods. 

Osseointegrated dental implants are considered 
as a predictable modality of functional rehabilitation 
of partially and fully edentulous patients. The 
literature reports that more than 95% of dental 
implants have a lifespan of 10 years, while more 
than 92% of them have a lifespan of 15 years [1]. 
However, in order to ensure that dental implants have 

long lifespans, meticulous planning and the use of 
the correct surgical technique are necessary [2]. In 
addition, it is crucial to avoid touching the surface of 
the dental implant before it is inserted in the osseous 
bed, so that its surface is not contaminated and/or 
deformed. However, there are no studies on whether 
the surfaces of implants are really contaminated or 
deformed when touched. Thus, the aim of this study 
was to use scanning electron microscopy (SEM) to 
determine whether the surfaces of titanium dental 
implants are damaged when touched with a steel 
rongeur, titanium tweezers, or surgical gloves.

Material and methods

Ten dental implants (Attract, 4.3 x 13 mm, Lot 
No. 11093, Systhex) were used in this study. The 
implants were divided into five groups: Control 
(C), Titanium Tweezers (T-T), Steel Rongeur (S-R), 
Surgical Gloves (S-G), Steel Support (S-S). To analyze 
the microstructures of the implants using SEM, we 
assembled the implants in a metallic base (stub) 
with the aid of copper strips; no soldering was 
required. SEM system (JSM 6360-LV, JEOL, Japan) 
with magnifications varying from x50 to x3000 was 
used for the purpose. In the case of Group C, two 
implants were removed from their packaging with 
titanium tweezers without being touched on the 
surface and were immediately placed on a metallic 
base (stub) to be analyzed using the SEM system. 
The outer surfaces of the implants, which were the 
areas analyzed, were not touched at all. Further, 
it was ensured that no damage was caused to the 
implants. Thus, this group was used as a standard 
reference for comparison.

In the case of group T-T, two implants were 
removed from their packaging using titanium 
tweezers. The outer surfaces of both implants were 
pressed lightly, and the implants were immediately 
placed on a metallic base (stub) to be observed 
using SEM.

In the case of group S-R, two implants were 
removed with a steel rongeur. Again, the outer 
surfaces of both were pressed lightly, and the implants 
were immediately placed on a metallic base (stub) 
to be observed using SEM.

In the case of group S-G, the two implants 
were handled using surgical gloves during the entire 
preparation process, that is, starting from their 
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removal from the packaging until they had been 
glued to a metallic base in order to be observed 
using SEM. The outer surfaces of the implants 
were lightly pressed before the implants were 
placed on the base.

In the case of group S-S, two implants were 
removed from their packaging using titanium 
tweezers. A steel support is present around 
the implants inside the packaging in which the 
implants are stored. The implants were rubbed 
lightly against this support, in order to analyze 
the damage incurred by their outer surfaces.

Results 

Group C 

Figure 1 shows SEM images of the various 
implants obtained at magnifications of x50, x150, 
x1500, and x3000. Group C was used as the 
standard reference. All the changes that occurred 
in the physical structures of the implants in the 
other groups were analyzed with reference to the 
SEM images of the implants in group C. Figure 
1 shows that a few white spots were present on 
the surfaces of the implants in group C. However, 
these spots did not imply a structural deficiency. 
On increasing the magnification, it was found 
that the spotted area was recessed and contained 
particles organized in a pattern.

Figure 1 – SEM images of an implant from group C 
obtained at magnifications of (A) x50, (B) x150, (C) 
x1500, and (D) x3000

Group T-T 

Figure 2 shows SEM images of an implant from 
group T-T obtained at magnifications of x50 to x750. 
A dark area was observed on the upper portion 

of the implant screw; this was probably caused by 
the pressure applied by the titanium tweezers on 
the area. By increasing the magnification, it was 
seen that the area was compact and exhibited a 
decrease in its superficial roughness as well as a 
small degree of irregularity. 

Figure 2 – SEM images of an implant from group T-T 
obtained at magnifications of (A) x50, (B) x150, and (C) 
x750

Group S-R 

Figure 3 shows SEM images of an implant 
from group S-R obtained at magnifications of x50 
to x1500. A groove can be seen on the surface of 
the dental implant; this was probably caused by the 
pressure applied by the steel rongeur on the surface. 
By increasing the magnification, it was seen that 
the binding structure of the particles surrounding 
the scratch had changed. The structure, which had 
earlier been rough, had become smooth, and the 
particles, which had earlier been separated from 
each other, were now arranged together now as if 
to form a single particle. 

Figure 3 – SEM images of an implant from group S-
R obtained at magnifications of (A) x50, (B) x150, (C) 
x750, and (D) x1500
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Group S-G 

Figure 4 shows SEM images of a dental implant 
that had been handled with surgical gloves; the 
images have magnifications of x50 to x750 and 
show that the implant surface had a number of 
dark stains in different spots. These stains had 
irregular edges and were not deep. By increasing 
the magnification, it was observed that the surface 
of the implant was possibly contaminated, as the 
image was opaque, making it difficult to analyze 
the surface roughness and the structure of the 
particles in the stained areas.    

Figure 4 – SEM images of an implant from group S-G 
obtained at magnifications of (A) x50, (B) x150, and (C) 
x750

Group S-S

Figure 5 shows SEM images of an implant 
from group S-S obtained at magnifications of x50 
to x1500. In these images, a black stain can be 
seen in a depressed region between the threads 

of the dental implant. This stain was probably 
caused by friction between the steel support and 
the implant. By increasing the magnification, it was 
seen that the particles in the stain had a changed 
structure. The rough surface of the implant had 
become smooth, while the particles in the stained 
area had aggregated, forming a single plate, and 
did not have any gaps between them. 

Figure 5 – SEM images of an implant from group S-
S obtained at magnifications of (A) x50, (B) x150, (C) 
x750, and (D) x1500

DISCUSSION

In this study, we used SEM to evaluate the 
surfaces of dental implants that had come in contact 
with different pieces of dental equipment. This 
was done as no such studies have been reported 
previously in the literature. Several studies have 
evaluated the effects of minor surface modifications 
on dental implants, with aim of optimizing the 
osseointegration process [8, 10, 11, 13, 14]. It has 
been reported that such modifications accelerate the 
osseointegration process and improve its quality, 
resulting in greater bone deposition as well as a 
decrease in the period of repair [5, 8, 10-12, 18, 
19]. Therefore, any deformation of the implant 
surface can result adversely affect cell adhesion 
around the implants.

By analyzing the obtained SEM images of the 
implants from the various groups, it was found 

that the implants handled with a steel rongeur 
as well as those handled with titanium tweezers 
exhibited changes in their physical structure, 
including “scratches” and dark stains in isolated 
spots. This type of surface damage will probably 
not have a negative effect on the osseointegration 
of the implants, as the affected regions were very 
small when compared to the total surface area 
of the implants. It has been reported that once 
60% of the implant area in contact with bone 
exhibits osseointegration, the success rate of the 
osseointegrated implant remains the same, with the 
implant exhibiting a lifespan of 1 to 18 years [3].

It was also noticed that the degree of deformation 
caused by the steel rongeur was greater than that 
caused by the titanium tweezers. This difference 
is attributable to the fact that steel is harder than 
titanium. However, it can be concluded that even 
titanium tweezers, which are recommended by 



350 – RSBO. 2015 Oct-Dec;12(4):346-51

Deliberador et al. – Evaluating surfaces of titanium dental implants after contact with surgical gloves, steel rongeur, and 
titanium tweezers using scanning electron microscopy

manufacturers for handling dental implants, can 
cause a small degree of physical damage to the 
implant surface. 

In the case of the implants rubbed against 
the steel support, small dark local stains were 
observed on the implant surface. Apparently, the 
rubbing of the implants on the support did not 
cause significant damage to the implant structure. 
Further, the small stains observed will probably 
not affect the outcome of the implant procedure 
adversely.

The implants in group C exhibited a homogeneous 
surface and satisfactory degrees of imbrication 
and roughness. Thus, these implants should 
osseointegrate perfectly in the implant area. 

The most significant surface damage was 
observed in the case of the implants handled with 
surgical gloves. On analyzing the SEM images on 
these implants, it was found that the surfaces of 
the implants were covered with numerous dark 
stains. This suggested that the implant surfaces 
were probably contaminated with the powder that 
covers surgical gloves. This contamination can 
increase the failure risk of the osseointegration of 
the implants. However, in vivo should be performed 
to confirm this hypothesis.

Conclusion

Using SEM, it was determined that the surfaces 
of dental implants undergo minor physical damage 
when handled with various pieces of dental 
equipment. 
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