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Abstract

Background: The retorqueing of  fixing screws has become a routine in clinical practice, aiming to reduce the risk of  screw 
loosening; however, there are not in vitro studies that evaluate the effect of  this clinical practice in nanofilm-coated screws. 
The objective of  this study was to verify the torque maintenance of  prosthetic pillar screws coated with diamond-doped 
diamond-like nanofilm (DD-DLC), submitted to retorque, after mechanical fatigue, in external (EH) and internal hexagonal 
connections (IH). 
Materials and Methods: Different implants and treatments of  the prosthetic screws resulted in eight experimental groups 
(n=5): untreated and not submitted to fatigue (EH-CON) (IH-CON); untreated and fatigued control (EH-F) (IH-F); with 
DLC nanofilm and fatigued (EH-DLCF) (IH-DLCF) and with DD-DLC nanofilm and fatigued (EH-DD-DLCF) (IH-DD-
DCLF). The coatings were plasma-deposited through the Plasma Enhanced Chemical Vapor Deposition method. The sam-
ples were exposed to one million fatigue cycles; samples were submitted to reverse torque; samples were retorqued; then sam-
ples were re-submitted to another one million mechanical cycles. After fatigue, the reverse torque of  the screws was performed 
to determine the torque maintenance. The screws were qualitatively analyzed through a scanning electron microscope. The 
statistical analysis used ANOVA. 
Results: There was no interaction between the studied factors. The treatment of  screws and connection type did not present 
significant differences.  The coatings did not interfere in the adaptation of  the screw to the implant. 
Conclusion: The prosthetic screws with DLC and DD-DLC nanofilms, after retorque, did not present increased torque 
maintenance.

Keywords: Dental Implant; Screw Loosening; Reverse Torque; Retorque; Diamond-Like Carbon Coating.
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Introduction

The complications of  prostheses over implants present biological 
and mechanical levels. Among the mechanical complications, the 
loosening and fracture of  the prosthetic screw, abutment fracture, 
retention loss, crown cementation loss, and implant fracture may 
be listed [1]. The screw loosening is the most common mechani-
cal cause associated with the failure of  prostheses over implants 
[2]. The adaptation between the abutment and the implant, the 
parafunction, and/or oblique loads interfere in the screwed junc-
tion resistance [3], and the corrosion also may interfere in this 
issue [4].
 
In an attempt to minimize or control loosening, new implant, and 
pillars designs, and screws surface treatments have been proposed 
[5]. The prosthetic screw surface and material composition pro-
mote changes in the coefficient of  friction, to which the preload 
value is inversely proportional [6].

The coating of  the screw threads, as proposed in some studies, is 
based on the principle of  change in the coefficient of  friction of  
this surface (dry lubrication) [7], which improves its tribological 
properties, generating more longitudinal stability in the pillar-im-
plant system with less screw loosening incidence [8]. Such coating 
has been especially applied as carbon-like diamond (DLC) films, 
grown from plasma [9]. 

An investigation using DCL-coated screws in hexagonal connec-
tions, after fatigue simulation, demonstrated that samples with the 
DLC coating were more resistant to an applied force than those 
without the coating [7] and presented better torque maintenance 
values than the ones with other coatings [10]. The DLC coating 
of  titanium screws in internal and external hexagonal connec-
tions, after mechanical fatigue, had not shown damage to screws 
threads [6]. 
 
Another class of  carbon-based nanofilms is based on nanocrys-
talline diamond [11]. A mixture of  nanodiamond nanoparticles 
with different forms of  sp2-bonded carbon has been used for 
improved tribological properties of  industrial oils and greases. 
These nanodiamond nanoparticles may be used as additives to 

lubricants. They are one of  the most promising nanocolloidal ad-
ditives [12]. 

Previous studies have shown that the retorquing, 10 min. after 
first torque, caused an insignificant maladjustment effect of  tita-
nium screws, suggesting that this procedure could be used rou-
tinely [13]. The retorque evaluation of  titanium and gold screws 
in six months to one year of  fatigue process proved that the ti-
tanium screws stability was greater than the gold screws and af-
ter one year, titanium screws were less stable due to torque loss 
when maladjustments were found [14]. After mechanical cycling, 
retorque did not present a significant difference between adapted 
and non-adapted prostheses; hence, the retorque of  gold and tita-
nium screws is indicated for multiple prostheses, since there was a 
reduction in the loosening of  such screws [15].

The purpose of  this study was to evaluate the torque maintenance 
of  prosthetic pillar screws coated with diamond-dopped DLC na-
nofilm after mechanical fatigue, submitted to retorque in external 
(EH) and internal hexagonal connections (IH). 

The considered null hypotheses were the following: H01 - The 
torque maintenance of  nanofilm-treated screws will not present 
superior values than the ones of  uncoated/non-fatigued screws; 
H02 - internal hexagonal connections will not present torque 
maintenance values higher than the ones found on external hex-
agonal connections, and H03 – diamond-dopped DLC nanofilm 
will not present difference in torque maintenance values when 
compared to DLC nanofilm.

Materials And Methods

Material 
 
The materials used in this research are listed in Table 1. 

Experimental and Sample Groups

This study was performed with the following experimental 
groups:
EH-CON: Prosthetic pillar screws, EH connection, non-fatigued, 

Table 1. Commercial name, material, manufacturer and composition of  materials used in this study.

Commercial Name Material Manufacturer Composition

ConectAr Implants Internal hexagon implants
4.0 x 13 mm

Conexão Sistemas de Pró-
tese, São Paulo, Brazil

Commercially pure titanium, grade 4, 
ASTM F67

Master Grip Im-
plants

External hexagon implants
4.0 x 13 mm

Conexão Sistemas de Pró-
tese, São Paulo, Brazil

Commercially pure titanium, grade 4, 
ASTM F67

Preparation pillars
(bearing sleeve)

Preparable titanium pillar for 
internal hexagon implants of  3.75 

mm diameter

Conexão Sistemas de Pró-
tese, São Paulo, Brazil

Commercially pure titanium, grade 2, 
ASTM F67

Preparation pillars
(bearing sleeve)

Preparable titanium pillar for 
external hexagon implants of  3.75 

mm diameter

Conexão Sistemas de Pró-
tese, São Paulo, Brazil

Commercially pure titanium, grade 2, 
ASTM F67

Conect Air prosthet-
ic pillar screws

Titanium screws for internal hexa-
gon implants of  3.75 mm diameter

Conexão Sistemas de Pró-
tese, São Paulo, Brazil Titanium alloy, ASTM F-136

Master Grip pros-
thetic pillar screws

Titanium screws for external hexa-
gon implants of  3.75 mm diameter

Conexão Sistemas de Pró-
tese, São Paulo, Brazil Titanium alloy, ASTM F-136

Temp Bond NE Zinc oxide-based cement Kavo – Kerr ,Potsdam, 
Germany

Base: 44 g of  zinc oxide, mineral oil, 
lecithin, starch, iron oxide pigments

Catalyzing putty: 14 g poly organic acids
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untreated.
EH-CONF: Prosthetic pillar screws, EH connection, fatigued, 
untreated.
EH-DLCF: Prosthetic pillar screws, EH connection, fatigued, 
pre-treated with DLC nanofilm.
EH-DD-DLCF: Prosthetic pillar screws, EH connection, fa-
tigued, pre-treated with diamond-doped DLC nanofilm (DD-
DLC).
IH-CON: Prosthetic pillar screws, IH connection, non-fatigued, 
untreated.
IH-CONF: Prosthetic pillar screws, IH connection, fatigued, un-
treated.
IH-DLCF: Prosthetic pillar screws, IH connection, fatigued, pre-
treated with DLC nanofilm.
IH-DD-DLCF: Prosthetic pillar screws, IH connection, fatigued, 
pre-treated with DD-DLC nanofilm. 

For the IH-CON and EH-CON groups, new, non-fatigued screws 
were used. Each experimental group had five specimens. The 
sampling calculation was performed based on the standard devia-
tion of  a similar study [6], using a data analysis statistics software  
(Minitab version 1.6, for Windows, Pennsylvania, USA), with 80% 
of  sampling power. 

Preparation of  specimens

 
The implants were installed in polyurethane resin blocks (22 x 
15 mm - Polyurethane F16 with mineral load (RZ 30150-Axson, 
France - elastic modulus of  3.6 GPa.). Implants were milled at an 
inclination of  90º and installed with the assistance of  a manual 
ratchet, while blocks were fixed. The applied torque for the instal-
lation of  implants was 45 N. 3 mm of  the implant threads were 
left exposed (ISO 14801), whereas the pillar had a standard height 
of  8 mm. 
 
The screws were coated through the Plasma-Enhanced Chemical 
Vapor Deposition technique (PECVD). For the DLC and dia-
mond-doped DCL nanofilms, the gas was the hexane (C6H14) 
and the hexane with diamond nanoparticles (2 g/L), respectively. 
In this deposition process, the screws were positioned at a sam-
ple holder, which assured proper positioning. The deposition was 
performed as previously described [6]. 

After deposition, screws were torqued with a digital torque meter 
(TQ-680, Instrutherm Measuring Instruments São Paulo Brazil). 
The torque of  20 Ncm was performed in IH and the torque of  
30 Ncm was performed in EH, according to manufacturer recom-
mendation. Ten minutes after the application of  the initial torque, 
the procedure was repeated. 

Experimental crown
 
Nickel-chrome alloy total crowns (Litecast B Will-Ceram/USA) 
were prepared in a conical-trunk shape, with a diameter and oc-
clusal height of  8 mm, and presented a hole to access the screw. 
The crowns were cemented with zinc oxide cement (Temp Bond 
NE, KaVo-Kerr), with 500 g of  pressure, for 10 min.  

Fatigue testing

Mechanical fatigue was performed through a fatigue simulator 

(ER-11000-Erios Plus, Equipment Technical and Scientific São 
Paulo, Brazil). Cycles were applied with an average force of  133 
N, at eccentric contact (3 mm), frequency of  4 Hz, 1 x106 cycles. 
These cycles represent approximately 12 months of  function and 
were replicated at a temperature of  37°C ± 2°C.

After mechanical cycling, the abutment screw was subjected to 
reverse torque (data reported elsewhere [6]).

Retorque and Fatigue testing

Screws were torqued again with the same digital torque meter us-
ing 20 Ncm (IH) and 30 Ncm (EH).
Mechanical fatigue was repeated. At the end of  fatigue, the screws 
were submitted to reverse torque to check the maintenance of  
the torque.

Torque maintenance

The remaining torque quantity in each tightened union was cal-
culated, and these measurements were performed with the digi-
tal torque meter. The reverse torque values were converted into 
percentages related to the applied torque (retorque), through the 
following equation (1): 

Reverse torque (%) = (Reverse torque pos - loading / Applied 
torque) x 100

Qualitative analysis

Screws from each group were selected for analysis through a 
scanning electron microscope (SEM JEOL, model JSM-5310, 
Munich, Germany), for the investigation of  eventual alterations 
in the structure of  the screw (threads). One specimen of  each 
experimental group was sectioned with a precision cutter (IsoM-
et 1000, Buehler Ltd. IL, USA) on its longitudinal axis, allowing 
observation of  the marginal adaptation of  the prosthetic screw. 
The marginal adaptation was investigated by observing the gap 
between the screw and the implant using photomicrographs. 

Statistical Analysis

The reverse torque averages (%) of  each experimental group were 
submitted to statistical analysis using two-way ANOVA (factors: 
connections and screws coatings), using Minitab software (ver-
sion 16.1 for Windows, Pennsylvania, USA) (5% of  significance 
level).

Data normality was accessed through the Kolmogorov-Smirnov 
Test (KS) for each experimental group. This confirms the possi-
ble utilization of  parametric statistical analysis, as well as per data 
dispersion graphs.

Results

Torque maintenance

All groups presented Gaussian distribution according to the 
normality test. There was no significant interaction between the 
analyzed factors (screws coatings, p=0.638; implant connections, 
p=0.615), nor amongst associated factors (p=0.765). And such 
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findings were repeated between only fatigued groups (screws 
coatings, p=0.356; implant connections, p=0.788; associated fac-
tors, p= 0.444). The Group IH-CONF presented the highest 
torque maintenance value, followed by EH-DD-DLCF and IH-
DLCF (Table 2). 

Qualitative analysis: Surface qualitative analysis

In the qualitative analysis of  screws, in the EH/IH-DLCF group 
(Fig. 1 and 2), there were lower screw thread damages when com-
pared to the groups without nanofilm.

The EH/IH-CON and EH/IH-CONF groups presented nu-
merous damages to screws threads (Fig. 1 and 2). The damages 
found on EH/IH CON presented larger dimensions, whereas the 
damages found in EH/IH-CONF presented higher quantity, but 
smaller dimensions. 

In some areas, the DLC nanofilm was removed in the EH-DLCF 
group (Fig. 1) and IH-DLCF group (Fig. 2). The EH/IH-DD-
DLCF groups presented scattered granulation along the screws’ 
surfaces and no alterations were observed (damage to threads) in 
the screw’s structures (Fig. 1 and 2). 

In the EH-DD-DLCF group (Fig. 1), the cervical portion of  the 

screw presented regions of  possible coating layer removal, al-
though no titanium exposure occurred.

In the IH-DLCF group (Fig. 2), there was more incidence of  
nanofilm delamination (exposing the titanium) when compared 
to the EH-DLCF group (Fig. 1). In the IH-DD-DLCF group, 
screws presented areas in which the DD-DLC film was removed 
(Fig. 2). For both connections, the cervical portion of  screws pre-
sented a smaller quantity of  scattered granulation than the apical 
portion (Fig. 1 and 2).

Qualitative analysis: Connection analysis

The DLC and DD-DCL coatings did not interfere in the adapta-
tion of  the screw to the implant (Fig. 3-6). In the connections, 
more alterations were observed in EH groups when compared to 
IH groups, regardless of  screw surface treatment (Fig. 3-6). 
  
For cycled groups, the maladjustments were demonstrated more 
frequently in groups with external hexagonal connections (Fig. 
3-6).  The IH-DD-DLCF group (Fig. 6) presented the lowest gaps 
in maladjustment presence. Adding non-cycled groups to com-
parison, EH/IH-CON group (Fig. 3) presented the smaller gaps 
when compared to the fatigated groups.

Table 2. Experimental Groups, mean, standard deviation, coefficient of  variance and maintenance torque values expressed 
in maximum and minimum percentage (%).

Groups Mean Standard 
deviation

Coefficient of  
variance

Minimum 
(%)

Maximum
(%)

EH-CON 43.1 26.9 62.44 9.7 80
IH-CON 50.9 29.9 58.74 15 85

EH-CONF 49.32 13.37 27.11 26.66 61.76
IH-CONF 59.91 7.82 13.05 52.17 70
EH-DLCF 48.66 17.42 35.79 33.33 76.66
IH-DLCF 44.63 18.85 42.25 19.04 60

EH-DD-DLCF 55.62 4.53 8.14 48.48 60
IH-DD-DLCF 53.19 15.14 28.46 35 76.19

Figure 1. Photomicrographs (SEM) of  qualitative analysis, Extern Hexagonal connections groups. EH-CON group.

Legend A - Screw presenting damage in threads (original magnification 50x). B and C - Two areas in detail demonstrating countless damages (red arrows) on the threads 
of  prosthetic screws (original magnification 170x). EH-CONF group. A - Screw presenting damage in all threads. B and C - Two areas in detail in which red arrows 

indicate injury in the threads. EH-DLCF group. A- Screw coated with DLC, presenting a few small damages to threads and areas of  film detachment. B and C – Detail 
of  small damages (red arrows) and coating removal areas (yellow arrows). EH-DD-DLCF group. A- Screw coated with DD-DLC presenting a surface with granules. B - 
Detail of  the screw. There were no damaged areas but there was an area presenting removal of  a layer from the coating, without exposing titanium (blue arrows). C- The 

most apical part of  the screw presenting granules distributed over the surface, without damage or removal of  the film.
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Discussion

According to the results of  this study, the null hypotheses were 
accepted; there were no significant differences among the groups. 
The mean value of  torque maintenance before the retorque and 
mechanical recycling of  our samples was described previously 
[6]; it was approximately 68%. After complete the experiment, 

the mean torque maintenance value was approximately 50%; this 
decrease in the removal torque values after retorque and the oc-
clusal load occurred as expected, regardless of  screw type[14] and 
these results are following literature [15-17]. The embedment, 
with gradual accommodation and adaptation between the contact 
interfaces, results in a reduction of  the friction coefficient [17]. 
Besides that, the removal torque values tended to decrease pro-

Figure 2. Photomicrographs (SEM) of  qualitative analysis, Intern Hexagonal connections groups. IH-CON group. 

Legend A - Screw presenting damage in threads (original magnification 50x). B and C - Two areas in detail demonstrating screw up (red arrows) on the threads of  
prosthetic screws (original magnification 170x). IH-CONF group. A - Screw presenting damage. B and C - Two areas in detail in which red arrows indicate injury in the 
threads. IH-DLCF group. A - Screw coated with DLC, presenting darker color and damaged to threads. B and C - Damage is observed along threads (red arrows) and 
coating removal (yellow arrows) on some areas of  the screw. IH-DD-DLCF group. A - DD-DLC coated screw with a granular surface. B - The screw did not present 

damage in the threads but demonstrated DD-DLC coating removal in some areas of  the screw (yellow arrows).

Figure 3. Photomicrographs (SEM) of  EH-CON group and EH-CONF group. 

Legend (A) and (B) - The adaptation of  the screw to the implant is observed (original magnification 50x) (C) - A gap was observed between the implant and the screw, 
which ranged from 12.50 to 16.21 μm, (original magnification 700x). EH-CONF group, (A) and (A) - The adaptation of  the screw to the implant was observed (C) - A 

gap was observed between the implant and the screw, which ranged from 29.10 to 31.15 μm.

Figure 4. Photomicrographs (SEM) of  EH-DLCF group and EH-DD-DLCF group. 

Legend (A) and (B) EH-DLCF group - The adaptation of  the screw to the implant was observed (C) - There was a high maladjustment interval between the implant and 
the screw, which ranged from 18.48 to 80.33 μm. EH-DD-DLCF group, (A) and (B) - The adaptation of  the screw to the implant was observed (C) - Maladjustment 

between the implant and the screw was observed, which ranged from 23.56 to 28.74 μm.
Figure 5. Photomicrographs (SEM) of  IH-CON group and IH-CONF group.

Legend (A) and (B) IH-CON group - The adaptation of  the screw to the implant was observed (C) - Better adaptation was observed and the gap between the implant 
and the screw ranged from 2.08 and 2.94 μm. IH-CONF group, (A) and (B) - The adaptation of  the screw to the implant was observed (C) - A gap was observed be-

tween the implant and the screw, which ranged from 18.55 to 19.78 μm. 
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portionally to the increase in the number of  insertion/removal 
cycles [16].

It was expected an improvement of  torque maintenance in the 
experimental coated groups. Dziedzic et al. reported that the car-
bon coating on the screw threads reduced the friction in the inter-
face and improved the preload values [17] and consequently the 
clamping force exerted by the abutment on the implant platform. 
Due to the low friction coefficient of  the DLC, the film should al-
low greater preload with the same torque, improving the stability 
of  the joint [18]. Colpak & Gumus coated abutment screws with 
DLC (Oerlikon Balzers)  through the plasma vapor deposition 
method and reported higher reverse torque values in DLC coated 
abutment screws [19]. 

Additionally, diamond doped DLC films have unique proper-
ties when compared to pure nanocrystalline diamond films or 
metal-doped DLC films, which may provide advantages for elec-
trochemical, optical-window, field emission, or tribological appli-
cations [11]. However, in this research, both coatings presented 
similar torque maintenance when compared to uncoated groups. 
Contradictory results may be explained by mechanical proper-
ties determined by the method of  deposition. Herein we used 
PECVD. Each method has its advantages as well as disadvantages 
such as high levels of  internal stress, poor adhesive properties, or 
high sensitivity to ambient conditions [20]. 

The literature demonstrates that external hexagonal connections 
generate higher stress along with the implant, promoting greater 
deformations than the internal hexagonal connection, thus IH 
has a more favorable biomechanical situation for the prosthetic 
performance [21], however, considering the limitations of  the 
present study, none difference was demonstrated between EH 
and IH connections groups. Contradictorily, EH connections 
groups demonstrated significant differences while the torque 
maintenance values were more stable in the IH groups [6]; there 
were no significant differences among IH groups in Lepesqueur’s 
study [6]. The authors reported high torque maintenance value in 
uncoated screws with external hexagonal connections when com-
pared to groups coated with diamond-like carbon and coated with 
diamond-like carbon doped with diamond nanoparticles [6].

The fatigue simulation of  retorqued screws resulted in the in-
crease of  screw surface irregularities, and consequently increased 
the coefficient of  friction, but decreased the preload of  the tight-
ened joint [22]. There was no screw fracture or loosening of  pros-
thesis in the presented study, so the stability of  the tightened joint 
was kept after retorque, which is following literature [23]. 

Most uncoated screw damages confirm that the DLC film favors 
the wearing resistance and protect the coated surface and implant 
threads. Coating removal was higher in the DLC nanofilm group 
than the DD-DLC group, probably due to the greater roughness 
of  DLC, even though DLC presented a higher critical load for 
delamination [6]. The elevated superficial roughness favors the 
coefficient of  friction increase, which favors the DLC film re-
moval during the torque of  the screws and retorque procedures.

 The granulation of  DD-DLC coating over the screws is a charac-
teristic of  this type of  coating. The granules were more frequent 
in the apical portion of  the screw since the deposition process 
occurred with the specimen upside-down on a sample-holder; so 
this region was favored by the deposition process. The difference 
in the number of  damages and titanium exposure caused by the 
coating removal of  screws of  different connections was attributed 
to the fact that the external hexagonal connection generates high 
stress along with the implant, promoting larger deformations than 
the internal hexagonal connections [21]. Besides that, the smaller 
micro-space found in the internal connection when compared to 
the external connection resulted in intimal relation between the 
implant and screw surfaces, favoring screwed joint clamping and 
promoting coating removal. 
 
Our marginal adaptation findings corroborate with the literature 
[23]. The gaps between EH implant-pillar were larger than the 
ones observed between IH’s, regardless of  screw treatment. The 
groups with non-fatigued screws presented smaller gap values, 
consequently, their threads promoted better clamping between 
the screw and the implant.
 
A limitation of  the study was the lack of  rotational misfit meas-
urement. Additional studies with the use of  retorquing in accel-
erated life tests, the use of  ceramic pillars, and retorqued screws 
fracture resistance evaluation should be carried out. 
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Figure 6. Photomicrographs (SEM) of  IH-DLCF group  and IH-DD-DLCF group.

Legend (A) and (B) IH-CON group - The adaptation of  the screw to the implant was observed (C) - Better adaptation was observed and the gap between the implant 
and the screw ranged from 2.08 and 2.94 μm. IH-CONF group, (A) and (B) - The adaptation of  the screw to the implant was observed (C) - A gap was observed be-

tween the implant and the screw, which ranged from 18.55 to 19.78 μm. 
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Conclusion

Based on these results, the surface of  studied materials (coated/
uncoated) and the type of  platform (IH/EH) do not interfere in 
the torque maintenance when a retorque is applied.
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