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Background and Aim: Screw loosening is a common problem with both screw-re-
tained and cemented implant restorations. It is assumed that the abutment diameter af-
fects detorque value and screw loosening. We aimed to determine the effect of two dif-
ferent abutment diameters on detorque value using cyclic loading and thermocycling. 
Materials and Methods: This in-vitro experimental study was conducted on sixteen 
Morse-taper implants (4×10 mm) with two different diameters (3.9 and 5.2 mm) in-
stalled with a 25-Ncm torque (n=8). Eight screws from each group (3.9- and 5.2-mm 
abutments) were maintained for a month in a stable state while the rest of the screws 
underwent cyclic loading for 10,000 cycles with the frequency of 1 Hz and force of 75 
N/cm. Then, thermocycling was done at 5-55°C. Detorque value was determined us-
ing the torque meter used for screw tightening. Removal torque values were recorded. 
Maximum deformation force and fracture resistance were documented. Data were 
analyzed according to Student’s t-test using SPSS 21.0 software.
Result: Detorque values were 18.25±1.91 and 21.13±1.46 Ncm with 3.9- and 5.2-mm 
abutments, respectively. Detorque loss value was 15.50±5.83% with 5.2-mm abut-
ment and 27±7.63% with 3.9-mm abutment. The mean difference between the two 
abutment diameters was 2.87±0.85 Ncm. Significant differences were observed on 
torque loss with 3.9-mm- compared to 5.2-mm-diameter abutments (P=0.004).
Conclusion: The results suggested that torque loss was lower with 5.2-mm abutment 
diameter.
Keywords: Dental Abutments, Diameter, Torque, Dental Implant loading, Fatigue-
Fatigue
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Introduction: 
	 Dental implants are used for tooth replace-
ment in prosthodontic treatment;(1)however, some 
complications and failures have been reported. 
(2) The success of Implant treatment depends on 
biologic tissue response (soft tissues and bone) 

and the strength of the mechanical components 
(implant components and the superstructure).(2)

 There are numerous connection designs between 
the implant and abutment. The precise fit of the 
implant-abutment connection and the abutment 
screw preload are responsible for the success of 
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implant rehabilitation.(3) The stress at the con-
nection between the implant components 
could cause screw fracture as well as abut-
ment and prosthesis damage, which require 
repair or replacement of the prosthesis and its  
components.(4)

	 Another essential aspect of prosthetic reha-
bilitation is the space available for a prosthetic 
crown.(5) Screw loosening is a common problem 
with both screw-retained and cemented implant 
restorations.(6) The stability of the retention 
screw is related to several factors including the 
geometrical shape, the format of the threads, fit 
of the prosthetic component, the frictional co-
efficient of the screw, and the speed and force 
of tightening.(7) Numerous complications may 
arise as a result of the loosening of abutment 
screws. Screw loosening may lead to fracture 
under load, causing long-term complications (8). 
The taper, height, and width of the abutment, 
the cement type, and abutment diameter influ-
ence treatment success.(7) 
	 Researchers have expressed different views 
on the effect of different abutment diameters 
on screw loosening.(9) There is a correlation be-
tween abutment rotation and prosthetic screw 
loosening.(6) A wider abutment and the appli-
cation of a torque driver to tighten the screws 
may help prevent this loosening.(8) Moris et al 
reported that a 3.8-mm-diameter abutment (re-
duced) has mechanical properties similar to that 
of 4.8-mm (conventional) abutments.(10) The 
implant diameter should be selected according 
to the depth and width of the residual alveolar 
bone, defect pattern, rehabilitation space, emer-
gence profile, and occlusion.(11) Wide-diameter 
implants are mainly used with insufficient 
edentulous bone height or failure of osseointe-
gration.(11) The misfit between the implant and 
abutment is one of the main factors for treat-
ment failure.(12) Osseointegration and bone sup-
port maintenance are important for the success 
of dental implants.(13) 

	 The presence of a microgap at the implant-
abutment interface allows microorganisms to 
penetrate and colonize the inner part of the 
implant.(13) The presence of microorganisms in 
peri-implant tissues leads to inflammatory re-
sponse, biofilm accumulation, and progressive 
bone loss.(14) 

The abutment diameter can influence the 
mechanical behavior and provide higher 
compressive resistance.(11)

	 Despite numerous reports on the effect 
of the implant-abutment connection on 
screw loosing, the information on the effect 
of different abutment diameters on detorque 
value and screw loosing is limited. There-
fore, the current study aimed to determine 
the effect of two different abutment diam-
eters on detorque value using cyclic loading 
and thermocycling.

Materials and Methods:
	 This in-vitro experimental study was con-
ducted on sixteen Morse-taper implants (4×10 
mm, Lazak, Prague, Czech Republic) with two 
different abutment diameters (3.9 and 5.2 mm) 
and with 3-mm gingival height (Figure 1). 

Figure 1: Abutments with two different diam-
eters (3.9 mm and 5.2 mm)

	 Each group included 8 fixtures and 8 straight 
abutments (n=8). The implants were wrapped in 
thin layers of radiographic film lead to prevent 
acrylic resin entrapment in implant threads and 
to allow effortless removal of the acryl from 
the implants after cyclic loading. Autopolymer-
ized acrylic resin (Meliodent, Heraeus-Kulzer 
GmbH, Wehrheim, Germany) was poured in-
side the mold to 1 mm below the implant-abut-
ment interface at a 90-degree angle using a sur-
veyor (J.M. Ney Co., Bloomfield, CT, USA). 
When the load is applied at an angle of 30 de-
grees, it is subdivided into horizontal and ver-
tical components such that the load is applied 
along both horizontal and vertical axes, similar 
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to the load during mastication.(15) 
	 Next, the abutments (3.9 and 5.2 mm) 
were installed into the implants with a 25-
Ncm torque as recommended by the manufac-
turer. The torque was measured using a digi-
tal torque meter (Lutron Electronic Enterprise 
Co., Ltd., Taiwan; Figure 2). 

Figure 2: Digital torque meter (Lutron Elec-
tronic Enterprise Co. Ltd., Taiwan) 

The abutments were torqued to 25 Ncm and 
retorqued to 25 Ncm 10 minutes later for final 
prosthesis insertion appointment as recom-
mended by the manufacturer.(12)

	 Eight screws in each group were main-
tained for a month in a stable state while the 
rest of the screws underwent cyclic loading 
(Chewing simulator, SD Mechatronic, Feld-
kirchen, Westerham, Germany) for 10,000 
cycles with the frequency of 1 Hz and force of 
75 N/cm at a 30-degree angle, which is equal 
to occlusion loads exerted on a natural tooth 
for 20 months (Figures 3 and 4). 

Figure 3: Applying a 75-N force on abutments 
with 1-Hz frequency at a 30-degree angle 

Thermocycling (model MSCT-3, Marcelo 
Nucci-Me, São Carlos, SP, Brazil) was done 

at 5-55°C. Next, the detorque value was deter-
mined using the torque meter that was used for 
tightening the screws. 

 

Figure 4: Cyclic loading device

Finally, the removal torque values were  
recorded.(16) The values of maximum deforma-
tion force and fracture resistance were recorded 
as well. Data were analyzed by Student’s t-test 
using SPSS software (version 21.0, SPSS Inc., 
Chicago, IL, USA).

Results:
To analyze the statistical data according to the 
research objectives, Kolmogorov-Smirnov test 
was used to examine the normal distribution of 
data. According to Table 1, both 2.5- and 3.9-mm 
diameters are normally distributed. Parametric t-
tests can be used to compare the mean of these 
two variables in the studied diameters.

Table 1. Kolmogorov-Smirnov test results

Dentin Dysplasia Clinical and Radiographic Appearance Type 1 (DD1) Primary and permanent teeth with normal crowns (color and morphology), shortened roots, periapical radiolucencies, and pulp obliteration  DD1a Complete obliteration of pulp chambers and no root development with several periapical radiolucent areas  DD1b Horizontal, crescent-shaped, radiolucent pulpal remnants and few millimeters of root development with several periapical radiolucent areas  DD1c Two horizontal, crescent-shaped, radiolucent lines and significant but incomplete root development, with or without periapical radiolucent areas  DD1d Visible pulp chambers and oval pulp stones in the coronal third of root canal, with bulging of the root around the stone, and few, if any, periapical radiolucent areas  
 

 

 

Abutment diameter Detorque (Ncm) Detorque 
 loss value (%) 

3.9 mm 
N

Kolmogorov-Smirnov Z 
8

0.432 
8

0.432 
Asymp. Sig. (2-tailed) 0.992 0.992 

5.2 mm 
N 8 8

Kolmogorov-Smirnov Z 0.450 0.450 
Asymp. Sig. (2-tailed) 0.987 0.987 
Test distribution is Normal. 
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implant rehabilitation. (3) 
	

As seen in Table 2, the detorque values with 
3.9- and 5.2-mm abutments were 18.25±1.91 
Ncm and 21.13±1.46 Ncm, respectively. 
Also, detorque loss values with 3.9- and 
5.2-mm abutments were 27.00±7.63% and 
15.50±5.83%, respectively. 

Table 2. Mean±standard deviation (SD) of 
detorque in the abutments based on their diam-
eter

SD=Standard Deviation

The mean difference between the two abut-
ment diameters was 2.87±0.85 Ncm. Signifi-
cant differences were observed on torque loss 
with 3.9-mm-diameter abutments compared 
to the 5.2-mm-diameter abutments (P=0.004; 
Table 3).

Table 3. T-test results of detorque in the abut-
ments based on their diameter

Detorque 
(Ncm)

Detorque loss 
value (%) 

Levene's test for 
equality of 
variances 

F 0.567 0.567 

Sig. 0.46 0.46 

T-test for 
equality of  
means

t -3.386 3.386 
df 14 14
Sig. (2-tailed) 0.004 0.004 
Difference  (Mean±SD) 2.875±0.85 11.5±3.4 

95% CI of the 
difference 

Lower
bound 1.05 4.22 

Upper
bound 4.7 18.78 

  
SD=Standard Deviation, df=degree of freedom, 
CI=Confidence Interval Discussion:
Abutment screw loosening is the main compli-
cation in implant-supported prostheses. Finding 

an approach to improve the retention and stability 
of the abutment screw was the main purpose of this 
study. To achieve this goal, we carried out this study 
to determine the effect of 3.9- and 5.2-mm abut-
ment diameters on detorque value using cyclic load-
ing and thermocycling. According to the findings of 
the current study, the detorque values with 3.9- and 
5.2-mm-diameter abutments were 18.25±1.91 Ncm 
and 21.13±1.46 Ncm, respectively. Detorque loss 
value was 15.50±5.83% with 5.2-mm abutment and 
27±7.63% with the 3.9-mm-diameter abutment. The 
mean difference between the two abutment diameters 
was 2.87±0.85 Ncm. Significant differences were ob-
served on torque loss with 3.9-mm compared to the 
5.2-mm-diameter abutments. 
	 In a similar study, Moris et al reported that the 
3.8-mm-diameter abutment had mechanical properties 
similar to that of 4.8-mm abutments,(10) which is dif-
ferent from our result. In another study that compared 
the fracture resistance of internal hexagon and Morse-
taper connections, it was concluded that Morse-taper 
connection provides greater resistance to deformation 
and fracture compared to the internal hexagon.(17) 	

	 Jalalian et al studied the effect of abutment connec-
tion type and cyclic loading on removal torque value 
and showed that the internal connection, irrespective 
of cyclic loading, was superior to the external connec-
tion, and cyclic loading decreased the torque value 
in all cases.(18) Also, de Sá et al studied the fracture 
strength of prosthetic abutments with different sizes 
and combinations, which supported a five-implant 
milled framework with distal extension. (19) Prosthetic 
abutments with different dimensions (4.8-mm-diam-
eter mini-conical abutments and 3.5-mm-diameter 
micro-conical abutments) were used. 

Abutment diameter 

3.9 mm 5.2 mm 

Detorque (Ncm) 

Mean±SD 18.25±1.91 21.13±1.46 

Minimum 15.00 19.00 

Maximum 21.00 23.00 

Detorque loss value 

(%) 

Mean±SD 27.00±7.63 15.50±5.83 

Minimum 16.00 8.00 

Maximum 40.00 24.00 
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They reported that the combination of standard- and 
small-diameter abutments leads to fractured pros-
thetic screws with lower fracture strength compared to 
standard-sized prosthetic abutments.(19)

	 There are two main regions of load concentration 
on screws, which could ultimately lead to fracture. 
The first region is between the screw head and screw 
stem, and the second region is located at the first screw 
thread.(20) The average maximum occlusal load record-
ed in the literature is 723 N on the second molar re-
gion; implants must resist this force.(19) Thermocycling 
may simulate the clinical situation more appropriately. 
(21) The effect of thermal cycling on marginal leakage 
depends on the thermal conductivity and coefficients 
of thermal expansion of the materials used.(22) On the 
influence of abutment size (1, 2, and 3 mm) and fixa-
tion screws on dental implant system, Mao et al re-
ported that the diameter of the fixation screw should 
not be smaller than 1 mm, and unilateral wall thick-
ness > 0.5 mm is optimal for abutments.(9) Lillo et al 
studied the compressive resistance of abutments with 
different diameters and transmucosal heights (4.5×2.5 
mm, 4.5×3.5 mm, 3.3×2.5 mm, and 3.3×3.5 mm) in 
Morse-taper implants and reported stronger mechani-
cal behavior and compressive resistance with 4.5-mm-
diameter abutments;(11) our results were in agreement 
with this report. A higher stress concentration may be 
observed at the junction between the implant’s inter-
nal neck region and the abutment without damage of 
the implant threads in Morse-taper implants.(22)

	 Considering that the incisor region presents maxi-
mum bite force, ranging between 150 and 180 N, all 
the abutments used in this study could be used clini-
cally without deformation. The aforementioned im-
plant systems that are currently used in clinical prac-
tice have various connection types, fixture diameters, 
abutments, and abutment screws. Unfortunately, stud-
ies on the effect of such factors on the stability of the 
connection part associated with screw loosening are 
scarce. The implant diameter must be chosen by con-
sidering the teeth defect pattern, the depth and width 
of the residual alveolar bone, rehabilitation space, 
emergence profile, and occlusion.(11) The abutment’s 
diameter seems to influence the mechanical behavior 
related to permanent deformation, providing a higher 
compressive resistance in 5.2-mm-diameter abut-
ments. 
	 Gross et al reported that the microgap between 
the implant and abutment can provide a path for flu-
ids and macromolecules generated from the saliva or 
the gingival crevicular fluid (GCF).(23) Microleakage 
can cause screw loosening followed by a decrease in 
detorque value. Cyclic loading of implant-supported 
prostheses may result in micromovements and fatigue 
of the metal in seemingly stable screwed prostheses. 
Also, screw joints on implants with low preload val-

ues exhibit significantly higher micromovements at 
the abutment-implant interface.(11) 

	 Dixon et al reported the lack of influence of 
torque reduction after mechanical cycling on the 
implant-abutment connection.(24) In their study on 
thirty-six 4.1-mm-diameter implants with their 
matching RC platform Straumann abutments with 
constant-load amplitude fatigue lifetime testing 
at two frequencies (2 Hz and 15 Hz) with a stress 
ratio of 0.1 with lifetime ranging from 20,000 to 
1,000,000 cycles, Duan and Griggs showed that 
there was no significant difference in lifetime and 
failure mode between 2 Hz and 15 Hz groups for 
this implant system.(25) 

	 On the other hand, Arshad et al evaluated the ef-
fect of repeated screw joint closing and opening cy-
cles and cyclic loading on abutment screw removal 
torque.(26) They concluded that using a new screw 
could not significantly increase the removal torque. 
They suggested that restricting the amount of screw 
tightening is more important than replacing the 
screw with a new one when an abutment is defini-
tively placed.(26) Cibirka et al also observed preload 
reduction and screw joint stability after mechanical 
cycling.(27) Al-Turki et al evaluated implant-support-
ed fixed prostheses under cyclic loading with a 298-
N force at 1 Hz for 48 hours to simulate 144 days 
of function.(28) The results suggested that torque loss 
was lower with 5.2-mm abutment diameter. (28) The 
forces that led to permanent deformation of the abut-
ment connections were dependent on the implant di-
ameter. The differences between the implants used 
in this study were obvious, both macroscopically 
and microscopically. 
	 Applying the correct amount of torque using a 
torque wrench is very important. In this study, 25 
Ncm (manufacturer’s recommendation) was applied 
for a constant clamping torque. (8) Ten minutes later, 
the same tightening torque was applied repeatedly 
to compensate for the loss of preload (8). To mini-
mize the decrease in preload by surface settling, 
the tightening force should be reapplied 10 minutes 
after the first screw tightening. Al-Turki et al also 
stated that the tightening torque should be applied 
regularly and repetitively to compensate for the set-
tling effect of the surface. (28) 

Conclusion:
According to the results, a wide diameter is more 
advantageous in terms of the torque loss rate. The 
results of this study showed that the implant-abut-
ment connection design and diameter affect screw 
joint stability. 
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