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ARTICLE INFO Abstract

Background. Tightening and loosening of the prosthetic components of the implant are carried out
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with various screw designs. This study compared the rate of deformation of the abutment screw in two
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hexagonal and star screw head designs after consecutive tightening and loosening.

Accepted: 8 Aug. 2022 Methods. In this study, two fixtures were mounted vertically in die stone blocks using a surveyor.
ePublished: 17 Aug. 2022 Then the corresponding abutment (with a diameter of 4.5 mm and a gingival height of 2 mm; Dio-
SM and Dio-UF system) was mounted on each fixture. In each fixture, six abutment screws from

Keywords: each manufacturer were used (12 abutment screws in total). The abutment screw head of the Dio-UF
Abutment, system is hexagonal, and the abutment screw head of the Dio-SM system is star-shaped. The samples
surface area change, were examined under a stereomicroscope (Nikon C-DS) at a magnification of x50. The image of each

implant, screw abutment screw head (6 abutment screws in each group) was prepared before the procedural steps and
after 5, 10, and 15 times of tightening and loosening with 25-Ncm torque using a stereomicroscope.
Then the differences in the surface areas of consecutive specimens (0, 5, 10, and 15 consecutive tight-
ening and loosening rounds) between hexagonal and star-shaped abutment screws were calculated.
The study results were reported via descriptive statistical methods (mean + standard deviation). Statis-
tical analysis was performed using SPSS 24, and the significance level was defined at P<0.05.
Results. Increasing the number of tightening and loosening rounds increased the screw head surface
area in both hexagonal and star shapes. At all stages, the changes in the star-shaped screw head were
greater than in the hexagonal screw. These changes were statistically significant at all stages (P<0.05).
In addition, there was a statistically significant difference between the area values and the number of
tightening and loosening rounds separately in both screw types (P<0.001). Also, the surface areas of
the head of both screws in all tightening and loosening rounds were significantly different (P<0.001).
Conclusion. Increasing the number of tightening and loosening rounds increased the screw head
surface area in both hexagonal and star-shaped geometrical forms. Also, the extent of area changes at
all stages in star-shaped screw heads was greater than in hexagonal screws.

Introduction significantly affects the success of the implant pros-
It is very important to replace missing or lost teeth. thesis. In the most common method of mechanical
Failure to do so can cause esthetic and function- connections, screw abutments are used to connect
al problems, speech disorders, and temporoman- the abutment to the implant.* In general, the reliabil-
dibular joint problems. Dental implants replace ity and stability of the implant and abutment con-
missing or dysfunctional teeth; they are surgically nection is a nece5$sary prerequisite for the success of
placed in the bone.! The reconstruction of dental dental implants. . ) .
structures and implant-based prostheses has been a Implan.t—abutment junction .des1gn can affeq screw
great success.” For example, in a 5-year study, Jung loosemn'g, soft apd hard .tlssﬁue preservation, anfi
et al’® reported a 94.5% success rate for single im- leakage into the implant site.® The coping screw is
plant-based prostheses. usually the weakest joint in the prosthetic chain.
The connection of the abutment to the fixture Any malalignment in the occlusion, cast adapta-
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tion, or force can lead to loosening or fracture of the
screw during function. These problems can protect
the body of the implant against more serious com-
plications. When these problems occur in a splinted
restoration, other implant abutments are exposed to
the risk of overloading and more problems than the
implant in question because a cantilever and force
intensifier is created.””

Screw fracture and loosening are among the most
critical challenges of implant prosthetics that have
been considered in research today.'” Fracture and
loosening of the screw are related to the compo-
nents, metal fatigue, intermittent movements during
function, non-axial pressure, bone elasticity, and the
amount of torque and preload.'""

Preload depends on various factors, such as the
design of the screws and threads, the surface rough-
ness, the materials used, and the applied torque. Ad-
equate torque is vital for preventing screw loosen-
ing."” The excessive increase in torque can reduce the
proportional limit in the screw and cause loosening
and permanent deformation of the screw; it also
decreases torque, which results in loosening and fa-
tigue of the screw.'*"

In case of successive unscrewing of the screw,
surface changes in the screw head-screwdriver
and abutment-screw interfaces will be inevitable.
Changes in the screw head due to fracture are a po-
tential problem.'

Guzaitis et al'” proposed that the clinical expec-
tation of a screw cap could be met by a maximum
of 10 screw loosening rounds, after which the screw
should be discarded, and a new screw should be
used. Various screw designs have been proposed
by implant manufacturers to solve this problem,
including hex-slotted, star, and square-slotted hexa-
gons.

Kim et al'® reported increased scratches during
the placement of the square-shaped wrench over
the hex-slotted shape. However, square-head screws
performed better concerning fracture resistance and
had a lower fracture rate than hexagonal screws.

Martins de Paiva et al® reported no significant dif-
ference in the elastic deformation in the square and
hexagonal designs after 10 times of tightening and
loosening with 32-Ncm torque.

After loosening the screw, it is necessary to
re-tighten or replace the abutment screw with an-
other screw, but in some cases, more measures are
required.”® Clinically, the possibility of tightening
and loosening the abutment screw in implant-based
prostheses is significant."

Considering the high prevalence of screw loosen-
ing as a result of successive tightening and loosening
of the abutment screw, and given the lack of sufficient
data on the fracture of the screw head and the con-
tradictory results in the existing studies, we aimed
to compare the rate of deformation of the abutment
screw in two hexagonal and star screw head designs
in consecutive tightening and loosening.

Methods

In this study, performed in the School of Dentistry,
Tabriz University of Medical Sciences, two fixtures
with a diameter of 4.1 mm and a length of 11.5 mm
from two different types of an implant system, Dio-
SM and Dio-UF (Dio, Seoul, Korea), were used.

Using a surveyor, the fixtures were then fixed ver-
tically in die stone blocks (GcFujirock EP Corpora-
tion, Tokyo, Japan) made in a standardized metal
mold measuring 50x20x20 mm. The gypsum blocks
in which the fixtures were mounted were fixed on a
table holder. Then on each fixture, the correspond-
ing abutment (with a diameter of 4.5 mm and a gin-
gival height of 2 mm from the Dio-SM and Dio-UF
systems) was mounted. Also, a 25-Ncm torque was
applied with the abutment wrenches of Dio-SM and
Dio-UF companies according to the manufacturers’
recommendations.

In each fixture, six abutment screws from each
manufacturer were used (12 abutment screws in to-
tal). The abutment screw head of the Dio-UF sys-
tem is hexagonal, and the abutment screw head of
the Dio-SM system is star-shaped. The samples were
examined under a stereomicroscope (Nikon C-DS)
at a magnification of x50.

The image of each abutment screw head (6 abut-
ment screws in each group) was prepared before
starting the procedural steps and after 5, 10, and
15 times of tightening and loosening with 25-Ncm
torque using a stereomicroscope.

To record the difference in the amount of abut-
ment head deformation in different designs, the out-
line shape of the abutments was drawn by AutoCAD
software (Autodesk, Ink, SanRafael, California), and
the surface areas of geometric shapes were calcu-
lated in mm? (Figures 1-4). Then the differences in
surface areas of consecutive specimens (0, 5, 10, and
15 consecutive tightening and loosening rounds) be-
tween hexagonal and star-shaped abutment screws
were calculated.'®

The results were reported using descriptive statis-
tical methods (mean + standard deviation). First,
the normality of data distribution was investigated
to compare the difference in the area of the abut-
ment head design in hexagons and stars. Then, re-
peated-measures ANOVA, Mauchly test, Bonferroni
test, and t-test were used to analyze the differences
between the groups. Finally, statistical analysis was

Figure 1. The lines drawn for the hexagonal screw in AutoCAD.
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Figure 2. The lines drawn for the star screw in AutoCAD.

performed using SPSS 24, and the significance level
was defined at P<0.05.

Results

An increase in the number of tightening and loosen-
ing rounds of the screws increased the surface area
of the abutment screw head in both hexagonal and
star geometric forms, increasing the wear in the hex-
agonal abutment screw from 0 to 15 rounds to 33.01
units and to 54.26 units in the star abutment screw.
Also, in all the tightening and loosening rounds, the
hexagon abutment screw surface area was less than
that of the star-shaped abutment screw. The differ-
ence in the abutment screw surface areas between
the two types of abutment screws in all the tighten-
ing and loosening rounds was statistically significant
(P<0.001).

According to Table 1, the change in the surface area
of the abutment screw in both hexagonal and star
geometric forms from round 5 to round 10 exhibit-
ed the highest mean. The minimum changes in both
forms were related to rounds 10 to 15.

Repe ated-measures ANOVA was used to compare
the surface area of the hexagonal abutment screw de-
sign after 5, 10, and 15 rounds of tightening and loos-
ening. For this purpose, this test was used separate-
ly in each type of abutment screw. According to the
results, there was a statistically significant difference
between surface area values in terms of the number
of tightening and lo o sening rounds separately in
each abutment screw design (P<0.001). Also, due to
the significance of the results of the Mauchly test in
both groups, the test for the sphericity assumption
was used for comparisons.

Discussion
In this study, two fixtures of the same diameter and

Figure 3. The shape of the screwdriver head corresponds to the
star-shaped abutment screw head.

Figure 4. The shape of the screwdriver head corresponds to the
hexagonal-shaped abutment screw head.

length) 4.1 mm in diameter and 11.5 mm in length(
from different types of an implant system )Dio-SM
and Dio-UF( were used. Abutments related to each
system were attached to the fixtures with the same
diameter and length (diameter of 4.5 mm and a gin-
gival height of 2 mm). To determine the effect of the
number of consecutive tightening and loosening
rounds on the deformation of the implant abutment
screw, six abutment screws specific to each system in
the hexagonal (related to Dio-UF) and star (related
to Dio-SM) designs were used on the respective abut-
ments.

The surface area changes in the star design in all

the stages were greater than those in the hexagonal
screw. The difference in the surface area change in all
the phases in the star design was significantly greater
than that in the hexagonal head.
Since the contact surface of the star-shaped screw
head is larger than the hexagonal screw, the contact
surface area of the wrench in the star screw head de-
sign is higher, and its fracture is more severe.

It seems that the fracture of the star screw can ac-
celerate rapidly as a result of use. Studies on the abut-
ment screw changes are very limited.

Martins dP et al’examined the resistance of square
and hexagonal shapes in screw attachments to de-
formation and reported that the geometric shapes of
screws did not affect their deformation. The differ-
ence in the results might be attributed to the meth-
odology, the implant brands, and differences in the
corresponding screw head designs.

Kim et al'® found that the screw head design could
affect the odds of fracture and deformation of the
abutment head screw. Accordingly, the fracture in the
head with a star design is more probable and more
severe than the square head design, consistent with
the present study.

Kim et al*® examined changes in the screw abut-
ment after repeated tightening and loosening rounds.
There were several scratches near the screw head slot,
possibly due to the repeated contact between the
driver tip around the screw slot when the driver tip
repeatedly tightened or loosened the screw. This was
more noticeable in the square screw than in the hexa-
gon. They also concluded that screws with a square
design were better than hexagonal screws in the
transmission and the effectiveness of screw tighten-
ing. According to this study, screws with a square slot
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Table 1. Surface area changes of the hexagonal and star-shaped abutment screw heads in three rounds of tightening and opening

(mm?)
Tightening & opening Surface area changes (Mean + SD)
P-value
rounds of the screw head Star-shaped Hexagonal
0-5 17.05+0.57 7.74+0.19 <0.001
5-10 24.13+0.32 18.56+0.25 <0.001
10-15 13.02+0.63 6.69+0.17 <0.001
SD: standard deviation
design were more resistant to fracture or distortion = References

than hexagonal screws.

Conclusions

According to the findings of the study in general:

1. By increasing the tightening and loosening rounds,
the surface area of the abutment head increased in
both hexagonal and star geometric forms. The re-
sults also showed a statistically significant difference
between tightening and loosening rounds in both
groups (P<0.001).

2. The change in the surface area of the star design of
the abutment screw in all the stages was more than
the hexagonal screw of the abutment.

The highest increase in the surface area in both types
of abutment screws was in 5-10 rounds of tightening
and loosening.

Acknowledgments
This study was supported by a grant from the Dental and

Periodontal Research Center, Tabriz University of Medical
Sciences.

Competing Interests

The authors declare that they have no competing interests
related to authorship and/or publication of this work.

Authors’ Contributions

AN and MM designed the study. Data collection was car-
ried out by ESh. Statistical analyses and interpretation of
data were carried out by TGh and ShG. The manuscript
was prepared by AN and TGh and revised by KA. All the
authors have read and approved the final manuscript for
submission.

Funding

The authors received no financial support for the research,
authorship, and/or publication of this article.

Availability of data

The datasets used and/or analyzed during the current
study are available from the corresponding author on rea-
sonable request.

Ethics Approval

The study protocol was approved by the Ethics Committee
on Medical Research, Tabriz University of Medical Scienc-
es.

1.

10.

11.

12.

13.

Revathi A, Borrds AD, Mufioz Al Richard C, Manivasagam
G. Degradation mechanisms and future challenges of tita-
nium and its alloys for dental implant applications in oral
environment. Mater Sci Eng C Mater Biol Appl. 2017. Jul
1;76:1354-68. do0i:10.1016/j.msec.2017.02.159. Epub 2017
Mar 2.

Martins dP, Neres dO, Andra dD, Trinda dC, Cavalcante dQ,
Almeida dE, Freitas L]. Influence of Two Types of Connec-
tions in Driver-Retention Screw Assembly. ] Craniofac Surg
2017;28(2):e145-e146. doi: 10.1097/
SCS.0000000000003330.

Jung RE, Pjetursson BE, Glauser R, Zembic A, Zwahlen M,
Lang Np. A systematic review of the 5- year survival and
complication rates of implant-supported single crowns.
Clin Oral Implants Res.2008 Feb;19(2):119-30. doi:
10.1111/j.1600-0501.2007.01453 x.

Misch C. Principles for screw-retained prostheses. Con-
temporary Implant Dentistry 2nd Ed St Louis: Mosby.
1999:575-98.

Scacchi M, Merz BR, Schir AR. The development of the ITI
DENTAL IMPLANT SYSTEM: Part 2: 1998-2000: Steps
into the next millennium. Clinical Oral Implants Research:
Chapter 1. 2000;11:22-32.

Michael G. Newman, Henry H. Takei, Perry R. Klokkevold,
Fermin A Carranza. Newman and Carranza’s Clinical Peri-
odontology. 13 ed. Philadelphia, PA: Elsevier; 2019.

Mish C. Dental Implant Prosthetics. Mosby. Inc-2005-616
p. 2015:143-5.

Muley N, Prithviraj D, Gupta V. Evolution of external and
internal implant to abutment connection. Int J Oral Im-
plantol Clin Res. 2012;3(3):122-9. doi:10.5005/JP-jour-
nals-10012-1079.

Dixon DL, Breeding LC, Sadler JP, McKay ML. Comparison
of screw loosening, rotation, and deflection among three
implant designs. J Prosthet Dent. 1995;74(3):270-8. doi:
10.1016/s0022-3913(05)80134-9.

Arshad M, Mahgoli H, Payaminia L. Effect of repeated
screw joint closing and opening cycles and cyclic loading on
abutment screw removal torque and screw thread morphol-
ogy: scanning electronic microscopy evaluation. Int J Oral
Maxillofac Implants. 2018;33(1):31-40. doi: 10.11607/
jomi.5476.

Binon P, Sutter E, Beaty K, Brunski J, Gulbransen. The role
of screws in implant system. Int J Oral Maxillofac Implants
1994;9:48-6

Haack J, Sakaguchi R, Sun T, Coffey J. Elongation and pre-
load stress in dental implant abutment screws. Int J Oral
Maxillofac Implants. 1995;10(5):529-36.

Bakaeen LG, Winkler S, Neff PA. The effect of implant di-

4] J Adv Periodontol Implant Dent, 2022, Volume x, Issue x



Ghaffari et al

14.

15.

16.

ameter, restoration design, and occlusal table variations
on screw loosening of posterior single-tooth implant
restorations. J Oral Implantol. 2001;27(2):63-72. doi:
10.1563/1548-1336(2001)027<0063: TEOIDR>2.3.CO;2.
Georgios S, Sheldon W, Kenneth G. B. Relationship Between
Implant Preload and Screw Loosening on Implant-sup-
ported Prostheses. ] Oral Implantol. 2002;28(2):67-73. doi:
10.1563/1548-1336(2002)028<0067:TRBIPA>2.3.CO:;2.
Goheen KL, al e. Torque generated by handheld screw-
drivers and mechanical torquing devices for osseointegrat-
ed implants. International Journal of Oral & Maxillofacial
Implants. 1994;9(2).

Kim HJ, Choe HC, Chung CH, Brantley W. Deformation
of Dental Abutment Screw after Tightening and Loosening.
Key Engineering Materials Vols. 345-346 (2007) pp. 13-16

17.

18.

19.

20.

Guzaitis KL, Knoernschild KL, Viana MA. Effect of repeat-
ed screw joint closing and opening cycles on implant pros-
thetic screw reverse torque and implant and screw thread
morphology. ] Prosthet Dent 2011;106:159-169.

Siamos G, Winkler S, Boberick KG. The relationship be-
tween implant preload and screw loosening on implant-sup-
ported prostheses. ] Oral Implantol. 2002;28(2):67-73. doi:
10.1563/1548-1336(2002)028<0067:TRBIPA>2.3.CO;2.

Lee A, Okayasu K, Wang H. Screw- versus cement-retained
implant restorations: current concepts. Implant Dent. 2010
Feb;19(1):8-15. doi: 10.1097/ID.0b013e3181bb9033.

Kim HJ, Chung CH, Oh SH, Choi HC. Changes of abutment
screw after repeated closing and opening. ] Korean Acad
Prosthodont. 2004;42(6):628-40

J Adv Periodontol Implant Dent, 2022, Volume x, Issue x |5



