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Joint stability of internal conical connection abutments with or without
hexagon indexes: an in vitro study
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Purpose: The purpose of this study was to compare the axial displacement of the hexagonal and conical abutment in internal
conical connection implant after screw tightening and cyclic loading. Materials and Methods: Internal conical connection implants
were divided into two groups (n = 10): group HEX, hexagonal abutment; and group CON, conical 2-piece abutments. The axial
displacement and removal torque values were measured after 30 Ncm torque tightening and 250N loading test of 100,000 cycles.
The Student t test with 5% significance level was used to evaluate the data. Results: HEX group demonstrated significantly higher
axial displacement values after 30 Ncm tightening in comparison to the CON group (P < 0.05). No significant difference was found in
axial displacement after cyclic loading (P = 0.052). Removal torque loss before and after the cyclic loading both revealed no significant
difference between groups (P = 0.057 and P = 0.138). Removal torque value decreased after cyclic loading in both groups (P < 0.05).
Conclusion: Overall, both abutment with or without hexagon index presented similar biomechanical performance except HEX group
demonstrated significantly more axial displacement after applying tightening torque. (J Dent Rehabil Appl Sci 2020;36(2):95-103)
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Introduction

The appropriate choice of particular implant (in-
ternal or external) and abutment system (1-piece or
2-piece, hexagon or non-hexagon) is essential to suc-
cessful outcomes.' Among various implant systems,
internal conical connection systems are reported to
demonstrate superior bending force resistance and
fatigue resistance.”* The tapered conical interfaces
become wedged as inner abutment conical area com-
presses into implant.” High frictional resistance from
conical implant-abutment contact compensate the

high stress concentration to abutment screw, which
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leads to protect the preload of abutment screw than
the other implant systems.’

Recently, concern about the preload loss in internal
conical connection originated from axial displace-
ment of the abutment has been reported.” Tighten-
ing the screw and functional loading fully transfer
the compressive force which intrudes the tapered
portion of the abutment inside the implant, inducing
axial displacement.*” Axial displacement of abutment
upon functional loading restores the elongated abut-
ment screw resulting in preload loss, even a screw
loosening,"” Mechanical analysis of relationship be-

tween removal torque values and axial displacement
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is essential to prevent its prosthetic complications,
especially in cement-retained prosthesis which can
become the prosthesis failure after screw loosening."'

Factors affecting the preload have been focused
on physical properties of abutment screw such as
the material, surface treatment, frictional resistance,
sufficient insertion torque,™” and re-tightening
sequence.'* In internal conical connections, the
function of friction between abutment-implant is
also responsible for retention of abutment."™"* Sev-
eral in vitro studies evaluating the influence of the
abutment-implant conical connection to preload,
presented the decreased preload of abutment screw
after cyclic loading in 2-piece abutment.'™">""*' Re-
duced preload of abutment screw might be compen-
sated by the intimate wedging from conical contact
area, demonstrated as increased traction force™or
increase in axial dispacemet.'™"® Due to the different
loading vector of the force and loading conditions, it
is hard to compare different studies equivalently. To
clarify the relationship between axial displacement
and loss of preload, other factors affecting screw
joint stability should be controlled and evaluated.

Internal conical connection system has various
polygonal indices such as triangular, rectangular, hex-
agonal, octagonal, dodecagonal shape with different
taper angle (7°, 8°, 11°) from different manufactur-
ers. Polygonal indexed abutment system with indi-
vidual abutment screw serves as anti-rotational effect
and facilitates reposition of the abutment during im-
pression and maintenance period. During functional
loading, anti-rotational feature cannot provide signifi-
cant contribution because the machining tolerance
and the parallel design of the index cannot achieve
functional contact between implant-abutment.” Vari-
ous mechanical analysis has been evaluated the influ-
ence of polygonal index regarding stress distribu-
tion, “*** microgap formation,” fatigue resistance,”
removal torque value.”’

When focused in internal conical connection with
hexagon index and 11-degree conical taper design,
relatively scarce stress distribution and mechanical
strength has been studied. Stress-distribution studies
comparing abutments with indexed abutment need

to be interpreted carefully. Although the hexagon
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index does not contact implant, studies reported
identical or more even stress distribution in hexagon
indexed abutment with conical abutment because
of the assumption that hexagon index contact with
the implant.”*** Another study assumed the hexagon
index does not contact with implant and reported
more downward stress distribution in conical abut-
ment which is more advantageous stress distribution
in conical abutment than hexagon abutment.”

Most of the comparative studies evaluating the ef-
fect of hexagon index abutment compared it to coni-
cal 1-piece abutment. When comparing 1-piece abut-
ment with hexagon 2-piece abutment, better stress
distribution to implant and surrounding bone,”
superior static bending strength,4 better fatigue re-
sistance,” less preload loss" has been reported in
1-piece abutment. Regarding the superior mainte-
nance of preload of the abutment, 1-piece abut-
ment has broader contact area which can increase
frictional resistance. The frictional resistance from
1-piece abutment can also restrict axial displacement
of itself." Recent in vitro study reported significantly
less initial torque loss in 1-piece abutment right af-
ter screw tightening, but no differences were found
after cyclic loading” On the contrary, after thermo-
cyclic loading, more than half of the preload loss
was reported in hexagon indexed abutment while
1-piece abutment revealed less than 14% of the pre-
load loss.” To evaluate the effect of hexagon index,
2-piece abutment without hexagon index also need
to be evaluated .

Compared with 1-piece abutment, 2-piece non-
hexagon abutment has identical contact implant-
abutment interface, but the axial displacement is not
restricted from rotational friction and more axial
displacement is anticipated.” The 2-piece conical
abutment (Fig. 1) has been introduced for multiple
prosthesis to enable screw-retightening and achieve
prosthesis retrievability. No studies has been evaluat-
ed the axial displacement and removal torque loss of
2-piece conical abutment compared to the hexagon
one.

The aim of this study was to evaluate the influence
of hexagon index to axial displacement and removal

torque value of implant-abutment assembly after
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Fig. 1. Implant-abutment assemblies. (A) Implant, (
index, (D) Abutment screw.

cyclic loading in internal conical connection system.
The first null hypothesis was that the axial displace-
ment would not differ for abutment with or without
hexagon index. The second null hypothesis was that
removal torque value would not differ for each group

before and after cyclic loading.

Materials and Methods

A commercially available internal conical connec-
tion implant system (Luna; Shinhung, Seoul, Korea)
was prepared. Implants with identical length (10 mm)
and diameter (@ 4.0) were used (Fig. 1A). A 2-piece
abutment (Duo Abutment; Shinhung, Seoul, Ko-
rea) with hexagon index (HEX) or without hexagon
index (CON) were prepared using identical abut-
ment screw (Ti abutment screw; Shinhung, Seoul,
Korea) (Fig. 1). Ten specimens of each of the HEX
and CON groups of implants were prepared. The
implant/abutment complex was assembled with an
abutment screw using a digital torque gauge (SERIES
TTO03; Mark-10 Inc., New York, USA) with 10-Ncm
as a baseline and 30-Ncm tightening twice in 10-min-
ute intervals.” The implant was securely fastened in
a friction grip vise 3 mm below the implant platform
to simulate the bone loss, and a metal cap was en-
gaged on the abutment to simulate the clinical crown
(Fig. 2).” The measuring area of the implant/abut-
ment complex was protected by the metal cap or vise

to avoid any change during loading cycles. The axial

) Dent Rehabil Appl Sci 2020;36(2):95-103

B) Abutment with hexagon index, (

C) Abutment without hexagon

cyclic load was applied using a universal testing ma-
chine (ElectroPlus E3000; Instron, Washington DC,
USA). Each implant/abutment pair with the same
composition was tested for vertical loads of 250 N
for 100,000 cycles. The total length of the implant/
abutment complex and reverse torque value of the
abutment screw was recorded before and after cyclic
load using an electronic digital micrometer (Series
293; Mitutoyo, Tokyo, Japan) (Fig. 3).

The removal torque loss was calculated according

to the following formula.

Removal torque loss (%) = (Initial removal torque
value - Postload removal torque value) / Initial re-

moval torque value X 100

Fig. 2. Implant-abutment assembly loaded with metal
cap and positioned with collet chuck for vertical cyclic
loading test.
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Fig. 3. Measurement of axial displacement.

Comparison between the HEX and CON group
was analyzed with the Student 7 test (« = 0.05). Re-
moval torque values before and after cyclic loading
was analyzed by using the Student paired # test (o =
0.05).

Results

Kolmogorov-Smirnov test results demonstrated
normal distribution of the axial displacement and re-
moval torque value (P = 0.410). The mean axial dis-
placement (um) of the abutment and removal torque
loss (%) is presented in Table 1 and 2. There was
significantly more axial displacement in HEX group
than CON group after screw tightening (P < 0.05).

No significant difference was found in axial displace-
ment after cyclic loading (P = 0.052). Removal torque
loss before and after the cyclic loading both revealed
no significant difference between groups (P = 0.057
and P = 0.138). Removal torque decreased after cy-
clic loading in both groups (P < 0.05, Table 2).

Discussion

The first null hypothesis was rejected because a
significant more axial displacement demonstrated
with hexagon index (P < 0.05). The second null hy-
pothesis was accepted because removal torque value
demonstrated no significant differences after cyclic
loading (P > 0.05).

The results showed that a certain amount of axial
displacement of abutment was inevitable. The HEX
group showed significantly large axial displacement
after tightening torque has been applied. Implant
system tested in this study has longer, larger implant-
abutment contact area in CON group when com-
pared with HEX group (Fig. 1). As tightening torque
is applied, the abutments transfer frictional force into
the implant and broader mating surface distribute
more frictional resistance.'® In stress distribution,
longer abutment contact in conical abutment dem-
onstrated more deeper stress concentration.” Similar
study compared 2-piece abutment with or without

hexagon index and large traction force was required

Table 1. Mean axial displacement of abutment (um) and removal torque value (N) after abutment screw tightening and 250

N cyclic loading (Unit: um)

Group Screw tightening (Mean (SD)) P Cyclic loading (Mean (SD)) P

HEX 37.2 (2.48) < 0.001 5.0 (2.40) 0.052
Axial displacement

CON 28.1 (4.09) 3.3 (0.94)

Table 2. Mean removal torque value (N) and removal torque loss (%0) after abutment screw tightening and 250 N cyclic

loading
Group Screw tightening (Mean (SD)) P Cyclic loading (Mean (SD)) P
HEX 21.0 (2.06) 0.057 14.8 (1.89) 0.138

Removal torque value (Ncm)
CON 23.4 (3.10) 16.2 (2.07)

P value between groups < 0.001
HEX 29.93 (6.80) 42.25 (28.77)

R 1 loss (¢

emoval torque loss (70) CON 21.93 (10.36) 29.61 (14.76)
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to dislodge abutment in conical abutment compared
with hexagon one.”’ Broader contact surface of the
CON abutment disperse compressive force more
evenly with relatively less interfacial settling and elas-
tic deformation, which could also lead to less axial
displacement.

After cyclic loading, the magnitude of axial dis-
placement was so minute in HEX and CON group
demonstrated no difference between groups. The
removal torque value did not demonstrate significant
difference between HEX and CON groups. Most of
the axial displacement has been demonstrated after
tightening torque. Most of the compressive loads
which intrude the abutment are generated upon ap-
plying preload to the abutment screw within yield
strength.”” Concerns has been made about the axial
displacement induced from functional loading be-
cause it could produce uncontrolled axial discrepancy
of prosthesis or loss of occlusal contact.”® Although
both groups demonstrated stable axial position after
loading with minute displacement, relatively large
standard deviation of hexagon abutment displace-
ment was observed. It could implicate conical abut-
ment might reach steady state of its vertical position
after screw tightening and remain more stable upon
functional loading;

Initial torque value decreased in both groups. Due
to the frictional resistance and sedimentation effect of
abutment screw,” up to 90% of the tightening torque
has been reported to diminish.” To obtain desired
preload, abutment screw material, surface treatment,

12,13
7 and

frictional resistance, sufficient insertion torque,
re-tightening sequence'* has been improved. Recent
advances in precise milling technique, screw design
and material improved screw preload retention dem-
onstrating 7 - 14% of removal torque loss."** Those
reported ranges are similar to our initial torque loss
results. In implant-abutment interface, the conical
surface offers more frictional resistance lead to more
loss of preload.” Clinically, abutment screw retight-
ening in 10 minutes interval is essential.”

Our study demonstrated no significant differences
between HEX and CON group, which is identical to
another study compared 2-piece conical abutment

with hexagon abutment.” Other studies also dem-

) Dent Rehabil Appl Sci 2020;36(2):95-103

onstrated initial torque loss with more initial torque
loss in hexagon abutment, which was compared with

1-piece abutment.”

Relatively large initial torque
loss in 2-piece abutment was reported in comparison
with 1-piece one. In addition to the preload of the
abutment screw, 1-piece abutment might generate ad-
ditional frictional resistance from intimate abutment-
implant interface upon removal. On the other hand,
once the 2-piece abutment is settled with tightening
torque, preload is retained only in abutment screw
and it demonstrated no difference with or without
hexagon index.

After cyclic loading, axial displacement of abut-
ment occurred and removal torque value decreased
in abutment screw. Recently, studies reported similar
results of preload loss along with axial displacement

. 14,18,20,37
after loading. ™™™

Compared to our experimental
condition, studies using hexagon abutment and cy-
clic loading of 250N condition both demonstrated
less than 30% loss of preload under vertical'® and
oblique'* loading condition. Another comparable
study using conical abutment and vertical static load-
ing of 800N reported loss of removal torque value
up to 89%." Because of the different experimental
conditions, existence of hexagon index and other
factors affecting abutment screw preload such as
component material, surface roughness and screw
design, might hinder the appropriate comparison
from each studies. Our study resulted in no signifi-
cant difference after cyclic loading between HEX
and CON group which is in accordance with other
comparison studies comparing the effect of hexagon

. 21,29
index.””

Whether the complex functional loading
condition hinders the effect of hexagon index or the
existence of hexagon index is so minute that could
be ignored need further studies.

It is clear that axial displacement of abutment
under functional loading restores the elongated abut-
ment screw which reduces preload. Loss of preload
could be improved after re-tightening pmcedure.14
When removal torque loss occur, abutment screw
loosening might act as crow bar inside the implant
which could lead to micromotion of the abutmen.™
Compared with conical abutment, hexagon index

could be exposed to excessive stress concentration,
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. . 2426
which is more prone to fracture.”

Periodic re-tight-
ening of abutment screw is generally recommended
to prevent those complications.14 Further evaluation
for the timing and interval of re-tightening about

hexagon and conical abutment is still required.

Conclusion

Within the limitation of this in vitro study, the use
of conical abutment demonstrated significantly less
axial displacement after applying tightening torque.
However, the axial displacement after cyclic loading,
removal torque values before and after cyclic loading
did not demonstrate difference between abutment
groups. After cyclic loading, axial displacement was
quite minute, however, removal torque value de-
creased significantly.

Overall, both abutment with or without hexagon

index presented similar biomechanical performance.
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