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The effect of screwdriver angle variation on the off-axis
implant abutment system and hexalobular screw
Richard Opler, DDS,a Chandur Wadhwani, BDS, MSD,b and Kwok-Hung Chung, DDS, PhDc
ABSTRACT
Statement of problem. A recently introduced hexalobular screw system allows for off-axial screw
channel access. The screwdriver angle input torque relative to the screw axis output torque has not
been established.

Purpose. The purpose of this in vitro study was to evaluate the effect of maximum angulation on
the abutment-implant screw connection and torque values for a hexalobular screw system and to
determine how input versus output varies with the angle of the screwdriver.

Material and methods. Twenty angulated abutments attached to implant fixtures were tightened
to the manufacturers’ prescribed torque at 2 different input angles: 0 and 28 degrees off axial
(n=10/group). Input and reverse torque values were recorded by using calibrated torque sensor
devices and compared for significant differences by using the Mann-Whitney U test. Fifty
hexalobular screws were subjected to screwdriver angle variations of 0, 10, 15, 25, and 28
degrees (n=10/group). The input torque (screw head) and output torque (screw body) were
recorded. The Kruskal-Wallis rank sum test and the post hoc Dunn test were used for statistical
analysis of the output torque (a=.05).

Results. Significant differences in mean reverse torque existed (P<.05) between the
abutment-implant connection at the 2 angles measured. Significant differences were found at the
output torque with varying angles of input torque (P<.05). No statistically significant differences
were determined between 0 and 15 degrees. Torque values were significantly reduced for 25- and
28-degree angulations.

Conclusions. Angle changes may affect the screw torque and ultimate preload. At extreme
angulation beyond 15 degrees, screw performance may be affected and have clinical relevance in
areas with high occlusal load. (J Prosthet Dent 2020;123:524-8)
The ability to remove an
implant restoration predict-
ably, coupled with avoiding
the risk of cement-induced
peri-implant disease, has led
to new developments in the
use of screw-retained dental
implant restorations.1 Previ-
ously, the inclination of the
implant axis and the screw
channel emergence location
has been a limitation, espe-
cially for maxillary anterior
implant restorations. One so-
lution has been the use of
hexalobular screw, which al-
lows implant-abutment off-
axial inclinations of up to 28
degrees.2 The hexalobular
screwdriver can be engaged at
different angles, allowing the
fabrication of a crown with a
screw channel that can be
directed away from areas of

concern. The hexalobular screw system is in effect a gear
mechanism, that is, a toothed wheel that engages
another toothed wheel to change the direction of trans-
mitted motion. This relationship does not exist with a
conventional axial screwdriver inserted in the long axis of
the screw. The directional change in motion between the
driver and screw head may result in loss of torque
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transmitted to the screw because of slip or friction.3

Should this occur, the screw may fail to achieve the
anticipated preload value ascribed to the joint and failure
may occur.4-6

The purpose of this study was to determine how a
predetermined standard input torque delivered at
0-degree and 28-degree (maximum) screwdriver angles
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Figure 1. Dynamic abutment mounted with 28 degrees of angulation of
screw channel.

Clinical Implications
With a hexalobular screw system designed to allow
for off-axial screw channel access, extreme
angulation reduces the ability of the screw to obtain
optimum preload and may result in premature
screw loosening.
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affects the reverse torque (used as a measure of screw
resistance to loosening) and to assess how the standard
input torque delivered at various angulations transmits to
the output torque of the hexalobular screw. The null
hypotheses were that the maximum angulation would
not affect the ultimate reverse torque measurement of
the hexalobular screw related to the abutment-implant
connection and that the input torque angle would not
affect the output torque of the hexalobular screw.

MATERIAL AND METHODS

Twenty abutment-to-implant fixture test specimens were
fabricated by attaching abutments (3.0 Dynamic Abut-
ment; Talladium International Implantology) to implant
fixtures (NobelActive, Regular platform; Nobel Biocare)
by using hexalobular screws (Dynamic screw; Talladium
International Implantology) specific to the abutment
connection. The specimens were embedded in acrylic
resin and held in a vice such that the long axis was
perpendicular to the mounting table. The abutment
system chosen provides for a plastic sleeve that was
preangled before casting and that could be angled to a
maximum of 28 degrees (Fig. 1). A digital torque gauge
(Model: HTGS; Imada Inc) measuring the input torque
was used at the 2 different angulations with specimen
tightening to 25 Ncm at 0 and 28 degrees (n=10/group)
(Fig. 2A). To determine the long axial reverse torque
provided to the screw, the sleeve was rotated to 0 de-
grees, and the peak torque required to unscrew was
measured (Fig. 2B). The sample size was determined
from a pilot study and power analysis. For a=.05 and
b=.80, 10 specimens per group were needed for a 20%
effect change, representing a clinically significant differ-
ence in torque values.7

Fifty hexalobular screws (Dynamic screw) were
collected and divided randomly into 5 different screw-
driver angulation groups: 0-degree, 10-degree, 15-
degree, 25-degree, and 28-degree angulations. The
hexalobular screwdriver was held in a rotatable stand
permitting driver angulations between 0 and 28 degrees
and connected to a digital torque gauge (Model: HTGS;
Imada Inc) to deliver the input torque value (ITV) (Fig. 3).
The test hexalobular screw body was attached to a torque
Opler et al
sensor (Futek) with a strain measurement module (Data
Translation Inc) to record the output torque value (OTV).

The value of 25 Ncm ITV was applied according to the
manufacturer’s instructions at the test angle, and the OTV
of the screw was recorded simultaneously for each group
(n=10). A new screwdriver was used for each group to limit
wear. All measurement data were recorded, and the
normality of the data was tested by the Shapiro-Wilk test.
The reverse torque values from the 0- and 28-degree
angulation groups were analyzed by the Mann-Whitney
U test when data were not normally distributed.
ANOVA of the means of ITV and OTV at different tested
angulations were performed when normal distribution for
ITV existed, and the Kruskal-Wallis rank sum test and the
Dunn test were performed for the multiple comparisons
procedure for OTV when non-normal distribution existed
(a=.05 for both tests).

RESULTS

The mean input torque for both specimen sets (0 and 28
degrees) was 25 Ncm. The mean and standard deviation
of reverse screw torque obtained for the 0-degree group
was 22.18 ±0.42 Ncm with a range from 21.71 Ncm to
23.10 Ncm. For the 28-degree group, the mean and
standard deviation of reverse screw torque was 17.44
±1.17 Ncm with a range from 15.36 Ncm to 19.73 Ncm
(Fig. 4). A statistically significant difference (P<.05)
existed in mean reverse screw torque values between the
0-degree group and the 28-degree group.

The means and standard deviations of ITV for
different screwdriver input angulation groups (0, 5, 10,
20, and 28 degrees) ranged from 24.97 ±0.02 Ncm to
25.01 ±0.42 Ncm. ANOVA showed that there were no
statistically significant differences among the 5 groups
(P>.05). The means and standard deviations of OTV ob-
tained ranged from 24.36 ±0.68 Ncm to 25.81 ±0.40 Ncm.
THE JOURNAL OF PROSTHETIC DENTISTRY



Figure 2. A, Example of 25 Ncm measured input torque. B, Measurement
of reverse torque after aligning screw to long axis (0 degree).

Figure 3. Experimental arrangement. Application of input torque (Ncm)
through torque delivery screwdriver holding device with angulation
measured (degrees). Lower apparatus stand shows screw head held in
torque measuring device where readings for output torque measured in
Ncm were made.

526 Volume 123 Issue 3
There were statistically significant differences of mean
OTV at different angulations (P<.05) (Fig. 5).

Photographs made of selected sites after tightening
and loosening indicated that some wear had occurred,
predominately at the screw head, suggesting slipping of
the driver (Fig. 6A). The drive head showed a minimal
change (Fig. 6B).
THE JOURNAL OF PROSTHETIC DENTISTRY
DISCUSSION

The clamping force for an abutment-fixture joint is
enhanced when an appropriate preload is developed
within the screw. Of the total amount of torque applied
when preload is developed, only approximately 10% of
input torque results in the desired stress/strain of the
screw.3 If the input torque is reduced, both the stress and
strain will decrease, which may compromise the screw
joint and could result in loosening of the abutment-
fixture joint and failure.5 In this present study, the
angulation of the screwdriver affected the ultimate torque
delivered between 0 and 28 degrees, and the hexalobular
screw output torque did vary according to angulation.
The null hypotheses were therefore rejected. The results
of this study showed a reduction in reverse torque of
approximately 23% when the maximal angulation of the
screw access channel was used. Specifically, evaluating
the screw input torque allowed an estimation of where
Opler et al
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Figure 5. Box plot of mean output torque value (Ncm) measured at
screw body and values at different angulations recorded. Angulations
with similar superscript letters not statistically different (P>.05).

Figure 6. A, Representative photograph of damage to screw head at 28
degrees of angulation indicating wear and damage within the screw
head. B, Minor scratch marks noted on driver after multiple uses.
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Figure 4. Box plot of reverse torque values with abutment at 0 and 28
degrees of angulation.
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the change may be occurring. This was most likely to be a
relative movement (slip and friction) between the
screwdriver head and the insertion site into the screw, as
the abutment connection site position remained con-
stant. No statistically significant differences were noted
between the 0- and 15-degree angulations, suggesting
that the contact area of the screw head and driver were
comparable and that energy absorption through friction
at the screw head between 0- to 15-degree screwdriver
input angulations was minimal. At the 25- and 28-degree
angulation, energy transfer resulting in lower torque to
the body of the screw would result in a joint more sus-
ceptible to screw loosening.
Opler et al
Clinically, this means that screwdriver angulations
above 15 degrees may lead to more abutment screw
loosening and may be more critical in off-axis restora-
tions with angled-abutment screw systems as oblique
functional and parafunctional loading forces may also
occur.4,5 The effect of various occlusal loads on long-term
THE JOURNAL OF PROSTHETIC DENTISTRY
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screw joint stability requires further study to determine
the mechanical effects that may result if preload torque is
underestimated. Representative photographs revealed
scratches and wear had occurred at the screw head.
These appeared more evident with the 28-degree angu-
lation and should be further evaluated as this may limit
the number of times the screw may be tightened and
loosened (Fig. 6).

Other angled screw channel abutments for other
systems may require greater torque, which may also
affect the wear and distortion seen in the screw head.
The study was limited by the number of specimens,
which allowed for only a limited number of angles to be
measured; the angles above 15 degrees where a statistical
significant reduction in OTV occurs have yet to be
determined. Only 1 type of hexablobular screw system
was used in this study, and it may be that other systems
also show wear due to slip and friction and that further
evaluation is required. In addition, no cyclic loading was
undertaken, which may also affect the results. However,
within the limitations of this study, the input torque and
output torque for hexalobular screws engaged at 0 to 15
degrees of angulation were not significantly different for
the system chosen.

CONCLUSIONS

Based on the findings of this in vitro study, the following
conclusions were drawn:

1. The hexalobular screw system allowed off-axial
screw angle changes from 0 to 15 degrees without
THE JOURNAL OF PROSTHETIC DENTISTRY
significant loss of input torque being delivered to
the output torque.

2. At 25 degrees and above, the output torque was
significantly reduced.

3. A reduced screw axis torque resulted in lower pre-
load value and may be clinically relevant in areas
with high occlusal load.
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