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Abstract
Background: Self-tapping bone screws hard to insert will brings many surgical risks such as damage the
bone, screw failure. This study investigated the effect of different cutting �ute offset and different
surface treatment on the insertion torque and pullout strength for self-tapping bone screws.

Methods: Titanium alloy screws with �ve types cutting �ute offset and two types surface treatment, were
tested for maximum insertion torque and pullout strength in a simulation cortical bone material. One
group of each type surface treatment screws were tested for torsional properties. All tests were principally
performed according to bone screws test standard.

Results: For two types surface treatment, the insertion torque of design with 0.4mm offset was less than
others cutting �ute offset (p 0.05), and the pullout strength of design with 0.2mm offset was bigger than
others group (p 0.05). Compared two surface treatment, the insertion torque of dark anodized screws was
less than bead blasted, and the former pullout strength was bigger than the latter screws with the offset
from 0mm to 0.4mm(p 0.05).

Conclusions: The study results show that different cutting �ute offset design and surface treatment
effect on the insertion torque, and the bigger cutting �ute offset has the lower inserting resistance, and
the comprehensive performance of dark anodized screws were better than bead blasted. 

Background
Self-tapping functional design of bone screw has been widely used in surgical operation. Like self-
tapping cortical screws, cancellous screws, pedicle screws, cannulated screws and so on are commonly
used in trauma, spine, joint replacement and bone graft surgery, meanwhile, non-self-tapping screws are
also currently available[1, 2]. It has been suggested that insertion torque and pullout strength were two
signi�cant properties for bone screws [3, 4], and were principally obtain in experimental method according
to ASTM F543 [5]. Early research reported that similar pullout strength between self-tapping and non–self-
tapping screws in vivo or vitro models [6]. However self-tapping screws can decrease surgical steps,
reduce surgical instruments and time of operation as compared with no-self-tapping screws [7, 8]. There
also has reported that insertion torque of self-tapping screws was lower and pullout strength was higher
than conventional pre-tapped screws [9].

As we know the lower insertion torque, the higher safety against rotation resistance during screw
insertion. Unwanted screws or screwdrivers breakage maybe direct result of excessive insertion torque
due to the thread cutting resistance more than screw strength or screwdrivers strength. One case is the
self-tapping screw fractured at thread during insertion (Fig. 1), and another case is two screwdrivers
fractured during insert screw (Fig. 2). Also we believed the higher the pullout strength, the higher is the
capability of screws to resist lag forces [10, 11]. So we expected relative lower insertion torque, and higher
pullout strength. Although numbers of research has focus on the design of thread pitches, cutting �ute



Page 3/19

lengths and cutting �ute numbers on in�uence of self-tapping screws insertion torque and pullout
strength [12, 13, 14]. William et al. [15] the bigger thread pitches of screws has the higher insertion torque, but
different screw pitches designs is unrelated to their pullout strength in in a model of osteoporotic
cancellous bone. And Scott et al. [3] reported screws with more than two �utes were easier to insert and
did not cause cortical damage during insertion and the screw with four full-length �utes showed a trend
toward being the easiest to insert and having the greatest holding strength, but more and longer cutting
�utes may lead to soft tissue irritation [16]. Therefore, less cutting �utes number and shorter cutting �utes
length may bene�t the patient. We need to consider other methods to improvement the self-tapping screw
performance of insertion torque and pullout strength.

We �nd little research has focus on the design of cutting �ute offset and surface treatment of self-
tapping screws. Previous studies showed that bone drill bit cutting �ute offset was a critical factor and
was inversely related to the bone cutting e�ciency. However to date there was no data for how cutting
�ute offset could in�uence the performance of self-tapping bone screw [14, 17]. And earlier Frank et al. [7]

reported the geometry of the cutting �utes in bone screws has a considerable effect on the insertion
torque and pullout strength, this depends on machining and surface treatment procedure (mechanical
and/or electro-polishing). This study was designed to evaluate the effect of cutting �ute offset and
surface treatment on self-tapping bone screw in a surrogate cortical bone model, and compared with
screws maximum torque and torsional yield strength, �nd a more safety design solution.

Results

Roughness
The mean roughness of bead blasted surface treatment was 0.771um, and the mean roughness of dark
anodized was 0.624um (Table 1), the latter surface treatment was signi�cantly (p 0.0001) lower than the
former, lower surface roughness means lower surface friction coe�cient.

Torsional property
The mean maximum torque of bead blasted screws was 2.85 N m, and yield torque was 2.12 N m, there
were not show signi�cant difference for dark anodized screws in maximum torque 2.88 N m (p = 0.14)
and yield torque 2.15 N m (p = 0.12) (Table 1). We found that the two surface treatments not signi�cantly
in�uence the screw mechanical properties.
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Table 1
Roughness and torsional test results of two surface treatment

Surface treatment Ra Roughness (SD) Maximum Torque (SD) Yield Torque (SD)

Bead blasted 0.771(0.061) 2.85(0.07) 2.12(0.05)

Dark anodized 0.624(0.046) 2.88(0.05) 2.15(0.04)

SD, standard deviation; Ra Roughness (um); Maximum Torque (Nm); Yield Torque (Nm); values are
expressed as mean (SD).

Insertion testing
For bead blasted screws, the mean maximum insertion torque of design e was signi�cantly (p 0.05) lower
than those for designs a, b and c (Table 2), and for dark anodized screws, the mean maximum insertion
torque of design E was signi�cantly (p 0.05) lower than those for designs A, B and C (Table 2), cutting
�ute offset was signi�cantly in�uence the mean insertion torque, and we found that the linear decreasing
trend of insertion torque as the cutting �ute offset increasing (Fig. 3, Fig. 4) for same to two surface.
Compared two surface treatments, the insertion torque of dark anodized screws was signi�cantly
(p 0.05) lower than bead blasted screw for cutting �ute offset of 0 mm, 0.1 mm, 0.2 mm.

Table 2
 Maximum insertion torque and pullout strength for different cutting �ute offset

Offset/Screw design MIT (SD) POS (SD)

0 mm/a 2.73 (0.07) 2744 (39)

0.1 mm/b 2.42 (0.25) 2749 (33)

0.2 mm/c 1.85 (0.21) 2770 (32)

0.3 mm/d 1.01 (0.12) 2760 (31)

0.4 mm/e 1.03 (0.22) 2764 (56)

0 mm/A 2.49 (0.16) 2802 (16)

0.1 mm/B 1.77 (0.41) 2833 (18)

0.2 mm/C 1.48 (0.32) 2867 (47)

0.3 mm/D 0.91 (0.07) 2812 (18)

0.4 mm/E 0.83 (0.06) 2799 (21)

SD, standard deviation; MIT, Maximum insertion torque (Nm); POS, pullout strength (N); values are
expressed as mean (SD).

Pullout strength testing
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For bead blasted screws, the mean pullout strength shows no signi�cant difference of �ve
designs(P 0.05) (Table 2, Fig. 5), and for dark anodized screws, the mean pullout strength of design C
was signi�cantly (p 0.05) higher than those for designs A, D and E (Table 2, Fig. 6). Compared two
surface treatments, the mean pullout strength of dark anodized screws was signi�cantly (p 0.05) higher
than bead blasted screw for cutting �ute offset of 0 mm, 0.1 mm, 0.2 mm and 0.3 mm.

Discussion
If screws hard to insert will add many surgical risks include damage the bone, heat generation, screw
failure or screwdriver fracture, that would be many unexpected results occur in operation room may lead
to more operation steps and time, patients slower recovery, even failure of operation[10, 16, 20 ]. If screw has
lower pullout strength, that maybe couldn’t maintain construct stability of internal �xation in healing
process. For example, nonlocked plate-screw construct, the screw may retreat from the bone and matched
plate, and locked plate-screw construct, the plate and screw construct may retreat from the bone because
of lack of holding power, that would be lead to soft tissue irritation or interference with muscle and result
in patient discomfort or pain, even may lead to �xation failure needed a second operation. Current study
indicated that surgeons prefer a self-tapping screw that starts easily, and expect lower insertion torque
that operates comfortable, but also choose higher holding power with stable �xation. As we know many
design factors in�uence the �nal insertion torque and pullout strength of the self-tapping screws, such as
design of cutting �ute, thread, surface treatment, and matched drill bit.

The goal of this study was to investigate the effect of cutting �ute offset and surface treatment on the
insertion and pullout performance of self-tapping screws, and leaving all other parameters equal.
Surrogate bone material was used as a substitute for human cortical bone because of biomechanical
similarity and uniformity test condition. The results of this study indicate that the insertion torque become
lower trend with the cutting �ute offset added (Fig. 3 and Fig. 4), but the pullout strength did not show
signi�cant differences (Fig. 5 and Fig. 6), and compared two surface treatment, the insertion torque and
pullout strength of dark anodized screws was signi�cantly better than bead blasted screw for cutting �ute
offset of 0 mm, 0.1 mm, 0.2 mm. From the torsional test, we got the screw relative mechanical property of
maximum torque and yield torque, the safety insertion torque was ideally lower than screw yield torque,
that’s ensure the screw not failure and decrease resistance of the driver bit during operation, offset
0.2 mm, 0.3 mm and 0.4 mm were better chose. From the roughness results found that dark anodized
surface has low friction make screw ease to insert and also higher pull strength, offset 0.2 mm was the
best design with pullout strength.

There are many other factors that might in�uence insertion torque and pullout strength, here only
considered �ve cutting �ute offset and two surface treatment, and used surrogate bone material might
in�uence the test results precision. Clinic use also meeting many others surgical risks we not research in
this study, like screw stripping was an important aspect of clinic failure risk [21]. This study just clearly
indicates that cutting �ute offset design and surface treatment choice could gave us the ideally
application requirement.
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Conclusion
We designed experiments on insertion torque and pullout strength for self-tapping bone screws with
different cutting �ute offset and two surface treatments. It is found that the cutting �ute offset has a
signi�cant in�uence on the insertion torque of the screw, which provides a method to reduce the failure of
the screw and the di�culty of insertion during the operation. The insertion torque decreased clearly with
the increase of the cutting �ute offset, but the effect on the pull-out strength was gentle. In addition,
within a certain range of cutting �ute offset, the improvement of the screw with dark anodized surface
treatment is higher than bead blasted from the perspective of comprehensive properties.

Methods

Experimental overview
Five types of self-tapping screws with varying cutting �ute offset designs, and two different surface
treatments, total ten test groups were inserted in uniform simulated human cortical bone materials for the
purpose of evaluating self-tapping screw insertion torque and pullout strength. In addition, two groups of
surface treatment screws were tested for surface roughness torsional properties. Six screws were tested
for each group situation. All data were statistically analyzed using a one way analysis of variance with a
level of signi�cance of 0.05 to determine differences among means.

Screws
Custom manufactured Ti-6Al-4V alloy screws were used for all tests (Fig. 7). All screws had an identical
3.5 mm major diameter, a 2.4 mm minor diameter, a 1.25 mm thread pitch, and so on, these design
parameters reference to ASTM F543 ANNEXES 5[5], and all screws design with same three cutting �utes
and 4.5 mm same �ute lengths, same total 40 mm lengths, but with varying different cutting �ute offset
design (Fig. 8). This study chose the �nal surface treatments of screw were commonly used in
orthopaedic surgery for use bead blasted process and dark anodized process, these two surface
treatments were applied in titanium-made implants for decades. 10 groups test samples list as Table 3.
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Table 3
Variations in cutting �ute offset and surface treatment
Screw design Offset value(q) Surface treatment

a 0 mm Bead blasted

b 0.1 mm Bead blasted

c 0.2 mm Bead blasted

d 0.3 mm Bead blasted

e 0.4 mm Bead blasted

A 0 mm Dark Anodized

B 0.1 mm Dark Anodized

C 0.2 mm Dark Anodized

D 0.3 mm Dark Anodized

E 0.4 mm Dark Anodized

Simulation cortical bone material
For compared different screw designs at the relative uniformity test situation, many researchers used
simulated material instead of human bone [15, 18, 19]. This study used synthetic biomechanical bone
material was manufactured from solid rigid block of BM5166 (HUNTSMAN, Switzerland) instead of
human bone. The uniformity and consistent properties of solid block make it an ideal material for
comparative testing of bone screw, with density 1.7 g/cm3, compressive stress 95 MPa, compressive
modulus 7000 MPa, for �exural strength 60 MPa. Each test foam block manufactured 10 mm thickness,
and pre-drilled 2.5 mm diameter hole used a 2.5 mm surgical matched drill bit, all with machining �nished
ensure uniform test situation.

Roughness testing
First tested two �nal surface treatment of bead blasted and bark anodized for Ra roughness with surface
roughometer (SJ-410, Mitutoyo), here used substitute column specimen of 3.5 mm diameter with same
material and process, because screw with complex surface is hard to test roughness directly.

Torsional testing
Place the screw in the holding device so that �ve threads, below the head of the screw are exposed
outside the holding device (Fig. 9). The screw head was driven by the test machine (Z5.0TN) and a
20 N m torque sensor (Zwick, accuracy of ± 0.5% of reading from 5% to full scale of torque cell), by
applying a torsion speed of 3 r/min until the screw breakage according to ASTM F543 ANNEXES 1 test
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method. Record torsional yield strength and maximum torque. This test result was irrelevant to cutting
�ute design, so here each surface treatment tested one group with 0 mm offset.

Insertion testing
Placed the specimen in the test �xture (Fig. 10), the specimens were driven into the test block, using the
appropriate screwdriver bit on the test machine (Z5.0TN) and a 20 N m torque sensor (Zwick, accuracy of
± 0.5% of reading from 5% to full scale of torque cell), by applying a torsional force at a rate of 5 r/min
with continuous augmentation until screw tip cutting �utes full protruded underside of test block.
According to ASTM F543 ANNEXES 2 the maximum insertion torque was measured during the initial four
revolutions. A 10N axial preload was used to maintain the screwdriver bit in the screw head during
insertion test with a 500 N load sensor (Zwick, accuracy of ± 0.5% of reading from 5% to full scale of load
cell).

Pullout strength testing
After each screw with insertion test go on to pullout test, place the test sample with block in another
experimental testing apparatus mounted in test machine (Z5.0TN) (Fig. 11). The test block was
supported by a stainless steel frame with a hole for screw head traverse, the screw head placed in the slot
of load �xture and seated in the spherical recess according to ASTM F543 ANNEXES 3. The load �xture
applied to screw at constant rate of 5 mm/min with a 5000 N load sensor (Zwick, accuracy of ± 0.5% of
reading from 5% to full scale of load cell) until the screw failed or released from the test block, record the
maximum force as pullout strength.

Abbreviations
ASTM
American Society for Testing Materials; SD:Standard deviation; MIT, Maximum insertion torque; POS,
Pullout strength.
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Figure 1

one insertion failure case of self-tapping bone screw
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Figure 2

Two insertion failure cases of driver
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Figure 3

A bar chart of maximum insertion torque for each screw design of bead blasted regression analysis.
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Figure 4

A bar chart of maximum insertion torque for each screw design of dark anodized with regression
analysis.
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Figure 5

A bar chart of pullout strength for each screw design of bead blasted with regression analysis.
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Figure 6

A bar chart of pullout strength for each screw design of dark anodized with regression analysis.

Figure 7

one sample of 3.5mm self-tapping screw

Figure 8

Cutting �ute offset design
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Figure 9

Torsional test set up
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Figure 10

Insertion test set up
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Figure 11

Pullout test set up


