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™ The Effect of Repetitive Pilot-Hole Use on the Insertion
Torque and Pullout Strength of Vertebral System Screws

Helton L. A. Defino, MD, PhD,* Rodrigo César Rosa,* Patricia Silva,*
Antonio Carlos Shimano,* José Batista Volpon,* Francisco José Albuquerque de Paula,t
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Study Design. /n vitro biomechanical investigation of
the screw-holding capacity.

Objective. To evaluate the effect of repetitive screw-hole
use on the insertional torque and retentive strength of ver-
tebral system screws.

Summary and Background Data. Placement and re-
moval of vertebral system screws is sometimes necessary
during the surgical procedures in order to assess the walls
of the pilot hole. This procedure may compromise the hold-
ing capacity of the implant.

Methods. Screws with outer diameter measuring 5, 6,
and 7 mm were inserted into wood, polyurethane, polyeth-
ylene, and cancellous bone cylindrical blocks. The pilot
holes were made with drills of a smaller, equal, or wider
diameter than the inner screw diameter. Three experimental
groups were established based on the number of insertions
and reinsertions of the screws and subgroups were created
according to the outer diameter of the screw and the diam-
eter of the pilot hole used.

Results. A reduction of screw-holding capacity was ob-
served between the first and the following insertions re-
gardless the anchorage material. The pattern of reduction of
retentive strength was not similar to the pattern of torque
reduction. The pullout strength was more pronounced be-
tween the first and the last insertions, while the torque
decreased more proportionally from the first to the last
insertions.

Conclusion. Insertion and reinsertion of the screws of
the vertebral fixation system used in the present study re-
duced the insertion torque and screw purchase.

Key words: spine, bone screws, biomechanics, inser-
tion torque, retentive strength. Spine 2009;34:000-000

The success of the spinal arthrodesis depends on the fix-
ation of the operated segment, thus maintaining the cor-
rection and assuring future bone union. The mechanical
stabilization relies on the performance of screws for an-
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chorage into the bone which, in turn, is directly related to
the purchase of the screw into the vertebrae.'

During the surgical procedure, insertion into, re-
moval, and reinsertion of the screws is a recommended
procedure to determine the pathway of the pilot hole and
to detect possible violations of the lateral wall of the pilot
hole that might damage adjacent structures of the verte-
bral canal.>* However, this procedure may interfere
with the hardware-holding capacity.

The effects of repetitive screw-hole use have been
studied in bone osteosynthesis and in this situation re-
moving a screw and reinserting it into the same hole was
found not to cause loss of its holding capacity.>® How-
ever, in this situation, the screws were inserted into cor-
tical bone and the results obtained may not be applied to
vertebrae that are mainly composed of cancellous bone
surrounded by a layer of cortical bone. Thus, the purpose
of the present investigation was to determine the effect of
the repeated use of the pilot hole on pullout strength of
vertebral fixation system screws with variation of the
hole diameter and screw dimensions.

B Materials and Methods

Pilot holes with different diameters were drilled into cylindrical
blocks of different materials and screws with different diame-
ters were driven through them with monitoring of the inser-
tional torque and, later, performing mechanical pushing out
tests. The variables studied were the number of screw insertions
and the diameter of the screws in relation to the diameter of the
pilot holes.

Cylinders made of wood, polyurethane, high molecular
weight polyethylene, or cancellous bone were used. The wood
blocks were obtained from a pinus variety (Arauacaria angus-
tifolia), a native species from Brazilian woods, with a mean
density of 0.57 g/cm?. This parameter was obtained by the
relation between mass and volume. The polyurethane samples
consisted of expanded polyurethane that resulted from mixing
isocyanate with polyol, with a density of 0.04 g/cm?® (Nacional
Ltda). The polyethylene was a polyolefin of ultrahigh molecu-
lar weight with a density of 0.93 g/cm?® (Impactto Ltda), as
recommended by the technical guidelines for the analysis of the
spine fixation system.'

From 4- to 5-year-old healthy animals (Bowvis spp.), bovine
bone blocks were obtained from the metaphysis of the distal
femur and stored frozen at —20°C. Later, this material was
selected according to the mechanical resistance and mineral
density. For this, first the bone blocks were thawed at room
temperature and nondestructive mechanical compression tests
were carried out in all the samples with a final selection of 300
samples that presented mean stiffness of (6.3—4.7) X 10° N/m.

» <2zdoi;10.1097/BRS.0b013e31819e3556 >
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Table 1. Chart 1—Grouping and Subgrouping

Screw Quter Hole Diameter

Groups Material Diameter (mm) (mm)
Group 1 Wood polyurethane 5 3.0
(1 screw insertion) polyethylene 3.8
bovine bone 45

Group 2 6 4.0
(1 screw reinsertion) 48
5.5

Group 3 7 4.0
(2 screw reinsertions) 48
5.5

6.5

Testing was performed in a safe limit in the elastic phase, as
determined previously in pilot studies. Following this, the sam-
ples were submitted for mineral density assessment by dual
radiograph absorptiometry and using the QDR system with
software version 11 to 2:5 (Hologic 4500 W, Waltham, MA)
with selection of the specimens in the interval 0325 = 0097
g/cm® (mean *+ standard deviation). The screws used were of
the USS system (Synthes), with 45 mm in length and outer
diameters of 5, 6, and 7 mm. The 7-mm screw has larger thread
pitch and depth compared with 5- and 6-mm screws that have
the same thread pitch and depth.

All the cylindrical blocks had a diameter of 30 mm and were
initially prepared by drilling 1 perpendicular hole into its cen-
ter. Holes measuring 3.0, 3.8, and 4.5 mm in diameter were
drilled for screws measuring 5 mm in outer diameter (3.8 mm
of inner diameter). Holes measuring 4.0, 4.8, and 5.5 mm in
diameter were drilled for screws measuring 6 mm in outer di-
ameter (4.8 mm of inner diameter) and holes measuring 4.0,
4.8, 5.5, and 6.5 mm in diameter were drilled for screws mea-
suring 7 mm in outer diameter (4.8 mm of inner diameter). All
screws had 45 mm in length and they were driven through the
hole with a torque device (Makena, Brazil) that provided the
mean torque on each turn. However, for analysis, it was con-
sidered the mean torque of the last turn that was reached when
10 mm of the screw tip protruded through the opposite side of
the block. Then, the screw was removed and reinserted once or
twice, according to the group, with measurements of the last
turn insertional torque. Three experimental groups were estab-
lished based on the number of insertions and reinsertions of the
screws and subgroups were created according to the outer di-
ameter of the screw and the diameter of the pilot hole used
(Table 1).

The mechanical pushing-out tests were performed using an
Emic universal testing machine working with a load cell capac-
ity of either 2000 or 20000 N. The block was placed on a
support positioned with the screw tip pointing upward and a
pushing out load (F) was vertically applied to the tip of the
screw at a rate of 2 mm/min. A stainless steel accessory fitted
the screw tip to protect it and to provide an adequate surface
for load application (Figure 1). After testing, samples of screws
inserted into harder materials as wood and polyethylene were
examined under the profile projector to discard damage to the
threads. Data were processed by software that computed the
pushing out strength. Data were analyzed statistically by mul-
tifactorial analysis of variance and by the post hoc Bonferroni
test with level of significance set at 5% (P = 0.05).

<— Pushout accessory

<— Anchoring material

< Pedicle screw head

Figure 1. Schematic of the pushing out test. The block was placed
on a support with the tip of the screw protruding 1 cm and pointing
upward. A metal accessory protected the screw tip and provided
an adequate surface for load application.

H Results

Insertion Torque
Results of the insertion torque of 5- and 6-mm screws
inserted into different material blocks and using different
pilot holes are illustrated in Figures 2 and 3. The inser-
tion torque of screws measuring 5 and 6 mm in diameter
inserted into the various blocks were significantly differ-
ent between the first insertion and the following inser-
tions (P < 0.001) for all pilot-hole diameters, except for
the 4.5-mm hole in polyurethane.

The results of insertion torque of 7-mm screws placed
into the different materials with different pilot holes are
presented in Figure 4. The insertion torque of 7-mm
screws differed significantly between the first and the fol-
lowing insertions in all materials and all pilot-hole diam-
eters (P < 0.001).

Pullout Strength
The results of maximum pullout strength for 5-mm
screws driven into the different materials in different hole
diameters are presented in Figure 5. The pullout strength
of 5-mm screws inserted into the wood, polyurethane
and bovine bone blocks was significantly different be-
tween the first and the following insertions for all pilot-
hole diameters (P < 0.001). However, for bovine bone a
statistically significant difference was observed between
the first and third insertion for all pilot-hole diameters
(P < 0.001).

The maximum pullout strength of 6-mm screws in-
serted into different materials with different pilot holes is
presented in Figure 6.The pullout strength for 6-mm
screws inserted into the wood was significantly different
between the first and the following insertions for all hole
diameters (P < 0.001). In polyurethane, polyethylene,
and bovine bone, there was a significant difference be-
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Figure 2. Histograms of the in-
sertion torque of 5-mm screws

driven into pilot holes of different - ol

diameters. The asterisk (*) indi- £ ::’ * s
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hole.

tween the first and the third insertions into holes of dif-
ferent diameters (P = 0.02, P < 0.001, P = 0.006, re-
spectively).

The results of maximum pullout strength of 7-mm
screws inserted into different materials with different
hole diameters are presented in Figure 7. The maximum
pullout strength in wood, polyurethane, and polyethyl-
ene samples were significantly different between the first
and the following insertions for all hole diameters (P <
0.001). In the bovine bone, a statistically significant dif-
ference was observed between the first and third inser-
tion in all hole diameters (P = 0.01).

B Discussion

Vertebral screws play a prime role in the initial holding
capacity of the vertebral fixation system that has been
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designed to provide immediate stability and rigid immo-
bilization.”™ The initial stability of the vertebral system
relies on the purchase achieved in the interface between
the screw and bone, whose strength can be described in
terms of screw pullout resistance,”'°~'* which in me-
chanical tests is the same of the pushing out strength.®'?

The screw pullout strength is a parameter that results
from the interaction of bone mineral density, screw
thread, and pilot hole.'®!'"1*15 Considering these fac-
tors the pilot hole is the only variable that can be con-
trolled during the operation and depends on the attitude of
the surgeon. Parameters related to the preparation of the
pilot hole in the vertebrae have been studied, with emphasis
on its diameter and mode of preparation.”'>'*~17 Screw-
hole preparation can be varied to maximize the holding
power of the screw.>'">'*1¢ However, the effects of the

Polyurethane

I 12 Insertion
122 Insertion
37 Insertion

4.8mm

Pilot hole diameter

Figure 3. Histograms illustrating
the insertion torque of 6-mm
screws driven into pilot holes of
different diameters. The asterisk
(*) indicates a statistically signif-
icant difference to values of the
fist insertion into the specific di-
ameters of the pilot hole. ** In-
* N dicates significant difference to
values of first and second inser-
tion into the specific diameters of
the pilot hole.

Bovine bone
I 12 Insertion

22 Insertion
S 3° Insertion

5.5mm

4.8mm
Pilot hole diameter

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



balt6/zsp-spine/zsp-spine/zsp00909/2sp7884-09z | xppws | S=1 | 3/9/09 | 6:26 | Art: BRS202703 | |

4 Spine * Volume 34 * Number 9 *+ 2009

Wood Polyurethane
2.5- .06+

- [ 12 Insertion - ags [ 12 Insertion

; 2.0 122 Insertion E 0.054 22 Insertion

§- 1.5 ESSI3 Insertion ;:: aoal W Y3 Insertion

= T

s * S 0.034

£ 1.0 N * =

S \ S 0.024

£ \ N E

§ 051 \ \ 2 0.01

c \ N £ %01

= % % =

0.0- S S 0.00-
40mm 48mm 55mm  6.5mm 4.0mm 4.8mm 55mm 6.5mm
Pilot hole diameter Pilot hole diameter

Figure 4. Histograms illustrating Polyethylene Bovine bone
the insertion torque of 7-mm 2,04 -
screws inserted into pilot holes = B Inseion ™ I 17 Insertion
of different diameters. The as- Z 154 ) Zinsuston £ C12° Insertion
terisk (¥) indicates a statisti- g SFinsetion g s ESI3* Insertion
cally significant difference to § 101 4
values of the fist insertion into E =
the specific diameters of the pi- £ 051 £ 0259
lot hole. ** Indicates significant @ @
difference to values of first and ~ ol = 000

4.8mm

4.0mm

second insertion into the spe-
cific diameters of the pilot hole.

repetitive pilot-hole use on the pullout strength of the ver-
tebral screw have not been reported, although this surgical
maneuver is performed and recommended to increase the
safeness of the technique.’*®

Our study design presents some limitations and our
results may not be totally transferred to human condi-
tions. In fact, we do recognize that a more realistic study
design should include human vertebrae. However, due to
medical-legal limitations, human vertebrae are not al-
ways available in a sufficient number of specimens to
carry out a proper study. Another problem regarding the
use of human material is the considerable variation in
bone quality that may compromise the results or cause a
limitation in sample size.®”>'® Therefore, many research-

5.5mm
Pilot hole diameter

4.0mm

Pilot hole diameter

ers have employed cancellous bone or samples collected
from natural or synthetic materials'*'”~*! so that a con-
sistent and representative model could be used to replace
the human vertebrae, thus allowing for a large number of
trials. Furthermore, the use of different materials pro-
vides a combination of parameters that may compensate
for some limitation of the model. In our investigation,
the main purpose was to study the relationship between
screw reinsertion and the pullout strength. The materials
that received the implants differ in terms of isotropy
(polyurethane and polyethylene) and anisotropy (cancel-
lous bone and wood) and in terms of density.

Our overall results confirm intuitive acceptations,
that is, reinsertion of the screws compromise the holding
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capacity of the implant but, this side-effect may be par-
tially compensate for using a screw with a larger outer
diameter in relation do the original pilot-hole diameter.
Moreover, this finding is true even when receptor mate-
rials vary in terms of homogeneity and density and, in
last instance, would suggest that this is also valid for
bones of different microarchitecture. Another point is the
use of cancellous bone model to replicate the trabecular
bone found in the vertebral body. The source of our bone
blocks was the cancellous bone from the distal metaph-
ysis, which was probed in terms of structural defects and
density variation, but may present dissimilarities with
the core bone of the vertebral body.
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Even with the above mentioned methodologic limita-
tions our results show very repetitive results from one
material to another, thus suggesting that the results may
be applicable to different bone conditions either for the
pullout strength or the insertion torque. Pullout testing is
thought to be a good predictor of screw fixation strength. '’
Axial pullout tests have generally been used as a method
to evaluate the holding strength of various screw designs
in a previous study.'” Our results confirm the ideas that
mechanical pullout strength tests illustrate the concept that
the holding power of the screw is dependent on the screw
major diameter, on the shearing strength of the material
and pilot hole,'*'*** with a different behavior of the same
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Figure 7. Histograms illustrating
the pullout strength of 7-mm
screws inserted into pilot holes
of different diameters in different
materials. The asterisk (*) indi-
cates a statistically significant
difference to values of the fist
insertion into the specific diame-
ters of the pilot hole. ** Indicates
significant difference to values of
first and second insertions into
the specific diameters of the pilot
hole.
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screw being observed regarding the variables mentioned.
This parameter is directly related to the holding capacity of
a screw and tended to increase with reduction of the pilot-
hole diameter in relation to inner screw diameter. Kuklo
and Lehman?? also observed that undertapping of the tho-
racic pedicle by 1 mm increased the maximal insertional
torque.

The insertion torque has been considered the best pre-
dictor of ultimate screw interface failure** and is corre-
lated with pullout strength.'>?*%5 The insertion torque
results observed in the present study cannot be fully ex-
trapolated to pullout strength, in agreement with other
reports.>> However, in some mechanical tests, the pull-
out strength of vertebral screws was evaluated on the
basis of insertional torque.'***=2”

Our results showed that, in contrast to what has been
observed in studies on cortical bone, removal and rein-
sertion of screws of the vertebral fixation system may
reduce the pullout strength of the implants. Screw place-
ment into and removal from the vertebra may corre-
spond to the tapping effect on vertebral bone, which
reduced the pullout strength of screws inserted into the
vertebrae?® and into synthetic materials.>® Although tap-
ping is desired in cortical bone, it is less desirable in
cancellous bone. Cancellous bone tapping weakens the
implant-bone interface, and since the vertebra essentially
consists of cancellous bone, the repetitive screw-hole use
may be related to weakening of the interface between
cancellous bone and the screw.?*

The insertion of the screw involves the application
through the screwdriver of an end load on the screw. If the
load is applied axially along the length of the screw the
stress induced in the screw will be a pure compressive stress.
In practice, the load is probably applied at an angle to the
screw length and will introduce bending shear stress into
the screw. This can be high at the start of the insertion when
most of the screw length is unsupported.®® This angular
movement occurring during screw insertion may also con-
tribute to the reduction of insertion torque and screw pull-
out strength after repeated insertions.

H Key Points

e Reduction of insertion torque and screw pullout
strength was observed between the first and the
following insertions.

e The pattern of reduction of pullout strength was
not similar to the pattern of reduction of the inser-
tion torque.

e Insertion and reinsertion of the screws of the ver-
tebral fixation system used in the present study re-
duced the insertion torque and screw pullout
strength.
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