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INTRODUCTION
The history of vertebral spine surgery is closely related to 
vertebral arthrodesis and fixation systems use. Vertebral 
fixation systems’ mechanical functions performance is as-
sociated to its mechanical properties and to the anchorage 
of its supporting elements on vertebrae(1-4).
The anchorage of fixation systems on vertebrae is directly 
related to the mechanical properties of the interface be-
tween implants and bone tissue. Screws have been fre-
quently used as anchorage elements for vertebral fixation 
systems and their mechanical properties are correlated to 
several factors, such as bone tissue’s mineral density, the 
design and dimensions of its thread, its outer diameter, and 
pilot hole preparation(5,2,6,7).
Pilot holes are made for guiding and enabling screw inser-
tion into the vertebra. Pilot hole preparation can be made by 
drills or probes, and their channel can be tapped(5,8) .
The need and the potential biomechanical advantages of 
the kind of pilot hole preparation and pathway tapping have 
been a controversial topic in literature addressing this mat-
ter, and this was the purpose of this study 
The objective of the study was to examine the influence of 
pilot holes preparation, considering the use of drills, probes 
and pathway tapping, over pullout resistance of implants 
employed on spinal fixation, using different test bodies.  

MATERIALS AND METHODS
For the present study, we used test bodies made of polyure-
thane, wood and bovine bone. Thickness of the test bodies 
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was determined based on the difficulty to perform pullout 
tests on implants during a pilot study. Polyurethane test 
bodies were 27-mm thick, the wooden ones 13-mm, and 
bovine bone test bodies were 17-mm thick. The test body 
made of bovine bone was constituted of the central me-
taphyseal and femoral distal portions, which were prepared 
with the aid of a saw, removing the external cortical bone 
and shaping 17-mm thick spongy bone segments.  
The implant used in this study was the USIS system’s pe-
dicular screw (Ulrich), of which outer diameter is 6 mm and 
inner diameter 3.5 mm (Figure 1). Screws were implanted 
on corresponding test bodies my making a 3.5-mm wide 
pilot hole, which corresponded to the inner diameter (core 
diameter) of the screw.   
Once the pilot hole was built, the screw was inserted on test 
body, transfixing it and leaving exposed 1 cm of its distal 
end. Thus, the thread number of the screws inserted into 
the test bodies was constant, and the exposed distal end 
of the screw was used for applying load during mechanical 
assays addressing pullout resistance.  
The experimental groups were constituted according to the 
way in which the pilot hole was prepared: group I - perfora-
tion with probe (3.5 mm), group II - perforation with 3.5-mm 
drill, and group III - perforation with 3.5-mm drill and pilot 
hole tapping.   
The test bodies with corresponding implants were submit-
ted to mechanical assays performed on a universal assay 
machine (EMIC® model, Brazil), attached to a computer and 
a 200-kgf load cell, for assessing implants’ pullout resis-
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SUMMARY
Mechanical assays were performed with screws of the USIS 
vertebral fixation system for the study of the influence of 
type of pilot hole preparation with probe or burr and tapping 
of the pilot hole pathway on pedicular screw pullout. The 
screws were inserted into wood, polyurethane and bovine 
bone test bodies. The pilot hole was prepared with probes 
and burrs of 3.5 mm. Three experimental groups were for-
med: I -drilling with a probe, II - drilling with a burr, and III 
– drilling with burr and tapping. After screw insertion into the 
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test bodies, pullout assays were performed with a universal 
test machine. Increased screw pullout resistance was ob-
served when the pilot hole was drilled with a probe, with a 
statistically significant difference compared to preparation 
with a burr and with a burr in combination with tapping. No 
difference in screw pullout resistance was observed with 
tapping of the pilot hole pathway.
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tance. The mechanical assay for assess-
ing pullout resistance was performed by 
setting up an axial load along of screw’s 
axis from its end, determining the maxi-
mum strength required for pullout. Figure 2 
shows a graph generated by the computer 
attached to the universal assay machine 
and the values recorded during each test, 
a depiction on polyurethane test body and 
another one on bovine bone, respectively.   
Ten mechanical assays were performed 
on the groups using wooden and poly-
urethane test bodies and 15 assays were 
conducted on the bovine bone group. The 
results achieved were compared by means 
of statistical study, with variance analysis 
(ANOVA) being used and significance lev-
el of p≤ 0.05. Bonferroni’s post hoc test 
was employed for comparing the different 
methods of preparing a pilot hole.  

Figure 1 - USIS 
(Ulrich) system 
screw with 6mm 
of outer diameter 
and 3.5 mm of 
inner diameter.

Figure 2 - Graph generated by the computer attached to the universal assay 
machine and measurement values for each mechanical assay.   

Average 
maximum 
strength  

(N)

Standard 
Deviation

Variation 
coefficient 

(%)

Number 
of tests

 performed

3.5-mm probe  *942.6 50.13 5.318 10

3.5-mm �rill w/
o ���ppi�g 

848.2 81.28 9.583 10

3.5-mm �rill
 wi��h ���ppi�g

883.2 85.5 9.681 10

Table 1 - Values for implants’ maximum pullout strength on wooden test 
bodies.(*) Statistical difference from other values.  

Average 
maximum 
strength  

(N)

Standard 
Deviation

Variation 
coefficient 

(%)

Number 
of tests

 performed

3.5-mm probe   *73.45 5.914 8.051 10

3.5-mm �rill
 w/o ���ppi�g 63.96 1.517 2.372 10

3.5-mm �rill
 wi��h ���ppi�g 62.24 3.332 5.353 10

Table 2 - Values for implants’ maximum pullout strength on polyurethane test 
bodies.(*) Statistical difference from other values.

Average 
maximum 
strength  

(N)

Standard 
Deviation

Variation 
coefficient 

(%)

Number 
of tests

 performed

3.5-mm probe  *1134 243.0 21.43 15

3.5-mm �rill
 w/o ���ppi�g 903.9 213.2 23.59 15

3.5-mm �rill
 wi��h ���ppi�g 857.3 254.7 29.71 15

Table 3 - Values for implants’ maximum pullout strength on bovine bone test 
bodies.(*) Statistical difference from other values.

was greater for group I (perforation with 3.5-mm probe) 
showing a statistical difference (p=0.03) between group II 
(perforation with 3.5-mm drill). Nevertheless, no statistical 
difference was seen between group I (perforation with 3.5-
mm probe) and group III (perforation with 3.5-mm drill fol-
lowed by tapping). Also, no statistical difference was found 
for values of group II and III.   
On polyurethane test bodies, we found that implants’ maxi-
mum pullout strength was greater for group I (perforation 
with 3.5-mm probe) and a statistical difference (p<0.001) 
was found between group I and groups II and III, of which 
values did not present significant statistical differences.  
On bovine bones test bodies, we also found that implants’ 
maximum pullout strength was greater for group I (per-
foration with 3.5-mm probe) and a statistical difference 
(p=0.006) was found between group I and groups II and 
III, of which values did not present significant statistical dif-
ferences.
The analysis of results shows that by performing a pilot hole 
with a drill of equal width to screw’s inner diameter increased 
implants’ pullout resistance when compared to the perfora-
tion made with a drill of similarly equal diameter to screw’s 
inner width. The pilot hole pathway tapping built with a drill 
as wide as screw’s inner diameter did not produce signifi-
cant statistical change on implants’ pullout resistance.   

RESULTS
The measurements in mechanical assays, considering the 
average of implants’ maximum pullout strength values on 
different test bodies, are represented on Tables 1, 2 and 3, 
and on Figures 3, 4 and 5.  
In Group I (perforation with 3.5-mm probe), the averages 
for implants’ maximum pullout strength values were 942.5 
± 50.13 (N) for wooden test bodies; 73.45 ± 5.914 (N) for 
polyurethane test bodies, and; 1134 ± 243 for test bodies 
made of bovine bone.
In group II (perforation with 3.5-mm drill), the average for 
implants’ maximum pullout strength values were 848.2 ± 
81.28 (N) for wooden test bodies; 63.96 ± 1.517 (N) for 
polyurethane test bodies, and; 903.9 ± 213.2 for test bod-
ies made of bovine bone.  
In group III (perforation with 3.5-mm drill followed by pilot 
hole tapping), the averages for implants’ maximum pullout 
strength values were 883.2 ± 85.5 (N) for wooden test bod-
ies; 62.24 ± 3.332 (N) for polyurethane test bodies, and; 
857.3 ± 254.7 for test bodies made of bovine bone.
The comparison of values found for implants’ pullout, con-
sidering the method of pilot hole preparation and the dif-
ferent test bodies (wood, polyurethane and bone) is repre-
sented by graphs (Figures 3, 4 and 5). In wooden test bod-
ies, we found that the implants’ maximum pullout strength 

Strength (N)
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DISCUSSION
Inserting screws into vertebrae is a commonly employed 
technical step, which is largely important for spinal sur-
geries, because screw’s anchorage on vertebrae is the 
ground for fixation system’s biomechanical function per-
formance(4,5,8,9). The insertion technique, pilot hole prepa-
ration, screw design and mineral integrity and density of 
a bone tissue influence screw’s fixation degree on bone 
tissue, and, thus, the stability of a fixation system and the 
end result of the treatment(8,10-12).
Pilot hole building is associated to a number of variables, 
especially its diameter, preparation, and pathway tap-
ping(6,10,12-16). Building a pilot hole allows for a previous guid-
ance and determination of a screw’s pathway and length, 
which, due to the importance of vascular and nervous struc-
tures associated to vertebral anatomy, improve safety of a 
surgical procedure(6,11).
Screw resistance at flexion moments is related to its inner 
diameter, while its pullout resistance is related to its outer 
diameter, thread diameter, depth and design(5, 6,8,15,16). Pull-
out resistance is proportional to the bone volume between 
screw’s threads(5,8, 15-17).
We noticed in our assays that the use of a probe for build-
ing a pilot hole increased screws’ pullout resistance com-
pared to the use of drills to build it. The use of probes would 
cause compression and compaction of spongy vertebral 
bone around the implant, increasing its pullout resistance. 
Building a pilot hole with drills cause bone tissue removal, 
reducing screw’s pullout resistance. Spongy tissue integ-
rity affects the insertion torque versus pullout resistance 
ratio(6,14-16,18) . However, the influence of the pilot hole prepa-
ration was not reported by Daftari et al.(14) and George(19), 
who did not find differences on implants’ pullout resistance 
when preparing a pilot hole with drills or probes.  
Pilot hole’s pathway tapping has been described as a fac-
tor reducing screws’ pullout resistance(5,6,14,19). However, we 
didn’t find differences on tapping over implants’ pullout re-
sistance in assays conducted on the different test bodies, 
which are consistent to reports by Ronderos et al.(20). Tap-
ping has been described as being associated to implants’ 
pullout resistance and to disadvantageous use on soft ma-
terials, resulting in reduced pullout resistance due to the 
structural changes it causes on spongy vertebral bone(5). 
Carmouche et al.(13) reported implants’ pullout resistance 
reduction with the tapping of a pilot hole pathway in lumbar 
osteoporotic vertebrae. The test bodies used in this study 
did not simulate osteoporosis, which could explain why a 
negative effect of the pilot hole pathway tapping was not 
found. There are reports suggesting that tapping would re-
duce implants’ pullout resistance on osteoporotic bones, 
but this would be less relevant on normal bones(5,12,21,20). 
The assay model we used in this study was designed to 
simply simulate the strength required for pulling out im-
plants, and, although it does not reproduce physiological 
conditions of strength applied on fixation systems, it allows 
for a reliable comparison and evaluation of the parameters 
studied. Implants’ pullout resistance is a complex and mul-
tifactorial phenomenon, and it is associated to several fac-
tors, such as screw design, kind and diameter of screw’s 
thread, bone density and biological responses (re-absorp-
tion and remodeling) that occur on a bone adjacent to the 
implant(5,12, 17,19,22).

Figure 3 - Average maximum pullout strength on wooden test bodies and the 
different perforations and pilot hole preparations. 

Figure 4 - Average maximum pullout strength on polyurethane test bodies and 
the different perforations and pilot hole preparations.
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Figure 5 - Average maximum pullout strength on bovine bone test bodies and 
the different perforations and pilot hole preparations.
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CONCLUSIONS
Preparing a pilot hole with probes increased screw’s pullout 
resistance in all mechanical assays performed on wooden, 
polyurethane and bovine bone test bodies, compared to the 

values found with the use of drills for preparing a pilot hole. 
Tapping a pilot hole’s pathway using drills did not change 
pullout resistance levels of implants used in this mechanical 
pullout assay.




