
ABSTRACT
Objective: To evaluate the insertion torque and the pulling force of each screw with different diameters and tap. Methods: Polyurethane 

blocks with a pilot hole of 2.7 mm were used in the study. An experimental group with 5 blocks was formed, the insertion torque was evalu-
ated with a torque meter, and the pullout strength of each Globus screw of 5.5 mm and 6.5 mm was assessed. Results: The comparison 
of the insertion torque on the 5.5 mm screws with pilot hole without tapping and with a smaller diameter than that of the screw (4.5 mm) 
and a different thread , and with the tapping with the same diameter as that of the screw (5.5 mm) and equal or different thread presented 
a statistical difference with a higher value of the insertion torque in the group in which the tapping was not performed. As for the pulling 
force of the 5.5 mm screw, the non-tapping of the pilot hole resulted in statistical difference  with the same diameter of the screw (5.5 mm) 
and with a different thread of the screw. The pullout force on the 6.5 mm screw was higher in the group where the pilot hole was not tapped 
according to the non-parametric Kruskal-Wallis test, with significance level of p <0.05 in the comparison of the groups. Conclusions: Pilot 
hole tapping reduced insertion torque and pullout resistance of the pedicle screw influencing the fixation with tapping with the same screw 
diameter and different thread design.
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RESUMO
Objetivo: Avaliar o torque de inserção e a força de arrancamento de cada parafuso com diferentes diâmetros e machos. Métodos: Foram 

utilizados no estudo blocos de poliuterano com orifício piloto de 2,7mm, sendo feito um grupo experimentais com 5 blocos sendo avaliado 
o torque de inserção com torquímetro e avaliado o arrancamento de cada parafuso de parafusos Globus 5,5mm e 6,5mm.  Resultados: A 
comparação do torque de inserção nos parafusos de 5,5mm entre a utilização de orifício piloto sem macheamento e o macheamento com 
diâmetro inferior ao diâmetro do parafuso (4,5mm) e rosca diferente, e com o macheamento com diâmetro igual do parafuso (5,5mm) e 
com rosca igual ou diferente apresentou diferença estatística com maior valor do torque de inserção no grupo em que o macheamento não 
foi realizado. Na força de arrancamento do parafuso 5.5mm o não macheamento do orifício piloto apresentou diferença estatística com o 
mesmo diâmetro do parafuso (5,5mm) e rosca diferente do parafuso. A força de arrancamento no parafuso 6,5mm foi maior no grupo em 
que o orifício piloto não foi macheado utilizando o teste não paramétrico de Kruskal Wallis com nível de significância adotado (p < 0,05) na 
comparação dos grupos. Conclusões: O macheamento do orifício piloto diminuiu o torque de inserção e resistência ao arrancamento do 
parafuso pedicular influenciando a fixação com macheamento com o mesmo diâmetro do parafuso e desenho de rosca diferente.

Descritores: Coluna vertebral; Parafusos ósseos; Fusão vertebral.

RESUMEN
Objetivo: Evaluar el torque de inserción y la fuerza de extracción de cada tornillo con diferentes diámetros y machos. Métodos: Se 

utilizaron en el estudio bloques de poliuretano con agujero piloto de 2,7 mm. Se formó un grupo experimental con 5 bloques, y el torque 
de inserción se evaluó con llave de par y se analizó la fuerza de extracción de cada tornillo Globus de 5,5 mm e 6,5 mm. Resultados: La 
comparación del torque de inserción en los tornillos de 5,5 mm con agujero piloto sin taladramiento y con un diámetro más pequeño que 
el del tornillo (4,5 mm) y un roscado diferente, y con el taladramiento con el mismo diámetro que el del tornillo (5,5 mm) y con el roscado 
igual o diferente presentó una diferencia estadística con un valor más alto del torque de inserción en el grupo en el que no se realizó 
taladramiento. En cuanto a la fuerza de extracción del tornillo 5,5 mm el no taladramiento del agujero piloto resultó en una diferencia esta-
dística solamente con el mismo diámetro del tornillo (5,5 mm) y con roscado diferente del tornillo. La fuerza de extracción en el tornillo de 
6,5 mm fue mayor en el grupo que en el agujero piloto no tuvo taladramiento, de acuerdo con la prueba no paramétrica de Kruskal-Wallis, 
con nivel de significación de p < 0,05 en la comparación de los grupos. Conclusiones: El taladramiento del agujero piloto redujo el torque 
de inserción y la resistencia a la extracción del tornillo pedicular, lo que influye con la fijación con taladramiento con el mismo diámetro del 
tornillo e diferentes diseños de roscado.

Descriptores: Columna vertebral; Tornillos óseos; Fusión vertebral.
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INTRODUCTION
Spinal fixation systems that use the vertebral pedicle as the 

implant anchor point have been used extensively in the spinal sur-
gery environment.1 The insertion torque and the pullout strength 
of pedicle screws is influenced by different factors, such as bone 
mineral density, screw geometry, and pilot hole preparation.2-4

Tapping consists of using a tool to cut the inner surface of the pi-
lot hole for the adaptation of the screw thread. This technical step for 
the placement of screws in the bones originated from osteosynthesis 
of the long bones and was adapted for spine surgery. However, 
tapping the pilot hole with an instrument of outer diameter equal to 
the outer diameter of the pedicle screw reduces the pullout strength 
of the pedicle screw.5-9 The use of tapping with a diameter less than 
the outer diameter of the screw has shown to be advantageous by 
increasing secureness during the insertion of the pedicle screws 
and by not reducing the resistance of these implants to pullout.10 
Another variable that has been evaluated is tap thread design and it 
has been observed that the use of a tap with thread design different 
from the screw thread design, even though of smaller diameter in 
relation to the outer diameter of the screw, causes a reduction in 
the pullout strength of the implants.

The objective of this study was to experimentally evaluate the 
influence of tap diameter and thread design on the insertion torque 
and pullout strength of two modalities of pedicle screws, 5.5 and 
6.5 mm, used in spinal fixation systems.

METHODS
The experimetal groups were formed according to the mode of 

pilot hole, the external diameter of screw used (5.5 and 6.5mm), the 
diameter and  design of the tap thread. Each experimental group 
was made up 5 polyurethane blocks. (Figure 1)

We used polyurethane blocks with a density of 10 PCF or 
0.16g/cm3 and diameter of 5cmx8cmx5cm (Nacional Ltda.) in 
our biomechanical trial. A 2.7 mm perforation was drilled in the 
center of the upper face of the polyurethane block to make the 
pilot hole. The pilot hole was made according to the experimental 
group as follows: 1 – without tapping, 2 – tapping with a tap smal-
ler in diameter than the screw and with the same thread design, 
3 – tapping with a tap smaller in diameter than the outer diameter 
of the screw and with a different thread design, 4 – tapping with a 
tap of the same diameter as the outer diameter of the screw and 
with the same thread design, and 5 – tapping with a tap of the 

same outer diameter as the screw and with a different thread de-
sign. Globus-type 5.5 and 6.5 mm screws were used in the study. 
The screws were inserted after preparation of the pilot hole accor-
ding to experimental group.

The insertion torque was evaluated during the insertion of the 
screw by means of a key attached to a digital electronic torque 
meter (TL-500/MKT-1 Mackena Corporation, São Paulo, Brazil). 
The maximum insertion torque was recorded.

The pullout strength was evaluated using the EMIC® universal 
test machine (DL 10000; EMIC, São José dos Pinhais, PR, Brazil). 
A rod was attached to the head of the screw and the pullout force 
was applied vertically. The pullout force was applied at a velocity 
of 2.0 mm/min until the screw was pulled out of the polyurethane 
block. (Figure 2)

Kruskal-Wallis non-parametric tests were performed to compare 
the “pullout strength” and “insertion torque” variables between the 
screw and diameter groups.

In the Kruskal-Wallis test, p-values less than the adopted level 
of significance (generally 0.05) meant that at least one of the 
groups differed from the others. To further define these differen-
ces, Dunn’s multiple comparisons post-test was performed and 
comparisons with p-values less than the adopted level of signi-
ficance (generally 0.05) were indicative of a difference between 
groups observed.

Figure 1. Photograph of the screws and respective taps used in the study - on 
the left, the tap and the 5.5 mm screw and, on the right, the tap, and the 6.5 
mm screw (Globus). Screw characteristics – 5.5 mm screw: screw core 4.5 
mm, between threads 1.8 mm; 6.5 mm screw: screw core 5.0 mm, between 
threads 2.1 mm. 6.5 mm, 5.5 mm, and 4.5 mm taps were used.

Figure 2. Polyurethane block individually mounted with screw for the appli-
cation of pure axial load to measure pullout strength.

RESULTS
The insertion torque and pullout strength values of the 5.5 mm 

and 6.5 mm screws are shown in Table 1 and in Figures 3 and 6. A 
statistical difference was observed in the 5.5 mm screw experimental 
group in relation to the mean insertion torque values using a tap with 
a diameter less than that of the screw (4.5 mm) and with a different 
thread design. However, no statistical difference was observed in 
relation to the insertion torque using a tap with the same diameter 
as the screw (5.5 mm) and with a different thread design, a greater 
insertion torque value having been observed for a tap with the same 
diameter as the screw (5.5 mm) and with the same thread design.

In the experimental group of screws with a 5.5 mm diameter, we 
observed a statistical difference when comparing the insertion torque 
using a tap of the same diameter and a different thread design with 
that using a tap with a diameter less than the diameter of the screw 
(4.5mm) and a different thread design, and with that using a tap with 
a diameter equal to the screw (5.5mm) and either the same or a 
different thread design with a lower insertion torque value. (Figure 3)

In the 6.5 mm screw experimental group, a statistical diffe-
rence was observed between the insertion torque of the tap with 
the same diameter as the screw (6.5 mm) and a different thread 
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design and that of the tap with a diameter less than that of the screw 
(5.5 mm) and a different thread design. The lowest insertion tor-
que was observed with the tap of the same diameter as the screw 
(6.5 mm) and a different thread design. In addition, a statistical di-
fference was observed between the insertion torque without tapping 
and that with a tap of the same diameter as that of the screw (6.5 
mm) with the same thread design. The highest insertion torque was 
observed when making the pilot hole without tapping. The insertion 
torque was lower in the groups in which the pilot hole was tapped 
with a different thread design. (Figure 4)

The pullout strength in the group of 5.5 mm screws presented a 
statistical difference when the tap had a diameter less than the diameter 
of the screw (4.5 mm) or equal to the diameter of the screw (5.5 mm), 
regardless of thread design. (Figure 5) No tapping of the pilot hole only 
presented a statistical difference with the same diameter as the screw 
(5.5 mm) and a different thread design, with a greater insertion torque 
value in the group in which tapping was not used. (Figure 3)

In the group of 6.5 mm screws, we observed a statistical differen-
ce in pullout strength between tapping with a diameter less than the 
diameter of the screw (5.5 mm) or equal to the diameter of the screw 
(6.5 mm), regardless of thread design. (Figure 6) A statistical difference 
was observed between tapping with a diameter equal to the diameter 
of the screw (6.5 mm) when the thread design was either the same or 
different from that of the screw. (Figure 4) The pullout strength was lower 
in the groups where the pilot hole was tapped with a different thread.

The pullout strength of the 5.5 mm and 6.5 mm screws was 
influenced by the design of the tap thread in relation to the screw 
thread, with tapping at a diameter less than or equal to the diameter 
of the screws reducing the strength. However, non-tapping of the 
pilot hole increased the resistance of the screws to pullout.

DISCUSSION
Tapping of the pilot hole reduced the insertion torque and pullout 

strength in accordance with the technical steps performed for spine 
fixation.1 In our study, we sought to establish a correlation between 
the insertion torque and the pullout strength of the screw, using 
different tap diameters and geometries in relation to the outer dia-
meter of the screw.

In our trial, we observed that the use of tapping as compared to 
non-tapping of the pilot hole reduced the resistance and insertion 

Table 1. Mean pullout strength and mean insertion torque of 5.5 and 6.5 
screws. Groups: 1 – without tapping, 2 – tapping with a tap smaller in diameter 
than the screw and with the same thread design, 3 – tapping with a tap smaller 
in diameter than the outer diameter of the screw and with a different thread 
design, 4 – tapping with a tap of the same diameter as the outer diameter of 
the screw and with the same thread design, and 5 – tapping with a tap of the 
same outer diameter as the screw and with a different thread design.

Screws

Groups
5.5 mm 6.5 mm

Mean pullout 
strength

Mean insertion 
torque

Mean pullout 
strength

Mean insertion 
torque

1 615.336 0.6482 731.632 0.9846
2 607.212 0.6216 677.954 0.9846
3 581.616 0.6086 699.772 0.9738
4 587.912 0.5758 667.326 0.9402
5 536.788 0.5126 645.184 0.8908

Figure 3. Mean insertion torque of the 5.5 mm screws with lines indicating 
p-values less than the adopted significance level (p < 0.5) showing evidence 
of difference between the groups observed. Groups: 1 – without tapping, 
2 – tapping with tap of diameter less than that of the screw and with the same 
thread design, 3 – tapping with tap of diameter less than the outer diameter 
of the screw with a different thread design, 4 – tapping with tap of the same 
outer diameter as the screw and the same thread design, and 5 – tapping with 
tap of the same outer diameter as the screw and a different thread design.

Figure 4. Mean insertion torque of the 6.5 mm screws with lines indicating 
p-values less than the adopted significance level (p < 0.5) showing evidence 
of difference between the groups observed. Groups: 1 – without tapping, 
2 – tapping with tap of diameter less than that of the screw and with the same 
thread design, 3 – tapping with tap of diameter less than the outer diameter 
of the screw with a different thread design, 4 – tapping with tap of the same 
outer diameter as the screw and the same thread design, and 5 – tapping with 
tap of the same outer diameter as the screw and a different thread design.

Figure 5. Mean pullout strength the 5.5 mm screws with lines indicating p-values 
less than the adopted significance level (p < 0.5) showing evidence of 
difference between the groups observed. Groups: 1 – without tapping, 
2 – tapping with tap of diameter less than that of the screw and with the same 
thread design, 3 – tapping with tap of diameter less than the outer diameter 
of the screw with a different thread design, 4 – tapping with tap of the same 
outer diameter as the screw and the same thread design, and 5 – tapping with 
tap of the same outer diameter as the screw and a different thread design.
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torque of the screws. Additionally, we observed a reduction in inser-
tion torque and resistance of the screws using a tap with a diameter 
less than the outer diameter of the screw and with a different thread 
design. In the literature, it has been reported as a factor in the decre-
ase in the resistance of screws to pullout.2,5-8,10 On the other hand, 
there is a study of the reduction of the implant pullout strength with 
tapping of the pilot hole in lumbar vertebrae with osteoporosis.9

There is controversy around the relationship between implant 
insertion torque and pullout strength in the literature that deals with 

this subject. There are trials that correlate the above parameters,11-15 
as opposed to others that present results that do not agree, in which 
no influence of the pilot hole on pullout strength was observed.16,17

The biomechanical evaluation was structured to simulate the 
insertion torque and pullout strength of the implants, and though 
not producing the physiological conditions of the application of 
force on the fixation systems, it allows the comparison and reliable 
assessment between the parameters evaluated. The pullout strength 
of the implants is influenced by various factors, such as bone tissue 
quality (osteoporosis), preparation of the pilot hole (diameter, depth, 
and tapping of the perforation), and the design and diameter of 
the implant used.2-6  The results observed in our trials confirm the 
hypothesis that the diameter and the geometry of the tapping in 
relation to the pedicle screw have an influence, reducing the pullout 
strength and insertion torque of the implants in the group in which 
the pilot hole was not tapped. These results serve as an alert to 
consider the influence of the pilot hole.

Screw pullout is a method widespread in the literature and a way 
to objectively demonstrate resistance of the screw to axial load. With 
this, we observed that the pullout strength of screws of 5.5 mm and 
6.5 mm was influenced by the design of the tap thread in relation 
to the screw thread, with tapping of a diameter less than or equal 
to the diameter of the screws used.

CONCLUSION
The tapping of the pilot hole reduces the insertion torque and 

pullout strength of the pedicle screw. In addition, the geometry of 
the thread and the diameter of the tap interfere with the insertion 
torque and pullout of the screw, influencing fixation.

All authors declare no potential conflict of interest related to 
this article.

Figure 6. Mean pullout strength of the 6.5 mm screws with lines indicating 
p-values less than the adopted significance level (p < 0.5) showing evidence 
of difference between the groups observed. Groups: 1 – without tapping, 
2 – tapping with tap of diameter less than that of the screw and with the same 
thread design, 3 – tapping with tap of diameter less than the outer diameter 
of the screw with a different thread design, 4 – tapping with tap of the same 
outer diameter as the screw and the same thread design, and 5 – tapping with 
tap of the same outer diameter as the screw and a different thread design.
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