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Effects of Screw Diameter and Thread Shape on the Strength of
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Abstract

The objectives of the present study are 1)to find the effect
of the diameter of transpedicular screws on their fixational
strength in pedicles under static pull-out loading, 2)to determine
the biomechanical correlation between the pedicle diameter and
the screw diameter, and 3)to find the effects of other factors in
the screw design, such as materials, screw pitch, thread height
and shape on their fixational strength.

Biomechanical tests(Test I) were performed to evaluate the
effect of the screw diameter on pull-out strength by using 60
porcine pedicls and six groups of custom-made pedicle screws
with different diameters (the major and the minor diameter of
the screws used in the testing varied from 4mm upto Smm and
from 3mm upto 8mm, respectively) while all other factors
(materials, screw pitch, thread height and shape etc.) were fixed.
In Test I, by using 61 porcine pedicles, the relationship
between the ratio of the pedicle diameter and the screw
diameter(=aspect ratio) of the custum-made screw and the
pull~out strength of the screw was investigated. Test III was
performed with 94 porcine pedicles and 8 different types of the
commercial screws from 6 major productors in order to
determine the effect of the screw diameter, pitch and the thread
shape on the pull-out strength of the screw, respectively.

The results of Test I showed that the axial pull-out
resistance of the screw could be increased prportionaly to the
screw diameter(P<0.05). But this increase in the pull-out
resistance did not found when the screws of 4mm or 9mm in
the diameter were employed. It was found from the results of
Test II that the screws had its maximum pull-out resistant
force when the aspect ratio ranging 40 - 69% (P<0.05). based
on the results for the major diameter against the minor diameter
of screw, the maximal pull-out resistance was found at 60-65%
(P<0.05). According to these biomechanical testing results, it
seems that the screw with a moderately large pitch is more
desirable and the buttress-shaped screw can provide stronger
fixation than the V-shape one can, if other designal factor and
conditions were fixed.
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Fig. 1. Vertgbra columm was divided into segement
and identified and give each specimen numbers
fromT11 to LS.

2) AR ALgE HE2H Yag
7h AR 18 0 d¥8o7 8 AFF UALR (Table 1,
Fig. 2)
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All custom-made screws.The screw minor
diameter ranges from 3 to 8 mm and major
diameter range from 4 to 9 mm.The thread
height and pitch were 0.5 and 3 mm respective-
ly.The thread profile was V-shaped.
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Fig. 3. Commercial screws popularly using in this
country. It's characteristics were described table
3.
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Fig. 4. The radiographic view of screw inserted porcine
vertebra specimen and confirmed screw posi-
tion.

Fig. 5. Experimental specimens with resin preparation
for pull-out test.
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Table 1. The Relationship between Screw Diameter and Pull-out Strength in Custom-made Screws.

Diameter(mm) Drill Bit Dia/

Major Minor Drill

Minor Dia(%) Pitch(mm) Height(mm) Profile

Thread  Thread Pult-out Test

No.of vert Pull-out Load(kgf)

4 3 15 50.0 3
5 4 25 62.5 3
6 5 35 70.0 3
7 6 45 750 3
8 7 55 786 3
9 8 6.5 813 3

05 \4 10 1545 ¢+ 249
05 v 10 1779 + 748
05 \A 10 1833 ¢ 465
05 \4 10 1847 x 309
05 \4 10 2109 + 56.9
05 \% 10 1341 £ 371

Table 2. The Relationship between Aspect ratio and Pull-out Strength in Custom-made Screws

Aspect Ratio(%6) No. of Vert. Pull-out Strength(kef)
30-39 9 1679 + 243
40-49 9 189.7 ¢+ 560
50-59 12 1735 ¢ 31.3
60-69 12 170.1 ¢ 345
70-79 9 168.1 + 40.0
80-89 10 1658 + 40.2

*Aspect Ratio(%): Major Diameter of Screw/Pedicle Diameter x 100

Table 3. The Characteristic Comparison of Commercial Screws

Type Major Diameter Minor Diameter d/D Pitch Thread Profile No.of Ped Pull-out Strength(igf)

D:(mm) d(mm) (%) (mm)

A 6.0 45 750 3 \4 10 1576 + 345
B-1 6.5 40 615 3 B 10 2118 + 11.6
B-2 55 38 691 2 B 10 1538 + 342
C-1 6.7 45 672 2 B 10 2027 + 293
Cc-2 55 38 691 2 B 10 1725 + 428

D 6.0 38 630 2 B 10 2166 155

E 68 50 80 2 B 10 1814 £ 130

F 7.0 48 686 2 B 10 2549 z 186

Table 4. The Pull-out Strength vs. Thread Height in Commercial Screws

Thread Height (mm)  Screw Type  Pull-out Strength(kgf)
0.50 E 1814 £ 130
075 A 1576 + 345
0.8 B-2 1538 + 342
0.8 C-2 1725 + 42.8
1.10 C-1 2027 + 293
110 D 2166 + 155
110 F 2549 & 186
125 B-1 2118 + 116
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