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This laboratory experiment was undertaken to
identify factors contributing to intrapeduncular
screw fixation in the vertebra. Testing was per-
formed in axial pull-out and cyclic loading modes
using multiple screw designs inserted to various
depths into fresh human lumbosacral vertebra. The
degree of osteoporosis played a major role in pull-
out strength. Larger diameter, full-threaded screws
inserted deep enough to engage the anterior verte-
bral cortex resulted in the most secure fixation. In
the sacrum, the second sacral pedicle was the weak-
est location of insertion. Screws aimed laterally into
the ala at 45° or medially into the first sacral pedicle
resisted larger axial pull-out loads than those in-
serted straight anteriorly into the ala. Methyl
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methacrylate was found to restore secure fixation
in previously-loosened screws and pressurization of
cement doubled the pull-out force. In cyclic load
tests, deeper-inserted screws were found to with-
stand a greater number of cycles before loosening.
Measurements of pedicle outer cortical diameters
were found in many specimens to be smaller than
both the 4.5-mm and 6.5-mm diameter screws.

Intrapeduncular screw fixation of the spine
is enjoying increasing world-wide popularity.
At present there are several internal fixation
systems available attached through pedicles
utilizing plates and screws, '%1929-323839 wireg
and screws,?’ rods and screws, and
external fixation devices purchasing the ver-
tebral body using intrapeduncular threaded
pins.?>?* All of these systems depend upon
the ability of a screw to obtain and maintain
purchase in the vertebral body through the
pedicle until solid fusion occurs. This labo-
ratory experiment was undertaken to inves-
tigate the factors that contribute to the ability
of a screw to hold the vertebra from within
the pedicle.

6,11,13,14

MATERIALS AND METHODS

Twenty-nine fresh, human lumbosacral spinal
specimens obtained at autopsy were used in this
study. Specimen age averaged 74.5 years (range, 49—
95). Disarticulated vertebral bodies were cleaned of
all soft tissue. Individual vertebra underwent roent-
genographic examination. There were no specimens
with bony abnormalities demonstrated on roent-
genogram or history of metastatic disease used in
the study. Screw designs tested include: Steffee 6.5-
mm pedicle screw, 6.5-mm standard cancellous
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screw with a 32-mm thread length, a full-length
threaded 6.5-mm cancellous screw, a 4.5-mm stan-
dard cortical screw, and a 4.5-mm Louis pedicle
screw. The thread design of the Louis screw is in-
termediate between that of the cancellous and cor-
tical types. Screws were inserted into pedicles after
predrilling. A 3.2-mm drill was utilized for the 4.5-
mm cortical screws and 6.5-mm cancellous and
Steffee screw designs. A 2.7-mm drill was used for
the Louis pedicle screw (Table 1). The proximal
aspects of the pedicle screw hole was tapped for
non-self-tapping screws to facilitate insertion. For
testing, specimens were mounted into an Instron
model 1122 (Instron Corp., Canton, Massachusetts)
testing machine in specially-designed jigs. In pull-
out, testing loads were applied along the long axis
of the screw. Cyclic loading was done by toggling
the proximal aspect of the screws in the medial-
lateral and cephalad-caudad directions.

Axial pull-out testing was performed in numerous
configurations, comparing screw designs, depth of
insertion, the effect of methyl methacrylate aug-
mentation, and various locations of screw place-
ment in the sacrum, Failure was defined in axial
pull-out testing as visible screw movement. To
eliminate the large variation noted among speci-
mens, the opposite pedicle of the same vertebra was
used for comparison in all tests, except in sacral
insertion site comparisons and methyl methacrylate
augmentation studies.

Six different types of tests were performed on the
disarticulated vertebral specimen.

(1) The effect of thread location within the ped-
icle and vertebra was tested using partially-threaded
screw designs, The Steffee screw was inserted to the
anterior cortex so the narrower, machine-threaded
portion of the screw was positioned within the ped-
icle, This was compared to the Steffee screw inserted
to 50% of the vertebral body, (at this level only the
larger, 6.5-mm cancellous-threaded portion of the
screw was in pedicle, Fig. 1A). In another test, the
standard 6.5-mm cancellous screw threaded only
in the distal 32-mm aspect was compared to a 6.5-
mm cancellous screw threaded throughout its full
length. Both screws were inserted to the anterior
cortex. This left the smooth, unthreaded shank of
the partially-threaded screw within the pedicle
(Fig. {B).

(2) The effect of depth of insertion was tested
using full-threaded screw designs. A standard 4.5-
mm cortical and the full-threaded 6.5-mm cancel-
lous screw were individually tested, comparing in-
sertion depths of 50%, to anterior cortex and
through and engaging anterior vertebral cortex
(Fig. 1C).

(3) Different screw designs were compared at a

constant depth of insertion, The 4.5-mm cortical _

screw and the 6.5-mm full-threaded cancellous
screw were compared at two depths of insertion: to
the cortex (Fig. 1D} and through the cortex. In ad-
dition, the 4.5-mm Louis pedicle screw was com-
pared to the 4.5-mm cortical (Fig. 1E), and the 6.5-
mm full-threaded cancellous design, each screw was
inserted to a depth of 50% of the vertebral body in
these tests.

(4) The strength of five different sacral insertion
sites was investigated using the 6.5-mm full-
threaded cancellous screw: (a) into the first sacral
pedicle engaging the anterior cortex; (b) straight an-
teriorly into the second sacral pedicle between the
first and second dorsal sacral foramen engaging the
anterior cortex; (c) the sacral ala through the dorsal
cortex at a point cephalad to the first dorsal sacral
foramen directed straight anteriorly engaging the
anterior cortex; (d) angled laterally 45° into the sa-
cral ala at the level of the first sacral pedicle; and
(e) similarly to the previous method but more cau-
dally at the level of the second sacral pedicle (Fig,
2). Absolute pull-out values are presented for this
group.

(5) The effect of methyl methacrylate augmen-
tation was tested after inserting screws into the ped-
icle and loading them to failure. Screws were then
reinserted into the same stripped screw hole after
2 c¢m? of liquid methyl methacrylate had been in-
serted either with or without pressurization. Pres-
surization was accomplished using a 0.5-cm? bolus
of methyl methacrylate inserted into the screw hole
anterior to the level of the pedicle with a catheter-
tipped syringe. This bolus was then allowed to par-
tially harden. Two cubic centimeters of liquid ce-
ment were then inserted with a catheter-tipped sy-
ringe to a level just posterior to the first bolus but
anterior to the pedicle. The catheter tip was inserted
deep enough into the pedicle to seal against the
pedicle wall, preventing back flow of cement. In-
jected cement was forced into the surrounding can-
cellous bone in the posterior aspect of the vertebral
body anterior to the pedicle. Cement was allowed
to harden with the screw in place and pull-out test-
ing was performed.

(6) Cyclic loading was performed using 6.5-mm
full-threaded cancellous screws, comparing the ef-
fect of depth of insertion upon screw loosening,
Screws were loaded from a point just posterior to
pedicle entry and toggled in either the medial-lateral
or cephalad-caudad directions. Specimens were
embedded in methyl methacrylate and mounted
into a specially-designed jig, Screws were repetitively
loaded in the appropriate orientation, 3 mm in each
direction from the initial placement position. Test-
ing was terminated when the force required to toggle
the proximal end of the screw through the constant
6-mm distance decreased to 50% of the force re-
quired in the first complete cycle. Three insertion



Number 203 -
February, 1986

Intrapeduncular Screw Fixation 101

FGs. 1A-1E. (A) Steffee
6.5-mm pedicle screws in-
serted to the anterior cortex
with machine-threaded
segment in pedicle (left)
and with 6.5-mm threads
filling pedicle (right), test 2,
Table 2. (B) Full-threaded
6.5-mm screw inserted to
anterior cortex (left} and
6.5-mm standard cancel-
lous screw inserted to an-
terior cortex with the
smooth shank of the screw
filling the pedicle (right),
test 3, Table 2.

(C) Full-threaded 6.5-mm screw inserted to the anterior cortex (left) and to a depth of 50% of the

vertebral body diameter, (right), test 6, Table 2. (D) 4.5-mm standard cortical screw inserted to the anterior
cortex (left) and 6.5-mm full-threaded screw inserted to the anterior cortex, (right), test 8, Table 2. (E) 4.5-
mm standard cortical screw (left) and 4.5-mm Louis pedicle screw (right), both inserted to a depth of 50%

of the vertebral body diameter, test 10, Table 2.

depths were tested: (a) 50% of the vertebral body:;
(b) to the anterior cortex; and (c) through the an-
terior cortex. Tests were performed comparing two
depths of insertion within the two pedicles of the
same vertebra.

The medial-lateral width of the narrowest por-
tion of the pedicle was measured both from roent-
genograms of individual vertebrae in the axial plane

and from computerized tomographic spine exam-
inations in 601 pedicles. Individual disarticulated
vertebra specimens obtained at autopsy and from
preserved cadavers were placed directly upon a ra-
diographic plate and roentgenograms were ob-
tained. Measurements were then obtained directly
from radiographic film. There was no detectable
magnification using this technique. Direct outer






