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The role of the dorsal vertebral cortex in the
stability of transpedicular screws
A BIOMECHANICAL STUDY IN HUMAN CADAVERIC VERTEBRAE

The aim of this biomechanical study was to investigate the role of the dorsal vertebral
cortex in transpedicular screw fixation. Moss transpedicular screws were introduced into
both pedicles of each vertebra in 25 human cadaver vertebrae. The dorsal vertebral cortex
and subcortical bone corresponding to the entrance site of the screw were removed on one
side and preserved on the other. Biomechanical testing showed that the mean peak pull-out
strength for the inserted screws, following removal of the dorsal cortex, was 956.16 N. If
the dorsal cortex was preserved, the mean peak pullout strength was 1295.64 N. The mean
increase was 339.48 N (26.13%; p = 0.033). The bone mineral density correlated positively

with peak pull-out strength.

Preservation of the dorsal vertebral cortex at the site of insertion of the screw offers a
significant increase in peak pull-out strength. This may result from engagement by the final
screw threads in the denser bone of the dorsal cortex and the underlying subcortical area.
Every effort should be made to preserve the dorsal vertebral cortex during insertion of

transpedicular screws.

Transpedicular screws were introduced by
Roy-Camille, Sailant and Mazel in the 1960s
and were popularised in the 1970s." Since then
they have been used extensively in the manage-
ment of vertebral fractures, spinal tumours,
metastatic disease, deformity and degenerative
disorders in both the lumbar and thoracic
spine.” The use of transpedicular screws and
rods allows adequate three-dimensional con-
trol of each motion segment and allows rigid
spinal fixation,®” which is an important factor
in promoting faster incorporation of the graft
and solid spinal fusion.?

Stability of the overall construct is an impor-
tant factor. It relies on the quality of purchase
achieved in the interface between the screw and
the bone. A number of factors, including the
design characteristics of the implant, the quality
of the host bone and surgical technique, have
been shown to influence the purchase of the
screw and consequently, the clinical outcome.’*3

In the traditional technique, removal of the
dorsal vertebral cortex and the underlying sub-
chondral bone at the entrance point for the
screw is advocated in an effort to ensure safe
placement.?*2¢

The aim of this study was to investigate the
role of the dorsal vertebral cortex, by measur-
ing pull-out strength in an in vitro biomechan-
ical study on human cadaver vertebrae.

Materials and Methods

A total of 25 human cadaver lumbar vertebrae
were harvested within 24 hours of death from
14 donors, eight male and six female, with a
mean age of 59 years (18 to 92). We used five
L2, 14 L3 and six L4 vertebrae, all of which
were dissected free of soft-tissue attachments.
Anteroposterior and lateral radiographs were
obtained in order to exclude any underlying
bony pathology that might have affected the
results. The vertebrae were sealed and stored at
-20°C until required.

Prior to freezing the bone mineral density
(BMD) was evaluated by dual energy x-ray
absorptiometry (DEXA) using the Lunar DPX
Plus DEXA meter (Lunar Radiation Co., Mad-
1son, Wisconsin). Anteroposterior scans were
obtained by submerging each vertebra in 20
cm of water at room temperature, to simulate
the soft-tissue sleeve. The BMD was calculated
in g/cm?.

The specimens were left to thaw at room
temperature for 12 hours before any further
manipulation. Moss transpedicular screws
(Biedermann Motech GmbH, Schwenningen,
Germany) were used. They were 50 mm long,
barrel-shaped and had an outer screw diameter
of 6 mm, an inner screw diameter of 4 mm and
a thread pitch (distance between the two screw
threads) of 2 mm. The entrance site was the
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Fig. 1

Radiograph following insertion of transpedicular screws and the resected
dorsal cortex.

junction of the horizontal line that bisects the transverse
process and the longitudinal line passing just lateral to the
superior articular facet. On one side of each vertebra, the
dorsal cortex and subcortical bone at the site of entrance of
the screw was removed, using a bone rongeur with a diam-
eter approximately equal or bigger to the outer diameter of
the transpedicular screw, prior to probing and insertion.
On the contralateral side an identical entry point and inser-
tion technique of the screw was used, but the dorsal cortex
and subcortical bone were preserved. Anteroposterior and
lateral radiographs were obtained following transpedicular
screw insertion, in order to verify accurate screw placement
(Fig. 1). Each vertebra was individually potted in Serifix
cold moulding polyester resin (Struers A/S, Copenhagen,
Denmark). We took care to ensure that intrusion of resin
into the screw/vertebra construct was avoided, as suggested
by Pfeiffer et al.?’

Mechanical testing was performed using pneumo-
hydraulic testing apparatus, based on a DNC-100 Festo
double acting cylinder (Festo AG, Esslingen, Germany).
The potted vertebrae were mounted on the testing appara-
tus with the aid of a specially designed jig which was adjust-
able so as to allow alignment of the pull-out force with the
longitudinal axis of the screw. A loading rate of 50 N/s was
applied from zero to failure. Failure was defined as the
point at which the load peaked (the peak pullout strength)
and then abruptly decreased, with increasing displacement.
Load was measured with a 9271-A dynamometer (Kistler
Instrumente AG, Winterthur, Switzerland), while displace-
ment was assessed using a TT20 extensometer (Brown &
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Sharpe Tesa SA, Renens, Switzerland). Data were collected
at a rate of 100 Hz using Lab View 5.1 software (National
Instruments Co, Austin, Texas). A load deflection curve
was generated for each screw.

Statistical analysis was performed using the SPSS 10.0
(SPSS Inc., Chicago, lllinois) and STATA 6.0 (StataCorp LP,
College Station, Texas) software packages. An unpaired
Student’s ¢-test was used to compare quantitative variables
between the two sides of each vertebra. Scatter diagrams
were plotted in order to calculate the correlation between
BMD and peak pullout strength. For both techniques the
regression equation (y = o + fx) was used and the signifi-
cance level was set at p < 0.05.

Results

In the 25 lumbar vertebrae, the mean BMD was 0.939
g/em? (0.508 to 1.269; sD 0.192; 95% confidence interval
(CI) 0.86 to 1.02). The screws were successfully inserted
within the pedicles to a depth of 60% to 80% of the verte-
bral body. Cortical penetration was not noted in either the
pedicle or the anterior vertebral body in any of the verte-
brae. The mode of failure was a clean pull-out. Of the 25
vertebrae, all of which were tested on both sides, there
were 48 cases of failure at the bone/screw interface and two
cases of pull-out coupled with fracture of the ipsilateral
pedicle.

The mean peak pull-out strength for the screws inserted
following removal of the dorsal vertebral cortex was
956.16 N (193 N to 2241 N; sD 493.88 N; 95% CI1752.30
to 1160.02), while the mean peak pull-out strength for the
screws inserted when the dorsal vertebral cortex at the
screw insertion site was preserved, was 1295.64 N (251 N
to 2434 N; 95% CI 1049.88 to 1541.40). In all 25 verte-
brae the peak pull-out strength when the dorsal vertebral
cortex was preserved was greater than on the contralateral
side where it had been removed (Fig. 2). The mean increase
in the peak pull-out strength offered by preservation of the
dorsal cortex was 339.48 N (24 to 620; sD 182.72). The
difference in peak pull-out strength was statistically signifi-
cant (p = 0.033).

The mean displacement at failure was 2.71 mm (0.95 to
4.78; sD 0.91) when the dorsal vertebral cortex was
removed and 3.05 mm (1.79 to 4.91; SD 0.88) when it was
preserved. This difference was not statistically significant
(p = 0.193). Load/displacement curves were calculated for
all the vertebrae (Fig. 3).

Scatter diagrams were plotted for BMD versus peak pull-
out strength and linear regression analysis was carried out
to determine the correlation between BMD and peak pull-
out strength when the dorsal cortex was removed, as well
as when it was retained. The regression line analysis
showed that BMD was highly correlated with peak pull-out
strength in both cases (R*: 0.626 and R%: 0.732, respec-
tively; p < 0.001).

The regression equations (y = o + fx) for BMD and peak
pull-out strength were:
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Fig. 2

Histogram showing peak pull-out strength when dorsal vertebral cortex was preserved (dark bars) and
removed (light bars).
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Fig. 3

A typical load-displacement curve.

y =-950.0 + 203.0 x (x/0.10) when the dorsal cortex was
removed

and

y =-1189.4 + 264.8 x (x/0.10) when the cortex was pre-
served.

Discussion
The use of transpedicular screws has become increasingly
popular in surgery of the spine. Mechanical failures such as
bending or breakage of the screws and disassociation of the
junction between the pedicle screw and the metal rods join-
ing them can occur,”**?° while screws may also loosen,
migrate or pull out.!*®

Improvements in design of implants and in surgical tech-
nique aim to decrease the rate of failure of the implant,
especially in osteoporotic bone. Several studies have exam-
ined the effect of factors such as quality of the host bone,
screw size, the depth of penetration of the screw, the angle

of insertion and the role of preparation of the screw hole in
the quality of purchase achieved at the screw/bone inter-
face 10:14:15,18,22,30-33 1y thege studies, decreased BMD has
been shown to reduce the quality of fixation,!®1518:30:31
while increase in the size of the screw and the depth of pen-
etration, within certain limits, has been shown to improve
it.1022:32.33 The pedicle contributes approximately 80% of
the caudocephalad stiffness and approximately 60% of the
overall pull-out strength of each transpedicular screw.??
Engagement of the anterior cortex offers a 30% increase in
pull-out strength,'®!7-3% while screw coupling and angula-
tion have also been shown to enhance construct stabil-
ity, 192135

In traditional techniques, preparation of the entrance
point of the screw includes resection of part of the posterior
cortex, with the use of a burr or a ronguer in an effort to
improve safe insertion of the screw.?**¢ When extensive
resection of the posterior elements is required, this could
lead to visualisation of the pedicle ‘end-on’, prior to screw
insertion.”® The extent to which the dorsal vertebral cortex
contributes to transpedicular screw stability has not previ-
ously been adequately investigated.?”>3*

Daftari et al'> have demonstrated with experiments in
both calf vertebrae and plastic vertebral bodies, that pre-
servation of the dorsal cortex is desirable, in order to
achieve better fixation. Cotterill et al*® have shown that
considerable differences exist between calf and human ver-
tebrae and therefore the results obtained from experiments
in calf vertebrae and plastic vertebral bodies should be
interpreted cautiously.

Our study investigated the exact role of the preservation
of the dorsal vertebral cortex in the stability of the trans-
pedicular screw. We used human cadaver vertebrae with a
wide range of BMD in an effort to obviate the previously
mentioned shortcomings. We have shown that the dorsal

THE JOURNAL OF BONE AND JOINT SURGERY



THE ROLE OF THE DORSAL VERTEBRAL CORTEX IN THE STABILITY OF TRANSPEDICULAR SCREWS 695

vertebral cortex contributes 26.13% of the overall pull-out
strength at the screw/bone interface.

Moran et al?® and Hirano et al** have shown that tra-
becular bone situated in the centre of the pedicle is sur-
rounded by a layer of subcortical bone with a greater BMD,
which in turn is enveloped by a shell of cortical bone. The
BMD significantly increases from the centre to the outside
and this increase is more profound in normal compared
with osteoporotic bone.?? Purchase of the screw in denser
subcortical bone is desirable in order to increase its stabil-
ity.3® This is why increased screw size and pedicle fill are
believed to positively affect the overall fixation stiffness.'”
This is also the rationale behind the use of polymethyl-
methacrylate, injectable bone cement or expansile screws,
in an effort to improve or augment screw purchase, espe-
cially in osteoporotic vertebrae and revision surgery.>37?
We believe that preservation of the dorsal cortex increases
the overall pull-out strength at the screw/bone interface by
a similar mechanism with engagement by the final screw
threads in the denser bone of the dorsal cortex and the
underlying subcortical area. Our results also corroborate
findings from previous studies, suggesting that osteoporosis
has an adverse effect in the purchase of transpedicular
screws, 1415,18,30,31

The dorsal vertebral cortex should be preserved during
insertion of transpedicular screws as this may considerably
improve the overall stability of the construct in both
osteoporotic and normal bone.

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.
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