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Mini abstract
Redirected pedicle screws of larger diameter after a lateral or medial pedicle breach show the recovery
of pullout strength. However, the pullout strength of redirected pedicle screws of the same diameter
after a medial pedicle breach is significantly less than that of correctly aligned screws.
Key points
A biomechanical study was carried out using fresh cadavers.
Redirected screws are about 20% weaker than correctly aligned screws.
Redirected pedicle screws with a larger diameter show the recovery of pullout strength compared with
pedicle screws of the same diameter.
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Abstract
Study Design: A cadaveric biomechanical study designed to test the pullout strength of pedicle screws.
Objective: To evaluate the pullout strength of redirected pedicle screws with a larger diameter
following lateral wall breach, redirected pedicle screws of the same diameter following medial wall
breach, and redirected pedicle screws with a larger diameter following medial wall breach.
Summary of Background Data: Screw malposition is one of the main pitfalls of inserting
pedicle screws. Intraoperatively a malpositioned screw is re-directed and inserted along
the correct axis.
Methods: Forty-seven vertebrae (T9–L5) were harvested from 8 fresh cadaveric spines. The 18 pedicle
screws that breached the lateral wall were then removed and redirected using a pedicle screw of 1 mm
larger in diameter. The 16 pedicle screws that had breached the medial wall were then removed and
redirected using a pedicle screw of the same diameter. The other 13 pedicle screws that had breached
the medial wall were then removed and redirected using a pedicle screw of 1 mm larger in diameter.
The pullout strength was measured.
Results: Following lateral wall breach, mean pullout strength for the larger redirected screws was
46.9% greater than that of the correctly aligned screws. Following medial wall breach, mean pullout
strength for the redirected screws of the same diameter was 20.6% less than that of the correctly
aligned screws. Mean pullout strength for the larger pedicle screws following medial wall breach was
27.3% more than that of the correctly aligned screws.
Conclusion: Redirected pedicle screws of larger diameter after a lateral or medial pedicle breach show
recovery of pullout strength. However, the pullout strength of redirected pedicle screws of the same
diameter after a medial pedicle breach is significantly less than that of correctly aligned screws.
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INTRODUCTION
Pedicle screw instrumentation is used in the treatment of many spinal diseases,
including spondylolisthesis, scoliosis, kyphotic deformities, fractures, and tumors(1, 2).
Although pedicle screw fixation is considered stronger than many other types of
instrumentation, loosening can still be a problem(3). Screw malposition, such as lateral
or medial wall breach, is one of the main pitfalls. When a malpositioned screw is
identified intraoperatively, the screw is often removed and then redirected and inserted
along the correct axis. A previous study by our group showed that the pullout strength
for redirected screws of the same diameter following lateral wall breach was 24.0% less
than that of correctly aligned screws(4). The biomechanical strength of a redirected
pedicle screw with a larger diameter following lateral or medial wall breach is still not
known(5).
The aim of this experiment was to determine the pullout strength of a redirected pedicle
screw 1 mm larger in diameter following lateral wall breach, a redirected pedicle screw
of the same diameter following medial wall breach, and a redirected pedicle screw 1 mm
larger in diameter following medial wall breach.
MATERIAL AND METHODS
Forty-seven thoracic and lumbar vertebrae (T9–L5) were harvested from 8 fresh frozen
cadaveric spines (4 male, 4 female, mean age 76.8 [range 61–91] years at the time of
death). The cadavers were stored at -20°C. None of the cadavers had any medical history
of metastatic disease, metabolic bone disease, fracture, or spine surgery. All muscle,
ligament, and tendon was removed, preserving the normal osseous structure.
Anteroposterior and lateral spinal radiographs were checked to eliminate any vertebrae
with bone abnormalities that could compromise mechanical behavior during subsequent
testing. Each pedicle in the vertebrae in which pedicle screws 5.5–7.5 mm in diameter
were inserted had more than 80% of the occupation ratio taken up by the screw (as seen
on radiographs). The specimens were removed from the freezer one day before testing
and allowed to thaw slowly to room temperature.
On one pedicle of each vertebra, the screw was inserted correctly down the axis of the
pedicle, while on the other pedicle the screw was inserted to breach the lateral wall (18
vertebrae) or the medial wall (29 vertebrae). The left and right pedicles were alternated
on each successive vertebra. The 18 pedicle screws that breached the lateral wall were
then removed and redirected using screws 1 mm larger in diameter along the correct
axis of the pedicle. Of the 29 pedicle screws that breached the medial wall, 16 were
removed and redirected using screws of the same diameter along the correct axis of the
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pedicle and 13 were removed and redirected using screws 1 mm larger in diameter along
the correct axis of the pedicle.
Pedicle screw insertion
A Cotrel–Dubousset system (Medtronic Sofamor Danek Manufacturing, Warsaw, IN)
was used with pedicle screws that were 5.5–7.5 in diameter and 50 mm in length. Each
vertebra was individually prepared for insertion of the pedicle screws. A pilot hole was
made by decorticating the posterior cortex at each of the left and right entry sites. A
screw was inserted into each pedicle using a free-hand technique. After the screw was
inserted, the position and trajectory were checked on radiographs and computed
tomography (CT) images.
The same depth was prepared for each screw by using a tap. The tap for each screw was
of the same diameter as the screw. The screws were inserted to a depth of 60%–70% of
the anteroposterior length (as determined by radiography and CT). Each pedicle screw
projected about 1.5 cm from the vertebral body. Care was taken to ensure that this
projection distance was the same on both the left and right pedicles.
On successive vertebra, if the right pedicle received a correctly aligned screw and the left
pedicle received a lateral or medial wall breach screw, the right-left order was reversed
on the next vertebra.
Correctly aligned pedicle screws
Correctly aligned pedicle screws were inserted using a center-center technique whereby
the pedicle probe was used to develop the pedicle and the pedicle screw was inserted
under direct visualization. Accuracy was confirmed on radiographs and CT scans.
Lateral breach pedicle screw orientation
The entry point and screw-hole preparation were the same as those used for the correctly
aligned screw. However, in this case, the inserted screw was angulated to breach laterally
at the junction of the pedicle and vertebral body (Figure 1). Eighteen screws were thus
inserted, and were then removed and redirected to be correctly aligned using pedicle
screws that were 1 mm larger in diameter.
Medial breach pedicle screw orientation
The entry point and screw-hole preparation were the same as those used for the straightforward screw. However, in this case, the inserted screw was medially angulated so that
the tip of the screw penetrated the medial pedicle wall (Figure 2). Sixteen redirected
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screws were thus inserted, and were then removed and redirected to be correctly aligned
using pedicle screws of the same diameter. A further 13 redirected screws were similarly
inserted, and were then removed and correctly aligned using pedicle screws that were 1
mm larger in diameter (Figure 3).
Radiographic assessment
Axial images parallel to each vertebral body were obtained on radiographs and CT scans.
Images with the optimal pedicle diameter were selected and the following parameters
were measured: (a) the transverse diameter of the pedicle width, (b) the diameter of the
lateral or medial breach screw, and (c) the diameter of the redirected medial or lateral
pedicle screw. Using these values, the following ratios were calculated: the pre-occupied
ratio (screw diameter divided by the transverse diameter of pedicle width) and the postoccupied ratio (redirected screw diameter divided by the transverse diameter of pedicle
width). The increase in the occupied ratio was calculated from the post-occupied ratio
minus the pre-occupied ratio (Figures 4).
Pullout testing
A special adaptor that had been made to fit around the head of the pedicle screw was
applied (see Figure 5). This adaptor was attached to the ram of the testing machine
through a steel cable. Using this method, each pedicle screw was pulled out along its
long axis (at a displacement rate of 12.5 cm/min), and the pullout force was recorded
using a universal testing machine (AG, Shimadzu, Tokyo, Japan).
Statistical analysis
The difference in pullout strength between the straight screw and the end-plate screw
was tested for statistical significance using the Mann–Whitney U test. All analyses were
performed using StatView version 5.0 software (Abacus Concepts, Berkeley, CA). A pvalue < 0.05 was considered to be statistically significant. This study was approved by
the ethics committee of the participating university hospitals.
RESULTS
Following lateral wall breach, the mean pullout strength for the larger redirected screws
was 46.9% greater than that of the correctly aligned screws (P < 0.05; Figure 6). The
mean ± standard error pullout force was 929.1 ± 121.2 N for the redirected screws and
701.0 ± 91.2 N for the correctly aligned screws. The correctly aligned screws were
superior in pullout strength at 2/18 vertebrae and the redirected screws were superior
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in 13/18 vertebrae (Table 1). Mean pre-occupied ratio was 82.4% and mean post-occupied
ratio was 96.8%. The mean increase in the occupied ratio was 14.4%.
Mean pullout strength for the redirected screws of the same diameter following medial
wall breach was 20.6% less than that of the correctly aligned screws (Figure 7). The mean
pullout force was 599.7 ± 108.9 N for the redirected screws and 751.2 ± 111.3 N for the
correctly aligned screws. The correctly aligned screws were superior in pullout strength
in 11/16 vertebrae and the redirected screws were superior in 2/16 vertebrae (Table 1).
The mean pullout strength for the larger pedicle screws following medial wall breach
was 27.3% more than that of the correctly aligned screws (Figure 8). The mean pullout
force was 876.9 ± 90.1 N for the medial wall breach screws and 747.9 ± 91.8 N for the
correctly aligned screws. The correctly aligned screws were superior in pullout strength
in 4/13 vertebrae and the redirected screws were superior in 8/13 vertebrae (Table 1).
Mean pre-occupied ratio was 82.0% and mean post-occupied ratio was 95.8%. The mean
increase in the occupied ratio was 13.8%.
DISCUSSION
The main results to emerge from this experiment are that there is a significant recovery
of pullout strength when redirected pedicle screws with a larger diameter are used after
a lateral or medial pedicle breach and a significant decrease in the pullout strength of
the redirected lumbar pedicle screw following medial wall breach when compared with
the correctly aligned thoracolumbar pedicle screw.
Our previous biomechanical research showed a significant decrease in the axial pullout
strength of a redirected lumbar pedicle screw following lateral wall breach when
compared with a correctly aligned lumbar pedicle screw(4, 5). Compared with a correctly
aligned screw that penetrated the lateral wall, a redirected screw of the same diameter
was 26.7% weaker(4). Some reports have suggested that the incidence of medial wall
breach using percutaneously inserted pedicle screws is relatively higher than that with
pedicle screws inserted via the conventional open approach(6, 7). However, the newer
techniques, such as the cortical bone trajectory and percutaneous pedicle screw systems
have not overcome the problem of screw malposition(8-10).
A pedicle screw that breaches the lateral wall in the lumbosacral spine may cause
radicular pain and neurological deficits(11). The exact rate of pedicle breaches that occur
intraoperatively cannot be gleaned from the current literature because the reported
accuracy rates for pedicle screw insertion are based on postoperative assessment,
including radiography and CT. Postoperative assessment does not take into account the
intraoperative pedicle breaches that are detected by the surgeon and managed with a
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redirected screw. However, it is reasonable to assume that the rate of pedicle breaches is
higher than the 1%–10% reported in the literature(12-18). Although use of an
intraoperative CT scan-assisted navigation system could increase the pedicle screw
accuracy rate, the radiation exposure per patient is higher for navigated surgery than
for fluoroscopy-guided surgery(19).
The question then arises as to whether it would be better to choose a screw with a larger
diameter after a lateral or medial pedicle wall breach providing that nerve root injury
can be avoided. Regarding the aforementioned numbers and considering pullout strength
alone, it may be advisable to use a larger redirected replacement screw. One
biomechanics study demonstrated that an expansive pedicle screw was as effective in
terms of stability as the polymethylmethacrylate-augmented pedicle screw(20).
To our knowledge, there has been no study of the pullout strength of redirected pedicle
screws after lateral wall breach when screws with a larger diameter are used.
Furthermore, we are unaware of any studies that have tested the pullout strength of
pedicle screws after medial wall breach when redirected screws of the same or larger
diameter screw are used. In this study, the mean pullout strength for redirected screws
1 mm larger in diameter following lateral wall breach was 46.9% more than that of the
correctly aligned screws, and that for redirected screws of the same diameter following
medial wall breach was 20.6% less than that of the correctly aligned screws. However,
the mean pullout strength for the larger pedicle screws following medial wall breach was
27.3% more than that of the correctly aligned screws.
In conclusion, the results of this study suggest that the pullout strength of larger
redirected pedicle screws after a lateral or medial wall breach is significantly greater
than that of correctly aligned screws(4), but that the pullout strength of redirected
pedicle screws of the same diameter after a medial pedicle breach is significantly less
than that of correctly aligned screws.
The biomechanical strength of a pedicle screw at the end of a construct procedure is
important. The findings of this study suggest that surgeons should consider choosing
larger redirected screws to ensure strength and stability, with the caveat that screws
with a larger diameter may cause radicular pain and neurological deficits in the patient.
Clearly, ensuring that the pedicle screw is correctly aligned in the first place is the best
option.
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Table 1
Comparison of pullout strength of correctly aligned pedicle screws and larger redirected screws after lateral
breach of the pedicle wall
Correctly aligned

Correctly aligned

> redirected
Redirected screw

Correctly aligned =

< redirected

2 screws

13 screws

redirected screw
3 screws

following lateral breach
(18 vertebrae)
Comparison of pullout strength of correctly aligned pedicle screws and redirected screws of the same size after
lateral breach of the pedicle wall

Redirected screw of the same size

Correctly aligned

Correctly aligned

> redirected

< redirected

11 screws

2 screws

Correctly aligned =
redirected
3 screws

following lateral wall breach
(16 vertebrae)
Comparison of pullout strength of correctly aligned pedicle screws and larger redirected screws after medial
breach of the pedicle wall
Correctly aligned
> re-directed
Larger re-directed screw
following medial breach
(13 vertebrae)

4 screws

Correctly aligned
< re-directed
8 screws

Correctly aligned =
redirected
1 screw

Lateral wall
breach screw

Re-directed screw

Figure 1 Lateral wall breach screw; The screw diameter was 6.5 mm. The lateral
pedicle wall breached.
Re‐directed large diameter screw; re‐directed using 7.5 mm pedicle
screw of 1mm larger screw was inserted a correct screw path in the
intra‐cortex of the pedicle.

Medial wall breach screw

Re-directed screw

Figure 2 Medial wall breach screw; The screw diameter was 5.5 mm. The
medial pedicle wall breached.
Re‐directed the same screw; re‐directed using 5.5 mm pedicle screw
was inserted a correct screw path in the intra‐cortex of the pedicle.

Medial wall breach screw

Re-directed screw

Figure 3 Medial wall breach screw; The screw diameter was 6.5 mm. The
medial pedicle wall breached.
Re‐directed larger diameter screw; re‐directed using 7.5 mm pedicle
screw of 1mm larger screw was inserted a correct screw path in the
intra‐cortex of the pedicle.

Medial wall breach screw

Re-directed screw

Figure 3 Medial wall breach screw; The screw diameter was 6.5 mm. The
medial pedicle wall breached.
Re‐directed larger diameter screw; re‐directed using 7.5 mm pedicle
screw of 1mm larger screw was inserted a correct screw path in the
intra‐cortex of the pedicle.

(a)

(c)
(b)

Figure 4 Axial images parallel to each vertebral body were obtained from X‐ray
and Computed tomography (CT). Those of the optimal pedicle
diameter were selected and the following parameters were
measured: (a) transverse diameter of the pedicle width, (b) the
diameter of lateral or medial breach screw (c) the diameter of re‐
directed medial or lateral pedicle screw.

Figure 5 Screw pullout testing; the testing special adaptors were made to fit
securely around the screw head.
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Figure 6

As compared to correctly aligned screws the mean pullout strength of
re‐directed large diameter screws following lateral wall breach was
46.9% more.
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Figure 7

As compared to correctly aligned screws the mean pullout strength of
re‐directed the same screws following medical wall breach was 20.6%
less.
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Figure 8 As compared to correctly aligned screws the mean pullout strength of re‐
directed large diameter screws following medial wall breach was 27.3%
more.

