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Are pedicular screws and lateral hook screws more resistant
against pullout than conventional spinal hooks and
screws in terminal vertebral segment fixation?

Terminal vertebra segment tespitinde siyrilmaya karsi pedikuler vida ve lateral ¢cengelli vidalar
konvansiyonel spinal ¢cengel ve vidalardan daha dayanikli midir?
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ABSTRACT

Objectives: This study aims to biomechanically evaluate and
compare four well-known types of terminal spinal constructs
to a novel construct composed of a transpedicular screw with
a lateral hook screw in terms of axial pullout strength in
terminal vertebral segment fixation.

Materials and methods: Forty fresh-frozen lamb spines
were divided into five groups with eight spines each. To
stabilize the transverse process, a pedicular screw alone was
used in group 1, a sublaminar hook alone was used in group 2,
a sublaminar hook and a pedicular screw were used in group 3,
claw hook alone was used in group 4, and a pedicular screw
with a lateral hook screw was used in group 5. Biomechanical
tests were performed using an axial compression testing
machine and two noncontact camera systems.

Results: The mean pullout strength value was 927 N for
group 1, 626 N for group 2, 988 N for group 3, 972 N for
group 4, and 1194 N for group 5. Pullout strength values were
statistically significantly higher in groups 3 and 4 compared to
groups 1 and 2. There was no statistically significant difference
between groups 3 and 4. Pullout strength value of group 5 was
statistically significantly higher than the other groups.

Conclusion: Pedicular screw with a lateral hook screw had
the highest fixation value. Lateral hook screw may assist to
prevent pullout in patients with pullout risk and hyperkyphosis
and after hyperkyphosis surgery. Further prospective clinical
studies are needed to show the benefit of such a construct in
reducing the risk of distal instrumentation pullout.

Keywords: Pullout strength; terminal fixation; thoracolumbar
surgery.

oz

Amag: Bu calismada terminal vertebra segment tespitinde
dort iyi bilinen terminal spinal yap:1 turt ile lateral ¢engelli
vidal1 transpedikiler bir vidadan olugan yeni bir yap1 aksiyel
styrilma giici agisindan biyomekanik olarak degerlendirildi
ve karsilastirildi.

Gerec ve yontemler: Kirk adet taze dondurulmus kuzu
omurgasi her grupta sekiz omurga olacak sekilde bes gruba
ayrildi. Transvers cikintiy1 stabilize etmek icin grup 1°de
sadece pedikiler vida, grup 2’de sadece sublaminar ¢engel,
grup 3’te sublaminar cengel ve pedikuler vida, grup 4’te
sadece pence cengel ve grup S5’te lateral cengelli vidali
pedikuller vida kullanildi. Biyomekanik testler aksiyel
kompresyon test cihazi ve iki adet temas etmeyen kamera
sistemi kullanilarak yapildi.

Bulgular: Ortalama siyrilma gucu degeri grup 1’de 927 N,
grup 2’de 626 N, grup 3’te 988 N, grup 4’te 972 N ve grup 5’te
1194 N idi. Styrilma gucu degerleri grup 3 ve 4’te grup 1 ve
2’ye kiyasla istatistiksel olarak anlamli sekilde daha yuksekti.
Grup 3 ve 4 arasinda istatistiksel olarak anlamli farklilik
yoktu. Grup 5’in siyrilma gucti degeri diger gruplardan
istatistiksel olarak anlamli sekilde daha yuksekti.

Sonug: Lateral cengelli vidali pedikiuler vida en yuksek tespit
degerine sahipti. Lateral ¢engelli vida styrilma riski olan ve
hiperkifozlu hastalarda ve hiperkifoz cerrahisi sonrasinda
styrilmay1 onlemeye yardimci olabilir. Distal enstrimanlarin
styrilma riskini azaltmada bu yapinin yararini gostermek i¢in
ileri prospektif klinik ¢alismalar gerekmektedir.

Anahtar sozciikler: Siyrilma gucu; terminal tespit; torakolomber
cerrahi.

e Received: October 13, 2015 Accepted: December 28, 2015

e Correspondence: Eyad Sekik, MD. Dokuz Eyltl Universitesi Tip Fakultesi Ortopedi ve Travmatoloji Anabilim Dali, 35340 Balcova, izmir, Turkey.
Tel: +90 537 - 555 26 36 Fax: +90 232 - 412 33 77 e-mail: eyad55_55@yahoo.com



The pullout strength of lateral hook screws addition in ferminal vertebrae fixation 23

Pullout of spinal terminal instrumentation after
surgical treatment for thoracolumbar pathologies is
frequently encountered (Figure 1).!"! The incidence of
distal construct failure ranges from 3% to 50%, based
on previous clinical studies.”® The mechanical and
material properties of implants are important factors
in determining the strength of the fixation and the
biomechanical properties of bone-instrumentation
interface.’ Screws, hooks, and claws may loosen
progressively over time as a result of nonunion
and persistent micromotion, causing instrumentation
failure due to laminar fracture or pullout of the
transpedicular screws. In vivo cases of transpedicular
screw failure due to breakage and bending have been
reported in the literature.">¥ Many biomechanical
studies focused on the strength of the terminal
vertebral construct in kyphosis surgery to lower the
incidence of pullout phenomena and to offer a more
stable anchor.' However, the literature search did
not reveal a well-designed study and guidelines
based on solid biomechanical information to help
clinicians select the type and configuration of these
anchors.

We have developed a new anchor system
composed of a transpedicular screw with a lateral
hook screw (which itself consists of a lateral
transverse process hook augmented with a hole for
a locking lateral cortical screw inserted through
the corpus of the terminal vertebra) to enhance the
pullout strength of the terminal vertebra construct
in kyphosis surgery.

Therefore, in this study, we aimed to
biomechanically evaluate and compare four well-
known types of terminal spinal constructs to this
novel construct composed of a transpedicular screw
with a lateral hook screw in terms of axial pullout
strength in terminal vertebral segment fixation.
This work was also conducted to determine the
modality of terminal fixation that may provide
optimal biomechanical resistance to pullout in
thoracolumbar spinal surgery. We hypothesized
that the transpedicular screw with a lateral hook
screw enhances the pullout strength of the terminal
vertebral construct in kyphosis surgery.

MATERIALS AND METHODS

Forty fresh-frozen lamb spines were divided into
five groups with eight spines each. To stabilize the
transverse process, a pedicular screw alone was
used in group 1, a sublaminar hook alone was used
in group 2, a transpedicular screw augmented with
sublaminar hooks via a domino connector was used
in group 3, claw hook alone was used in group 4,

and the novel method of a pedicular screw with a
lateral hook screw was used in group 5 (Figure 2).
A transverse connector was then placed between the
rods at T12 to increase the lateral rigidity of the dual-
rod construct. Instrumentation was performed by a
single experienced spinal surgeon. The study was
approved by the Ethics Committee of the Anatomy
Department of Dokuz Eylul University Faculty of
Medicine in 27/11/2014, under the reference number
235.

Lamb spines were harvested and 40 were deemed
to be anatomically representative of the human spine,
making them eligible for the type of instrumentation
used for this study. This model was chosen because it
has been reported to approximate the size and shape
of human vertebrae.” The average age of lambs
was 12.313.42 months. The specimens were free of
macroscopic and radiological diseases.

The spine of each specimen was dissected from
T12 to L2. All muscle tissue was dissected and
cleaned from the spinal units with care to preserve
the interspinous and ligamentum flavum ligaments,
the facet joint capsules, and the intervertebral
discs. A mechanical caliper (Mittoyoto, Japan,
0.01 mm accuracy) was used to measure the pedicle
dimensions and the transverse and sagittal plane
diameters of the vertebral bodies. Each specimen

Figure degenerative
thoracolumbar spine with a pullout
occurrence of terminal screws.
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Figure 2. Different terminal fixation anchoring examples. (a) Lamb spine samples with thoracolumbar
spine prepared for fixation. (b) Lamb spine (T12-L1) fixed with posterior fixation construct. (c)
Terminal anchor performed with a single screw alone. (d) Terminal anchor performed with a single
sublaminar hook alone. (e) Terminal anchor performed with transpedicular screws and sublaminar
hooks. (f) Terminal anchor performed with claw hooks alone. (g) Terminal fixation performed with
novel construct which is composed of a trans-pedicular screw with a lateral hook screw consisted
of a transverse process hook augmented with a hole for a locking cortical screw to allow insertion

through lateral aspect of distal terminal vertebra.

was wrapped in saline-soaked gauze and stored in
double plastic bags at 20 °C.

Under fluoroscopic guidance, the pedicles at both
T12 and L1 were instrumented with 5.5 mm diameter,
35 mm length stainless-steel polyaxial screws. Then,
two high-stiffness stainless steel rods (5.0 mm in
length) were seated into the heads of the pedicle
screws at T12. The Tiz-set screws were kept loose so
that the head of the screw acted as a fulcrum point.

The novel construct of distal terminal fixation was
achieved by placing the transpedicular screw in the
distal terminal vertebra and by orienting a lateral
hook screw (composed of a lateral transverse process
hook augmented with a hole) to allow a 3.5 mm
locking cortical screw to be inserted from the lateral
aspect through the distal terminal vertebra (Figure 3).

The study was conducted in the biomechanical
laboratory of the Institute of Health Sciences. The
biomechanical tests were performed using the axial
compression testing machine (AG-I 10 kN, Shimadzu,

Japan). The test device used TRAPEZIUM2 data
processing software and charge coupled device camera
extensometers (Non-Contact Video Extensometer
DVE-101/201, Shimadzu, Japan); these elongation
meters enabled measurement without making
contact with the test specimen. The L2 vertebral
body was fully embedded in polymethylmethacrylate
(PMMA) to secure the entire spinal segment to the
lower crosshead of the servo-hydraulic materials
testing system. The Ti» vertebra was supported
anteriorly using a PMMA cradle (Figure 4) that
had a roller bearing at its base to allow translation
and rotation in the sagittal plane. Dual rods were
seated in the unsecured heads of bilateral Ti»
pedicle screws to provide a fulcrum at a distance
from L1, creating a cantilever bending moment in
combination with a pullout force at L1 when a
downward force was applied to the rods proximal
to T12. This force simulated the load contribution of
the thoracic spine and torsion in forward bending.
After performing all tests, the lamb spine models
underwent an indentation test to measure the bone
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Figure 3. Novel terminal construct composed of a transpedicular
screw with a lateral hook screw consisted of a transverse
process hook augmented with a lateral screw that allows a
locking cortical screw insertion in lateral aspect of corpus of
terminal vertebra.

quality at L1. There was no statistically significant
difference between the lamb spine samples.

Statistical analysis

For statistical analysis, the Mann-Whitney U test
was used, and the level of statistical significance was
set at p<0.05.

RESULTS

As the force was applied gradually on the proximal
part of the rods, the load increased sharply until
the distal construct stripped the bone; then, the
load dropped rapidly (Figure 5). The construct
displacement at the point of peak load was within two

ﬁll"J"l.:I "."- i

o« B x .
Figure 4. Preparing the lamb spine sample for biomechanical testing. (a) Lamb spine sample was distally

pitches in all the constructs, and the peak load was
defined as the pullout strength. The average pullout
strength of each group was 927 N for group 1, 626 N
for group 2, 988 N for group 3, 972 N for group 4, and
1194 N for group 5 (Figure 6).

There was no statistically significant difference
between groups 3 and 4 (p=0.66); group 3 had
a statistically significant difference in pullout
strength compared to groups 1 and 2 (p=0.004
and p=0.001, respectively). Group 4 also had a
statistically significant difference in pullout strength
compared to groups 1 and 2 (p=0.004 and p=0.003,
respectively). Group 5 had the highest statistically
significant differences in pullout strength compared
to groups 1 through 4 (with p values of 0.003, 0.001,
0.006, and 0.011, respectively).

DISCUSSION

Pullout of terminal spinal instrumentation is
an important complication in patients who have
undergone thoracolumbar spinal surgery. In this
study, we have attempted to develop some guidelines
to help surgeons to select the proper terminal anchors
by investigating the pullout strength of different
distal fixation constructs against bending loads.

Arlet et all® reported a suprapedicular claw
construct at the top of the instrumented thoracic
vertebra and concluded that this type of construct
prevents the often-observed proximal screw pullout.
Cordista et al.'! reported that pedicle hooks should
be considered when supplemental instrumentation
is required in thoracic vertebrae, especially in
osteoporotic bone.

Furthermore, Paxinos et al.?”! demonstrated that
pedicle screws and sublaminar wires offer equally

embedded in polymethylmethacrylate cradle to be supported against forward flexion. (b) Test machine
applying axial load to simulate a forward thoracolumbar flexion.
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Figure 5. A gradually applied load on proximal part of rods;
load increased gradually till distal construct stripped the bone
and then the load dropped rapidly.

strong fixation in normal bone. In contrast, hooks tend
to fail with significantly less force. In osteopenic bone,
the surgeon may use any of the posterior constructs
that are available for the thoracic spine because
fixation strength is not related to the fixation type but
to the bone strength.

Korovessis et al.®! showed that using pedicle
screws to stabilize the spine after thoracolumbar
injuries was superior to using hook claws in the lumbar
spine because the constructs with screws restored and
maintained the fractured anterior vertebral body
height better than the hooks and did so without
subsequent loss of correction and while keeping a
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postoperatively continuous spinal canal clearance at
the injury level. Moreover, Sun et al.?? showed that
the pedicle screw construct exhibited 70% greater
ultimate strength and 24% greater stiffness compared
with the hook construct.

Likewise, Liljenqvist et al™® demonstrated that
average pullout strength of the pedicle screws was
significantly higher than the strength in the hook
group. Both screw diameter and bone mineral density
had a significant influence on the pullout strength in
the screw group.

Hilibrand et al.® demonstrated that a pedicle
screw supplemented with a supralaminar hook at the
same level provided significantly greater resistance
to pullout than a pedicle screw alone when tested in
the worst-case scenario of a stripped, senile pedicle.
In the intact vertebra, no significant difference was
seen in axial pullout strength when comparing the
pedicle-screws-only construct and the screw-and-
hook construct.

This study was intended to evaluate the strength
of these anchors in a biomechanical model similar
to a human spine and to compare these models with
a novel method of a terminal construct fixation. The
goal was to produce a more stable distal construct
fixation to reduce the occurrence of pullout, which
is encountered frequently in spinal instrumentation,
especially in kyphosis surgery. The patient’s
characteristics still play a major role in determining
anchor selection, and surgeons must make a final
decision on what type of anchor should be used based
on other clinical information. We believe, however,
that the information presented in this paper will
assist the surgeons in their decision-making process.

Our results revealed that a transpedicular screw
in the distal vertebra and a lateral hook screw

1400
1300

1200

1100

1000

800

700

Pullout strength (Newton)
©
o
o

600

500

400

I I
T T 1

Transpedicular
screw

Sublaminar hooks  Transpedicular screw
+ sublaminar hooks

Claw hook Pedicular
screw + lateral hook
with a lateral screw

Figure 6. Graphical comparison between different types of terminal anchor pullout strengths.
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(composed of a lateral transverse process hook
augmented with a hole oriented to allow a 3.5 mm
locking cortical screw inserted from the lateral aspect
through the corpus of distal terminal vertebra) was
significantly stronger in pullout failure testing than
were the previously known constructs from groups
1, 2, 3, and 4. There was no obvious statistical
difference between group 3 and 4. The construct
using a transpedicular screw with sublaminar hooks
showed a tendency to sustain higher loads before
failure when compared with the claw hooks alone, but
this difference did not reach statistical significance.
The choice of anchors also depends on the anchor
site’s resistance against distraction forces and the
potential for plowing the pedicle screws based on
bone quality.

The study required the use of an animal model
to replicate the dimensions and bone quality of a
human spine. Sufficient human cadaveric tissue
to adequately perform this study is virtually
unobtainable. The lamb spine had similar anatomical
dimensions to the human spine, and the placement
of the instrumentation was similar to the human
intraoperative experience. The pedicle dimensions
were able to accommodate the screw placement,
and the lateral-to-medial angulation of the pedicle
screws did not deviate from the clinical experience.
In addition, the use of animal models for evaluating
spinal instrumentation is quite common.?>?!

An obvious limitation of this biomechanical study
is the direction and nature of the pullout force
applied. The pullout force was directed posteriorly,
continuing until acute failure occurred. A more
realistic clinical scenario would involve long-term
cyclical loading. However, the current method of
testing was considered acceptable, as it provides a
basic understanding of bone-implant behavior for this
type of construct.

Furthermore, dual-energy X-ray absorptiometry
was not conducted for the lamb spine specimens
to create homogenous lamb spine groups; however,
the indentation test was performed for all samples
and no statistical significance was detected
between groups. A prospective clinical study is
needed to clearly demonstrate the beneficial effect
of the novel construct in reducing the risk of distal
instrumentation pullout.

In conclusion, our study suggests that the
strongest distal fixation construct for reducing
pullout is the newly described block method, which
involves a transpedicular screw and a lateral hook
screw. This method may be used in osteoporotic

bones and conditions in which fixation strength
must be enhanced.
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