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New means in spinal pedicle hook fixation
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Summary. Pedicle hooks which are used as an anchorage
for posterior spinal instrumentation may be subjected to
considerable three-dimensional forces. In order to achieve
stronger attachment to the implantation site, hooks using
screws for additional fixation have been developed. The
failure loads and mechanisms of three such devices have
been experimentally determined on human thoracic verte-
brae: the Universal Spine System (USS) pedicle hook
with one screw, a prototype pedicle hook with two screws
and the Cotrel-Dubousset (CD) pedicle hook with screw.
The USS hooks use 3.2-mm self-tapping fixation screws
which pass into the pedicle, whereas the CD hook is sta-
bilised with a 3-mm set screw pressing against the supe-
rior part of the facet joint. A clinically established 5-mm
pedicle screw was tested for comparison. A matched pair
experimental design was implemented to evauluate these
implants in constrained (series I) and rotationally uncon-
strained (series II) posterior pull-out tests. In the con-
strained tests the pedicle screw was the strongest implant,
with an average pull-out force of 1650 N (SD 623 N). The
prototype hook was comparable, with an average failure
load of 1530 N (SD 414 N). The average pull-out force of
the USS hook with one screw was 910 N (SD 243 N), not
significantly different to the CD hook’s average failure
load of 740 N (SD 189 N). The result of the unconstrained
tests were similar, with the prototype hook being the
strongest device (average 1617 N, SD 652 N). However,
in this series the difference in failure load between the
USS hook with one screw and the CD hook was signifi-
cant. Average failure loads of 792 N (SD 184 N) for the
USS hook and 464 N (SD 279 N) for the CD hook were
measured. A pedicular fracture in the plane of the fixation
screw was the most common failure mode for USS hooks.
The hooks usually did not move from their site of implan-
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tation, suggesting that they may be well-suited for the so-
called segmental spinal correction technique as used in
scoliosis surgery. In contrast, the CD hook disengaged by
translating caudally from its site of implantation in all
cases, suggesting a mechanical instability. The differences
in observed hook failure modes may be a function of the
type and number of additional fixation screws used. These
results suggest that additional screw fixation allows stable
attachment of pedicle hooks to their implantation site.
Hooks using additional fixation screws passing obliquely
into the pedicle apparently provide the most rigid attach-
ment. The second fixation screw of the prototype hook al-
most doubles the fixation strength. Thus, the prototype
hook might be considered as an alternative to the pedicle
screw, especially in the upper thoracic region.

Key words: Thoracic spine — Biomechanics — Pedicle
screw — Pedicle hook — Pull-out test

In 1962 Harrington introduced hooks and rods as a means
to apply corrective forces in spinal surgery. The hooks
were anchored under the vertebral laminae at both ends of
the Harrington instrumentation, allowing distraction and
compression. Major complications encountered were me-
chanical failure of the instrumentation and/or disengage-
ment of the hooks, resulting in loss of the original correc-
tion {4, 11, 12, 14]. Concentrated hook forces on thin lam-
inae resulted in fixation failure due to fracture of the lam-
ina or bone resorption [8]. Many modifications to the in-
strumentation and the shape of the hooks addressed these
problems.

The Harrington distraction-compression instrumenta-
tion basically addresses only the frontal curve abnormal-
ity [27]. A negative influence on the sagittal spinal con-
tour can lead to the so-called flatback-syndrome in the
lumbar region, causing decompensation in flexion and
pain [17]. Recently, systems designed to apply corrective
forces to the spinal deformity in all three dimensions have
been introduced, e.g. the Cotrel-Dubousset (CD) Instru-
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mentation [5, 6] and the Universal Spine System (Syn-
thes). Several laminar and pedicular hooks or pedicle
screws are placed at multiple levels along the spinal de-
formity. In addition, distribution of the corrective forces is
meant to avoid stress concentration on only a few laminae
or pedicles and therefore reduce the failure rate of the in-
strumentation.

However, hook disengagement has been reported with
the CD system [9, 24, 26]. Clinical experiences with these
implants in thoracic scoliosis surgery indicate that consid-
erable forces may be applied to the hooks intra-opera-
tively during three-dimensional correction of the verte-
brae. In order to withstand these forces, pedicle hooks
have been developed using various types of screws for ad-
ditional fixation.

Although the pull-out strength of various pedicle
screws has been investigated in many reports [10, 15, 16,
18, 23, 25, 28-30], few data are available on how much

Fig.1. The four implants tested:
(bottom leff) CD pedicle hook
with 3-mm diameter set screw;
(bottom middle) USS pedicle
hook with 3.2-mm-diameter,
self-tapping fixation screw; (bot-
tom right) prototype pedicle
hook with two 3.2-mm-diameter,
self-tapping fixation screws; and
(top) USS 5-mm diameter pedi-
cle screw

Fig.2. Lateral X-ray of a func-
tional spinal unit (T6-7) with the
USS hook implanted inferior and
the USS prototype hook im-
planted superior. The additional
fixation screws pass into the
pedicles

Fig.3. The mechanical clamp
used in test series I1. The
sharpened pins on the clamp
faces engage the vertebral body
endplates

Fig.4. Complete test set-up: ma-
terials testing system, mechanical
clamp, 4 degree of freedom table
with specimen and rotationally
unconstrained attachment jig

force can be applied to pedicle and lamina hooks and how
they compare to pedicle screws. The aim of this study was to
investigate the loading tolerances of three hooks which are
components of posterior fixation systems for the thoracic
spine: the USS pedicle hook, a prototype pedicle hook and
the CD pedicle hook. A standard 5-mm USS pedicle screw
was tested for comparison. In order to perform a clinically
relevant test, the major loading force acting intraopera-
tively on the implants is simulated with constrained and
rotationally unconstrained posterior pull-out tests.

Materials and methods

Implants

The hooks tested in this study are designed to provide rigid fixa-
tion to the posterior elements. The CD hook is secured using a 5.5-
mm-long screw of 3-mm diameter (Fig. 1). This screw is tightened
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against the posterior facet surface. No additional holes need to be
prepared. In contrast, the USS hooks use an additional, 3.2-mm,
self-tapping fixation screw (length 25-mm or 30-mm) which passes
obliquely, in the anterocranial direction, through the inferior facet
of the vertebra into the pedicle (Figs.1 and 2). The canal for the
screw is prepared with a 2-mm drill. The prototype hook is addi-
tionally anchored to the ipsilateral pedicle of the caudally adjacent
vertebra with a second 3.2-mm, self-tapping fixation screw requir-
ing a second drilling procedure (Figs.1 and 2). The self-tapping
pedicle screw has a 5-mm major diameter, 3.8-mm minor diameter
and 2-mm pitch (Fig. 1).

Spine preparation

Nine human thoracic spines (T2-12) with an average age of 55.8
years (ranging from 40 to 68 years) were used for this study. They
were from one female and eight male cadavers. All spines were
harvested within 24 h of death, frozen at —20°C and thawed for
testing. Each spine was cleared of all soft tissues and disarticu-
lated. The pedicle’s sagittal and horizontal diameters were mea-
sured with a precision caliper. For pedicle screw implantation a 2-
mm-diameter pilot hole was prepared with a hand drill. This hole
was enlarged to 3.2 mm with a pneumatic drill, taking care not to
damage the pedicular walls. The longest possible screw was in-
serted without perforating the anterior cortex, resulting in a
80%—100% insertion depth according to Krag [15].

The USS hook and the prototype hook were implanted into the
facet joint after removal of the caudal portions of the inferior facet
of the vertebra. A fixation screw was inserted into a 2-mm hole
drilled obliquely through the remaining facet into the pedicle. The
tip of the selected screw was placed as close to the superior pedic-
ular cortex as possible. The prototype hook was additionally an-
chored to the facet and the ipsilateral pedicle of the caudally adja-
cent vertebra with a second fixation screw.

The CD hook was implanted similarly, and its set screw was
tightened against the superior portion of the facet joint.

The specimens were than X-rayed to check for correct posi-
tioning of the implants. Each specimen was fixed to a test table in
a posterior-up position such that the posterior elements, the pedi-
cles and the implant were exposed.

The vertebral bodies of the series I specimens were moulded in
ostalloy after reinforcement screws were placed through the verte-
bral bodies (Billiton Witmetaal, Naarden, Netherlands). In series
11, the specimens were fixed in a custom mechanical “clamp” (Fig.
3). The faces of the clamp applied cranial/caudal compression to
the vertebral body endplates. Further anchorage of the vertebral
body to the clamp was provided by 1-cm-long and 3-mm-diameter
sharpened pins which penetrated the endplate of the vertebral body.

Testing protocol

Posterior pull-out tests were performed using Instron testing sys-
tems (test series I, model 1272 servo-hydraulic; test series II,
model 4302 screw-driven; Instron Corp, High Wycombe, Bucks,
UK). The testing mode was displacement controlled at a constant
rate of 0.5 mm/s.

The pedicle screw was loaded along its axis. The hooks were
all loaded perpendicular to the intended rod direction. The required
specimen alignment was obtained using a 4 degree of freedom test
table (Fig.4). A custom attachment jig connected the implant to the
load cell. In series I the jig was rigidly affixed to the load cell. In
series II the rotational constraints were removed by installing a
universal joint and an axial thrust bearing between the attachment
jig and the load cell.

Force and displacement data were sampled 50 times/s. The
failure load was defined as the maximum load recorded.

Bone densitometry was performed on isolated vertebrac of
nine spines using the dual energy X-ray absorptiometry technique
(DXA; Hologic QDR 1000, Hologic Inc., Waltham, Mass.). After
removal of the soft tissues, the vertebrae were positioned antero-

Table 1. Matched paired tests performed in series I (constrained)
and series II (rotationally unconstrained)

Series Configuration Site of testing Number
of matched
pairs

IA USS hook versus Same vertebra 8

pedicle screw

1B USS hook versus
prototype hook

IC USS hook versus CD
hook

A USS hook versus CD
hook

11B USS hook versus
prototype hook

Adjacent vertebra 8
Adjacent vertebra 8
Adjacent vertebra 9

Adjacent vertebra 8

posteriorly on an acrylic plate. The latter compensates for soft tis-
sue and improves spectral distribution of the X-rays. Scans were
analysed according to the procedure recommended by the manu-
facturer (Spine analysis software version 4.47). Results were ex-
pressed as bone mineral density (BMD, g/cm?).

Data analysis

A matched pair experiment procedure was used: pedicle screws
and USS hooks were compared on the pedicles of the same verte-
bra if a clean pull-out of the pedicle screw was observed. In any
other case, implants were tested on adjacent levels because pedic-
ular fracture was expected as the failure mode. For the purposes of
the paired t-test analysis, both implants tested on adjacent levels
and implants tested in a single vertebra were considered to be
paired samples.

In the first part of this study, all fixture degrees of freedom
were constrained. In the second part of the study, all rotational fix-
ture degrees of freedom were unconstrained (Table 1).

Linear regression analysis was performed to ascertain the fol-
lowing correlations:

— Pedicle screw diameter with failure load

USS hook failure load with cross-sectional area of the pedicle

— USS hook failure load with pedicle height (sagittal pedicle di-
ameter)

— USS hook failure load with bone mineral density

USS hook failure load with length of the additional fixation

screw

}

Results

Series I

The results of all pull-out tests in this series are summa-
rized in Table 2. The failure displacement is defined as the
displacement at the failure load. Results of the matched
paired t-tests are summarized in Fig.5.

Series IA. For the pedicle screw a total of 10 tests were
performed with an average puli-out force of 1646.1 N (SD
622.8 N). In 7 cases a clean pull-out of the screw was ob-
served, in 3 cases the pedicle fractured. A typical force-
displacement relationship for the pedicle screw is pre-
sented in Fig.6. The sudden drop in force which occurs at
approximately 2.5 mm displacement indicates screw pull-
out.
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Table 2. S‘ummary of dgta obtained from Implant Pedicle Prototype Uss D

all constrained tests (series I) screw hook hook hook
Number of tests 10 9 25 8
Average failure load (N) 1646.1 1529.9 906.2 742.8
Maximal loads (N) 2729.6 22169 1406.3 930.2
Minimal loads (N) 961.0 954.6 522.5 4492
SD of failure load (N) 622.8 414.0 243.0 189.5
Average failure displacement (mm) 2.4 22 2.1 2.9
SD of failure displacement (mm) 1.0 0.9 1.0 0.9

2400

2000

16060

Failure Load (N)
I
8

Series IA Series IC

Fig.5. Results of matched paired t-tests for constrained series 1.
The differences indicated for series IA and series 1B are significant
at the P < 0.05 level

The USS hook was tested nine times. An average pull-
out force of 849.0 N (SD 309.4 N) was observed. The typ-
ical failure mode for the USS hook was a pedicular frac-
ture along the fixation screw without any major move-
ment of the hook relative to the bony implantation site. A
typical force-displacement relationship for the USS hook
is illustrated in Fig.6. The sharp drops in force occurring
at approximately 2.5 mm and 8.0 mm displacements are
indicative of a pedicle fracture.

Results of the matched paired r-test indicated that the
pedicle screw pull-out load was significantly greater than
that for the pedicle hook at the P < 0.05 value.

Series IB. The prototype hook was tested nine times. An
average pull-out force of 1529.9 N (SD 414.0 N) was
measured. The failure mode was comparable to the stan-
dard USS hook. The additional fixation screw usually cut
out cleanly. In three cases the caudal pedicle fractured. A
typical force-displacement curve for the prototype hook is
given in Fig.6.

In this series a total of eight USS hooks were tested.
An average pull-out force of 949.7 N (SD 261.0 N) was
measured. Results of the #test indicated that the prototype
hook puil-out force was significantly greater than that for
the USS pedicle hook at the P < 0.05 value.

Series IC. In eight tests the average pull-out force of the
CD hook was 742.8 N (SD 189.5 N). The failure mode
observed was an initial cranial translation and deforma-

tion of the posterior elements followed by a fracture of the
facet and lamina. A typical force-displacement curve for
the CD hook is presented in Fig.6. The sharp decrease in
force occurring at approximately 1.6 mm of hook dis-
placement is indicative of a facet/lamina fracture.

Eight USS hooks were tested in this series. An average
pull-out force of 896.3 N (SD 213.1 N) was measured. Re-
sults of the r-test indicated the difference between the CD
and USS hooks at the P < 0.05 value was not significant.

Series 11

The results of all pull-out tests in this series are given in
Table 3. The nine sample paired #-test is summarized in
Fig.8.

Series IIA. The USS hook and the CD hook were both
tested nine times. The USS hook failed at an average pull-
out force of 803.6 N (SD 147.2 N). In all cases the failure
mode was a fracture of the pedicle, occurring seven times
along the axis of the fixation screw and twice at the pedi-
cle/vertebral body junction. The USS hook did not trans-
late from its bony anchorage in any test. A typical force-
displacement curve for the USS hook is given in Fig.7.

For the CD hook an average pull-out force of 463.7 N
(SD 279.1 N) was observed. The results were consider-
ably more scattered than for the USS hook. The typical
failure mode was a cranial translation along the facet and
a slip off from the lamina without fracturing the bone. A
typical force-displacement curve for the CD hook is pre-
sented in Fig.7. The matched paired r-test indicated that
the USS hook pull-out load was significantly greater than
that for the CD hook at the P < 0.05 value.

Series IIB. The USS hook and the prototype hook were
both tested eight times. For the USS hook an average pull-
out force of 778.2 N (SD 228.1 N) was observed. Again
the typical failure was a pedicular fracture along the axis
of the fixation screw without movement of the hook itself.

The prototype hook failed at an average load of 1617.1N
(SD 652.3 N); the maximum failure load was 2690.6 N. In
six cases a clean pull-out of the second screw was ob-
served, in two cases the caudal pedicle fractured. A typi-
cal force-displacement curve for the prototype hook is
presented in Fig.7. The matched paired t-test indicated
that the prototype hook pull-out load was significantly
greater than that for the USS hook at the P < 0.05 value
(Fig.8).
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Fig. 6. Typical force-displacement curves for the constrained series
I: a pedicle screw, b USS pedicle hook, ¢ prototype pedicle hook
and d CD pedicle hook

Pedicle dimensions

Transverse and sagittal pedicle diameters are given in
Table 4. The lowest average pedicle width was observed
at the T3 level. The lowest average pedicle height was
measured at the T6 level.

Bone mineral density

A total of nine reference vertebrae were measured. BMD
values are given in Table 5.

Regression analyses

There was no statistically significant correlation of the
pedicle dimensions and the failure loads of any implant
tested. A pedicle screw failure load of more than 1800 N
was recorded in three of four tested upper thoracic verte-
brae. However, this trend was of no statistical significance.

Further analysis showed that the failure load of the
USS hooks was not correlated to the length of the addi-
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Table 3. Summary of data obtained from all unconstrained tests
(series 1)

Implant Prototype USS CDh
hook hook hook
Number of tests 8 17 9
Average failure load (N) 1617.1 791.6  463.7
Maximum observed load (N) 2690.6 1174.6 9392
Minimum observed load (N) 548.1 489.5 91.4
SD of failure load (N) 652.3 183.8  279.1
Average failure displacement {mm) 3.1 2.6 1.6
SD of failure displacement (mm) 1.0 1.1 1.0

tional fixation screw. The BMD did not correlate with the
failure load of the USS hook.

Discussion

Pedicle and lamina hooks are widely used in posterior
thoracic spine surgery. Rotations of the hook with respect
to the lamina, dislodgement of the hook from the lamina
and even fracture of the posterior elements have been re-
ported in clinical studies [15, 22]. Double hooks and lock-
ing hooks have been developed in order to reduce the
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Fig.8. Results of matched paired t~tests for unconstrained series I1.
The differences indicated for both series IIA and IIB are signifi-
cant at the P < 0.05 level

number of these failures [2, 13]. However, transmission of
three-dimensional corrective forces onto the vertebra re-
quires additional fixation. All three hooks tested are addi-
tionally instrumented with fixation screws (Fig. 1).
Several studies have been performed to investigate the
pull-out forces of single screws [25, 29] as well as the bio-
mechanical properties of complete fixation systems [7,
19, 20]. Relatively few investigators have compared these
findings with pedicle hook pull-outs [3, 21]. Therefore,
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Fig.7. Typical force-displacement curves for the unconstrained se-
ries II: a USS pedicle hook, b prototype pedicle hook and ¢ CD
pedicle hook (pedicle screw not evaluated in series II)

Table 4. Pedicle dimensions in nine thoracic spines (mean and
SD)

Level Transverse diameter Sagittal diameter

(mm) (mm)

Mean SD Mean SD
T12 8.9 1.7 17.4 1.8
T11 8.7 1.2 17.6 1.9
T10 7.9 1.2 16.5 14
T9 7.3 1.2 15.0 1.2
T8 6.6 1.2 13.6 1.8
T7 6.1 1.2 12.8 1.0
T6 5.8 0.9 12.1 1.1
T5 54 0.7 12.1 1.6
T4 5.9 0.8 12.3 1.4
T3 6.2 1.3 12.5 1.5
T2 6.5 0.6 12.0 1.4

we tested the pull-out force of the 5-mm USS pedicle
screw in addition to the pedicle hooks.
Biomechanical testing

In order to evaluate the pedicle hooks and pedicle screws
biomechanically, posterior pull-out tests have been pro-
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Table 5. Results of the bone mineral density measurements. The
average values were regarded as representative for the complete
spine. Spines no. 4-10 were used for the regression analysis

Spine no. Verebra(e) (Average)
measured BMD (g/cm?)
1 T34 0.714
3 T8 0.643
4 TIi2 0.854
5 T10-11 0.988
6 Ti12 0.835
7 T12 0.767
8 L1 0.880
9 T11-L1 0.879
10 Ti2 0.844

posed [3, 21]. To simulate intraoperative conditions, con-
strained (series I) and rotationally unconstrained (series
II) pull-out tests were performed. The applied force in se-
ries I corresponds to the situation found with the CD tech-
nique wherein the rod is rotated by 90° to correct flexible
scoliotic deformities. The loading of the hooks is consid-
ered “constrained”, since the implants are always aligned
with the rod. In the USS case, the vertebrae may be indi-
vidually connected to the rod, allowing so-called “seg-
mental correction”. The instrument used intraoperatively
to perform this correction leaves the rotational degrees of
freedom unconstrained. This situation was simulated in
test series II by inserting a universal joint between the im-
plant and the load cell.

The pedicle screw was the strongest device, with a
maximum pull-out force of 2729.6 N (Table 2). In three
cases involving small pedicles, the failure mode observed
was a fracture of the pedicle rather than a clean pull-out of
the thread. The importance of the “cortical cylinder” sur-
rounding the pedicle for the anchorage of pedicle screws
has been stressed in other studies [18, 30]. The thickness
of the cortical cylinder has been reported to range from
15% to 40% of the pedicle’s minor dimension [18]. This
suggests a higher pedicle screw failure load for smaller
pedicles as the screw threads may engage the cortical bone.
Moran et al. [18] could not confirm this, and we observed
a statistically insignificant trend only.

For stabilization of the USS hook, the additional screw
fixation to the pedicular cortical bone at the screw’s entry
point seemed to be the major factor. Of the 42 USS hooks
tested, only three slipped slightly caudally. This stable fix-
ation led to a constant failure pattern: a pedicle fracture
along the axis of the inserted screw. The average failure
load of the USS hook was 55% of that for the pedicle
screw in the constrained test. This failure load did not
change significantly under rotationally unconstrained con-
ditions. The length of the fixation screw (25 or 30 mm)
and therefore the amount of engagement of cancellous
bone within the pedicle did not influence the hook’s load-
ing tolerance.

The fixation strength of the USS hook might be further
improved if the fixation screw perforated the strong bone
of the vertebral endplate (J. K. Webb, 1994, pers. comm.).

However, in the hook configuration tested a longer fixa-
tion screw would have missed the endplate posteriorly
(Fig.2). The angulation of the fixation screw has subse-
quently been modified so that its trajectory now perforates
the endplate. The biomechanical evaluation of these mod-
ified hooks is currently under way at our institute.

The average failure load of the CD hook was 45% of
that for the pedicle screw in the constrained test. This fail-
ure load did decrease significantly under rotationally un-
constrained conditions to 28% of that for the pedicle screw.
In addition, the range of failure loads exhibited consider-
able scattering (91.4 — 939.2 N) and may have resulted
from the variation in the fit between the hook and the facet
joint. In contrast to the USS hook, the CD hook failed by
translating away from its original position. This move-
ment was limited in the constrained test, leading to a frac-
ture of the lamina. With additional degrees of freedom
the hook failed, in all cases, by suddenly slipping com-
pletely off the facet joint, suggesting a mechanical insta-
bility.

Ruland et al. [21] reported average failure loads of
809 N (SD 99 N) for the CD laminar hook, and Coe et al. [3]
found a posterior cutting-out through the lamina as the
most common failure mode for these devices. However,
details of the degree of constraint imposed on the im-
plants was not reported for these studies. Freedman et al.
[8] investigated Harrington hooks by applying increasing
distraction force and found loading tolerances between
660 and 1100 N. A fracture of the lamina in all trials may
have been caused by the highly constrained nature of this
test.

The prototype hook was developed to improve the fix-
ation strength of the standard USS hook by using a second
fixation screw which passes through the caudal “heel” of
the hook (Fig. 1) into the facet and the pedicle of the cau-
dally adjacent vertebra. The prototype hook was associ-
ated with significantly higher failure loads than the stan-
dard USS hook. The additional fixation screw at the heel
increased the average fixation strength of the USS hook
from 55% to 93% of the loading tolerance of the pedicle
screw under constrained and from 48% to 98% under un-
constrained conditions. All hooks failed by fracturing the
pedicle without moving caudally from their site of im-
plantation. However, this device bridges a spinal motion
segment by connecting two adjacent vertebrae, hindering
segmental spinal manipulation and correction. In vivo, the
additional fixation screw may also be subjected to high
loads during motion of the spinal segment, possibly re-
sulting in its failure. Furthermore, the implantation of two
additional fixation screws into the posterior elements and
the pedicles exposes the patient to the risk associated with
this procedure.

Implantation

All devices are in some respect limited in their use by
anatomical features. The pedicle screw, the strongest im-
plant, could not be inserted safely into the very small
pedicles of the upper and middle thoracic region. Trans-
verse pedicle diameters as low as 3.5 mm were measured
(Table 4), which contradict the use of a pedicle screw but



not of a pedicle hook. In the lower thoracic regions the
hooks are limited by the shape, orientation and thickness
of the facet joint. In addition, in the case of large diame-
ters of the pedicles, the hook’s bifid blade is sometimes
too small to fit the pedicle properly. In our study the low-
est level that hooks could be implanted was T10.

Bone mineral density

An et al. [1] reported a linear correlation of the BMD with
anterior vertebral screw pull-out strength. Coe et al. [3]
found that in posterior pull-out tests, failure loads for lam-
inar hooks were independent of the BMD. In contrast,
they showed a correlation of BMD and pedicle screw
pull-out forces and therefore concluded that, in osteo-
porotic patients, hooks might be more effective than pedi-
cle screws. We can confirm their findings regarding the
independence of hook failure load from BMD, but our
data do not allow conclusions concerning the relation be-
tween pedicle screw pull-out forces and BMD.

Test set-up

High loads initially led to complications with the fixation
of the vertebra to the testing table: the vertebral body frac-
tured along the axis of the reinforcement screws, and sub-
sequently pulled out of the moulding material on three oc-
casions. These tests were discarded since the failure was
not related to the implant.

The method of affixing the vertebral body to the test-
ing machine with a mechanical clamp was developed in
response to the vertebral body fractures. The mechanical
clamp was thought to distribute the pull-out load over the
complete vertebral body endplate instead of concentrating
the load at the location of the reinforcing screws. Al-
though two vertebral body fractures occurred when the
mechanical clamp was used, this device did provide a sig-
nificant saving in time and costs compared with the
moulding techniques.

Conclusions

The results of this study suggest that additional screw fix-
ation improves the attachment of pedicle hooks to their
implantation site. Hooks using fixation screws passing
obliquely through the facet into the pedicle apparently
provide the best attachment. Due to the firm anchorage
to the posterior elements, the hooks with an oblique fixa-
tion screw may be subjected to three-dimensional loads
without the danger of immediate dislodgement. This
should allow the intraoperative application of manipula-
tive correcting forces on each individual vertebra, en-
abling segmental spinal correction. The second fixation
screw of the prototype hook almost doubles the pull-out
strength of the USS hook. Although the fixation screws
have to be drilled through the pedicle, the prototype hook
might be considered an alternative to the pedicle screw,
especially with small pedicle dimensions as found in the
middle and upper thoracic region.
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