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Abstract

Purpose For the stabilization of the thoracolumbar spine

area, various stabilization techniques have been developed

in recent decades. The aim of these techniques is to

immobilize the treated segment to repositioning or correct

the spine and guaranty long-term stability to achieve a

reliable fusion. The aim of this study was to simulate in an

in vitro experiment the postoperative long-term situation in

elderly osteoporotic patients to compare two different sta-

bilization principles; a pedicle screw system and a lamina

hook system.

Methods Two comparable groups with respect to age and

bone mineral density with each n = 6 fresh-frozen human,

bi-segmental thoracolumbar spine specimens (T11–L1)

were used. Antero-posterior and lateral radiographs were

taken before the test, to assess the spinal status. Then the

intact specimens were biomechanically characterized with

pure moments in the three anatomical planes in different

states in terms of range of motion and neutral zone. After

implantation of either, a pedicle screw system or a lamina

hook system, the primary stability was determined under

the same conditions. Subsequently the specimens were

cyclically loaded under complex loading, using a custom-

made set-up in a dynamic materials testing machine with

increasing moments from 3 to 66 Nm until 100,000 cycles

or until one of the three defined ‘‘failure’’ criteria was

reached. (1) A failure of a bony structure. (2) Exceeding of

the threefold ROM of the primary stability after implan-

tation in flexion plus extension. (3) Reaching of the ROM

based on the intact state before implantation both in flexion

plus extension.

Results The results showed that the ROM was strongly

reduced after instrumentation similar for both implant

systems in all motion planes. The highest stabilization was

found in flexion/extension. During cyclic loading with

increasing moments, the ROM increased continuously for

both systems. The number of load cycles until one of the

failure criteria was reached varied only slightly between

the two groups. In the pedicle screw group 30,000 (median)

loading cycles (range 5000–80,000) with a corresponding

moment of 24 Nm (range 9–54) could be reached. In the

lamina hook group 32,500 load cycles (range

20,000–45,000) could be achieved with a corresponding

moment of 25.5 Nm (range 18–33). There was a slight

trend that the pedicle screw system is influenced more by

bone mineral density.

Conclusion Both implant systems provide similar primary

stability and similar long-term stability. In the pedicle

screw group, there was a stronger correlation between bone

mineral density and the reached number of load cycles.
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Introduction

In recent decades, various implant systems have been

developed to both, stabilize and to correct the thora-

columbar spine. In order to compare the performance of

such implant systems they are mostly tested in biome-

chanical in vitro studies under quasi-static conditions. The

success of these stabilization systems, however, depends

not only on the primary stability but also ultimately on the

long-term stability. This long-term performance predomi-

nantly may depend on the condition of the treated vertebral

body. With an increasingly aging population, the preva-

lence of osteoporosis is growing steadily [1, 2]. The most

common complication with the instrumentation of osteo-

porotic bone is the loosening of the implants, as well as the

fractures in the adjacent segments [3]. Therefore, the aim

of these techniques is to guarantee enough stability of the

treated segment to achieve a good fusion.

Currently, there are different principles for dorsal sta-

bilization of the spine. This includes pedicle screw and

lamina hook systems. Pedicle screw systems are currently

the most common technique for the stabilization of the

spine, which requires a stable fixation in the bone [4, 5].

But a poor bone mineral density in osteoporotic patients

can result in a screw loosening [6–9]. Lamina hook systems

have the advantage that they are connected directly to the

lamina, which may have the advantage of a minimized

injury risk for neural structures. In addition, a lamina hook

system can be implanted without fluoroscopic control and

with less blood loss. Due to the possibility of revision of

the lamina hooks, pedicle and vertebral body remain intact.

First clinical experience show, that the stability of the

laminar hooks in the middle of a multisegmental construct

is advantageous and never showed loosening or cutting out,

but may fail when used in the cranial end of a long con-

struct, once only one pair of infra-laminar hooks is used.

Therefore, using LSZ hooks at the end of a construct, at

least three segments should be included. The last instru-

mented vertebra should be two segments above the apex of

the kyphosis in the thoracic spine. It may be assumed that a

lamina hook system is less likely to loosen in osteoporotic

bone and therefore might cause less postoperative com-

plications [10]. On the other hand, one might also speculate

that the lamina might be cut or broken over time in weak

vertebrae.

Failure due to loosening of fixation systems is usually

not tested in in vitro experiments with assembled con-

structs. Most experiments are done with pull-out test to

investigate the fixation strength of single pedicle screws

[4, 11–21] or other posterior fixation systems [16, 20, 22].

Sometimes screws are also tested with so-called toggling

tests where cyclic bending moments are used [23–27].

Liljenquist et al. compared with such axial pull-out test

both pedicle and laminar hooks for the use of scoliosis

correction. He interpreted his results that pedicle screws

might be beneficial, especially for rigid thoracic curves,

since they are significantly more resistant than laminar

hooks [20]. In contrast to Liljenquist et al. another study by

Cordista et al. showed rather the opposite and suggested to

consider hooks as supplementary instrumentation in tho-

racic vertebrae especially in osteoporotic bone [28].

Hasegawa et al. combined both pedicle screws and a

laminar hook at the same vertebra and showed in his study

with a toggle-test greater fixation strength for the combi-

nation compared to the pedicle screw alone [29]. Another

study by Murakami et al. also tested a similar combination

of screws and infra-laminar hooks (at both the cranial and

the caudal ends of the vertebrae) and confirmed again with

a pull-out and a stiffness test these superior findings

compared to screws alone [27].

However, in reality implants in the vertebral body are

not exposed to axial pull-out loads, but also shear and

bending stresses. Thus, pull-out test and toggle tests may

not represent realistic in vivo loading conditions experi-

enced by the screws. More realistic may be tests with

segments that are instrumented with entire assemblies of

implants. This is usually done only in a quasi-static test to

compare the primary stability where only a few load cycles

are applied [30–33]. Biomechanical tests with many cyclic

loading cycles with a whole assembly implanted are rare.

The aim of this biomechanical study was to simulate in

an in vitro experiment the postoperative long-term situation

in middle-aged patients and to compare two posterior sta-

bilization methods; a pedicle screw system and a lamina

hook system.

Methods

Implants

A pedicle screw system was compared with a lamina hook

system (Fig. 1).

The pedicle screw system ,,OVALTWIST‘‘ (SIGNUS

Medizintechnik GmbH, Alzenau, Germany) consists of

cannulated polyaxial pedicle screws connected with trans-

verse and longitudinal stabilizers. Pedicle screws sizes

5 9 45 mm and 6 9 50 mm have been used (Fig. 1a).

The lamina hook system ‘‘LSZ3’’ (SIGNUS Medizin-

technik GmbH, Alzenau, Germany) was originally devel-

oped to correct three-dimensional deformities but may also

be used for short fracture instrumentation (Fig. 1b). The

lamina hooks are available with of the size 7.5 and 10 mm,

the smaller ones were used for the thoracic region and the
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bigger ones for the lumbar region. In this application the

rather infra-laminar hook system was connected with

transverse connectors and longitudinal stabilizers. These

hooks are additionally fixed on the lamina with a perfo-

rating screw, to keep the implant in place and increase the

initial stability of the system (Fig. 2).

Specimens and preparation

Twelve fresh frozen human bisegmental thoracolumbar

spine specimens (T11–L1) with a median age of 74.5 years

(range 47–86 years) were used. The study was approved by

the ethical committee board of the University of Ulm (No.

382/12) and all legal and ethical aspects were taken in

consideration [34]. The used specimens covered a large

range of different bone mineral density values (BMD) from

middle aged to elderly people. BMD was determined by

computer tomography (Siemens, SOMATOM Definition

AS, Erlangen, Germany) as mean value from three con-

secutive vertebrae L1, L2 and L3. Lateral and postero-

anterior X-rays were taken to exclude degenerated and

damaged specimens. The specimens were divided into two

groups with n = 6 specimens with comparable age and

BMD values (Table 1).

Before preparation, the specimens were thawed over-

night at 4 �C and prepared at room temperature. All soft

tissue was removed, leaving the discs, ligaments and joint

capsules intact. Then, the upper half of the cranial vertebra

and the lower half of the caudal vertebra were embedded in

polymethylmethacrylate (PMMA, Technovit 3040, Her-

aeus Kulzer, Wehrheim, Germany) ensuring the middle

disc was aligned horizontally. Flanges were fixed to the

cranial and caudal PMMA blocks to mount the specimens

in test devices. Care was taken that the posterior part of the

specimen with the implant was not affected by the

embedding with PMMA. To avoid dehydration all speci-

mens were kept moist with saline solution during the

biomechanical tests jetzt Zitatnummer [35].

Test procedure

First the specimens were characterized in flexibility tests in

the intact state and compared with the primary stability

after instrumentation. Then they were cyclically loaded up

to 100,000 cycles with an increasing load and its effect

investigated again in a flexibility test every 5000 cycles.

The flexibility tests were carried out in a spine tester

jetzt Zitat [36] with pure moments of ±3.75 Nm in flexion/

extension, lateral bending right/left and axial rotation left/

Fig. 1 a The pedicle screw

system and b the lamina hook

system, both with transverse and

longitudinal stabilizers and

implanted in a plastic model

Fig. 2 Infra-lamina hook system
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right (Fig. 3a) Zitat [37]. During loading, the specimens

were allowed to move unconstrained in the five uncon-

trolled degrees of freedom. The bending moments and the

resulting rotations of the specimens were recorded con-

tinuously. Two loading cycles were applied for precondi-

tioning; the third cycle was used for evaluation. The

complex, three-dimensional, relative motion of each seg-

ment during the flexibility test was recorded using an

optical motion analysis system (Vicon MX, Vicon Motion

Systems Ltd., Oxford, UK). Three reflecting markers were

placed on each vertebra (Fig. 3b) and tracked with the help

of six cameras. The system can detect movements in six

degrees of freedom and thereby record complex relative

movements of polysegmental specimens.

For cyclic loading, the specimens were then taken to a

dynamic material testing machine (Instron 8871, Instron

Wolpert GmbH, Darmstadt, Germany) where they were

flanged to a rotation base, which turned the specimens

around its own axis with a speed of 360�/min (Fig. 3c).

This base was shifted 30 mm (0.03 m) laterally to produce

an eccentric sinusoidal loading of the specimens with a

frequency of 3 Hz. During the whole dynamic test a pre-

load of 100 N was applied and during the first 5000 cycles

the specimens were loaded with a maximum force of 300 N

and the applied moment alternated between 3 and 9 Nm

(Table 2; Fig. 4). The applied force and the resulting

moment increased in blocks, respectively, after 5000 load

cycles. Furthermore the motion data of the implant in the

cranial vertebra (T11) relative to T11 and the implant in the

caudal vertebrae (L1) relative to L1 were recorded.

Implant loosening has been determined as an indirect

value from the increase of the motion of the whole con-

struct by quantifying the increase of the ROM between T11

and L1 after each block of 5000 cycles.

Table 1 Data of the used specimens

Group Specimen Gender Age BMD [mg Ca-HA/cm3] Reached cycles in flexion ? extension Max. moment [Nm]

Pedicle screw group 1 m 53 105.7 80,000 54

3 f 86 65.9 30,000 24

5 f 72 46.8 5000 9

7 f 82 51.2 30,000 24

9 m 75 77.1 40,000 30

11 m 62 97.3 30,000 24

Median 73.5 71.5 30,000 24

Lamina hook group 2 m 73 59.7 20,000 18

4 f 81 74.8 45,000 33

6 m 47 112.0 35,000 27

8 f 78 105.3 40,000 30

10 f 86 57.5 20,000 18

12 f 70 71.7 30,000 24

Median 75.5 73.3 32,500 25.5

Axial 
rotation 

Lateral 
bending 

Flexion / 
Extension a c 

b 

Fig. 3 a The spine tester for the

flexibility tests with a spinal

plastic model and b a detail of a

bisegmental spinal segment

equipped with reflecting

markers. c The dynamic

material testing machine for

cyclic loading with a fixed

spinal segment
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The specimens were kicked out of the evaluation pro-

cess after one of the following three defined ‘‘failure’’

criteria was reached:

1. Fracture of a bony structure during cyclic loading or

loosening in the PMMA embedding.

2. Exceeding of the threefold total ROM, based on the

primary stability of the instrumented condition in

flexion plus extension.

3. Reaching the original ROM based on the intact state

before implantation in flexion plus extension.

Data analysis

The Mann–Whitney U test (p = 0.05) was used to deter-

mine statistical differences of the ROM between the both

independent test groups. The Wilcoxon signed rank test

(p = 0.05) was used for comparisons within each test

group. Since this study was explorative, the p values were

not corrected for multiple comparisons. Therefore, they

only indicate trends.

The linear relationship between BMD and number of

reached load cycles was accomplished by means of a

regression analysis.

Results

The ROM data of the intact bisegmental specimens before

instrumentation showed that both specimen groups were

comparable with respect to the flexibility in all motion

planes (p C 0.63). The median values for the pedicle screw

group was 7.3� and 6.6� for the lamina hook group in

flexion ? extension (Fig. 5), 5.6� for both systems in lat-

eral bending (Table 3) and 2.8� for both systems in axial

rotation (Table 4). Both implant systems, the pedicle screw

and the lamina hook system, lead to a significant stabi-

lization of the treated segments after implantation

(p\ 0.05). The ROM was reduced by 88 and 85 % in

flexion ? extension, by 67 and 41 % in lateral bending

right ? left, and by 44 and 21 % in axial rotation

left ? right, respectively, compared to the intact state

without implant (100 %).

The subsequent cyclic loading showed that the risk of

loosening was similar between the pedicle screw and the

lamina hook systems for flexion/extension (Fig. 5). In lat-

eral bending and axial rotation, the deviation of the ROM

in general was larger. Particularly, the lamina hook system

showed a tendency to lower rigidity. With an increasing

number of load cycles one specimen after the other reached

one of the defined ‘‘failure’’ criteria (Table 1). The first

specimen from the pedicle screw group dropped out after

5000 cycles at a maximum moment of 9 Nm because it

reached the threefold ROM of the instrumented state. In the

same specimen a fracture of the lower vertebrae at the

interface to the PMMA occurred after 25,000 cycles. The

first two specimens from the hook group failed after 20,000

cycles at 18 Nm for the same reason as above. All three

first drop-out specimens had very low BMD values. At

40,000 load cycles, meanwhile at a moment of 30 Nm, only

two specimens in each group were left in the evaluation.

Only one specimen with a pedicle screw system reached

80,000 load cycles at a moment of 54 Nm. However, one

specimen (no. 6) with a hook system showed still a very

Table 2 Increase of the defined

permanent load (in blocks of

5000 cycles)

Fm nð Þ ¼ 150 þ 10 � n Mean force in N

AF nð Þ ¼ 50 þ 10 � n Amplitude of mean force in N

Fmax nð Þ ¼ 100to ð200 þ 20 � nÞ Maximum force of dynamic load in N

Mmax nð Þ ¼ F nð Þ � r Maximum moment at maximum load in Nm

n = 5, 10, 15, … (5 corresponds to 5000, 10 to 10,000, etc. … load cycles)

r = 0.03 m; length of lever arm

1200
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800

1000

Number of load cycles in thousend 
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rc

e 
in

 N
 

Flexibility tests 

5 10 15 20 25 30 35 40 45 50 55

Fig. 4 Test procedure with

flexibility tests and progression

of the dynamic loading tests
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high stiffness after 90,000 cycles, i.e., the ROM was still

only 19 % compared to intact state (100 %). This specimen

showed a very high primary stability of 3 % of the intact

state but exceed the threefold ROM already after 35,000

load cycles. The motion measurement also suggests that the

pedicle screws and the lamina hooks in the lower vertebrae

loosen more than in the upper vertebra. However, this

should be discussed carefully because the lever arm acting

on the lower screws is larger compared to the upper screws

due to the tilt of the segment.

A weak correlation between BMD and the reached

number of load cycles until ‘‘failure’’ suggests that the

performance of pedicle screws may be more dependent on

the quality of bone (r = 0.605) than the lamina hooks

(r = 0.406) (Fig. 6). Macroscopically, we could not detect

that the hooks cut through the lamina as suspected before

the tests.

Discussion

In this biomechanical in vitro study, the primary stability

and also the long-term stability after cyclic loading using a

set-up for complex dynamic testing was determined and

n = 5

n = 5

After  
implantation 

Intact After  
10,000  
cycles

After  
20,000  
cycles

After  
30,000  
cycles

After  
40,000  
cycles

Pedicle screw group
Lamina hook group

0 

R
O

M
 in

 °
 

2 

4 

6 

8 

10 Fig. 5 Total ROM for flexion

plus extension

Table 3 Total ROM in lateral bending (right ? left) with median values (ranges) in �

Intact After

implantation

After 10,000

cycles

After 20,000

cycles

After 30,000

cycles

After 40,000

cycles

Pedicle screw

group

5.5 (1.1/11.6),

n = 6

1.8 (0.7/3.6),

n = 6

2.3 (0.7/4.2),

n = 5

2.9 (0.9/4.0),

n = 5

4.1 (0.9/8.1),

n = 5

1.0, n = 1

3.8, n = 1

Lamina hook

group

5.6 (3.6/14.3),

n = 6

3.3 (1.7/5.5),

n = 6

4.8 (1.7/ 6.2),

n = 6

5.6 (1.7/ 7.7),

n = 6

6.1 (0.9/ 8.2),

n = 4

5.6, n = 1

9.9, n = 1

Table 4 Total ROM in axial rotation (left ? right) with median values (ranges) in �

Intact After

implantation

After 10,000

cycles

After 20,000

cycles

After 30,000

cycles

After 40,000

cycles

Pedicle screw

group

2.7 (1.2/7.4),

n = 6

1.5 (0.7/2.5),

n = 6

1.6 (0.9/2.2),

n = 5

1.8 (0.9/2.6),

n = 5

2.3 (0.8/3.0),

n = 5

0.9, n = 1

1.8, n = 1

Lamina hook

group

2.8 (1.0/12.5),

n = 6

2.2 (0.6/7.3),

n = 6

2.9 (0.5/8.0),

n = 6

3.1 (0.7/8.7),

n = 6

3.6 (0.8/8.8),

n = 4

2.8, n = 1

9.8, n = 1
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compared between a pedicle screw system and a lamina

hook system. The tests showed similar primary and long-

term stability in flexion/extension and a tendency to more

flexibility in lateral bending and axial rotation. The dif-

ferences were not significant for both the primary stability

and the risk of loosening between both stabilization

systems.

For this test we chose specimens with an age range

between 50 and 90 years to be able to cover a large range

of bone quality from non-osteoporotic (BMD[80 mg/cm3)

to osteoporotic specimens (BMD \80 mg/cm3). This

strategy allowed us to find a slight tendency for an

increasing screw loosening with decreasing the bone min-

eral density. This tendency might be slightly lower for the

loss of stability with the lamina hook system (r = 0.406)

compared to the pedicle screw system (r = 0.605).

Macroscopic inspection showed that the hooks did not

cut through the lamina and did not fracture the lamina what

might be expected for spines with a poor bone quality. As

described above the hooks are additionally fixed on the

lamina with a perforating screw, to keep the implant in

place and increase the initial stability of the system. This is

a unique feature of this system; other lamina hook systems

usually have no additional screw. Therefore, it may not be

speculated that these results also apply to competitive

systems.

The flexibility tests were performed according interna-

tionally accepted guidelines for in vitro testing of spinal

implants with pure moments and without preload at room

temperature jetzt Zitat [37]. Most of such flexibility tests

are typically performed with moment of between 7.5 and

10 Nm. In this experiment we decided to reduce this

moment to 3.75 Nm because previous experiments have

shown that mainly in axial rotation pedicle screws bear the

risk to break out form osteoporotic vertebrae if higher

moments are applied. Since these specimens were heavily

loaded during the cyclic test the flexibility test should be

performed on the save side.

The cyclic test was performed using a well-established

dynamic test set-up, which has been used in several other

experiments, e.g., to compare vertebro- and kyphoplasty

methods jetzt [38], to provoke extrusion of nucleus

implants jetzt [39], to test annulus sealing implants [40] or

to produce an experimental herniation [41]. This is the first

time this test set-up was used for bi-segmental fixation

system to provoke an implant loosening. To our knowl-

edge, this is also the first test with long-term cyclic loading

of whole specimens instrumented with fixation devices.

Although, on the first glace it seems to be a suitable method

because it allows a combination of compression, shear and

bending, which has been described by Rohlmann et al. to

be physiological [42–44] there is one limitation.

The application of an eccentric load at the upper ver-

tebra leads to an increased moment in the lower vertebra

the stronger the specimen is bent. This may explain why

the cranial screws loosened less than the caudal screws.

Therefore, the difference for loosening between cranial and

caudal screws should be discussed with care and have not

been further reported. This may therefore be different in

patients [6].

The protocol for the cyclic test was designed to apply a

maximum of 100,000 cycles. This number of load cycles

can be considered as a good compromise to mimic many

load cycles but also to finish the whole test within 12 h

because material properties might change beyond that. In

order to have a failure or loosening of the implant system

before these 100,000 cycles the loads were increased every

5000 cycles. Other groups have suggested already similar

protocols for dynamic testing of single screws with

increasing load [45–47].

Three ‘‘Failure’’ criteria for this experiment were

defined. They determined whether the test had to be stop-

ped before a maximum of 100,000 load cycles were

reached. The most obvious ‘‘Failure’’ criteria was a fracture

of a bony structure. The second criterion was to stop the

experiment when the ROM of the specimen was exceeding

the threefold total ROM in flexion/extension of the post-

operative situation, because we assumed this is represent-

ing a loosened implant. Nevertheless, this second criteria

has to be discussed more in detail. Unfortunately, it turned

out that we lost one specimen with hooks (no. 6) too early

because the stabilization in this case was so good that a

threefold increase still represented a very stiff construct,

which could not be considered as loose. Although this

specimen still showed only 19 % of the ROM of the intact

segment it reached the threefold ROM of the postoperative

stability already after 35,000 load cycles. Another speci-

men (#1495) was lost already at ca. 25,000 cycles because

it became loose in the PMMA embedding. The third cri-

terion was based on the original ROM in flexion/extension

of the intact segment. It was assumed that a specimen
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Fig. 6 Correlation of the two test groups between BMD and reached

load cycles in flexion plus extension
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cannot be considered as stabilized anymore when it

becomes more flexible than an intact spine.

These failure criteria were defined and concentrated on

flexion/extension because this motion plane was considered

to be the most important one. This assumption resulted

from the experience we had from a series of previous

experiments with different implant types (cage subsidence,

disc subsidence, nucleus implants extrusion, annulus seal-

ing methods, etc.) using a similar set-up. The criteria were

defined before performing the experiment and could not be

changed during the evaluation process.

Although we could not find examples where hooks did

cut through the lamina, this was found in some clinical

cases. This was particularly the case in the most cranial

levels when the hooks were used in long constructs,

especially when only one segment was fixed with a pair of

hooks. Using these infra-laminar hooks in combination

with pedicle screws, lead to the fact, that one segment has

to be skipped, because the infra-laminar hook can techni-

cally not connected in direct neighborhood to the pedicle

screw. It may be worthwhile, when using these hooks at the

end of a multisegmental construct three segments are

included by infra-laminar hooks in order to take care, that

the last cranial vertebra is above the kyphosis. Using these

type of hooks in the middle of constructs, especially in

idiopathic scoliosis patients at the concave side to apply

translational forces, a cutting out or loosening was never

observed (personal communication by the co-author

Rauschmann).

Therefore, it also should be investigated in further studies,

maybe using finite element modelling, how many hooks in

line are needed, to reduce a clinical cutting out of an infra-

laminar hook at the cranial end of a long construct. Fur-

thermore a balanced spine in the sagittal profile will most

likely reduce a cutting out of infra-laminar hooks, because of

reducing stress on the interface of implant and lamina. This

study design was considered as compromise because the

experimental set-up for the dynamical part allows to test only

specimens with a maximum two segments.

Since we speculated that the cutting out happens par-

ticularly with poor bone quality, we used in this experiment

specimens with a wide range of bone density. Maybe the

number of specimens to clearly distinguish this problem

was not high enough. On the other hand this failure might

only happen if high tensile forces act on the hooks in

combination with the set screws and in the case when the

sagittal balance is not ideal. In order to further investigate

this potential problem additional pull-out test should be

performed. Liljenquist et al. described higher pull-out

forces for pedicle screws and showed the failure mode of

fractures with the lamina hooks [20]. He also showed that

there was no significant correlation between BMD and

average pull-out strength of the laminar hooks. Our study

showed a similar trend, where only a slight correlation with

BMD was shown. On the other hand, the lower correlation

for the hook might be explained by the different mea-

surement and fixation location although the trabecular

BMD was assessed in the vertebral body. But this was done

to be as close as possible to the clinic practice.

In real life regeneration and bone remodeling would

have improved the stability over the healing time. Since

these processes, however, are slower in elderly people we

feel that this limitation is acceptable and our test rather

simulates a worst-case scenario [38].

Conclusion

Overall these tests did not show obvious biomechanical

disadvantages of the lamina hook system over the tested

pedicle screw system and may, therefore, serve as an

alternative stabilization method also for the treatment of

elderly spines. Further investigations are needed to answer

the questions about the clinical use and correct usage in

terms of number of infra-laminar hooks and the use at the

end of long constructs.
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