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Vertebral fractures over the metal structure in patients with osteoporosis.
Can we prevent these injuries?
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Thematic justification Compression stress fractures of the vertebrae at the upper border with a metal structure are a serious problem,
especially in extensive stabilization and in patients with osteoporosis. Nowadays, there is a lack of information on prevention of the
fracture of the vertebrae adjacent to the metal structure. Purpose Compare experimentally the efficiency of cemented vertebroplasty
and laminar band fixation of the cranial vertebra adjacent to the TPF level for prevention of fractures in osteoporosis. Study design
Biomechanical cadaver study. Materials and methods We used the cadaver material obtained from females in the age from 66 to 81
years. The extension of the blocks withdrawn was from Th10 to L4 (7 vertebrae). L1 fracture was simulated in all the blocks by its
mechanical destruction. A total of 15 blocks were studied divided into 3 groups of five units each: group 1 — controls (cemented TPF
of Th12-L2); group 2 — cemented TPF of Th12-L2 + Thlllaminar fixation with the «Universal Clamp»; group 3 — cemented TPF of
Th12-L2 and preventive vertebroplasty of Th1l and L3. We used the axial load with a universal servo-hydraulic testing machine
«Walter + bay ag» LFV-10-T50 (Switzerland). Compression was carried out until graphic signs of fracture were displayed. We took
X-rays of blocks before and after the study. Results The control group revealed the appearance of vertebral fractures just above the
metal structure (Th11). The first graphic signs of fracture were detected in the range of 0.78-0.94 KN (mean 0.86 + 0.13784). The
group with laminar fixation using the «Universal Clamp» revealed fractures of Th10 and Thl1l. The first graphic oscillations
corresponding to a fracture were detected in the range of 1.12-1.48 kN (mean 1.21 + 0.385227). The group with preventive
vertebroplasty of Th1ll and L3 revealed fractured vertebrae adjacent to the vertebroplasty (Th10). In this case, the first graphic
oscillations corresponding to a fracture were detected in the range of 1.78-2.05 kN (mean 1.898 + 0.222441). Conclusion The
overlying vertebra is at increased risk of fracture when transpedicular fixation is used. The use of laminar fixation with the
«Universal Clamp» does not prevent vertebral fracture over the pedicle system (Th11) but provides an increase of resistance to the
vertebral fracture by 1.5 times. Preventive vertebroplasty of overlying vertebra is an effective way to prevent a pathological fracture
(Th11), and also increases the resistance of the overlying (Th10) vertebra to fracture by 2-2.5 times.
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INTRODUCTION

The number of patients with lesions in the tho-
racic and lumbar spine due to osteoporosis has
been constantly growing [1]. The main method of
treatment for this pathology in cases of considera-
ble vertebral body compression and deformity is
transpedicular fixation (TPF) with cemented screw
implantation that is stronger than the standard one
which is cementless [2, 3]. This method prevents
destabilization of the implanted screws and of
fixed vertebral motor segments (VMS). However,
an active use of two or more segments for fixation
by surgical treatment of spine fractures in osteopo-
rosis showed that such management resulted in an
increased load on the adjacent VMS and led to

fractures of the vertebrae adjacent to the fixed
ones [4]. Moreover, it is known that the same
problem in the vertebra adjacent to TPF exists
even in cases of absent osteoporosis [5]. The ex-
perimental and clinical studies in patients that had
extensive TPF demonstrated the vulnerability of
the vertebrae that lie cranial to TPF system to
stress fractures [6-8]. The search for an optimal
prevention of such complications is a current
problem in contemporary vertebrology.

Purpose of our study was to compare the effi-
ciency of cemented vertebroplasty and laminar
band fixation of the cranial vertebra adjacent to the
TPF level for prophylaxis of PJF in osteoporosis.
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MATERIAL AND METHODS

For conduction of the experiment, we used the
cadaver material harvested from 15 females in the
age from 66 to 81 years who died from somatic
diseases. The blocks that extended from Th10 to
L4 (7 vertebrae) were harvested. The mandatory
condition was preservation of the integrity of ver-
tebrae, discs and capsulo-ligamentous apparatus.
Paravertebral muscles were dissected and removed
completely.

All the blocks were treated after harvesting and
studied. Radiographs were taken in two mutually
perpendicular projections. Computed tomography
and densitometry were also used. CT and CT-
densitometry were performed with the use 129-
sections CT system CT SOMATOM SENSA-
TION 24 OPEN. Criteria for inclusion into the
study were absence of expressed frontal or sagittal
deformities, absence of destructive changes in the
spine, absence of ankylosing spondyloarthritis
manifestations, and presence of radiographic and
densitometric signs of osteoporosis (T-criterion
lower than -2.5).

Unstable L1 fracture of type A (1996 AO/ASIF
classification) with destruction up to 45 — 60 % of
the vertebral body mass in its cranial part was
simulated in all the blocks harvestered. It was
achieved by resection of the upper anterior part of
L1 body along with the Th12-L1 intervertebral
disc. Thus, the conditions were created that ap-
proximated to a live situation in which a kyphotic
deformity appears by the loss of ventral vertebral
parts supportability. The choice of L1 was not in-
cidental as far as the statistics shows that this ver-
tebra is commonly affected [9].

Upon the L1 injury, a 4-screw transpedicular
system with cemented screw reinforcement was
implanted through Th12-L2 in all the blocks.
The amount of the bone cement implanted for
screw strengthening was 7-8 ml per each verte-
bra. Accuracy of screw position was controlled
by C-arm image intensifier Siemens Arcadis and
with a stationary radiographic system Philips
Duo Diagnost upon completion of fixation.
Thereby, two vertebrae above and lower the
TPF system remained intact in each anatomical
block prepared.
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Then, all the anatomical blocks were blindly
divided into three groups, each having five sam-
ples.

Group 1 was controls who had a simulated L1
fractures, cemented TPF with a 4-screw system in
Th12-L2. Two vertebrae above and lower the
fixed VMS were intact.

Group 2 had similar cemented TPF of Thl2—
L2 but bilateral laminar fixation with the “Univer-
sal Clamp” of Thllpedicle was used.

Group 3 was cemented TPF in Thi2-L2 and
additional vertebroplasty of Thll and L3 bodies.
Vertebroplasty was performed with the standard
transpedicular method with an introduction of 7 to
8 ml of bone cement into each vertebra through
two needles (13G) from both sides. The cement
volume introduced was 25 % from the volume of
the vertebral body [10]. Its filling the vertebra was
controlled radiographically.

The anatomical blocks of the vertebral seg-
ments thus prepared of the main and control
groups were tested with a vertical mechanical im-
pact for detection of their strength. Stress tests
were conducted in a test laboratory of the Priorov
Central Institute of Traumatology and Orthopae-
dics (CITO, Moscow) using a universal servo-
hydraulic testing machine «Walter+bay ag» LFV-
10-T50 (Switzerland). Vertebral segments blocks
were fixed in special platforms between the trans-
versal beams of the test machine. The proximal
unit of the platform that fixed the cranial vertebra
of the preparation tested was attached to a strain-
meter that was rigidly connected with a mobile
transverse beam of the test machine. The distal
unit of the platform that fixed the caudal vertebra
was placed in a three-jaw gripper that was fixed
on the axis of the motor that was rigidly attached
to a stationary beam. The distance between the
beams was preliminary set according to the verti-
cal sizes of the preparations tested (Fig. 1). A zero
point on the meter was set before the test. The ma-
chine was launched into compression mode. An
increasing vertical test load with the rate of beam
approximation of 5mm/sec was initiated. Com-
pression was executed with the effort force from 0
to 3-5 kN.
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Fig. 1 Anatomic block of vertebral segments prior to

a load test

Under an increasing load, an inconsiderable
kyphotic deformity cranial to the TPF level was
first noted. Further on, a staged destruction of the
tested blocks occurred that was accompanied by a
characteristic sound and increasing deformity that
continued without an increase of loading. The data
obtained were processed on a calculation unit of
the testing machine. The parameters of the chang-
es in the deformity in the preparations tested in
dependence on the load applied was recorded as
diagrams with the coordinates of “vertical load”

(N) and “compression deformity” (mm).

During the tests, a vertical force acting on the
anatomical blocks of vertebral segments was de-
fined that caused primary local destruction (frac-
tures) that were reflected on the diagrams as “os-
cillations” of the graphic line that showed the
compression deformity dependence on the load
applied. Those parameters characterize the general
strength of the anatomic blocks of vertebral seg-
ments tested. Angular deformities of the tested
vertebral segments that were the result of the ver-
tically directed load were recorded with a digital
photo- and video shooting. The diagrams obtained
were transformed into tables that showed the de-
formity dependence of the tested preparations on
the load applied for subsequent analysis. Load
discretion in the tables was 20N. Quantitative
characteristics of the results of the experiments
were statistically processed defining a standard
error of the mean values.

Upon completion of the loading tests, all the
blocks were studied in radiographs and CT for
visualization of fractures. The condition of the
TPF system was also checked for instability signs.
Local destruction zones were identified (fractures)
in the bone mass of the vertebrae with implanted
screws as well as in the cranial and caudal verte-
brae from VMS fixed with transpedicular systems.
The findings of imaging studies were compared
with graphical diagrams that reflected fractures.

RESULTS

Radiography and CT of the blocks of the ver-
tebral segments did not reveal any instability signs
of transpedicular screws implanted into the verte-
bral bodies of Th12 and L2 with the use of bone
cement in all the 15 anatomical preparations of all
the groups. Moreover, there were no cases of frac-
tures of the vertebrae into which the screws with
bone cement were implanted. Also, there was not
any case of broken transpedicular system compo-
nent (screw, rod) or disassembly of its elements.

In group 1 (controls without prevention of the
levels adjacent to the fixed VMS), the first graphic
oscillations that corresponded to the appearance of
a fracture were revealed in the range of 0.78-0.94
kKN (mean, 0.86 + 0.13784) (Fig. 2). Further in-
crease of load with the test machine resulted in a
rough destruction of anatomic preparations and
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appearance of kyphotic deformity that was ob-
served visually. Graphic signs of severe compres-
sion of vertebrae were noted within the range of
1.24-1.6 KN (mean, 1.426 + 0.292438).

Radiographic study of the anatomic prepara-
tions after the experiment revealed a fracture of
the vertebra above the transpedicular system
(Th11) in all blocks of the control group. All the
rest vertebrae remained intact. There were no ra-
diographic signs of fracture in them. Figure 3
shows the radiographs before and after the tests in
the control group anatomic preparations without
the use of vertebral fracture prevention close to
the transpedicular system.

In group 2 that had a bilateral laminar fixation
with the “Universal clamp” through the pedicle of
the above lying vertebra (Thll) over the
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transpedicular system, the findings in the similar
conditions of loading tests differed from the con-
trol group. The first graphic oscillations that cor-
responded to a fracture were revealed in the range
of 0.96-1.48 kN (mean, 1.21 + 0.385227). The
signs of a rougher destruction were seen in the

range of 2.06-2.61 kN (mean, 2.44 £ 0.69685).

Figure 4 shows a diagram that reflects the oc-
currence of fracture in the anatomic preparation of
this group in dependence on the vertical loading
applied.
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Fig. 2 Diagram of deformity depend-
ence upon the vertical load applied to
the vertebral segments tested in con-
trol group
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Fig. 3 Radiographs of control group vertebral segments blocks prior to loading tests (a, b); cemented implantation of screws
into Th12 and L2; L1 cranial body part resected with the above lying disc; radiographs of the same block after the loading
tests (c, d). Th1l body fracture was diagnosed and seen as a loss of its vertical size and fracture lines in the lateral view (e) as
well as reduction of the vertical vertebral body size on the left side in the AP view (d)
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Fig. 4 Diagram of deformity depend-
ence upon the vertical load applied to
the vertebral segments tested in
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The analysis of the diagram shows that a grad-
ual increase in loading up to 1.20 kN did not result
in any oscillations. The first graphic oscillation
appeared once the load of 1.20 kN was achieved
and corresponded to a microfracture in the verte-
bral body (range, 1.20-1.01 kN). One more incon-
siderable oscillation was noted once the load con-
tinued to grow within the range of 1.51-1.42 kN.
A more serious graphic fall was revealed at the
level of 2.06 kN. A sharp fall of resistance (2.06—
1.70 kN) means a deeper destruction of vertebral
trabeculae. A similar situation was observed in
each block of this group.

Radiographic study and post-experimental CT
detected fractures in the vertebrae above the metal
structures (Th10 and Thll). Th1l0 body fracture
was diagnosed in two cases and fracture in Thll
body in one more case. Fractures in both these
vertebrae at a time were revealed in two more cas-
es. Most destruction was observed in the vertebrae
closest to the metal structure (Th11).

Figure 5 shows radiographs and CT findings
before and after the experiment of the anatomical
preparation from the group with a preventive lam-
inar fixation of the pedicle of the above lying ver-
tebra Th11.

In group 3 with the anatomic vertebral seg-
ments blocks and vertebropalsty of Thll and L3
bodies, the findings differed significantly from the
previous groups in the conditions of similar load-
ing tests. The first graphic oscillation appeared
and corresponded to the fracture in the range of
1.78-2.05 kN (mean, 1.898 + 0.222441). Signs of
rough vertebral destruction were revealed in the
range of 2.12-2.78 kN (mean, 2.522 + 0.528848).

Figure 6 shows the diagram of deformity de-
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pendence upon the vertical load applied to the ver-
tebral segments blocks of the main group and re-
flects the occurrence of Th10 fracture (over the
vertebra with vertebroplasty).

The analysis of the diagram shows that a
gradual increase in loading up to 2.05 kN did
not result in any oscillations. The first graphic
oscillation appeared once the load of 2.05 kN
was achieved and corresponded to the first mi-
crofracture in the vertebral body (range, 2.05—
2.02 kN). Soon after, with an inconsiderable
increase in loading a more serious graphic fall
was revealed at the level of 2.14-1.94 kN. Fur-
ther increase in loading showed a deeper de-
struction of vertebral trabeculae.

The subsequent radiographic study showed that
the vertebrae Th1l and L3 that were adjacent to
the transpedicular system and underwent verte-
broplasty were resistant to the mechanical loading
tested. Their fractures were not revealed in none
of the cases. However, fractures of the proximal
Th10 vertebra that lay over Th1l were diagnosed
in all five blocks of the main group.

Figure 7 shows radiographs of the main group
anatomic preparation with vertebroplasty of verte-
bral bodies adjacent to the TPF level before and
after the experiment.

The findings obtained in the experiment that
characterize loads that provoke vertebral fractures
in the adjacent VMS vertebrae in all the groups
are given in Table 1. Injured vertebra is indicated.

Indices of general strength of the vertebral seg-
ment blocks in the main and the other groups stud-
ied in regard to the vertical mechanical impact that
characterize the loads required for local fracture to
occur are presented graphically in Figure 8.

Fig 5 Radiographs of the vertebral segments
blocks of group 2 with preventive laminar Th1l
fixation: radiograph of the initial anatomic prep-
aration (a); radiograph of the same preparation
after the experiment (b); sagittal CT reconstruc-
tion after the experiment (c). Th1l fracture over
the metal structure was detected. There is reduc-
tion in Th1l height and vacuum phenomenon in
its body. Small-size air areas in the Th10 body
point to mircrofractures in Th10 body
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Fig 6 Diagram of deformity dependence upon the vertical
load applied to the vertebral segments tested in group 3
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Fig. 7 Radiographs of the main group vertebral segments (verte-
broplasty of Th1l and L3, adjacent to VMS): radiograph of the

anatomic preparation with Th1l and L3 vertebroplasty before
loading test (a); radiograph of the same preparation with Th1l
and L3 vertebroplasty after the experiment (b). Th11 (with verte-
broplasty) was resistant to loading impact. Fracture was revealed
in the cranial Th10 vertebra over the vertebroplasty

Table 1

Characteristics of anatomic preparations of the study according to the groups and indices of the force applied at which
vertebral fracture occurs

. - Force of first Rough Injured
Group Study material | Sex, age (years) T-criterion fracture signs destruction vertebra
Block 1 F, 66 2.47 0.87 1.52 Thil
Block 2 F, 71 2.87 0.94 1.6 Thil
Group 1 Block 3 F, 75 3.48 0.91 1.45 Thil
(without preventive ! - - -
vertebroplasty) Block 4 F, 68 2.49 0.8 1.32 Thil
Block 5 F, 80 3.40 0.78 1.24 Thil
Mean 0.86 +0.13784 kN 1.426 + 0.292438xN
Block 1 F, 66 3.42 1.12 2.61 Th10
Block 2 F, 71 3.89 1.21 2.06 Th10
S;?n”lf]azr fixation with Block 3 F, 65 2.39 1.28 2.95 Thio, 11
Universal Clamp) Block 4 F, 75 3.62 0.96 2.23 Th10, 11
Block 5 F, 69 3.51 1.48 2.35 Th10
Cpennsist 1.21 £ 0.385227 2.44 + 0.69685
Block 1 F,78 2.51 1.78 212 Th10
Block 2 F, 81 2.39 1.91 2.46 Th10
g)rr‘;‘\‘lzniive Block 3 F, 79 3.89 18 251 Thio
vertebroplasty ) Block 4 F, 67 3.36 2.05 2.78 Th10
Block 5 F, 63 2.67 1.95 2.74 Th10
Mean 1.898 + 0.222441 2.522 +0.528848
2,5
2,05
2 /\ 1,05
— 19 r
1,78 5
15 1,48
112 1,21 1,28
=== Group 1 (without preventive methods)
1 J— 0,96 Group 2 (with laminar fixation)
0,87 0,94 _(;;1-__-_"_0?—_ 0,78 e Group 3 (with preventive vertebroplasty)
0,5 ’
0
Block 1 Block 2 Block 3 Block 4 Block 5

Fig. 8 General strength of the anatomic vertebral segments blocks studied in the main and control groups in regard to
vertical mechanical impact
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DISCUSSION

The analysis of the findings obtained by our
study allows us to conclude that a gradual increase
of loading that is directed vertically on the anatomic
vertical segments blocks first results in an inconsid-
erable kyphotic deformity in the control group pre-
dominantly due to Th11l-Thl2 disc compression.
Thereby, the ventral parts of Th1l appear in a bio-
mechanical compromise in regard to further vertical
force augmentation. As a result, even a relatively
small amount equal to 0.78-0.94 kN causes local
destruction in the ventral part of the Th11 body bone
mass. Further growth of the force promotes a rough-
er destruction of the body trabeculae in this vertebra
that in the diagram is reflected as several “drops”
that characterize the ongoing fracture processes that
progress and cause an expressed kyphotic deformity.
Therefore, the experiments with the vertebral seg-
ments blocks of the control group showed that the
ventral parts of TH11 body that is closest to the
transpedicular system is the most weak point in re-
gard to the vertical load.

In case laminar fixators are used through the ped-
icles of the above lying vertebra, a border zone is
formed at this level between the spinal part fixed by
the rigid metal instrumentation and a free mobile
overlying zone of the unfixed spine. The buffer zone
thus formed at the level of laminar fixation, on the
one hand, makes the protective level semi-rigid and
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decreases the direct loading on the above lying ver-
tebra over the metal structure. Both these factors
result in a more considerable stability of the vertebra
adjacent to the transpedicular system. As a results,
the first graphic signs of fracture in this groups were
revealed at the values between 0.96 and 1.48 that
was 1.2 to 1.6 times higher than the similar parame-
ters in the control group. Therefore, the use of lami-
nar band fixation may be considered as a preventive
measure of a vertebral fracture over the transpedicu-
lar system.

In the experimental group 3 with a preventive
vertebroplasty, fractures did not occur at similar
loads in the Th1l bodies where bone cement had
been introduced. The blocks sustained the efforts
up to 1.78-2.05 kN that exceeds by 1.7-2.3 times
the similar parameters in the control froup. There-
by, fractures occurred in the uncemented bodies of
Th10, that is over the vertebrae with vertebroplas-
ty (Th1l). Thus, vertebroplasty of the vertebra
Thll that lies over the TPF level is an effective
method of its fracture prevention and may be con-
sidered as prophylaxis to a stress fracture and
proximal kyphosis over the fixed VMS.

Fractures of the vertebra that lies lower were
revealed in none of the anatomic preparations
studied, irrespective of the presence or absence of
vertebroplasty (Fig. 9).

Fig. 9 Condition of the vertebra lying below before (upper row) and after (lower row) of the experiment
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CONCLUSIONS

1 The most vulnerable site for a fracture to oc-
cur over the transpedicular system is the nearest
vertebra located cranially.

2 Band laminar fixation through the pedicle
over the metal instrumentation does not prevent a
fracture but rises the resistance to its occurrence
by 1.2-1.6 times.

3. Vertebroplasty of the vertebra overlying the
TPF level is an effective way of its fracture pre-

vention and may serve as a preventive measure to
avoid a stress fracture and proximal kyphosis over
the fixed VMS. Moreover, the resistance of the
vertebra to a fracture over the vertebra with a pre-
ventive vertebroplasty can increase by 1.7-2.3
times.

4. Preventive vertebroplasty of the vertebra
caudal to the fixation level is not suitable as the
risk of its fracture is inconsiderable.

10.
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