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TORAKAL PEDIKUL VE PEDIKUL-KOT ALANININ MORFOMETRISI VE
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GORUNTULEME YONTEMI ILE ARASTIRILMASI
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SUMMARY:

Aim: The objective of the study is to
determine the safe and reliable area in
thoracic spine that application of intrapedicular
screw is difficult.

Materials and Methods: A study group is
constituted 42 adults (21 men, 21 women)
who have no medical history about thoracic
spine. The mean age was 36.7(16-56) years
old. True axial cross sections passing through
both pedicles between T1 to T12 were taken
with MRI. On these MRI cross sections, width
of transverse intraosseous pedicle, width of
transverse intraosseous (Pedicle Rib Unit)
PRU, length of pedicle screw path, length of
PRU screw path, relation of pedicle screw
path with aorta and relation of PRU screw path
with aorta were measured with the help of a
computer programme.

Results: A statistically  significant
difference was found on each level between
the transverse intraosseous width of pedicle
and those of PRU, and length of pedicle screw

path and those of PRU. While injury risk for
aorta is high on the left side when the
conventional pedicle screw path is used, it is
high on the right side when PRU screw path is
used.

Conclusions: When we compared PRU
screw path with those of conventional pedicle
screw path in point of neurological injury risk;
PRU screw path provide us to keep away from
epidural space. On the contrary, the injury risk
of aorta is high at the right side PRU screw
path used and is high at the left side when the
conventional pedicle screw path used. Hybrid
application (the using of PRU screw path at
the left side and the using of conventional
screw path at the right side) may minimize
both neurological and aortic injury risk when
the pedicle width is adequate.
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OZET:

Amacg:  Pedikil  igerisinden  vida
uygulamanin zor oldugu torakal omurgada
daha givenli ve saglam bir alani ortaya
koymak.

Materyal - Metod: Torakal omurgasina ait
higbir yakinmasi olmayan 42 erigkin (21 erkek,
21 kadin) g¢alisma gubunu olusturdu. Yas
ortalamasi 36.7(16-56) idi. T1'den T12ye
kadar manyetik rezonans gdrtinttileme (MRG)
ile gercek aksiyel kesitler elde edildi. MRG
kesitlerinde transvers pedikil ¢api, transvers
pediklil-kot alani ¢api, pedikil vida yolu
uzunlugu, pedikil-kot alani vida yolu
uzunlugu, pedikdl vida yolunun aorta ile
iliskisi, pedikdil-kot alani vida yolu ile aorta
iliskisi bilgisayar programi araciligi ile élgadlddi.

Sonuclar: Pediklil ile pedikdil-kot alani ¢api
arasinda ve pediktl vida yolu uzunlugu ile
pediktil-kot alani vida yolu uzunlugu arasinda

214

istatistiksel olarak anlamli fark tespit edildl.
Konvansiyonel vida yolu kullanildiginda sol
tarafta yiiksek olan aorta yaralanma riski,
pediktil-kot alani vida yolu kullanildiginda sag
tarafta ylksektir.

Cikarim:  Norolojik  yaralanma  riski
acisindan pedikil vida yolu ve pedikdil-kot
alani vida yolu karsilastirildiginda pedikdil-kot
alani epidural alandan uzak bir vida yolu
saglamaktadir. Buna karsin aortu yaralama
riski pedikdil-kot alani kullanildiginda sag
tarafta, pedikil vida yolu kullanildiginda sol
tarafta yliksektir. Hibrid uygulama (sol tarafta
pediktl-kot  vida yolu, sad tarafta
konvansiyonel pedikdl yolunun kullanimi)
pedikdl ¢apinin uygun oldugu olgularda hem
ndrolojik, hem de aort yaralanma riskini
azaltabilir.

Anahtar Kelimeler: pedikdil
pediklil-kot alani, aorta, MRG

Kanit Diizeyi: Klinik Calisma, Ddzey Il

vidasi,
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INTRODUCTION:

Pedicle screw fixation has marked
advantages compared with traditional methods
of internal fixation in thoracic trauma, instability,
deformity and scoliosis ©"**?”.  However,
appropriate candidates for transpedicular
thoracic fixation must be carefully selected, and
its application is limited by the too narrowness of
pedicles or scoliosis, especially between the
third and ninth thoracic vertebrae, and potential
harms to surrounding vital structures %,
Furthermore, the accuracy of screw placement in
the thoracic spine is in question **¥. An
increasing number of investigations evaluate a
safe technique for pedicle screw placement in
the thoracic spine ®*'*9%22¢2 Degpite some of
them report very successful results ®">*"®  the

23,28)

others are cautious about this method “**®.

Dvorak et al. presented an extrapedicular
thoracic screw placement technique first in an in-
vitro study; screws were started lateral to the tip
of the transverse process and advanced through
the rib and costovertebral joint into the vertebral
body . Also, a few researchers have attracted
attention to advantages of long screw path and
the wide area in an extrapedicular zone, named
pedicle-rib unit “*""**  However, relation of
PRU screw path and aorta was not evaluated to
our knowledge.

Review of the literature revealed only a few
studies about PRU (extrapedicular area) as an
alternative method for application of screw into the
pedicle. However, the morphometry of the pedicle-
rib unit has been described only in patients with
scoliosis and normal cadaveric thoracic spine
@172 There are no morphometric studies that
define PRU in normal adult thoracic spine.

The objective of this study is to compare PRU
and pedicle morphometry with MRI in normal
adult population, and to investigate the possible

injury risk of the thoracic aorta when using the
both screw application methods.

MATERIAL AND METHODS:

42 adults who have no complaints in thoracic
spine constituted the study group. MRI images
were taken by using 1.5-tesla magnetom vision
unit (Toshiba Excel Art, Japan).

At first, the MRI of six subjects were used for
intra  and interobserver analyses. Two
investigators with 13 (LK) and 14 (AK) years of
experience, measured the images and repeated it
a week later. We assessed intraobserver and
interobserver reliability of the morphometric
measurements with the intraclass correlation
coefficient of reliability and its 95% confidence
interval as described by Fleiss .

For investigation of pedicle and PRU anatomy
and their relations with aorta, the MRI gantry was
aligned to allow transverse images to be obtained
through both pedicles from T1 through T12.
Because of dorsal kyphosis, to prevent deviations
from anatomic axial position, the axial images
parallel to pedicles were planned through
parasagital cross sections including both pedicles.
Because T1 and T12 are not proper to from PRU,
both of them are excluded from the study. All
images were recorded on a CD. Measurements
were done by using e-film medical imaging system
program by magnifying these images in computer.

The measurements in the transverse plan
included the width of transverse intraosseous
pedicle, the width of transverse intraosseous PRU,
the length of pedicle screw path, the length of the
PRU screw path, the distance of pedicle screw
path to aorta, the distance of pedicle-rib unit screw
path to aorta (fig1). While measurements were
being done, medial and lateral walls of pedicle and
pedicle-rib unit were accepted as a safe zone and
only intraosseous area was measured.
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Figure 1. T1-weighted axial magnetic resonance image
demonstrating the manner in which the width of transverse
intraosseous pedicle(1), the width of transverse
intraosseous pedicle-rib unit(2), the length of pedicle screw
path(3), the length of pedicle-rib unit screw path(4) were
measured. The distance of pedicle screw path to aorta(5)
and the distance of pedicle rib-unit to aorta(6) were
measured from the outer aspect of the the wall of aorta (A)
to the nearest of the vertebral body.

However, when we continued from cortex
point that screw paths go over in both zones
and measured the distance from aorta, if there
was a contact, by measuring its distance from
aorta, it was evaluated as high risk for 0-2 mm,
moderate for 3-5 mm, mild for 5-10 mm and as
safe area for over 10 mm and no contact.
Additionally, the risk for each vertebra was
evaluated.Statistical analyses were performed
by unpaired samples t test, paired samples t
test, Mc Nemar test using SPSS (Version 13).

RESULTS:

Statistical analyses showed an excellent
intra (0.99-1.0 in 95% confidence) and inter
(1.0 in 95% confidence) observer reliability.

The study group was constituted twenty-one
female and twenty—one male who had no
problem or complaint from thoracic spine. The
mean age of them was 36.7 (16-56) years old.
The pedicle widths and PRU widths, and the
length of pedicle screw paths and the length of
PRU screw paths were shown comparatively in
Table 1.

Table - 1. Minimum and maximum values, means and standard deviations of the each screw path’s width and
length for the left and right sides, and for the females and males,

Left/Right and Mean Pedicle

Mean Pedicle Rib

Mean Length of Mean Length of Pedicle

vertebral Level Width (mm) Unit Width Pedicle path (mm) Rib Unit Path (mm)

All 3.86+1.22(2-7) 11.60+2.85(8-22)  31.10+£3.92(22-41) 50.81+5.56(41-66)

T2L Male 4.24+1.22(2-7) 13.14+3.04(20-22)  33.00+3.42(27-41) 54.38+5.06(44-66)
Female 3.48+1.12(2-6) 10.05+1.53(8-14)  29.19+3.50(22-36) 47.2423.32(41-54)

All 3.90+1.28(2-8) 11.64+2.78(8-21)  31.07+4.03(24-41) 50.67+5.44(42-65)

T2R Male 4.29+1.35(2-8) 13.19+2.86(10-21)  32.95+3.64(26-41) 54.38+4.76(45-65)
Female 3.52+1.12(2-6) 10.10+1.64(8-14)  29.19+3.56(24-36) 46.95+3.02(42-54)

All 3.43+0.89(2-5) 10.64+2.16(7-16)  32.57+3.83(23-43) 53.52+4.91(44-63)

T3L Male 3.71+0.90(2-5) 11.81+2.02(8-16)  34.10+3.81(27-43) 56.52+4.07(48-63)
Female 3.14+0.79(2-5) 9.48+1.63(7-14)  31.05+3.26(23-36) 50.52+3.74(44-57)

All 3.48+0.86(2-5) 10.69+2.27(7-16)  32.76+3.74(25-43) 53.55+4.90(45-64)

T3R Male 3.71+0.90(2-5) 11.90+2.17(8-16)  34.29+3.78(27-43) 56.67+3.89(48-64)
Female 3.24+0.77(2-5) 9.48+1.66(7-14)  31.2423.08(25-36) 50.43+3.70(45-57)

Al 3.26+0.80(2-5) 10.64+2.02(8-16)  34.52+4.13(25-44) 56.10+5.04(48-67)

T4L Male 3.52+0.75(2-5) 11.86+1.96(8-16)  35.95+3.88(28-44) 59.05+4.68(49-67)
Female 3.00+0.77(2-5) 9.43+1.21(8-13)  33.10+3.95(25-42) 53.14+3.44(48-60)
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Table - 1. Minimum and maximum values, means and standard deviations of the each screw path’s width and

length for the left and right sides, and for the females and males, (devam)

Left/Right and
vertebral Level

Mean Pedicle
Width (mm)

Mean Pedicle Rib
Unit Width

Mean Length of
Pedicle path (mm)

Mean Length of Pedicle

Rib Unit Path (mm)

T4R

T5L

T5R

T6L

T6R

T7L

T7R

T8L

T8R

TOL

T9R

T10L

T10R

T11L

T11R

All
Male
Female
All
Male
Female
All
Male
Female
All
Male
Female
All
Male
Female
All
Male
Female
All
Male
Female
All
Male
Female
All
Male
Female
All
Male
Female
All
Male
Female
All
Male
Female
All
Male
Female
All
Male
Female
All
Male
Female

3.31x0.78(2-5
3.52+0.75(2-5
3.10£0.77(2-5
3.26+0.86(2-5
3.57+0.87(2-5
2.95+0.74(2-5
3.21x0.78(2-5
3.48+0.75(2-5
2.95+0.74(2-5
3.81x0.92(2-6
4.10+0.83(2-6
3.52+0.93(2-6
3.83+0.93(2-6
4.10£0.83(3-5
3.57+0.98(2-6
4.14+0.90(2-6
4.48+0.68(3-6
3.81+0.98(2-6
4.12+0.92(2-6
4.43+0.68(3-6
3.81+1.03(2-6
4.48+0.99(2-7
4.81+0.75(3-6
4.14x1.11(2-7
4.45+1.04(2-7
4.81+0.81(3-6
4.10+1.14(2-7
4.98+0.10(2-8
5.33+0.73(4-7
4.62+1.12(2-8
5.02:+1.00(2-8
5.38+0.74(4-7
467+1.11(2-8
5.69+1.00(4-9
5.90+0.83(5-8
5.48+1.12(4-9
5.64+1.01(4-9
5.86+0.85(5-8
5.43+1.12(4-9)
6.29+0.94(4-10)
6.48+0.60(6-8)
6.10+1.18(4-10)
6.31+0.98(4-10)
6.570.68(6-8)
6.05+1.16(4-10)

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

10.62+2.00(8-16)
11.76+1.92(8-16)
9.48+1.33(8-13)
10.90+2.09(7-17)
12.05+2.16(8-17)
9.76+1.26(7-13)
10.86+2.08(7-17)
12.00+2.05(8-17)
9.71+1.38(7-13)
11.192.13(8-18)
12.33+2.18(8-18)
10.05+1.36(8-14)
11.17+2.08(8-18)
12.29+2.08(8-18)
10.05+1.40(8-14)
11.38+2.25(8-18)
12.62+2.11(9-18)
10.14+1.65(8-15)
11.52+2.27(8-18)
12.712.10(9-18)
10.33+1.77(8-15)
12.02+2.16(9-18)
13.14+1.85(10-18)
10.90+1.87(9-17)
12.29+2.19(9-18)
13.33+1.98(10-18)
11.24+1.89(9-17)
12.74+2.04(9-18)
13.71+1.87(10-18)
11.76+1.73(9-18)
12.83+2.02(9-18)
13.86:1.88(10-18)
11.81+1.63(9-17)
13.86+2.17(10-19
14.90+1.92(10-19
12.81+1.91(10-19
13.90+2.23(10-19
15.05+1.94(11-19
12.76+1.92(10-19
14.14+2.14(10-20
15.14+1.80(12-20
13.14+2.01(10-19
14.14+2.10(10-20
15.05+1.86(12-20
13.24+1.97(10-19

NN N N N N

34.64+3.91(28-44)
35.814.01(28-44)
33.48+3.52(28-43)
36.43+4.27(28-46)
38.05+4.14(32-46)
34.81+3.83(28-44)
36.50+4.17(28-46)
38.14:x4.30(31-46)
34.86+3.38(28-43)
38.12:4.79(29-48)
40.10+4.65(32-48)
36.14:x4.15(29-47)
38.38+5.00(28-48)
40-52:4.93(32-48)
36.24:4.17(28-46)
40.00+4.85(31-51)
42.104.74(33-51)
37.90+4.07(31-49)
40.17+4.88(32-51)
42.29:+4.83(33-51)
38.05:x4.02(32-48)
41.43+4.64(34-54)
43.43+4.84(36-54)
39.43:+3.52(34-49)
41.50+4.64(32-53)
43.52+4.65(36-53)
39.48+3.74(32-49)
42.43+4.51(34-54)
44.62+3.98(38-54)
40.24+3.96(34-50)
42.62+4.27(34-53)
44.62+3.87(38-53)
40.62+3.73(34-53)
43.21:4.38(36-54)
45.52+3.71(40-54)
40.90+3.79(36-50)
43.33+4.19(36-54)
45.38+3.75(39-54)
41.29+3.64(36-50)
45.02+4.36(38-56)
47.48+3.84(42-56)
42.57+3.41(38-51)
45.00+4.48(37-56)
47.43+4.02(39-56)
42.57+3.54(37-51)

56.26:£4.98(48-67)
59.19+4.56(49-67)
53.33+3.48(48-61)
58.26+5.49(47-70)
61.48+5.14(49-70)
55.05+3.69(47-62)
58.40+5.57(47-70)
61.71+5.22(49-70)
55.10+3.66(47-62)
59.88+5.65(51-72)
63.29+5.23(51-72)
56.48+3.71(51-66)
59.64+5.54(50-71)
62.90+5.27(51-71)
56.38+3.58(50-65)
60.67+5.77(51-72)
64.38+5.08(54-72)
56.95+3.67(51-66)
60.81+5.98(51-72)
64.76+4.96(54-72)
56.86:3.98(51-67)
61.24+5.95(47-72)
64.7124.52(54-72)
57.76+5.19(47-67)
61.05+6.04(46-72)
64.43+4.66(54-72)
57.67+5.38(46-67)
60.125.37(50-69)
63.43+4.39(54-69)
56.81:4.12(50-65)
60.055.52(49-69)
63.38:4.67(54-69)
56.71+4.16(49-66)
57.88+6.08(48-68)
61.7124.91(52-68)
54.05+4.57(48-62)
57.62:6.00(47-68)
61.24:4.96(50-68)
54.00:+4.66(47-63)
55.31+5.90(44-66)
58.95::4.27(49-66)
51.67+5.03(44-61)
54.79+6.18(42-66)
58.57+4.55(48-66)
51.00+5.24(42-60)

The difference between mean pedicle width and mean pedicle-rib unit, and between mean length of pedicle path and mean length of pedicle

rib unit path are significant for all levels and genders (p<0.001).
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When we evaluated the screw path-aorta
relations as high, moderate and mild risk, the
following results were obtained consecutively:
0.3%, 0.3% and 2.7% at right pedicular screw
path; 8.9%, 24.7% and 34.2% at left pedicular
screw path; 10.1%, 21.7% and 22.6% at right
PRU screw path and finally 0.9%, 0.9% and
3.6% at left PRU screw path. The highest high
risk at either left pedicular screw path or right
PRU screw path was observed especially in
lower thoracic spines (Tg 10,11)-

While the injury risk of the thoracic aorta
between T4-11 was measured as 3.3% on the
right side and the 67.8% on the left side when
conventional pedicle screw path used
(p<0.001). It was measured as 44.4% on the
right side and 4.4% on the left side when the
extrapedicular method was used (p<0.001).
Relationships of screw paths driven at optimal
angles and centralizing the pedicles and PRU’
s in with thoracic aorta were shown in Table 2.

Table - 2. Relationship of pedicle and pedicle rib unit
with thoracic aorta (security rate)

Level Right pedicle Left pedicle Right PRU Left PRU

Ty 97.6~ 57.1¢ 66.7¢ 92.9~
Ts 100~ 45.24# 69 100*
Tg 100* 45.24# 66.7¢ 100*
T, 100* 42.9# 57.1¢ 100"
Tg 100* 38.1# 42.9# 100*
Ty 95.2~ 16.7# 35.7# 95.2~
Tio 90.5~ 9.5# 14.3# 90.5~
Ti4 90.5~ 2.4# 11.9# 78.6¢

*Safe 100% ~Mild risk (81-99%) oModerate risk (51-80%) #High
risk (0-50%)

Screw application from PRU on the right
side seems to have more risk for aorta
compared with screw application
conventionally into pedicles . Contrary, since
aorta is located in the left side and conventional
pedicle screw application is relatively has less

safer area; using PRU screw path provides to
avoid from both epidural space and aorta.

DISCUSSION:

The aim of each spinal surgeon is to apply
rigid and safe method by avoiding risks as
possible as in thoracic spine. Morphological
studies carried out in thoracic spine revealed
that pedicles are narrow especially in middle
and upper zones *""72#%2) Placing thoracic
pedicle screw carries neurological injury risk in
high proportion caused by complex and varied

2,17,23,26,28)

anatomy of thoracic pedicles .

Gross examination of the spinal canal after
total laminectomy showed that the lateral
aspect of the dural sac contacts with the medial
wall of the pedicle in all 15 cadavers ®.
However, Suk et al. inserted 4604 thoracic
pedicle screws in spinal deformities and 67
screw malpositions (1.5%) occurred in 48
patients. The malpositions were lateral in 18
(27%), medial in 4 (6%). There was a transient
paraparesis in one patient with
neurofibromatosis. The neurological injury was
due to medial perforation of the pedicle by the
screw causing delayed epidural hematoma ®.

Kim et al reported that free hand thoracic
screw application technique was successful in
both normal and deformed thoracic spine9. We
calculated the percentage of the screws
penetrating the cortex of the pedicle. This
calculation was done by assuming that we
have placed screws 4 mm, of 5 mm and 6 mm
of diameters, driven at proper angle from the
centers of the pedicles. It appears that screws
can damage cortex in high proportion even
though screws are placed at suitable entering
point and again at optimal angels. When all
pedicle diameters are evaluated, 18.8 % of the
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screw is located in intraosseous area when 6
mm screw was applied, 44 % for 5 mm, 66.7
% for 4 mm. It appears unavoidable that screws
that will be applied to the pedicles out of these
proportions with conventional method damage
pedicle cortex run over the pedicle. This may
not only increase the risk of neurological injury
but also may create stability problems . Ty,
T41 vertebrae constitute 74.1% of this
proportion of 18.8%; To, Tig, T4 vertebrae
constitute 72.4% of the proportion of 44%.
However, all of the screws of 4 mm, 5 mm and
6 mm are located in intraosseous area when
PRU is assumed as screw path.

There are three papers concerning about
the PRU morphology in the literature7,17,20.
However, the subjects were adolescent
idiopathic scoliosis (AIS) cases in two “*°, and
cadavers in the remaining7. In our opinion, our
series is somewhat different, aiming to obtain
normal values. In the series of Liljenqvist,
O’Brien, the results are valid only for scoliotic
patients. Similarly, the study of Husted may be
evaluated as experimental for no living subjects
were included in the study. Furthermore, due to
the nature of these studies the age groups
highly differ from the present study that two of
them include adolescent patients while the
other was performed in cadavers of elder
subjects.

Nevertheless, in both of the studies done
with CT, the outer cortex diameters were
measured "*°. In our study, medial and lateral
walls of pedicle and pedicle-rib unit were
accepted as a safe zone and only intraosseous
area was measured to determine accurate
screw width not to lead the injury of the cortex
@ However, advantages of digital imaging and
computer software measurement include
elimination of error from different marking
pencils and protractors and the ability to

change brightness, contrast, and magnification
®9 " In addition, evaluation of intra and
interobserver reliability help us to provide

14,30)

accurate and reliable results “*.

Vaccaro et al demonstrated that the thoracic
aorta was at greatest risk for injury in cases of
anterior cortex penetration by the screws on the
left side by using conventional intrapedicular
technique . Lilienqvist et al reported that the
closest distance between the thoracic aorta and
the vertebral body was an average of 6 mm at
the fourth, fifth, and sixth thoracic vertebrae; 7
mm at the seventh, eight, and ninth thoracic
vertebrae; and 4 mm at the tenth thoracic
vertebra. At the eleventh thoracic vertebra, the
closest distance measured an average of 3
mm. But Vaccaro and et all stated that the
distance between thoracic aorta and vertabral
body was less than 5 mm between the sixth to
twelfth thoracic vertebrae28. Despite the
distance between aorta and the vertebral body
was measured in these studies, the screw path
aorta relations was not considered.

Additionally, pleural lining of the thoracic
cavity is in contact with the inferolateral wall of
the pedicle ®. A breach of few millimeters of
the anterior or anterolateral cortical boundaries
of the vertebral body may not initially damage
the adjacent soft-tissue structures because of
the mobility of these structures. However
chronic irritation, especially to the pulsatile
aorta, can lead to lethal complications and must
be avoided. A few cases of delayed aortic
rupture following anterior spinal instrumentation
were reported "**"*". Our study supports these
findings. We observed that the injury risk to
thoracic aorta when the screw directed from
pedicle conventionally is higher than those of
PRU at the left side. We suggest that the
direction of the screw from PRU at the left side
is more reliable when compared with pedicle.
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The accuracy of magnetic resonance
imaging for measurements of pedicle width may
be influenced by the increased susceptibility
effect between cortical and cancellous bone,
which results in a less clear depiction of the
cortical structures compared with that seen on
computed tomography. This phenomenon can
lead to a slight underestimation of the
endosteal pedicle width on magnetic resonance
imaging “”.  However, MRI is both highly
reliable and accurate and helps us to obtain
true axial images preventing the faultier results
as well as do not use ionizing radiation as CT".

Detailed preoperative MRI's can lead us to
analyzing the screw application area as well as
avoiding from neurological and vascular
complications and determining the safe zones
and directions. We concluded that the hybrid
method one of which was directed from pedicle
and the other was directed from PRU which has
adequate biomechanical stability ®, this might
be as an alternative method based on the
results of our study. But in hybrid application
method the rods may be on different planes in
the coronal aspect because of the entering
points of PRU and pedicle were not on same
level. Excision of some posterior portion of PRU

with a rongeur may be necessary to balance.
Evaluation of PRU by preoperative MRI may be
a guide for spinal surgeons in using transverse
process wiring method, which provides
segmental fixation possibility by avoiding
neurovascular structures 5,30. It is essential
that spinal surgeons should have knowledge
about the position of aorta while they are
placing screw to thoracic spine. And they
should also considered the pedicle diameters,
length of pedicle screw path and the angle
between the screw path and midline.

CONCLUSION:

PRU path allows us to apply wider and longer
screw path area with avoiding neurological
injury, and the risk of aorta injury is high at left
side when using pedicular screw path and this
high risk is current for PRU path at right side. So,
hybrid method (right pedicular screw and left
PRU screw) may be an alternative method in
order to avoid aorta injury if the anatomical
structure of the pedicle is appropriate. In
addition, in the circumstance of pedicle
explosion or injury when using pedicular screw
path, PRU should be considered as an
alternative method.

Figure 2. Comparison of pulsatil aorta injury risk. Direction of the screw paths of pedicle from left side and of pedicle-rib unit
from right side (). Direction of the screw paths of pedicle from right side and of pedicle rib unit from left side (b).
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