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Periodontitis is characterized by gingival inflammation and periodontopathic
bacteria generate immunological inflammatory responses. Recent epidemio-
logical reports suggest that periodontitis is one of the key risk factors for
the onset of cardiovascular diseases. Several studies reported that periodontal
bacteria in cardiovascular specimens were frequently detected. We revealed
that patients with acute coronary syndrome showed significantly higher
serum IgG titers to a strain of periodontopathic bacteria compared with
patients with chronic coronary disease. Periodontopathic bacteria were also
present in a high percentage of specimens of diseased arteries from patients
with Buerger disease or abdominal aortic hheurysm.‘Although periodonto-
pathic bacteria may play arole in the dgy’é’lopmgﬂtof ca'lfdiovascular diseases,
the influence of these bacteria on the disease'has notyet been proven. In this
article, we review the relationship between periodontopathic’ pathogens
and cardiovascular diseases to conduét: further’ clinical and experimental
investigations in near future. ;

Keywords: aorta, bacteria, cytokine, inflammation; periodontitis
Expert Opin. Ther. Targets (2010) 14(10):1023-1027

1. Introduction

Periodontitis is:a chroni¢ inflammatorydisease that degrades the attachment appa-
ratus of the téeth, leading to rooth loosening. Clinical signs of the disease are often
seen in middle age and it is‘a very common disease in adults (1,2]. Epidemiological
studies showed. that periodonditis significantly increased the risk of cardiovascular
disease (CVD) [3-6]. Although data was adjusted for known CVD risk factors such
as smoking;. diabetes, hypertension and socioeconomic conditions, other points
might still explain _thé apparent association. Levels of risk markers for CVD have
been reported to be elevated in patients with periodontitis. Furthermore, animal
studies demonstrated an association between the prevalence of periodontal patho-
gens, bacterial products, periodontitis and the incidence of CVD-related events [7.].
Although DNA from oral bacteria has been found in atherosclerotic plaque in
animal experimental models (9] and humans (10}, the contribution of these bacteria
to plaque formation remains unknown. Periodontal pathogens and their products
were reported to be a trigger of the atherosclerotic process in animal studies (7.8).
However, their effects in the human system remain unclear. The release of host-
derived inflammatory mediators, such as cytokines from the chronically inflamed
periodontal tissues into the circulation, may provide a link between periodontal dis-
ease and CVD (11,12). Altered serological profiles of risk markers in patients with
periodontitis may result from an invasion of bacteria. Additionally, entry of their
products from the periodontal lesion into the blood stream and the consequential
induction and maintenance of a chronic inflammatory state also contribute to the

progression of CVD.
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In this small article, we review pathological and immuno-
logical influence of periodontal pathogens o CVD and
some promising methodologies for prevention of the disease.

2. Coronary arterial disease and periodontitis

Recent studies suggest that chronic inflammation plays an
important role in the development of coronary arterial disease
(CAD). Because periodontal disease is an enhancer of several
chronic inflammatory factors such as MMPs [13-15], an etio-
logical relationship between periodontal disease and CAD
was proposed. For these reasons, there is strong interest in
evaluating whether periodontal disease is independently asso-
ciated with CAD (16-18). Humphrey ez al. revealed that peri-
odontal disease is associated with increased risk of CAD
using a meta-analysis (19]. They concluded that periodontal
disease is a risk factor or marker for CAD, and is independent
of traditional CAD risk factors. Nakajima e 4/ also revealed
that periodontitis is associated with increased risk of CAD
through dysfunction of endothelial cells, induced by either
periodontopathic bacteria or their products (201. CRP concen-
trations were higher among patients who subsequently
developed myocardial infarction compared with those with-
out the disease. However, there was no report to elucidate
the relationship between specific gingival bacteria infection
and CAD.

We recently revealed that there is an association between
periodontitis and CAD, particularly acute coronary syndrome
(ACS). A total of 28 CAD patients participated in the study.
Coronary angiography, periodontal examination and dental
radiography were performed in all patients. Subgingival
plaque, saliva and blood samples were analyzed for the
periodontopathogens Aggregatibacter (formerly Actinobacillus)
actinomycetemcomitans, Porphyromonas gingivalis, Tannerella
Jorsythia, Treponema denticola, and Prevotella intermedia
using PCR. Specific serum antibody titers to the five peri-
odontal pathogens were determined by ELISA. We found
that 33% of the ACS patients harbored A. actinomycetemcomi-
tans in oral samples, whereas no A. actinomycetemcomitans was
found in the patients with chronic CAD. Furthermore, ACS
patients showed significantly higher serum IgG titers to
A.  actinomycetemcomitans compared with chronic CAD
patients. Thus, we concluded that a specific periodontal
pathogens may play a crucial role in the development of
ACS [21).

3. Peripheral arterial disease and
periodontitis

There are several papers demonstrating the relationship
between peripheral arterial disease (PAD) and periodontitis.
Buhlin e al. revealed the association by determining the
plasma levels of some risk markers for PAD in cases
with periodontitis (2223). Statistical analyses revealed a
significant association between periodontitis and high levels

of C-reactive protein (CRP), fibrinogen, IL-18 and antibodies
against heat shock protein (Hsp) 65 and 70. They also showed
the effect of infection control of periodontitis on the preva-
lence of the risk factors. One year after the initial treatment,
IL-18 and other levels decreased. Thus, standard treatment
for periodontal disease induces systemic changes in several
biochemical markers that reflect the risk for PAD.

Chen et al. also revealed that periodontitis was associ-
ated with PAD using tissue specimens [24. They ident-
fied P. gingivalis, T. denticola, A. actinomycetemcomitans,
P. intermedia in tissue specimens taken from the anastomotic
site of distal bypasses PCR. In the study, periodontopathic bac-
teria were detected in 52% of atherosclerotic specimens. Severe
(Fontaine grade III or IV) patients showed higher detection fre-
quency of P. gingivalis than mild (Fontaine grade II) patients.
After adjusting for age, sex, diabetes and smoking, periodon-
titis increased fivefold the risk of having PAD. They also
showed that periodontitis was associated with increased serum
IL-6 and TNF-0t concentrations.

Buerger disease also showed the significant relationship to
periodontitis. Iwai ¢t @/ revealed that DNA of oral bacteria
was detected in 13 of 14 arterial samples and all oral samples
of patients with Buerger disease 125. While T. denticola was
found in 86% of the arterial samples, other pathogens were
found in 14 to 43% of the samples. A pathological examina-
tion revealed that arterial specimens showed the characteristics
of an intermediate-chronic-stage or chronic-stage lesion of
Buerger disease. They reported that the patients with Buerger
disease had high prevalence of severe periodontitis with
higher serum IgG titers against 7. denticola, P. gingivalis
and A. actinomycetemcomitans 126). They also found that the
patients had increased titers of serum anti-cardiolipin antibody
compared with healthy subjects (27). These results suggest that
periodontits influences the development of PAD.

4. Aortic aneurysm and periodontitis

Abdominal aortic aneurysm (AAA) is a common and lethal dis-
order in the aging population (28.29]. Inflammation and MMPs
appear to play a critical role in AAA development and progres-
sion [30). Human AAA dssue samples demonstrated severe
inflammatory infiltrates in both the media and adventitia (31.32).
An increased expression of MMPs has been observed in human
aneurysm tissue specimens (33-37). It is well known that MMPs
play key roles in periodontal diseases. Periodontopathic bacteria
generate host immunological inflammatory responses, thus
resulting in the secretion of cytokines and MMPs (38), and
eventually leading to the extracellular matrix destruction of
the periodontal tissues (39). Some studies reported the detection
of periodontal bacteria in AAA specimens. Periodontopathic
bacteria, especially P. gingivalis was present in a high percentage
of specimens of AAA and were also found throughout the
whole aneurysmal wall (40 Thus, periodontopathic bacteria
may play a role in the development of AAA, but the influence
of these bacteria on the aneurysmal wall has not yet been
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proven, To determine the effect of the periodontal microorgan-
ism on the AAA, we made a novel murine AAA model, which
was produced by the periaortic application of 0.25 M CaCl,.
The mice received inoculations of either live P. gingivalss,
A. actinomycetemcomitans or vehicle. Four weeks after the appli-
cation of CaCly, the P. gingivalis-challenged mice showed a
significant increase in the aortic diameter in comparison with
the vehicle control mice while the A. actinomycetemcomitans-
challenged mice showed no significant increase. Immunohisto-
chemically, the CD8- and MOMA2-positive cells and the
level of MMP-2 in the aneurysmal samples of P. gingrvalis-
challenged mice were also significandy higher than that
inoculated with vehicle. We found that the P gingivalis,
but not A. actinemycetemcomitans, infection accelerated the
progression of AAA due to the increased expression of MMPs
(Aoyama N, unpublished).

5. Vitamin D is a key factor for periodontitis
and cardiovascular diseases

Although vitamin D is well known to regulate calcium and
phosphorus metabolism, it also has a physiological effects
beyond its role in skeletal homeostasis. Recendy, it was
revealed that vitamin D is an immunomodulator which tar-
gets various immune cells, and modulates both innate and
adaptive immune responses. Thus, vitamin D plays a crucial
role in maintenance of immune homeostasis (41). Several epi-
demiological studies have linked inadequate vitamin D levels
to a higher susceptibility to immune-mediated disorders (42,43,
including cardiovascular diseases (44). It is believed thar main-
taining adequate vitamin D levels might in part prevent
these common diseases [45). It has been reported that low
serum vitamin D levels were independently associated with

Suzuki, Aoyama, Ogawa, Hirata, 1zumi, Nagai & Isobe

periodontal and cardiovascular diseases 146.47). Notably, vita-
min D insufficiency is associated with increased circulating
CRP levels, and vitamin D supplementation decreases circu-
lating CRP levels [48). Thus, the elevated CRP levels observed
in periodontal and cardiovascular disease might be a surrogate
for vitamin D insufficiency.

6. Conclusion

In this brief article, we have demonstrated the relationship
between periodontopathic pathogens and cardiovascular dis-
eases. We have also elucidated that each gingival bacterium
caused different condition of cardiovascular diseases.

7. Expert opinion

Although several periodontopathic bacteria play a serious role
in the development of cardiovascular diseases, the influence of
these bacteria has to be elucidated because of the lack of
appropriate investigations. Thus, further experimental and
clinical studies should be conducted to elucidate the patho-
physiology and relationship between periodontitis and cardio-
vascular diseases. Meanwhile, clinicians should optimize the
periodontal conditions in patients with cardiovascular risk
factors for primary and/or secondary prevention. Finally, it
is plausible that this simple treatment of periodontitis might
provide as much or even more benefit than the standard
treatments for cardiovascular diseases.
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B  Aorta Movement in Patients With Scoliosis After

Posterior Surgery

Katsushi Takeshita, MD,* Toru Maruyama, MD,t Yusuke Nakao, MD,t Takashi Ono, MD,*
Yuki Taniguchi, MD,* Hirotaka Chikuda, MD,* Naoki Shoda, MD,* Yasushi Oshima, MD,*

Akiro Higashikawa, MD,” and Kozo Nakamura, MD*

Study Design. Retrospective analysis.

Objective. To evaluate movement of the aorta in pa-
tients with scoliosis who have undergone the posterior
correction and fusion.

Summary of Background Data. Surgeons check pre-
operative imaging for pedicle screw placement, but past
analyses indicated that the aorta shifts after scoliosis sur-
gery. Few studies, however, evaluated the aorta move-
ment in detail.

Methods. A total of 22 patients with a right thoracic curve
underwent posterior instrumentation and fusion. The average
age at surgery was 17.2 years. The average of the preoperative
Cobb angle was 65.2° which decreased to 20.0°.

Computed-tomographic data were analyzed by muiti-
planar reconstruction. In our coordinate system, the mid-
dle of the base of the left superior facet was set as the
origin and a line connecting the middle points of both
bases of the superior facets was defined as the X-axis. We
defined the angle and the distance to describe the aorta
position and analyzed the movement of the aorta relative
to the spine. Deformity parameters were examined to
determine their correlation with the aorta parameters.

We simulated variable pedicle screw placement and de-
fined a warning pedicle when the aorta enters the expected
area of the screw and examined them in 24 scenarios.

Results. The aorta moved 4.7 = 3.0 mm on an average.
The aorta had a tendency to migrate in the anteromedial
direction and this movement correlated with preoperative
apical vertebral translation, preoperative sagittal align-
ment, and change of sagittal alignment. The ratio of warn-
ing pedicles at the middie thoracic level {T7-T9) increased
after deformity correction.

Conclusion. The aorta moved anteromedially relative
to the spine after the posterior correction and the risk of
the aorta by a pedicie screw increased by correction of the
deformity at the middle thoracic spine. Surgeons are rec-
ommended to anticipate the aorta movement in the sur-
gical planning.
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Posterior correction and fusion by instrumentation is
popular in the deformity surgery and pedicle screws have
been the dominant anchors for the last decade. However,
several authors'™ reported a possible risk of aorta injury
by a pedicle screw. Although surgeons use preoperative
radiographic imaging in placing pedicle screws to pre-
vent the aorta containment, the aorta may move after
surgical correction of the spinal deformity. Few analyses
of the movement of this organ after posterior surgery
have been reported. The purpose of the present study
was to evaluate the aorta movement after the posterior
correction and fusion in scoliosis surgery.

W Materials and Methods

A rotal of 37 patients with scoliosis underwent posterior instru-
mentation and fusion at the University Hospital between 2005
and 2007 and 22 patients with a right thoracic curve were
included in this study. Scoliosis was idiopathic in 18 patients,
Chiari-syrinx in 2, multiple epiphyseal dysplasia in 1, and
Noonan syndrome in 1. A total of 15 patients were excluded: §
patients with congenital scoliosis, 4 with idiopathic scoliosis
with no thoracic curve, 3 with Marfan syndrome who might
have had abnormal vascular movement, 2 with idiopathic sco-
liosis with left thoracic curve, and 1 with tubular sclerosis with
left thoracic curve. Patient age at surgery was 10 to 29 (mean,
17.2) years old and 18 were women and 4 were men. Lenke’s
classification of scoliosis was type 1 in 8 patients, type 2 in 5,
type 3 in 1, type 4 in 4, type 5 in 1, and type 6 in 3. The
preoperative Cobb angle averaged 65.2° = 11.6° (range, 50°-
88°) and corrected to 36.3° + 12.0° (range, 18°-70°) on bend-
ing films, and to 26.6° = 10.0° (range, 13°~44°) on fulcrum-
bending films.* The apex vertebra of the thoracic curve ranged
from T5-T10 (T5:1, T7:2, T8:6, T9:5, T10:8). All patients
were treated by posterior correction and fusion by pedicle
screw instrumentation. The average number of instrumented
vertebrae was 12.2 * 1.6 (9-16 vertebrae). Postoperative
Cobb angle averaged 20.0° * 7.7° (range, 11°-39°) and cor-
rection rate was 69.6% * 8.5% (53%-83.1%). Cincinnati
correction index® was 1.74 * 0.57 (0.95-3.38} and Fulcrum
bending correction index® was 1.18 * 0.16 (0.78-1.48).

The patients were evaluated by computed tomography (CT)
before and after surgery. Preoperative examination was for the
computer-assisted placement of pedicle screws and the postop-
erative one was to confirm the location of pedicle screws.
There was no need to replace any screw. The preoperative
CT was obtained from the upper thoracic to the lower Jum-
bar spine with a width of 1.25 mm as directed by a naviga-
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Figure 1. Aorta parameters. The origin is set in the middle of the
base of the left superior facet. A line connecting the 2 middle
points of both bases of the superior facets is defined as X-axis.
LtP-Ao distance indicates the left pedicle-aorta distance; LtP-Ao
angle, the left pedicle-aorta angle.

tion protocol, and the postoperative CT was obtained with a
helical scan and developed with a width of 1.00 mm less than
2 weeks after surgery. All Digital Imaging and Communica-
tion in Medicine data were transferred to a personal com-
puter and analyzed by Digital Imaging and Communication
in Medicine or DICOM software (ExaView LITE: Ziosoft,
Tokyo, Japan). In the present study, we used our original
Cartesian coordinate system and measured parameters de-
scribing the location of the aorta from T4 to L4 of the 22
patients. We selected the middle of the base of the left supe-
rior facet as the point of origin of this coordinate system

Table 1. Aorta Parameters Before and After Surgery
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Figure 2. The aorta movement relative to the spine before and
after posterior correction and fusion in our Cartesian coordinate
system. The aorta moved to the anterior direction at the upper and
middle thoracic levels and to the medial direction at the lower
thoracic and lumbar levels.
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(Figure 1) because the most probable threat to the aorta is by
a pedicle screw on the left side at the thoracic spine. A line
connecting the 2 middle points of both bases of the superior
facets was defined as the X-axis; the Y-axis is determined to
be parallel to the upper endplate of each vertebral body. The
angle formed by the Y-axis and a line connecting the origin
and the center of the aorta was defined as the left pedicle-
aorta (LtP-Ao) angle and length of a line connecting the
origin and the edge of the aorta as the LtP-Ao distance. Two
parameters and the X- and Y-units of the LtP-Ao distance at
240 vertebral bodies were measured pre- and postsurgery
after excluding vertebrae with incomplete data. From the
repeatability rest from our previous study,” interclass corre-

LtAo-Angle (deg)

LtAo-Distance (mm)

Level n Preop Postop Change Preop Postop Change Movement (mm)
T4 6 223 +309(—61to065) 162 +246(-18t055)  —41=130(-28t09) 220=:84(11t032) 258 +83(14t039) 36+31%(—1t08) 59+42(1t012)
T5 20 308+21.0(—1t078) 238x180(-10t067) ~72+89%(-231012) 199*47(12t032) 236=60(14t037) 43 +37*(~1t014) 54+ 29(1t0 13)
T6 22 373+168(3t0o74) 30.2 +14.2(3t059) =71+91*(-22t08) 181 +3.7(13t028) 207 =50(11t033) 26+ 27*(—2t09} 46+ 27(11013)
T 22 423 +140(17t074) 326 +11.4(12t0 59} =100 £77%(-22t03) 179+37(12t026) 197 +45(12t033) 19+ 26*(—3t07) 4.1%26(0t09)
T8 22 424 =11.1(16 10 65) 345 * 85(2010 55) =19%71%(-20t04) 192+43(13t030) 202+37(14t029) 1.0=26(—6tod) 39+ 21(1t08)
T9 22 392 +115(13t053) 325+ 8.8(9to 46) ~68 £70*(—-23t07) 208+49(14t032) 21.8+42(16t031) 10+ 24(—6te5 38+22{1109)
TI0O 22 299+141(-13t051)  27.1 =10.3(0to49) —27+75(-15t013) 241 £63(15t036) 250+52(17t034) 09 +3.2(~5t06) 43+ 28(0to10)
T 22 130*+204(—46t044) 139+ 136(-21t037) 08 +100(—17t025) 318+ 8.0(19t046) 313 +67(20t043) ~05+3.1(~7to4) 5.1 +44(0to19)
T2 21 04=162(—26t028) 37%132(—18t0 34) 33£64*(—10t013) 394 +81(25t052) 382*74(25t055) —1.0=25(-7tod) 50+30(11t010)
L1 21 —126+141(-3610 13} -80=106(—29t09) 48 55" (—81012) 503 +6.8(36t063) 49.0x6.2(39t059) —~15=+33*(-7t06) 6.0+ 3.1(11t013)
L2 21 —16.0 =103(-38t02) —120=88(—28t03) 41+46"(-3t014) 545+45(44t061) 528 =44(44t061) —16+15*(—7102) 52+32(2t014)
L3 14 -176*+52(—27t0 —10) —14.0 £ 53(—23t0 —5) 26+ 40"(—4t08) 554 +45(47t063) 544 +43(481062) —1.0+=29(—5t04) 44+26(1108)
L4 5 —196%59(-28t0—12) —17.0 = 46(—25t0 —13) 24x30(-1t07) 532+33(48t057) 53.2+47(48t059) 0.0=31(—3t04) 39+20(2t07)
Total 240 179+274(-46t078) 154 =216(—29t067) -25%9.1(-28t025) 313 = 153(11t063) 31.9=139(11t062) 07 £33(—7t014) 48 = 3.2{0to0 20)
*P < 0.01,

LtAo-Angle indicates left pedicle-aorta angle; LtAo-Distance, left pedicle-aorta distance; Preop, preoperative; Postop, postoperative.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Figure 3. A, Standing antero-
posterior spinal radiograph of a
14-year-old girl with a 69° right
thoracic curve and 88° left lum-
bar curve. She had only 11 tho-
racic vertebrae (no T12) and the
apical vertebral translation was
69.5 mm. She had had foraminal
magnum decompression and du-
roplasty 16 months before spinal
surgery. B, Standing coronal ra-
diograph 2 weeks after segmen-
tal pedicle screw instrumenta-
tion from T2 to L4 demonstrating
thoracic curve correction to 19°
and lumbar curve correction to
25°. The apical vertebral transla-
tion decreased to 30.1 mm. C,
Preoperative computed tomogra-
phy by multiplanar reconstruc-
tion at T11. The aorta (dotted cir-
cle) located in front of the right
side of the vertebral body. D,
Postoperative computed tomog-
raphy adjusted by multiplanar re-
construction to match the preop-
erative imaging. The aorta
(dotted circle) had moved 19.5
mm to the bicortical pedicle
screw of the left side.

lation coefficients were 0.922 to 0.957 in the intraobserver
measurement and 0.896 to 0.929 (0.864—-0.961) in the in-
terobserver measurement.

We analyzed the movement of the aorta relative to the spine
in each level. To determine the relationship between the tho-
racic main curve and thoracic coronal/sagittal alignment, we
selected patients who had their main curve in the thoracic
spine. In the 17 selected patients, we measured the Cobb angle
and the apical vertebral translations (AVT) of the main curve,
and the sagittal alignment (the Cobb angle at TS-T12) before
and after surgery. These deformity parameters were examined
for their correlation, with the maximum movement of the aorta
in the main thoracic curve. Statistical analysis was performed
by SPSS 17.0 (SPSS Inc., Chicago, IL).

We simulated placement of the pedicle screw with a direc-
tion different from the ideal trajectory. Sensitivity analysis was
performed by varying the direction error and the length of the
screw independently. The direction error started from 10° up to
30° with 10° increments (3 scenarios). The length of the screw
started from 25 to 40 mm with increments of 5 mm (4 scenar-
ios). Therefore, we set up total of 24 scenarios in the preoper-
ative or postoperative state. We defined a warning pedicle as
being when the aorta enters the expected area of the screw.
Ratio between the number of warning pedicles and the number
of the examined pedicles at 1 spine level was calculated from
T4 to L4 in every scenario.

opynght © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited

B Results

The LtP-Ao angle changed significantly from TS5 to T9
and from T12 to L3 (# test, P < 0.01) (Table 1), whereas
the LtP-Ao distance changed significantly from T4-T7,
L1 and L2. The average of the aorta movement in the
examined 240 vertebrae was 4.7 = 3.0 mm. The aorta
moved more than 10 mm in 14 vertebrae (5.8%), and
had a tendency to migrate in the anteromedial direction
(Figure 2). A representative case is shown in Figure 3.
In the 17 patients who had the main curve in the
thoracic spine, the maximum movement of the aorta in
the main thoracic curve was 8.9 * 3.5 mm (range, 3.9-
14.9). Level of the maximum movement was T4 in 1
case, TSin 1, T6in 1, T7in 2, T9in 1, T10in 3, T11 in
1,T12in1,L1in3,L2in2,L3in 0, and L4 in 1. Level
of the maximum movement was periapical (+1 vertebra
of the apex) in 8 cases. The maximum movement of the
aorta correlated with the preoperative AVT (Pearson
correlation coefficient, —0.55; P = 0.02), preoperative
sagittal alignment (—0.52, P = 0.03), and change of the
sagittal alignment (0.57, P = 0.02) (Figure 4).
Sensitivity analysis (Tables 2—4) revealed that long
pedicle screw (40 mm) with moderate direction error
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Figure 4. A, Relationship between change of the sagittal alignment (T5-T12) and the maximum aorta movement in the main thoracic curve
of 17 patients. Positive change denotes more kyphotic change. Pearson correlative coefficient was 0.571 (P = 0.017); i.e., more correction
of the main curve meant greater aorta movement. B, Relationship between the postoperative apical vertebral translation and the maximum
aorta movement. Pearson correlative coefficient was —0.550 (P = 0.022); /.e., lower apical vertebral translation after surgery meant greater
aorta movement. G, Relationship between the preoperative sagittal alignment (T5-T12) and the maximum aorta movement in the main
thoracic curve of 17 patients. Positive change denotes more kyphotic change. Pearson correlative coefficient was —0.521 (P = 0.032); i.e.,

more correction of the main curve meant larger aorta movement.

imposed risk on the aorta, but a large direction error
(30°) by itself put the aorta at a high risk in any spine
level regardless of the length of the pedicle screw.

There were only 5 warning pedicles in 96 examined
lumbar spine and all were first lumbar spine. Therefore,
further analysis was limited only in the thoracic spine.
The distribution of the warning pedicles revealed 3
groups. The middle thoracic level (T7-T9) had a low
ratio of warning pedicles before surgery, and the ratio
increased statistically significantly after deformity cor-
rection. The upper thoracic level (T4-Té6) as well as the
lower thoracic level (T10-T12) had a moderate ratio of
warning pedicles before surgery, and did not change con-
siderably after deformity correction.

Table 2. Warning Pedicles—Direction Error Within 10°

The present study revealed that the aorta moved more
than 10 mm in 17 of the examined 240 spines (5.8%),
with a shift to the anterior and medial positions after
posterior surgery. From our previous study,® the aorta
may be at risk at left concave pedicle at T4, TS, and
T10-T12 before surgery, and there was a relative safety
of the aorta for pedicle screw placement at the apical
level. The present study showed that the dangerous pedi-
cle ratio increased at the midthoracic level after surgery.
At the apical level, the aorta often resides far lateral of
the vertebral body which is far from the axis of the trunk.
Surgeons assume from the preoperative imaging that the

Preoperative Postoperative

Screw Length Level Warning (+)* Warning (—)t Ratio Warning (+)* Warning ()t Ratio Difference
25 mm T4-T6 2 46 4.2% 0 48 0.0% -4.2%
25 mm T7-19 0 66 0.0% 0 66 0.0% 0

25 mm T10-T12 0 65 0.0% 0 65 0.0% 0

30 mm T4-T6 5 43 10.4% 2 48 4.2% -6.2%
30 mm T7-T9 0 66 0.0% 1 65 1.5% +1.5%
30 mm T10-T12 0 65 0.0% 1 64 1.5% +1.5%
35 mm T4-T6 7 4 14.6% 5 43 10.4% —4.2%
35 mm T7-19 0 66 0.0% 1 65 1.5% +1.5%
35 mm Ti0-T12 4 61 6.2% 6 59 9.2% +3.0%
40 mm T4-T6 7 L] 14.6% 5 43 10.4% -4.2%
40 mm T7-T9 0 66 0.0% 1 65 1.5% +1.5%
40 mm T10-T12 8 57 12.3% n 54 16.9% +4.6%

*Number of the warning pedicles.
tNumber of the nonwaming pedicles.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Table 3. Warning Pedicles—Direction Error Within 20°
Preoperative Postoperative

Screw Length Level Warning (+)* Warning (|t Ratio Warning (+)* Warning (—)t Ratio Difference
25 mm T4-T6 7 41 14.6% 5 43 10.4% -4.2%
25 mm T7-19 1 65 1.5% 0 66 0.0% -1.5%
25 mm T10-T12 1 64 15% 1 64 1.5% 0
30 mm T4-T6 1 37 22.9% 12 36 25.0% +2.1%
30 mm T7-T9 2 64 3.0% 1 65 1.5% -15%
30 mm T10-T12 1 64 1.5% ] 60 1.7% +6.2%
35 mm T4-T6 13 35 27.1% 16 32 33.3% +6.2%
35 mm T7-19 4 62 6.1% 2 64 3.0% ~-31%
35 mm TI0-T12 10 55 15.4% 14 51 21.5% +6.1%
40 mm T4-T6 13 35 27.1% 18 30 37.5% +104%
40 mm T7-T9 4 62 6.1% 2 64 3.0% -31%
40 mm T10-T12 19 48 29.2% 21 44 32.3% +3.1%

*Number of the waming pedicles.
TNumber of the nonwarning pedicles.

aorta stays out of the spine and become less careful of this
organ during screw placement. In fact, after correction of
the scoliosis in some cases, the vertebrae return to a more
physiologic position, which is the center of the body: this
movement of the spine results in the medialization of the
aorta relative to the spine and the risk of the aorta by a
pedicle screw increased by correction of the deformity at
the middle thoracic spine. Accordingly, all left pedicles have
substantial risk of indenting the aorta indentation if a pedi-
cle screw breaches outside the pedicle.

Few authors have reported change of the aorta posi-
tion after deformity surgery. The first analysis was re-
ported by Bullmann et al.” They analyzed the aorta
movement in their experience of anterior surgery and
found that the aorta migrates from a more posterolateral
to a more anteromedial position in relation to the tho-
racic vertebrae. However, patients were scanned in su-
pine position for preoperative CT and in a lateral decu-
bitous position for postoperative magnetic resonance
imaging. As the aorta location depends on the patient
position at examination especially in the midthoracic

Table 4. Warning Pedicles—Direction Error Within 30°

level as clearly shown by the study of Huitema et al,'° the
aorta movement in Bullman’s report may come from a
difference in the patient’s position in the 2 examinations.

Recently, Wang et al'! analyzed the change of the po-
sition of the aorta after anterior or posterior instrumenta-
tion of type I Lenke curve and concluded that the aorta
moved more in anterior surgery than in posterior surgery.
They measured by 2 methods: one was from the aorta to the
closest point of the cortex of the vertebral body and the
other was from the posterior wall of the aorta to the ante-
rior edge of the left rib head, neither of which was associ-
ated with the pedicle screw impingement. They measured 2
angles which were not suitable to describe the aorta posi-
tion as for pedicle screw placement. Accordingly, parame-
ters they adopted could not clarify the aorta movement
relative to the spine, as do our results.

The present analysis indicated that the aorta position has
a relationship with the curve characteristics of spinal defor-
mity. The aorta movement highly correlated with the de-
formity characteristics: change of the sagittal alignment,
preoperative AVT and sagittal alignment. Therefore, the

Preoperative Postoperative

Screw Length Level Warning (+)* Warning (-t Ratio Warning (+)* Warning ()t Ratio Difference
25 mm T4-T6 15 33 31.3% 15 33 31.3% 0

25 mm T7-T9 3 63 4.5% 15 51 22.7% +18.2%%
25 mm T10-T12 6 59 9.2% 8 57 12.3% +3.1%
30 mm T4-T6 19 29 39.6% 23 25 47.9% +8.3%
30 mm T7-T9 9 57 13.6% 22 44 33.3% +19.7%%
30 mm T10-T12 14 51 21.5% 18 47 27.7% +6.2%
35 mm T4-T6 2 27 43.8% 27 21 56.3% +12.5%
35 mm T7-T9 " 55 16.7% 23 43 348% +18.1%8
35 mm T10-T12 24 4 36.9% 30 35 46.2% +9.3%
40 mm T4-T6 21 27 43.8% 29 19 60.4% +16.6%
40 mm T7-T9 - " 55 16.7% 23 43 34.8% +18.1%8$
40 mm T10-T12 33 32 50.8% 38 27 58.5% +7.7%

*Number of the warning pedicles.
TNumber of the nonwarning pedicles.
3P < 0.01 (Fisher exact test).

§P < 0.05.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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degree of the aorta movement may be estimated from pre-
operative deformity and the degree of correction.

We did not measure and analyze the rotation of the
spine as most CT did not include the pelvis because of the
retrospective nature of this study. Accordingly, we could
not estimate the effect of derotation.

In summary, the aorta moved anteromedially relative
to the spine after the posterior correction and the risk of
the aorta by a pedicle screw increased by correction of
the deformity at the middle thoracic spine. Surgeons are
recommended to anticipate the aorta movement in the
surgical planning.

B Key Points

e We evaluated the aorta positions before and af-
ter scoliosis surgery by multiplanar reconstruc-
tion of computed tomography.

® The aorta had a tendency to migrate to the an-
teromedial direction after corrective surgery of
the scoliosis.

o The risk of the aorta by a pedicle screw increases
by correction of the deformity at the middle tho-
racic spine.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Abstract Parameters of the position of the aorta in pre-
vious reports were determined for anterior surgery. This
study evaluated the relative position of the aorta to the
spine by new parameters, which could enhance the safety
of pedicle screw placement. Three parameters were defined
in a new Cartesian coordinate system. We selected an entry
point of a left pedicle screw as the origin. The transverse
plane was determined to include both the bases of the
superior facet and to be paralle] to the upper endplate of the
vertebral body. A line connecting the entry points of both
sides was defined as the X-axis. The angle formed by the Y-
axis and a line connecting the origin and the center of the
aorta was defined as the left pedicle-aorta angle. The
length of a line connecting the origin and the aorta edge
was defined as the left pedicle—aorta distance. Distance
from the edge of the aorta to the X-axis was defined as the
pedicular line-aorta distance. These parameters were
measured preoperatively in 293 vertebral bodies of 24
patients with a right thoracic curve. We simulated the
placement of the pedicle screw with variable length and
with some direction error. We defined a warning pedicle as
that when the aorta enters the expected area of the screw.
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Sensitivity analysis was performed to find the warning
pedicle ratio in 12 scenarios. The left pedicle-aorta angle
averaged 29.7° at the thoracic spine and —16.3° at the
lumbar spine; the left pedicle—aorta distance averaged 23.7
and 55.2 mm; the pedicular line-aorta distance averaged
18.3 and 51.0 mm, respectively. The ratio of warning
pedicles was consistently high at T4-5 and T10-12. When
a left pedicle screw perforates an anterior/lateral wall of the
vertebral body, the aorta may be at risk. These new
parameters enable surgeons to intuitively understand the
position of the aorta in surgical planning or in placement of
a pedicle screw.

Keywords Scoliosis - Pedicle screw - Aorta -
Computed tomography

Introduction

Several authors have reported serious injuries of the aorta
due to inappropriate placement of screws or plates in
anterior surgery [8, 9]. Sucato et al. [10] reported that 12%
(13/106) of vertebral screws in right thoracic scoliosis
created some contour defect in the aorta on the contralat-
eral side of the vertebral body, although patients had no
sequela. They subsequently analyzed the position of the
aorta in patients with scoliosis compared to those with non-
scoliotic spine and found that the aorta often resides on the
lateral side of the vertebral body and concluded that a
potential risk of the aorta by a vertebral screw increases in
the scoliotic spine. Maruyama et al. [7] studied the spatial
relations between the spine and the aorta in adolescent
idiopathic scoliosis and concluded that the aorta can be
located in the direction of the screw passage in 33 of 40
vertebrae (83%) between T6 and T9. These studies,
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however, paid less attention to the relationship between the
aorta and a pedicle screw. Accordingly, parameters
describing the position of the aorta in these reports were
not intuitive and surgeons have had difficulty utilizing
these values in posterior surgery. The purpose of the
present study was to evaluate the relative position of the
aorta to the spine by new parameters, which can enhance
the safety of pedicle screw placement.

Materials and methods

Thirty-seven patients with scoliosis underwent posterior
instrumentation and fusion at the University Hospital from
2005 to 2007. Patients with congenital scoliosis were
excluded. A total of 24 patients with a right thoracic curve
were included in this study. Scoliosis was idiopathic in 17
patients, Chiari-syrinx in 2, Marfan syndrome in 2, multi-
ple epiphyseal dysplasia in 1, Noonan syndrome in 1, and
tuberous sclerosis in 1. Age at surgery was 10-29 (mean
17.1) years; 19 patients were women and 5 were men.
Lenke's classification of scoliosis [4] was type 1 in eight
patients, type 2 in five, type 3 in two, type 4 in four, type 5
in one, and type 6 in four. Preoperative Cobb angle aver-
aged 66.4° (50°-103°). The apex vertebra ranged from T5
to T10 (median T10). All patients were treated by posterior
correction and fusion by pedicle screw instrumentation.
One patient with a curve of 103° had undergone anterior
release before posterior spinal fusion. Computed tomog-
raphy was taken before surgery and pedicle screws were
placed with guidance of the CT-based navigation system.
Postoperative Cobb angle averaged 20.3° (11°-39°).

A computer tomography was taken from the upper
thoracic to the lower lumbar spine with a width of 1.25 mm
for navigation. All DICOM data were transferred to a
personal computer and analyzed by DICOM software
(ExaView LITE: ©Ziosoft, Tokyo, Japan). We defined
three parameters in a new Cartesian coordinate system and
those parameters from T4 to L4 were measured in 293
vertebral bodies of 24 patients. We selected the middle of
the base of the left superior facet as the origin of this
coordinate system (Fig. |), because the most probable
threat to the aorta by a pedicle screw is on the left side at
the thoracic spine. The transverse plane was determined to
include both the bases of the superior facet and to be
parallel to the upper endplate of the vertebral body. A line
connecting the middle points of both bases of the superior
facets is defined as the pedicular line (PL) (X-axis). The Y-
axis perpendicular to the X-axis is drawn ventrally from the
origin. The angle formed by the Y-axis and a line con-
necting the origin and the center of the aorta is defined as
the left pedicle-aorta angle length of a line connecting the
origin and the edge of the aorta as the left pedicle-aorta

a Springer

distance, and distance from the edge of the aorta to the X-
axis as the pedicular line-aorta distance. Moreover, we
break down the left pedicle-aorta distance into the X- and
Y-unit. The X-unit is the rectangular component of the left
pedicle-aorta distance to the X-axis and the Y-unit is that to
the Y-axis.

We simulated placement of the pedicle screw with a
direction different from the ideal trajectory. Sensitivity
analysis was performed by changing the direction error and
the length of the screw independently. The direction error
started from 10° up to 30° with 10° increments (three
scenarios). The length of the screw started from 25 to
40 mm with increments of 5 mm (four scenarios). We set
up a total of 12 scenarios (three by four). We defined a
warning pedicle as that when the aorta enters the expected
area of the screw. The ratio of warning pedicles was cal-
culated from T4 to L4 in the 12 scenarios (Fig. 2). From
the repeatability test from our previous study, interclass
correlation coefficients were 0.922-0.957 in the intraob-
server measurement and 0.896-0.929 (0.864-0.961) in the
interobserver measurement [12].

To determine the relationship of the location of the aorta
and the characteristics of scoliosis, the Cobb angle of the
main thoracic curve, apical vertebral translations of the
main thoracic curve, and the angle at T5-T12 in the sagittal
plane were measured, and correlations between these

Fig. 1 Measurement of new parameters. The origin is set at the
middle of the base of the left superior facet. A line joining the middle
points of both bases of the superior facets is defined as the X-axis (the
pedicular line). The Y-axis, perpendicular to the X-axis, is drawn
ventrally from the origin. A The left pedicle-aorta angle. B The left
pedicle-aorta distance. B-x the X-unit of the left pedicle-aorta
distance. B-y the Y-unit of the left pedicle-aorta distance. C the
pedicular line-aorta distance
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Fig. 2 The expected area of the pedicle screw. We simulated the
pedicle screw placement with some direction error (+6) and the
variable length (length of the screw) with sensitivity analysis. We
defined a warning pedicle as that when the aorta enters this zone

parameters and the X-and Y-unit of the left pedicle-aorta
line at the apex were calculated.

Results

The relative position of the aorta to the spine changed
dramatically at the thoracic spine (Table I; Fig. 3). The
left pedicle-aorta angle spanned from —46° to 78° (aver-
age 29.7°) at the thoracic spine and from —38° to 13°
(average —16.3°) at the lumbar spine; the left pedicle-
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Fig. 3 The average course of the aorta relative to the spine. The
origin is set at the middle of the base of the left superior facet. A line
joining the middle points of both bases of the superior facets is
defined as X-axis. The aorta begins to be seen from T4. It descends
laterally and posteriorly and turns back at T7. At T12, the aorta is in
front of the left pedicle and moves to the right side at the lumbar
level. Attention should be paid to the spine drawn in the figure,
because the size of the spine changed considerably at the level of the
spine

Table 1 Distribution of the left
pedicle-aorta angle, the left

Left pedicle-aorta

Left pedicle~aorta The pedicular line—aorta

pedicle-norta distance, and the angle (°) distance (mm) distance (mm)

pedicular line-aorta distance T4 20.1 + 22.7 245 + 62 209 +9.7
TS 321 £203 194 + 44 14.1 £ 8.5
T6 395 +17.3 17.8 £ 35 109 £ 7.2
T7 438 + 136 176 £ 3.6 10.1 £ 6.3
T8 428 +£11.9 190 £ 42 114 + 6.5
T9 400 + 12.8 20.6 + 49 136 7.2
TI10 302 £ 15.1 240+ 64 19.2 + 8.6
Tl 13.0 £ 199 315+ 81 29.1 £ 11.0
Ti2 03 £ 156 393+ 83 369 + 84
L1 -129 +£ 133 524+ 71 483+ 70
L2 -17.7 £ 103 56.2 + 6.2 51.2+£52
L3 -169 + 6.8 56.7 + 54 529 +42
L4 -194 + 5.0 56.0 £ 5.0 524+ 74
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aorta distance ranged from 11 to 52 mm with an average
of 23.7 mm and from 36 to 72 mm with an average of
55.2 mm, respectively; the pedicular line-aorta distance
ranged from —4 to 59 mm (average 18.3 mm) and from
33 to 75 mm (average 51.0 mm), respectively. From the
cephalad to the caudal direction, the aorta was seen at the
antero-lateral position of the vertebral body of T4 or T5.
The aorta moved to the left side laterally and posteriorly
as it descended, changing its course at T7 and moving
medially and anteriorly. It located in front of the vertebral

Fig. 4 Distribution of warning

body at the left T12 pedicle. At the lumbar spine, the aorta
moved to the right side.

The ratio of warning pedicles increased as the direction
error or the screw length increased (Fig. 4). When the
direction error was within 30° and the screw length was
40 mm, the ratio was highest at T4 with 69%, followed by
T11 (67%), T5 (54%), T10 (46%) and T12 (39%), and this
trend was consistent in any scenario.

No parameter of the main thoracic curve correlated with
the X-unit of the left pedicle-aorta distance at the apex.

Waning pedicle ratio - Angle 10deg

pedicle ratios from T4 to L4 in (%)
12 scenario. In any scenario, (a) 100 1
there was a high percentage of 90 i
warning pedicles at the thoracic £ Length:25mm
spine except at T7 and T8. a et
The warning pedicle ratio when 70 O Length:30mm
the direction error is within 10° 60
and the screw length changes |
from 25 to 40 mm. b The 50 W Length:35mm
warning pedicle ratio when the 40
direction error is within 20° and ® Length:40mm
the screw length changes from
25 to 40 mm. ¢ The warning
pedicle ratio when the direction
error is within 20° and the screw
length changes from 25 to
40 mm T4 75 T6 T7 T8 T9 T10 T11 T12 L1 L2 L3 L4
(%) Waning pedicle ratio - Angle 20deg
(b) 100
%0 O Length:25mm
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Sagittal angle at T5-T12 in the sagittal plane significantly
correlated with the Y-unit (“anterior—posterior” direction
for the spine) of the left pedicle-aorta distance at the apex
(—0.44; p = 0.03).

Discussion

Liljenqvist et al. [5] measured the distance from the aorta
to the vertebral body, and reported that the closest distance
averaged 6-7 mm between T4 and T9 and <5 mm between
T10 and L4. Sucato and Duchene [ 1] analyzed the posi-
tion of the aorta in patients with idiopathic scoliosis in
magnetic resonance scans and found that the thoracic aorta
in idiopathic scoliosis is positioned more posteriorly and
laterally compared with straight spines. From their analy-
sis, the aorta begins to be seen as the aortic arch in front of
the T4 vertebral body and changes its position posteriorly
and laterally as it descends. The aorta turns back anteriorly
and medially at the apical region and passes in front of the
T12 through the hiatus of the diaphragm. The present study
supports their analyses.

Vaccaro et al. [13] analyzed a non-scoliotic thoracic
spine and found that the aorta and the esophagus are at
greatest risk of injury when a pedicle screw penetrates an
anterior cortex of the vertebral body. Liljengvist et al. [6]
analyzed 22 patients with idiopathic scoliosis by computed
tomography postoperatively. They found that 3 of 120
pedicle screws penetrated the anterior vertebral cortex and
1 of these three screws was replaced because of its direct
proximity to the thoracic aorta.

When a pedicle screw is placed by a free-hand technique
[3] or with a fluoroscope, the direction of placement largely
depends on several landmarks of the explored surface of
the spine: facet joints, transverse processes and laminae.
Our new parameters defined by both sides of superior facet
are easy to comprehend in posterior surgery. Additionally,
we could compare the relative risk of pedicle screw
placement between spine levels in various settings by the
sensitivity analysis.

The present study elucidated that the aorta usually
stays on the anterior or left-lateral side of the vertebral
body at T4, TS5 and at T10-T12, and a small breach of a
pedicle screw outside the vertebral body at these levels
may result in indentation of the aorta. Faro et al. []]
studied the influence of indentation of the aorta by a
screw in their bovine model and found that the major
impingement of vertebral screws on the aorta caused
acute and chronic histopathologic and biomechanical
changes in the vessel wall. Though sequelae of moderate
to mild indentation of the aorta have not yet been known,
screws will stay inside the body for over tens of years in

Fig. 5 A case with a typical position of the aorta around the apex
level. Though a distance to the left base of the superior facet (an
insertion point of a pedicle screw) is closer than other levels, the aorta
often resides in the most lateral position from the spine and allows
wider maldirection of the pedicle screw

this young population. It is recommended that any screw
either in anterior or in posterior surgery be placed away
from the aorta.

The present study shows that the aorta at the middle
thoracic spine is often located away from the spine and
resides in front of a left rib (Fig. 5), which leads to a low
percentage of dangerous pedicles at T7 and T8. However,
in turn, the spinal cord deviates to the left concave ped-
icles at the apical area at the right thoracic spine [5].
Moreover, the aorta may not stay in the same position.
Huitema et al. [2] examined 50 patients by computed
tomography or magnetic resonance scans before surgery,
and reported that the aorta moves more anteromedially in
a prone position than in a supine position especially at
levels T5-T10. Their study indicates that the aorta is
fairly mobile at the mid-thoracic level when a subject
changes his position. Though the present study showed a
relative safety of the aorta at T6-T9, the aorta might
reside closer to the spine when a subject is at another
position. Admittedly, segmental pedicle screw instru-
mentation is a most powerful construct for correction and
maintenance in spinal deformity. Surgeons, however,
must be vigilant about the positions of the aorta and the
spinal cord in placement of pedicle screws, especially on
the left side, and screw breach may necessitate reopera-
tion for replacement.

In summary, new parameters enable surgeons to intui-
tively understand the position of the aorta in their preop-
erative planning or during placement of a pedicle screw.
When a left pedicle screw perforates an anterior/lateral
wall of the vertebral body, the aorta may be at risk, espe-
cially at T4, T5 and T10-T12.
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