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A PET/CT-based Morphometric Study of Spinal Canal in
Korean Young Adults: Anteroposterior Diameter from
Cervical Vertebra to Sacrum
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Objective: To establish normative data for spinal canal AP diameter from cervical vertebra to sacrum in the Korean young
and to assess the exposed spinal canal after laminectomy which was related with restenosis by post-laminectomy membrane
formation.

Methods: From PET/CT, axial bone-window CT of 83 young adults (20-29 years) were obtained, and we measured AP diame-
ters of C3, C5, C7, T1, T4, T8, T12, L1, L3, L5 and S1. We also measured exposed AP diameter of C3, C5, C7, T1 and
T2 above imaginary line for laminectomy.

Results: The shortest mean AP diameter was at C5 (14.5+1.5 mm), and the longest was at S1 (17.4+2.3 mm). AP diameter
increased from C3 (14.6+1.1 mm) to T1 (16.1+£1.2 mm) at cervical spine. In the thoracic spine, the diameter gradually decreased
from T1 (16.1£1.2 mm) to T8 (14.6+1.3 mm) and increased to T12 (16.7+1.2 mm). The diameter decreased from L1 (16.7+
1.3 mm) to L3 (15.7£1.9 mm), and it increased to S1 (17.4+2.3 mm) at lumbar spine. Exposed AP diameter above imaginary
line for laminectomy was the longest at C3 (4.8+1.2 mm) and gradually decreased to T1 (3.3£0.9 mm) and T2 (0 mm).
Conclusions: Spinal AP diameter was the shortest in the mid-cervical area (C5) and increased to the upper thoracic area.
From the upper thoracic vertebra, the diameter gradually decreased to the mid-thoracic vertebra (T8) and then increased to
the lower thoracic vertebra. Lumbar vertebra also was similar with thoracic vertebra. Below T2, there was no exposed dural
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sac after laminectomy. This means that restenosis by post-laminectomy membrane formation can occur above T1.
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INTRODUCTION

Accurate anatomic descriptions of vertebral anatomy are nece-
ssary for the diagnosis of various spinal diseases. Several previous
studies have investigated the morphometry of the vertebrae
using different experimental techniques such as direct measu-
rements, roentgenography with plain films, CT, and MRI>"
BA592D - However, these studies focused on selected areas
such as cervical, thoracic, or lumbar area. No study has exami-
ned the whole spine from cervical to sacrum. In addition, these
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studies included various age groups from children®” to old
age”™. It is very difficult to know the normal anatomic chara-
cteristics of adults in whom growth is complete and no dege-
nerative change has occurred.

Because of recent development of spinal instruments, recent
anatomical studies focused on the pedicle instead of the spinal
canal™™. The spinal canal is as important as the pedicle in ana-
tomical study. The cross-sectional areas of the spinal canal are
of dlinical importance in traumatic, degenerative, and inflam-
matory conditions, and a small spinal canal diameter has been
associated with an increased risk of injury™. Actually it is
difficult to measure cross-sectional areas of the spinal canal,
because spinal canal has various shapes. Thus, we measured
spinal canal anteroposterior (AP) diameters instead of the cross-
sectional areas.

The purpose of this study was to establish normative data
for spinal canal AP diameters from the cervical vertebra to
sacrum in the Korean young adults without degenerative
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change. We postulated that this study could provide a useful
set of reference sizes of the normal spinal canal in Asian and
Korean. In addition, we assessed the exposed spinal canal after
laminectomy. Laminectomy for multilevel cervical myelopa-
thy has been avoided because of progressive kyphosis, peri-
neural adhesions and restenosis by post-laminectomy mem-
brane formation™'*". A restenosis by post-laminectomy mem-
brane formation associated with exposed dural sac after lamine-
ctomy”. To examine the influence of post-laminectomy mem-
brane formation, we also investigated the exposed spinal canal
after imaginary removal of the lamina from cervical to thora-
cic vertebra.

MATERIALS AND METHODS

1. Patients

This study was approved by the institutional review board
of Gangnam Severance Hospital, Yonsei University College
of Medicine (No 3-2011-0111); however, patient consent was
not required for the retrospective review of records and im-
ages because patient anonymity was preserved. From January
2005 to January 2010, young adult patients (age: 20-29 years)
underwent Positron emission tomography (PET)/computed to-
mography (CT) (Biograph-64 True Point, Siemens, Erlangen,
Germany), to evaluate for meta- stasis after diagnosed various
cancer. Over 150 whole spine data were available for the study.
Exclusion criteria were a history or PET/CT diagnosed cancer,
tumor or mass on the spine and the nervous system, spinal
abnormality, autoimmune disease, connective tissue disease,
congenial anomaly, inflammation, infection, and a previous
surgery on the spine.

2. Evaluation of Axial bone-window CT images from
PET/CT

We obtained PET/CT data of 83 young adults, which were
obtained via a Siemens Biograph-64 True Point PET/CT. Axial
bone-window CT images were obtained using PET/CT, and
PACS software and a PACS workstation (Centricity 2.0, Gene-
ral Electrics Medical Systems, Milwaukee, WI) were used to
check spinal canal AP diameters at the mid-vertebral body
level by an independent spine surgeon and a neuroradiologist.
3 mm cutting of PET/CT was done in perpendicular to the
table, and reformatted axial images parallel to disc space were
made. When CT was done in perpendicular to table, some-
times we obtained oblique axial views of the spinal canal, and
oblique views were longer than the real AP diameter, so we
made reformatted axial images parallel to disc space. From
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reformatted vertebral body axial images parallel to the disc
space, reconstructed whole spine sagittal image was made (Fig.
1). AP spinal canal diameters of cervical vertebrae 3, 5, 7 (C3,
5, 7), thoracic vertebrae 1, 4, 8, 12 (T1, 4, 8, 12), lumbar verte-
brae 1, 3, 5 (L1, 3, 5) and sacrum 1 (S1) were measured by
axial image parallel to disc space at mid-vertebral body part
(Fig. 1 B to D).

To examine the influence of post-laminectomy membrane
formation, we drew an imaginary line between facet joint and
lamina at C3, C5, C7, and T1, we also measured the AP diam-
eter of the spinal canal areas above imaginary line, which will

Fig. 1. From vertebral body axial images parallel to the disc space,
reconstructed whole spine sagittal image (A) was made. AP spinal
canal diameters of cervical vertebrae 3, 5, 7 (B), thoracic verte-
brae 1, 4, 8, 12(Q, lumbar vertebrae 1, 3, 5 (D) and sacrum 1 were
measured by axial image pardllel to disc space at mid-vertebral
body part .

(A) (B)

Fig. 2. Mid-vertebral body bone-window CT images, C5 were obt-
ained from PET/CT. The white arrow indicates the spinal canal AP
diameter. The black line indicates an imaginary laminectomy line
between lateral mass and lamina. The black arrow indicates the
exposed spinal canal AP diameter after laminectomy.
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be exposed after laminectomy (B of Fig. 2 and 3). Because
there was no spinal canal exposure above imaginary lamine-
ctomy line, we did not measured exposed AP diameter of spinal
canal above imaginary line below T1 (Fig 4, 5).

With three independent doctor’s results, the authors calcula-
ted average of all numerical values. SPSS for Windows (version
15.0K; SPSS, Chicago, I1) was used for the analysis. Data of wom-
en and men were compared using the paired t-test. p-values
of <0.05 were considered significant. There was no external
funding source for the present study.

RESULTS

The average spinal canal AP diameter at each level and
according to gender is shown in Table 1. The shortest mean

Fig. 3. Mid-vertebral body bone-window CT images, T1 were obt-
ained from PET/CT.

.
(A) (B)

Fig. 4. Mid-vertebral body bone-window CT images of T12, L1
were obtained from PET/CT. The white arrow indicates the spinal
canal AP diameter of T12 (A), L1 (B).

Fig. 5. Mid-vertebral body bone-
window CT images of ST were
obtained from PET/CT.

AP diameter was at C5 (14.5+1.5 mm), and the longest was
at S1(17.4+2.3 mm) (Table 1) (Fig. 6). AP diameter increased
from C3 (14.6+1.1 mm) to T1 (16.1%1.2 mm) in the cervical
spine (Fig. 6). In the thoracic spine, the diameter gradually
decreased from T1 (16.1+1.2 mm) to T8 (14.6+1.3 mm) and
increased to T12 (16.7+1.2 mm) (Fig. 6). From L1 (16.7%1.3
mm) to L3 (15.7+1.9 mm), the diameter decreased and then
increased to S1 (17.4+2.3 mm) (Fig. 6). The measurements of
the diameters were not significantly different between women
and men (p>0.05) (Table 1).

The diameter of the AP spinal canal to be exposed after
laminectomy above the imaginary laminectomy line was the
longest at C3 (4.8+1.2 mm) and gradually decreased from T1
(3.3+0.9 mm) to T2 (0 mm) (Table 1 and Fig. 7). Below T1,
there was no exposed spinal canal area after laminectomy
above the imaginary line (Fig. 7). The ratio of exposed AP dia-
meter to spinal canal AP diameter was also largest at C3 (32.9
%) (Fig. 8).
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Table 1. Spinal canal anteroposterior diameter at each level according to gender and after laminectomy

Spinal canal anteroposterior diameter (mm)

C3 c5 c7 T T4 T8 T12 Ll 13 15 SI
Al data (1=83)  146+1.12 1452146 152+175 161+1.63 153+1.21 146=1.34 1674120 167+1.33 157+1.90 168+2.17 17.4+2.29
Wormen (n=58) 14.7+1.15 14.6+1.49 153+1.87 16.1x1.61 152+1.20 14.7+1.38 16.6+£1.30 169+1.31 158+2.08 17.0=2.07 17.5+2.33
Men (n=25) 14.8+1.07 143+140 1524148 163+1.71 155+126 143+121 168094 164+137 153+159 164+2.37 1714221
Exposed canal aofter 4.8%1.19 4.7+124 39+086 3.3+0.89 0
laminectomy
spine®”">'*") To confirm spinal stenosis, the normal spinal
_ [a% — canal AP diameters need to be established.
e:: 4000 ] 227 The cervical, thoracic, and lumbar spines have been studied
g 3500 with cadavers®™*'®"., Sasaki et al. reported AP diameter of the
.S; o 258 cervical spine of a Japanese population as1 9follows: 15.8 mm
= 2073 at C3, 15.3 mm at CS5, and 15.9 mm at C7". They also noted
g 2500 the shortest AP diameter at C3 among cervical vertebrae. This
5 | 2000 result is very similar with our result. In another study by
% 1500 Michael et al., AP diameter of the cervical spine of a Western
3 16 population was reported as follows: 14.3 mm at C3, 14.0 mm
B ' at C5, and 14.1 mm at C7. These results were shorter than
Ijgjl o g our measurements. The difference may be attributed to the
000—=14 05 o7 = T2 fact that we measured the spinal canal of modern people,
- while Michael et al. used human skeletons from the late nine-
Location (Level)

Fig. 8. The ratio of exposed spinal canal AP diameter above ima-
ginary laminectomy line to spinal canal AP diameter, from C3
to T2.

DISCUSSION

The sagittal diameter of the spinal canal has clinical im-
portance in traumatic, degenerative, and inflammatory condi-
tions, and a small spinal canal diameter has been associated
with an increased risk of injury". Narrowing in the spinal
canal can usually occur in the central part of the spinal canal
or in the intervertebral foramen'?. To diagnose spinal steno-
sis, it is important to know the normal value of spinal canal
cross-sectional area. However, due to its irregular shape, there
are a lot of errors to measure the spinal cross-sectional area
and it is almost impossible to measure the normal value of
spinal cross-sectional area. Sagittal AP diameter of the spinal
canal is the only parameter which could be statistically corre-
lated with cross-sectional area, and it is accepted to use it
as an indicator of the size of the spinal canal®. There were
many trials to define spinal stenosis by sagittal AP diameter
of the spinal canal instead of cross-sectional area. Spinal steno-
sis has been defined by spinal canal AP diameter as follows:
less than 12 mm for the cervical spine, less than 10 mm for
the thoracic spine, and less than 12 mm for the lumbar
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teenth and early twentieth centuries.

Berry et al. reported AP diameters of 15.0 mm at T2, 16.6
mm at T7, 17.2 mm at T12, 17.2 mm at L1, 16.2 mm at L3,
and 17.3 mm at L5, and the measurements for the thoracic
spine were different from ours”. This discrepancy may also
be attributed to the fact that they used human skeletons from
the late nineteenth and early twentieth centuries and they
studied only 30 vertebrae at each level. Lee et al. performed
a morphometric study of the lumbar spinal canal in a Korean
population'?. In their study, AP diameter gradually decreased
from L1 (15.4 mm) to L3 (13.8 mm) and then increased from
LS (14.4 mm) to the sacrum, and the pattern of changes in
AP diameter was similar to our result. Because of restriction
of specimens, cadaveric studies have a limitation in sample
size. In fact, it is actually almost impossible to study adults
without degeneration. As mentioned above, previous studies
performed partial investigation of the spinal canal. Our study
is the first anatomical study which examined the whole spine
from cervical to sacrum in one person and in young adults
without degenerative changes.

We also found that AP diameter of the exposed spinal canal
above the imaginary laminectomy line was the longest at C3
(4.8=1.2 mm) and gradually decreased from T1 (3.3+0.9 mm)
to T2 (0 mm). The ratio of exposed AP diameter to spinal AP
diameter was also the largest at C3 (32.9%). With this result,
we can carefully infer that exposure of dural sac over lamina
might be a factor of post-laminectomy membrane formation.
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Although PET/CT resolution is less than spine CT, anato-
mical study with PET/CT of the whole spine can be done
with various ages and sizes at various population. However,
PET/CT has some issues, and radiation is the main one'”.
Recently, we did not used PET/CT for analysis in cancer screen-
ing due to radiation exposure. However, the data analyzed in
this study were of patients who underwent PET/CT for inter-
nal organ cancer, not for the spine or nervous system, to rule
out metastasis. For these patients, PET/CT is essential ™',

In conclusion, axial bone-window CT obtained from PET/
CT may be useful to study anatomical bony structure of spine.
Spinal AP diameter was the shortest at the mid- cervical verte-
bra and increased in the upper thoracic area. At the thoracic
vertebrae, this paper provides a comprehensive review to mor-
phometric survey of spinal canal in whole level in Korean
young adult. AP diameter is decreased from the upper thoracic
vertebra to the mid- thoracic vertebra (T8) and similar pattern
was identified in lumbar region. T1, there was no dural sac
that would be exposed after laminectomy. This means that
restenosis by post-laminectomy membrane formation can oc-
cur above T1.

Conflict of interest: The authors declare that they have no
conflict of interest.
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