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Abstract Posterior instrumentation through the ped-
icle is a common surgery. Understanding the mor-
phometry of the pedicle and the anatomy of adjacent
neural structures should help decrease the risk of
postoperative complications. T1-L5 segments from 15
sets of human vertebrae were separated into individual
vertebrae and the morphometric characteristics of the
thoracic and lumbar spine and the safe zone of the
pedicle were analyzed. T11-L5 segments from six
human cadavers were dissected. Measurements were
taken from the pedicle to the dura and nerve roots
superiorly, inferiorly, medially, and laterally, and the
transverse angles of the nerve roots were measured.
Pedicles were widest in LS and narrowest in T4 in the
transverse plane, and widest in T11 or T12 and nar-
rowest in T1 in the sagittal plane. In individual pedicle,
the ranges of the safe zone width and height were
3.4-7.7 and 8.6-13.7 mm, respectively, in T1-T10; and
7.2-17.8 and 13.9-16.7 mm, respectively, in T11-L5.
The transverse angle of the pedicle decreases pro-
gressively from T1 to T12, then increase from L1 to LS.
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In sagittal angle, the largest angle localized at T2 and
the smallest at LS. The mean distances from pedicles to
adjacent neural structures were greater superiorly and
laterally than inferiorly and medially. The lateral
distance between nerve root and the pedicle ranged
from 2.4 to 9.6 mm in lumbar spine. This study pro-
vides potential safe zones for the application of
through-pedicle procedures to help decrease the risk of
postoperative complications.
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Introduction

In 1985, Roy-Camille first applied the pedicle screw
plating system for the lumbar spine, since then pedicle
screw fixation has become an increasingly popular
technique of instrumentation to treat spinal disorders
by providing stable fixation and correcting spinal
deformities [13, 25]. The first operative experience of
percutaneous vertebroplasty was performed in 1987
by Galibert et al. [12] which was a case of hemangi-
oma of C2 vertebra. Since then, transpedicular
approach of vertebroplasty was developed. In the case
of osteoporotic compression fracture, vertebroplasty
with polymethylmethacrylate or kyphoplasty with an
inflatable bone tamp (IBT) is performed percutane-
ously through the transpedicular or extrapedicular
approach to the vertebral body. These two methods
increase the strength and stiffness of the vertebral
body and decrease postoperative complications and
pain sensation [1, 2, 16, 17, 23, 24]. Transpedicularly
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implanted anterior support is a new concept based on
kyphoplasty with IBT, which might overcome the
structural limitation of the posterior approach and the
surgical difficulty of the anterior approach [5, 6].
However, potential drawbacks include screw failure
and damage to the adjacent neurovascular structures
[11, 19, 26, 28]. In 1988, Roy-Camille et al. reported
that about 10% of pedicle screws were placed incor-
rectly [4, 13, 25]. Weinstein et al. reported an overall
failure rate of 21% from cadaveric studies [4, 27].
Several studies have investigated the morphometry of
vertebrae using different experimental techniques
such as plain film, CT scan, and direct cadaveric dis-
sections to identify the precise insertion point of
pedicle screws and to prevent postoperative sequelae
[3, 8 9, 14, 21, 22, 29]. In 1997, Ebraheim et al.
measured the anatomic distances between the pedicles
and adjacent neural structures in the thoracolumbar
spine and showed that true safe distances between the
pedicles and neural structures existed [7, 10]. In clin-
ically transpedicular procedures, such as revision of
pedicle screws, bone biopsy, bone grafting, and res-
toration of vertebral body via vertebroplasty or kyp-
hoplasty, which may not limit inside the pedicle in
whole process. Even some surgical procedures
intended penetrating through extrapedicularly and
entered into vertebral body, which so called in-out-in
technique. The purpose of this study was to investi-
gate the anatomic morphometry of the pedicles and
the relationships between pedicles and the adjacent
neural structures, and to identify a potential safe
distance existed peri-pedicularly.

Materials and methods

Fifteen sets of human vertebrae (eight males, seven
females) and six cadavers (three males, three females)
were obtained from the Department of Anatomy,
National Defense Medical Center in Taipei City,
Taiwan. Each vertebra from T1 to L5 was separated
individually. Cadavers with gross deformities such as
scoliosis or kyphosis were excluded. All cadavers were
Taiwanese and average body size for the population.
The dry vertebra measurements were performed
using Vernier calipers with a resolution of 0.1 mm and
standard goniometer with accuracy of 1°. Six param-
eters were measured in the thoracic and lumbar ver-
tebrae: the anatomic width, height of the pedicle
isthmus, safe zone width, height of the pedicle,
transverse and sagittal angles of pedicle (Fig. 1). The
safe zone width was defined as the distance from the
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lateral cortex of the body to the medial cortex of
the ipsilateral pedicle in the top (overhead) view. The
safe zone height was defined as the distance from the
upper end plate of the body to the inferior cortex of
the ipsilateral pedicle in the lateral (side) view.
However, the safe zone width and height were smaller
than the true pedicle dimensions in T1 to T10 owing
to the axis of the pedicle, the true safe zone width and
height in T1 to T10 were equivalent to the pedicle
dimensions (Fig. 2). Transverse angle of the pedicle
was defined as the angle between the pedicle axis and
a line parallel to the vertebral midline measured in
the transverse plane. Sagittal angle of the pedicle was
defined as the angle between the pedicle axis and the
superior border of vertebral body in the sagittal plane
(Fig. 1).

Six cadavers were placed in the prone position and
the posterior lower thoracic and lumbar spines were
obtained after removal of all soft tissue. The spinous
processes, lamina, superior and inferior facets, and
transverse processes were removed to expose the dura,
nerve roots, and pedicles (Fig. 3a). Five parameters
were measured from T11 to L5: The transverse root
angle was measured between the midline of the dura
and the axis of spinal nerve root, and four linear
measurements were made between the pedicle cortex
and the nerve root in the superior, inferior, medial, and
lateral directions (Fig. 3b). All symmetrical structures
were measured bilaterally. All data from the 15 sets of
human vertebrae and six cadavers were analyzed and
averaged, and the data are presented as mean =+ stan-
dard deviation (SD). All symmetrical data were
compared using Student’s ¢ test.

Results

Six measurements were obtained for each dry vertebra
from T1 to L5 and five measurements were obtained
for each cadaver from T11 to L5. The cumulative
summaries are listed in Tables 1, 2, 3, 4 and Figs. 4, 5
and 6.

Pedicle width and height

The pooled data on pedicle width and height are lis-
ted in Table 1 and presented as graphs in Fig. 4. The
pedicle width and height varied between individuals
and between levels, although these dimensions did not
differ significantly between the right and left sides.
The pedicle width of the thoracic segment decr-
eased dramatically from T1 to T4 and then increased
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Fig. 1 The narrowest
dimension in both the
transverse and sagittal planes
were chosen as the pedicular
width (PW) and height (PH).
The transverse (TA) and
sagittal angle (SA) of the
pedicle were obtained (see
the description of text)

Fig. 2 Top and side views of
the upper thoracic and
lumbar vertebrae are shown.
In the upper thoracic
vertebrae (a, b), the pedicle
inclined more cranially and
laterally. The cortex of the
pedicle is out of the upper end
plate and lateral border of the
vertebral body. In the lower
thoracic or the lumbar
vertebrae (¢, d), the cortex of
pedicle are within the borders
of the vertebral body. The
difference between the cortex
of the pedicle and the borders
of the vertebral body are
labeled as a and b

Fig. 3 a Lower-thoracic and
lumbar spines were dissected
to expose the pedicle, dura,
and nerve roots. The
transverse root angles (TRA)
from T11 to L5 were
measured between the axis of
dura and nerve root and
averaged. b The superior (S),
inferior (I), medial (M), and
lateral (L) distances between
the cortex of the pedicle and
neural structures were
measured and averaged. No
mobilization of neural
structures during dissection
was evident
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Table 1 Measurements of pedicle width, height, and safe zone width, height (mean + standard deviation)

Pedicle width (mm)

Pedicle height (mm)

Safe zone width (mm)

Safe zone height (mm)

Left Right Left Right Left Right Left Right
T1 77+12 7.6 1.1 87+1.0 8.6 £ 1.1 77+12 76 +1.1 87+1.0 8.6+1.1
T2 5.6 +038 53+07 103 £ 0.9 103 = 0.8 5.6 +038 53+0.7 103 = 0.9 103 £ 0.8
T3 41+08 3907 104 £ 1.1 104 £ 1.2 41+08 39+0.7 104 + 1.1 104 +1.2
T4 3.6 +0.7 34+06 102 £ 1.0 104 = 1.2 3.6 +0.7 34+06 102 = 1.0 104 + 1.2
T5 37+07 39+08 103 + 1.1 10.8 + 1.2 3.7+07 39+08 103 + 1.1 108 +1.2
T6 39+09 40+ 1.0 101 £ 1.2 103 = 1.1 39+09 40+1.0 101 = 1.2 103 = 1.1
T7 44 +1.0 44 +1.1 104 + 1.3 104 +1.2 44 +1.0 44 +1.1 104 +1.3 104 +1.2
T8 48 £ 1.1 48 +1.2 109 + 1.4 108 £ 1.3 48 +1.1 48 +12 109 = 1.4 10.8 = 1.3
T9 53+12 52+13 123 +1.2 124 +1.2 53+12 52+13 123 +1.2 124 +1.2
T10 58+ 1.4 55+12 13.6 £ 1.5 137+ 1.6 58+ 1.4 55+12 13.6 £ 1.5 137+ 1.6
T11 74+13 7.0+1.1 149+ 14 15313 7.6+13 72+1.1 157 1.4 16.0 = 1.3
T12 74+ 14 77+ 15 152+ 15 150+ 14 82+ 14 85+15 16.7 £ 1.5 16.6 = 1.4
L1 6.4 +1.6 6.5+ 1.7 136 £ 14 137+ 1.5 85+ 1.6 83+ 1.7 162 = 1.4 158 £ 1.5
L2 74+ 1.7 7.0 +1.8 14.0 £ 1.7 141+ 1.8 10.0 = 1.7 9.8 +1.8 152 1.7 162 = 1.8
L3 93+19 9.0+ 1.8 139+ 1.6 139+ 1.7 101 £ 1.9 102+ 1.8 16.1 + 1.6 162 + 1.7
L4 11.6 = 2.1 122 +£23 125 £22 13.0 £23 12.0 £ 2.1 13.0 £2.3 139 £22 149 +£23
L5 175 £2.6 17.7 £ 2.7 123 +£23 127 = 2.1 17.6 £ 2.6 17.8 £2.7 148 £2.3 153 =21

Table 2 Measurements of transverse and sagittal angle of
pedicle (mean + standard deviation)

Transverse angle (deg) Sagittal angle (deg)

Left Right Left Right
T1 278 +4.1 28.6 +4.5 124 +23 10.8 + 1.8
T2 26.1 £32 26.6 + 4.1 18.6 £ 3.1 192 £35
T3 224 +37 242 +35 16.4 £ 2.5 168 £ 2.4
T4 23126 226 +34 153 +21 147 £22
T5 173 +2.38 19.1 £2.9 17.6 £ 2.7 181 +23
T6 156 + 2.4 152 +21 16.1 £+ 22 169 + 2.5
T7 125 £ 1.7 131 +22 143 +£2.0 125+ 1.8
T8 142 +£15 134 +12 13.8 £2.2 145 +25
T9 109 + 1.6 141 +23 127+ 1.9 134 + 1.7
T10 84+13 9.6 £1.5 132 +24 137+ 1.6
T11 81+1.6 79 +13 124+ 1.8 119+ 15
T12 74 +15 84+14 102 + 1.7 112+ 14
L1 83+31 8.6+25 54+12 6.8 +2.1
L2 115 £27 132 +£2.8 51+09 58+15
L3 141+ 34 164 + 3.7 46 +0.7 54+08
L4 19.7 + 32 18.1 + 34 35+08 32+ 0.6
L5 253 +4.7 234 +39 2.8 £0.7 3.0+0.8

Table 3 Anatomic parameters of transverse root angle
(mean =+ standard deviation)

Nerve root Transverse root angle (deg)

Left Right

T11 70.6 £ 5.2 752 738
T12 58.6 +7.4 60.0 £ 5.2
L1 402 £ 94 40.0 = 7.8
L2 38.0 £ 4.2 38.0 £ 6.6
L3 354 38 37.8 £ 42
L4 372 £ 82 40.0 £ 6.4
L5 28.6 £ 3.4 29.0 = 4.1
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gradually to T12. The pedicle width of the lumbar
segment increased gradually from L1 to L4 and in-
creased sharply at LS. In both males and females, the
widest pedicle width (17.6 mm) was located at L5 and
the narrowest was located at T4 (3.5 mm) or TS5
(3.8 mm). The pedicle height of the thoracic segment
increased gradually from T1 to T12. The pedicle
height of the lumbar segment gradually decreased
from L2 to L5, and the pedicle height of L1
(13.7 mm) was slightly smaller than that of L2
(14.1 mm). In both males and females, the largest
pedicle height was located at T11 (15.1 mm) or T12
(15.1 mm) and the smallest at T1 (8.7 mm).

Safe zone of pedicle width and height

The pooled data are listed in Table 1 and presented as
graphs in Fig. 5. The safe zone of pedicle width was
3.4-7.7 mm for T1-T10, 7.2-10.0 mm for T11-L2, and
10.1-17.8 mm for L3-L5. The safe zone of pedicle
height was 8.6-13.7 mm for T1-T10 and 13.9-16.7 mm
for T11-LS5.

Transverse and sagittal angle of the pedicle

The transverse and sagittal angles of pedicle in the
thoracolumbar spines are shown in Table 2 and pre-
sented as graphs in Fig. 6. A consistent trend is seen in
the transverse angles of thoracolumbar vertebrae. The
largest angle is seen at T1 with the mean of 28.2° and
shallowest at T12 with the mean of 7.9°. It decr-
eases progressively from T1 to T12, then increases
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Table 4 Anatomic parameters of distance of the pedicle to the dura sac and nerve root (mean =+ standard deviation)

Pedicle Superior distance Inferior distance Medial distance Lateral distance
to nerve root (mm) to nerve root (mm) to dura sac (mm) to nerve root (mm)
Left Right Left Right Left Right Left Right
T11 45=+0.6 47 £ 0.7 3.0+03 3104 1.0 £ 0.1 1.3+02 a a
T12 5012 53+14 34+04 38+05 1.1+02 15+02 2 a
L1 57=+1.1 58=+1.0 2603 2605 20+03 20=+02 94 +21 9.6 £2.5
L2 55+09 58 +0.8 2.6 + 0.6 25+04 1.8 £0.1 20+0.1 45+12 47+ 11
L3 6.1+12 6.1+1.6 23+05 2.6 0.6 1.7 £ 02 1.8 +0.1 4204 43+05
L4 47 £ 0.6 5.0+04 2.0+ 04 22+03 1.9+03 21+02 35+04 35+03
L5 41+03 4704 20x02 1.9+03 1.9+£02 1.9 +0.1 2402 2604

“The direction of nerve root is parallel to the direction of rib cage. Long lateral distance (>10 mm) to the nerve root in T1land T12

pedicles are noted
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Fig. 4 The graphs of relationship between the dimension of the
pedicle and spine levels

progressively from L1 to LS. In the sagittal angle, the
largest and shallowest angles are seen in T2 and L5
with the mean of 18.9° and 2.9°, respectively.

Transverse nerve root angle

The transverse nerve root angles in the lower thoracic
and lumbar spines are shown in Table 3. The trans-
verse nerve root angles were 58.6°-75.2° in the lower
thoracic spine (T11 and T12) and 28.6°-40.2° in the
lumbar spine. The dimensions did not differ signifi-
cantly between the right and left sides. The angles of
the nerve roots in the lower thoracic spine were posi-
tioned more cranially, nearly parallel to the rib cage,
than those of the lumbar spine.

Safe zone width

spine level

Safe zone height

T1 T3 TS T7 T9 T11 L1 L3 L5
spine level

Fig. 5 The graphs of relationship between the safe zone of the
pedicle and spine levels

Distances between pedicle and adjacent neural
structures

The pooled data on the distances between the pedicle
and the adjacent neural structures are listed in Table 4.
The superior distances (4.5-5.3 mm) were slightly
greater than the inferior distances (3.0-3.8 mm) in
the lower thoracic spine. The superior distances
(4.1-6.1 mm) were much greater than the inferior dis-
tances (1.9-2.6 mm) in the lumbar spine. The pedicles
were closer to the dura in the lower thoracic spine
(1.0-1.5 mm) than in the lumbar spine (1.9-2.1 mm).
Because the direction of the lower thoracic nerve roots
was nearly parallel to the direction of the rib cage, the
lateral distances in the lower thoracic spine was greater
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Fig. 6 The graphs of relationship between the pedicle angles and
spine levels

(>10 mm) than in the lumbar spine (2.4-9.6 mm). In
the lumbar spine, the lateral distance was greatest in
the L1 pedicle (9.5 mm) and smallest in the L5
(2.5 mm). The dimensions did not differ significantly
between the right and left sides.

Discussion

In 1985, Roy-Camille first applied the pedicle screw
plating system for the lumbar spine, since then spinal
pedicle fixation has become a popular method of spinal
instrumentation [13, 25]. To prevent impingement of
the neural structures, accurate and safe pathway of the
pedicle is important and requires precise and accurate
knowledge of bony and neural structures. Many
authors have described the morphometric aspects of
the thoracic and lumbar spine and the details of the
pedicle sizes and dimensions by means of CT scan,
plain image, direct specimen measurement and quan-
titative 3-dimensional anatomic technique [3, 8, 9, 14,
15, 21, 22, 29].

We directly measured the dimensions from the T1 to
L5 vertebrae in 15 whole dry vertebrae. The general
trend of our measurement of the pedicle dimensions
was consistent with that of Panjabi et al. in the thoracic
spine, Olsewski et al. in the lumbar spine, and Zindrick
and Hou et al. in the thoracolumbar spine. However,
the pedicle width in L5 was different from the studies
of Hou and Berry et al.,, whose results at LS were
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smaller than in our study. The pedicle heights of our
study were smaller compared with the results from the
aforementioned studies. The transverse angle of the
pedicles showed smaller angle laterally in T10-L1 and
increased upward and downward in the thoracolumbar
vertebrae. The sagittal angle of the pedicles showed
decreased trend from T2 to LS. The definition of safe
zone in our study is far-out boundary of peri-pedicle
area that can be identified from the clinical imaging
study. The safe zone width was less than the true
pedicle width in T1-T10 and greater than the true
pedicle width in T11-L5. The safe zone height was less
than the true pedicle height in T1-T6, did not differ
from the true pedicle height in T7-T10, and was
greater than the true pedicle height in T11-L5. Hence,
the true safe zone width and height in the upper and
mid-thoracic spine (T1-T10) are the true pedicle width
and height because the pedicle angles incline more
superiorly and laterally in the upper thoracic vertebrae.
No previous studies quantitatively measured anatomic
safe zone of the pedicle width and height. But in fact,
the axis of the pedicle is oblique in the axial plane, the
safe zone of the pedicle is also decided by the trans-
verse and sagittal angles of the pedicle except the
dimensions of the pedicle. These preliminary data
including safe zone width, height and pedicular angles
are practicable and useful in fluoroscopy-guided spinal
surgery.

Previous anatomic evaluation has focused on the
morphometric study of vertebrae and the selection of
the starting point of the pedicle screw. Only a few
studies have reported on the anatomic relationship
between the pedicles and adjacent neural structures [7,
10, 18, 20]. Louis described the general locations of the
spinal cord and nerve roots relative to the vertebral
column [18]. Ebraheim et al. quantified the distance
between the pedicle and adjacent neural structures.
They concluded that the superior and lateral sides of
the pedicles were safer than the inferior and medial
sides in the lumbar spine, and that the lateral, superior,
and inferior sides were equally safe in the thoracic
spine. They also concluded that the transverse root
angles were 57.1°-84.0° in the low thoracic spine
(T10-T12) and 33.7°-39.2° in the lumbar spine [7, 10].
We observed similar values: transverse root angles of
58.6°-75.2° in the low thoracic spine (T11 and T12) and
28.6°-40.2° in the lumbar spine. We found that, in the
lower thoracic spine, the nerve roots were nearly par-
allel to the rib direction, the superior and inferior
distances were similar, and the lateral distances were
greater. In the lumbar spine, the superior distances
were greater than the inferior distances because of the
caudal direction of the nerve roots. The lateral distance
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of the lumbar pedicle to the nerve roots was
2.4-9.6 mm and was smaller in the lower lumbar spine.
Both our study and previous cadaveric studies mea-
sured the mean distances from the low thoracic and
lumbar pedicles to the adjacent neural structures, but
we believe we are the first to measure the lateral mean
distances. The broad definition of the true safe zone
around the pedicle should include the pedicle and the
distances between the pedicles and the neural struc-
tures (i.e., the extrapedicular distance). Nerve roots are
relatively mobile outside the neuroforamen and safely
retracted lateral to the pedicle. Besides, the directions
of the nerve roots are 3-dimension (3D) in anatomy. In
our study, we measured the distance just under 2D
which are not truly shortest distance in 3D space.
Besides, the nerve roots may be retracted or shrunk in
post-mortem cadavers. Among these factors, the true
distance between the neural structures and the pedicle
are shorter than our study.

The ““all-through-pedicle” procedure is a new con-
cept and includes the idea of a true safe zone, which
could be applied in many surgeries, such as bone
biopsy, bone grafting, pedicle screws, vertebroplasty,
and kyphoplasty, even those that penetrate the upper
and lateral walls of pedicle. The ““in-out-in”’ technique
is performed in the upper and mid-thoracic spine
because of different morphometry of the pedicles and
adjacent neural structures. According to the concepts
of the ““all-through-pedicle” and the ‘“‘in-out-in” tech-
niques, the data of safe zone might provide surgeon to
approach the vertebral body by means of the pedicle
more comfortably.

Conclusion

Knowledge of the potential safe zones of the pedicle
and potential safe zone between the pedicles and
adjacent neural structures in the thoracic and lumbar
spine are important when performing pedicular sur-
gery. In our study, we first quantitatively investigated
the safe zone width and height of the pedicles and the
lateral distance between the pedicles and neural
structures. The true safe zone width and height of the
pedicles in the upper and mid-thoracic spine are equal
to the true pedicle width and height. However, the safe
zone of the pedicle is also decided by the transverse
and sagittal angles of the pedicle. The relationship
between the pedicles and adjacent neural structures
showed no obvious difference compared to Ebraheim’s
study. The lateral distance in lower thoracic spine was
much wider because the nerve root is nearly parallel to

the rib direction, but otherwise in lumbar spine. We
believed that it could provide more detail safe range
evaluation if the pedicle is disrupted during spine
surgery.
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