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The Use of Pedicle Screw-Rod System

for the Posterior Fixation in Cervico-Thoracic Junction
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Objective : In cervico-thoracic junction (CTJ), the use of strong fixation device such as pedicle screw-rod system is often required. Purpose of
this study is to analyze the anatomical features of C7 and T1 pedicles related to screw insertion and to evaluate the safety of pedicle screw
insertion at these levels.

Methods : Nineteen patients underwent posterior CTJ fixation with C7 and/or T1 included in fixation levels. Seventeen patients had tumorous
conditions and two with post-laminectomy kyphosis. The anatomical features were analyzed for C7 and T1 pedicles in 19 patients using
computerized tomography (CT). Pedicle screw and rod fixation system was used in 16 patients. Pedicle violation by screws was evaluated with
postoperative CT scan.

Results : The mean values of the width, height, stable depth, safety angle, transverse angle, and sagittal angle of C7 pedicles were 6.9 +1.34
mm, 8.23 £1.18 mm, 30.93 + 4.65 mm, 26.42 +7.91 degrees, 25.9 +4.83 degrees, and 10.6 + 3.39 degrees. At T1 pedicles, anatomic parameters
were similar to those of C7. The pedicle violation revealed that 64.1% showed grade | violation and 35.9% showed grade Il violation, overall. As
for C7 pedicle screw insertion, grade | was 61.5% and grade Il 38.5%. At T1 level, grade | was 65.0% and grade Il 35.0%. There was no
significant difference in violation rate between the whole group, C7, and T1 group.

Conclusion : C7 pedicles can withstand pedicle screw insertion. C7 pedicle and T1 pedicle are anatomically very similar. With the use of
adequate fluoroscopic oblique view, pedicle screw can be safely inserted at C7 and T1 levels.
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INTRODUCTION thoracic spine”. Because laminectomy for neural decompres-

sion in CT]J usually aggravates spinal instability, stabilization

Pachologic processes in cervico-thoracic junction (CTJ) are  process should be accompanied®”'3%.

relatively uncommon but can include trauma, degenerative Various internal fixation techniques have been used for the
disease, infection and tumor involvement. It is known that  stabilization of CT]J. Anterior fixation is mostly used for
15% of total spinal tumor is involved in the upper thoracic  anterior column injuries or as an adjunct to posterior fixation
spine and 10% of spine metastases occur across T1 and T4 for three-column injuries. However, there have been serious
region”. The incidence of traumatic injuries at CT]J has been  complications related to visceral and vascular injury during
reported as 9% of all cervical injuries'®. Neurologic involve-  anterior approach. Posterior stabilization is generally preferred
ment is commonly complicated in CT] lesions, which can  for posterior and three column injuries because anterior plat-
be as high as 80%°. The CTJ, as a unique area, is the cross-  ing is estimated to be biomechanically the least rigid const-
ing transitional area of lordotic cervical spine and kyphotic  ruct in all tests and significantly less stift than any type of
posterior stabilization”. Several kinds of posterior fixation
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brae. And, laminar hook also has a limit due to the narrow
spinal canal”. Lateral mass screw cannot provide strong
fixation at C6, 7 levels of which lateral mass is smaller than
other cervical levels'. Biomechanically, the transpedicular
screw fixation system has the highest stability and is frequen-
tly considered, but it has a demerit of high possibility of pe-
dicle violation*>*.

CT] is a surgically challenging area because vertebral artery,
small spinal canal, and tenuous blood supply to spinal cord
may cause frequent neurovascular complications. Therefore,
the understanding of the anatomical scructure in CT]J is the
most important factor in stabilization>”. The purpose of this
study is to analyze the anatomical features of C7 and T1
pedicles related to screw insertion and to evaluate the safety

of pedicle screw insertion at these levels.

MATERIALS AND METHODS

Our study population consisted of 19 patients who had
posterior fusion operation on CTJ from 2002 to 2009. Their
C7 and/or T1 pedicles were included in fixation levels. Ten
of them were males, nine were females and their average age
was 55.5 years (range, 17-74 years). The operative diagnoses
were tumorous condition in 17 [metastasis of lung cancer,
colon cancer, mass of unknown origin (MUO) etc.] and post-
laminectomy kyphosis in two patients. The anatomical fea-
tures were analyzed in C7, T1 for these 19 patients. Pedicle
screw system was used in 16 patients. Computerized tomo-
graphy (CT) was used for morphological analysis of C7 and
T1 pedicles regarding their linear and angular dimensions, as
well as for pedicle violation detection following screw insertion.

Twenty-nine pedicles of C7 and 27 pedicles of T1 were
available for the morphological study. For each spine CT
scan was performed with 1-2 mm slice thickness. Then meas-
urement was taken on sagittal and coronal reconstructions of
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1 mm thickness. Linear and angular dimensions of the
pedicles were calculated in two planes, sagittal and transverse
planes, with each crossing the central part of the pedicle and
the entry point of transpedicular screw insertion. The width
and height in pedicle isthmus of C7 and T'1 were checked in
division of outer and inner in linear dimension. Stable depth
which is the distance from the lateral mass to the anterior
inner cortex of vertebral body was also measured (Fig. 1A).
Safety angle, a range of angle which does not make neurovas-
cular injury during screw insertion in angular dimension,
transverse angle, between the medial sagittal plane and longi-
tudinal pedicle axis, and the sagittal angle, the angle between
inferior end plate and pedicle, were measured (Fig. 1B).

C7 pedicle screw insertion was done as follows; the entry
point was selected on the spot of crossing point of 1 mm
below the midline of transverse process and midline of C6/7
facet line. Then decorticaton of the lateral mass was done
with a high-speed burr until the pedicle entry point could be
identified confidently. The entry hole was created using an
awl. The guide pins were inserted into the pedicle holes, and
the accuracy of the created trajectory was confirmed on C-
arm oblique view (Fig. 2). If a guide pin was located outside
a pedidle, the probe was reinserted into the pedicle to create a
correct pathway. Blunt tipped fine pedicle probe was inserted
into the pedicle cavity with the inclination at 5 degrees down-
wards pointing to the C7 end plate from the medial in 30 to
35 degrees from the sagittal plane”. Tapping was performed.
After fluoroscopic confirmation was done again, final inser-
tion of screws was performed.

Pedicle violation by screws was graded from I to III accord-
ing to the position of the inserted screws (Fig. 3). The occur-
rence of neurovascualr complication was not considered.
Grade [ violation was decided when screw centered in the
pedicle caused only minor plastic deformation of the pedicle
cortex at most. Grade I violation was judged when a half or

Fig. 1. A : Measurement of linear dimensions in C7 and T1 pedicle is done on CT images crossing through the central part of the pedicles. a : outer pedicle
width, distance between medial and lateral outer cortex of pedicle, b : inner pedicle width, distance between medial and lateral inner cortex of pedicle, ¢ : stable
depth, distance from lateral mass to the anterior inner cortex, d : outer pedicle height, distance between superior and inferior outer cortex of pedicle, e : inner
pedicle height, distance between superior and inferior inner cortex of pedicle. B : Measurement of angular dimensions in C7 and T1 pedicle is done on CT
images crossing through the central part of the pedicles. f : safety angle, range of angle which does not make neurovascular injury, g : transverse angle, angle
between medial sagittal plane and longitudinal pedicle axis, h : sagittal angle, angle between inferior end plate and pedicle.
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less than half of the screw width penetrated the cortex without
injuring the spinal cord, nerve roots, or vertebral artery. Fin-
ally, grade III violation was noted when more than half of the
screw width penetrated the cortex.

RESULTS

Morphological evaluation for C7 and T1 pedicles was
done with preoperative CT images. Anatomical analysis for

Fi. 2. C7 screw insertion with C-arm oblique view. The insertion point is
selected for the guide pin (arrow) to be positioned at the lateral margin of
pedicle (circle)

Grade Il

Grade |l

Fig. 3. Screw violation grading system depending on screw position. Grade | :
screw centered in the pedicle caused only minor plastic deformation of the
pedicle cortex at most. Grade Il : a half or less than half of the screw width
penetrated the cortex without injuring neurovascular structures. Grade Il :
more than half of the screw width penetrated the cortex.

Table 1. Anatomical features of C7 and T1

C7 pedicle was possible in 29 (Table 1). Pedicle width
showed 6.9 * 1.34 mm (outer) and 4.41 £+ 1.30 mm (inner),
pedicle height was 8.23 + 1.18 mm (outer) and 5.34 + 1.02
mm (inner), and stable depth was 30.93 £ 4.65 mm. In
angular dimension, safety angle, transverse angle, and sagittal
angle were 26.42 £ 7.91 degrees, 25.9 + 4.83 degrees, and
10.6 £ 3.39 degrees, respectively. Similar measurements for
T1 pedicle were done in 27 (Table 1). Pedicle width was 8.5
t 1.34 mm (outer) and 5.77 * 1.28 mm (inner), pedicle
height was 9.17 = 1.21 mm (outer) and 6.41 * 1.02 mm
(inner), and stable depth was 34.68 + 4.67 mm. Safety angle,
transverse angle, and sagittal angle were 30.68 £ 6.14 degree,
25.71 = 4.92 degrees, and 10.45 + 3.77 degrees respectively.

For a total of 16 operations, 94 pedicle screws were insert-
ed; C7 instrumentation was performed in 14 pedicles of 8
patients and T'1 instrumentation in 23 pedicles of 12 patients.
Corpectomy was done in 13 patients and anterior plating
was performed in 3 patients (Table 2). Pedicle violation by
screws could be checked in 78 pedicles; C7 pedicle screw in
13 and T1 pedicle screw in 20. Overall review in 78 screws
revealed that 64.1% (50 screws) showed grade I violation
and 35.9% (28 screws) showed grade II violation but there
was no case of grade III violation. As for C7 pedicle screw
insertion, grade I violation was 61.5% (8 of 13 pedicle screw)
and grade II violation 38.5% (5 of 13 pedicle screw). At T1
level, grade I violation was 65.0% (13 of 20 pedicle screw)
and grade II violation 35.0% (7 of 20 pedicle screw). Grade
II violation was not detected (Table 2). In cases with pedicle
violation, there was no case of medial cortex violation while
all of them penetrated the pedicle lateral cortex. When com-
paring these values with screws inserted at other levels, the
violation rate of C7 and T1 was not higher than those of
other levels (Table 3). Furthermore, there was no significant
difference in violation rate between the whole group of 78
pedicles, C7, and T1 group (Fig. 4).

With regards to early complications after surgery, two cases
of paraplegia developed due to acute hematoma collection
and one wound infection was found, but they recovered soon.

There was no neurovascular injury
related to instrumentation. A case of

T1 anterior slippage of mesh cage on X-ray

Parameter C7

Size of sample 29 29 (27)

Outer pedicle width 6.9 +1.34 (3.71-8.91) 8.54 + 1.34 (5.28-11.32)
Inner pedicle width 441 +1.30 (1.16-6.94) 5.77 + 1.28 (3.08-7.63)
Outer pedicle height 8.23 + 1.18 (6.32-10.73) 9.17 + 1.21 (6.82-11.96)
Inner pedicle height 5.34 + 1.02 (3.65-7.73) 6.42 +1.02 (3.80-8.14)
Stable depth 30.93 + 4.65 (21.44-38.77) 34.68 + 4.67 (27.43-44.27)
Safety angle 26.42 +7.91 (10.96-40.10) 30.68 + 6.14 (16.05-40.85)

25.90 + 4.83 (15.69-37.98)
10.68 + 3.39 (5.56-20.16)

Transverse angle

Sagittal angle

25.71 +4.92 (16.05-40.85)
10.45 + 3.77 (5.36-16.31)

was observed at five months after sur-
gery. This patient was operated with
laminar hook and rod fixation system.
No significant symptoms or signs were
associated with slippage. With pedicle
screw and rod fixation system, no inst-
rument-related complication was de-
tected. It was not possible to draw a

Each parameter was given as the mean + standard deviation (range)

conclusion whether which fixation



Table 2. Patients’ information

Pedicle Screw for CTJ Fixation | W Cho, et al.

No. A/S Primary Lesion Fixation Operation Fixation Pedicle screw
disease system Corp Lamin  Approach level* c7 T1  BelowT1
1 47M Lung ca. T1,2 LH &R T1,2 T1-3 P C5-T4 0 0 3
2 60/M MUO T2 LH&R T2 T1-3 P C5-T4 0 0 3
3 51/M  Tongueca. T1-3 LH&R T1-3 T1-3 P C4-Co 0 0 4
4  G2/F Colon ca. T1-3 PS&R No C7-T2 P C6-T4 1 0 3
5  54/F MUO C7,T13 PS&R Cc7 T1-T5 A+P C5-17 0 0 5
6 56/M Lung ca. T1,2 PS&R T1,2 T1,2 P C5-T3 0 1 3
7  61/M Colon ca. T2 PS &R T2 T2 P T1-T3 0 2 3
8 74/F Lung ca. C7 PS &R C7 C7 A+P C5-T2 0 2 2
9 64M Lung ca. T2 PS & R T2 T1,2 P C4-T4 0 0 4
10  67/F Cervix ca. C6 PS &R C6 C6 A+D C4-T1 2 2 0
11 58/M Colon ca. T2 PS & R T2 T2,3 P C7-T4 2 2 4
12 17/F Post-lamin C5-C7 PS&R No C7 P C3-T2 0 2 2
13 54/F Breast ca. T2 PS & R T2 T2 P C6-T4 1 2 4
14 46/F Post-lamin C6-T1 PS&R No T2 P C5-T3 0 2 4
15  58/M Lung ca. T2,3 PS &R T2,3 C7-T1 P C7-T5 2 2 5
16  54/M Lung ca. T2,3 PS &R 12,3 12,3 P C7-T5 2 2 4
17 57/F Colon ca. T3 PS & R T3 T2,3 P T1-T5 0 2 6
18 6O/F Lung ca. 12,3 PS & R 12,3 T2,3 P C7-T5 2 2 4
19 57/IM RCC T1 PS&R T1 T1,2 P C7-T3 2 0 4

*Lateral mass screws were used for above C7 level fixation. M : males, F : females, Post-lamin : post-laminectomy kyphosis, LH & R : laminar hook and rod fixation, PS & R : pedicle
screw and rod fixation, Corp : corpectomy level, Lamin : laminectomy level, P : posterior approach only, A+P : anteriorr with posterior approach, MUO : mass of unknown origin

system was more reliable, owing to the

Table 3. Results of pedicle screw violation rate (%)

fact that most cases were fixed using All c7 T1 Below T2
pedicle screw-rod system with only Sample size(checkable) 78 13 20 45
three cases fixed using other system. Grade T (%) 50 (64.1) 8(61.5) 13 (65.0) 29 (64.4)
Grade IT (%) 28 (35.9) 5(38.5) 7 (35.0) 16 (35.6)
0,
DISCUSSION Grade IIT (%) 0 (0.0) 0(0.0) 0(0.0) 0(0.0)

Grade | : screw centered in the pedicle caused only minor plastic deformation of the pedicle cortex at most. Grade |l :
a half or less than half of the screw width penetrated the cortex without injuring the neurovascular structures. Grade 1l :

Bony destruction due to neoplasm is
often accompanied by spinal instability.
In addition, surgical intervention, such as corpectomy or
laminectomy, can result in additional spinal instability. Especi-
ally in junctional region, e.g., cervicothoracic or thoracolum-
bar area, instability is a major concern in surgical treatment
when destructive lesions develop. In CT]J, the change from
cervical lordosis to thoracic kyphosis at C7 results in transfer
of weight from the posterior aspect to the anterior aspect of
the spinal column'”. This transfer results in increased stress at
this level, rendering instrumentation at CTJ a challenging
procedure'”. Because CT] represents a transition zone, signi-
ficant anatomical variations are common. Vertebral alignment
represents a change from a mobile, cervical lordosis to a rigid,
thoracic kyphosis. The lower cervical laminae are thinner and
weaker compared with upper thoracic vertebrae. Together
with a narrow spinal canal, this finding often limits the use of
the hook/rod system for stabilization at CTJ".

Three-column fixation offers a significant biomechanical
advantage™. However, when choosing anterior versus poster-
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more than half of the screw width penetrated the cortex
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Fig. 4. Comparison of screw violation rate (%). There is no significant differe-
nce in violation rate between C7 pedicle, T1 pedicle, and whole group.
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for, posterior constructs prove superior to anterior plates for
managing instabilities between C7 and T1. Bueff et al.”
compared three different fixation devices at the CTJ-an
anterior plate, a posterior plate, and a posterior hook rod
sytems. Anterior plates provided the least rigid construct in
all tests and were significantly less stiff than posterior plates.
Among several kinds of fixation device, transpedicular screw
fixation has provided the highest stability in unstable lower
cervical spine'”. In our institution, sub-laminar wiring system
was used before 2000, laminar hook system was applied on
the patients from 2001 to 2003 and the pedicle screw system
was adopted since 2004 (Fig. 5).

From a morphological point of view, seventh cervical verte-
bra (C7) is a transitional vertebra, with characteristics of both
cervical and thoracic vertebrae; this was the reason why Alb-
recht named C7 the “pseudo-cervical vertebra™. Its parti-
cular morphology, especially its pedicle dimensions and lat-
eral mass thickness, generate some specific findings when
posterior fixation of C7 is required’”. The vertebral artery

fixation system. B : Laminar hook and rod fixation system.

Table 4. Review of the literatures and comparison of C7 anatomy

Fig. 5. Various posterior fixation systems for cervico-thoracic junction. A : Sub-laminar wiring and rod

usually penetrates the transverse canal at C6 level and it is not
present within the C7 transverse foramen in 95% of cases®.
This is a very important anatomical point when considering
transpedicular screwing of C7*%. Thus, the risk of vascular
injury in cases of pedicle violation is not so high at C7 as at
other vertebral levels. It needs to be known that the presence
of a C7 transverse foramen does not necessarily signify that
there is the vertebral artery inside. The C7 foramen transverse
may be small but it is seldom absent. It usually contains
vascular and sympathetic nerve branches, fibrous and adipose
tssues. It would be useful to carry out an injected CT scan
preoperatively to verify the presence or absence of the verte-
bral artery inside C7 transverse foramen®*>'".

The previous investigations for C7 anatomical features
revealed that pedicle width ranges from 6.0 mm to 7.0 mm,
which is consistent with our data, however, the value of pedi-
dle height showed wide variation from 5.8 to 8.23 mm'>'¢***)
(Table 4). These findings were due to the different measure-
ment methods. In some studies, pedicle was checked in width
and height with direct measurement in
object of cadaver, however, in others, it
was done using reconstructed CT ima-
ges. In spite of the measurement errors,
we can see that C7 pedicle is oval in
shape with height exceeding width in
the coronal view and the size of pedicle
is not as small as it is thought of. In our
study, C7 pedicle was a litde smaller in
size compared to T1 pedicle and no
great differences were seen when the
anatomical feature of C7 and T1 were
compared (Table 1).

Although pedicle screw system is the
strongest fixation system, it has a risk of

Study Pedicle width (mm)  Pedicle height (mm)  Stable depth (mm)  Safety angle (Deg) ~Trasverse angle (Deg)
Jones et al. (n = 10)" 6.9 7.1 45
(5.4-9.0) (5.5-9.1) (36-59)
Karakovic et al. (n = 53)¢ M6.7£1.0 M8.0+1.0 M 36.5
F59+1.0 F69+1.1 F36.9
Xuetal. (n = 56)*" M6.5+£0.6 M7.1£0.7
F6.0£0.6 F70+0.7
Ludwig et al. (n = 14)* 6.51 £0.93 7.27 £0.98 36.7+7.8
(4.1-9.3) (5.5-9.9) (23-53.5)
Ugar et al. (n = 20)* 6.0+0.3 6.0+0.7 45+3.9
(5.1-6.5) (3.7-7.9) (38-57)
Barrey et al. (n = 36)* 60+1.2 58+1.1 29.3+3.2 232+7.0 33.4+6.6
(3.6-8.3) (3.7-7.9) (23.1-35.5) (19.5-36.8) (20.5-46.3)
Choetal. (n =29)* 6.9 + 1.34 8.23+1.18 30.93 + 4.65 26.42 +7.91 25.90 + 4.83
(3.71-8.91) (6.32-10.73) (21.44-38.77) (10.96-40.10) (15.69-37.98)

For each parameter the mean + standard deviation (range) are given. *Our study. M : males, F : females, Deg : degrees
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Table 5. Accuracy of pedicle screw placement of cervical spine
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Study Investigation Level Surgical technique Total screw (no) Screw in Pedicle (no) Accuracy (%)
Miller et al.*” Cadaver C3-7 Surface anatomy 38 20 52.6
Lminoforaminotomy 40 30 75.0
Reinhold etal®  Cadaver C3-C7 Aiming frame 26 18 69.2
Laminoforaminotomy 30 17 56.7
c7 Overall 11 7 63.6
Barrey etal.? Cadaver c7 Surface anatomy 30 19 63.3
Ludwig et al.2 Cadaver c7 Surface anatomy 8 2 25.0
Laminoforaminotomy 8 6 75.0
Abumi etal.” Human Cc7 Surface anatomy 92 84 91.3
Lee etal.? Human Cc7 Laminoforaminotomy 60 42 70.0
Computer assist 46 33 73.3
Cho* Human c7 Surface anatomy and/or 13 8 61.5

Laminoforaminotomy

No : number, % : percentage. *Our study

1:4.16222425.27) - So far several researches for

pedicle violation
pedicle violation when inserting screws have been done with
object of cadaver or clinical human (Table 5). Miller et al.**
classified cadavers into two groups and checked the pedicle
violation with two surgical techniques depending on the
screw position after cervical spine pedicle screw insertion on
C3-C7 level. It was performed along the surface landmark in
one group and with window opening of laminoforamino-
tomy in the other group, which result showed 52.6% and
75% of accuracy respectively. Reinhold et al.*” compared two
methods of cervical pedicle screw insertion, which were with
laminoforaminotomy and aiming frame in cadavers, the
accuracy was similar. On C7 pedicle level, Barrey et al.”
reported 63.3% of accuracy in 30 C7 pedicle screws in cada-
vers which was checked on postoperative CT scan. In dini-
cal studies, Abumi et al.” has reported the most extensive
experience with transpedicular fixation of the cervical spine.
They used surface landmarks and intraoperative fluoroscopy,
and the remarkable accuracy of 91.3% was noted on posto-
perative CT images. Lee et al.™” reported C7 pedicle screw
insertion along with anatomical reference using laminofora-
minotomy, their accuracy was 70%.

Definitive conclusion regarding accuracy and safety of pedi-
cle screw insertion using different surgical techniques cannot
be drawn when comparing the pedicle violation rate among
different studies. It is due to variations in standards of viola-
tion grading and the methods of checking the violation.
Some studies considered minor cortical penetration as grade
I violation, others linked violation to approaching neurovas-
cular structures. Moreover, Miller et al.** directly checked the
position of screw in pedicles of cadavers, others checked the

screw positions on CT scan"**%*%.

CONCLUSION

For posterior fixation at CTJ, C7 pedicle screw insertion is

often required. Our data show that C7 pedicle is not small
for screw insertion and C7 pedicle and T1 pedicle are anato-
mically very similar. When C7 pedicle screw insertion is
tried, insertion angle can be referenced to T1 level. With the

use of fluoroscopic oblique view, pedicle screw can be safely
inserted at C7 and T1 levels.
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