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A Computed Tomography-Based Anatomic Comparison
of Three Different Types of C7 Posterior Fixation
Techniques : Pedicle, Intralaminar, and

Lateral Mass Screws
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Objective : The intralaminar screw (ILS) fixation technique offers an alternative to pedicle screw (PS) and lateral mass screw (LMS) fixation in the C7
spine. Although cadaveric studies have described the anatomy of the pedicles, laminae, and lateral masses at C7, 3-dimensional computed tomogra-
phy (CT) imaging is the modality of choice for pre-surgical planning. In this study, the goal was to determine the anatomical parameter and optimal
screw trajectory for ILS placement at C7, and to compare this information to PS and LMS placement in the C7 spine as determined by CT evaluation.
Methods : A total of 120 patients (60 men and 60 women) with an average age of 51.7+13.6 years were selected by retrospective review of a
trauma registry database over a 2-year period. Patients were included in the study if they were older than 15 years of age, had standardized axial
bone-window CT imaging at C7, and had no evidence of spinal trauma. For each lamina and pedicle, width (outer cortical and inner cancellous),
maximal screw length, and optimal screw trajectory were measured, and the maximal screw length of the lateral mass were measured using m-
view 5.4 software. Statistical analysis was performed using Student’s t-test.

Results : At C7, the maximal PS length was significantly greater than the ILS and LMS length (PS, 33.9+3.1 mm; ILS, 30.8+3.1 mm; LMS, 10.6+1.3;
p<0.01). When the outer cortical and inner cancellous width was compared between the pedicle and lamina, the mean pedicle outer cortical width
at C7 was wider than the lamina by an average of 0.6 mm (pedicle, 6.8+1.2 mm; lamina, 6.2+1.2 mm; p<0.01). At C7, 95.8% of the laminae
measured accepted a 4.0-mm screw with a 1.0 mm of clearance, compared with 99.2% of pedicle. Of the laminae measured, 99.2% accepted a
3.5-mm screw with a 1.0 mm clearance, compared with 100% of the pedicle. When the outer cortical and inner cancellous height was compared
between pedicle and lamina, the mean lamina outer cortical height at C7 was wider than the pedicle by an average of 9.9 mm (lamina, 18.6+2.0
mm; pedicle, 8.7+1.3 mm; p<0.01). The ideal screw trajectory at C7 was also measured (47.8+4.8° for ILS and 35.1+8.1° for PS).

Conclusion : Although pedicle screw fixation is the most ideal instrumentation method for C7 fixation with respect to length and cortical diameter,
anatomical aspect of C7 lamina is affordable to place screw. Therefore, the C7 intralaminar screw could be an alternative fixation technique with
few anatomic limitations in the cases when C7 pedicle screw fixation is not favorable. However, anatomical variations in the length and width must
be considered when placing an intralaminar or pedicle screw at C7.

Key Words : Intralaminar screw - Pedicle screw - Lateral mass screw - Anatomic study.

INTRODUCTION

The cervicothoracic junction presents numerous challenges
to the spine surgeon when planning instrumented fixation in
this region. Biomechanically, a potential construct must take
into account the transition from the mobile, lordotic cervical
spine to the fixed, kyphotic, thoracic segment®. Anatomic con-

- Received : October 30, 2010 - Revised : July 4, 2011
« Accepted : September 5, 2011
« Address for reprints : Jae Taek Hong, M.D., Ph.D.
Department of Neurosurgery, The Catholic University of Korea, St. Vincent’s
Hospital, 93-6 Ji-dong, Paldal-gu, Suwon 442-723, Korea
Tel : +82-31-249-7196, Fax:+82-31-249-5208
E-mail : jatagi1 5@paran.com

straints also make internal fixation difficult. In addition, the rel-
ative lack of epidural space and the increased medial angulation
needed for pedicle cannulation at C-7 make pedicle screw (PS)
placement at these levels challenging, and potentially increases
the risk of damage to adjacent neural structures”. The mor-
phology of the C7 lateral mass is associated with great difficulty
in obtaining adequate purchase'®'. The C7 lateral mass can
sometimes experience failure due to screw loosening or avul-
sion, particularly at the level of C7 where the thin nature of the
lateral mass results in decreased pullout strength®.

The intralaminar screw (ILS) has recently been proposed as an
alternative to PS placement at C-7°. Although ILSs do not offer
the theoretical advantage of 3-column fixation provided by PSs,
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ILSs may provide a better safety profile due to direct visualization
of the lamina at the time of screw insertion, as well as screw posi-
tion posterior to the thecal sac and exiting nerve roots®. Al-
though this technique has been used clinically, limited informa-
tion exists regarding the feasibility of ILS placement in the C-7
spine in terms of optimal screw diameter, length, or trajectory.

The use of CT imaging is crucial because it allows the spine
surgeon to visualize the relevant bone anatomy and make im-
portant decisions in the pre-operative setting". This is especially
true in the C-7 spine, where pedicle size and medial inclination
are vital factors that may limit surgical success. In this study, we
used computed tomography (CT) imaging of randomly select-
ed patients to define the anatomic requirements and limitations
of ILS at C-7, and we compared these data to PS and lateral
mass screw placement at this level. Our goal was to determine
the applicability of ILS fixation at the cervicothoracic junction
and to provide a guide for surgeons hoping to add this tech-
nique to their clinical practice.

MATERIALS AND METHODS

A total of 120 cervical spine CT scans (in 60 men and 60 wom-
en) were included in this study. After Institutional Review Board
approval, patients were randomly selected for study enrollment
via a retrospective review of a hospital trauma registry database.
All patients were older than 16 years of age at the time of ad-
mission during 2-year period (January 2008-December 2009).
All patients had undergone standardized axial bone-window
CT scanning at C-7 in a supine neutral position. Patients with CT
scan evidence of bony or ligamentous injury, deformity, intraos-
seous pathology (e.g., tumor or infection), or advanced degenera-
tive changes with disc space collapse and extensive spondylosis
were excluded. All CT scans were performed on a Siemens
64-slice CT scanner with 3-mm axial image thickness (Siemens
Medical Solutions, Erlangen, Germany). Sagittal and coronal
reconstructions were obtained using 1.25-mm thickness slices.
CT films were scanned at a resolution of 512x512 pixels, a field
of view of 180 mm and CT interactive software was used to edit
the images. Linear and angular measurements were made using
m-view 5.4 software (Marosis Technologies, Inc., Seoul, Korea).
The ideal screw trajectory for ILS and PS placement was deter-
mined by one surgeon based on the anatomic axis of the indi-
vidual lamina or pedicle (Fig. 1, 2). Screw trajectories were then
used to determine the maximum screw length without anterior
vertebral body cortex violation, while outer cortical and inner
cancellous diameters were recorded at the minimum lamina or
pedicle width, along the ideal screw trajectory (Fig. 3). Outer
cortical and inner cancellous heights were recorded at the mini-
mum lamina or pedicle height, along the ideal screw trajectory
(Fig. 4). Lateral mass screw trajectories were used to determine
maximum screw length along the ideal screw trajectory (Fig. 5).
A line bisecting the spinal canal in the anterior-posterior direc-

Fig. 1. Axial CT scan at C-7 showing optimal ILS length (LLMa : lamina maxi-
mum length, LLMi : lamina minimum length) and trajectory (LA : lamina an-
gle to sagittal plane), and determination of medialization angle in relation to
the midline. CT : computed tomography, ILS : intralaminar screw.

Fig. 2. Axial CT scan at C-7 showing optimal PS length (PL) and trajectory
(PA : pedicle angle to sagittal plane) and determination of medialization an-
gle in relation to the midline. CT : computed tomography, PS : pedicle screw.

Fig. 3. Axial CT scan at C-7 showing measurement of outer cortical width
(PWo : pedicle outer cortical width, LWo : lamina outer cortical width) and
inner cancellous width (PWi : pedicle inner cancellous width. LWi : lamina
inner cancellous width) for each lamina and pedicle. CT : computed tomog-
raphy.
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tion in the axial plane was used to determine the angle of screw
trajectory in relation to the midline. All lamina and pedicle mea-
surements were performed bilaterally at C-7 and stratified by
the patients gender and the side of placement. Mean and stan-
dard deviation calculations were performed using Microsoft
Office Excel. Student’s t-test was used for all statistical analyses
(Primer of Biostatistics, 6/e, McGraw-Hill Medical). The thresh-
old for statistical significance was set at a p<0.05.

Fig. 4. Sagittal CT scan at C-7 showing measurement of outer cortical
height (PHo : pedicle outer cortical height. LHo : lamina outer cortical
height) and inner cancellous height (PHi : pedicle inner cancellous
height, LHi : lamina inner cancellous height) for each lamina and pedicle.
CT : computed tomography.

Fig. 5. Sagittal CT scan at C-7 showing measurement of lateral mass AP
diameter (LMAP). Maximal lateral mass screw length (LM) was calculat-
ed by LMAP/cosine 30°.

RESULTS

Patient demographic data

All 120 patients had negative results on CT imaging during
evaluation for spinal trauma. The average patient age was 51.7+
13.6 years (range, 16-83 years). There was a significant difference
in patient age when stratified by gender; however, all patients
were skeletally mature adults (men, 51.7+13.6 years; range, 28-83
years; women, 51.7+13.7 years; range, 16-72 years).

Maximum ILS length

At C-7, the average maximum ILS length was 31.4+3.3 mm,
and the shortest screw length in any patient was 22.8 mm (Table
1). When stratified by side of placement, there was no statisti-
cally significant difference in screw length on the right versus
left side. There was no significant difference in the ILS length
based on gender (Table 2).

Compared with PS length at C-7, the PS length was an aver-
age of 3.1 mm longer than the corresponding ILS length, where
the ILS length measured 30.8+3.1 mm compared with the PS
length of 33.943.1 mm (p<0.01) (Table 1).

Outer cortical and inner cancellous lamina width

The average outer cortical lamina width at C-7 was 6.0+1.2
mm, whereas the inner cancellous width was 3.4+1.0 mm (Table
1). There was no difference in lamina width based on the side of
screw placement (Table 2). The laminae in male patients, how-
ever, were wider in both outer cortical (by 1.0 mm) and inner
cancellous (by 1.0 mm) width compared with females (p<0.01
and p<0.01, respectively). The outer cortical and inner cancel-
lous pedicle diameters were 0.8 mm and 0.7 mm wider than the
corresponding lamina at C-7 (p<0.01) (Table 1).

When lamina width was compared with potential screw di-
ameter, 98.3% of the patients accepted bilateral crossing ILSs
that were 4.0 mm in diameter with a 1.0-mm clearance at C-7,
whereas 99.6% of the patients could accept bilateral pedicle
screws at C-7 (Table 3).

Outer cortical and inner cancellous lamina height
The average outer cortical lamina height at C-7 was 18.6+2.0 mm,

Table 1. Comparison of maximum screw length, lamina/pedicle width (outer cortical and inner cancellous), lamina/pedicle height (outer cortical and
inner cancellous) and ideal screw trajectory for intralaminar versus pedicle screws at C-7*

Outer Inner

Outer Inner

lS crew al cortical al cancellous al cortical al cancellous al s.c rew al
(errrllgntl})l pvalue "Lt pvalue UL pvalue bl p value btk p value tra]e(:f)tory p value
(mm) (mm) (mm) (mm)
Lamina 30.8+3.1 <0.001 6.2+1.2 <0.001 3.6+1.1 <0.001 18.6+2.0 <0.001 12.7+2.2 <0.001 47.8+4.8 <0.001
range 21.5-38.7 3.3-10.7 1.3-8.5 1.0.8-23.6 6.8-18.4 32.9-58.9
Pedicle 33.9+3.1 6.8+1.2 4.3+1.0 8.7+1.3 4.6£1.0 35.1+8.1
range 25.3-43.5 39-11.3 1.7-9.2 55-12.8 1.9-8.0 22.5-56.4
Lateralmass  10.6+1.3
range 7.6-15.6

*All measurements are reported as the average+SD, and the range. Statistical analysis was performed using Student’s t-test
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Table 2. C-7 intralaminar screw length, lamina width (outer cortical and inner cancellous), lamina height (outer cortical and inner cancellous) and ideal

screw trajectory stratified by side of screw placement and gender*

Screw Screw Outer

Inner

Outer Inner

. . rew
l(emni((})l p value l(er?frtl})l p value cgnr‘tiltc}z:l p value cax(eiltlﬁus p value C}(l)elrt;;il p value ca}rllziegll}i)tus p value tra?jcefetory p value
(mm) (mm) (mm) (mm) (mm) (mm)
Side
R 314433 0.002 254+26 0059 6.0£1.2 0033 34+1.1 0003 18.6+20 0910 125+23 0.146 46.8+4.5 <0.001
Range 22.8-38.7 20.9-30.3 33-104 1.3-8.5 10.8-23.6 6.8-17.9 33.3-589
L 30.2+2.9 24.8+2.5 6.4+1.2 3.8+1.1 18.6+2.1 12.9+2.2 48.9+4.9
Range 21.5-37.8 20.5-32.1 39-10.7 1.6-7.2 12.9-23.3 8.3-18.4 32.9-56.4
Gender
M 313432 0.035 253+25 0267 6.7+1.3 <0.001 4.1+1.1 <0.001 19.5+1.6 <0.001 14.0+1.8 <0.001 47.6+4.8 0454
Range 21.5-38.7 20.9-32.1 4.3-10.7 2.3-85 15.9-23.6 10.6-18.4 32.9-58.5
F 30.4%3.0 24.9+2.6 5.7+1.0 3.1+0.8 17.8+2.0 11.4+1.9 48.1+4.8
Range 21.5-37.1 20.5-30.2 33-79 1.3-4.8 10.8-22.3 6.8-16.3 36.4-58.9

*All measurements are reported as the average=+SD, and the range. Statistical analysis was performed using Student’s t-test

whereas the inner cancellous height was

Table 3. Comparison of lamina outer cortical width and pedicle outer cortical width for potential

Lamina outer cortical width (%) Pedicle outer cortical width (%)

12.7+2.2 mm (Table 1). There was no  Screw diameter
difference in lamina height based on the

side of screw placement (Table 2). The Total <35
laminae in male patients, however, were <4.0
1.7 mm and 2.6 mm wider in the outer M <35
cortical and inner cancellous height <4.0
compared with females, respectively F <35
(p<0.001 and p<0.01, respectively). Both <40

1(0.41) 0(0)
4(1.67) 1(0.41)
0(0) 0(0)
0(0) 0(0)
1(0.83) 0(0)
4(3.33) 1(0.83)

outer cortical and inner cancellous lami-
na heights were 9.9 mm and 8.1 mm wider, respectively, than the
corresponding pedicle at C-7 (p<0.01) (Table 1).

Trajectory of the ILS

At C-7, the ideal ILS trajectory was 47.8+4.8° in relation to
the spinous process in the axial plane (Table 1). There was no
difference in ILS trajectory based on the gender (Table 2). The
laminae on left side, however, were 2.1° wider than those on
right side, respectively (p<0.01). Although the difference in tra-
jectory between the right and left met statistical significance
due to large sample size, this is not likely to be clinically mean-
ingful in guiding screw placement. In comparison with PSs, as
expected, significant differences were noted in trajectory due to
the difference in the axis of projection of the lamina versus the
corresponding pedicle (Table 1). The angle of screw trajectory
for ILS differed by 12.7° from PS placement trajectory.

Transpedicular screw length, pedicle width, pedicle
height and ideal screw trajectory

At C-7, the average maximum transpedicular length was 33.9
+3.1 mm, and the shortest screw length in any patient was 25.3
mm (Table 1). When stratified by side of placement, there was
no statistically significant difference in screw length on the right
versus left side (Table 4). The pedicles in male patients, howev-
er, were longer in maximum length by 1.5 mm compared with

females (p<0.01, respectively).

The average outer cortical pedicle width at C-7 was 6.8+1.2
mm, whereas the inner cancellous width was 4.3+1.0 mm (Table
1). There was no difference in pedicle width based on the side of
screw placement (Table 4). The pedicles in male patients, howev-
er, were wider in both outer cortical (by 1.2 mm) and inner can-
cellous (by 1.0 mm) width compared with females (p<0.01 and
p<0.01, respectively).

The average outer cortical pedicle height at C-7 was 8.7+1.3
mm, whereas the inner cancellous height was 4.6+1.0 mm (Ta-
ble 1). There was no difference in pedicle height based on the
side of screw placement (Table 4). The pedicles in male patients,
however, were 1.4 mm and 1.5 mm wider in the outer cortical
and inner cancellous height compared with females, respective-
ly (p<0.01 and p<0.01, respectively).

The ideal transpedicular trajectory was 35.1+8.1° in relation
to the spinous process in the axial plane (Table 1). There was no
difference in transepdiclar trajectory based on the gender (Ta-
ble 4). The pedicles on right side, however, were 4.9° wider than
those on left side, respectively (p<0.01).

Maximum lateral mass screw length

At C-7, the average maximum lateral screw length was 10.6+
1.3 mm, and the shortest screw length in any patient was 7.6
mm (Tables 5). When stratified by side of placement, there was
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Table 4. C-7 transpedicular screw length, pedicle width (outer cortical and inner cancellous), pedicle height (outer cortical and inner cancellous) and

ideal screw trajectory stratified by side of screw placement and gender*

Outer

Inner

Quter

Inner

Screw . . Screw
length  pvalue cortical p value cancellous p value cortical p value cancellous pvalue trajectory p value
width width height height N
(mm) ©)
(mm) (mm) (mm) (mm)
Side
R 34.0+35 0.671  6.8%1.2 0.818 44x1.1 0.062  8.6+0.9 0819  4.6x1.1 0.850 37.6%£8.2 <0.001
Range  25.3-43.5 39-11.3 2.3-9.2 5.5-12.0 2.3-8.0 24.2-54.4
L 33.842.8 6.8+1.2 4.2+1.0 8.7+1.3 4.6+1.0 32.7£7.3
Range 28.1-43.4 4.5-10.0 1.7-7.2 6.2-21.8 19-7.2 22.5-56.4
Gender
M 347434 <0.001 74+1.0 <0.001 48+1.0 <0.001 94+1.0 <0.001 54+1.0 <0.001 34.8+7.6  0.535
Range  25.3-43.5 5.2-11.3 2.4-9.2 6.5-12.8 3.8-8.0 22.5-56.4
F 33.242.6 6.2+1.0 3.840.9 8.0%1.1 3.9+0.9 35.5+8.7
Range  25.3-39.9 3.9-9.7 1.7-5.9 5.5-10.8 1.9-6.4 22.5-56.4

*All measurements are reported as the average=+SD, and the range. Statistical analysis was performed using the Student’s t-test

Table 5. C-7 lateral mass screw length stratified by side of screw place-
ment and gender*

Screw length (mm) p value
Side
R 10.6+1.4 0.732
Range 7.6-15.6
L 10.6+1.3
Range 7.6-15.0
Gender
M 11.0+1.1 <0.001
Range 8.2-15.0
F 9.5+1.4
Range 7.6-15.6

*All measurements are reported as the average+SD, and the range. Statistical
analysis was performed using Student’s t-test

Table 6. Lateral mass <10.0
Rt. lateral mass (%)

Lt. lateral mass (%)

Total 46/120 (38.33) 42/120 (35)
M 17/60 (28.33) 13/60 (21.67)
F 29/60 (48.33) 29/60 (48.33)

no statistically significant difference in screw length on the right
versus left side. There was no significant difference in lateral
mass screw length based on gender. Of the lateral mass screws,
36.7% were shorter than 10 mm (Table 6).

DISCUSSION

Intralaminar screw placement has recently emerged as an al-
ternative to PS fixation at C-2 due to the ease of screw insertion
and decreased risk of vertebral artery injury'®. Studies have also
shown the applicability of this technique in the subaxial cervical
spine and the thoracic region®. Although cadaveric and CT-
based analyses have been performed to assess the feasibility of

ILS placement at C-2, there is limited information in the litera-
ture regarding the critical proportions of the C-7 laminae as they
relate to the use of ILS”.

In this study, CT scans were used to estimate screw size and
placement in the C-7 spine; the average estimated ILS screw
length at C-7 was 30.8 mm. The shortest maximum ILS length at
C-7 in any patient was 22.5 mm compared with 33.9 mm of the
shortest maximum PS length at C-7. Although no studies to date
have looked at the maximum ILS length in the C-7 spine, Wang'?
found the average ILS length at C-2 to be 32 mm (range 27-37
mm) in his morphometric analysis of 38 cadaveric spines. Dean
et al.® reported the mean C-2 ILS length to be 24.8-28.8 mm, de-
pending on whether or not direct cadaveric measurements or CT
imaging was used. Based on this information, it appears that the
ideal ILS length is similar at C-2 when compared with C-7.

Our findings of variation in lamina length in the C-7 spine
are particularly important in the choice of screw size. It should
also be noted that male patients were able to accept a 0.8-mm
longer ILS at C-7 compared with females, thus gender must
also be considered when using this technique. Based on this in-
formation, we recommend that screws which are at least 22.5
mm in length can be used safely at C-7. With the advent of pre-
operative CT imaging, however, it is likely that longer screws
can be used without difficulty at the C-7 level in most patients.

Although screw length is an important factor affecting ILS
use in the C-7 region, lamina width is another key variable in
the applicability of this technique. In the 2006 study of ILS use
at C-2, Wang' reported that 37% of cadaveric specimens had
at least one lamina that would not accept a 3.5-mm screw with
1-mm clearance, whereas this increased to 47% of specimens
when 4.0-mm screws were used. Based on these findings, Wang'?
concluded that pre-operative CT scanning was crucial prior to
ILS placement at C-2 due to the high variability in the thickness
of the C-2 lamina. Dean et al.? also looked at lamina width at
C-2, showing that only 72% of specimens had lamina widths >5
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mm on CT imaging, whereas 95.2% had laminae >4 mm in
thickness. Based on the variability in lamina width at C-2, we
sought to measure lamina thickness at C-7 and to compare these
findings to screw diameter.

In this study, we found the average outer cortical lamina width
at C-7 to be 6.2 mm, and the inner cancellous diameter was 3.6
mm. When lamina width was compared with screw diameter,
98.3% of patients could accept bilateral ILSs that were 4.0 mm
in diameter with 1.0-mm clearance at the lamina and 99.6% at
the pedicle. This is in striking contrast to previous studies at
C-2, where cadaveric measurements have shown that only 53-
72% of patients met this size criterion.

Another important feature is the anatomic difference between
the lamina of C2 and C7. Anatomically, C7 is very similar to tho-
racic vertebra in that the spinous process is longer than the other
cervical spines, the spinous process is not bifid, and the trans-
verse processes are more prominent. In terms of lamina anato-
my, the thickest part of the C7 lamina is around the junction
between the middle and inferior thirds, which is similar to the
upper thoracic spine. It is also important to note that when the
lamina width was compared with the pedicle width at C-7 in
our study, the C-7 pedicles were wider than the corresponding
lamina by an average of 0.8 mm.

Although screw diameter appears to be similar between ILSs
and PSs at the C-7 level, a recent study has shown that ILSs have
superior insertional torque and inline pullout strength com-
pared with PSs at C-7. Cardoso et al.” postulated that the supe-
riority of ILSs in these biomechanical parameters is due to bi-
cortical lamina purchase relative to the corresponding pedicles.

One main advantage of ILS relative to PS placement is the
ability to visualize the dorsal lamina surface to guide screw tra-
jectory. A starting hole is typically chosen slightly cephalad at
the contralateral spinolaminar junction. The ILS trajectory is
then drilled with a hand drill, approximating the dorsal slope of
the contralateral lamina, making sure to avoid a ventral cortical
wall violation that could result in injury to the spinal cord. After
careful palpation of the tract with a ball-tipped probe, this tech-
nique is then repeated for the contralateral screw trajectory us-
ing a slightly caudal entry point at the spinolaminar junction.
Continuously threaded screws are then placed bilaterally to
provide maximal screw purchase. Using this technique as a
guide, the ideal ILS trajectory relative to the spinous process
was measured as 47.8 degree at C-7. Although no studies have
looked at this parameter in the C-7 spine, analyses at C-2 have
shown the lamina slope angle to be 42.45-48.45°. This com-
pares favorably with the results in our study. It is also important
to note that although a rather small variation exists in the angle
of ILS trajectory at C-7, striking differences exist in medial in-
clination during PS placement at this level.

Several limitations exist in our study. First, due to the 3-mm
axial CT image thickness, some information relating to lamina
and pedicle morphologic characteristics at C-7 may have been
missed. Second, due to the computer software used, all length

171

and width measurements were rounded to the nearest millime-
ter, and all angle readings were rounded to the nearest degree,
thereby potentially limiting precision. Finally, although axial
CT imaging allows ideal planning for screw length and trajec-
tory, this 2D information must be translated into the 3D oper-
ating room setting and should be correlated with surface land-
marks to guide screw placement.

CONCLUSION

Although C7 ILSs require intact posterior elements and may
not offer the theoretical benefit of 3-column fixation, the safety
profiles of C7 ILS relative to PSs and lateral mass screw make
this technique very appealing according to CT-based morpho-
logical measurements. Therefore, this technique could be used
either as a primary fixation technique and as a salvage proce-
dure following failed C7 PS placement, and in the case when
the VA course through the C7 transverse foramen or C7 pedicle
is not large enough to insert a screw. However, anatomical varia-
tions in the length and width must be investigated preoperatively
with thin-cut CT scan when placing a C7 ILSs. Also, longer pa-
tient follow-up is needed to determine the benefit, the rate of
fusion and instrument failure of C7 ILSs.
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