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Anatomy of Lamina of Subaxial Spine Based on
Computerized Tomographic Measurement
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Background: Translaminar screw fixation of C2 has been widely used because of the safety and the ease of surgical technique.
However, there were only few reports regarding anatomy of subaxial cervical spine for translaminar screw fixation.
Objective: To collect the database of morphometric parameters of lamina of subaxial cervical spines and determine the
feasibility of translaminar screw fixation at subaxial cervical spines.
Material and Method: The authors analyzed CT scans of cervical spines of 100 patients at Ramathibodi Hospital between
June and December 2016. Morphometric study of each lamina from C3 to C7 was done. The feasibility of translaminar screw
placement was determined and analyzed.
Results: There were 61 male and 39 female patients. The largest laminar thickness was at C7 while the smallest was at C5.
C7 translaminar screw placement provided a high success rate of 97% and 89% by unilateral and bilateral screw placement,
respectively. C3 and C6 had a moderate chance of success but relatively poor chance of success at C4 and C5. There were no
statistical differences between genders, left and right side in terms of morphometric parameters, and feasibility of screw
placement.
Conclusion: C7 translaminar screw placement offers an alternative method of posterior fixation in subaxial cervical spine.
There are variations in thickness of lamina of C3 and lamina of C6, therefore, a CT scan of cervical spine is recommended
before the attempt of screw placement. C4 and C5 translaminar screw should be avoided due to the small diameter of lamina.
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Posterior fixation of subaxial cervical spine
has been used for a long time for many spinal
pathologies. The common approaches are lateral mass
screw fixation and pedicular screw fixation. Although
pedicular screw fixation offers a strong biomechanical
stability(1), technically it is more challenging, and could
lead to a disastrous neurovascular complications(2-4).
Lateral mass screw fixation is an easier technique with
less complications but provides less biomechanical
stability(1).

In some situation, either method might not be
applicable due to abnormal vertebral arteries, lateral
mass breakage, and incompatible pedicle size, therefore,
the translaminar screw insertion was introduced as a

salvage technique. The translaminar screw placement
is commonly used at C2 vertebra due to the safety and
the ease of surgical technique(5,6). However, the
suitability of this technique for subaxial cervical spines
is still inconclusive. There are some studies regarding
the feasibility of this technique with a 3.5 mm diameter
screw. Alvin et al(7) and Shin et al(8) used a computer
simulation to place the 3.5 mm-diameter translaminar
screw. They proposed that a 4 mm-diameter of lamina is
required to achieve the successful 3.5 mm-diameter
screw placement.

The present study aimed to collect the
database of morphometric parameters of lamina of
subaxial cervical spines and determine the feasibility
of translaminar screw fixation at subaxial cervical spines.

Material and Method
CT scans of cervical spines of 100 patients at

Ramathibodi hospital between June 2016 and December
2016 were included for measurement. All imaging was
performed with a 128-MDCT scanner (Aquilion CX,
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Level       Mean laminar Mean Mean
     thickness (mm) laminar laminar

length height
  Inner  Outer (mm) (mm)

C3 1.7+0.7 3.8+0.8 19.9+1.9 12.1+1.2
C4 1.0+0.6 2.9+0.8 20.1+2.2 12.2+1.3
C5 0.9+0.5 2.8+0.7 20.9+2.1 12.7+1.3
C6 1.5+0.8 3.6+0.7 21.2+2.4 13.9+1.5
C7 3.1+0.9 5.4+1.0 23.3+2.5 16.3+1.8

Table 1. Morphometric details of subaxial cervical spine

Toshiba medical systems). Three-dimensional software
(Vitrea2, Vital images) was used to reconstruct the
acquired image into 1-mm-thick CT images in three
orthogonal planes. Standard protocol for bone window
with window level of 650 and window width of 3,500
was used for measurement. The exclusion criteria were
age, younger than 18 years old, pathology of the
posterior column (fractures, tumors, and infection),
previous surgery at posterior column, and poor image
quality. The study has been reviewed and approved
by the local research ethics committee at Ramathibodi
Hospital, Mahidol University on human rights related
to research involving human subjects, based on the
declaration of Helsinki.

Each lamina from C3 to C7 was measured
bilaterally. On the axial plane, the authors measured the
thickness and length. The thickness of inner and outer
diameters were measured at the narrowest portion of
lamina. The length of laminae was measured from the
outer cortex of the contralateral spinous process (entry
point) to the junction of lamina and lateral mass. On
sagittal plane, the height of laminae were measured
(Fig. 1).

The feasibility of 3.5 mm diameter translaminar
screw placement was determined success if the outer
diameter of laminar thickness and laminar height is at
least 4mm. in both parameters.

The statistical analysis was performed with
STATA software version 12.2. The results were
expressed in mean + standard deviation. Student’s t-
test was used to assess the difference of parameters.
Statistical significance was determined as p-value
smaller than 0.05.

Results
CT scans of cervical spine of 100 patients were

studied. Bilateral laminae at each level from C3 to C7
were measured. Therefore, there were 1,000 laminar
measurement. Sixty-one patients were male, and 39
patients were female. The mean age of the patients was
47+18.9 years (range 18 to 86).

Table 1 summarizes the morphometric details
of each laminar level. The mean thickness of inner
diameter of laminae of C3, C4, C5, C6, and C7 were 1.7,
1.0, 0.9, 1.5, and 3.1 mm, respectively. The mean
thickness of outer diameter of laminae of C3, C4, C5,
C6, and C7 were 3.8, 2.9, 2.8, 3.6, and 5.4 mm, respectively.
The largest diameter of lamina was at C7 while C5 lamina
had the smallest diameter. The mean length of lamina
was 21.1 mm. The longest lamina is at C7 while the
shortest is at C3. The mean laminar height was 13.5 mm

(range 4.2 to 21.6 mm). The highest lamina was at C7
and the lowest was at C3. There was no statistical
difference in width, length, and height between left
and right side (Table 2) and between men and women
(Table 3).

The feasibility of unilateral translaminar screw
fixation at C3, C4, C5, C6, and C7 was 50, 16, 10, 40, and
97%, respectively. While, the feasibility of bilateral
translaminar screws fixation at C3, C4, C5, C6, and C7
was 31, 4, 2, 19, and 89%, respectively. As a result, the
chance of successful fixation is highest at C7 and lowest
at C5. There was no statistical difference between men
and women in success rate of translaminar screw
fixation in all levels as described in Table 4 and 5.

Discussion
Posterior fixation of subaxial cervical spine

Fig. 1 Measurement of inner diameter of lamina (A), outer
diameter of lamina (B), height of lamina (C) and
length of lamina (D).
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Level               Unilateral fixation p-value

Men, n (%) Women, n (%)

C3  32 (52.46)   18 (46.15)   0.54
C4  12 (19.67)     4 (10.26)   0.27
C5    7 (11.48)     3 (7.69)   0.45
C6  25 (40.98)   15 (38.46)   0.61
C7  60 (98.36)   37 (94.87)   0.84

Table 4. Feasibility of unilateral translaminar screw
placement

Level                 Bilateral fixation p-value

Men, n (%) Women, n (%)

C3  19 (31.15)    12 (30.76)   0.97
C4    4 (6.56)      0 (0)   0.10
C5    2 (3.28)      0 (0)   0.75
C6  10 (16.39)      9 (23.08)   0.76
C7  56 (91.8)    33 (84.6)   0.40

Table 5. Feasibility of bilateral translaminar screw placement
screw

could be done in various techniques. The well-known
techniques are pedicular screw and lateral mass screw
fixation. The former provides high pullout strength but
carries a risk of serious neurovascular injury, while the
latter provides lower biomechanical strength but offers
a lower rate of neurovascular injury(1). In some situation,
either technique may not be applicable such as lateral
mass breakage or abnormal vertebral arteries(2-4).
Translaminar screw placement of subaxial cervical
spine is considered to be an alternative method of
fixation(9-12).

In 1999, Xu et al(13) studied the anatomy of
lamina of C2 to L5 from 37 cadaveric specimens. They
found that the overall parameters of subaxial cervical
spine were greater in men than in women and C4
demonstrated the smallest thickness of all subaxial
cervical spine while the largest thickness was at C2.
The mean thickness of C3 to C7 did not seem to be
suitable for translaminar screw fixation.

In 2004, Wright(5) had described a novel
technique of bilateral C2 translaminar screw fixation.
This technique has been widely accepted not only in
literatures, but also in real practice afterwards. The
practice of this technique also extended into C7 and
upper thoracic spines of both pediatric and adult

population(9,10,12,14). However, the usefulness of this
approach for remaining subaxial spines remains
controversial. There were some studies of subaxial
laminar morphology and feasibility of translaminar screw
placement in subaxial cervical spines, but the results
varied among ethnic groups(15).

The present study aimed to collect database
of morphometric of subaxial cervical spines and to
determine the feasibility of translaminar screw
placement. The authors found that mean laminar
thickness decreased from C3 to C5 and then increased
from C5 to C7. Although Yusof et al(16) described the
smallest thickness at C4, the present study showed
that the smallest thickness was at C5. The difference
between these results could be from the difference in
population groups. The authors found that laminar
thickness did not significantly differ between men and
women. This finding was described by other
studies(7,8,15).

Mean thickness of outer diameter of subaxial
spine in present study ranged from 2.8 to 5.4 mm,
whereas mean laminar height ranged from 12.1 to 16.3
mm. These findings showed that feasibility of
translaminar screw placement depends mainly on
laminar thickness rather than laminar height. Yusof et
al(16) proposed that the determination of successful
translaminar screw placement rely on the thickness of
lamina because the thickness is consistently smaller
than height(16).

The feasibility of unilateral translaminar screw
placement was impressively high at C7 (97%) then
decreased to 50%, 40%, 16% and 10% at C3, C6, C4 and
C5, respectively. There was no statistically significant
difference between men and women, which is similar to
the studies of Alvin et al(7) and Yusof et al(16). Shin et
al(8) described that the success rates of unilateral screw
placement were significantly higher in male than in
female at C7 (96.5% vs. 85.5%, p<0.001) and at C6 (41.7%
vs. 20.5%). However, the success rate at C7 was still
high in both sexes. Nakanishi et al(11) demonstrated
low success rate of translaminar screw placement for
subaxial spine from 0 to 39%. The marked drop in
success rate was due to different criterion of screw
failure. They used inner diameter of laminar thickness
as a criterion for feasibility of screw placement rather
than outer diameter of laminar thickness as in other
studies.

At C7, bilateral translaminar screw fixation
still offers a high success rate of 89% while at C3 and
C6 the success rate decreased to 31% and 19%,
respectively. The similar findings were demonstrated
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in previous studies(7,8). The present study showed no
significant difference in success rate between men and
women. In contrast, Shin et al(8) founded that men had
significantly higher success rate for bilateral screw
fixation than women (68.8% vs. 52%, p<0.001).

There are some limitations of the present
study. First, the present study based on CT scan of
cervical spine to study the anatomy and feasibility of
translaminar screw placement at subaxial cervical spine
instead of real cadavers, which is more realistic than
CT scan. However, in this way we could recruit more
patients into the study. Second, the feasibility of the
screw placement relies on the thickness of lamina
without actual screw placement or computer simulation,
so the accuracy of the result might be less reliable.
However, we counter this problem by following the
previous study of Alvin et al(7) and Shin et al(8), which
determine that success screw placement required at
least 4 mm of laminar thickness. Size of screw is another
limitation. If the surgeons use screw larger than 3.5
mm, the success rate might not be as high as
demonstrated in the present study.

Conclusion
C7 translaminar screw placement could be

used as an alternative fixation method because of a
high success rate. However, translaminar screw fixation
at C3 and C6 without CT scan to determine the
thickness of lamina is not recommended and should
not be used as a routine method. As the translaminar
screw placement at C4 and C5 provides a very low
success rate, the authors suggest avoiding the
procedure at these levels. Gender did not seem to play
a significant role in success rate of screw placement.

What is already known on this topic?
There were some studies of subaxial laminar

morphology and feasibility of translaminar screw
placement of subaxial cervical spines. However, the
results varied. Most studies reported highest success
rate of subaxial translaminar screw placement at C7.

What this study adds?
The present study showed additional data of

subaxial laminar morphology and the feasibility of
translaminar screw placement. The highest success rate
was at C7 while C3 and C6 showed moderate success
rate, and C4 and C5 had very poor chance of success.
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