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Computed Tomography-Based Feasibility Study of
C1 Posterior Arch Crisscrossing Screw Fixation
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Study Design: Retrospective radiographic analysis.

Purpose: Posterior fixation of C1 using screws is the most popular technique among the various methods for C1 stabilization, but it
places the surrounding neurovascular structures at risk. Approximately 20% of the population has an anomalous groove for the verte-
bral artery; therefore, salvage methods are necessary. Therefore, we analyzed the feasibility of a newer C1 posterior arch crisscross-
ing screw fixation technique and studied its feasibility in the Indian population on the basis of the anatomy of the C1 posterior arch.
Overview of Literature: Multiple techniques have been described for C1-C2 fixation, such as wiring techniques, interlaminar
clamps, transarticular screws, screw-plate/screw-rod system fixation, and hook-screw system fixation techniques, to provide rigid
C1-C2 stability. However, although C1 fixation has evolved with time, it is not complication-free.

Methods: A 100 computed tomography (CT) scans of cervical spines with 1 mm slice thickness in the axial and sagittal sections
obtained were randomly selected for the evaluation. Atlantoaxial anomalies due to trauma, deformities, infections, and tumors were
excluded. All the images were measured for height of the posterior tubercle, width of the posterior arch, and length of the screw, and
the screw projection angle was calculated. Demographic data were collected for all the subjects.

Results: Out of the 88 CT scans analyzed, the mean height of the posterior tubercle was 7.4 mm, wherein 84.09% exceeded 7 mm,
and the width of the posterior tubercle was 5.4 mm, wherein 88.6% (n=78) had posterior arch width >3.5 mm. A total of 13.6% (n=12)
vertebrae were not suitable for screw placement, whereas 75% (n=66) vertebrae could accommodate 3.5x15 mm or longer screws.
The screw projection angles ranged from 11.2° to 35° on the right and from 15.6° to 38.2° on the left.

Conclusions: C1 posterior arch screw fixation is a feasible and safe method because it poses little risk of injury to the surrounding
neurovascular structures.
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Introduction bending, and rotation. C1-C2 articulation lacks a disc in

between, and their stability mainly relies on the articular

The occipital-atlantoaxial complex comprising C0-C1 and osseous structures along with the surrounding liga-
(atlanto-occipital complex) and C1-C2 (atlantoaxial ments [1,2]. Etiologies such as trauma, inflammatory dis-
complex) articulations plays a unique role with important eases, tumors, or congenital malformations lead to dam-
functions such as providing cervical flexion-extension, age of these vital elements and cause instability, which
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may result in local pain, motor disability, and even death,
often necessitating surgical intervention for realignment
fixation and decompression [3].

Multiple techniques have been described for C1-C2
fixation. Posterior fixation techniques were widely used
to provide rigid C1-C2 stability, including wiring, Brooks
and Jenkins [4] and Gallie [5] techniques, interlaminar
clamps, Magerl atlantoaxial transarticular (TA) screws
[6], screw-plate system fixation, screw-rod system fixa-
tion (Harms and Melcher [7] technique and Goels and
Laheri [8] technique), and hook-screw system fixation [9].
At present, screw fixation has replaced wires or hooks to
provide greater rigidity and prevent most postoperative
movement [10]. An added advantage of the screw fixation
technique is the immediate stability obtained, obviating
the need for halo vest immobilization.

Posterior fixation of C1 using screws is the most popu-
lar technique among the various methods for C1 stabiliza-
tion [11]. However, it places the surrounding neurovascu-
lar structures such as the vertebral artery (VA), C2 nerve
root, and internal carotid artery, spinal cord, and hypo-
glossal nerve at grave risk, resulting in troublesome bleed-
ing and even cerebral infarction [12]. Also, approximately
20% of the population has an anomalous groove for the
VA in the C2 pars interarticularis on at least one side,
which places the VA in the direct path of a C1-C2 TA
screw [3]. Although C1 fixation has evolved with time, it
is not a complication-free procedure. Salvage methods are
necessary when there is anatomical variation, traumatic
or iatrogenic damage, or suspected VA injury. Thus, we
analyzed the feasibility of a newer C1 posterior arch criss-
crossing screw fixation technique and studied its feasibil-
ity in the Indian population on the basis of the anatomy of
the C1 posterior arch.

Materials and Methods

1. Radiological evaluation of C1 arch anatomy

A 100 computed tomography (CT) scans of cervical spines
with 1 mm slice thickness in the axial and sagittal sections
obtained at Indian Spinal Injuries Centre were randomly
selected for evaluation. Informed consent was obtained
from all individual participants included in the study.
Institutional review board approval was taken for the
present study (IRB approval no., ISIC/RP/2019/048). Im-
ages obtained in the supine position with the scan image

Fig. 1. The red arrow shows the height of the posterior tubercle in the
mid-sagittal section of computed tomography of the cervical spine.

alignment parallel to the posterior C1 arch were selected.
Criterion for inclusion was scan image alignment parallel
to the posterior C1 arch. Twelve of the scans not suitable
for analysis because of the quality of the CT scan were ex-
cluded. Atlantoaxial articulation anomalies due to trauma,
deformities, infections, and tumors were also excluded
from the study. All the images were measured using the
picture archiving communication system by two indepen-
dent surgeons (G.S. and M.A.). The height of the posterior
tubercle on the sagittal plane through the middle plane
was measured (Fig. 1). The width of the posterior arch was
measured in the following three parts: (1) at the posterior
tubercle; (2) just medial to the VA groove, where the arch
transforms into the VA groove; and (3) at the middle part
between the posterior tubercle and the medial of the VA
groove (Fig. 2). The length of the screw from the entry
point to the interior VA groove was recorded (Fig. 2), and
the screw projection angle was calculated as the angle of
the screw on the horizontal plane as described by Jin et al.
[3]. Demographic data were collected for all the subjects.
The average and standard deviation were calculated to
evaluate whether the routinely used 3.5-mm-diameter
screws could be placed in a crossed manner in the poste-
rior arch of the atlas as well as to determine the length and
angle of the screws.

The technique for the posterior arch screw (PAS) place-
ment involves exposure of the dorsal part of the posterior
arch and then identification of the entry points approxi-
mately 2 mm from the posterior tubercle on the opposite
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Fig. 2. Red colored arrows on the right side arch show the width of the
posterior arch; part 1, medial of the VA groove, where the arch trans-
forms into the VA groove; part 2, middle part between the posterior
arch and medial of the VA; part 3, posterior tubercle. On the left side,
the yellow arrow shows the screw length. VA, vertebral artery.

Fig. 3. Pictorial representation of the crisscrossing posterior arch
SCrews.

side. The lower one is 1 mm below the middle part of the
posterior tubercle and parallel to the inferior rim of the
C1 arch, and the upper one was 2 mm higher on the other
side to avoid screw interference (Fig. 3).

2. Interobserver and intraobserver reliability

The kappa coeflicients for intraobserver reliability of the
posterior tubercle height, width of the arch, length of the
screw, and angle of the screw were 0.85 (95% confidence
interval [CI], 0.74-0.95) and 0.89 (95% CI, 0.79-0.99),
respectively. The kappa coefficients for interobserver reli-
ability were 0.74 (95% CI, 0.59-22 0.88) and 0.75 (95% CI,
0.64-0.87), respectively, indicating high conformity.
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Results

A total of 88 CT scans were reviewed, of which 56 be-
longed to males and 32 belonged to females. The average
age of the patients was 43.4+16.2 years (range, 27.2-60
years). The mean height of the posterior tubercle was
7.4+0.8 mm (range, 5-9.3 mm), in which 84.09% exceed-
ed 7 mm. The average width of the medial part of the VA
groove (where the arch transforms into the VA groove)
was 5.4+1 mm on the right side and 5.8+1.1 mm (range,
2.5-8.6 mm) on the left. The width of the middle part of
the arch was 4.9+1 mm (range, 2.5-7.2 mm) on the right
side and 5.2+1.1 mm (range, 2.3-9.8 mm) on the left. The
width of the posterior tubercle was 5.4+1.6 mm (range,
2.8-11.8 mm), in which 88.6% (n=78) had posterior
arch width more than 3.5 mm. A total of 13.6% (n=12)
vertebrae were not suitable for screw placement, as their
posterior arch was thinner than 3.5 mm. The length of the
screws was 16.9+1.5 mm on the right side (range, 13.5-20
mm) and 16.7+2 mm on the left (range, 13-25.4 mm). A
total of 75% (n=66) vertebrae could accommodate 3.5x15
mm or longer screws into their posterior arch. The screw
projection angles ranged from 11.2° to 35° on the right
and from 15.6° to 38.2° on the left. The summary of the
results is shown in Table 1.

Discussion

Because the atlantoaxial joint is highly mobile with great
range of motion, it requires rigid fixation in order to
achieve higher rates of fusion [13]. Technically, easy wir-
ing techniques provide poor bending stability, have risk
of failure with nonunion rate of 10%-15%, and pose an
ever-present risk of injury to the spinal cord. They also
often require additional external immobilization [14]. TA
screws (Magerl technique), however, offer resistance for
bending and rotation but are weaker in flexion-extension
[15]. Also, they cannot be used in unreduced C1-C2 sub-
luxations, thoracic hyperkyphosis, cervical hyperlordosis
or obesity, and VA anomalies. Literature shows that there
is up to 23% variation in the course of VA [16], which in-
creases the chances of VA injury using this technique.

At present, the CI1 lateral mass screw (LMS) fixation,
described by Harms and Melcher [7] and Goel and Laheri
[8], which uses screw-plate or screw-rod constructs, re-
duces the risk of VA injury when compared with the TA
technique method, which is more popular, and allows for
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Table 1. Summary of results of the study

Meanz+standard deviation

Height of the posterior tubercle (mm) 7.4+0.8 5-9.3 7
Length of the screw (mm)
Right 16.9+1.5 13.5-20 17.8
Left 16.7+2.0 13.0-25.4 16
Angle of the screw (°)
Right 23.9+5.6 11.2-35 21
Left 26+5.3 15.6-38.2 232
Width of the posterior tubercle (mm) 5.4+1.6 2.8-11.8 58
Width of the posterior arch (mm)
Right 5.4+1.07, 4.9+1.0" 25-8.6%,2.5-7.2" 67 4.9”
Left 5.8+1.1%,5.241.1" 35-85%,2.3-98" 6.3", 6.6

VA, vertebral artery.
“Medial of the VA groove where the arch transforms into the VA groove. “Middle part between posterior tubercle and medial of the VA groove.

intraoperative reduction of atlantoaxial subluxation. Bio-
mechanical studies revealed that the stability of the C1-
C2 pedicle screw fixation technique is equivalent to that
of the Magerl technique [17,18], and increased fixation
points lead to higher stability [19].

Though the CI lateral mass and pedicle screws have
been improved to reduce the risks of neurovascular injury
and are a common method of fixation, it is technically
demanding and not complication-free. It is difficult to
insert the screw, especially when the lateral mass is ob-
scured by a thick posterior arch, anomalous VA, or large
paravertebral venous plexus or when there is a high risk
of bleeding from the venous plexus [20]. Failure to recog-
nize anatomical variations in the third segment of VA and
screw misplacement may lead to disastrous complications
after C1 screw fixation [11]. It may cause formation of an
arteriovenous fistula, occlusion, dissection of the VA, and
massive bleeding [21,22], which may cause loss of con-
sciousness and, occasionally, impairments in respiration
and cardiovascular stability, secondary medullar or cer-
ebellar infarction, and, rarely, death. C2 neuropathy is a
well-known complication after C1 screw fixation, whether
the C2 root is cut or not [20]. The incidence of complica-
tions and the prognosis of the patients may vary with the
screw entry point, pathology, surgical method, and expe-
rience. Thus, new methods are needed to overcome these
complications. The C2 laminar screw proposed by Wright
[23] is a good alternative in clinical practice which pro-
vides equivalent acute stability to C1 LMSs and C2 pars
screws [24]. These screws pose absolutely no risk of VA

injury.

The PAS is a safe alternative when compared with the
C1 lateral mass or pedicle screw. This technique lowers
the risk of bleeding from the venous plexus and VA in-
jury. Floyd and Grob [25] and Donnellan et al. [26] used
C1 laminar screw techniques and obtained ideal post-
surgical outcomes. However, multiaxial heads make the
fixation difficult because of interference. Also, Zarro et al.
[27] in their biomechanical analysis demonstrated that
the PASs offered significantly superior resistance to pull-
out in the axial direction compared with the LMSs. Jin et
al. [3] in their morphometric analysis of the C1 posterior
arch demonstrated that 11% were not suitable for crossing
screw placement as the posterior arch was flat and the en-
try point was on the same side. Thus, we decided to study
the feasibility of C1 crossing PASs in the Indian popula-
tion which may serve as an ideal alternative or salvage
screw when required. Until date, no study that determines
the feasibility of this type of screw in the Indian popula-
tion exists.

According to our study, the mean height of the poste-
rior tubercle was 7.4+0.8 mm (range, 5-9.3 mm), wherein
84.09% exceeded 7 mm compared with 91.51% in the se-
ries by Jin et al. [3]. The average width for the medial part
of the VA groove (where the arch transforms into the VA
groove) was 5.4+1 mm on the right side and 5.8+1.1 mm
(range, 2.5-8.6 mm) on the left. The width of the middle
part was 4.9+1 mm (range, 2.5-7.2 mm) on the right side
and 5.2+1.1 mm (range, 2.3-9.8 mm) on the left. The
width for the posterior tubercle was 5.4+1.6 mm (range,
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2.8-11.8 mm), wherein 88.6% (n=78) had a posterior arch
width >3.5 mm. A total of 13.6% (n=12) vertebrae were
not suitable for screw placement because their posterior
arch was thinner than 3.5 mm. Jin et al. [3], the only study
before this, measured 64 CT scans and found that the
mean value of medial of the VA groove where the arch
transforms into the VA groove was 4.70+0.16 mm on the
left side and 4.62+0.16 mm on the right; the width of the
middle part between the arch was 4.80+£0.72 mm (left
side) and 4.79+0.69 mm (right side); the width of the pos-
terior tubercle was 6.05+0.71 mm; and 93.40% of the atlas
posterior arches could hold 3.5-mm-diameter multiaxial
screws. The mean value of the posterior tubercle height
was 7.88+0.24 mm, in which 91.51% were >7 mm, indi-
cating that most of the posterior tubercles could contain
two 3.5 mm crossing screw fixations. When compared,
our results were consistent with their results. Doherty
and Heggeness [28] measured 88 dried C1 specimens
and reported that the width of the posterior arch was
8.0+2.1 mm. Christensen et al. [29] found that the thick-
ness of the median of the arch was 7.82+2.64 mm in 120
C1 specimens and the average height was 9.58+2.26 mm.
These results were same as those of our study, wherein the
width of the posterior arch was thicker than 3.5 mm. This
finding indicates that the posterior arch could contain one
3.5-mm screw whereas the posterior tubercle was >7 mm,
indicating it could contain two 3.5-mm-diameter multi-
axial crossing screws up and down. Moreover, the length
of the screw could remain in a safe range, and the mean
length of the screws was 16.9£1.5 mm on the right side
(range, 13.5-20 mm) and 16.7+2 mm on the left (range,
13-25.4 mm); 75% (n=66) of the vertebrae could accom-
modate 15 mm or longer screws in their posterior arch.
In a study conducted by Jin et al. [3], the mean value was
16.06+0.57 mm on the left side and 15.98+0.56 mm on
the right; 65.57% of our measurements exceeded 15 mm.
Ebraheim et al. [30] studied 50 specimens and showed
that the distance from the C1 posterior arch tubercle to
the medial side of the VA groove was 10.4+1.7 mm for
the male subjects and 8.9+0.8 mm for the female subjects.
The screw insertion angle also influenced the crossing of
trajectories, and it ranged from 11.2° to 35° on the right
angle and 15.6° to 38.2° on the left.

Jin et al. [3] also studied the biomechanical testing of
these screws and compared it with that of the C1 pedicle
screws (C1 PS), and they found that C1 PS and PAS sys-
tems significantly decreased C1-C2 movement in the
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intact condition by 55.0% and 69.6% in flexion and 53.8%
and 50.4% in extension, respectively. In axial rotation,
the C1 PS and PAS systems significantly reduced flex-
ibility by 86.7% and 87.8% in the right axial rotation and
88.3% and 91.7% in the left axial rotation, respectively. In
lateral bending, there was a trend for the C1 PS and PAS
systems toward decreased flexibility compared with the
intact condition; however, the C1 PS system decreased the
C1-C2 movement in the intact condition by 52.3% in the
left bending and 54.8% in the right bending, respectively,
whereas the PAS system decreased these movements by
33.0% in the left bending and 24.4% in the right bending,
respectively. Furthermore, no significant difference was
detected for the left bending when the PAS system was
compared with the C1 PS system, indicating the PAS sys-
tem could obtain the same stability as the PS.

PAS fixation provides a safe alternative to avoid risk to
the VA as well as adequate fixation in patients with a small
pedicle of the vertebral arch. It is also a treatment of the
dominant side in cases of asymmetrical VAs or the oppo-
site side in cases of unilateral VA occlusion, patients with
a large paravertebral venous plexus, and patients with
a fracture that extends near the lateral mass or pedicle
screw insertion site.

In PAS, the entire screw path can be directly visual-
ized or palpated with the instruments, and this technique
seems safe, accessible, and less technically demanding
than the other CI fixation techniques, though the risk
of damage to the dura or spinal cord is still present. Ad-
equate exposure is necessary to avoid such complications
and provide accurate screw angle trajectory. Preoperative
individual assessment is an essential element to avoid pos-
sible complications in C1-C2 fixation techniques.

Conclusions

The C1 PAS fixation is a feasible method, can be safely
practiced, and imposes little risk of injury to the sur-
rounding neural and vascular structures as long as the
implants remain intraosseous.
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