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Many pathologies can cause instability of the 
cranio-vertebral junction (CVJ). Among the most 
common diseases must be considered trauma-
tisms [1], neoplasms [2, 3], inflammation [4], but 
also congenital malformations [5]. Instability of 
the CVJ is a potentially life-threatening condition 
and improper treatment can lead to severe neuro-
logical deficits as well as continuous, excruciat-
ing pain in the neck. Conservative treatments are 
often disappointing, and surgery must always be 
taken in consideration when approaching insta-
bility of the CVJ, being in many cases the only 
therapy that can provide satisfactory results.

Anterior approaches to the CVJ are usually 
limited to few and selected cases and, with the 
exception of type II C2 fractures, posterior 
approach must be considered the first choice to 
restore stability of the axial cervical spine.

 History

Posterior sub laminar wiring of C1 and C2 was 
attempted in 1910 by Mixter and Osgood [6]. 
Foerster, in 1927, was the first to describe the use 
a peroneal graft to treat a trauma of the cranio- 

vertebral region [7]. However, the first widely 
used surgical technique to restore stability of the 
C1–C2 segment was posterior fusion with wires 
and autograft and was developed by Gallie et al. 
in 1939 [8].

Gallie’s technique gained wide appreciation 
and has been used for many years; in 1978 Brooks 
and Jenkins [9] proposed a modification of the 
original technique. The development of the con-
cept of posterior C1–C2 wiring and grafting is 
represented by clamps between the posterior arch 
of C1 and C2 laminae. Integrity of the posterior 
arch of the atlas was necessary and postoperative 
immobilization was strongly recommended. 
When the posterior arch of C1 was interrupted 
the occiput had to be involved in the fusion lead-
ing to a complete abolition of rotatory move-
ments and severe limitation of flexo-extension of 
the head.

In 1987 Magerl and Seeman proposed the 
union of C2 to C1 by two screws that, passing 
through the C2 isthmus, were screwed to the C1 
lateral masses [10]. The integrity of the posterior 
arch of C1 was no longer needed and the con-
struct was so stable that also postoperative course 
did not require firm immobilization. In 1994 
Goel and Laheri [11] published an original tech-
nique where two screws were placed in the lateral 
masses of C1 and two screws in the isthmus of 
C2. The screws were connected by plates realiz-
ing the stabilization of the C1–C2 segment. Some 
years later Harms and Melcher [12] proposed a 
modification of this technique that gained great 
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popularity in the following years. In 2004 Wright 
[13] proposed a modification of the Harm’s tech-
nique which avoided the risk of C2 isthmus per-
foration; the caudal screws were inserted in the 
laminae and connected to the lateral mass screws.

 Conservative Treatment

Pathologies that can be treated by external immo-
bilization are mainly traumatic: fractures of the 
atlas, fractures of the dens (reducible fractures 
type 2 and 3 according Anderson and D’Alonzo) 
[14]. The goal of an external fixation is to main-
tain an optimal alignment of the axis for a time 
long enough to provide healing and fusion (usu-
ally 3–4 months). The best way to obtain stability 
of the cranio-vertebral junction by non-surgical 
techniques is positioning a halo-cast or halo-vest 
[15, 16], even though a Philadelphia collar has 
been proposed to treat C2 fractures [17]. The 
sternal-occipital-mandibular immobilizer 
(SOMI)—brace has also been used in the past 
[18]. The most common traumatic lesion of the 
axis is the C2 fracture type II. Conservative treat-
ment of this type of lesion has been reported by 
many authors [19], but a high percentage of non- 
union has also been reported. Unfavorable results 
are related to many factors, first of all the presen-
tation of fracture. When translation was larger 
than 6  mm, the non-union rate was as high as 
86% while the results were much better in the 
cases of dislocation inferior to 4  mm. Another 
crucial point is the age of the patients: non-union 
in patients older than 50 [20, 21] is frequently 
observed. Neurological status is also important; 
in the presence of progressive neurological defi-
cits or serious impairment of functions as well as 
in non-cooperative patients, conservative treat-
ment should be avoided. Finally, other lesions 
involving the cranial and facial bones and tho-
racic and pulmonary conditions can prevent the 
correct positioning of a halo vest.

Halo positioning requires insertion of four 
pins in anterior and posterior position, through 
the skin and secured to the skull. The direction is 
vertical, with a 90° angle with the skull, as a dif-
ferently angled direction decreases biomechani-

cal resistance [22]. The secure zone for the 
anterior pins insertion is quite small and is repre-
sented by an area of about 10 cm2 1 cm above the 
orbital ridge on the external part of the forehead 
in order to avoid the arterial branch of the super-
ficial temporal artery laterally and the supra- 
orbitary nerve superiorly and medially.

Non-union is the most common but not the 
only complication following conservative treat-
ments of cranio-vertebral junction. Cutaneous 
ulcers are quite common [23], but nerve palsy, 
particularly of the marginal mandibular nerve 
(terminal branch of the facial nerve) has also 
been reported [24]. As far as halo is concerned, 
loosening of the pins is a common complication 
[25]. Cutaneous infection can follow the posi-
tioning of the pins [26] but infections can involve 
also bone and intracranial structures [21, 27, 28] 
and subdural as well as epidural hematoma [29].

Presently conservative treatment should be 
restricted to axis traumatic lesions with minimal 
dislocations, in young patients without neurolog-
ical abnormalities; patients with systemic dis-
eases that carry high operative risk should be 
treated conservatively as well.

In all other cases surgical treatment should 
represent the first choice.

 Biomechanical Analysis of Surgical 
Treatments

The goal of the surgical treatment is to provide a 
stabilization of the unstable segment (i.e. the 
axial part of the cervical spine) as strong as pos-
sible. On the other hand, as every posterior stabi-
lization leads to loss of motion, the ideal treatment 
should be the strongest and the least 
invalidating.

Many biomechanical studies have investigated 
the ability of the different treatments of stabiliz-
ing the C1–C2 segments. According Sim et  al. 
[30], who measured the range of movement and 
the neutral zone of cadaver specimens after dif-
ferent techniques of stabilization, posterior wir-
ing (PW), trans-articular screws (TA) and screws 
in C1 lateral masses combined with C2 screwing 
(C1LM-C2 PS) are all able to stabilize an 
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 unstable axis in flexion–extension. However, 
posterior wiring couldn’t give enough stability at 
rotational and lateral bending tests, and were 
therefore considered insufficient. The three-point 
reconstruction, using TA and PW provided the 
best results in all the tests, but also the C1LM-
C2PS achieved a sufficient stability in the three 
planes.

A recent review has been published by Du 
et al. in 2015 [31]. The authors found differences 
in the results of the single papers, but generally 
TA, C1LM-C2PS provided good stabilization in 
the three movements tested, while screwing C1 
lateral masses and trans laminar C2 (C1LM- 
C2TL) were less effective in the lateral bending 
tests.

 Posterior Wiring and Clamps

The original Gallie’s technique utilized a single 
bone harvested from the iliac crest and placed on 
the C2 spinous process and the posterior arch of 
C1. The stabilization was then obtained by steel 
wires which passed below the C1 arch and around 

the C2 spinous process, keeping at the same time 
the autograft in place (Fig. 15.1a). In the Brooks 
and Jenkins technique two single grafts were 
used, shaped in order to be positioned between 
the posterior C1 arch and C2 lamina. The wiring 
was sublaminar both in C1 and C2 (Fig. 15.1b). 
Dickman et al. [32] furtherly modified the origi-
nal Gallie’s technique using a single graft, not 
only leaned on the posterior arch of C1, but 
wedged underneath the spinous process of C2 
and C1. The wires to keep in place the graft and 
to provide stability passed below the posterior 
arch of C1 and a notch prepared on the spinous 
process of C2 in order to increase the stability of 
the construct.

The results of posterior grafting and wiring 
were satisfactory in a number of cases. 
Nevertheless, the non-fusion rate was still ele-
vated [33], rotational stability was poor and 
immobilization for 3–4  months in a halo was 
mandatory in the postoperative course. 
Furthermore, sublaminar wires carried the risk of 
nervous injuries and dural tears.

Interlaminar clamps should decrease this risk: 
the hooks are placed underneath the posterior 

a b

c

Fig. 15.1 Posterior C1–C2 wiring: (a) according to Gallie (b) according to Brooks and Jenkings (c) according to 
Dickman
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arch of C1 as well as C2 lamina, and then tight-
ened by different mechanism [34]; the autograft, 
harvested by the iliac crest, is compressed 
between the posterior aspect of C1 and C2 
(Fig. 15.1c). Even though clamps are easier to be 
positioned than wires, they have good stability 
only in the flexion and extension movements, 
while in rotational motion and lateral bending the 
stability is very poor. Dislocation of the clamps 
are therefore not uncommon, needing for second 
surgery (Fig.  15.2). As for all the wiring tech-
niques also clamps require an intact posterior 
arch of C1.

 C1–C2 Trans-articular Screw 
Technique

This technique, described in 1987 by Magerl [20] 
gained wide acceptance in the following years, 
being the most effective technique to stabilize 
C1–C2 [35], especially if combined with poste-
rior wiring or clamps [36]. This technique can be 
used also in cases where there is an interruption 
of the posterior arch of C1 but requires a good 
alignment of the axis.

The patient is placed in the prone position in a 
three-points head holder: a horse-shoe head 
holder can also be used, but, in this case, is more 
difficult to obtain the optimal alignment of the 
axis. With an external K-wire the ideal trajectory 
of the screws is identified before the skin inci-
sion. The entry point for the drill, in most cases, 
lies laterally to the spinous process of T1 or T2. 
The skin incision is on the midline from C0 to C3 
and a careful dissection of the muscles is per-
formed. During this step is important to maintain 
the midline to avoid bleeding from the muscles 
which are easily detached from the C1 and C2 
posterior aspect, especially in young subjects. 
There is no need to extend dissection too far lat-
erally, but identification of the C2–C3 joint is 
mandatory. Two small incisions are then made, 
and two guide tubes are placed along the ideal 
trajectory from the T2 level up to the C2–C3 
joint. The direction is checked with X-rays and 
the entry point on C2 is identified: it lies just 
3 mm medially and superiorly to the center of the 
C2–C3 joint. After decortication of the dorsal 
aspect of the joint a guide K-wire is drilled under 
x-ray control with a sagittal direction toward the 
anterior C1 tubercle and with a lateral medial 
inclination of about 0°–10°. If it is not possible to 
obtain a perfect C1–C2 alignment the trajectory 
should be a little superior to the anterior tubercle. 
The drilling is stopped 3–4 mm before reaching 
the anterior tubercle, preventing penetration of 
the retro-pharyngeal space and a cannulated 
screw is then screwed on the K-wire. A special 
attention must be paid to avoid the advance of the 
K-wire while the screw is positioned. Some sys-
tems have also the possibility to connect two 
hooks, embracing the posterior arch of the atlas, 
to the screws, creating a very strong stabilization 
of the axis (Fig.  15.3a, b). Bone autograft or 
allograft is finally positioned between C1 and C2. 
If any doubt arises, a small spatula can be inserted 
in the C1–C2 joint, after dislocation of the C2 
nerve root, to check the presence of the screw 
crossing the joint.

The main problem of this technique is the risk 
of lesions to the vertebral artery [37]; a pre- 
operative CT scan with reconstruction should 
always be performed to investigate the course of Fig. 15.2 Dislocation of Halifax clamps
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vertebral artery. Some studies have shown that 
anomalies of the vertebral artery anatomy or a 
large vertebral artery groove are present in more 
than 20% of the patients [38, 39]. In these situa-
tions there are two options: to change technique 
or to perform an unilateral trans-articular 
fixation.

 C1 Lateral Mass Screws and C2 
Pedicle Fixation

This technique was first described by Goel and 
Leheri in 1994 [11, 40], but gained popularity 
after its reappraisal by Harms and Melcher [12] 
some years later. The main advantage of this 
method is that the integrity of the posterior arch 
of C1 is not needed and also alignment of the axis 
is not necessary. With this technique a reduction 
and alignment of the C1–C2 complex can be 
obtained also in many cases considered non 
reducible at the pre-operative studies (Fig. 15.4a–
c). At the same time the technique allows good 
results in terms of primary stability [31] and later 
fusion [40]. The technique is suitable also in mild 
cases of basilar invagination: by distraction of C1 
and C2 the dens is pulled downward (or the skull 
is pushed upward), releasing compression on the 

ventral aspect of the brain stem, so that transoral 
decompression can be avoided [41].

The patient is in prone position with the head 
in a three-point or horse-shoe head holder. The 
skin incision is from C0 to C3 and the muscle of 
the neck are detached on the midline, exposing 
the posterior arch of C1 and C2 on both sides. In 
comparison with the trans-articular technique, 
the exposition is wider because the lateral mass 
of the atlas must be fully exposed; some bleeding 
can rise from the important venous plexus that 
surrounds the lateral aspect of the spinal cord, the 
C2 root and the vertebral artery, but it is usually 
easy to control with gel foam or other hemostatic 
agents; there is no need to fully expose the verte-
bral artery. The medial wall of the lateral mass is 
identified by a smooth dissector and the C2 root 
is also isolated. The entry point for the C1 screw 
is in the center of the lateral mass or at the union 
of the posterior arch with the lateral mass. In 
order to avoid conflict with the C2 nerve root, a 
little portion of the inferior aspect of C1 posterior 
arch can also be removed by drilling or rongeurs 
(Fig. 15.5). No drilling should be made above the 
junction of the posterior arch with the lateral 
mass because this area is too close to the verte-
bral artery. Under fluoroscopy a hole is drilled 
with a direction from 0° to 25° medially toward 

a b

Fig. 15.3 C1–C2 stabilization by transarticular screwing and clamps. (a) Operative field (b) Post-operative control in 
LL
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a

b

c

Fig. 15.4 Non- 
reducible os 
odontoideum. (a) 
pre-operative MRI (b) 
post-operative MRI 
following C1–C2 
stabilization according 
to Goel and Leheri (c) 
post-operative CT 
reconstruction
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the anterior tubercle. After tapping the hole, a 
screw (3.5 mm) is positioned.

The entry point of the C2 screw depends on 
the intention to place the screw in the pedicle or 
in the pars, knowing that there are not real differ-
ences from a biomechanical point of view [30, 
42, 43]. Conventionally, the pars of C2 is that 
portion of the vertebra between the superior and 
inferior surfaces. The entry point and the direc-
tion of the screw are about the same as in the 
trans-articular technique (3  mm medially and 
3  mm superiorly to the articular surface of C2 
toward the anterior tubercle) with a latero-medial 
angulation of 15°. The screw is much shorter and 
the risk of injuries to the vertebral artery is lower. 
The pedicle of C2 is located anteriorly to the pars 
and trajectory is a little less angulated (about 20° 
on a sagittal plane and 15° medially). The entry 
point of a C2 pedicular screw is very little (about 
2 mm) superior and more medial than the entry 
point for screwing the C2 pars. The C1 and the 
C2 screws are then connected to bars that allow 
reduction and stabilize the axis. As in the other 
techniques bone allograft or autograft are finally 
inserted between C1 and C2 in order to provide 
fusion.

 Conclusion

Many techniques are available to restore stability 
of an unstable axis. The choice depends upon the 
pathology which caused the instability and the 

severity of damage to bone and ligaments. 
Posterior wiring and clamps are less demanding 
from a technical point of view and carry less risks 
to injuries to the vascular and nervous structures, 
but give less stability, which means the need for 
postoperative halo or collars and a significant rate 
of failures. Trans-articular screwing of C1–C2 is 
the best performing technique and should be seen 
as the gold standard, but carries the risk of life- 
threatening complications and it is not suitable in 
all cases. C1 lateral mass and C2 (pars or pedicle) 
screwing has a wider range of feasibility and is a 
little less risky than trans-articular screwing. The 
advantages are balanced by less stability.

Mispositioning of the screws, both when 
Magerl’s technique and Goel’s technique are per-
formed, is not uncommon and navigation, when 
available, is recommended; nevertheless, must be 
said that clinical complications are exceptional 
also in case of a mistake in screw positioning [37].
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