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Abstract

Background: C1 fractures are traditionally treated with C1-2 fixation
and fusion because they are thought to provide a better level of stability.
However, this surgical treatment is associated with a reduced range of
motion. CI1 ring osteosynthesis is an alternative technique that provides
adequate fracture healing while preserving the range of motion. We aimed
to describe the clinical and radiological outcomes of patients with C1
fractures treated with C1 osteosynthesis.

Methods: This retrospective single-center study included all patients with
Cl1 fractures who underwent C1-ring osteosynthesis surgery during 2007—
2023. Lateral mass displacement (LMD), atlantodental interval (ADI),
hospital stay, surgical duration, and surgical complications were analyzed.

Results: Overall, 38 patients were identified. Thirty patients received C1
ring osteosynthesis alone, and eight patients had associated polytrauma
and multiple surgeries including other spondylodesis in the cervical spine
(17 female, 21 male; age: 57.3 £ 23.7 years). The mean operative duration
was 94 + 17 minutes. The mean hospital stay was 18.2 + 7.6 days, however,
after excluding polytraumatic patients with long intensive care treatment,
the mean hospital stay was 9.8 + 1.4 days. No postoperative neurological
deterioration was observed. All patients reported pain relief shortly after
surgery. ADI and bi- and unilateral LMD were significantly reduced after

surgery.

Conclusion: Based on this analysis, C1 ring osteosynthesis is a safe and
feasible procedure for treating C1 fractures. Radiographic and clinical
parameters were significantly improved, while complication rates were
comparable to those of other methods.

Keywords: C1 fracture; C1 fixatio, Cl-Ring Osteosynthesis; Open
Reduction and Internal Fixation (ORIF), Atlas fracture, ADI, LMD

Introduction

Cervical spine fractures account for approximately 10% of injuries in
trauma patients [1,2]. One-Tenth of cervical spine injuries are atlas fractures
[3], with falls and motor vehicle accidents being the most common traumatic
mechanisms [4]. More than two-thirds of C1 fractures are associated with
codominant injuries, mostly C2 fractures [5]. The most recent report estimated
the incidence of C1 fractures to be 157 per million people aged >50 years [6].
A distinct age distribution was observed, with one population centered at age
30 years and the other at 70 years [7].

Although C1 fractures represent a relatively small subset of cervical spine
injuries, they are often overlooked and are associated with complications such
as atlantoaxial or atlantooccipital instability [8].
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The management of atlas fractures remains controversial
despite the incidence nearly doubling [3]. Based on the widely
used Gehweiler classification, isolated C1 fractures can be
divided into stable and unstable fractures [9]. Gehweiler
fracture types 1, 2, and 5 are considered stable and are often
treated conservatively with a halo brace for up to 12 months
[10]. However, recent data have shown that consolidation
failure occurs in approximately 15% of all conservatively
treated patients [11]. It is widely accepted that unstable
atlas fractures should be treated surgically. However, there
remains a discrepancy between the diagnosis used to assess
stability and the choice of treatment [10]. The rate of surgical
intervention has been steadily increasing over the last decade
[12].

Among surgical interventions, CIl-2 fusion has
traditionally been the most widely used technique to treat
isolated C1 fractures and ensure atlantoaxial stability [13—15]
However, this method compromises the mobility of adjacent
joints. A new technique, C1 ring osteosynthesis, has been
introduced to preserve the range of motion [16—19].

There is currently no standard treatment for C1 fractures.
Hence, this study aimed to evaluate and describe a single-
segment C1 stabilization method for the treatment of Cl
fractures in terms of clinical and radiographic characteristics
and complication rates.

Material and Methods
Patient population

All patients with atlas fractures between 2006 and 2023
were retrospectively analyzed at our institution. Of the
164 patients, 38 were treated surgically, and the rest were
treated conservatively with a cervical collar. Those who
were treated conservatively either had a stable fracture with
no band disruption or elected not to undergo surgery. All
fractures were treated with the posterior approach and ring
osteosynthesis using pedicle screws and rods. All patients
had documented symptoms, timing of surgery, hospital stay,
imaging data, and complications during hospitalization. Of
the 38 patients, 8 had associated polytrauma and multiple
operations, including cervical spondylodesis other than C2.
The mean age of the patients was 57 + 24 years. Six patients
were injured in a motor vehicle accident, 30 in a fall, and 2
in a fall from a height. Neurological deficits were observed in
7 patients (5 polytrauma patients with head trauma or other
cervical fractures), while the rest reported cervical pain and
no other acute neurological symptoms.

Radiographical and clinical data

All patients underwent computed tomography (CT) before
and after surgery during their hospital stay. CT was used to
classify the fracture type and assess stability. Bilateral and
unilateral lateral mass displacement (LMD) and atlantodental
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interval (ADI) were analyzed before and after fixation using
coronal and sagittal reconstructed views (Figure 1).

Fig 1: Examples of ADI and LMD measurements
a. Atlantodental interval (ADI) as the horizontal distance between
the lateral cortex of the dens and the medial cortex of the lateral
masses. b. lateral masses displacement (LMD) as the sum of the
overhang of the lateral mass of C1 over C2 or an interval on a
prominent sight.

Preoperatively, 36 patients underwent magnetic resonance
imaging (MRI) to evaluate the integrity of the craniovertebral
junction ligaments. Radiological measurements were
performed using picture archiving and communication
system software.

Additionally, surgical complications, such as vertebral
artery injury, screw malposition, increased hospital stay
and operative duration, and short-term postoperative
complications (such as infection and pulmonary embolism)
were analyzed.

Surgical procedure

The patient's head was placed in a Mayfield cranial clamp
in the prone position, with slight head traction and tilt. A
posterior midline incision was made from the occiput to C2.
The dorsal arch of C1 was exposed. A 2.6-mm cannulated drill
was used to place the lateral mass screws under fluoroscopic
control. The two screws were connected to a horizontal
rod (Neon; Ulrich GmbH & Co., Ulm, Germany). No
postoperative collar fixation was performed. Intraoperative
fluoroscopy or C-arm 3D imaging was used during surgery
to check the screw position. CT scans were obtained shortly
after surgery and during the hospital stay.

Statistics

Data are presented as frequencies (n) with percentages (%)
and standard errors of the mean (SEMs). Statistical analyses
were performed using GraphPad Prism v. 8.3.1 (GraphPad
Software, Boston, MA, USA). A paired t-test was used to
compare radiological characteristics before and after surgical
treatment. The significance level was set at p <0.05.

Results
Clinical data

A total of 38 patients (17 female, 21 male; mean age
57.3 £23.7 years) with atlas fractures who underwent surgical
treatment with posterior C1 osteosynthesis were analyzed
(Table 1). All patients underwent surgical stabilization as the
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primary treatment. None of the patients underwent secondary
surgery after failure of conservative treatment. The initial
radiological diagnosis was based on the Gehweiler fracture
classification. Three patients had a Gehweiler type 1 fracture,
25 had a Gehweiler type 3 fracture, and 10 had a Gehweiler
type 4 fracture. Radiographs of each type of fracture are
shown in Figure 2. Of the 25 type 3 fractures, 11 had ligament
lesions confirmed via MRI. Dickman types I and II transverse
atlas ligament (TAL) injuries were observed in three and
eight patients, respectively.

Fig 2: Examples of C1 fractures

a. Gehweiler type 1, b. Gehweiler type 3, c. Gehweiler type 4.

The mean operative duration was 94 + 17 minutes.
The mean length of hospital stay was 18 = 8 days. However,
after excluding polytraumatic patients with long intensive
care treatment, the mean hospital stay was 9 + 2 days.
Vertebral artery injury was documented in 4 procedures
(10%), screw malposition requiring revision in 1 patient (3%),
and pulmonary embolism in 1 patient (3%). No infectious
complications were observed. One patient reported mild
neck pain one year after surgery without evidence of material
loosening. No neurological deterioration was observed after
surgery, even in cases of vertebral artery injury. All patients
with pain syndromes reported relief of pain and stiffness
shortly after surgery.

Radiographical data

ADI was used to assess the atlantoaxial instability.
Another parameter used to assess the transverse ligament
displacement was the unilateral overhang of the lateral
masses. Radiographic measurements were performed on
coronal CT scans obtained after the injury and immediately
after surgical treatment. ADI was defined as the distance
between the posterior cortex of the atlas and the anterior
cortex of the dens. The sum of the lateral mass overhang
and unilateral displacement of the atlas against the axis were
measured (Figure 3). Postoperative CT showed good screw
and rod placement and satisfactory fracture reduction in all
cases.
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Table 1: Patient population

Patients Characteristics C1-ring osteosynthesis
(n=38)
Sex
Female 17
Male 21
Age, years 57.3+23.7
Fracture type:
Gehweiler 1 3 (8%)
Gehweiler 2 0
Gehweiler 3 25 (66%)
Gehweiler 4 10 (26%)
Gehweiler 5 0
Neurological symptoms prior to 7
surgery
Neurological deterioration after 0
surgery
Complication:
Injury of vertebral artery 4 (10%)
Pulmonary embolism 1 (3%)
Screw mispositioning 1 (3%)
Screw loosening/revisions 0
Infection 0

Fig 3: ADI and LMD measurements before and after surgery

Explamles of atlantodental interval (ADI) measurement a. before
and b. after C1 osteosynthesis, as well as lateral mass displacement
(LMD) c. before and d. after surgery. Addtitionaly fracture line
distance is marked on pictures c. and d.

A summary of the radiological parameters is shown in
Table 2. The mean preoperative ADI was 2.1 + 1.2 mm, and
was significantly reduced postoperatively (1.45 + 1.0 mm;
p = 0.002674). The preoperative LMD was 5.5 + 2.5 mm.
Theoverhang wassignificantly reduced after C1 osteosynthesis
(4.2 £2.6 mm; p = 0.045909). The same trend was observed
for unilateral LMD (3.6 £ 1.6 mm vs. 2.5 = 1.4 mm;
p = 0.000063; Table 2 and Figure 4). There was no evidence
of internal fixation loosening or fracture on the postoperative
CT scans.
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Table 2: Radiological characteristics

ADI LMD bilateral LMD unilateral
preop postop P preop postop p preop postop p
21+1.2 145+1.0 0.002674 55+25 42+26 0.045909 36+1.6 25+14 0.000063
ADI LMD_bilateral LMD_unilateral parameters worsened after conservative treatment [26].
24+ 6.5 4.5+ Conservative treatment with a halo brace is also associated
2.2+ 6.0 4.0 with a higher rate of complications such as dysphagia and
2.0 5.5-] .5 respiratory instability, especially in elderly patients [27,28].
89 507 304 Unstable atlas fractures are traditionally treated using
16 457 C1-2 or C0-2 fusion techniques. These techniques provide
1.4+ 4.01 259 high degrees of bone stability and fusion [29]. However, this
1.2 T 7 35 T . 20 T T is associated with limited axial rotation [30].
preop postop preop postop preop postop
a b c To preserve this motion, other methods that stabilize

Fig 4: Graphical presentation of ADI and LMD reduction after
surgery

Data are presented as SEM for a) atlantodental interval (ADI), b)
sum of lateral mass displacement (LMD bilateral), and c) lateral
mass displacement at a more prominent sight (LMD unilateral). The
y-axis represents the interval in millimeters. The x-axis shows the
two parameters before and after surgery.

Discussion

The C1 vertebra has a unique anatomy that allows
the vertical and horizontal mobility of the head and
cervical spine. The treatment of choice for atlas injuries
remains controversial and there are no guidelines. Various
classifications have been proposed to guide the choice of
conservative or surgical treatment. Fractures involving
only the anterior or posterior arch are defined as stable
because they are unlikely to disrupt the ligaments. Burst
and Jefferson fractures are defined as unstable fractures due
to the involvement of both arches and a higher likelihood
of ligament damage. Lateral masses or transverse process
fractures are also considered stable fractures [20,21]. External
fixation is the treatment of choice for isolated C1 fractures.
Fracture types 1, 2, 4, and 5 are defined as stable fractures
and have been treated conservatively by many authors [22].
However, conservative treatment, especially in older patients,
is more often associated with non-consolidation, regardless
of the fracture type. In patients with stable fractures who were
treated conservatively, a consolidation rate of only 84% was
achieved [22]. Some authors have reported a nonunion rate
of >20% after conservative treatment [23]. Nonunion with
subsequent surgical treatment does not yield as good results
as primary surgery [24]. Another report found that 10% of
elderly patients underwent secondary surgery after inadequate
alignment [25]. Recent data suggest that type 4 fractures
associated with TAL injuries cannot be treated adequately
with external fixation. Moreover, all radiographic and clinical

only one segment have been introduced [31-37] A recent
study showed the superiority of C1 osteosynthesis over C1-2
fusion in terms of operative time, complications, and clinical
outcomes [38].

At our center, isolated C1 fractures without additional
discoligamentous injuries are treated using posterior
monosegmental osteosynthesis. Most patients with isolated
atlas fractures do not present with neurological symptoms
besides neck stiffness and pain. We did not observe any
worsening of neurological symptoms, which is consistent with
other reports [36]. The rate of intraoperative complications,
such as vertebral artery injury or screw malposition, is
comparable to that of other surgical techniques [39,40].

Fracture stability can be defined based on ligament
integrity. TAL is considered the strongest ligament in the
spine, providing stability to the upper cervical spine [41].
Dickman et al. introduced the concept of anterior instability
of C1-2 based on TAL rupture [42]. However, biomechanical
studies have shown that longitudinal ligaments have sufficient
capacity within the physiological loading range to maintain
the stability of the atlantoaxial joint, even in the presence of
concomitant ligament injuries, making C1 osteosynthesis a
good alternative to multisegmental fusion techniques [43].

Traditionally, ADI of >3 mm and total LMD of >6.9
mm have been considered good predictors of TAL rupture.
First described by Spence in 1970, many researchers still use
this cutoff [43]. However, this measure has been questioned
recently. New data show that the probability of TAL injury
is high when the LMD exceeds 3.8 mm [44]. In another
study, the mean overhand lateral mass in patients with
confirmed TAL injury was 5.3 mm [45]. However, there is
a documented case of confirmed TAL injury with an LMD
measuring <l mm [46]. Both the ADI and LMD were lower
than average in our study, supporting the above findings. We
observed a significant reduction in both parameters after C1-
ring osteosynthesis on postoperative CT scans.
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All the patients reported pain relief during their hospital
stay. Unfortunately, follow-up radiological control is not
part of postoperative management. Only one patient reported
persistent neck pain (VAS; 2/10) 1 year after surgery, with no
screw loosening found on imaging.

The limitations of this study were its retrospective nature
and the lack of follow-up. Long-term clinical and radiographic
results provide valuable information for the characterization
of Cl-ring osteosynthesis. Despite these facts, we believe
that this technique is appropriate for the treatment of isolated
atlas fractures. However, this did not result in a higher rate
of complications and provided motion preservation. This is
a fast and safe method that can be used as standard treatment
for unstable C1 fractures.

Conclusion

C1 osteosynthesis is a safe and reliable method for treating
isolated atlas fractures. The rates of intra and postoperative
complications were similar to those of other stabilization
techniques. No postoperative neurological deterioration was
observed after the described procedure. Atlas fractures can
be successfully treated without compromising cervical spinal
mobility.
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