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ABSTRACT

Objective: This study aimed to evaluate the clinical feasibility and effectiveness of a monoaxial screw-rod system and
anterior screw fixation for C1 and type II odontoid fractures.

Methods: We conducted a retrospective review of 2 consecutive patients with acute C1 and Anderson-D’Alonzo type
IT odontoid fractures. Both patients underwent treatment using a posterior monoaxial screw-rod system and anterior screw
fixation. We reviewed their clinical records, including the visual analog pain scale and Neck Disability Index scores, as well as
pre- and postoperative radiographs. Additionally, pre- and postoperative computed tomography images were used to classify the
fracture types and assess the C1 to C2 reduction, rotation, and instability.

Results: Both patients presented with type II C1 and type II B odontoid fractures, combined with Dickman type II
transverse atlantal ligament injuries. All surgical procedures were successfully performed without complications such as
vertebral artery injury, neurological deficit, esophageal injury, or wound infection. Both patients achieved almost complete bone
healing of the fractures, and C1 to C2 rotation was well preserved (32° and 49°) without atlantoaxial instability after follow-ups
of 21 and 25 months, respectively.

Conclusions: A monoaxial screw-rod system and anterior screw fixation could be promising surgical strategies for C1
fractures combined with type II odontoid fractures, even in cases involving transverse atlantal ligament injuries. The preservation
of C1 to C2 rotation without atlantoaxial instability was observed after fixation. However, extensive case-finding and long-term

follow-up are needed to understand the effectiveness of this treatment.

Clinical Relevance:

In order to preserve the C1-C2 rotation, a monoaxial screw-rod system and anterior screw fixation

may be more suitable for patients with C1 fractures combined with type II odontoid fractures.

Level of Evidence: 5.

Case Report

Keywords: atlas fracture, odontoid fracture, transverse atlantal ligament, cervical rotation, screw fixation

INTRODUCTION

Upper cervical spine injuries are relatively common
after cervical spine trauma. Isolated C1 and odon-
toid fractures had been reported to account for 2% to
13%" and up to 20% of all cervical spine injuries,>’
respectively. However, the occurrence of C1 fractures
combined with Anderson-D’Alonzo type II odontoid
fractures is extremely rare, accounting for nearly 1.2%
of all cervical spine injuries.*® Although the treatment
of isolated C1 or Anderson-D’Alonzo type II odontoid
fractures has been extensively described, treating mul-
tiple fractures involving both the C1 and type II odon-
toid fractures remains a challenge for spinal surgeons
due to the complex injury mechanism, unique anatomy,
and potential neurovascular injuries during trauma. To

the best of our knowledge, only a few cases have been
reported in the English language (Table 1). Due to the
limited number of cases available, there is currently
no consensus on the optimal therapeutic strategies for
making clinical decisions regarding such complex frac-
tures.

Due to the potential complications and discom-
fort associated with external immobilization such
as hard and soft collars and halo-vests,*** surgical
management is generally recommended for CI frac-
tures combined with type II odontoid fractures. Surgi-
cal treatments have been reported for these fractures,
including posterior C1 to C2 pedicle screws, posterior
arthrodesis of C1 to C3, anterior odontoid fixation, and
transarticular C1 to C2 screw fixation.*’ ' However,
both posterior and anterior surgical treatments involve
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Table 1. Case reports and case series of C1 burst fracture combined with type Il odontoid fracture described in the literature.

Follow-Up,
Author Cases Age,y Treatment Strategies mo
Gleizes et al* 8 44.8 A modified Gallie arthrodesis, posterior C1-C2 screw fixation, C2 pedicle screw 13.6
Guiot and Fessler’ 9 57.8 Posterior C1-C2 transarticular screw+ Songer cable, anterior/posterior C1-C2 28.5
transarticular screw, or/and odontoid screw
Dickman et al® 10 44 External immobilization, C1-C2 wiring/fusion 41
Liu et al’ 3 38, 18,and 56  Dontoid screw fixation combined with atlantoaxial pedicle screw fixation surgery 9, 1, and 30
without fusion, plaster immobilization
Zhao et al® 21 524 Halo vest, posterior C—C2 pedicle screw fixation, occipital cervical fusion 239
Josten et al’ 23 84.6 Anterior odontoid and transarticular C1/C2 screw fixation 12
Malagelada et al'’ 1 92 Rigid collar 1
Biakto et al'’ 1 17 Occipital cervical fusion 2

Note: Age and follow-up are given as mean except for Liu et al, Malagelada et al, and Biakto et al, which are give as number.

the atlas and axis fixation, which sacrifices the C1 to
C2 rotation and which accounts for nearly 50% of the
overall cervical rotational movement.'>™’ Therefore,
there have been no reports on a surgical treatment that
preserves the atlantoaxial joint rotation.

In our previous study,'® we demonstrated that poste-
rior atlas osteosynthesis using a monoaxial screw-rod
system could achieve nearly anatomical unstable atlas
fracture reduction, even in cases of transverse atlantal
ligament (TAL) incompetence. Additionally, anterior
screw fixation has been established as a successful
treatment for type II odontoid fractures."”' In this
context, we present 2 cases in which C1 fractures com-
bined with type II odontoid fractures were successfully
treated using a posterior atlas osteosynthesis technique
with a monoaxial screw-rod system and anterior screw
fixation. This surgical approach aims to preserve rota-
tion and provide an effective treatment for C1 fractures
combined with type II odontoid fractures.

METHODS

Clinical Data

This study was performed after obtaining ethical
approval from our institutional review board and
informed consent from all participants. Two patients
who were treated for acute C1 and type II odontoid
fractures at our department before December 2016 were
retrospectively reviewed. Both patients experienced
falls from a low height and presented with symptoms of
neck pain and stiffness. One patient initially had a tran-
sient neurological disorder, which subsequently recov-
ered to normal preoperatively following treatment with
detumescence, methylprednisolone, and nutritional
nerve support. Details of the 2 patients are presented
in Table 2.

Before admission, both patients were fitted with
cervical collars, and skull traction was initiated after
admission. Preoperative assessments included plain

posteroanterior mouth opening, lateral radiography,
computed tomography (CT), and 3-dimensional recon-
struction of the upper cervical spine. These imaging
modalities were routinely performed to evaluate atlan-
toaxial stability. The Landells and Van Peteghem®
and Anderson-D’Alonzo™ classifications were used to
classify the types of C1 and odontoid fractures, respec-
tively. Additionally, magnetic resonance imaging of the
cervical spine was performed to evaluate any injury to
the cervical spinal cord and ligament structures at the
craniovertebral junction, particularly focusing on the
integrity of the TAL. In line with the Dickman classi-
fication,® the specific type of TAL injury was further
determined using CT.

Surgical Procedure

Both patients received general anesthesia and under-
went anterior screw fixation for type II odontoid frac-
tures and a posterior monoaxial lateral mass screw-rod
system for C1 fractures. Patients were initially placed in
the supine position, and closed odontoid fracture reduc-
tion was achieved using traction and reclination under
the guidance of fluoroscopy. The head was stabilized
using an adjusted, padded occipital ring. The surgical
procedure involved a right-sided anteromedial approach

Table 2. Demographic and clinical data of the patients.

Characteristic Patient 1 Patient 2
Gender Man Man
Age,y 61 63
Injury mechanism Simple fall Simple fall
Cl1 fracture® Type I Type 11
Odontoid fracture” Type 1IB Type 1IB
TAL injury® Type I Type 11
Neurological deficit Transient No
paresthesias
Follow-up, mo 21 25

Abbreviation: TAL, transverse atlantal ligament.
“Landells and Van Peteghem’s classification.
®Anderson-D’ Alonzo classification.

“Dickman classification.

Downloaded from h{t,p?:/llvé\g/wl\\/lv.ij?rgery.com/ by guest on November 21, 2024
ol. 18, No.

618 International Journal of Spine Surgery,


https://www.ijssurgery.com/

Tao et al.

with a transverse skin incision measuring 4 to 6 cm.
According to the process described by Etter et al,** a
Kirschner wire was first placed into the odontoid under
the guidance of fluoroscopy, and subsequent screw fix-
ation of the odontoid process was performed. Only 1
screw was placed in the odontoid in both patients. There
was no displacement of the fracture reduction through-
out the procedure, and the odontoid fracture reduction
was confirmed by intraoperative fluoroscopic open-
mouth posteroanterior and lateral views as satisfactory.

The patient was repositioned in a prone reverse Tren-
delenburg position using a Mayfield head holder with
skull traction. The C1 fracture reduction and screw
fixation were performed as described in our previous
report.'® Briefly, the C1 posterior arch was exposed
subperiosteally, approximately 30 mm lateral to the
midline, through a posterior midline skin incision.
Two monoaxial 3.5 mm screws were inserted into the
C1 bilateral mass using the notching technique. The
underside of the arch is notched down to the level of
the lateral mass; however, the superior cortex is not
violated. Insertion of a screw into the lateral mass via
this notch allows for the recession of the screw away
from the C2 nerve root. By not violating the superior
cortex, one can avoid injury to the vertebral artery.” In
cases where a patient had a lateral mass, a coronal split
fracture was considered. Additionally, a titanium rod
adapted to the curve of the C1 posterior arch was used
to connect the 2 monoaxial screws. It was essential to
ensure that the medial angle between the rod and screws
before tightening was obtuse (100°-105°). Initially, 1 of
the screw rods was tightened with a nut. Then, a com-
pression force was gently applied to the ends of the 2
screws using a compressor device, following which the
other screw rod was tightened by a nut. Furthermore,
in 1 patient with overlapping displacement, another
miniplate was fixed in the C1 posterior arch. Intraopera-
tive fluoroscopic open-mouth posteroanterior view and
3-dimensional C-arm imaging were used to observe the
reduction in the C1 anterior and posterior arch fractures.

Postoperative Management and
Follow-Up Evaluation

Both patients were encouraged to ambulate for 6
hours postoperatively. Clinical assessments were con-
ducted within 1 week postoperatively. Postoperative
open-mouth posteroanterior radiography, CT, and
3-dimensional reconstruction were performed to assess
the effectiveness of fracture reduction and the accuracy
of screw placement. Both patients were recommended
to wear a Philadelphia cervical collar during the

initial 6 weeks of the postoperative period. Follow-up
evaluations were scheduled at 1 month, 3 months,
6 months, 1 year, and annually thereafter. Flexion-
extension dynamic lateral cervical radiographs were
obtained to assess atlantoaxial stability. Medial CT and
3-dimensional reconstructions were performed to eval-
uate fracture healing, while additional CT images in left
and right rotation were obtained to assess atlantoaxial
rotation. The rotation angles of C1 to C2 rotations were
determined by subtracting the rotation angle of the axis
from that of the atlas. Both patients were allowed to
resume normal activities once stability was confirmed
3 months postoperatively. The visual analog pain scale
and Neck Disability Index scores were used to evaluate
neck pain and cervical vertebral activity, respectively.

RESULTS

Both patients presented with C1 type II fractures
according to the Landells and Van Peteghem classi-
fication (Figures 1B and 2B) and type IIB odontoid
fractures according to the Anderson-D’Alonzo classi-
fication (Figures 1C, 1D, 2C and 2D). Although there
was no obvious injury to the TAL in the magnetic reso-
nance imaging of 1 patient (Figure 2E), clear avulsions
involving the tubercle for the insertion of the TAL on
the C1 lateral mass were observed in the 3-dimensional
CT reconstruction in both patients (Figures 1C and 2C).
Therefore, the TAL was type Il in both patients.

All surgical procedures were successfully performed
without complications such as vertebral artery injury,
neurological deficit, esophageal injury, or wound infec-
tion. One patient was followed up for 21 months, and the
other was followed up for 25 months. Except for almost
complete bone healing in the C1 anterior arch fracture
in 1 patient, other C1 to C2 fractures in both patients
achieved bone healing after the last follow-up. Both the
flexion-extension and rotation functions of the cervi-
cal spine significantly improved at the last follow-up
(Figures 3 and 4). Moreover, no atlantoaxial instability
was observed on the flexion-extension dynamic lateral
cervical radiograph (Figures 1G, 1H, 2G and 2H). On
the CT image at the final follow-up, the C1 to C2 rota-
tion in the 2 patients was 32° and 49° (Figure 5), respec-
tively. The visual analog pain scale and Neck Disability
Index continuously improved postoperatively (Table 3).

DISCUSSION

C1 fractures combined with Anderson-D’Alonzo
type II odontoid fractures are rare injuries.*® Over the
past several years, there has been no consensus on the
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Pre-

Post-

Figure 1. Radiological data of a 61-year-old male patient (patient 1). (A) Preoperative x-ray. (B) A CT scan showed a type | C1 fracture. (C) Coronal reconstruction
of a CT imageshowed the avulsions involving the tubercle for insertion of TAL on the C1 lateral mass (red arrow). (D) Sagittal reconstruction of a CT image showed
type IIB odontoid fracture. (E) MRI showed that the avulsions involved the tubercle for insertion of TAL on the C1 lateral mass. (F) Postoperative x-ray. (G and H)
The flexion-extension dynamic lateral cervical radiograph showed stable C1-C2 at 21-month follow-up. (I) Sagittal reconstruction of a CT image showed that the
odontoid fracture achieved bone healing at 21-month follow-up. (J) A CT image showed that the C1 fracture achieved almost bone healing at 21-month follow-up.
CT, computed tomography; MRI, magnetic resonance imaging; post-, postoperative; pre-, preoperative; TAL, transverse atlantal ligament.

treatment of this complex fracture; however, various
fixation techniques for C1 to C2, including occipito-
cervical fusion, have been the preferred surgical pro-
cedures.””!'"?® These studies have demonstrated that
while the aforementioned surgical strategies provide
reliable stability for C1 to C2, they result in a loss of
rotation. In this study, we present a novel rotation-
preserving fixation method for concomitant C1 to
C2 fractures. Both patients underwent posterior atlas

Pre-

Post-

osteosynthesis using a monoaxial screw-rod system
for C1 fractures and anterior screw fixation for type
II odontoid fractures. After a follow-up period of >21
months, both C1 and odontoid fractures achieved
almost complete bone healing. Furthermore, the C1 to
C2 rotation was perfectly preserved. To the best of our
knowledge, this is the first report to provide rotation-
sparing treatment for C1 fractures combined with type
II odontoid fractures.

Figure 2. Radiological data of a 63-year-old male patient (patient 2). (A) Preoperative x-ray. (B) A CT image showed a type Il C1 fracture. (C) Coronal reconstruction
of a CT image showed the avulsions involving the tubercle for insertion of TAL on the C1 lateral mass (red arrow). (D) Sagittal reconstruction of a CT image showed
type IIB odontoid fracture. (E) MRI showed that the TAL was intact. (F) Postoperative x-ray. (G and H) The flexion-extension dynamic lateral cervical radiograph
showed stable C1-C2 at 25-month follow-up. (I) Sagittal reconstruction of a CT image showed that the odontoid fracture achieved bone healing at 25-month follow-
up. (J) A CT scan showed that the C1 fracture achieved bone healing at 25-month follow-up. CT, computed tomography; MRI, magnetic resonance imaging; post-,
postoperative; pre-, preoperative; TAL, transverse atlantal ligament.
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Figure 3. General images of the range of motion of the cervical spine for patient 1 at 21-month follow-up. (A) Cervical flexion. (B) Cervical extension. (C) Right
cervical rotation. (D) Left cervical rotation.

According to the literature,”*'"*® the management

of C1 fractures combined with type II odontoid frac-
tures typically depends on the fracture type and stabil-
ity of the ligamentous complex. Immobilization using
a halo vest or collar may be preferred for patients with
stable fractures or the elderly. However, both a halo vest
and a collar can lead to discomfort for the patient and
may increase the risk of bed-related complications with
prolonged bed rest, such as accumulated pneumonia,
venous thrombosis, and pin site loosening and infec-
tion.">'**" Additionally, type II odontoid fractures have
a high nonunion rate due to the limited surface area of
the C2 vertebral bone, with an approximate nonunion
rate of 40% when treated with immobilization.”® There-
fore, surgical intervention may be required in cases of
significant instability in concomitant C1 to C2 fractures.
Zhao et al® reported that, for type IT odontoid fractures
combined with the posterior ring or lateral mass frac-
tures with stable atlantoaxial joints, conservative treat-
ments such as traction or immobilization (collar or halo

vest) can be considered. However, surgical interventions
are more suitable for unstable fractures. In our study,
both C1 and type II odontoid fractures in the 2 patients
were visibly displaced and the TAL was injured. These
results indicate that the fractures were unstable, war-
ranting surgical intervention for these 2 patients.
Various surgical management strategies have been
reported for the combination of C1 and type II odontoid
fractures. These treatments include anterior surgical
strategies, dorsal approaches such as anterior transar-
ticular C1-C2 fixation, anterior odontoid fixation, tran-
sarticular C1-C2 screw fixation, bilateral C1 laminar
hooks combined with C2 pedicle screw fixation, pos-
terior pedicle screw fixation, and even occipitocervical
fusion, among others.”*!"?® These techniques have
traditionally been used to reconstruct the integrity and
stability of fractures; however, they result in fixed atlan-
toaxial joints. Consequently, arthrodesis leads to a sig-
nificant loss of range of motion (ROM) in the cervical
spine, particularly in axial rotation, as the atlantoaxial

Figure 4. General images of the range of motion of the cervical spine for patient 2 at 25-month follow-up. (A) Cervical flexion. (B) Cervical extension. (C) Right
cervical rotation. (D) Left cervical rotation.

Downloaded from https://www.ijssurgery.com/ by guest on November 21, 2024

International Journal of Spine Surgery, Vol. 18, No. 5 621


https://www.ijssurgery.com/

Rotation Preserving Fixation for the Treatment of C1 Burst Fracture Combined With Type II Odontoid Fracture

Left

Right Left

w
ot

Figure 5. The rotation angle of C1-C2 of patient2 at 25-month follow-up. The C1-C2 rotation is equal to the C1 rotation minus the C2 rotation.

complex contributes to approximately 12% of flexion
and extension and approximately 50% axial rota-
tion.">™"”

In recent years, many studies®*~" have reported tem-
porary posterior C1 to C2 screw and rod instrumentation
without fusion for atlantoaxial fractures, specifically
type II odontoid fractures. The ROM of C1 to C2 sig-
nificantly improved after hardware removal. However,
bone healing is not possible in all type II odontoid frac-
tures. The bone healing rate of type II odontoid frac-
tures varies widely, from 35% to 100%,28 and age =60
years was a significant risk factor for odontoid fractures
in the elderly. Song et al® suggested that instrument
removal should not be performed in patients aged >60
years. In our study, both patients were aged >60 years.
Thus, posterior temporary C1 to C2 fixation without
fusion was not appropriate for these 2 patients. Even if
the fractures can undergo bone healing, the removal of
the internal fixation requires 2 surgeries, which would
undoubtedly increase the pain and cost for the patient.

Monoatlas fixation for unstable C1 fractures and
anterior screw fixation for type II odontoid fractures
have been reported for many years. However, a com-
bination of these 2 surgical techniques for the treat-
ment of concomitant C1 to C2 fractures has not yet
been reported. The most important concern in choosing
this surgical strategy is atlantoaxial stability, especially
when concomitant with a TAL injury. The TAL is a

Table 3. Clinical and radiological results of the 2 patients.

strong ligament for the primary stabilizing component
against translational forces at C1 to C2. Many studies
have described TAL injury with an atlas fracture as an
unstable fracture, and C1 to C2 fusion and occipitocer-
vical fusion were required because neither an external
brace nor C1 anterior osteosynthesis would correct the
transverse ligament incompe‘[ence.6’31’32

Our previous study'® and other studies’ 336 demon-
strated that monoatlas fixation could also provide
effective stability for unstable C1 fractures with TAL
injuries and could not result in C1 to C2 instability. This
effectively challenged the long-held notion that fixation
is essential for fractures with TAL injury.® The main
reason for this might be the clearly different mecha-
nisms of isolated ligamentous TAL injuries and frac-
tures. A pure ligamentous TAL injury is a shear injury
associated with a flexion-extension mechanism and,
as a result, might be more likely to disrupt other sec-
ondary stabilizers, including the longitudinal ligament
(containing longitudinal bundles of crucial ligament,
alar ligament, apical ligament, tectorial membrane,
and accessory atlantoaxial ligament), alar ligaments,
facet capsule, and neck musculature.’”>® Studies have
described the combination of both C1 and type II odon-
toid fractures as axial load entities that occur in elderly
people after low-energy damage and, as such, might
be more likely to maintain the integrity of secondary
stabilizers.**** Shatsky et al*' suggested that secondary

Visual Analog Scale

Neck Disability Index Left Right Total
Patient Pre Post  Final Follow-Up Pre Post Final Follow-Up  Rotation Rotation Rotation  Complication
Patient 1 8.1 43 1.6 42.7 26.9 10.8 19° 14° 33° None
Patient 2 7.8 39 1.9 41.6 27.4 10.3 29° 20° 49° None

Abbreviations: Post, postoperative; Pre, preoperative.
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stabilizers and restoration of anatomical congruence
play a role in stabilizing the C1 to C2 joint in addi-
tion to the TAL. These structures, in conjunction with
the reconstruction of the axial tension band through
reduction, were sufficient to prevent C1 to C2 instabil-
ity. Our previous study'® revealed that patients with an
anterior atlantodental interval >4 mm had no clinical
symptoms. This suggests that the integrity of the atlas
ring, rather than the integrity of the TAL, plays a major
role in maintaining C1 to C2 stability for atlas fractures,
and the atlantoaxial joint could remain relatively stable
even if the atlantoaxial dislocation index is abnormal.
Koller et al** provided biomechanical evidence that C1-
ring osteosynthesis can reconstruct the axial tension of
the C1 to C2 ligament complex and restore sufficient
stability at C1 to C2, preventing significant translation
under physiological loads. Furthermore, Li-Jun et al*
also reported biomechanical findings that LLs have suf-
ficient capacity to maintain the stability of the atlanto-
axial joint, even if there were TAL injuries within the
physiological loading range. As a result, TAL incom-
petence may not prohibit monoatlas fixation for Cl
fractures. Accordingly, 2 patients with concomitant C1
to C2 fractures and TAL injuries were treated using a
monoaxial screw-rod system and anterior screw fixa-
tion. The results showed that both fractures achieved
almost complete reduction, and the C1 to C2 rotation
was well preserved without atlantoaxial instability after
follow-up.

Dickman et al® reported that complex fractures result
in a higher rate of neurological deficits than isolated
atlas or axis fractures. However, in our study, only 1
patient had a transient neurological disorder, and he
quickly recovered preoperatively after drug treatment.
This may be due to the different mechanisms in young
and elderly patients with upper cervical cancer. Unlike
young patients with high-energy trauma mechanisms,
elderly patients with a low-energy trauma mechanism
would suffice to cause such fractures and have a low
rate of neurological deficits.®**** Further research with
a larger sample size is required. In general, the clinical
results of the 2 patients in the present study are prom-
ising. Both patients showed an almost complete reduc-
tion, and there were no additional complications. To the
best of our knowledge, this is the first report to present
a novel rotation-preserving fixation technique for the
treatment of concomitant C1 and type II odontoid frac-
tures.

However, the major limitation of this study was the
small sample size due to rare morbidities. Addition-
ally, a longer follow-up period is needed to evaluate

the ROM, especially the C1 to C2 rotation and stability.
Finally, clinical outcomes for various treatment con-
cepts should be evaluated, particularly temporary pos-
terior C1 to C2 instrumentation without fusion vs our
strategy. Therefore, the effectiveness of the new tech-
nique for C1 fractures combined with a type II odontoid
needs to be further evaluated in large cases and long-
term follow-up in the future.

CONCLUSIONS

C1 fractures combined with Anderson-D’Alonzo
type II odontoid fractures are extremely rare. A mono-
axial screw-rod system and anterior screw fixation may
be promising surgical strategies for concomitant C1
to C2 fractures. TAL injuries in elderly patients with
low-energy damage may not prohibit surgical treat-
ment of fractures. The C1 to C2 rotation was well pre-
served without atlantoaxial instability after follow-up.
However, additional cases and the long-term effects
need to be investigated.
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