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Abstract
Study Design: Fractures of the atlas are classifi ed based on the fracture location and associated ligamentous 
injury. Among patients with atlas fractures treated using external immobilization, nonunion of the fracture could 
be seen. Objective: Ideally, treatment strategy for an unstable atlas fracture would involve limited fi xation to 
maintain the fracture fragments in a reduced position without restricting the range of motion (ROM) of the 
atlantoaxial and atlantooccipital joints. Summary of Background Data: Such a result can be established using 
either transoral limited internal fi xation or limited posterior lateral mass fi xation. However, due to high infection 
risk and technical diffi culty, posterior approaches are preferred but none of these techniques can fully address 
anterior 1/4 atlas fractures such as in this case. Materials and Methods: A novel open and direct technique in 
which a unilateral lag screw was placed to reduce and stabilize a progressively widening isolated right-sided anterior 
1/4 single fracture of C1 that was initially treated with a rigid cervical collar is described. Results: Radiological 
studies made after the surgery showed no implant failure, good cervical alignment, and good reduction with fusion 
of C1. Conclusions: It is suggested that isolated C1 fractures can be surgically reduced and immobilized using a 
lateral compression screw to allow union and maintain both C1-0 and C1-2 motions, and in our knowledge this is 
the fi rst description of the use of a lag screw to achieve reduction of distracted anterior 1/4 fracture fragments of 
the C1 from a posterior approach. This technique has the potential to become a valuable adjunct to the surgeon’s 
armamentarium, in our opinion, only for fractures with distracted or comminuted fragments whose alignment 
would not be expected to signifi cantly change with classical lateral mass screw reduction.
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and further characterized through classifi cations by Jeff erson,[3] 
Segal et al.[4] and fi nally Levine and Edwards,[5] based on the 
fracture location and associated ligamentous injury.[6] Th e most 
common subtypes are burst fractures, posterior arch fractures, 
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INTRODUCTION

Fractures of the atlas constitute 25% of all craniocervical injuries, 
2-13% of all cervical spine injuries, and approximately 1.3% of all 
spinal fractures.[1,2] Th ey were originally described in the 1800s 
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and comminuted lateral mass fractures, each with a prevalence 
of 20-30% of all atlas injuries.[7] 

Among patients with atlas fractures treated using external 
immobilization, nonunion of the fracture could be seen and neck 
pain was present in 20-80% of the patients.[4] Ideally, treatment 
strategy for an unstable atlas fracture would involve limited 
internal immobilization to maintain the fracture fragments 
in a reduced position without restricting the range of motion 
(ROM) of the atlantoaxial and atlantooccipital joints. Such a 
result can be established using either transoral limited internal 
fi xation or limited posterior lateral mass fi xation.[4,7-10] However, 
due to high infection risk as high as 9-22%[11-16] and technical 
diffi  culty, which increases the postoperative complication rate to 
as high as 75%,[17] posterior approaches are preferred although 
there is still a risk of venous plexus and C2 nerve root injury 
during exposure of the C1 lateral mass.[18,19] Th e indications 
for limited posterior lateral mass fi xation include fresh isolated 
atlas posterior 3⁄4 Jeff erson fracture and semi-ring Jeff erson 
fractures[9,20-23] associated with C1 lateral mass, either together 
with type II transverse ligament injury or that do not heal aft er 
external immobilization for 3 months.[24] Isolated atlas fractures 
combined with type I ligament injury may have atlantoaxial 
or atlantooccipital joint instability, and should be treated with 
C1-C2 or C0-C2 fusion.[25] However, none of these posterior 
approach techniques can fully address isolated anterior 1/4 atlas 
fractures such as in our case.

Th e regions of the anterior and posterior arches that connect 
with the lateral masses are relatively thin and represent the 
weakest points of the atlas, therefore being highly probable 
locations for fracture.[3] Due to its unique anatomy, the atlas 
most commonly fractures with two or more breaks in the ring 
structure to our knowledge; only 14 cases of an isolated fracture 
of the atlas detected by CT have been reported in the English 
literature.[16] Th e thin lamina causes displacement of the lateral 
masses and transverse atlantal ligament is insuffi  cient to reduce 
the fractured parts in the anterior isolated fractures of the atlas, 
thus causing prolonged nonunion with neck pain such as in our 
case. Th e purpose of this paper is to describe a novel open and 
direct technique in which a unilateral lag screw was placed to 
reduce and stabilize a progressively widening isolated right-sided 
anterior 1/4 fracture of C1 that was initially treated with a rigid 
cervical collar.

MATERIALS AND METHODS

A 50-year-old woman involved in a motor vehicle accident 
was admitt ed to our department with complaints of retrograde 
amnesia, and neck pain and stiff ness. Her neurological 
examination was normal except for diff use posterior cervical 
spine tenderness to direct palpation. Upper cervical computed 
tomography (CT) revealed an isolated unilateral (right side) 
fracture of C1 anterior 1/4 arch with extension of the fracture 
to the right lateral mass. Th ere was also mild distraction of 
the fracture either due to the rupture of transverse atlantal 
ligament or due to the biconcave structure of C1 lateral masses. 

Given the initial presentation and imaging results that were 
not suspicious for instability, it was elected to treat the patient 
conservatively with a rigid cervical collar and routine activity 
restriction. On the follow-up, even months aft er the trauma, 
she had persistent and progressively worsening neck pain both 
with and without the use of the rigid collar. She did not exhibit 
any neurological defi cit or pathological refl ex but reported a 
signifi cant diffi  culty in tolerating the continuous use of the 
rigid cervical collar. Repeat CT imaging revealed progressive 
widening and distraction of the right C1 arc fracture without 
any callus formation [Figure 1]. Dynamic studies could not be 
performed due to extreme pain reported by the patient during 
the necessary movements. Aft er a discussion regarding the 
patient’s admitt ed noncompliance with the instructions about 
the use of rigid cervical collar and progression of pain together 
with the risks, benefi ts, and expectations of surgical intervention, 
the patient agreed to go forward with surgery. Th e patient was 
informed that data concerning the case would be submitt ed for 
publication and agreed to this.

Surgical technique
Intraoperative somatosensory-evoked potentials were used for 
monitoring the patient. Under general anesthesia, the patient was 
placed in a prone position with a Mayfi eld headholder (Integra Co, 
Plainsboro, New Jersey, USA) to keep the neck slightly fl exed. A 
standard, midline posterior approach to the upper cervical spine 
was employed, with specifi c care taken to sweep the paraspinal 
musculature, fascia, and ligaments along the midline to reveal the 
spinous process of C2 and posterior tubercle of C1. We did not 
use our navigation system or intraoperative three-dimensional 
(3D) imaging facilities for this case. Subsequently, the junction 
of the lower edge of C1 posterior arch and lateral mass was 
exposed by subperiosteal dissection. Th e vertebral artery (VA) 
was dissected superiorly and gently retracted to expose the upper 
edge of the posterior vertebral arch and lateral mass of C1 on the 
right side only. During the operation, C1-C2 venous plexus was 
dissected inferiorly to be protected with cott onoids, and epidural 
venous bleeding controlled with bipolar cautery and gelfoam. 
Subperiosteal dissection was performed using Penfi eld dissector 
(Aesculap AG, Tutt lingen, Germany) were used to avoid 
neurovascular injury and to probe the medial wall and posterior 
wall of the posterior arch and the border of the lateral mass. Once 
the fracture line was adequately visualized, a dissector was placed 

Figure 1: (a and b) Axial view of computed tomographic scan 
through the atlas demonstrating a right anterior 1⁄4 isolated 
fracture with mild distraction (the fracture line goes through the 
right anterior part of lateral mass)

a b
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and its location at the C1 posterior arch was confi rmed via two-
dimensional (2D) fl uoroscopy. 

Since the drill could slip and hurt the VA or break the C1 
posterior arch during the process of forming the pilot hole, a 
high-speed burr was used to remove the outer narrow bone of 
the C1 posterior arch at the VA groove along the direction of 
the trajectory. Th e pilot hole was drilled at a point just inferior 
to the VA and C1 spinal nerve, at the lateral border of the C1 
lateral mass, toward the right C1 lateral mass and found to be 
without breach on further probing. According to preoperative 
CT scans and intraoperative anatomy, a K-Wire (Aesculap AG, 
Tutt lingen, Germany) was then placed, and 2D fl uoroscopy 
demonstrated bicortical placement. Th e wall of the pedicle 
was carefully probed to confi rm the correct trajectory. For the 
insertion of the screw, the optimal direction of the trajectory 
was planned according to preoperative CT scans. Th e trajectory 
was approximately 15-20° in the medial direction and 20° in 

Figure 2: (a-c) Axial view of noncontrast computed tomographic 
scan taken in the early postoperative period showing C1 reduction 
with the lag screw crossing the fracture line 

a b

c

Figure 3: (a and b) The postoperative lateral and open-mouth 
radiographs at the late follow-up, revealing no implant failure, good 
cervical alignment, and good reduction with well-positioned screw 
placement in the C1

a b

Figure 4: (a-c) Axial view of computed tomographic scan obtained 
in the late follow-up period up through the atlas demonstrating 
good bony fusion and good reduction with well-positioned screw 
placement in the right anterior 1⁄2 single fracture line that also 
goes through the right anterior part of lateral mass

a b

c

the cephalad direction. A cannulated 4 × 30 mm-sized titanium 
compression screw (Acutrak®, Acumed Inc. Hillsboro, Oregon, 
USA) was placed over the K-wire and partially advanced. Th e 
wire was then removed and the screw advanced fully with 
excellent purchase through the fracture line. Th e screw was 
tightened until the proximal end was countersunk into the 
bone for 1-2 mm. Th e fascial and subcutaneous layers were 
approximated with interrupted sutures, and the skin incision 
was closed with staples.

Postoperative course
Immediately aft er the surgery, she reported total disappearance 
of the symptoms and was discharged on postoperative day 1. 
She started to work aft er the fi rst week. Clinically, the ROM 
of her cervical spine was not restricted in any direction. A CT 
scan obtained in the early postoperative period [Figure 2] 
showed signifi cant reduction of the fracture with appropriate 
placement of the lag screw and beginning of callus formation 
while x-rays [Figure 3] and CT scan taken in the late 
postoperative period [Figures 4 and 5] showed no implant 
failure, good cervical alignment, and good reduction with 
fusion of C1. 

DISCUSSION

Figure 5: 3-dimensional reformatted CT images of the late 
follow-up images in the axial, sagittal, and coronal planes from 
thin-section CT scan, demonstrating good reduction with 
well-positioned screw placement through the right anterior 1⁄2 
single fracture line
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Although there are many complications with prolonged 
nonoperative management including pin-site infection, pin 
loosening, recurrent subluxation, and high nonunion rate,[26,27] 
many authors recommend that the rigid collar be used first[12,26] 
followed by head-halter traction for 3-4 weeks[28,29] in isolated 
atlas fractures and radiographic outcomes seem to have a high 
success rate[29] but neck pain is present in 20-80% of the patients 
after the external immobilization.[4] If the reduction cannot 
be maintained by these methods due to transverse atlantal 
ligament disruption, inadequate fracture reduction, or absence 
of adequate cervical immobilization,[30] surgery should be 
performed.[26,27] Fusion of the upper cervical spine via dorsal 
wiring of C1-2 was first described by Mixter and Osgood in 
1910[31] and technological improvements in instrumentation over 
the past 30 years have allowed a significant expansion of available 
options for surgical fixation of this region. However, the major 
disadvantage of fusion is sacrifice of the normal ROM in the C1-
C2 or C0-C2 joints such as C1- C2 rotation and C0- C1 flexion/
extension.[32] In addition, an increased incidence of degeneration 
of the subaxial cervical spine has also been reported.[33] 

Anterior 1/4, posterior 1/4, or posterior 1/4, simple C1 
fractures without transverse atlantal ligament rupture assessed 
by MRI can be considered as stable fractures[32] while late 
squeal from malunion are reported.[1,7,34] As a motion-preserving 
technique, the single lag-screw technique is commonly used in 
anterior odontoid screw fixation to bring fracture fragments into 
better apposition.[21] The current report suggests that isolated 
C1 fractures can be surgically reduced and immobilized using a 
lateral compression screw to allow union and maintain both C1-0 
and C1-2 motion, and in our knowledge this is the first description 
of the use of a lag screw to achieve reduction of distracted 
anterior 1/4 fracture fragments of the C1 from a posterior 
approach. This technique has the potential to become a valuable 
adjunct to the surgeon’s armamentarium, in our opinion, only 
for fractures with distracted (but not comminuted) fragments, 
the alignment of which would not be expected to significantly 
change with classical lateral mass screw reduction along the 
trajectory of the routinely accessible posterior entry points.

A computer navigation system with intraoperative 3D imaging 
facilities will be of benefit for safe placement of the C1 screw if a 
percutaneous technique is to be used for this type of nonfusion 
surgery. However, for a free-hand technique, the starting point 
was at the undersurface junction of the C1 posterior arch 
and lateral mass[35] avoiding traction or irritation of the C2 
nerve root,[36,37] the vulnerable venous plexus,[38-40] and the VA 
stretching superiorly on the posterior arch groove, which may 
sometimes be difficult to find due to the variation ponticulus 
posticus, an ossification arch surrounding the dorsal course of 
the VA on the C1 posterior arch.[41,42] 
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