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Objective. To evaluate the effectiveness of the original technique of surgical treatment of unstable fractures of the atlas.

Material and Methods. The study included 8 patients with isolated unstable Gehweiler type III B atlas fractures (Jefferson fracture) op-

erated on using original surgical technique of osteosynthesis. Two-part fractures were present in five patients, and three-part fractures – 

in three patients. Dickman’s type I transverse ligament injury was observed in 2 cases, and that of type II – in 6. All patients underwent 

osteosynthesis through the posterior approach using the developed method for eliminating atlantoaxial instability.

Results. In the postoperative period, a decrease in the VAS pain intensity by 5–7 points (on average 6.6) was noted. Control examination 

confirmed consolidation of the atlas fractures in all patients. The average value of the anterior atlantodental interval after surgery did not 

exceed 3.10 ± 0.54 mm. The amplitude of head rotation reached 145.00° ± 8.29°. Complications included surgical site infection in one case 

and cerebrospinal fluid leakage in another.

Conclusion. The described original surgical technique of reconstructing the transverse ligament function during osteosynthesis makes 

it possible to eliminate instability, while avoiding the rotation block in the atlantoaxial joint, which improves the functional outcomes 

of surgical treatment. The presented results indicate the effectiveness of the method and allow considering the proposed new technique 

of atlas osteosynthesis as a method of choice in the surgical treatment of unstable C1 fractures with Dickman’s type I and II transverse 

ligament injury. Further studies on sufficient clinical material are necessary for a reliable assessment of the method.
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Atlas fractures represent 2–13 % of all 
cervical spine fractures [1–5]. In 1822, 
Cooper made the first report of an atlas 
fracture based on autopsy data. In 1920, 
Jefferson described a burst fracture of 
the atlas that was later named after 
him [2]. Only 33 % of atlas fractures 
are isolated injuries. Mostly they coex-
ist with other spinal injuries, including 
40–44 % of C2 vertebral fractures [1, 3, 
4, 6]. According to recent studies, injury 
rates have a bimodal age distribution 
with an initial insignificant peak in the 
second to third decade of life followed 
by an exponential increase, reach-
ing a maximum after the age of 80 
years old. Atlas fractures in the elder-
ly are a consequence of falling from 
height of their own body, whereas in 
younger people the dominant reason 
is high-energy injuries mostly caused 
by traffic accidents. The ratio of men 

to women with atlas fracture is 1.3 : 
1.0 [7]. Neurological complications 
are rarely observed in isolated atlas 
fractures because of the specif ic 
structure of the first cervical vertebra 
[1–4, 6]. Most atlas fractures are stable 
injuries. Unstable injuries include a 
burst fracture in which excessive axial 
force splits the vertebra at two, three, 
or four points, resulting in lateral 
displacement of one or both lateral 
masses with concomitant transverse 
l igament rupture,  corresponding 
to type 3B according to Gehweiler 
classification. The typical Jefferson 
fracture with the formation of four 
fragments is extremely rare. Burst 
fractures with the formation of two or 
three ring fragments are much more 
frequently observed [8]. Injury of the 
transverse ligament in the form of a 
direct rupture of the ligament (type 

I according to Dickman et al.) or its 
avulsion together with a bone fragment 
from its attachment to the lateral mass 
(type II) is the reason for atlantoaxial 
instability [1–6, 8–12].

The evolution of surgical techniques 
for the treatment of unstable C1 verte-
bral fractures is focused on minimizing 
the scope and traumatic nature of pro-
cedures and improving functional out-
comes. Reduction of the fragments and 
elimination of atlantoaxial instability 
have become the fundamental princi-
ples of the modern concept of surgical 
treatment of unstable atlantoaxial frac-
tures. One such technique is osteosyn-
thesis of atlas ring fragments performed 
through a posterior approach [13–17].

The objective is to evaluate the effec-
tiveness of the original technique of sur-
gical treatment of unstable fractures of 
the atlas.
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Material and Methods

The outcomes of osteosynthesis of isolat-
ed unstable atlas fractures of Gehweiler 
type IIIB through the posterior approach 
using the developed procedure of atlan-
toaxial instability elimination (patent 
application No. 2024117013) were 
analyzed. Eight patients (5 males and 
3 females) aged 27–48 years (mean age 
37.3 years old) were included in the study. 
Two-fragment fractures were found 
in five patients, and three-fragment 
fractures in three patients. There were 
two cases of transverse ligament injury 
type I according to Dickman et al., 
and six cases of type II. Five patients 
suffered atlas fractures because of a fall 
from height, and three patients were 
involved in traffic accidents. At the time 
of surgery, all the injuries were acute. 
Clinical symptoms and their course in 
the postoperative period, duration of 
surgery and blood loss volume, adequacy 
of reduction, stability of the operated 
spinal segments, fracture consolidation 
time, and restoration of head rotation 
were analyzed.

The clinical picture was character-
ized by pain syndrome with intensity 
from five to seven points according to 
VAS and limitation of head movements. 
There were no neurological disorders in 
all patients.

Verification of the diagnosis was in 
accordance with the findings of MRI, CT, 
transoral and functional spinal radio-
graph that are standard techniques in 
such cases.

All patients underwent osteosynthesis 
of atlas fractures through the posterior 
approach using the developed technique 
to eliminate atlantoaxial instability.

Surgical technique. The surgery was 
performed in the prone position of a 
patient with fixation of the head in a 
Mayfield headframe. The approach was 
performed through a midline incision 
with a length of about 5–7 cm. The pos-
terior arch and lateral masses of the atlas 
and the spinous process and the C2 ver-
tebral arch were skeletonized. A techni-
cal aspect of this procedure is to control 
bleeding from the venous plexus sur-
rounding the Arnold nerve. For this rea-

son, skeletonization of the lateral mass 
was performed subperiosteally, starting 
from the lower margin of the atlas arch. 
In case of intense bleeding from the 
venous plexus, it can be stopped easily 
by bipolar coagulation and tamponade 
with hemostatic dressings. Using a low-
speed drill, holes were made in the lat-
eral masses, and polyaxial screws were 
inserted. A rod was fixed to the head of 
the screw placed in the dislocated lateral 
mass. Fracture reduction was achieved by 
contraction between the screws. The rod 
was then locked in the head of the screw 
on the contralateral side. Subsequently, a 
loop of steel wire or strong lavsan thread 
was used to fix the rod to the spinous 
process of the C2 vertebra in the maxi-
mal head extension (Fig. 1).

On day 2 or 3 after surgery, a CT 
examination was performed to control 
the reduction and instrumentation posi-
tion. Immobilization with a head sup-
porter was performed for two months. 
Patients were examined every 2 months 
for the first 6 months, and functional 
spinal radiograph and CT scans were 
performed 4 and 6 months after surgery 
to control the condition of bone fusion 
and stability of the operated spinal seg-
ment, as well as to measure the ampli-
tude of head rotation. The final evalua-
tion of the recovery of rotational head 
movements in the majority of patients 
was performed after 12 months.

Results

The mean fol low-up period was 
15.75 ± 5.14 months (12 to 24 months). 
The main information about the patients 
and the surgical outcomes is given 
in the Table. The duration of surgery 
ranged from 60 to 120 min (mean 
88.70 ± 18.15 min), and the blood loss 
volume ranged from 70 to 150 ml (mean 
96.20 ± 25.95 ml). During the follow-
up period, pain intensity decreased by 
5–7 points (mean 6.6). Postoperative 
radiological parameters of total lateral 
displacement of the lateral atlas masses 
(1.28 ± 1.02 mm, range: 0.0-3.0 mm) that 
were measured according to the method 
of Spence et al. were considerably less 
than the preoperative (7.17 ± 0.60, range: 

6.2–8.1 mm) parameters. According 
to functional spinal radiography, the 
anterior atlantodental interval values 
(3.10 ± 0.54 mm, range: 2.0-4.0 mm) 
after surgery were also significantly 
different from preoperative ones 
(5.07 ± 0.99 mm, range: 4.0–7.1 mm). 
The control examination in all cases 
verified the fusion of unstable atlas 
fractures. The mean consolidation time 
was 5.25 ± 0.96 months. The amplitude 
of head rotation in patients who 
underwent atlas osteosynthesis reached 
145.00° ± 8.29° one year after surgery 
(Fig. 2, 3). No integrity disruptions of the 
instrumentation elements, including the 
cerclage wire, were observed.

One patient suffered from the surgi-
cal site infection, which was successfully 
managed with continuous flow drainage. 
The cerebrospinal fluid leakage found in 
one patient in the postoperative period 
was eliminated by lumbar drainage for 
seven days.

Discussion

The assessment of transverse ligament 
integrity is crucial in determining the 
treatment strategy for atlas fractures. 
If the transverse ligament is ruptured, 
atlantoaxial instability is present [1–6]. 
Dickman et al. identified two types 
of ligament injury: rupture along the 
ligament corresponded to type I; avulsion 
of the transverse ligament with a bone 
fragment from the fixation site to the 
lateral mass corresponded to type II [9, 
10]. It is possible to objectively visualize 
the rupture in some cases in the acute 
period of injury using MRI. In cases of 
neglected atlas fractures, MRI loses its 
diagnostic value. Radiological computer 
tomography provides an opportunity to 
verify injury to the transverse ligament in 
case of its avulsion from the attachment 
site. In the case of type I rupture by 
Dickman et al, radiological computer 
tomography has no diagnostic value.

In this context, techniques for indi-
rect assessment of transverse ligament 
integrity are of great relevance. One of 
them is the “Rule of Spence.” Spence et 
al., modelling true Jefferson fractures 
in a series of experiments with cadaver 
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blocks, have found that rupture of the 
transverse ligament is associated with a 
mean distraction force of 580 N and a 
mean total displacement of the lateral 
atlas masses relative to the articular axis 
surfaces of 6.9 mm [18].

Nevertheless, Dickman and Sonntag 
indicated that the study conditions were 
not suitable for the clinical mechanism 
of injury, as the experiment neglected 
the distraction resistance forces exert-
ed by soft tissues and muscles that were 
nonexistent in cadaveric blocks. Using 
MRI, they evaluated the integrity of the 
transverse ligament, arguing that it was 
more objective than measuring the total 
displacement of the lateral atlas mass-
es on spinal radiography. According to 
their series of experiments, it was found 
that the “Rule of Spence” failed to verify 
transverse ligament injury in 60% of cases 
[9, 10].

Heller et al. [19] suggested that the 
mean total displacement of the later-
al atlas masses in the “Rule of Spence” 
should be increased to 8.1 mm because 
of an 18% distortion of the object size 
transfer in spinal radiography.

Nowadays, a number of authors criti-
cize the reliability of this technique for 
the diagnosis of injury to the transverse 
ligament of the atlas, pointing out that 

there is no clear correlation between the 
figures of total displacement of the lat-
eral masses and the fact of a transverse 
ligament rupture [3–5, 9, 10, 17].

Thus, in our series of cases, the total 
displacement of the lateral atlas mass-
es in three patients was less than 6.9 
mm with verified avulsion of the trans-
verse ligament from the attachment site 
together with the bone fragment (type 
II according to Dickman et al.), which 
also proves against the absolute speci-
ficity of the “Rule of Spence.” Moreover, 
a change in the anterior atlantodental 
interval on functional spinal radiograph 
was observed in all patients indicating 
the great diagnostic value of this exam-
ination technique. Therefore, only a 
comprehensive evaluation of radiologi-
cal computer tomography, MRI, as well 
as functional and transoral spinal radio-
graph data can verify a transverse liga-
ment rupture of type I by Dickman et al.

The treatment strategy of unstable 
atlas fractures is still a matter of debate. 
Conservative treatment was prevalent 
until the end of the twentieth century. 
Prolonged immobilization with cervi-
cal collars of various modifications or 
halo vests is a painful ordeal for patients, 
seriously affecting the quality of life and 
not guaranteeing, as practice has shown, 

a positive outcome [3, 4, 11, 12]. Thus, 
according to a multicenter study con-
ducted by Dvorak et al. [20], conservative 
treatment of unstable fractures because 
of vicious union of the atlas ring resulted 
in the development of such long-term 
consequences as post-traumatic osteo-
arthritis and instability. The most unfa-
vorable outcomes were found in patients 
with a total displacement of lateral atlas 
masses equal to 7 mm. Segal et al. [21] 
found a direct correlation between the 
degree of fragments displacement and 
the incidence of nonunions.

From the early 2000s, the treatment 
strategy for unstable atlas fractures has 
been revised considering the previous 
experience [2–4, 11–17, 22–28]. Active 
implementation of surgical techniques 
has been observed. This is greatly facil-
itated by the development of modern 
medical technologies. 

Nowadays, the range of surgical 
techniques for unstable atlas fractures 
includes occipital cervical fusion, pos-
terior C1–C2 vertebral fixation with 
screws according to Harms, transartic-
ular fixation according to Magerl, and 
open reduction and osteosynthesis of C1 
vertebral fragments from posterior and 
transoral approach. 

Occipital cervical fusion is a tradition-
al surgical technique for the treatment 
of unstable atlas fractures. However, in 
addition to the unnecessarily high vol-
ume and traumatic nature of the proce-
dure, it has a negative consequence on 
head mobility. For this reason, craniocer-
vical fixation in C1 vertebral fractures is 
not practically used nowadays. Currently, 
the scope of occipital cervical fusion is 
limited to comminuted fractures of the 
lateral atlas mass and the consequences 
of C1 vertebral fractures [15, 17].

In 2001, Harms and Melcher [22] 
described posterior screw fixation of the 
C1–C2 vertebrae for the treatment of 
injuries and diseases of the upper cervi-
cal spine, which is also used in the surgi-
cal treatment of unstable atlas fractures 
of Gehweiler type III B. Among other 
things, the technique provides instru-
mental correction of dislocations and 
atlantoaxial instability [22]. Contraction 
between the rods of the instrumenta-

Fig. 1
Scheme of surgical intervention, posterior view (a) and lateral view (b): osteosynthesis 
of an unstable atlas fracture with two screws inserted into the lateral masses and the 
rod fixed between screws in the transverse direction, with a cerclage wire stretched 
between the rod and the C2 spinous process to reconstruction of the function 
transverse ligament
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Fig. 2
Examination results of patient before and after surgical 
treatment: a – CT in axial and frontal planes shows a two-
fragment unstable atlas fracture of Gehweiler type III with 
avulsion of the transverse ligament from the lateral mass (injury 
of type II according to Dickman et al.); b – transoral spinal 
radiographs shows lateral displacement of the lateral atlas masses 
with the total value of 7.9 mm; c – functional spinal radiographs 
in the position of extension and flexion of the cervical spine 
show atlantoaxial instability with an increase in the Cruveilhier 
joint space to 4.7 mm in the head tilt position; d – control 
radiographs immediately after surgery in lateral and frontal 
planes, osteosynthesis of the atlas fracture was performed with 
reconstruction of the transverse ligament function with cerclage 
wire; e – control CT immediately after surgery in the sagittal 
and frontal planes, anatomical relationships in the atlantoaxial 
joint are restored; f – control CT in the axial plane 12 months 
after surgery, bone fusion of the atlas fracture; g – photographs 
of the patient 12 months after surgery with head turns to the 
left and right, restoration of the head rotation amplitude 
to physiological parameters
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tion with an application of a connec-
tor can help to reduce fragments using 
this technique [11, 12]. According to a 

number of authors [3, 4, 23], fixation of 
the C1–C2 vertebrae is reasonable in 
unstable atlas fractures with injury of 

the transverse ligament of type I accord-
ing to Dickman et al., when its integrity 
cannot be fully restored [3, 4, 6, 9–11]. 
The obvious disadvantage of instrumen-
tation fixation of the C1–C2 vertebrae is 
the motor block in the atlantoaxial joint, 
which substantially limits the amplitude 
of head rotation.

The technique of transarticular fixa-
tion of the C1–C2 vertebrae, described 
in 1987 by Magerl et al., has not been 
widely used in the surgical treatment of 
unstable atlas fractures because of the 
complex nature of screw placement into 
the dislocated lateral mass and associated 
complications [3, 24].

In 2004, Ruf et al. [25] were the first 
to introduce osteosynthesis of unstable 
atlas fractures from a transoral approach. 
The advantages of this technique over 
the Harms and Magerl fixation of the 
C1–C2 vertebrae are the possibility of 
complete reduction with restoration 
of congruence of the articular surfaces 
of the atlanto-occipital and atlantoax-
ial joints, as well as preservation of the 
head rotation amplitude. The high risk of 
approach-related complications, primari-
ly infectious complications, the complex-
ity of the procedure, and the need to use 
special instrumentation have become an 
impediment to the widespread introduc-
tion of transoral osteosynthesis into clini-
cal practice [12, 14, 23, 26]. Nonetheless, 
this concept has resulted in a paradigm 
shift in the development of surgery for 
unstable atlas fractures. 

In 2006, Böhm et al. [13] described a 
combined osteosynthesis that involved 
the reduction of the fragments using 
contraction of screws connected by a 
rod and placed in a bicortical position 
posteriorly into the lateral atlas masses, 
followed by transoral strapping of the 
screw ends with a cerclage wire, essen-
tially establishing a new technique for 
the surgical treatment of unstable C1 
fractures performed from a posterior 
approach.

The osteosynthesis of C1 verte-
bral fragments through the posterior 
approach, which has been introduced 
into practice, is, in our opinion, the most 
appropriate technique for surgical treat-
ment of unstable atlas fractures. Its main 

Fig. 3
Examination results of patient before and after surgical treatment: a – CT in axial 
and frontal planes show a three-fragment unstable atlas fracture of Gehweiler type 
III with avulsion of the transverse ligament from the lateral mass (injury of type II 
according to Dickman et al.); b – CT in the sagittal, axial and frontal planes immediately 
after surgery show osteosynthesis of the atlas fracture with reconstruction of the 
transverse ligament function with lavsan; c – control CT in the axial plane 6 months 
after surgery shows bone fusion of the atlas fracture; d – functional spinal radiographs 
in the position of extension and flexion of the cervical spine show no atlantoaxial 
instability; e – photographs of the patient 6 months after surgery with head turns 
to the left and right, restoration of the head rotation amplitude to physiological 
parameters
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advantages are the possibility of com-
plete reduction with restoration of con-
gruence of the articular surfaces of the 
atlanto-occipital and atlantoaxial joints, 
preservation of mobility of the upper cer-
vical spine, and minimal scope and trau-
matic nature of the procedure. It is also 
necessary to note that osteosynthesis 
of unstable atlas fractures is performed 
using standard screw instrumentation for 
the cervical spine, which is an important 
advantage of this technique. At the same 
time, this does not solve the problem of 
atlantoaxial instability associated with 
transverse ligament rupture. According 
to a number of authors [15–17, 23, 26, 
27], restoration of anatomical relations 
in the atlanto-occipital and atlantoaxial 
joints and consolidation of atlas fractures, 
along with cicatrization of the capsu-
lar ligaments, compensate for the func-
tional insufficiency of the transverse liga-
ment of the atlas and prevent instability 
at the C1–C2 level in the postoperative 
period. Others believe that osteosynthe-
sis of unstable atlas fractures is indicat-
ed only in cases of transverse ligament 
injury of type II by Dickman et al. In 
this case, in their opinion, the anatomi-
cal integrity of the transverse ligament is 
restored because of consolidation of the 
bone fragment at the avulsion site from 
the lateral atlas mass, thus avoiding the 

development of atlantoaxial instability in 
the postoperative period [3, 4, 11, 12, 28].

The correct fusion of the capsular 
ligaments of the atlantoaxial joint after 
osteosynthesis of an unstable C1 fracture 
is impossible even with minimal mobility, 
which cannot be completely eliminated 
with external immobilization in the post-
operative period. The issue of atlanto-
axial instability during osteosynthesis of 
Gehweiler type IIIB atlantoaxial fractures 
through a posterior approach prompted 
us to restore the function of the trans-
verse ligament using a cerclage wire or 
lavsan thread stretched between the rod 
and the C2 spinous process in the maxi-
mal head extension position. This tech-
nique provides an opportunity to elimi-
nate the anterior translation of the atlas 
during head flexion and promotes full 
cicatrization of the capsular ligaments, 
thus preventing atlantoaxial instability. 
At the same time, a loop of wire or lavsan 
thread fixed to the rod does not block 
rotation at the atlantoaxial joint to the 
same extent as posterior screw fixation 
of the C1–C2 vertebrae.

Conclusion

Open reduction and stable fixation of 
the fragments ensure restoration of the 
anatomical integrity of the atlas ring and 
congruence of the articular surfaces of 

the atlanto-occipital and atlantoaxial 
joints, which distinguishes osteosynthe-
sis of C1 vertebral fractures of Gehwei-
ler type IIIB through posterior approach 
from other techniques. Preservation of 
rotation movements in the upper cer-
vical spine is an obvious advantage of 
this technique. The original technique 
for reconstruction of transverse ligament 
function during osteosynthesis described 
in this article provides an opportunity to 
eliminate instability while avoiding rota-
tion block in the atlantoaxial joint, which 
improves functional surgical outcomes.

The presented outcomes demonstrate 
the efficiency of the technique and sug-
gest that the proposed original technique 
of atlas osteosynthesis should be consid-
ered the treatment of choice for unsta-
ble C1 fractures with transverse ligament 
injury of types I and II according to Dick-
man et al. Nevertheless, further studies 
on sufficient clinical cases are required 
for a reliable assessment of the technique.
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