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 Background: Surgical procedures on atlantoaxial dislocation combined with osteoporosis remain controversial. This study 
was established to assess the mid-term clinical outcomes of atlantoaxial dislocation combined with osteopo-
rosis using posterior atlantoaxial rod, screw fixation and posterior interfacet fusion.

 Material/Methods: From January 2017 to January 2020, 21 patients (4 males and 17 females) with coexisting atlantoaxial disloca-
tion and osteoporosis who underwent posterior atlantoaxial rod and screw fixation were included in our study 
with an average age of 64±8.1 years (range, 57–74 years). The subjective and objective symptoms, together 
with the neurological function of the patients were measured. Radiography and magnetic resonance imaging 
(MRI) were performed, Japanese Orthopaedic Association (JOA) score for spinal cord function and VAS score 
for pain recovery was assessed.

 Results: JOA and visual analog scale (VAS) score were significantly improved at 14±5.9 month follow-up compared with 
pretreatment values. Complete or almost complete anatomical reduction was observed in all 21 patients. All 
patients had good bony fusion at the final follow-up. No screw-loosening or atlantoaxial redislocation occurred 
in 21 cases. The only complication was mild numbness in the C2 innervation area of the posterior occipital re-
gion in 6 cases, which had no effect on life.

 Conclusions: The results suggested that posterior atlantoaxial rod, screw fixation system, and posterior interfacet fusion could 
achieve satisfactory initial results for the treatment of atlantoaxial dislocation combined with osteoporosis.
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Background

Atlantoaxial dislocation refers to the loss of a normal ana-
tomical articulation between the articular surface of atlas (C1) 
and the axis (C2) caused by congenital malformation, trauma, 
degeneration, inflammation, or surgery, resulting in joint dys-
function and neurological dysfunction [1–3]. The unique po-
sition of the odontoid process, rising between the ring of the 
atlas ventrally, together with the transverse atlantal ligament 
dorsally and the C1–C2 lateral mass joints are the major fac-
tors preventing dislocation of C1–C2 [1], with any disruption 
in the integrity of these structures predisposing to atlanto-
axial dislocation development [4–6]. Although uncommon, 
atlantoaxial dislocation can be linked with complicated de-
formities of the cranio-vertebral junction and represent a po-
tential for serious clinical consequences, including respiratory 
failure, cervical myelopathy, or even death [7,8]. According to 
the etiology, atlantoaxial dislocation can be classified as trau-
matic, spontaneous, and congenital [1]. Based on the reduc-
ibility, atlantoaxial dislocation can be further divided into re-
ducible and irreducible [2].

The treatment of atlantoaxial dislocation requires reduction 
and decompression while taking appropriate measures to 
maintain the stability of the atlantoaxial vertebra. Traditional 
Gallie, Brooks, Apofix laminar clamps and other techniques 
are relatively simple to operate, but because of the risk of 
spinal cord injury and poor biomechanical stability, it is tough 
to meet the needs of clinical rigid treatment. Since Goel and 
Laheri [9] reported the posterior atlantoaxial plate and screw 
fixation system in 1994, the clinical problem that the posteri-
or atlantoaxial fixation is not strong enough and the techni-
cal operation is complex and dangerous has been solved. In 
recent years, many surgeons have used posterior approach-
es for atlantoaxial dislocation treatment and have achieved 
good clinical outcomes [10–12].

Earlier studies have indicated that pedicle screw fixation is high-
ly related to the bone mineral density [13–15]. Osteoporotic 
patients are prone to loosening of internal fixation [16], which 
leads to non-fusion and failure of operation. In the special 
field of atlantoaxial joint, once the operation fails, it is even 
more difficult to perform the revision surgery [17]. Therefore, 
despite multiple effective surgical approaches and techniques 
have been developed for atlantoaxial dislocation, pedicle screw 
fixation remains a challenge for orthopedic surgeons in an os-
teoporotic spine. As far as we know, reports about the treat-
ment of patients with coexisting atlantoaxial dislocation and 
osteoporosis are still lacking nowadays.

In view of these situations, this paper retrospectively observed 
the treatment outcomes of 21 cases of atlantoaxial disloca-
tion with osteoporosis admitted to our hospital from January 

2017 to January 2020, the related problems in the treatment 
were also explored and discussed.

Material and Methods

Patient population

We retrospectively collected the clinical data of patients with 
coexisting atlantoaxial dislocation and osteoporosis who under-
went posterior atlantoaxial rod and screw fixation from January 
2017 to January 2020. This study was approved by the Medical 
Ethics Committee of our hospital. Written informed consent 
was obtained from all patients (2020-B01, January 4, 2020).

Inclusion criteria of patients were: 1) reducible atlantoaxial 
dislocation/instability; 2) presence of neck pain or spinal cord 
compression; 3) bone mineral density (BMD) T-score <–2.5. 
Exclusion criteria included: 1) occipito-cervical deformity with 
stable atlantoaxial joint; 2) BMD T-score above –2.5; 3) pa-
tients who had atlantoaxial dislocation combined with other 
occipito-cervical deformities.

Preoperative preparation

After admission, a complete cervical radiographic examination 
was performed for each patient including MRI and a computed 
tomography (CT) scan. Before the operation, skull traction was 
performed for patients who had dislocation on lateral cervical 
radiographs in extension. Then, the traction was maintained 
for another week after traction reduction or partial reduction. 
Bedside lateral x-ray was then performed.

Surgical techniques

The patients received general anesthesia through nasal tra-
cheal cannula, and were then placed in a supine position with 
skull traction. Throughout the sub-occipital posterior median 
approach, the posterior cervical muscles were dissected to ex-
pose the nail point. The screws were positioned under fluoros-
copy. The central point of the posterior margin of the inferior 
articular process on C1 lateral mass was selected as the entry 
point. Place the 3.5 mm-diameter polyaxial screw (Medtronic 
Inc., Minneapolis, MN, USA) at an angle of about 15° upward 
and inward, with a depth of 26–30 mm. C2 pedicle screws 
were placed with the upper inner edge of the inferior articu-
lar process of the axis as the entry point, inclined 20° inward 
and upward, with a diameter of 3.5–4.0 mm and a length of 
22–26 mm (Medtronic Inc., Minneapolis, MN, USA). The C2 
laminar screws were placed by 5 mm from the central line of 
the spinous process and the upper edge of the vertebral lam-
ina respectively, and the screws were extracted from the cen-
ter point of the lower articular process on the opposite side. 
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The angle of the screws was 25° anteriorly, 8° downwardly, and 
the length of the screw channel was 26–28 mm (Medtronic 
Inc., Minneapolis, MN, USA). After that, C2 nerve root was ex-
posed and dissected, the atlantoaxial lateral mass joint was 
thoroughly exposed, and the ligament tissue of capsule wall 
attached to the edge of articular process was incised with a 
sharp knife and then entered the joint cavity. The articular car-
tilage was scraped by curette, and the joint was completely 
loosened by prying the articular surface. After the reduction 
of atlantoaxial joint by depressing the spinous process of the 
vertebra, a connecting rod of appropriate length and radian 
was then installed. C-arm x-ray fluoroscopy was used to check 
the condition of reduction, if unsatisfactory reduction was ob-
tained, the connecting rod needs to be reshaped for further re-
duction. After satisfactory reduction, the posterior arch of atlas 
and the lamina of axis were polished. Then the posterior supe-
rior iliac crest was exposed, the bone cortex was cut through 
the bone window with a bone knife, and the cancellous bone 
granules were extracted from the posterior superior iliac crest 
with a curette. Next, the bone granules implanted in the at-
lantoaxial joint cavity were compacted with a bone graft rod 
(Medtronic Sofamor-Danek, Minneapolis, MN, USA), and the 
rest were implanted between the posterior arch of atlas and 
the lamina of axis. Finally, the wounds were rinsed and the in-
cisions were closed. Drainage tube was placed in the incision.

Postoperative management

All patients received intravenous antibiotics for 24 hours af-
ter operation. The drainage tube was removed on the second 
day. Patients were placed on strict bed rest for 3 days when 
pain relief and drain removal, and were then allowed to am-
bulate while wearing a hard cervical collar. Use of a cervical 
collar was continued until definite bone fusion occurs.

Postoperative assessment

Postoperative x-ray, MRI, and reconstructive CT scan were per-
formed to determine reduction, decompression, status of bone 
graft, and internal fixation at 7 days, 2, 4, 6, 9, and 12 months 
after surgery, and annually thereafter. JOA scores and VAS were 
assessed preoperatively, postoperatively, 1 week, 2, 4, and 6 
months after surgery and last follow-up. Bone fusion was con-
firmed by continuous callus passing the interface between the 
graft and donor bone bed in CT sagittal reconstruction image.

Statistical analysis

The paired t-test was used to compare changes before and 
after surgery with parametric values by using SPSS 20.0 soft-
ware. P<0.05 was considered statistical significant.

Results

Baseline data

Four males and 17 females with an average age of 64±8.1 years 
(range, 57~74 years) were enrolled in our study. The causes 
of atlantoaxial dislocation were old odontoid fracture (n=12), 
fresh odontoid fracture (n=1), simple atlantoaxial dislocation 
(n=1) and rheumatoid arthritis (n=1), ankylosing spondylitis 
(n=1) and os odontoideum (n=5). Twenty patients had spinal 
cord compression and limb dysfunction; 1 patient only showed 
neck pain and limited movement. The BMD T-score of the pa-
tients were all less than –2.5 with a minimum value of –3.9. 
Four patients had osteoporotic fractures in other parts. General 
information of the patients is listed in Table 1.

Functional outcomes

The average followed-up time was 14±5.9 months (range, 4~24 
months); the functional outcomes of the patients is present-
ed in Table 2. JOA and VAS score were significantly improved 
at follow-up compared with pretreatment values (all P<0.05). 
Complete or almost complete anatomical reduction was no-
ticed in all patients. All patients had good bony fusion at the 
final follow-up. Typical cases are shown in Figures 1 and 2.

Complications

No fracture of screws or fixing rods was reported. No screw-
loosening or atlantoaxial redislocation occurred in the 21 
cases. Mild numbness occurred in the C2 innervation area of 
the posterior occipital region in 6 cases, which had no effect 
on the patients’ life.

Discussion

Atlantoaxial dislocation is a rare and potentially fatal distur-
bance of the normal atlantoaxial join [18,19]. At present, with 
the aggravation of aging and the increasing number of osteo-
porosis patients, the situation of internal fixation pull-out and 
surgical failure caused by osteoporosis has become even more 
prominent. In this study, preoperative skull traction and pos-
terior atlantoaxial rod and screw fixation were used in combi-
nation with posterior interfacet fusion, and all cases had bone 
graft fusion. Improved VAS and JOA score were noticed at post-
operative follow-up when compared to preoperative score.

Atlantoaxial dislocation, particularly in the setting of clinical 
symptoms, typically requires surgical intervention. Despite 
this consensus, the actual treatment has been less consistent. 
Several scholars have advocated preoperative skeletal trac-
tion to facilitate reduction [20,21], whereas others have used 
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skeletal traction only during the surgical procedure [22,23]. 
In the current study, skull traction was conducted in patients 
with severe dislocation, un-reduction or incomplete reduction. 
Bedside lateral x-ray films were taken under traction and sur-
gery was carried out 1 week later after the observation of dis-
location reduction. This method is to reduce the stress of inter-
nal fixation and prevent the complications of screw loosening 

and pull-out caused by excessive stress of internal fixation 
during operation.

Although there are many kinds of internal fixation methods, 
including Gallie and Brooks titanium cable, Apofix laminec-
tomy, Magerl screw, and Harms-Goel system (i.e., atlantoaxi-
al pedicle screw and atlantoaxial laminectomy), the posterior 
atlantoaxial screw technology has become the current main-
stream fixation scheme due to its good mechanical properties. 
In this technique, atlas and axis were respectively placed with 
screws, and then a strong posterior internal fixation system was 
formed by connecting the rods. At present, there are 2 main 

Item

Gender (Male/Female) 4/17

Mean age (years)  64±8.1 (57~74)

Dislocation cause

 Old odontoid fracture 12

 Fresh odontoid fracture 1

 Simple atlantoaxial dislocation 1

 Rheumatoid arthritis 1

 Ankylosing spondylitis 1

 Os odontoideum 5

Blood loss, ml  300.9±83.3 (200~550)

Follow-up duration, months  14±5.9 (4~24)

Table 1. General information of the patients.

Data were presented as means±SD, or n patients.

Time VAS JOA

Preoperative 3.35±2.34 8.7±3.1

Postoperative 1 week 3.65±1.59 10.7±1.9*

Postoperative 2 months 2.06±1.47*,# 12.3±2.4*,#

Postoperative 4 months 1.87±0.93*,# 13.5±2.1*,#

Postoperative 6 months 1.79±1.39*,# 14.3±3.2*,#

Last follow-up 1.63±0.97*,# 14.2±2.5*,#

Table 2. Pre- and postoperative VAS and JOA score (c
_
±s).

Data were presented as means±SD; JOA – Japanese Orthopedic 
Association; VAS – visual analogue scale score for pain. * p<0.05 
vs. preoperative; # p<0.05 vs. postoperative 1 week.

A

F G H I J K

B C D E

Figure 1.  Preoperative, intra-operative, postoperative, 1 week and 9 weeks follow-up radiographs of a patient who had atlantoaxial 
dislocation caused by an old odontoid fracture treated with posterior atlantoaxial rod and screw fixation. (A–C) X-ray, CT, 
and MRI before the posterior atlantoaxial rod and screw fixation. (D) Intra-operative image of arthrolysis of atlantoaxial 
lateral mass. (E–G) CT and x-ray at 1 week after operation. (H) CT at 9 weeks after operation showed that strong fusion has 
been formed between the lateral mass joints. (I) One week after operation, CT showed the position of C1 pedicle screws on 
the left and right sides. (J, K) MRI at 1 week after operation showed that the compression of spinal cord has been relieved. 
CT – computed tomography; MRI – magnetic resonance imaging.
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Figure 2.  Preoperative, postoperative, 1- and 8-week follow-up radiographs of a patient with anatomical variation and atlantoaxial 
dislocation caused by an old odontoid fracture, who was treated with C2 bicortical lamina screw fixation. (A, B) X-ray and 
MRI before the bicortical lamina screw fixation. (C) X-ray imaging showing the reduction of dislocation after skull traction. 
(D) Intra-operative image of arthrolysis of atlantoaxial lateral mass. (E, F) Postoperative x-ray and CT imaging. (G) CT at 1 
week after operation. (H) CT at 8 weeks after operation revealed strong fusion between the lateral mass joints. (I) One week 
after operation, CT showed the position of C1 pedicle screws on the left and right sides. (J, K) MRI at 1 week after operation 
showed that the compression of spinal cord has been relieved. CT – computed tomography; MRI – magnetic resonance 
imaging.

technologies of atlas screw placement: lateral mass screw as 
well as pedicle screw. Both of them can achieve good postop-
erative results for patients with normal bone density. However, 
because of the obvious biomechanical advantage of C1 pedicle 
screw compared with lateral mass screw [24], all cases in this 
study received pedicle screw fixation, and long screws should 
be selected to reach the anterior cortex as much as possible. 
For patients with posterior arch dysplasia (height <3.5 mm) who 
cannot complete the complete pedicle screw placement, semi 
embedded pedicle screw placement was performed to maxi-
mize the mechanical stability [25,26]. In cases which C2 pedi-
cle screws cannot be applied due to severe high-riding verte-
bral artery, theoretically, laminar screws or isthmus screws can 
be used instead. However, due to the biomechanical advan-
tages of laminar screws, all patients in this group use laminar 
screws instead. Bicortical laminar screws have achieved good 
clinical results in patients with normal bone structure [27]. 
The pedicle screw is fixed through the posterior, middle, and 
anterior columns of the axis, while the laminar screw is com-
pletely located in the posterior column of the axis, and only 
the posterior structure is fixed which is not strong enough to 
resist lateral bending of the cervical spine [28]. Therefore, it is 
necessary to ensure that at least one side has pedicle screws 
to ensure 3-column fixation and increase the lateral bending 
strength so as to achieve strong fixation.

Conventional patients with atlantoaxial dislocation can achieve 
good fusion results only by posterior interlamina fusion [29]. 
However, for posterior atlantoaxial lamina fusion, only the sur-
face of posterior arch and lamina of atlantoaxial can be used 
as the bone graft bed, and the surface of the bone graft is cor-
tical bone. Therefore, after fixation and reduction, the bone 
graft bed should be fully prepared by grinding or biting off the 
bone cortex and exposing the cancellous bone or blood oozing 
on the bone surface. In order to increase the certainty of fu-
sion in patients with osteoporosis, posterior interfacet fusion 
was carried out at least one side at the same time of inter-
body fusion. Similar to anterior cervical interbody graft, pos-
terior interfacet fusion can be performed between atlantoax-
ial lateral masses, which bear a certain compression load, and 
the contact area of the graft is large, so it is more conducive 
to the fusion of the graft. One study has reviewed 87 patients 
with atlantoaxial dislocation who underwent atlantoaxial lat-
eral mass fusion, and the success rate of postoperative fusion 
was as high as 100% [30]. In addition, we reduced the difficul-
ty of reduction by further atlantoaxial release during the op-
eration. At the same time, good release can also reduce the 
stress of postoperative internal fixation [31], thereby increas-
ing the probability of successful surgery. In this study, C2 nerve 
root was dissected while the patients underwent atlantoaxi-
al lateral mass joint release and bone graft fusion. Although 
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theoretically C2 nerve root sectioning would cause skin numb-
ness in occipital region, Elliott et al. [32] and Kang et al. [33] 
suggested that the lateral mass joint cavity could be fully ex-
posed after C2 nerve root sectioning, which was beneficial for 
screw placement, reduction and even bone graft fusion, and pa-
tients would not have related complaints after surgery. Similar 
to the aforementioned results, only 6 patients complained of 
mild numbness in the C2 innervation area at the posterior oc-
cipital region, which had no effect on their life. For the patients 
with normal bone, some scholars have doubts about the ne-
cessity of external fixation after posterior fixation, but the ex-
ternal fixation fixture can indeed reduce cervical vertebra ac-
tivity and improve the fusion rate [33]. Therefore, patients in 
our study were required to wear the cervical brace strictly af-
ter operation until there is clear evidence of fusion. Due to the 
application of posterior interfacet fusion, the strong fusion is 
generally obtained 2 to 4 months after operation.

C2 nerve root is involved in the composition of occipital small 
nerve, auricular great nerve and cervical transverse nerve, so 
we try to keep the integrity of C2 nerve root at least on one 
side during the operation. In this group, only 5 patients had 
loose C2 nerve roots on one side and the course was upward, 
so the C1–C2 joint process could be released and bone graft 
fusion could be completed without cutting off. In the oth-
er 16 patients, C2 nerve roots on both sides significantly af-
fected the release of C1–C2 and the implementation of bone 

grafting. Therefore, we choose to cut off the C2 nerve root on 
one side with a smaller diameter to complete the bone graft 
fusion between the articular processes, keep the integrity of 
the C2 nerve root on the other side, and did not do the C1–C2 
release and bone graft fusion. This study had some limita-
tions. Firstly, the retrospective design had its inherent limita-
tions of such study. Secondly, only 21 patients were observed 
in our study because of the strict inclusion criteria. The sam-
ple size was small, which may have influenced the results in 
this study. Another limitation in our study was the short fol-
low-up period and lack of a control group. Therefore, further 
studies with large samples are needed to elucidate the long-
term clinical outcomes of patients with coexisting atlantoax-
ial dislocation and osteoporosis.

Conclusions

Despite the aforementioned limitations, our results proved 
that preoperative skull traction and posterior atlantoaxial rod 
and screw fixation combined with posterior interfacet fusion 
could achieve satisfactory initial results for the treatment of 
atlantoaxial dislocation combined with osteoporosis.
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