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The Impact of Atlantoaxial Intra-Articular Fusion on Cervical
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ABSTRACT

AIM: To investigate whether atlantoaxial intra-articular fusion (AIF) can maintain sagittal balance stability in the cervical spine during
follow-up.

MATERIAL and METHODS: The data of 39 patients with anterior atlantoaxial dislocation who underwent AIF and 21 patients who
underwent structural bone grafting (SBG) fusion were retrospectively reviewed. Radiographic variables, including T1 slope (T1S),
C1-C2 angle, C2-C7 angle, C2-C7 sagittal vertical axis (SVA), and lateral atlantoaxial joint space height (LAAJSH), were measured
preoperatively, postoperatively, and at the last follow-up. Analyzing the differences in cervical spine curvature and sagittal balance
during the preoperative, postoperative, and follow-up periods, as well as identifying the influencing factors.

RESULTS: In the AIF Group, compared to the preoperative measurements, there was a statistically significant increase in both the
C1-C2 angle (p<0.001) and LAAJSH (p<0.001) at the final follow-up, while a significant decrease was observed in the C2-C7 angle
(p<0.001). At the final follow-up, there was a decrease in LAAJSH compared to immediately post-surgery (p<0.001), but there were
no significant changes in the C1-C2 angle (p=0.366), C2-C7 angle (p=0.502), T1S (p=0.082) and C2-C7 SVA (p=0.209).

CONCLUSION: Posterior AIF technique can effectively reconstruct the alignment of the atlantoaxial complex and avoid secondary
imbalance and loss of lordosis of the subaxial cervical spine.

KEYWORDS: Atlantoaxial intra-articular fusion, Atlantoaxial dislocation, Cervical sagittal balance, Cervical spine curvature

B INTRODUCTION significant factor leading to the loss of cervical lordosis and
imbalance in the cervical spine (14,21,24,25).

and fusion have been widely utilized in the treatment of Previous cases of subaxial cervical lordosis loss have mainly

atlantoaxial dislocation (6). It can achieve open reduction ~ been treated with posterior compression bone grafting or
and achieve high fusion rate combined with posterior C1- surface bone grafting. Both techniques, especially posterior
C2 structural bone grafting (SBG) fusion (2,7,11). However, =~ compression bone grafting, tend to excessively fix the
some patients experience loss of lordosis in the subaxial  atlantoaxial joint in a lordotic position (14,21,24,25). In recent
cervical spine and cervical imbalance following atlantoaxial ~ Yyears, the atlantoaxial intra-articular fusion (AIF) technique has
posterior fusion surgery. Currently, it is believed that fixing gradually been introduced into clinical practice. This technique
the atlantoaxial joint excessively in a lordotic position is a  effectively restores the height of the lateral atlantoaxial joint

In recent decades, posterior C1-C2 segmental fixation
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space, theoretically allowing for the restoration of tension in
the atlantoaxial ligamentous complex. This can result in fixing
the atlantoaxial joint in a more anatomically normal position,
thereby avoiding fixation in an excessively lordotic position
(3,5,6).

However, there is a lack of relevant research on whether the
AIF technique leads to the loss of subaxial cervical lordosis
or sagittal imbalance. Therefore, this study aimed to evaluate
whether AIF can maintain sagittal balance stability in the
cervical spine during follow-up by retrospectively comparing
the outcomes of cases undergoing AIF and SBG.

B MATERIAL and METHODS
Study Design

This study retrospectively reviewed the data of 39 patients
with anterior atlantoaxial dislocation who underwent AIF
between June 2018 and June 2019 and a control group of
21 patients treated with SBG . Ethics committee approval
was obtained from Naval Medical University/Second Military
Medical University (20.02.2017; No: 81772380). Informed
consent was obtained from all patients.

General Information and Criteria for Patient Inclusion and
Exclusion

This study included patients diagnosed with reducible
atlantoaxial dislocation, who subsequently underwent
posterior atlantoaxial segmental fixation and AIF or SBG. In
order to eliminate the potential influence of the direction of
atlantoaxial dislocation, patients with anterior atlantoaxial
dislocation were specifically selected for this study. Patients
with the following conditions were excluded from this
study: 1) Irreducible atlantoaxial dislocation; 2) Congenital
occipitocervical malformation; 3) Atlantoaxial dislocation
caused by tumors or inflammatory diseases; 4) Severe
osteoporosis; 5) The patients who were followed up for less
than 12 months.

Surgery Methods

Under general anesthesia, the patient was placed in a prone
position on a plaster table, with cranial traction applied to
maintain stability. A midline posterior incision was made to
expose the spinous process and lamina of the axis, as well
as the posterior arch of the atlas. Bilateral C1 lateral mass-C2
pedicle screws were then inserted. For the AIF Group, the C2
nerve root and the surrounding venous plexus were gently
displaced towards C1 along the C2 isthmus for protection.
Use an anatomical dissector to disrupt the posterior capsule
of the joint by inserting it into the joint. Then, expanders of
different sizes were sequentially used to further release the
joint space. Connect C1 and C2 screws on both sides with
a longitudinal rod to achieve atlantoaxial reduction. After
removing the articular cartilage using a small endplate scraper
or spatula, the joint gap height was retested using a spreader.
Based on the size of the joint gap, choose a cage with height of
5mm. The cage which contains autogenous bone from the C1
posterior arch and C2 laminar was inserted into the joint. After
placing cages on both sides, cranial traction was removed,
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and the screws were finally secured. For the SBG Group, the
autologous iliac bone block which was slightly larger than
the distance between the posterior arch of the atlas and the
posterior arch of the axis was inserted and secured between
the posterior arch of the atlas and the vertebral lamina of the
axis after longitudinally compressing the screw-rod system

).
Clinical Outcome Assessment

Visual analog scale score for neck pain (VASSNP) and Japanese
Orthopedic Association (JOA) scores were evaluated before
operation and at follow-up interval.

Assessment of Radiographic Variables

A Cervical X-ray, computed tomography (CT) scan and three-
dimensional reconstruction were performed preoperatively,
immediately postoperatively, and at regular postoperative
follow-up visits (3,6, and 12 months and yearly thereafter).
Standard lateral cervical radiographs were taken with
the patient in a standing position with both knees locked
and looking straight ahead. The criterion for atlantoaxial
facet bone fusion was established based on the CT scans:
trabeculae bridging the neighboring articular surfaces of the
facets within the facet joint space. The lateral atlantoaxial joint
space height (LAAJSH) was measured using the CT coronal
reconstructions (13). The T1 slope (T1S), C1-C2 angle, C2-C7
angle, and C2-C7 sagittal vertical axis (SVA) were measured
on a lateral radiograph in the neutral position (Figure 1). The
T1S was defined as the angle formed by a horizontal line and
the superior endplate of T1. The C1-C2 angle was defined
as the angle between the inferior aspects of the atlas and the
axis. The C2-C7 angle was defined as the angle between the
inferior aspect of the axis and C7. The C2-C7 SVA was defined
as the distance between a plumb line from the center of C2
and the posterior superior corner of C7. These measurements
were taken preoperatively, immediately postoperative, and
at the final follow-up visit. The differences between the final
follow-up and preoperative measurements were calculated
and recorded as follows: changes in the C1-C2 angle (A'C1-
C2 angle), changes in the C2-C7 angle (A'C2-C7 angle),
changes in the C2-C7 SVA (A'C2-C7 SVA), and changes in
the LAAJSH (A'LAAJSH). The differences between the final
follow-up and immediate postoperative measurements were
calculated and recorded as follows: A2C1-C2 angle, A?C2-C7
angle, A°2C2-C7 SVA and A2LAAJSH.

Three experienced orthopedists who were not involved in the
surgeries took these measurements three times, and their
means were recorded. The clinical outcomes and imaging
data of the two cohorts were compared.

Statistical Analyses

Data are expressed as the mean + standard deviation.
Statistical analysis was performed using independent samples
t-test, paired t-test, and Pearson’s correlation coefficient (r). A
p<0.05 was considered statistically significant. The analyses
were conducted using SPSS Version 26.0 (SPSS Inc., Chicago,
lllinois, USA).
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Figure 1: The C1-C2 angle is formed by the inferior aspects of the atlas and axis (lines a and b) and the C2-C7 angle by the inferior
aspects of the axis and C7 (lines b and c¢). The T1S is the angle between the superior end plate of T1 (line d) and a horizontal line (line e);
C2-C7 SVA was defined as the distance between a plumb line from the center of C2 and the posterior superior corner of C7; LAAJSH
was measured on CT coronal reconstructions. In a patient with an old odontoid process fracture, lateral X-rays of the cervical spine
were taken preoperatively (A), immediately postoperatively (B), and at the last follow-up (C). The postoperative images demonstrate
an increase in the C1-C2 angle and a decrease in the C2-C7 angle compared to preoperative measurements. However, there was
no statistically significant difference in cervical curvature observed at the last follow-up compared to the immediate postoperative
measurements. In the same patient with an old odontoid process fracture, coronal reconstructions from CT scans were obtained
preoperatively (D), immediately postoperatively (E), and at the last follow-up (F). Both immediately postoperatively and at the last follow-
up, the LAAJSH exhibited a significant increase compared to preoperative values.

B RESULTS
General Information

The general information of the patients is summarized in
Table I. All patients underwent surgery successfully without
any injuries to the vertebral artery or nerves and completed
follow-up assessments postoperatively. The average VASSNP
score decreased in both groups, while the JOA score showed
improvement (p<0.05).

Preoperative and Postoperative Differences in
Radiographic Variables

Inthe AIF Group, compared to the preoperative measurements,

there was a statistically significant increase in both the C1-C2
angle (p<0.001) and LAAJSH (p<0.001) at the final follow-up,
while a significant decrease was observed in the C2-C7 angle
(p<0.001). The T1S (p=0.560) and C2-C7 SVA (p=0.900) did
not change significantly from preoperative to the final follow-
up. At the final follow-up, there was a decrease in LAAJSH
compared to immediately post-surgery (p<0.001), but there
were no significant changes in the C1-C2 angle (p=0.366),
C2-C7 angle (p=0.502), T1S (p=0.082) and C2-C7 SVA
(p=0.209) (Table II).

In the SBG Group, a statistically significant increase in the
C1-C2 angle (p<0.001) and a significant decrease in the
C2-C7 angle were observed at both immediate post-surgery
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and final follow-up assessments compared to preoperative
measurements (p<0.05). The T1S, C2-C7 SVA, and LAAJSH
showed no statistically significant differences across the three
measurement time points (p>0.05) (Table ).

Table I: Patient’ General Information.

Variable AIF Group SBG Group

456 +22.8 453+19.2

Age at operation (y)

Sex (numbers of patients)

Male 12 6
Female 27 15
Etiology (number of patients) 39 21
Odontoid fracture 7 5

Os odontoideum 22 13
Ligamentous lesion 10 3
Surgery time (min) 1142+79 115.0+10.5
Blood loss (ml) 206.4 +25.2 211.2 +28.7
Bone fusion time (mo) 48+1.2 50x14
Average follow-up time (mo) 456+4.4 4191141
JOA score’

Preoperative 70+1.3 7.3x2A1
Final follow-up 148 £2.1 142 +£2.3
VASSNP”

Preoperative 45+1.6 40x+1.5
Final follow-up 1.7+0.7 1.6+1.0
A'C1-C2 angle (°) 135+93 11.3+9.2
A'C2-C7 angle (°) -75+99 -6.4+10.38
A'C2-C7 SVA (cm) -0.3+3.0 1.5+4.2
A'LAAJSH (m™)2 3.0x0.7 0.1+0.7
A’C1-C2 angle (°) -0.3+£1.8 -0.1£3.2
N2C2-C7 angle (%) -04+41 1759
N2C2-C7 SVA (cm) -02+09 0.7+£37
A’LAAJSH (mm) -04+£04 -0.2+0.6

Data expressed as mean =+ standard deviation unless otherwise
indicated. JOA score, Japanese Orthopedic Association score;
VASSNR visual analog scale score for neck pain; Pre. indicates
preoperative; A', the differences between the final follow-up and
preoperative measurements; A? the differences between the final
follow-up and immediately postoperative measurements.

'p<0.05, paired t-test, values at final follow-up compared to
preoperative values in two groups.

ap<0.05, independent samples t-test, values at final follow-up
compared to preoperative values in two groups.
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The C1-C2 angle, C2-C7 angle, T1S, and C2-C7 SVA
measurements exhibited no statistically significant differences
between the two groups at the three time points (p>0.05).
Preoperatively, there was no significant disparity in LAAJSH
between the two groups (p>0.05); however, postoperatively
and at the final follow-up assessment, the AIF group
consistently demonstrated a significantly greater LAAJSH
compared to the SBG group (p<0.001).

There were no statistically significant differences observed
between the two groups in terms of changes from preoperative
to final follow-up and from immediate postoperative to final
follow-up regarding the C1-C2 angle, C2-C7 angle, and
C2-C7 SVA (p>0.05). The A'LAAJSH of the AIF group was
significantly greater than that of the SBG group (p<0.001),
while there was no significant difference in the A?2LAAJSH (p=
0.173).

Relationships Between Radiographic Variables in the AIF
Group

The C2-C7 angle was positively correlated with T1S both
postoperatively (r = 0.847, p<0.001) and at the final follow-up
(r=0.876, p<0.001). The C2-C7 SVA was positively correlated
with C1-C2 angle (r = 0.515, p=0.001), T1S (r = 0.426, p=
0.007), and LAAJSH (r = 0.552, p<0.001) at the final follow-
up. The A'C1-C2 angle displayed a negative correlation with
A'C2-C7 angle (r = -0.726, p<0.001).

B DISCUSSION

Our study performed AIF surgery on 39 patients with anterior
atlantoaxial dislocation. We also selected a control group
comprising 21 patients who underwent SBG treatment.
Through the measurement and comparison of radiographic
and clinical outcomes obtained preoperatively, immediately
postoperatively, and at the final follow-up, we observed that
AIF can significantly improve patients’ clinical symptoms,
maintain the postoperative stability of the atlantoaxial joint,
and preserve cervical sagittal balance and curvature.

The fusion angle of the C1-C2 is a crucial factor that
influences changes in the curvature of the lower cervical
spine (14,21,24,25). Numerous studies have documented
the occurrence of cervical lordosis loss, straight alignment of
the cervical spine, cervical kyphosis deformity or even swan
neck deformity after posterior atlantoaxial fusion surgery
(14,21,24,25). Changes in the C1-C2 angle typically result in
compensatory adjustments in the subaxial cervical curvature,
allowing for the maintenance of horizontal gaze. Fixing the
atlantoaxial joint in an excessively anterior lordotic position
significantly contributes to the loss of cervical lordosis
(14,21,24,25). Toyama (20) suggested an optimal C1-C2
fixation angle of approximately 20° to maintain postoperative
cervical lordosis. In our study, the C1-C2 angle increased
postoperatively while the C2-C7 angle decreased. In the
AIF Group, the A'C1-C2 angle was significantly negatively
correlated with the A'C2-C7 angle. However, the C2-C7
angle remained constant during follow-up, with no significant
difference observed between immediately postoperative
and the final follow-up. The good C2-C7 curve may be
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Table lI: Differences in Radiographic Variables Before and After Operation in AIF Group (n=39) and SBG Group (n=21)

Variables Pre. Post. Fin. Pre. vs Post. Pre. vs Fin. Post. vs Fin.
P value P value P value

C1-C2 angle(®)

AlF @b 5.2+10.0 18.9+55 18.7 + 6.1 <0.001 <0.001 0.366

SBGa 6.8 +£10.0 18.2+4.3 18.1 +5.3 <0.001 <0.001 0.892
C2-C7 angle(®)

AlF @ 18.9+15.7 11.9+10.9 11.4+10.3 <0.001 <0.001 0.502

SBG 20.0+11.6 1562+7.7 13.5+7.3 0.030 0.013 0.198
T1S(°)

AIF 24.3 +10.3 25.0+6.6 23.8+6.5 0.560 0.573 0.082

SBG 23277 25172 25.0+5.2 0.184 0.181 0.950
LAAJSH(mm)

AlF abe 2.0+05 54+0.7 51+0.5 <0.001 <0.001 <0.001

SBG 21 +0.5 24 +0.6 22+04 0.053 0.522 0.141
C2-C7 SVA(cm)

AIF 1.9+29 1.8+1.1 1.6+1.2 0.900 0.606 0.209

SBG 1.4+14 21+£1.0 29+3.9 0.093 0.131 0.390

Data expressed as mean + standard deviation unless otherwise indicated. Pre: Indicates preoperative values, Post: indicates immediately

postoperative values, Fin: indicates values at final follow-up

ap<0.05, paired t-test, immediately postoperative values compared to preoperative values.
bp<0.05, paired t-test, values at final follow-up compared to preoperative values.
°p<0.05, paired t-test, values at final follow-up compared to immediately postoperative values.

'p<0.05, independent samples t-test, AIF Group compared to SBG Group.

attributed to good reconstruction of the sagittal alignment of
the atlantoaxial complex with the AIF technique. At the final
follow-up, the LAAJSH in the AIF Group was significantly
enlarged to 5.1 + 0.5 mm from a preoperative value of 2.0
+ 0.5 mm, slightly larger than the mean of 3.0 + 0.5 mm in
the general population (13). The good reconstruction of the
LAAJSH can restore the tension of the atlantoaxial complex,
thereby avoiding fixing C1-C2 in an excessively lordotic
position (5). Consequently, immediately after operation, the
C1-C2 angle was improved to 18.9° + 5.5° from a preoperative
value of 5.2° + 10.0°, being closed to the recommended
angle of 20° (20). The C2-C7 angle decreased to 11.9°
+ 10.9° from a preoperative value of 18.9° + 15.7°, closely
resembling the 13.9° + 14.2° reported by Yokoyama et al.
(23) in asymptomatic individuals. The C2-C7 angle was well
maintained during follow-up, with no significant difference
observed between immediately postoperative and the final
follow-up. Additionally, in comparison to the SBG group,
we observed no significant differences in other radiographic
parameters, with the exception of LAAJSH. Although the SBG
group exhibited a more pronounced decrease in the C2-C7
angle from immediately postoperative to the final follow-up,
there was no significant difference between two measurement
time points. The good outcome may be attributed to the

iliac bone grafts utilized intraoperatively being slightly larger
than the distance between the posterior arch of the atlas and
the posterior arch of the axis, thereby effectively preventing
excessive lordotic position of C1-C2 resulting from longitudinal
compression of C1 and C2.

The C2-C7 SVA is a pivotal parameter for evaluating cervical
sagittal balance and plays a significant prognostic role in
postoperative outcomes (1,9,15,18,22). Imbalance in the
sagittal plane can lead to increased muscular effort and energy
expenditure and result in pain, fatigue, and disability (18,22).
In asymptomatic individuals, Zhong et al. (26) reported a C2-
C7 SVA of 16.8 + 11.2 mm, whereas Tang et al. and Scheer
et al. (16,18) found that the C2-C7 SVA in healthy populations
was approximately 20 mm. At both immediate postoperative
and final follow-up assessments, the C2-C7 SVA closely
approximated the asymptomatic population. Previous studies
have demonstrated that the C2-C7 angle and T1S are
crucial parameters significantly influencing the C2-C7 SVA
(8,12,17,27). However, some studies have demonstrated that
the C2-C7 angleis not correlated with the C2-C7 SVA (1,10,19).
In the AIF Group, the C2-C7 SVA was significantly positively
correlated with the T1S, C1-C2 angle but not with the C2-C7
angle at the final follow-up. Additionally, whether immediately
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after surgery or at the final follow-up, this study demonstrates
a strong positive correlation between the C2-C7 angle and
T1S. Therefore, good reconstruction of the LAAJSH and C1-
C2 angle significantly impacts the postoperative preservation
of C2-C7 SVA because the T1S is a constant (4). In our study,
the LAAJSH and C1-C2 angle were well reconstructed using
the AIF technique, ensuring the good outcomes evaluated by
VASSNP and JOA.

There were limitations in our study. Firstly, it was retrospective
with a small sample size. Secondly, only patients with anterior
atlantoaxial dislocation were included in our study. The
direction of the atlantoaxial complex may impact the alignment
and balance of the subaxial cervical spine. Therefore, it
is imperative to conduct larger-scale prospective studies
encompassing various directions of atlantoaxial dislocation in
order to derive more definitive conclusions.

B CONCLUSION

Posterior AIF technique can effectively reconstruct the
alignment of the atlantoaxial complex and avoid secondary
imbalance and loss of lordosis of the subaxial cervical spine
during follow-up.
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