ASIAN SPINE JOURNAL

I Clinical Study Asian Spine ] 2019;13(2):181-188 « https://doi.org/10.31616/2s}.2018.0071

Late Subaxial Lesion after Overcorrected

Occipitocervical Reconstruction in Patients with
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Study Design: Retrospective case-control study, level 4.

Purpose: To clarify the risk factors for late subaxial lesion after occipitocervical (0-C) reconstruction. We examined cases requiring
fusion-segment-extended (FE) reconstruction in addition to/after O-C reconstruction.

Overview of Literature: Patients with rheumatoid arthritis (RA) frequently require O-C reconstruction surgery for cranio-cervical le-
sions. Acceptable outcomes are achieved via indirect decompression using cervical pedicle screws and occipital plate—rod systems.
However, late subaxial lesions may develop occasionally following O-C reconstruction.

Methods: 0-C reconstruction using cervical pedicle screws and occipital plate—rod systems was performed between 1994 and 2007
in 113 patients with RA. QOccipito-atlanto-axial (0-C2) reconstruction was performed for 89 patients, and occipito-subaxial cervical
(O-under C2) reconstruction was performed for 24 patients. We reviewed the cases of patients requiring FE reconstruction (fusion
extended group, FEG) and 26 consecutive patients who did not require FE reconstruction after a follow-up of >5 years (non-fusion ex-
tended group, NEG) as controls.

Results: FE reconstructions were performed for nine patients at an average of 45 months (range, 24—180 months) after O-C recon-
struction. Of the 89 patients, three (3%) underwent FE reconstruction in cases of 0-C2 reconstruction. Of the 24 patients, five (21%)
underwent FE reconstruction in cases of O-under C2 reconstruction (p=0.003, Fisher exact test). Age, sex, RA type, and neurological
impairment stage were not significantly different between FEG and NEG. O-under C2 reconstruction, larger correction angle (4° per
number of unfixed segment), and 0-C7 angle change after O-C reconstruction were the risk factors for late subaxial lesions on radio-
graphic assessment.

Conclusions: Qvercorrection of angle at fusion segments requiring 0-C7 angle change was a risk factor for late subaxial lesion in
patients with RA with fragile bones and joints. Correction should be limited, considering the residual mobility of the cervical unfixed
segments.
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Introduction

Patients with rheumatoid arthritis (RA) often exhibit
neurological deficits in terms of atlanto-axial and verti-
cal subluxations [1], which may deteriorate sudden death
[2,3]. Sudden death can be caused by direct compression
of the brain stem or ischemia that is secondary to the
compression of vertebral arteries, anterior spinal arteries,
and small perforating arteries of the brain stem and the
spinal cord. These result from the destruction of the trans-
verse ligament, alar ligament, lateral masses of the atlas,
and basilar processes of the skull and bone resorption in
the occipital condyles [4]. Advances in surgical technique
have enabled the recovery of neurological deficits via sur-
gical intervention [5,6], thereby improving the prognosis
of patients with RA [7,8].

Indirect anterior spinal cord decompression technique
via occipitocervical reconstruction (O-C reconstruction)

Fig. 1. The case of the patient who required fusion extension recon-
struction after 0-C reconstruction. (A) A 63-year-old woman with
rheumatoid arthritis underwent 0-C3 reconstruction. Forty-three
months thereafter, she underwent reconstruction of fusion segment
extension to C6 by subluxation at inferior segment of C4/5. Forty-five
months later, she developed subluxation again at inferior adjusted fu-
sion segment of C6/7, and she took again the reconstruction of fusion
segment extension to T3. (B) A 63-year-old woman with rheumatoid
arthritis underwent 0-C4 reconstruction. Fifty-seven months thereaf-
ter, she underwent fusion extension reconstruction to T2 for the late
C5 vertebral fracture with myelopathy. O-C, occipitocervical.

using cervical pedicle screw aimed to normalize basilar
invagination and forward subluxation of the atlas on the
axis [9], thus resolving subarachnoid space encroachment
and preventing progression. Acceptable outcomes were
achieved by the current indirect posterior reconstruction.
However, several problems of indirect posterior recon-
struction emerged with an increase in the O-C recon-
struction cases. Acquiring anchor at axis by high-riding
vertebral artery is difficult, particularly in patients with
RA who require surgical intervention [10-12]. Dyspnea
and dysphagia occur with more flexion position at >10°
before surgery because of the reduction in the oropharyn-
geal cross-sectional area [13]. We have experienced some
cases with late subaxial lesion after O-C reconstruction
that required fusion-segment-extended reconstruction
(FE reconstruction) (Fig. 1). The etiology and risk factors
for late subaxial lesion after O-C reconstruction have not
been studied thus far.

In this study, we aimed to clarify the risk factors for late
subaxial lesion after O-C reconstruction in patients with
RA. We examined cases requiring FE reconstruction on
radiographic assessment.

Materials and Methods

This study was approved by the Institutional Review
Board (IRB) of Hokkaido University (IRB approval no.,
011-0338) and has been performed as per the ethical
standards of the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. Informed
consent was not obtained from the participants because
of the IRB provision for the retrospective-nature of the
study. On behalf of all the authors, the corresponding au-
thor states that there is no conflict of interest with respect
to this study. This was a retrospective case-control study,
level 4.

Of the 113 patients with RA who underwent O-C recon-
struction using indirect decompression technique during
1993-2007 without tight control with biological drugs, 89
and 24 patients underwent occipito-atlanto-axial (O-C2)
and occipito-subaxial cervical (O-under C2) reconstruc-
tions, respectively. The indications to extend under C2 were
the presence of subaxial lesions below C2/3 or difficulty in
inserting C2 pedicle screws by the high-riding vertebral
artery. The lowest instrumented vertebra was considered as
the vertebra below subaxial lesions without extremely small
pedicle, anomalies of the vertebral artery, and extremely
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large angle of the pedicle axis to the sagittal plane.

FE reconstructions were required 9 times in seven
patients. This study enrolled seven patients with FE re-
construction (fusion extended group, FEG) conducted
at an average of 45 months (range, 24-180 months), and
26 consecutive patients obtained radiograph without
FE reconstruction after O-C reconstruction for >5 years
(non-fusion extended group, NEG) from 113 O-C recon-
structions as a control group. The patients who required
instrumentation removal because of infection and those
with fusion from the occipital bone to the thoracic verte-
bra were excluded from the analyses.

Background demographic data regarding age, sex, type
of RA (subsets with least erosive disease, more erosive
disease, and mutilating disease), Ranawat classification of
neurological impairment, number of fusion segments at
O-C reconstruction, period from O-C reconstruction to
FE reconstruction, and pathogenesis requiring FE recon-
struction were collected.

Radiographic assessments were conducted using the
neutral position of the lateral cervical spine radiographs
before and after the surgery; these were obtained at >1.5-
m away from the cassette, with no magnification in the
standing position as possible while keeping the eyes
forward (horizontal). Measurements were the extent of
basilar invagination (Ranawat value), extent of forward
subluxation of the atlas on the axis, angle from the oc-
cipital bone to the caudal fixed vertebra (O-CLFV angle),
and the occipital bone to the 7th cervical vertebra (O-C7
angle). The change in the O-CLFV angle after the recon-
struction surgery was determined as the correction angle.
The differences between FEG and NEG were examined on
radiographic assessment.

Statistical analyses were performed using JMP Pro ver.
12 (SAS Institute Inc., Cary, NC, USA). Fisher’s exact test
was performed for comparing categorical data. T-test was
conducted for assessing continuous variables. Data are ex-
pressed as mean and 95% confident interval for continu-
ous values. The level of significance was defined as p<0.05.
The optimal cut-off values were examined using receiver
operating characteristic (ROC) curve.

Results

1. Demographic data of patients requiring fusion-seg-
ment-extended reconstruction

Table 1. Demographic data of patients requiring reconstruction of FER after OCR

Period from
OCR to FER

Ranawat classification

Fusion
segments

Age at

RA type®

vertebra of

Reason for conducting FER
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o

of neurological

Sex

OCR (yr)

(mo)

impairment

6

Vertebral fracture at C5 with local kyphosis

59

0-C5

(pseudo arthrosis)

Post-OCR

AAS+VS after Magerl+Brooks procedure
AAS+VS

48

MES

Vertebral fracture at C6 with local kyphosis

43

0-C6
0-C3
0-C6
0-C4
0-C6
0-C2
0-C2
0-C2

52
63
65
60

MES
MES
MES
MES
LES

Co6

Anterior-subluxation at C4/5
Anterior-subluxation at C6/7

43

Illa

T3

45

Post-0CR
AAS+VS

Illa
I1b
Illa

T2

Vertebral fracture at C5 with kyphotic deformity
Vertebral fracture at C6 with kyphotic deformity

Anterior-subluxation at C3/4

57

36

Post OCF with Brooks procedure+SAS

AAS+VS

54
63

Co6

84
24
180

Not MUD

LES

C4

Anterior subluxation at C3/4
Anterior subluxation at C4/5

AAS+VS

68
55

lb

C6

FER, fusion-segment-extended reconstruction; OCR, occipitocervical reconstruction; RA, rheumatoid arthritis, O-C: occipitocervical, M, male; Fe, female; AAS, atlanto-axial subluxation; VS, vertical sub-

luxation (Ranawat value <14 mm); OCF, occipitocervical fusion.

AAS+VS

MES

IType of RA: LES, the subset with least erosive disease; MES, the subset with more erosive disease; MUD, the subset with mutilating disease.
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In the nine instances in seven patients, FE reconstructions
were required after O-C reconstruction. Four patients had
a vertebral fracture at the caudal fixed vertebra and five
had subluxation at the end of the fixed segment. Vertebral
fractures or subluxations cause local kyphotic deformity.
FE reconstruction was performed at an average of 45
months (range, 24-180 months) after O-C reconstruction
(Table 1).

2. Background data in the non-fusion extended group
and the fusion extended group

There were no significant differences in the background
demographic data before O-C reconstruction, age at O-C
reconstruction, sex, Ranawat classification of neurologi-
cal impairment, type of RA, extent of vertical subluxation
(Ranawat value), extent of forward subluxation of the
atlas on the axis (space available for the spinal cord and
atlanto-dental interval), O-CLFV angle, and O-C7 angle
of the two groups (Table 2).

3. Effect of fusion segments

In cases of O-C2 reconstruction, only 3% (three of 89
patients) required FE reconstruction; however, 25% (six
of 24 patients) required FE reconstruction in cases of O-
under C2 reconstruction (p<0.001, Fisher exact test).

4. Change of angulation and translation in the non-
fusion extended group and the fusion extended group

The correction angle was 9.9°+4.7° and 3.4°+2.2° in the
FEG and NEG, respectively (p=0.217, t-test). The correc-
tion angle per number of unfixed segment was 9.6°+2.0°
and 0.8°+1.0° in the FEG and NEG, respectively (p<0.001,
t-test). The cut-off value of the correction angle per num-
ber of unfixed segments was 4°, determined using the
ROC curve (specificity=0.871, sensitivity=0.857, area un-
der the curve=0.894) (Fig. 2).

The change in the O-C7 angle was 10.9°+4.5° and
—0.8°+2.4° in the FEG and NEG, respectively (p=0.030, t-

Table 2. Background data before surgery in the non-extension and fusion extension groups

Non-extension group (n=26) Fusion extension group (n=9)

Factors
Age (yr) 61.5:8.7
Sex (male:female) 4:22
RA type”
LES 6
MES 12
MUD 1
Unknown 7
Ranawat classification of neurological deficit
| 0
Il 7
lla 12
lb 3
Unknown 4
Ranawat value (mm) 9.6+1.1
Space available for the spinal cord (mm) 13.9+1.1
Atlanto-dental interval (mm) 8.1+0.8
0-CLFV angleb) (°) 16.6+2.8
0-C7 angle (°) 34.7+2.8

60.3+7.6 0.647 (t-test)
36 0.340 (Fisher exact test)
0.769 (Fisher exact test)
2
6
0
1
0.494 (Fisher exact test)
0
4
3
2
0
8.8+1.4 0.664 (t-test)
16.8+1.4 0.117 (t-test)
5.7+1.1 0.081 (t-test)
23.045.5 0.312 (t-test)
419453 0.246 (t-test)

Values are presented as mean+standard deviation or number.
RA, rheumatoid arthritis; 0-C, occipitocervical.

“Type of RA: LES, the subset with least erosive disease; MES, the subset with more erosive disease; MUD, the subset with mutilating disease. "Oc-

cipito to cervical lower fixed vertebra angle.
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test), and the change in the O-C7 angle per number of un-
fixed segment was 4.7°+1.4° and 0.4°+0.7° in the FEG and
NEG, respectively (p=0.009, t-test). However, Ranawat
value, atlanto-dental interval, space available for the spinal
cord, and their translational change did not show a sig-
nificant difference (Table 3).

5. Change in the correction and compensation angles
after occipitocervical reconstruction

There was a mild correlation between the correction and
compensation angles: Y=-0.35X-1.55, R=-0.451 (Y: com-

Correction angle/no. of unfixed segments=4.0°
Sensitivity=0.857
Specificity=0.871

Sensitivity

Area under the curve=0.894

0 1'
1-Specificity

Fig. 2. Relationship between the correction and compensation angles.

The graph shows the relationship between the correction and com-

pensation angles without fusion extension reconstruction. We found

a mild co-relation between the correction and compensation angles:

¥=-0.35X-1.6, #=-0.451 (V- compensation angle, X: correction angle).

pensation angle, X: correction angle) (Fig. 3).

Discussion

In the present study, the risk factors for FE reconstruc-
tions included O-under C2 reconstruction, overcorrec-
tion against the residual unfixed mobile segments (>4°
per number of residual cervical unfixed segments), and
change in the O-C7 angle. Basilar invagination, forward
subluxation of the atlas, and these changes did not show
risk factors for the late occurrence of subluxation or frac-
ture at the end of the fixed vertebra requiring FE recon-
struction.

Compensation angle (°)

-20 4

-30 T T T T T T T T 1 T
-10 0 10 20 30
Correction angle (°)

Compensation angle (°)=-1.55-0.35xcorrection angle (°)

Fig. 3. The cut-off value of the correction angle per number of unfixed
segments for the risk of late subaxial lesion. The graph showed the
receiver operating curve of correction angle for the risk of late sub-
axial lesion. The cut-off value determined using the Youden Index was
4° per the number of unfixed segments (area under the curve=0.894,
sensitivity=0.857, specificity=0.871).

Table 3. Change of parameters at occipitocervical reconstruction in the non-extension and fusion extension groups

p-value

Fusion extension group (n=9)

Measurements Non-extension group (n=26)

Change of Ranawat value 44109 2.8+1.1 0.250
Change of atlanto-dental interval -3.0:0.8 -2.3£1.0 0.609
Change of the space available for the spinal cord 3.31.0 1.941.3 0.391
Correction angle (°) 3.4+2.2 9.9+4.7 0.217
Change of 0-C7 angle (°) -0.8+2.4 10.9+4.5 0.030%
Correction angle/no. of un-fixed segment (°) 0.8+1.0 9.6+2.0 0.001**
Change of 0-C7 angle/no. of un-fixed segment (°) 0.4£0.7 47:1.4 0.009**

Values are presented as mean+standard deviation or number.
0-C, occipitocervical.
p<0.05. p<0.01.
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O-under C2 correction, longer corrected fusion with
larger mechanical stress for adjacent segment by longer
fusion, fell into FE reconstruction more easily than O-C2
reconstruction. Although the correction angle was not
significantly different between the FEG and the NEG, the
O-C7 angle changed after O-C reconstruction in the FEG,
which was different from that in the NEG. Based on this,
the group that required FE reconstructions may have a
lower ability to compensate the correction angle. The cor-
rection angle per number of unfixed mobile segments was
introduced to consider the permissive correction angle for
the secured mobile segments. The cut-off value was 4°, the
limit of the kyphotic compensation angle multiplied by
the number of unfixed segments. The ROC curve regard-
ing it for the risk of FE reconstruction showed that it was
an independent parameter for the risk of FE reconstruc-
tion (area under the curve was 0.894).

Reconstruction to gain lordosis at the O-C junction
would affect to change kyphotic at unfixed segments. A
mild negative co-relationship between the correction and
compensation angles to balance the cervical vertebra in
the NEG and the correction angle at O-CLFV was almost
completely compensated by the unfixed mobile segments
at the CLFV-C7 in the NEG. Unfixed segments would
compensate the correction angle to balance the cervical
spine, resulting from the immovable O-C7 angle. Several
studies have reported that the subaxial alignment changes
to compensate the change in the atlanto-axial angle in
atlanto-axial fusion [14-16] and the O-C2 angle in O-C2
fusion without a change in the O-C7 angle [17,18]. Ishii
et al. [16] showed that the average postoperative atlanto-
axial angle in patients with late subaxial lesions was signif-
icantly larger than the average preoperative atlanto-axial
angle in patients with late subaxial lesion. Furthermore,
postoperative C2-7 angle in patients with late subaxial le-
sion was significantly smaller than that in patients without
subaxial lesion [16]. Considering this, compensation in
the un-instrumented mobile segments reached its limit in
the FEG with a change in the O-C7 angle after O-C recon-
struction.

Compensation in unfixed mobile segments was not ac-
complished against the correction angle in the FEG. The
correction angle in the FEG was too large to compensate
in the unfixed segments, resulting in a change in the O-C7
angle. A change in the O-C7 angle leads to a change in the
face angle. The patients with bone and joint fragility from
RA would recover their O-C7 angle with lack of kyphotic

flexibility at unfixed segments, attempting to drive the
same position of their face after reconstruction as before
reconstruction. Thereafter, late subaxial lesions as frac-
tures or subluxation would occur to increase the kyphosis
beyond the flexibility of the CLFV-C7 angle. Even if a reli-
able anchor is obtained in O-C reconstruction, the correc-
tion angle should be conducted under the limit of the ky-
photic compensation angle in CLFV-C7 segments, >4° per
number of residual cervical unfixed segments. However, if
the correction angle will be needed beyond the flexibility
of unfixed segments, or if cases requiring the correction of
O-C7 angle as the cases needed the change of face angle
like chin on chest position, occipito-cervico-thoracic fu-
sion should be considered.

In the present study, translational value, such as
Ranawat value, did not indicate the cause of FE recon-
struction. Translational reduction at the atlanto-axial sub-
luxation would be safer than the larger correction of the
kyphotic deformation at the O-C lesion. When an indirect
decompression technique for O-C reconstruction is per-
formed, reduction of the atlanto-dental interval by anteri-
or shift of axis should be performed before the correction
of angulation, particularly in O-under C2 reconstruction.

Our study has certain limitations that should be ad-
dressed. First, the patients included in this study did
not show all the conditions needed for fusion extension
reconstruction. Some patients may not undergo FE recon-
struction owing to their general condition. Considering
this, our study showed the ratio required for FE recon-
struction in each range of the fusion segment. Second,
this study targeted patients without a tight control with
biological drugs; this might have affected the natural his-
tory of the facet joint by strong suppression of arthritis.
However, even in patients under tight control with bio-
logical drugs, pre-existing joint destruction will progress
[19]. In patients who need O-C reconstruction even
under tight control with biological drugs, overcorrection
should be limited. Further studies are required to confirm
this finding. Third, the sample size of the control group
was relatively small for this study population because of
the low follow-up rate over 5 years.

Conclusions

Late subaxial lesions are known to develop occasionally
following O-C reconstruction in patients with RA. The
risk factors for late subaxial lesions included correction to
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subaxial segments, larger correction against mobile seg-
ments (4° per number of unfixed segments), and change
of the occipito-C7 angle after reconstruction. The cor-
rection angle should be limited, considering the cervical
unfixed segments.
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