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Abstract

Aim: Chiari malformation type 1 (CM-1) involves the craniovertebral junction and may influence cervical sagittal alignment, particularly at the
upper cervical level. However, postoperative changes in sagittal alignment parameters remain unclear. This study aimed to evaluate the effect
of suboccipital decompression on cervical sagittal alignment parameters in adult CM-1 patients and to investigate the possible influence of
syringomyelia.

Methods: Thirty-five adult patients who underwent suboccipital decompression for CM-1 were retrospectively analyzed. We evaluated
preoperative and first-year postoperative cervical MRI data. We measured cervical lordosis (CL), C2-C7 sagittal vertical axis (CSVA), C7 slope,
T1 slope, and O-C2 angle using a standardized MRI protocol. We performed a subgroup analysis based on the presence of syringomyelia.

Results: No statistically significant differences were observed between preoperative and postoperative measurements of CL, CSVA, C7
slope, or T1 slope. Subgroup analysis revealed no significant differences in global sagittal parameters between patients with and without
syringomyelia. However, a significant difference in 0-C2 angle change was observed between patients with and without syringomyelia, with
a significant decrease in patients without syringomyelia.

Conclusion: Suboccipital decompression was not associated with significant changes in cervical sagittal alignment parameters in adult CM-1
patients at one-year follow-up. Although a significant difference in O-C2 angle change was observed according to syringomyelia status, further
studies are needed to clarify its significance.
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Introduction

Chiari malformation (CM) is a craniovertebral junction anomaly
characterized by the herniation of the cerebellar tonsils through
the foramen magnum into the spinal canal. Different types
of Chiari malformations have been identified. Cases in which
cerebellar tonsillar herniation exceeds 5 mm into the spinal canal
are classified as Type 1 Chiari malformation, which is the most
common type.'? These cases are typically asymptomatic and rarely
require surgical intervention. The standard surgical procedure for
CM-1 involves suboccipital craniectomy, C1 laminectomy, and, when
the cerebellar tonsils extend below C2, partial C2 laminectomy.
Additional procedures such as duraplasty and occipitocervical
fusion may be included in the surgical technique.?

The cervical spine is the most mobile segment of the spinal column,
facilitating head movement in various directions while surrounding
critical structures such as the medulla spinalis and vertebral artery.
Itis divided into two segments: the upper cervical block, comprising
the occiput, C1, and C2 vertebrae, and the lower cervical block,
spanning from the inferior end plate of C2 to the inferior end plate
of C7. These two blocks differ in biomechanics and mobility, and
changes in one may affect the other.*> Common parameters used
to assess cervical sagittal balance include cervical lordosis (CL),
the C2-C7 sagittal vertical axis (CSVA), the occiput-C2 angle, the
condylar-C2 SVA, the thoracic inlet angle (TIA), the C7 slope, and
the T1 slope.

Chiari malformation type 1 requires surgical decompression of
the craniovertebral junction, which may affect the upper cervical
block (i.e., occiput-C2 region). Given this region's key role in
overall cervical alignment, it remains unclear how such surgical
interventions affect global cervical sagittal balance. In clinical
practice, surgeons are often concerned about the potential
impact of posterior decompression on cervical sagittal alignment
and postoperative neck pain. Whether preservation of posterior
muscular and ligamentous structures can prevent deterioration
in cervical alignment remains an important clinical question.
The aim of this study was to evaluate the effect of suboccipital
decompression on cervical sagittal alignment in adult CM-1
patients.

Materials and Methods

This retrospective study was approved by the Educational Planning
Board (EPB) of our hospital (Protocol No: E-62977267-771-
240826572) and was conducted in accordance with the principles
of the Declaration of Helsinki.

Between 2017 and 2023, 61 patients underwent surgery for Chiari
malformation type 1 (CM-1) at our institution. Of these, 35 adult
patients with complete preoperative and postoperative one-year
cervical magnetic resonance imaging (MRI) examinations were
included in the study. As a tertiary referral and training hospital

serving a wide geographic area, a substantial proportion of our
patients are referred from outside the local region. Of the 61
patients who underwent surgery during the study period, 26 could
not be included because complete preoperative and/or one-year
postoperative cervical MRl examinations were unavailable in the
hospital records or accessible electronic health records, or because
adequate follow-up imaging could not be obtained. Patients with
a history of cervical trauma or previous cervical spine surgery
were also excluded. Consequently, 35 adult patients with complete
preoperative and one-year postoperative cervical MRl examinations
were included in the final analysis. The cohort consisted of 7 men
and 28 women.

All patients underwent suboccipital decompressive craniectomy
and C1 laminectomy. No patient required C2 laminectomy. During
surgery, the occipital and paravertebral muscles between the
inion and the C2 spinous process were dissected bilaterally in a
subperiosteal manner. Particular attention was paid to preserving
the muscular and ligamentous attachments to the C2 spinous
process in all patients in order to maintain posterior cervical
tension-band integrity. In patients without syringomyelia, the dura
was not opened. In patients with syringomyelia, we opened the
dura, performed duraplasty, and, when present, released underlying
arachnoid bands. No manipulation or resection of the cerebellar
tonsils was performed in any patient.

We retrospectively obtained clinical and radiological data from
hospital records. We evaluated preoperative and first-year
postoperative midsagittal cervical MRI scans. We measured
cervical lordosis (CL), C2-C7 sagittal vertical axis (CSVA), 0-C2
angle, C7 slope, and T1 slope using a standardized MRI protocol.
We assessed the presence of syringomyelia; 15 patients had
syringomyelia, 20 did not, and subgroup analyses were performed
accordingly.

The same surgeon performed all radiological measurements using
a standardized protocol to ensure consistency. Interobserver and
intraobserver reliability were not formally assessed.

Ethical Approval

This study was approved by the University of Health Sciences
Haydarpasa Numune Training and Research Hospital Educational
Planning Board (Date: 26.03.2024, Decision No: E-62977267-771-
240826572).

Statistical Analysis

Data analyses were performed using IBM SPSS Statistics for
macOS, Version 30.0 (IBM Corp., Armonk, NY, USA). We used the
Kolmogorov-Smirnov test to assess the normality of continuous
variables. Categorical variables were presented as n (%), and
continuous variables as mean (SD) or median (interquartile range
[IQR]), as appropriate. We used the independent-samples t-test or
Mann-Whitney U test for comparisons between independent groups.
We used the paired-samples t-test or Wilcoxon signed-rank test
for preoperative and postoperative comparisons, as appropriate.

Table 1. Distribution Of Preoperative And Postoperative Clinical Findings

Pre-op

Variables (N = 35) Mean + SD

Pre-op

Post-op
Mean £ SD

R P value

Median (IQR)

Median (IQR)

Cervical lordosis 822+73 6.1 (2.4-11.2) 9.91 +5.78 9.3 (5.6-13.4) .0812
CSVA 1292 + 5.6 11.7 (7.8-17.7) 1291 £ 6.1 13.1 (7.4-16.6) .994°
C7 Slope 13.96 + 6.9 12.5(8.8-18.3) 12.87 +6 11.8(9.1-17.7) 1630
T1 Slope 18.66 + 6.96 18.2 (11.6-24.3) 18.42 + 6.7 17.6 (12.5-24.9) .778°
0-C2 29.00 + 3.01 29.5(27.1-31.4) 28.04 + 3.28 28.2 (26.8-30.4) .072°

SD, Standard deviation; IQR, Interquartile range; a, Wilcoxon Signed Rank Test; b, Paired Sample T Test.
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Table 2. Distribution Of Demographic And Clinical Findings According To Gender

. L. Male Male Female Female
e s (L = 2 Mean + SD Median (IQR) Mean * SD Median (IQR)
Age (y) 41 +13 43 (28-49) 42 +12 42 (33-50) 779
Cervical Lordosis
Pre-op 11.73 +11.05 8.7 (2.2-31.5) 734+ 6 5.7 (0.7-21.2) .300°
Post-op 10.97 + 8.57 6.8 (1.8-25.6) 9.65 + 5.04 9.45 (1.7-19.8) .952°
P value (within group) .735c .042c
(Post-Pre) -0.8 + 4.1 -0.8 + 4.1 23+63 23+63 2352
CSVA
Pre-op 1091 + 3.59 10.9 (6.4-16.9) 13.42 + 5.95 11.8 (3.5-25.8) 2972
Post-op 8.54 + 4.49 7.4 (4.2-14.1) 14 + 6.01 15.4 (5.1-25.4) .0322
P value (within group) .246d .598d
(Post-Pre) 24 +49 -24+49 0.6 +5.8 0.6 +5.8 2232
C7 Slope
Pre-op 18.99 + 7.56 18.5(8.2-29.9) 12.7 £+ 6.25 11.8 (3.8-33.1) .0292
Post-op 16.16 + 4.06 16.5 (11.6-21.5) 12.05+6.18 10.95 (2.5-30) 1072
P value (within group) .180d .439d
(Post-Pre) -2.8 +49 -2.8+49 -0.7+44 -0.7+44 2582
T1 Slope
Pre-op 26.41 + 499 25.2 (20.6-34.4) 16.72 + 6 15.85 (8-29.5) <.0012
Post-op 2481 £5.2 24 (19.1-32.5) 16.82 + 6.1 16.35 (6.7-27.7) .0032
P value (within group) .293d .921d
(Post-Pre) -1.6 +3.7 -1.6 +3.7 0.1 £+53 0.1 +53 4282
0-C2
Pre-op 265+ 3.6 26.7 (23.7-29.2) 296 +2.6 296 +2.6 0112
Post-op 248 +2.9 26 (22.3-27.4) 289 +29 289 +29 .0022
P value (within group) .403d J112d
(Post-Pre) -16 +4.38 -1.6 +4.8 -08 +2.5 -08 +25 .520°

SD, Standard deviation; IQR, Interquartile range; ¢, Independent Sample T Test; °, Mann Whitney U Test; ¢, Wilcoxon Signed Rank Test; d, Paired Sample

T Test.

Changes in measurements (A; postoperative minus preoperative
values) were compared between groups using the independent-
samples t-test or Mann-Whitney U test, as appropriate. A two-
sided P < .05 was considered statistically significant.

Reporting Guidelines
This study was reported in accordance with the STROBE guideline.

Results

The study included 35 patients, 7 men (20%) and 28 women (80%).
The median age was 42 years (IQR: 32-50), ranging from 19 to
69 years.

The preoperative and postoperative first-year measurements are
presented in Table 1. Mean CL was 8.22° (7.3) preoperatively and
9.91° (5.78) postoperatively. Mean CSVA values were 12.92 (5.6)
mm and 12.91 (6.1) mm, respectively. Mean C7 slope values were
13.96° (6.9) and 12.87° (6.0), while mean T1 slope values were
18.66°(6.96) and 18.42° (6.7), respectively. Mean O-C2 angle values
were 29.00° (3.01) preoperatively and 28.04° (3.28) postoperatively.
No significant differences were found between preoperative and
postoperative values of CL, CSVA, C7 slope, T1 slope, or 0-C2
angle. The demographic and radiological parameters according
to sex are shown in Table 2. No significant difference in age was
observed between sexes. Among preoperative measurements, C7
slope and T1 slope differed significantly between sexes (P = .029
and P < .001, respectively). In postoperative evaluations, CSVA, T1
slope, and O-C2 measurements also differed significantly by sex
(P =.032, P = .003, and P = .002, respectively). In within-group

analyses, cervical lordosis changed significantly over time among
women patients (P = .042) (Table 2).

Age did not differ significantly between patients with and without
syringomyelia. No significant differences were found between
groups in preoperative or postoperative CL, CSVA, C7 slope, T1
slope, or O-C2 angle values. However, the change in O-C2 angle
differed significantly between groups (P =.033). In the within-group
analysis, patients without syringomyelia showed a significant
decrease in 0-C2 angle (P <.001).

Discussion

Chiari malformation Type 1 (CM-1) is the most common form of
Chiari malformation and is characterized by cerebellar tonsillar
herniation through the foramen magnum.® Surgical treatment is
indicated in patients with neurological deficits, syringomyelia,
or brainstem-related symptoms.>’  Posterior suboccipital
decompression is the standard surgical approach; however,
variations such as duraplasty or fusion remain controversial and
may increase complication rates.®'° Since CM-1 primarily involves
the craniovertebral junction, surgical decompression may influence
cervical sagittal alignment by affecting posterior muscular and
ligamentous structures.

The cervical spine is the most mobile part of the spinal column.
It comprises two functional segments: the upper cervical block
(occiput to C2 vertebra) and the lower cervical block (C2 to the lower
end plate of C7 vertebra). Despite anatomical differences, these
regions function together to maintain stability and coordinated
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Figure 1. Preoperative (left) and postoperative (right) cervical MRI
demonstrating the measurement of cervical lordosis (CL), cervical
sagittal vertical axis (cSVA) on mid-sagittal MRI

study, all measurements were performed using MRI obtained with a
standardized protocol. Because we aimed to compare preoperative
and postoperative measurements within the same patient cohort,
using a single imaging modality provided consistent and reliable
intra-patient comparisons. In addition, MRI remains indispensable
for diagnosing and following up CM-1 patients because of its
detailed anatomical evaluation.

Previous comparative studies have demonstrated correlations
between radiographic and MRI-based measurements, although
certain values may vary depending on patient positioning. Liu
et al. reported that despite differences between MRI and X-ray
measurements, significant correlations exist, and MRI can be used
to evaluate cervical sagittal balance under standardized imaging
conditions.’” We acknowledge that supine MRI does not incorporate
physiological gravitational loading and therefore may not reproduce
cervical alignment measured on standing radiographs. To minimize
variability related to imaging modality and positioning, however,
we obtained all preoperative and postoperative measurements
using the same standardized MRI protocol, allowing consistent
intra-patient comparisons. Nevertheless, these MRI-based
measurements should not be considered equivalent to weight-
bearing sagittal alignment assessed on standing radiographs.

Numerous studies have evaluated spinal sagittal balance
parameters. Preservation of cervical lordosis after surgery has been
associated with improved quality of life in patients with cervical
stenosis, trauma, and discopathy.''® Scheer et al. emphasized the
importance of maintaining cervical sagittal balance to preserve
neurological function and identified cervical lordosis as a key
parameter of overall cervical alignment.'”® However, because the
present study did not assess clinical outcomes, the observed
radiological findings cannot be directly related to postoperative
symptoms or functional outcomes.

To date, studies specifically evaluating postoperative sagittal
balance changes following Chiari type 1 decompression remain
limited. Furthermore, the potential influence of syringomyelia on
postoperative alignment has received little attention. Because
syringomyelia may alter spinal biomechanics through chronic neural
and muscular changes, comparing sagittal alignment parameters
in patients with and without syringomyelia may provide additional
insight into postoperative alignment changes.

In our study of patients undergoing surgery for Type 1 Chiari
malformation, we observed no statistically significant differences
in cervical lordosis (CL) between preoperative and postoperative
measurements at the 1-year follow-up. Similarly, we detected no
significant changes in CSVA, C7 slope, T1 slope, or O-C2 angle.

8/13 | 1.3¢

Figure 2. Preoperative (left) and postoperative (right) cervical MRI
demonstrating the measurement of C7 slope and T1 slope on mid-
sagittal MRI

Subgroup analysis showed that syringomyelia did not significantly
affect preoperative or postoperative values of these parameters.
However, the change (A) in the O-C2 angle differed significantly
between patients with and without syringomyelia, with a
significant decrease observed in patients without syringomyelia.
Given the number of statistical comparisons performed and the
relatively small subgroup sizes, interpret this finding within these
methodological constraints. Given the role of the upper cervical
region in horizontal gaze and global sagittal balance, the 0-C2
angle represents an important component of cervical sagittal
alignment.

Previous studies have emphasized the importance of preserving
posterior muscular and ligamentous structures for maintaining
cervical alignment. Surgical techniques that minimize disruption of
these structures have been associated with better postoperative
alignment outcomes.?%?2 In our surgical approach, care was taken
to preserve posterior muscular and ligamentous attachments,
particularly at the level of C2.

Furthermore, the relationship between upper cervical (0-C2)
and lower cervical alignment has been well described, with
the upper cervical region contributing significantly to overall
cervical lordosis.?®* Studies investigating craniovertebral junction
pathologies have reported variable effects of surgical intervention
on cervical alignment parameters.24?°

The absence of direct clinical outcome measures, such as functional
or symptom-based assessments, limits the ability to determine
whether these radiological changes translate into actual patient
benefit. Future studies incorporating clinical outcome measures
are required to better clarify the clinical relevance of these findings.

Limitations

This study has several limitations that should be considered
when interpreting the findings. The relatively small sample size is
particularly relevant in subgroup analyses by syringomyelia status
and sex, while excluding patients without complete preoperative
and one-year postoperative MRI data may have introduced
selection bias. Although the same standardized MRI protocol
allowed consistent preoperative and postoperative comparisons,
measurements obtained in the supine position may not fully reflect
physiological cervical alignment under weight-bearing conditions.
Moreover, because the study focused primarily on radiological
findings, clinical and functional outcomes were not assessed.
Future prospective studies with larger cohorts and combined
radiological and clinical assessments may help further define the
significance of these findings.
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Conclusion

Suboccipital decompression in adult patients with Chiari
malformation type 1 was not associated with significant changes
in cervical sagittal alignment parameters at one-year follow-up.
These findings suggest that overall cervical sagittal alignment
remains largely preserved after surgery. A subgroup-specific
difference in O-C2 angle change was observed according to
syringomyelia status and may warrant further investigation.
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