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Objective: Combined with different configuration types of syringomyelia, to analyze the
correlation between syrinx resolution and changes in cervical sagittal alignment following
Foramen magnum and Magendie dredging (FMMD) for syringomyelia associated with
Chiari I malformation (CM-I), and to further explore the respective relationship with clini-
cal outcome.

Methods: A consecutive series of 127 patients with CM-I and syringomyelia who underwent
FMMD in our center met the inclusion criteria of this study. Their clinical records and radio-
logic data were retrospectively reviewed. The Japanese Orthopedic Association (JOA) scor-
ing system and the Chicago Chiari Outcome Scale (CCOS) were used to evaluate the surgi-
cal efficacy. The phenotypes of syringomyelia and the clinical characteristics of the patients
were analyzed according to grouping by cervical curvature at baseline.

Results: The preoperative straight or kyphotic cervical alignment is more common in the
moniliform syrinx. After surgery, the syrinx resolution and cervical sagittal realignment in
the moniliform group are more obvious, and the corresponding prognosis is relatively better.
Spearman correlation analysis showed that the AS/C ratio (the change ratio of syrinx/cord)
was positively correlated with the CCOS (p =0.001, r =0.897) and AC2-7A (the change of
lower cervical angle) (p =0.002, r =0.560). There was also a correlation between the AJOA
score (the change rate of the JOA score) and AC2-7A (p =0.012, r = 0.467).

Conclusion: After decompression surgery, syrinx resolution may coexist with the changes
in the subaxial lordosis angle, especially for syrinx in moniliform type, and the relationship
between syrinx resolution and cervical sagittal realignment might be valuable for evaluating
the surgical outcome.

Keywords: Cervical sagittal alignment, Syringomyelia, Chiari malformation, Decompres-
sion surgery, Prognosis
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INTRODUCTION

Syringomyelia is characterized by chronic dilation of the cen-
tral canal of the spinal cord due to the abnormal accumulation
of fluid caused by cerebrospinal fluid (CSF) circulation disor-
der. It is a disease often associated with Chiari malformation,
trauma, tumor, inflammatory disease, or idiopathic etiologies."?
Chiari malformation type I (CM-I) is a kind of congenital dys-
plasia in the craniovertebral junction. Imaging often shows a
small posterior fossa volume and syringomyelia located at the
lower cervical and upper thoracic segments. For the pathogen-
esis of CM-I related syringomyelia, there has been a wide con-
cern in the fluid dynamics, syrinx phenotypes, clinical symp-
toms, and imaging morphology of the posterior fossa and cra-
niovertebral junction (CV]) region.*®

Surgical procedures have been generally recognized for im-
proving the neurological status of CM-I patients, such as poste-
rior fossa decompression (PFD) or with duraplasty (PFDD), or
a more thorough intradural decompression for syringomyelia,
such as Foramen magnum and Magendie dredging (FMMD).%/
By integrating clinical and radiographic characteristics of both
syringomyelia and spinal biomechanics, we could better evalu-
ate the surgical outcome of the CM-I patients after decompres-
sion surgery.*'’ In particular, the relationship between CM-I
related syringomyelia and scoliosis has been recognized." "
Some studies reported that scoliosis will improve after decom-
pression surgery for syringomyelia.'*'> All of the above suggest-
ed that syringomyelia may be a relevant factor affecting the spi-
nal alignment. However, there are few reports focused on the
relationship between the changes in syringomyelia and cervical
sagittal alignment parameters.

Previous researchers have proposed that the decrease of syr-
inx size after decompression surgery may restore cervical lor-
dosis.' But the correlation between syringomyelia and cervical
sagittal alignment remains vague, especially among different
kinds of syrinx configurations. Therefore, the purpose of this
study was to further explore the correlation between syrinx res-
olution and changes in cervical sagittal alignment following
FMMD in CM-I patients with syringomyelia and to further de-
termine the respective relationship with clinical outcomes.

MATERIALS AND METHODS

1. Patient Selection
The study was approved by the institutional research ethics
commiittee of Xuanwu Hospital (approval number: 2018030).
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From January 2017 to January 2020, a consecutive series of 198
CM-I patients with syringomyelia confirmed by magnetic reso-
nance imaging (MRI) were retrospectively analyzed including
their clinical records and radiologic data from a prospectively
maintained database in a single center. According to screening,
66 of 198 patients were excluded from this study due to the ex-
clusion criterion, and 5 patients had incomplete imaging data
or were lost to follow-up. The exclusion criteria are as follows:
(1) age <18 years old; (2) syringomyelia associated with trau-
ma, tumor, inflammatory disease, or idiopathic etiologies; (3)
patients with atlantoaxial dislocation, degenerative cervical
spondylosis, congenital vertebral anomalies, severe scoliosis,
myelomeningocele, or tethered cord; (4) a history of CVJ sur-
gery with cervical or occipital fusion and instrumentation. Fi-
nally, a total of 127 patients diagnosed with CM-I and syringo-
myelia who underwent intradural decompression for syringo-
myelia in our center met the inclusion criteria of our study. The

research flow chart is shown in Fig. 1.

2. Clinical Evaluation

The patients’ chief complaints on admission mainly include
general symptoms such as headache or neck and back pain, spi-
nal cord syndromes such as suspended sensory disorder, amy-
otrophy and weakness of limbs, dysfunction of urination and
defecation, and other symptoms including cerebellar symptoms
and cranial nerve dysfunction. Some patients had multiple
clinical symptoms at the same time. The specific data were
summarized in Table 1.

3. Radiographic Evaluation

MRI and lateral radiographs of x-ray in neutral position were
taken pre-and postoperatively. A routine MRI and x-ray exami-
nation was taken within one week before surgery. Follow-up
MRI was conducted regularly at 1 month, 3 months (+ 1 month),
6 months (+3 months), and 1 year after surgery. After that, it
was performed every 6 months until the last follow-up. All mea-
surements were made using computer-aided software called
RadiAnt DICOM Viewer (ver. 4.6.9, Medixant, Poznan, Po-
land). All relative radiologic measurements were repeated at
least 3 times, independently by one surgeon and another radi-

ologist.

4. X-Ray Evaluation

X-ray evaluation of the above cervical sagittal alignment pa-
rameters were shown Supplementary Fig. 1.

Cervical lordosis angles were measured successively accord-
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t

Configuration type of syrinx
Preoperative symptom duration

L

A

Change in parameters following the
surgery according to syrinx configuration

grouping

v

Correlation of syrinx resolution with
clinical and radiographic parameters

t 1

[ AC2-7A < AS/C ratio «» CCOS }

C2-7A
Maximal S/C ratio
Syrinx length
JOA score
CCOS

Fig. 1. Research flow chart of this clinical research. CM-I, Chiari I malformation; MRI, magnetic resonance imaging; C2-7A,

lower cervical angle; JOA, Japanese Orthopedic Association;

CCOS, Chicago Chiari Outcome Scale; AC2-7A, the change of

lower cervical angle; AS/C ratio, the change ratio of syrinx/cord.

ing to the 4-line method from the lateral radiographs in a neu-
tral position before surgery and at the final follow-up evalua-
tion: drawing a line parallel to the inferior endplate of the upper
vertebral body, and another line parallel to the inferior endplate
of the lower vertebral body. Perpendicular lines are then drawn
from each of the 2 lines noted above, and the angle subtended
between the crossing of the perpendicular lines is the cervical
lordosis angle. A negative value of the angle meant lordosis and
the positive value marked kyphosis.

Upper cervical angle (C0-2A): the included angle between
the McGregor line and the line parallel to the lower endplate of
the C2 body.

Lower cervical angle (C2-7A): the included angle between a
line parallel to the lower endplate of the C2 body and a line par-
allel to that of the C7 body.

The sagittal vertical axis (C2-7 SVA): the horizontal distance
between the C2 plumb line and the posterosuperior point of

https://doi.org/10.14245/ns.2244530.265

the C7 body.

T1 slope: The T1 slope can be used to predict the physiologi-
cal curvature of the cervical spine, which was measured as the
included angle between the upper endplate of T1 and the hori-
zontal line.

5. MRI Evaluation

As proposed by Ono et al.,”” the cerebellar tonsillar descent
could be divided into 3 grades in MRI: grade 1, the cerebellar
tonsil descends beyond the foramen magnum but does not
reach the C1 arch; grade 2, the cerebellar tonsil reaches the C1
arch; grade 3, the cerebellar tonsil descends beyond the C1 arch.

The following indicators were measured at the T2-weighted
median sagittal and transverse positions of MRI before surgery
and at the final follow-up: (1) Syrinx/spinal cord ratio (S/C ra-
tio), the ratio of syrinx diameter to the spinal cord diameter at
the same level. (2) Syrinx length: the number of vertebral seg-
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Table 1. The preoperative distribution of cervical curvature combined with the data of the patients

Variable Hyperlordosis ~ Normal lordosis’  Straight or kyphotic H/F value p-value
No. of patients 8 71 48
Female sex 5 45 38 3.263 0.071
Age (yr) 49.0+9.3 489+11.1 45.4+99 1.591 0.208
Degree of cerebellar tonsillar descent 2.147 0.342
Grade 1 2 37 22
Grade 2 4 29 11
Grade 3 2 14 8
Length of the syrinx (segment) 8.8+4.5 9.0+3.4 8.7+4.0 0.030 0.971
Maximal S/C ratio (%) 60.1£22.1 59.3+18.9 66.5+£17.5 2.176 0.118
Syrinx location 0.821 0.663
Cervical 1 14 12
Cervicothoracic 6 56 34
Holocord 1 1 2
Syrinx configuration 13.490 0.004*
Distended type 2 26 14
Moniliform type 1 8 19
Slender type 4 20 8
Circumscribed type 1 17 7
Syrinx deviation 2.329 0.312
Central 4 18 11
Enlarged 3 45 27
Deviated 1 8 10
C0-2A (°) -17.3+8.5 -22.3+6.5 -21.0+7.4 1.447 0.248
C2-7A (°) -31.3+2.8 -14.7+5.3 -9.3+6.6 53.388 <0.001*
General symptom
Headache 29 17 0.678 0.410
Neck and back pain 2 22 14 0.001 0.971
Spinal cord symptom
Suspended sensory disorder 3 18 8 2.118 0.146
Amyotrophy 1 16 5 1.743 0.187
Paresthesia 2 20 13 0.001 0.973
Weakness of limbs 3 19 9 1.648 0.194
Dysfunction of urination and defecation 1 2 1 0.890 0.346
Cerebellar or cranial nerve dysfunction* 1 8 2 1.881 0.170
Preoperative symptom duration (mo) 45.0+37.3 34.1£39.0 174+223 4.554 0.012%
JOA score 11.9+1.9 123+1.8 12.0£2.0 0.422 0.657

Values are presented as number or mean * standard deviation.

The H-value is the statistic value for the Kruskal-Wallis H test, and the F-value is for the 1-way analysis of variance test.
S/C ratio, change ratio of syrinx/cord; CO-2A, upper cervical angle; C2-7A, lower cervical angle; JOA, Japanese Orthopedic Association.

*p<0.05, statistically significant differences. "The criteria for the judgment of hyperlordosis, normal lordosis, and straight or kyphotic cervical
alignment.' *Cerebellar symptoms: ataxia, dysarthria; cranial nerve dysfunction: diplopia, dysphagia.

ments spanned by the spinal syrinx. (3) A radiographic change
ratio in the maximal S/C ratio or syrinx length was calculated
using the following formula: (preoperative value-postoperative
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disappearance of the syrinx.

value)/preoperative value. A ratio value of zero means no im-
provement of the syrinx size, whereas 1 means the complete

https://doi.org/10.14245/ns.2244530.265
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Fig. 2. The specific surgical procedures of Foramen magnum and Magendie dredging. Illustrative case 1: The median sagittal
and transverse positions of T2-weighted magnetic resonance imaging (MRI) before surgery show the syringomyelia and a de-
tectable channel between the fourth ventricle and the syrinx (yellow arrow) (A, B, D), and the postoperative MRI shows effective
reduction of the syrinx (C, E). (F) The departure of the tonsils shows arachnoid adhesions (black arrow) overlying the foramen
of Magendie. (G) Dissolution of the arachnoid adhesions and exposure of the foramen of Magendie (asterisk). (H, I) Completely
opening of the foramen of Magendie by microsurgical separation (black arrow) and cerebrospinal fluid (CSF) recirculation after
dredging. Illustrative case 2: (J, L, M, N) The pre- and postoperative MRI shows the resolution of syringomyelia. (K) The preop-
erative x-ray radiograph shows a straight cervical alignment. (O) The foramen of Magendie is visible under the semitransparent
veil (arrow). (P) Dissolution of the arachnoid adhesions and exposure of the foramen of Magendie (asterisk). (Q, R) Opening of
the arachnoid veil and CSF recirculation after dredging. LT, left tonsil, RT, right tonsil, MO, medulla oblongata.
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Fig. 3. Radiographic parameters show the cervical sagittal realignment and syrinx resolution following the Foramen magnum
and Magendie dredging. Illustrative case 3: The x-ray radiograph of the patient with moniliform syrinx shows the change in C2-
7A from 0.8° before surgery (A) to -21.1° after surgery (B) and the change in S/C ratio in magnetic resonance imaging (83.5% to
36.3%) (C-F). Illustrative case 4: The patient with slender syrinx shows the change in C2-7A from -8.1° before surgery (G) to
-17.6° after surgery (H) and the change in S/C ratio (41.2% to 18.7%) (I-L). C2-7A, lower cervical angle; S/C, ratio, syrinx/spinal
cord ratio.

6. Operation Strategy

All operations in all of the 127 patients were performed via
PFD with intradural exploration using FMMD to remove the
factors causing CSF circulation obstruction, which was record-
ed via the operating microscope for all potential intradural pa-
thology and factors (Fig. 2). The specific surgical procedures
have been described in our previous study.®”

7. Variable and Grouping Definition

The postoperative syrinx was reported to be either signifi-
cantly resolved (syrinx decreased in size >20%, a more than
20% decrease in maximal S/C ratio on follow-up MRI) (Fig. 3)
or unchanged (syrinx decreased in size less than 20% or re-
mained the same size).

The physiological curvature of the cervical spine in men is
between -16° to -22° and -15° to -25° in females."® The negative
value less than this range (the absolute value) is defined as a
straight cervical spine, the positive value is kyphosis, and the
larger value than this range (the absolute value) is defined as

1062 www.e-neurospine.org

hyperlordosis.

Referring to the configuration of the syringomyelia, the syr-
inx can be defined into 4 types: A, distended type; B, monili-
form type; C, slender type; D, circumscribed type (Fig. 4A-D).

8. Prognostic Evaluation

All patients co mpleted the evaluation of the Japanese Ortho-
pedic Association (JOA) scoring system to assess their neuro-
logical status before surgery and at the last follow-up. We calcu-
lated the neurologic improvement rate (AJOA score) according
to the preoperative JOA score and the last follow-up JOA score
by the following formula: (postoperative score - preoperative
score) x 100%/(full score [17 points] — preoperative score).

The Chicago Chiari Outcome Scale (CCOS) was used to
evaluate the surgical efficacy from 4 aspects: pain symptoms,
nonpain symptoms, functionality, and complications, with
scores from 1 to 4 for each item. The better the prognosis, the
higher the score, with the CCOS score groupings presenting
the prognosis as good between 13 and 16, no obvious improve-

https://doi.org/10.14245/ns.2244530.265
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Fig. 4. The configuration of the syrinx can be divided into 4 types: distended type (A), moniliform type (B), slender type (C),
circumscribed type (D). (E) The cervical sagittal realignment of the moniliform syrinx is the most obvious after Foramen mag-
num and Magendie dredging in the 4 different morphological kinds of syringomyelia (***p <0.01).

ment between 9 and 12, and poor between 4 and 8.

9. Statistical Analysis

IBM SPSS Statistics ver. 22.0 (IBM Co., Armonk, NY, USA)
was used for statistical analysis. For continuous variables, the
mean values are presented with standard deviations, and the
differences between the 2 groups were analyzed using the Stu-
dent t-test and 1-way analysis of variance test for >3 groups. A
chi-square or Fisher exact test was used for dichotomous cate-
gorical variables, and the Kruskal-Wallis H test was for multiple
categorical variables. P-value <0.05 was considered statistically
significant. The relationships between clinical and radiographic
parameters were assessed using Spearman rank correlation co-
efficients. Intraclass correlation coefficient (ICC) was used to
evaluate the intra-repeatability of different observers (interob-
server reliability). One independent researcher blinded to the

group allocation completed the evaluations.

https://doi.org/10.14245/ns.2244530.265

RESULTS

There were 39 men and 88 women, the mean age of whom
was 47.6 years (range, 23-73 years). The mean duration of fol-
low-up was 2.7 + 1.2 years (range, 1.5-4.5 years). Five postoper-
ative complications happened caused by leakage of CSF in 2
cases and superficial wound infection in 3 cases, and all of them
had disappeared at the last follow-up. In the present study, sy-
ringomyelia resolved (change ratio>20%) in 108 patients
(85.0%), and the average CCOS score was 13.5+ 1.6 after sur-
gery. The mean values of the JOA score before surgery and at
the last follow-up evaluation were 12.2 + 1.9 points (range, 7-15
points) and 15.1+ 1.3 points (range, 12-17 points) respectively,
and the mean improvement rate was 54.1% *+ 33.0%. The differ-
ence between the pre- and postoperative JOA score was signifi-
cant (p<0.001).
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Table 2. Change in relevant parameters before surgery with that at the last follow-up

Variable Before surgery Last follow-up T/F/H value p-value
C0-2A (°) -21.0+7.2 -23.8%£6.9 -1.738 0.079
C2-7A (°) -13.5+7.5 -17.1£6.0 -4.061 <0.001*
C2-7 lordosis 20.045 <0.001*

Hyperlordosis 8 8

Normal lordosis 71 93

Straight or kyphotic 48 26
C2-7 SVA (mm) 153+94 148+7.4 0.279 0.781
T1-slope (°) 19.9+4.7 21.4+6.0 -1.248 0.216
Maximal S/C ratio (%) 62.1+18.9 37.4+17.9 10.708 <0.001*
Syrinx length (segment) 8.8+3.7 5.8+2.9 7.114 <0.001*
JOA score 122+19 15.1+1.3 -14.264 <0.001*
CCOS - 13.5+1.6 - -

Values are presented as mean + standard deviation or number.

The T-value is the statistic value for the T-test, the H-value is for the Kruskal-Wallis H test, and the F-value is for the 1-way analysis of variance test.
CO0-2A, upper cervical angle; C2-7A, lower cervical angle; SVA, sagittal vertical axis; S/C ratio, syrinx/spinal cord ratio; JOA, Japanese Ortho-

pedic Association; CCOS, Chicago Chiari Outcome Scale.
*p <0.05, statistically significant differences.

1. The Preoperative Distribution of Cervical Curvature

Primarily, by comparing 127 CM-I patients with syringomy-
elia and 32 CM-I patients without syringomyelia in our center,
the mean value of C2-7 angle in CM-I with syringomyelia was
significantly less lordotic than that in CM-I without syringomy-
elia (-13.5+7.5vs. -20.7 £ 8.4, p<0.05).

The distribution of preoperative cervical lordosis was differ-
ent in various types of syringomyelia. Specifically, cervical
alignment straight or kyphotic was more common in the mo-
niliform type of syrinx. In addition, it was found that the preop-
erative symptom duration was significantly shorter in patients
with cervical alignment straight or kyphotic than in patients in
the other 2 groups. However, cervical curvature in patients with
CM-I related syringomyelia was not related to age, gender, de-
gree of cerebellar tonsil descent, C0-2A, syrinx length, S/C ra-

tio, deviation, location, or the preoperative symptoms (Table 1).

2. Changes in Relevant Parameters Following the

Decompression Surgery

We summarized various parameters, including changes in
cervical sagittal alignment, syrinx resolution, JOA score, and
CCOS (Table 2). The mean C2-7A was -13.5+7.5 before sur-
gery and -17.1+ 6.0 at the last follow-up (ICC=0.856, p<0.001),
and the difference was significant between them (p <0.001). The
mean value of the maximal S/C ratio was 0.62+0.19 before sur-
gery and 0.37+0.18 at the last follow-up (ICC=0.841, p <0.001),
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and a significant difference was shown between them (p < 0.001).
The mean pre-and postoperative syrinx length was 8.8 +3.7 and
5.8+2.9 (ICC=0.905, p<0.001) and there was also a significant
difference (p <0.001). However, there was no difference between
the preoperative and the last follow-up evaluation regarding CO-
2A, C2-7 SVA, and T1-slope.

3. Intergroup Comparison of Changes in Key Parameters

Before and After Surgery

Compared with other types of syringomyelia, the syrinx with
moniliform type showed the most significant changes in AC2—
7A (p=0.010), AS/C ratio (p<0.001), and its postoperative
CCOS is relatively better (p=0.031) (Table 3). The patients with
normal lordosis and straight or kyphotic cervical alignment ac-
counted for 28.6% and 67.8% before surgery, respectively. The
rate of normal cervical lordosis increased to 57.1%, and the
number of patients with straight or kyphotic cervical alignment
decreased to 39.3%. The proportion of patients with hyperlor-
dosis remained unchanged (3.6%) before and after surgery. Us-
ing McNemar exact test, there was a statistically significant dif-
ference between the pre- and postoperative rate of normal cer-
vical lordosis and straight or kyphotic cervical alignment (p = 0.008)
(Table 4). The reliability of the radiographic measurements 3
times showed excellent consistency from different observers.

https://doi.org/10.14245/ns.2244530.265



LuC,etal.

Syrinx Resolution and Cervical Sagittal Realignment

Table 3. Intergroup comparison of changes in the parameters before and after surgery

Variable Distended type  Moniliform type  Slender type Circumscribed type F p-value
ACO0-2A (°) 4.4+98 3.7+£7.8 2.6+4.7 2.1+4.3 0.284 0.837
AC2-7A (°) 2.8+6.2 6.3+4.57 2.8+4.4 23+4.1 3.923 0.010*
AS/C ratio (%) 31.8+19.5 57.0+27.1* 31.8+16.7 352+16.9 10.575 <0.001*
ASyrinx length ratio (%) 344+19.8 27.8+14.3 33.7+18.5 349+18.5 0.961 0.414
AJOA score (%) 49.5+32.8 56.9+36.9 55.5+30.1 56.7+33.2 0.407 0.748
CCOS 13.2+1.9 143+1.5 13.3+14 13.2+0.8 3.056 0.031*

Values are presented as mean + standard deviation.

CO0-2A, upper cervical angle; C2-7A, lower cervical angle; S/C ratio, syrinx/spinal cord ratio; JOA, Japanese Orthopedic Association; CCOS,

Chicago Chiari Outcome Scale.

*p<0.05, statistically significant differences. "Compared with the group of distended syrinx p=0.026; Compared with the group of slender syr-
inx p=0.045; Compared with the group of circumscribed syrinx p=0.026. *Compared with the group of distended syrinx p <0.001; Compared
with the group of slender syrinx p <0.001; Compared with the group of circumscribed syrinx p=0.001.

Table 4. Cervical sagittal realignment following the Foramen magnum and Magendie dredging

i Distended type Moniliform type’ Slender type Circumscribed type
Variable Preoperative Postoperative ~ Preoperative Postoperative ~ Preoperative Postoperative =~ Preoperative Postoperative
Hyper lordosis 2 2 1 1 4 4 1 1
Normal lordosis 26 31 8 16 20 25 17 21
Straight and kyphotic 14 9 19 11 8 3 7 3

"The pre-and postoperative distribution of hyper lordosis, normal lordosis, and straight or kyphotic cervical alignment differed significantly in
patients with moniliform type, which was analyzed by McNemar test (p =0.008).

Table 5. Correlation of syrinx resolution with clinical and ra-
diographic parameters in moniliform syringomyelia

Variable A(IS){ S aiitei)o ASyri?;(_ 1,6;1152})1 ratio
Age 0.710 0.443
Sex 0.161 0.320
Tonsillar descent grade ~ 0.092 0.215
Preoperative JOA 0.440 0.320
Preoperative C0-2A 0.124 0.747
Preoperative C2-7A 0.562 0.762
CCOS 0.001* (r=0.897) 0.593
AJOA score 0.793 0.847
ACO0-2A 0.145 0.300
AC2-7A 0.002* (r=0.560) 0.751

Relationships between factors above were assessed using Spearman
rank correlation coefficients.

S/C ratio, syrinx/spinal cord ratio; JOA, Japanese Orthopedic Asso-
ciation; CO-2A, upper cervical angle; C2-7A, lower cervical angle;
CCOS, Chicago Chiari Outcome Scale.

*p<0.05, statistically significant differences.

4. Correlation of Syrinx Resolution With Clinical and
Radiographic Parameters

We further analyzed the correlation between baseline factors
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(age, sex, and tonsillar descent grades), syrinx resolution, AC2-
7A, AJOA score, and CCOS (Table 5). Spearman correlation
analysis showed that the AS/C ratio was positively correlated
with the change of CCOS (p=0.001, r=0.897) and AC2-7A
(p=0.002, r=0.560). There was also a correlation between the
AJOA score (the change rate of the JOA score) and AC2-7A
(p=0.012, r=0.467) (Fig. 5C-E) However, there was no corre-
lation between the improvement rate of the JOA score and the
resolution ratio of the syrinx, and no correlation was seen be-
tween the ASyrinx length ratio and any other factors.

DISCUSSION

For syringomyelia associated with CM-1,"**!

patients are
plagued by a series of neurological symptoms such as suspend-
ed sensory disorder, hypoesthesia, amyotrophy, or weakness of
limbs. Quite a few studies have been carried out to explore the
relationships between syringomyelia formation and CSF circu-
lation obstruction in the subarachnoid space.”>* However, its
specific mechanism remains controversial.

Decompression surgery with or without duraplasty is com-
monly used to control the development of syringomyelia,
which has been reported in previous studies.”**” Although tra-
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Fig. 5. Schematic drawing and the linear correlation diagram for moniliform group. After Foramen magnum and Magendie
dredging, syrinx resolution may coexist with the cervical sagittal realignment, especially for moniliform syrinx. (A, B) Spearman
correlation analysis for moniliform type showed that AS/C ratio was positively correlated with change of CCOS (p=0.001,
r=0.897) (C) and AC2-7A (p=0.002, r=0.560) (D). (E) There was also a correlation between AJOA score (the change rate of
the JOA score) and AC2-7A (p=0.012, r=0.467). S/C ratio, syrinx/spinal cord ratio; CCOS, Chicago Chiari Outcome Scale;
JOA, Japanese Orthopedic Association; C0-2A, upper cervical angle; C2-7A, lower cervical angle.

ditional surgical methods, such as PFD or PFDD, show certain
curative effects in controlling the development of syrinx, they
are not beneficial for all patients with syringomyelia. However,
intradural pathology in various forms may cause CSF circula-
tion obstruction, which makes great significance in the patho-
genesis and outcome of syringomyelia. Therefore, the key to
surgical treatment for syringomyelia likely settles in to relieve
the obstruction of the foramen magnum and foramen of Ma-
gendie.®”

There is a strong association between syringomyelia and sco-
liosis, but there does not seem to be a significant relationship
between CM-I and scoliosis in the absence of syringomyelia.'""*
Syringomyelia is known to be frequently accompanied by scoli-
osis in some patients, possibly because of asymmetric spinal
cord injury (SCI) due to chronic expansion of the central canal
in the spinal cord, which means that syringomyelia may be an
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aggravating factor in spinal alignment. Similarly, cervical sagit-
tal alignment reflects the cervical physiological curvature, sy-
ringomyelia as its possible aggravating factor, while there are
few studies on the relationship between them.

The mean value of the C2-7A in 127 CM-I patients with sy-
ringomyelia was less lordotic than in 32 CM-I patients without
syringomyelia in our center (-13.5+7.5 vs. -20.7 £ 8.4, p <0.05).
We could initially infer that space occupying syrinx formation
caused by the obstruction of CSF circulation might drive the
loss of cervical physiological curvature as an adaptive response.
Combined with the patients’ preoperative clinical and radiolog-
ic characteristics, we continued to explore the differences in the
distribution of cervical curvature at baseline. The results showed
that the distribution of preoperative cervical lordosis was differ-
ent in various types of syringomyelia. Specifically, straight or
kyphotic cervical alignment was more common in the monili-
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form type of syrinx. Additionally, patients with cervical align-
ment straight or kyphotic tend to have a short natural history.
However, cervical curvature in patients with CM-I related sy-
ringomyelia was not related to syrinx length, S/C ratio, devia-
tion, location, or other clinical characteristics. Why the straight
or kyphotic cervical alignment is more concentrated in the type
of moniliform syrinx has aroused our interest in further explo-
ration.

Although the relationship between CM-I related syringomy-
elia and scoliosis is not fully understood. Some scholars once
speculated that the syringomyelia may affect or even damage
neurons in the spinal cord responsible for muscle in charge of
trunk balance, thereby influencing the spinal sagittal align-
ment.”® We speculated that the development of syringomyelia
could also bring certain changes to the cervical sagittal align-
ment as the result of chronic central SCI, which was related to
the faster progression of enlargement of the central canal. Usu-
ally, the cross-fibers in front of the central canal bear the brunt,
which is presented as the typical suspended sensory disorder.
During the further enlargement, the anterior horn neurons and
longitudinal conduction tracts were then involved in appearing
manifestations such as amyotrophy, hypoesthesia, or weakness
of limbs. However, whether this process is reversible depends
on the degree of disturbance in the internal environment of the
SCI and the degree of neuronal damage.

The decreasing of the syringomyelia size is accompanied by
the stabilization or improvement of scoliosis in most patients
following decompression surgery, so neurosurgical decompres-
sion is recommended for patients with CM-I, SM, and scoliosis
with its potential to treat all 3 conditions at the same time."*"
Since early decompression could improve neurological status
and scoliosis in patients with syringomyelia associated with
CM-], accordingly, intradural decompression for syringomyelia
by FMMD may also help in restoring the cervical sagittal align-
ment. In our results, after FMMD, syringomyelia resolved in
108 patients (85.0%), along with significant improvements in
cervical sagittal alignment and JOA score. The mean value of
CCOS at the last follow-up was 13.1+2.8 (about 80% of the pa-
tients got a score of CCOS 2 13). Therefore, FMMD was effec-
tive for CM-I patients with syringomyelia in terms of improv-
ing neurological symptoms in the current study and is consid-
ered to be an effective surgical technique for not only syringo-
myelia resolution but also helping in cervical sagittal realign-
ment. We speculate that this benefits from the elimination of
intradural obstruction through FMMD, which might be con-
ducive to a more complete restoration of CSF circulation,
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thereby reversing the adverse effects of chronic SCI and sagittal
alignment imbalance caused by unrestricted enlargement of the
syrinx (Fig. 5A, B).

The above parameters with statistically significant differences
before and after surgery were then compared among 4 groups
of different syrinx types. Compared with other groups, the syr-
inx with moniliform type showed the most significant changes
in AC2-7A, and AS/C ratio after surgery, and the postoperative
CCOS of it is relatively better. In addition, the cervical sagittal
realignment of the moniliform syrinx is the most obvious after
surgery in the 4 different morphological kinds of syringomyelia
(Fig. 4E).

Therefore, we propose that the moniliform type of syrinx
may be a special kind of configuration. Its particularity lies in
that the reactivity following the change of CSF circulation
seems to be more sensitive, and it shows stronger adaptability
and reducibility than other types of syringomyelia, which not
only reflects in the greater changes in the cervical lordosis dur-
ing the syrinx formation with a shorter natural history but also
in the more obvious syrinx resolution and a relatively better
prognosis after removing the intradural obstruction and dredg-
ing the circulation of CSE In terms of syrinx width, both mo-
niliform type and distended type belong to the category with a
larger S/C ratio; from the perspective of syrinx morphology,
syrinx separation is the typical imaging manifestation for mo-
niliform type, and some studies have preliminarily confirmed
syrinx separation might be related with the ependymal cells
surrounding the central canal of the spinal cord,”* which
would be a source of endogenous stem cells, heralding a poten-
tial endogenous approach to SCI repair. While it is still un-
known the specific pathophysiological mechanism of syrinx
separation in chronic SCL

Correspondingly, further analysis suggested that the AS/C
ratio was positively correlated with both AC2-7A and CCOS in
the moniliform syrinx. With the restoration of the CSF circula-
tion following FMMD, the resolution of syringomyelia also co-
existed with the improvement of cervical lordosis angle. Our
results proposed that some relationships exist among syringo-
myelia, cervical sagittal alignment, and neurological prognosis,
revealing that both syrinx resolution and cervical sagittal align-
ment might be predictive factors for prognosis, especially in the
typical moniliform type.

Given that musculoskeletal abnormalities are part of the ini-
tial presentations of intraspinal lesions in a significant propor-
tion of cases, the pre- and postoperative multifactorial analysis
should be taken into account in patients with syringomyelia,
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especially for the sagittal plane presented on lateral plain radio-
graphs of the spine. Spinal deformities may also serve as a cer-
tain reference value for spinal cord dysfunction in the patho-
genesis and clinical manifestations. For example, Zhu et al.”'
found the convexity of thoracic vertebrae in idiopathic syringo-
myelia patients associated with the deviated side of the syrinx.
Ono et al.”” concluded that scoliosis could be a predictor of the
prognosis in CM-I patients with syringomyelia. Ouellet et al.””
also proved that thoracic hyperkyphosis in the sagittal plane
may be used as an indicator of the presence of syringomyelia.
All of them reinforced the necessity of assessing sagittal plane
deformity for the predisposition to syringomyelia.”® Therefore,
from the overall prognosis of surgical decompression for syrin-
gomyelia in CM-I patients, the multivariate factors including
CCOS, syrinx characteristics on MRI, and cervical sagittal
alignment could evaluate the surgical outcome more compre-
hensively, especially for the specific syrinx phenotype.

In our opinion, the syringomyelia configuration on MRI and
cervical sagittal alignment on x-ray radiographs might comple-
ment each other in the clinical diagnosis and treatment of
CM-I with syringomyelia. To evaluate the prognosis of CM-I
patients with syringomyelia following PFD, attention should be
given only to the change of the intramedullary syrinx but also
to the improvement of the cervical sagittal alignment.

Our findings have supplemented and improved based on the
previous studies. Some of the propositions we put forward have
a certain significance in clinical and mechanism research. On
the one hand, we should pay attention to the significance of the
cervical sagittal alignment in the process of syringomyelia de-
velopment or disappearance after decompression, such as eval-
uating the prognosis of patients with syringomyelia through
sagittal plane presented on lateral plain radiographs; in addi-
tion, for some patients with the cervical sagittal deformity
(straight or lordotic), they may be able to return to normal on
their own to a certain extent as the syrinx resolution following
decompression surgery. On the other hand, we should attach
importance to the special type of moniliform syringomyelia. It
is characterized by typical syrinx separation on imaging mor-
phology, which we have initially confirmed in rat models of sy-
ringomyelia.”” However, that still needs to be better understood
whether it belongs to a transitional state of syringomyelia or a
special configuration, which will certainly lead us to potential
implications for the exploration of the hydrodynamics and bio-
logical mechanisms during syringomyelia formation and reso-
lution.

But as a retrospective analysis, selection bias is hard to avoid
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in this study. The duration of clinical observation was not long
enough, and the results cannot provide the relationship be-
tween the syringomyelia resolution and cervical sagittal align-
ment over a longer period of follow-up. In addition, it is neces-
sary to conduct a more specific analysis for patients in different
age groups. However, given the limited number of patients, it
seems not realistic to conduct randomized controlled trials.

CONCLUSION

The preoperative straight or kyphotic cervical alignment is
more common in the moniliform syrinx. After FMMD, the sy-
ringomyelia resolution may be accompanied by the lower cer-
vical lordosis recovery accordingly. In addition, the relationship
between syrinx resolution and cervical sagittal realignment
might have a certain reference value for the prognosis of CM-I
patients with syringomyelia following surgery, especially in the

moniliform syrinx.
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Supplementary Fig. 1. Schematic drawing (A) and x-ray evaluation (B) of the cervical sagittal alignment parameters. Upper
cervical angle (C0-2A), lower cervical angle (C2-7A), the sagittal vertical axis (C2-7 SVA), and T1 slope.
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