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Study Design: Retrospective cohort study.
Purpose: To investigate the correlation between the syrinx morphology and neuropathic pain caused by syringomyelia associated 
with Chiari I malformation.
Overview of Literature: Neuropathic pain caused by syringomyelia is refractory and markedly impairs the patient.
Methods: We examined 24 patients with neuropathic pain caused by syringomyelia associated with Chiari I malformation. We 
statistically analyzed the illness duration and age at surgery between patients with and without neuropathic pain. Additionally, we 
classified the morphology of the syringes into deviated (D), enlarged (E), central (C), and bulkhead (B) types using T2-weighted axial 
imaging. Moreover, we investigated the correlation between syrinx morphology and neuropathic pain. A Mann–Whitney U-test was 
performed to compare between the presence or absence of neuropathic pain and the presence or absence of type D syringes.
Results: The median age at surgery was 27.5 years, and the median illness duration was 24 months. Among the 24 patients, 11 had 
preoperative neuropathic pain, one of which was free of neuropathic pain during the final follow-up period. Among patients with neu-
ropathic pain, the syringes’ preoperative morphology was type D in nine patients and types E and C in one patient each. No patient 
exhibited type B morphology. Among patients without neuropathic pain, the preoperative morphology of the syringes was type D in 
three patients, type E in seven patients, and types C and B in two patients each. For types D and E, a correlation between neuropathic 
pain and syrinx morphology was observed. Moreover, type D was associated with significant neuropathic pain in both preoperative 
and postoperative states.
Conclusions: This study showed a correlation between the morphological features of the syringes and the occurrence of neuropathic 
pain in patients with syringomyelia associated with Chiari I malformation.
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Introduction

Syringomyelia associated with Chiari malformation type 

I produces various symptoms, including motor deficits 
and sensory disturbances. Particularly, neuropathic pain 
is refractory and markedly impairs the patient’s daily life. 

http://crossmark.crossref.org/dialog/?doi=10.31616/asj.2018.0242&domain=pdf&date_stamp=2019-08-31
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We investigated the relationship between the preoperative 
morphological features of the syringes and the occurrence 
of neuropathic pain.

Materials and Methods

We explained the necessity of this research and obtained 
prior informed consent from all patients. Twenty-four 
patients underwent surgery for syringomyelia associated 
with Chiari I malformation at the Hokkaido University 
Hospital, between 2005 and 2016. The patients comprised 
six males and 18 females, whose age at the time of surgery 
ranged from 6 to 59 years (mean, 27.3 years; median, 27.5 
years). Sixteen patients underwent foramen magnum 
decompression and C1 laminectomy along with incision 
of the dura mater’s outer layer [1], seven patients under-
went placement of a syringosubarachnoid shunt, and one 
patient underwent placement of a lumboperitoneal shunt. 
The patients were divided into two groups according to 
the presence or absence of preoperative neuropathic pain. 
The overall parameters examined were the age at the time 
of surgery, the disease duration, and the morphological 
features of the syringes based on preoperative magnetic 
resonance (MR) images. The syrinx morphology was clas-
sified into the following four types: central (C); enlarged 
(E); deviated (D); and bulkhead (B) based on the axial T1-
weighted MR imaging findings at the corresponding level 
of the dermatomal distribution of pain in patients experi-
encing pain and at the level corresponding to the maximal 
syrinx size in patients without neuropathic pain (Fig. 1).

A total of 24 patients were included in this study, 11 
with and 13 without neuropathic pain. However, because 
one patient without neuropathic pain exhibited two types 
of syrinx at the maximal level, the analysis was made on 
14 syringes without neuropathic pain.

Additionally, the correlation between syrinx morpholo-
gy and the occurrence of neuropathic pain was investigat-
ed (Table 1). The Mann–Whitney U-test was performed 
to evaluate the preoperative syrinx morphology (i.e., type 
D or not) between patients with and without preopera-
tive neuropathic pain. Moreover, the Mann–Whitney 
U-test was performed to evaluate the postoperative syrinx 
morphology (i.e., type D or not) between patients with 
and without postoperative neuropathic pain. A p-value of 
<0.05 was considered statistically significant. All analyses 
were performed using Ekuseru-Toukei 2015 (Social Sur-
vey Research Information Co. Ltd., Tokyo, Japan).

Results

The median age at the time of surgery was 28 years (range, 
7–50 years) among patients with preoperative neuropathic 
pain and 19 years (range, 6–59 years) among patients 

Fig. 1. Classification of the syrinx type. The syringes' morphological 
features were classified into four types (i.e., central type, enlarged type, 
deviated type, and bulkhead type) based on axial magnetic resonance 
images from the level corresponding to the dermatomal distribution of 
pain in patients with neuropathic pain and from the level of maximal sy-
ringe size in patients without neuropathic pain. (A, B) Central type: T1-
weighted image (A) and T2-weighted image (B). (C, D) Enlarged type: 
T1-weighted type (C) and T2-weighted type (D). (E, F) Deviated type: 
T1-weighted type (E) and T2-weighted type (F). (G, H) Bulkhead type: 
T1-weighted type (G) and T2-weighted type (H).
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Table 1. Indication of correlation

Correlation Correlation coefficient

Slight correlation 0.0±0.2

Moderate correlation 0.2±0.4

Correlation 0.4±0.7

Strong correlation 0.7±0.9

Very strong correlation 0.9±1.0
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without preoperative neuropathic pain. There was no sig-
nificant difference in age between the two groups (p=0.27). 
The median disease duration was 17 months (range, 2–120 
months) among patients with preoperative neuropathic 
pain and 32.5 months (range, 4–204 months) among pa-
tients without preoperative neuropathic pain. There was 
no significant difference in the disease duration between 
the two groups (p=0.17). Neuropathic pain location was 
the chest in six patients (46%), the upper extremity in 10 
patients (77%), and the scapula’s surroundings in one pa-
tient (33%). Morphological feature’s analysis of the syrinx 
in patients with and without preoperative neuropathic 
pain revealed type C in three patients (12%), type E in 
eight patients (32%), type D in 12 patients (48%), and type 
B in two patients (8%) (Table 2). One patient without neu-
ropathic pain showed both C- and E-type syrinx preoper-
atively and at a completely different level. Among patients 
with preoperative neuropathic pain, only one experienced 
neuropathic pain relief during the final follow-up period. 
In this patient, the syrinx morphology changed from type 
D to type C. Table 3 presents the postoperative changes in 
the syringes’ morphological features among the patients 
with preoperative neuropathic pain. All patients without 

preoperative neuropathic pain remained pain free in the 
final follow-up period. Table 4 presents the postoperative 
changes in the syringes’ morphological features among 
the patients without preoperative neuropathic pain.

Regarding the correlation between syrinx morphology 
and neuropathic pain during the preoperative period, a 
positive correlation was found between the occurrence 
of neuropathic pain and type D syrinx (correlation coef-
ficient, 0.60; p=0.003), whereas a negative correlation 
was found between the occurrence of neuropathic pain 

Table 3. Postoperative changes in morphological features of syrinx in patients with preoperative neuropathic pain

Preoperative status
Postoperative status

Central type Enlarged type Deviated type Bulkhead type Disappearance Total

Central type 1   1

Enlarged type 1   1

Deviated type 1 6 2   9

Bulkhead type

Total 1 1 6 3 11

Values are presented as number of patients.

Table 4. Postoperative changes in morphological features of syrinx inpatients without preoperative neuropathic pain

Preoperative status
Postoperative status

Central type Enlarged type Deviated type Bulkhead type Disappearance Total

Central type 1 1 2

Enlarged type 2 2 3 7

Deviated type 1 2 3

Bulkhead type 2 2

Total 3 3 4 4 14

Values are presented as number of patients.

Table 2. Correlation between morphological features of syrinx and 
preoperative neuropathic pain

M orphological 
features of syrinx

Preoperative neuropathic pain

Present Absent Total

Central type 1 2 3

Enlarged type 1 7 8

Deviated type 9 3 12

Bulkhead type 0 2 2

Total 11 14 25

Values are presented as number of patients.
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and type E syrinx (correlation coefficient, −0.4; p=0.03). 
Only a slight correlation was found between type B syr-
inx and the occurrence of neuropathic pain (correlation 
coefficient, −0.26; p=0.2), and no correlation was found 
between the occurrence of neuropathic pain and type C 
syrinx (correlation coefficient, −0.08; p=0.70).

A comparison between patients with and without 
preoperative neuropathic pain revealed a significantly 

higher occurrence of type D syrinx among patients with 
preoperative neuropathic pain (p=0.003) (Fig. 2). Simi-
larly, a comparison between patients with and without 
postoperative neuropathic pain revealed a significantly 
higher occurrence of type D syrinx among patients with 
postoperative neuropathic pain. Conversely, type D syrinx 
was not found among patients without neuropathic pain 
(p=0.007) (Fig. 3).

Discussion

Syringomyelia is a chronic disorder of the spinal cord, 
characterized by the presence of spinal cord cavitation. 
It has multiple causes, such as trauma, intramedullary 
tumors, and degenerative diseases. It has several classifi-
cations and occurs most commonly in association with 
Chiari I malformation. In general, the surgical treatment 
of syringomyelia associated with Chiari I malformation 
is achieved through either foramen magnum decom-
pression or syringosubarachnoid shunting [1,2]. Those 
surgical techniques aim to reduce the size of the syrinx 
by improving the circulation of the cerebrospinal fluid. 
However, neurological symptoms do not always improve, 
despite the syrinx’s size reduction. Syringomyelia causes 
various symptoms such as numbness, muscle atrophy, au-
tonomic disorders, and neuropathic pain. Among those, 
neuropathic pain within the body or in the upper or lower 
extremities exerts a particularly devastating effect on the 
patients’ quality of life.

Few reports have addressed the relationship between 
the syrinx’s morphological features and the occurrence of 
neuropathic pain [3-5]. Ono et al. [5] showed that in pa-
tients with type D syrinx, the upper extremity dermatome 
level, at which the pain was felt, corresponded with the 
spinal cord level, at which the syrinx deviated. Further-
more, they reported that both preoperative and postop-
erative pain was more intense when the syrinx deviated 
toward the spinal dorsal horn, as observed on MR imag-
ing. Similarly, Nakamura et al. [4] found that in patients 
in whom preoperative MR imaging revealed a syrinx devi-
ated toward the posterolateral aspect of the spinal cord at 
the level corresponding to the dermatomal distribution of 
the pain, the syrinx often remained at the same site post-
operatively, even if it had reduced in size. The improve-
ment in pain was therefore poor. In the present study, the 
most common syrinx type among patients with preopera-
tive neuropathic pain was type D (82%). Moreover, only 

Fig. 2. The graph shows the comparison between patients with and 
without preoperative neuropathic pain. Patients with preoperative 
neuropathic pain exhibited a significantly higher occurrence of devi-
ated type of syrinx (p=0.003).
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Fig. 3. The graph shows the comparison between patients with and 
without postoperative neuropathic pain. Patients with postoperative 
neuropathic pain exhibited a significantly higher occurrence of deviat-
ed type of syrinx. No deviated type of syrinx was observed in patients 
without neuropathic pain (p=0.007).
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20% of the patients without preoperative neuropathic pain 
had a type D syrinx, and patients without postoperative 
neuropathic pain did not have type D syringes.

Rexed [6,7] focused on the structural difference of 
neurons and divided the gray columns of the spinal cord 
into 10 layers. According to this division, the first to sixth 
layers constitute the dorsal horn of the spinal cord. Both 
Aδ and C fibers, which are nociceptive fibers, bind syn-
aptically only to the first layer and overexcite the second 
neuron in the spinothalamic pathway [8-10]. Further-
more, tracts also course into the spinothalamic tract via 
the third and fourth layers [10], and the fibers from the 
fourth and fifth layers project into the brain stem’s reticu-
lar formation. These projection fibers are thought to play 
an essential role in the maintenance of homeostasis at the 
time of pain sensation [10]. Both in the preoperative and 
postoperative periods of the present study, a significant 
number of patients with neuropathic pain showed a type 
D syrinx, suggesting that the posterior horn of the spinal 
cord, especially the first layer, was irreversibly destroyed 
in most patients with a type D syrinx.

Additionally, three patients with preoperative neuro-
pathic pain showed syrinx disappearance, although they 
continued to present neuropathic pain postoperatively. On 
the other hand, one patient with preoperative neuropathic 
pain before surgery experienced postsurgical pain relief, 
and her syrinx remained after surgery, changing from type 
D to type C. This result also suggests that if disorder of the 
dorsal horn by syrinx was reversible, neuropathic pain is 
likely to disappear.

This study has some limitations. First, the number of 
patients with syringomyelia associated with Chiari I mal-
formation was small, making it difficult to accurately as-
sess the differences between neuropathic and non-neuro-
pathic pain, in terms of the morphological features of the 
syrinx. Another limitation is the retrospective nature of 
the study, which prevented the formulation of conclusions 
on causality. Prospective studies are therefore required to 
confirm the conclusions of the present study.

Conclusions

The present study evaluated neuropathic pain and syr-
inx morphology. No significant differences were found 
between patients with and without neuropathic pain, re-
garding the age at the time of surgery and the duration of 
the disease. Moreover, in patients with type D syringes, a 

positive correlation was found between the syringes’ mor-
phology and the occurrence of preoperative neuropathic 
pain. Oppositely, a negative correlation was found in pa-
tients with type E syringes. Type D syringes were found to 
be significantly associated with neuropathic pain. Howev-
er, the study included only 24 patients, which constitutes 
its major limitation.
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