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Abstract Little is known about the natural history of

scoliosis found in patients with syringomyelia, including the

factors affecting scoliosis curve progression and the effect of

syrinx drainage treatment. Twenty patients having scoliosis

with syringomyelia diagnosed by MRI were followed up for

6.6 (range 2.0–12.6) years on an average. Various factors

potentially influencing curve pattern or progression in these

patients were then retrospectively reviewed. The convex

side of major curve of scoliosis tended to be on the same side

as the syrinx and as the unilateral neurologic abnormality.

No correlation was found between the location and the size

of the syrinx and the location and size of the major curve of

the scoliosis, or between the severity of neurologic deficit

and the size of the major curve of the scoliosis. In patients

under the age of ten at the time of diagnosis of scoliosis and

with a flexible curve, decompression of the syrinx improved

or stabilized scoliosis. In most patients over the age of ten,

surgical treatment of the scoliosis was necessary because of

the large initial size of the curve or progression of the curve

even after syrinx drainage. Other factors including gender,

location of the syrinx, type of the curve, and severity of

neurologic deficits did not correlate with the progression of

the curve. The results of this retrospective study suggest that

early diagnosis and decompression of a syrinx in scoliosis

patients especially under the age of ten is crucial and may

decrease the curve size and limit scoliosis curve progression.
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Introduction

Scoliosis is reported in 25–85% of syringomyelia cases [5,

13–15, 23]. Neurologic signs of syringomyelia include

dissociated sensory loss of pain and temperature with

sparing touch and proprioception, asymmetric deep tendon

or superficial abdominal reflexes, and unilateral or bilateral

muscle atrophy and weakness. However, these neurological

signs have been reported to be frequently minimal or

absent in patients with syringomyelia, even with a very

large syrinx. Scoliosis with syringomyelia has been char-

acterized by 44–50% incidence of left thoracic curves [7, 9,

15, 22], juvenile or skeletally immature patients [16], rapid

curve progression [3, 18], less rotation than would other-

wise be expected, and frequent association with headaches

due to Chiari malformation.

Recently, with the aid of MRI, syringomyelia with

minimal neurologic deficits can be easily diagnosed in

patients with scoliosis. To date, little is known about

relationship between syringomyelia and the curve pattern

of the scoliosis. The natural history of the scoliosis, the

factors affecting the curve progression and the effect of

syrinx drainage upon the curve changes are still unclear.

Therefore appropriate management of the scoliosis in

syringomyelia patients remains controversial.

J. S. Yeom � C.-K. Lee � K.-W. Park �
J. H. Lee � B.-S. Chang (&)

Orthopedic Surgery,

Seoul National University College of Medicine,

28 Yeongeon-dong, Jongno-gu, 110-744 Seoul, South Korea

e-mail: bschang@snu.ac.kr

D.-H. Lee

Orthopedic Surgery, University of Ulsan,

College of Medicine, Seoul, South Korea

K.-C. Wang

Seoul National University College of Medicine, Neurosurgery,

Seoul, Korea

123

Eur Spine J (2007) 16:1629–1635

DOI 10.1007/s00586-007-0472-1



The purpose of this paper is to analyze the relationship

between syringomyelia and the curve pattern of the sco-

liosis and to determine the factors affecting the curve

changes after syrinx drainage.

Materials and methods

Among 27 patients diagnosed as scoliosis with syringo-

myelia at the first authors’ institution between 1988 and

2003, 20 with more than 2 years of follow-up were selected

for analysis. Twelve patients among these 20 patients had a

concomitant Chiari I malformation. Patients with post-

traumatic syringomyelia, tumor associated syringomyelia,

tethered cord syndrome, or congenital spinal deformities

were excluded from analysis.

Twelve patients were boys and eight were girls. Scoli-

osis was the initial presenting symptom in 19 patients

(95%) and was present in all cases at the initial examina-

tion. The age at diagnosis of scoliosis averaged 11.9 (range

2.8–23.3) years, and the age at diagnosis of syringomyelia

averaged 12.3 (range 2.9–23.3) years. The mean duration

of follow-up was 6.6 (range 2.0–12.6) years. Relationship

between pattern of syrinx, neurologic deficits and pattern of

curve was evaluated. Progression of scoliosis was analyzed

on the basis of factors including age, gender, location of the

syrinx, severity of neurologic deficit, type of the curve and

syrinx decompression. Statistical analyses were done with

SPSS 12.0 software (SPSS, Chicago, IL, USA).

The location of syrinx was determined in sagittal view

of MRI and the size and the side of syrinx in T1-weighted

axial view of MRI. The sidedness of a syrinx was deter-

mined by lateralizing the syrinx at the upper and the lower

end of syrinx on the assumption that syrinx is consisted of a

single straight tube (Fig. 1). The sizes of the syrinxes at

their widest level were classified as small if the syrinx was

thin and slit-like, large when the diameter of syrinx was

larger than the half of the AP diameter of the spinal cord,

and medium for the others. There were two cases of small

central syrinx which was not clearly distinguishable from

hydromyelia.

Results

The clinical–radiological features and outcomes of 20

patients are summarized in Tables 1 and 2.

Relationship between neurologic deficits and the

convex side or size of the major curve of scoliosis

Sixteen patients (80%) had neurologic deficits; five had

only minor deficits such as increased deep tendon reflexes

or asymmetric superficial abdominal reflexes and the

remainder (11) had rather significant unilateral neurologic

deficit such as sensory and/or motor disturbances. In seven

(64%) patients out of the 11 with unilateral sensory and/or

motor disturbances, the convex side of major curve of

scoliosis was on the same side as neurologic deficits. The

presence or severity of the neurologic deficits (in terms of

none, minor, unilateral neurologic deficit groups) did not

correlate with the size of the major curve of scoliosis

(Kruskal–Wallis test P > 0.05).

Relationship between the size of the syrinx and the size

of the major curve of scoliosis

Eight patients (40%) had small syrinx on MRI according to

our classification, four (20%) had medium one, and eight

(40%) had large one. Syrinx with Chiari I malformation

tended to be larger than that without malformation. There

was no correlation between syrinx size and the size of the

major curve of scoliosis (Spearman correlation test

P > 0.05).

Relationship between the side of the syrinx

and the convex side of the major curve of scoliosis

Syrinxes were located on the right side in eight patients, on

the left side in ten, and centrally in two. The major curve of

scoliosis was left thoracic in eight cases, left thoracolumbar

in two, right thoracic in six, and double thoracic in four.

The convex side of major curve was on the same side as the

syrinx in 15 (83%) out of 18 patients in whom syrinx was

located eccentrically (Fisher’s exact test P = 0.004).

Fig. 1 Lateralizing a syrinx; at the both ends of a syrinx, the right

side deviation of the large syrinx can be detected in T1-weighted axial

view of a MRI
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Relationship between the location of the syrinx

and the location of the major curve of scoliosis

Five lesions were located in the cervical spine, nine in the

cervicothoracic spine, three in the thoracic spine, one in

the thoracolumbar spine, and two in the whole spine. The

major curve of scoliosis was thoracic in 18 cases, thora-

columbar in two cases. No correlation was found between

the location of syrinx and that of the major curve of

scoliosis (Fisher’s exact test P > 0.05).

Progression of scoliosis

Six patients were under age ten at the diagnosis of sco-

liosis. In four of the six patients, the syrinx was treated with

neurosurgical decompression including decompression for

Chiari I malformation or laminectomy with shunt, which

resulted in neurological improvement and/or in decrease of

syrinx size confirmed by MRI in all patients. The other

two patients were observed without surgical intervention

because of a small syrinx size (cases 1 and 2). Scoliosis

was treated with TLSO in five of six cases and with simple

observation without bracing in one case. The initial Cobb’s

angles of these six patients averaged 33� (range 26�–49�).

The average follow-up period was 8.0 (range 7.0–10.7)

years, and the average age at the last follow-up was 13.2

(range 11.2–16.8) years. The last follow-up examination

demonstrated that the Cobb’s angles improved in three

cases and stabilized in two cases, averaging 20� (range 5�–

33�), although these patients remains skeletally immature

(Fig. 2). In one case in which the patient was skeletally

matured at last follow-up (case 6), the curve improved for

4 years after syrinx decompression then progressed, but did

not require surgical correction of the scoliosis—from 33� at

9.8 years of age, to 42� at 16.8 years.

The other 14 patients were over the age of ten at the

diagnosis of scoliosis. The initial Cobb’s angles of these

patients averaged 52� (range 19�–86�). In six of the 14

patients, shunt for syrinx and/or decompression for Chiari I

malformation was performed. Surgical intervention resul-

ted in neurological improvement and/or in decrease of

Table 1 Summary of clinical and radiological features

Sex Age at

scoliosis

Dx.

F/U

(year)

Scoliosis

type

Scoliosis

level

Initial

curve

(�)

Chiari I Syrinx

size

Syrinx

level

Syrinx

side

Neurologic

deficit

1 M 4.1 7.1 Rt T T7–L1 26 None Small C3–C6 Rt Minor

2 M 5.4 7.0 Lt T T7–L2 28 None Small T1–T11 Lt Minor

3 M 2.8 10.7 Lt TL T7–L3 31 Yes Large C3–T8 Lt None

4 M 3.8 8.5 Lt T T6–T12 29 Yes Large C4–T10 Lt Minor

5 F 4.8 8.0 Rt T T4–L1 49 Yes Large C2–T6 Rt None

6 M 9.8 7.0 double T

(Rt = Lt)

T2–T8

T8–L2

33/34 Yes Medium C5–C7 Rt Rt sensory

7 F 13.8 12.6 Lt T T5–T11 19 Yes Large C2–T6 Lt Lt sensory

motor

8 F 12.2 9.8 Lt T T7–L1 28 Yes Large Holocord Rt Rt motor

9 F 13.8 5.9 Lt T T2–T8 43 Yes Medium C2–T8 Lt Rt sensory

10 M 15.3 3.8 Lt T T7–T12 50 Yes Large Holocord Lt Lt sensory

11 F 12.6 6.9 Lt T T3–T10 57 Yes Large C4–T5 Lt None

12 F 11.9 8.7 Rt T T8–L1 30 Yes Large C2–T9 Rt Rt sensory

motor

13 F 11.9 6.1 Rt T T6–L1 28 Yes Small C5–C7 Central Rt motor

14 M 12.8 2.5 Lt TL T9–L2 44 None Medium T3–L1 Lt Minor

15 M 13.0 2.0 Lt T T6–L1 86 Yes Small C6–T6 Lt Minor

16 M 13.8 2.0 Rt T T7–L2 83 None Medium Lower T Lt Rt sensory

17 M 23.3 5.8 double T

(Rt > Lt)

T1–T7

T7–T12

63/71 None Small C4–C7 Rt Rt motor

18 M 15.7 2.0 double T

(Rt > Lt)

T5–T10

T10–L2

42/35 None Small C6–T1 Rt Lt motor

19 M 17.6 7.8 double T

(Rt < Lt)

T1–T5

T5–T12

72/59 None Small Upper and

lower T

Central None

20 F 20.4 7.0 Rt T T5–T11 75 None Small C2–C6 Rt Rt sensory
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syrinx size confirmed by MRI in all six patients. In the

other eight patients, syrinxes were observed without sur-

gical intervention because of small syrinx size. Among the

six patients over the age of ten who underwent surgical

intervention, one (case 7) showed improvement of the

curve—from 19� at 13.8 years of age to 6� at 26.2 years—

after syrinx drainage, and one (case 8) showed acceptable

progression—from 28� at 12.2 years of age to 37� at

22.0 years. The remaining four patients underwent surgical

correction of scoliosis because of an initially large curve

(over 45�) or continuing curve progression even after syr-

inx decompression. Among the latter eight patients in

whom syrinx drainage was not carried out, seven under-

went surgical correction of scoliosis due to an initially

large curve (over 45�), and one because of curve progres-

sion. Therefore, a total of 12 patients (86%) out of 14 over

the age of ten at initial diagnosis underwent surgical cor-

rection of scoliosis; three patients due to curve progression

with or without syrinx decompression, and nine due to

initially large curve. At the final follow up of the 12

patients who underwent surgical correction of scoliosis, six

remained stable and six showed some loss of correction

(range 5�–13�).

Other factors including gender (Fisher’s exact test

P > 0.05), location of the syrinx (Kruskal–Wallis test

P > 0.05), type of the curve (Fisher’s exact test or Krus-

kal–Wallis test P > 0.05), and severity of neurologic deficit

(Kruskal–Wallis test P > 0.05) did not seem to be related

to the progression of the curve.

Discussion

Most patients in our series had minimal neurologic signs

regardless of the level or size of the syrinx. Therefore we

agree with other authors [5, 9, 20, 22] that patients with

atypical scoliosis such as left thoracic or scoliosis with an

unusual appearance, a large curve at a young age, pain or

neurologic deficits, less rotation than is expected, or

headaches of unknown etiology should undergo a MRI to

rule out syringomyelia.

The pathophysiology of the development of scoliosis

with syringomyelia has not been yet established. Mass

effect in the fetal life [11], damage to or influence on the

anterior and/or posterior horn cells or roots [1, 6, 14, 15,

18, 24], and possible association with upper motor neuron

Table 2 Outline of treatments and clinical outcomes

Initial

curve

(�)

Age at

syrinx

drainage

Age at

scoliosis

surgery

Curve size at

the time of

syrinx drainage (�)

Curve size at

the time of

scoliosis surgery(�)

Curve size at

immediate

post.

correction (�)

Final

curve

(�)

Treatment of

syringomyelia

Treatment of

scoliosis

1 26 NP NP NP NP NP 29 observation TLSO

2 28 NP NP NP NP NP 21 observation TLSO

3 31 3.1 NP 31 NP NP 33 FMD TLSO

4 29 4.0/5.2 NP 30 NP NP 5 SPS + SSS TLSO

5 49 4.9 NP 49 NP NP 7 FMD TLSO

6 33/34 10.3 NP 33/33 NP NP 42/34 FMD Observation

7 19 13.9 NP 19 NP NP 6 FMD Milwaukee brace

8 28 12.4 NP 31 NP NP 37 VPS Observation

9 43 14.3 14.7 43 45 17 17 FMD Post. ICF

10 50 15.3 16.3 50 52 18 18 FMD Post. ICF

11 57 12.7/12.9 13.8 57 70 37 47 FMD + SPS Post. ICF

12 30 12.2 14.4 30 66 18 31 SSS + SOC Post. ICF

13 28 NP 16.7 NP 40 9 16 Observation Post. ICF

14 44 NP 14.6 NP 45 17 18 Observation Ant. ICF

15 86 NP 13.1 NP 88 22 27 Observation Post. ICF

16 83 NP 13.9 NP 83 28 33 Observation Post. ICF

17 63/71 NP 23.3 NP 62/72 50/50 45/50 Observation Post. ICF

18 42/35 NP 15.8 NP 45/39 14/14 16/20 Observation Post. ICF

19 72/59 NP 17.7 NP 72/59 53/34 47/36 Observation Post. ICF

20 75 NP 20.8 NP 75 32 36 Observation AP ICF

NP Operation not performed, FMD foramen magnum decompression, VPS ventriculoperitoneal shunt, SPS syringoperitoneal shunt, SSS
syringosubarachnoidal shunt SOC; suboccipital craniectomy, ICF instrumented correction and fusion
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signs [2] have been suggested. In the present series, most

patients having motor disturbances showed essentially

upper motor neuron signs as in the series of Farley et al.

[9]. However, we are not certain whether the upper motor

neuron signs had any relationship with the development of

scoliosis in these patients, because their neurologic signs

were minimal and some of our series had no neurologic

findings at all. Interestingly, the side of syrinx and the side

of unilateral sensory and/or motor disturbances was the

same as the convex side of the major curve of scoliosis in

many cases. As in other series [9, 13, 20, 22, 24], the

presence/absence or severity of neurologic deficits and

the size of the syrinx did not appear to be related to the

magnitude and progression of the scoliotic curve. There

was also no correlation between the location of the syrinx

and the location of major curve.

Although many authors support syrinx drainage for

neurologic improvement or stabilization [2, 5, 12, 17], the

effect of syrinx drainage on the scoliosis curve progression

is still controversial. Some authors have reported stabi-

lization or improvement of scoliosis after syrinx drainage

[16, 21, 22], yet other authors have reported questionable

or no effect of drainage on curve progression [5, 9, 12, 20,

23]. Eule et al. [8] and Brockmeyer et al. [4] reported that

suboccipital decompression of Chiari malformation with

syringomyelia showed improvement or stabilization of the

scoliosis in patients under age ten at the time of decom-

pression. In contrast, patients older than 10 years old with a

curve greater than 40� before suboccipital decompression

have either been fused or are awaiting fusion. Özerdemoglu

et al. [19] evaluated the effect of various treatment

modalities for syringomyelia. They concluded that

Fig. 2 Case 4. MR images and

radiographs of a 3.8-year-old

boy with left thoracic scoliosis

and minor neurological deficit.

The size of the syrinx initially

extending from C4 to T10 a was

reduced significantly after

syringoperitoneal and

syringosubarachnoidal shunts

b. The scoliosis (T6–T12),

which measured 29� initially

c, was gradually improved with

TLSO to measure only 5� at the

age of 12.3 years d
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suboccipital craniectomy for Chiari I malformation gave

the best chance for syrinx reduction and scoliosis

improvement, particularly in children younger than

10 years and that syrinx shunting improved none of the

scolioses. However, Phillips et al. [20] reported that

drainage of the syrinx delayed but did not prevent curve

progression. Farley et al. [10] also stated that in nine

children with scoliosis and Chiari I, despite initial curve

stabilization after suboccipital decompression, at final fol-

low-up eight curves were of a magnitude that required

spinal fusion and neither bracing nor secondary neurosur-

gical procedures could arrest the progression of the

scoliosis curve. In the present series, syrinx drainage

resulted in neurological improvement and/or in decrease of

syrinx size in all patients, confirmed by MRI. But the effect

of syrinx drainage on scoliosis curve progression depended

mainly on the age of the patient and the flexibility of the

curve. In patients under the age of ten at the diagnosis of

scoliosis, decompression of the syrinx improved or stabi-

lized scoliosis. Furthermore, two patients under the age of

ten showed improvement or stabilization of scoliosis with

simple bracing and even without decompression of the

syrinx. However, in patients over the age of ten, decom-

pression had no effect on curve progression except two

patients having small and flexible scoliosis curves. Surgical

correction of scoliosis by instrumentation and fusion was

performed in 12 patients (86%) due to curve progression

even after decompressing syrinx or because of initially

large curve.

The greatest limitation of our study is that in patients

under age ten, the follow-up length is relatively short. All

patients except one still remain skeletally immature at last

follow-up and will require close follow-up until they reach

skeletal maturity in order to observe the improvement or

progression of their curves.

We believe that if syrinx decompression is necessary

due to large syrinx size or neurologic deficits, decom-

pression must be achieved before surgical correction of

scoliosis. Such decompression may decrease the risk of

neurologic deterioration after scoliosis correction [20] and

even stabilize or improve scoliosis, especially in patients

under the age of ten or with flexible curves.

Conclusion

In patients of scoliosis with syringomyelia diagnosed under

the age of ten and with a flexible curve, decompression of

the syrinx improved or stabilized scoliosis. In most patients

over the age of ten, surgical treatment of scoliosis was most

likely necessary due to a large initial scoliosis curve or

curve progression even after syrinx drainage. Other factors

including gender, location of the syrinx, type of the curve,

and severity of neurologic deficits did not correlate with the

progression of the curve.
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