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Objective: Tight filum syndrome (TFS) is caused by a thick (abnormal T1 MRI), shortened

(low-lying conus), or non-elastic filum (strictly normal MRI). We carefully analyzed children

treated for suspect TFS with or without radiological abnormalities.

Methods: Twenty-five children, operated between 2002 and 2009, were retrospectively

identified. All children had been evaluated by a multidisciplinary team preoperatively.

Symptoms, signs and diagnostic test results were categorized (neurologic, urologic,

orthopedic, dermatologic) and compared pre- and one year postoperatively. Normal MR

was defined as conus medullaris (CM) at or above mid-body L2 and filum diameter less than

2 mm. Occult TFS (OTFS) was defined as TFS with normal MR.

Results: Demographics: 17 girls, 8 boys, age 2e18 years, including 11 syndromal children.

Clinical presentation: all children had problems in the neurologic category and at least one

other category: urologic (n ¼ 17), orthopedic (n ¼ 21), and dermatologic (n ¼ 11). MR findings:

low-lying CM (n ¼ 14) including 2 with thick filum, normal CM but fatty filum (n ¼ 2), strictly

normal (n ¼ 9). Clinical outcome one year postoperatively: neurologic 20 improved, 5

stabilized; urologic 13 improved, 3 stabilized, 1 worsened; orthopedic (8 children presenting

with scoliosis) 3 improved, 4 stabilized, 1 worsened. All children with OTFS (n ¼ 9)

improved in at least one and 8 improved in all affected categories.

Conclusions: Children with strong clinical suspicion for TFS (�2 affected categories) with or

without abnormal MR findings will likely benefit from surgery. In such cases we suggest

a detailed full spine MR, a multidisciplinary diagnostic work-up, and eventual untethering

through an interlaminar microsurgical approach.

ª 2011 European Paediatric Neurology Society. Published by Elsevier Ltd. All rights

reserved.
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; fax: þ31 43 3876038.
.J. Cornips).
ly to the article.
ean Paediatric Neurology Society. Published by Elsevier Ltd. All rights reserved.

mailto:e.cornips@mumc.nl
http://dx.doi.org/10.1016/j.ejpn.2011.07.002
http://dx.doi.org/10.1016/j.ejpn.2011.07.002
http://dx.doi.org/10.1016/j.ejpn.2011.07.002


e u r o p e a n j o u r n a l o f p a e d i a t r i c n e u r o l o g y 1 6 ( 2 0 1 2 ) 1 0 3e1 1 7104
1. Introduction (TFS), which involves clinical symptoms and signs of tethering
Tethered cord syndrome (TCS) is a well-known clinical entity,

characterized by progressive motor and sensory changes in

the legs, back and leg pain, orthopedic foot deformities,

scoliosis and/or urinary dysfunction.1 The syndrome involves

many different underlying conditions, including open and

closed forms of spinal dysraphism, as well as postoperative

and posttraumatic arachnoidal adhesions.2 One of the more

controversial conditions is the so-called tight filum syndrome
Table 1 e Baseline patient characteristics and MR findings sug

Case
no.

Age Sex Comorbidity

1 11 F None

2 13 F Hydromyelia

3 14 M Occipital meningocele

4 8 F None

5 6 M None

6 2 F Polycystic kidneys

7 9 F None

8 9 M Caudal regression syndr (anorectal

malformation, anal fistula, hypospadias,

sacral dysgenesis, hydronephrosis)

9 8 F Hydromyelia

10 11 M None

11 6 F Currarino syndr (anorectal malformation,

sacral dysgenesis, presacral teratoma)

12 4 F Partial Currarino syndr (sacral dysgenesis

13 10 M L5 laminar defect, thoracic hydromyelia

14 11 F Hydromyelia, L2-hemivertebra

15 2 M Caudal regression syndr (anorectal

malformation, sacral dysgenesis,

recto-urethral fistula, vesico-ureteral

reflux)

16 15 F T11-T12 disc herniation, mental

retardation,

chromosomal anomaly (18q,16q)

17 7 F None

18 6 F Psychomotor retardation, microcephaly,

corpus callosum agenesis, epilepsy,

dysmorphic appearance, bilateral

vesico-ureteral reflux

19 2 F Floating-Harbor syndrome, partial corpus

callosum agenesis, psychomotor retardatio

S4 Tarlov cyst

20 2 F 5q35.3 deletion, bilateral cortical dysplasi

sacral dysgenesis, dysplastic kidney,

hydronephrosis

21 3 F Currarino syndr (sacral dysgenesis,

presacral meningocele)

22 7 F Dermal sinus, situs inversus

23 18 F Migraine, operated for ureteral stenosis

24 15 M e

25 10 M Dandy-Walker malformation, mental

retardation,

paraparesis, hygroma

C, cervical; D, dermatologic; F, female; L, lumbar; M, male; N, neurologic; O

findings suggesting tethering were clinically suspect for tethering (so-cal
caused by a short, thick and/or non-elastic filum, with or

without a low-lying conus medullaris (CM), and occurs in

patients without other causes of tethering such as (lipo)

meningomyelocele, split cord malformation, or dermal sinus

tract with intradural extension. As such, TFS may be caused

by (1) a short filum evidenced by a low-lying CM, (2) a thick

(fatty) filum defined as a filum diameter>2 mm onMR images

(MRI),3 or (3) a non-elastic filum (supposedly due to a lack of

elastin) with strictly normal MR findings.4
gestive of tethering (n [ 25).

Syndrome Clinical
signs

MR
findings

suggesting
tethering *

Postop
follow-up
(months)

e N, U, O No 12

e N, O Yes 13

e N, U, D, O No 18

e N, U, O No 19

e N, U, D No 19

e N, U Yes 18

e N, U Yes 18

þ N, U Yes 17

e N, O No 25

e N, O No 36

þ N, U, D, O Yes 33

) þ N, D, O Yes 25

e N, U, D, O No 42

e N, D, O No 43

þ N, U, O Yes 61

þ N, O Yes 12

e N, U, D, O Yes 34

þ N, U, D, O Yes 13

n,

þ N, U, D, O Yes 89

a, þ N, U, D, O Yes 13

þ N, U, O Yes 21

þ N, D, O No 60

e N, U, O Yes 18

e N, U, O Yes 45

þ N, U, O Yes 70

, orthopedic; S, sacral; T, thoracic; U, urologic, * children without MR

led OTFS, n ¼ 9).
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Table 3 e preoperative incidence of symptoms and signs
in each respective category (n [ 25).

Neurologic

� Gait disorder 76% (n ¼ 19)

� Lower extremity weakness 68% (n ¼ 17)

� Pain in back or legs 64% (n ¼ 16)

� Sensory deficit 60% (n ¼ 15)

� Abnormal reflexes 52% (n ¼ 13)

� Bowel dysfunction 48% (n ¼ 12)

� Limited walking distance 40% (n ¼ 10)

Urologic

� Urological dysfunction 68% (n ¼ 17)

� Urinary incontinence 56% (n ¼ 14)

� Neurogenic bladder 56% (n ¼ 14)

� Recurrent urinary tract infection 24% (n ¼ 6)

� Loss of sensation during micturition 12% (n ¼ 3)

Orthopedic

� Foot deformity 60% (n ¼ 15)

� Scoliosis 32% (n ¼ 8)

� Unequal length of legs or feet 24% (n ¼ 6)

Dermatologic

� Sacral dimple 32% (n ¼ 8)

� Hypertrichosis 12% (n ¼ 3)

� Hyperpigmentation 8% (n ¼ 2)

� Lumbosacral subcutaneous lipoma 4% (n ¼ 1)

� Dermal sinus tracta 4% (n ¼ 1)

a the sinus tract ended extradurally.
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Unfortunately, etiology of TFS is poorly understood, and

there is no consensus on the criteria to make the diagnosis. In

2004, Yamada et al.5 suggested that a thick filum and/or a low-

lying CM as demonstrated on MRI or during operation are not

essential to make the diagnosis. These authors emphasized

that TCS should rather be diagnosed on its clinical charac-

teristics and the progression of these, because it should be

considered “a stretch-induced functional disorder of the

lumbosacral spinal cord due to excessive tension”.5 As such,

MRI in patients with TFS may demonstrate a low-lying or

a normally positioned CM, and an abnormal (thick, often fatty)

or a normal filum. In symptomatic patients with normal MRI

the term occult tight filum syndrome (OTFS) has been

suggested.5e7

Few clinical studies report detailed results of untethering

in children with (O)TFS. Of note, these results are highly

variable (20e88% improvement).8,9 Drake et al. (2006)10

suggest occult tethered cord syndrome should not be an

indication for surgery for the following reasons: a lack of

sufficiently validated data, the absence of specific neurologic

signs, the fact that abnormalMR findings are not required, and

finally because of many methodological shortcomings in the

pertinent literature (including small study groups, the

absence of a control group, and an observer bias). Bui et al.

(2007)11 on the other hand suggest occult tethered cord

syndrome should be an indication for surgery, based on three

observations. First, affected patients may develop major

neurologic deficits; second, without treatment these deficits

may be progressive; and third, without prompt treatment

these deficits may become irreversible. These authors and

many others11e16 conclude that realistic surgical goals when

sectioning the filum should be to improve or to stabilize

deficits in the symptomatic child, as well as to prevent future

deficits in the asymptomatic child, whereas the untethering

procedure should have minimal risks and a very low

morbidity (less than 1%) in experienced hands. Bui et al.

conclude “the challenge that faces neurosurgeons does not lie

in the technical aspects of sectioning the filum, but in

correctly identifying which children have tethered cord

syndrome, which children are at risk for tethered cord

syndrome and future neurologic deterioration, and which of

these children would benefit from surgical intervention”.11

In our center, for many years, we have been sectioning the

filum in those patients (children and an occasional adult) with

symptoms and signs strongly suspect for TFS, and clearly

abnormal MR findings. Because of encouraging clinical results

in our own practice, as well as a growing body of evidence in

the literature,5,7,17 in more recent years we started offering
Table 2 e preoperative MR findings (n [ 25).

Low-lying CM Normally
positioned CM

Total

Abnormal

aspect filum

5 2 7

Normal

aspect filum

9 9 18

Total 14 11 25
sectioning the filum in patients with symptoms and signs

strongly suspect for TFS, yet without clearly abnormal MR

findings. As such, the child’s clinical presentation and a very

careful diagnostic work-up and multidisciplinary team eval-

uation have become the central part in the decision making

process to operate or not on a case-by-case basis. In fact, our

concern with regard to these children has always been

ambivalent. On the one hand, we are concerned not to

recognize and treat the condition in a timely fashion, allowing

progression and possibly irreversible neurologic damage. On

the other hand, we are concerned to make an incorrect diag-

nosis, exposing these children to the pain and risks of an

unnecessary operation. This prompted us to evaluate our

current clinical practice and set out the following study goals.

First, to give a detailed description of the clinical presenta-

tions, and to analyze the patterns of symptoms and signs, as

well as theMR findings in both TFS and OTFS cases. Second, to

examine the validity of our multidisciplinary team evaluation

in selecting children for untethering. Third, to examine which

children benefited most from neurosurgical intervention,

more specifically, childrenwith TFS versus OTFS, and children
Table 4 e preoperative incidence of subjective and
objective symptoms and signs in each respective
category (n [ 25).

Subjective Objective

Neurologic 96% (n ¼ 24) 88% (n ¼ 22)

Urologic 64% (n ¼ 16) 48% (n ¼ 12)

Orthopedic e 84% (n ¼ 21)

Dermatologic e 44% (n ¼ 11)
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Table 5 e clinical symptoms and signs pre- and one year postoperatively.

Case

No.

Uro Neuro

Urological
dysfunction

(S)

Urological
dysfunction

(O)

Back and/or
leg pain (S)

Bowel
dysfunction

(S)

Lower
extremity
weakness

(S)

Lower
extremity
weakness

(O)

Abnormal
reflexes

(O)

Sensory
deficit
(S)

Sensory
deficit
(O)

Gait
disorder

(S)

Gait
disorder

(O)

1 þ ? þ o þ o o o o þ þ
2 o ? o o o o o o o o o

3 þ þ þ þ o þ o o þ þ o

4 þ � þ þ þ o o þ þ o �
5 þ ? þ o þ o þ þ þ þ �
6 þ þ þ þ o o o ? ? þ þ
7 þ o þ þ o o o o o o o

8 o ? o þ o þ þ o þ þ þ
9 o ? þ o o o þ þ þ þ þ
10 o ? þ o o o þ o o þ þ
11 o o o þ o o o � o o o

12 o o o o � o þ o þ o o

13 þ ? þ o o o o o o o o

14 o ? þ o o o o þ o o o

15 o � o o o o o ? o þ o

16 o ? þ o o þ þ o o � �
17 þ o o þ þ o o o þ o þ
18 o ? o o o o ? ? ? o o

19 þ ? o o o þ o � o o o

20 þ þ o o þ þ þ ? o o o

21 þ þ o o þ o o þ o þ þ
22 o o þ o o þ o � þ þ þ
23 þ þ þ o o o o o o o o

24 o þ þ o þ þ o o o þ o

25 o ? o o o o o ? ? o o

Shaded ¼ preoperative symptoms/signs present, Blank ¼ preoperative symptoms/signs absent, þ ¼ improved, � ¼ worse, o ¼ unchanged,

? ¼ unknown. C ¼ central, CM ¼ conus medullaris, D ¼ dorsal, O ¼ objective finding, S ¼ subjective finding, SC ¼ subcutaneous.

a low-lying CM ¼ CM below middle third of L2 vertebra.
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with a relatively simple versus a more complex presentation

(e.g. multiple symptoms, syndromal cases).
2. Material and methods

2.1. Patient selection

The Medical Ethics Committee of our hospital approved the

protocol for this study. From January 2002 to May 2009, 130

untethering procedures were performed in 113 patients

(adults as well as children), including 31 untethering proce-

dures in 30 patients with suspect (O)TFS. The latter group

included 5 patients above 18 years at time of surgery and

therefore excluded from this study. In case of clinically

suspect but radiologically occult TFS, the child’s parents were

offered the option of filum sectioning as an unproven yet

possibly beneficial procedure.6
2.2. Clinical assessment

A multidisciplinary team (child neurologist, pediatrician,

neurosurgeon, orthopedic surgeon, urologist, rehabilitation

specialist, and a nurse practitioner) carefully examined these

children in a multidisciplinary setting at monthly so-called
spina outpatient clinics. We collected symptoms, signs and

diagnostic test results in all children (n ¼ 25) operated for

suspect TFS over the past 7 years. We subsequently classified

these data in 4 categories (neurologic, urologic, orthopedic,

and dermatologic), and subclassified each category into

subjective and objective data, as suggested by Fabiano et al.8

These authors defined subjective improvement as improve-

ment according to the patients experience, reported by

(hetero) anamnesis, and objective improvement as improve-

ment of a neurologic examination finding, improved bladder

control, or improved urodynamic test results. We scored

neurologic, urologic and orthopedic data preoperatively and

one year postoperatively as improved, unchanged, worse, or

unknown. We then analyzed these data for possibly uniform

patterns in the clinical presentation, the child’s age at first

presentation of symptoms, and the preoperative duration of

symptoms. Finally, we collected data with regard to referral to

the child neurologist or pediatric neurosurgeon, including

referring specialism and referring reason(s).
2.3. Radiological assessment

We reviewed the imaging studies looking for associated

anomalies such as Chiari malformation,18 syringomyelia and/

or hydromyelia,11,19 scoliosis,11,20 and vertebral anomalies

http://dx.doi.org/10.1016/j.ejpn.2011.07.002
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Neuro Ortho Dermato Preoperative MR findings

Maximum
walking
distance

(S)

Scoliosis
(O)

Foot
deformity

(O)

Unequal
length of
legs/feet

(O)

Sacral
dimple

(O)

Lumbar
hyper-

trichosis (O)

Hyper
pigmen-
tation (O)

Lumbosacral
sc lipoma (O)

Dermal
sinus

tract (O)

CM
levela

Position
filum

Thick
and/or

fatty filum

þ o . . . . . . Normal D None

o þ . . . . . . Low D None

þ o . . . . . . Normal D None

þ o . . . . . . Normal D None

þ o . . . . . . Normal D None

o o . . . . . . Low D None

o o . . . . . . Low C None

o o . . . . . . Normal D Fatty

o o . . . . . . Normal C None

þ o . . . . . . Normal D None

o o . . . . . . Low D Fatty

o o . . . . . . Normal D Thick, fatty

o o . . . . . . Normal C None

o þ . . . . . . Normal C None

o o . . . . . . Low C None

o o . . . . . . Low C None

o þ . . . . . . Low D None

o � . . . . . . Low D Fatty

o o . . . . . . Low D None

o o . . . . . . Low D Thick

o o . . . . . . . Low D Thick, fatty

o o . . . . . . Normal C None

o o . . . . . . Low D None

o o . . . . . . Low D Thick,

minimal fatty

o o . . . . . . Low D None
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(including fused vertebrae, hemivertebrae, sacralization of L5

or lumbalization of S1).11,20 We were able to check for sacral-

ization or lumbalization of the last individual vertebra by

a “count-down” in 22 children in whom diagnostic MR scans

were available from subocciput to sacrum. In the remaining

three cases (although inconclusive) we did our very best to

make a correct vertebral count by carefully analyzing the

sacral length and lumbosacral anatomy. We subsequently

looked for an abnormal position of the CMand/or aspect of the

filum, including a thick filum (diameter> 2mm),3 a fatty filum

(readily visible on axial and/or sagittal T1 weighted MRI), and

a short filum and low-lying CM (a CM more caudal than the

mid-body of vertebra L2).21 We defined normal MRI as a CM at

or above the mid-body of vertebra L2, and a filum diame-

ter < 2 mm. We defined OTFS as clinically suspect TFS with

normal MRI. Finally, we looked for the position of the filum on

axial MRI: central (in between the nerves of the cauda equina)

as opposed to dorsal midline (in contact with the dorsal dura).
2.4. Intraoperative, postoperative, and histological data

We collected data from the surgeons report with regard to the

surgical procedure,macroscopic aspect of the filum (including

midline posterior position, tension and retraction after

section, thick and fatty aspect), as well as all intra- and post-

operative complications documented in the patient’s charts.

Moreover, we collected data from the histological reports in
those patients in whom in more recent years part of the

sectioned filum was sent for histological examination. We

specifically noted the filum diameter and the presence or

absence of any lipomatous tissue, collagen fibers, and elastin

fibers as evidenced by von Gieson elastin staining, which

according to some authors may be associated with TFS and

OTFS.4,22e24
3. Results

3.1. Demographics

Seventeen girls and 8 boys, with an average age of 8.3 years

(range 2e18 years) were studied (Table 1). Eleven children

(44%) had a congenital syndrome, including Currarino

syndrome (n ¼ 3), caudal regression syndrome (n ¼ 2),

Floating-Harbor syndrome (n ¼ 1), chromosomal anomalies

(n ¼ 2), psychomotor retardation, microcephaly and corpus

callosumagenesis (n¼ 1), Dandy-Walkermalformation (n¼ 1),

and situs inversus (n ¼ 1). Mean postoperative follow-up is 31

months (range 12e89 months).

3.2. Referring specialism and indication

Eleven children were being followed by a child neurologist in

our center because of a complex neurologic disorder. At some

http://dx.doi.org/10.1016/j.ejpn.2011.07.002
http://dx.doi.org/10.1016/j.ejpn.2011.07.002


e u r o p e a n j o u r n a l o f p a e d i a t r i c n e u r o l o g y 1 6 ( 2 0 1 2 ) 1 0 3e1 1 7108
point during follow-up, a tethered cord was suspected

because of one and oftenmore of the following symptoms and

signs, or their progression: a gait disorder (n ¼ 7, including

three children with toe-walking, three children with a clumsy

gait, and one child with a spastic monoparesis), a neurogenic

bladder (n ¼ 5), pain in the legs (n ¼ 2), scoliosis (n ¼ 2), urinary

incontinence (n ¼ 1), and an associated (lumbo)sacral

dysgenesis (n ¼ 5), lumbosacral dimple (n ¼ 3), and dermal

sinus (n ¼ 1).

Fourteen children were referred to the child neurologist,

including 4 children referred by a general practitioner, 4 by

a pediatrician, 3 by a pediatric orthopedic surgeon, and 3 by

a pediatric urologist. Indications for referral were one and

often more of the following symptoms and signs, or their

progression: a gait disorder (n ¼ 6, including five children with

toe-walking and one child with a clumsy gait), urinary

incontinence (n ¼ 3), lower extremity weakness or sensory

loss (n ¼ 2), pain in the legs or in the back (n ¼ 2), recurrent

urinary tract infection (n ¼ 2), scoliosis (n ¼ 2), neurogenic

bladder (n ¼ 1), abnormal lower limb reflexes (n¼ 1), pes cavus

(n ¼ 1), fecal incontinence (n ¼ 1), loss of rectal sensation

during defecation (n ¼ 1), and an associated non-closed

vertebral arch (n ¼ 2), hemivertebra (n ¼ 1), lumbosacral

dimple (n ¼ 1), and lumbar hypertrichosis (n ¼ 1).

3.3. Clinical findings

Clinical findings in all children are summarized in Table 1,

3e5. Table 1 specifies age, gender, comorbidity, and an even-

tual congenital syndrome, as well as presenting symptoms

and signs in 4 different categories (neurologic, urologic,

orthopedic, and dermatologic). Tables 2 and 5 specify MR

findings suggestive for tethering. Table 3 specifies different

symptoms and signs in all categories in decreasing order of

frequency. Table 4 specifies the percentage of children with

subjective and objective data in each respective category.

Presenting symptoms and signs had the following distribu-

tion: neurologic (n ¼ 25), urologic (n ¼ 17), orthopedic (n ¼ 21),

and dermatologic (n ¼ 11) (Fig. 1). Of note, all children had

symptoms and signs in the neurologic category and at least

one other category (Table 5).

Cutaneous stigmata included a lumbosacral dimple (n ¼ 6),

lumbar hypertrichosis (n ¼ 2), and lumbar hyperpigmentation

(n ¼ 1). Two children presented with multiple cutaneous

stigmata, including one child with a lumbosacral dimple,

hypertrichosis, hyperpigmentation, and a dermal sinus tract
Fig. 1 e Preoperative symptoms and signs (n [ 25).
ending superficially to the dural sac, and one child with

a lumbosacral dimple and associated subcutaneous lipoma

(Tables 3 and 5). Neurologic symptoms and signs included

a gait disorder (n ¼ 19), lower extremity weakness (n ¼ 17),

pain in the back or in the legs (n¼ 16), a sensory deficit (n¼ 15),

abnormal reflexes (n ¼ 13), and a limited walking distance

(n ¼ 10). Orthopedic symptoms and signs included a foot

deformity (n ¼ 15), scoliosis (n ¼ 8), and an asymmetric length

of the legs and/or the feet (n¼ 6). Urologic symptoms and signs

included some degree of urinary incontinence (n ¼ 14),

a neurogenic bladder (n ¼ 14), recurrent urinary tract infec-

tions (n ¼ 6), and loss of sensation during micturition (n ¼ 3).

Finally, although not previously mentioned, some children

also presented with bowel dysfunction, including fecal

incontinence (n¼ 9, amongwhich 4 primary and 5 secondary),

chronic constipation (n ¼ 5), loss of rectal sensation during

defecation (n ¼ 1), and loss of anal sphincter tone (n ¼ 1).

Although we were unable to identify a specific age distribu-

tion for theoccurrenceof specificsymptomsandsigns, children

with sensory and/or motor deficits in the legs, pain in the back

and/or in the legs, and scoliosis tended to present to our

outpatient clinic with longer delays as compared to those with

urologic dysfunction, bowel dysfunction, and a gait disorder

(means varying from78 to 128months in the former group, and

41e65 months in the latter group). Nevertheless, 18 children

(72%) had suffered from urologic and/or bowel dysfunction for

more than2yearsbeforea tentativediagnosis ofTFSwasmade.

3.4. Imaging findings

Fig. 2 illustrates the large distribution of the CM level

according to the neuroradiology report. Sixteen children (64%)

had abnormalMR findingswith regard to their CM level and/or

filum (Table 2), including 14 with a low-lying CM (including

five with a thick and/or fatty filum), and two with a normally

positioned CM and a thick and/or fatty filum. In these 16

children, we observed hydromyelia (n ¼ 6), scoliosis (n ¼ 3),

non-closed vertebral arches (n ¼ 3), an abnormal number of

vertebrae (n ¼ 3), fused vertebrae (n ¼ 2), sacro-coccygeal

dysplasia (n ¼ 4), a thoracic disc herniation (n ¼ 1), fused

processus spinosi (n ¼ 1), a sacral cyst (n ¼ 1), and a presacral

meningocele in 2 children with Currarino syndrome. Nine

children (36%) had strictly normal MR findings with regard to

their CM level and filum (Table 2), however, we did observe

hydromyelia (n ¼ 3), scoliosis (n ¼ 2), an L2-hemivertebra

(n ¼ 1), and a dermal sinus tract (n ¼ 1). The filum clearly

was in a posterior position (as evidenced on axial MRI) in 19

children, including 9 in whom the distal spinal cord had

a straight aspect (i.e. the cord appeared tense) rather than
N
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Fig. 2 e Preoperative level of conus medullaris (n [ 25).

U [ upper 1/3 (of vertebral body), M [ middle 1/3,

L [ lower 1/3.
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a curved aspect (i.e. the cord appeared relaxed), as illustrated

in a child with Currarino syndrome in Fig. 8. Moreover, we

observed a gradual transgression (so-called tapering) of the

CM25 into the filum in 19 children, as illustrated in Fig. 8 (MRI)

and Fig. 9 (MRI and intraoperative images of the only case

operated through a multilevel laminectomy).

3.5. Intraoperative and histological findings

Twenty-four children were operated through a 3.5e5 cm

midline incision and an essentially interlaminar approach

(flavectomy plus resection of lower third of upper lamina and

upper third of lower lamina), most frequently at the level L5-

S1, occasionally at the level L4-L5 or S1-S2, as decided by the

surgeon when looking at the preoperative MRI. An 8-channel

EMG monitoring and nerve stimulation device (NIM-

Response� 2.0 Nerve Integrity Monitor System, Medtronic

Xomed, Inc., 6743 Southpoint Drive North, Jacksonville, FL

32216-0980, USA) as well as a microscope to isolate the filum

through a 1.5e2 cm midline durotomy were routinely used in

all cases. One child (case 25, Fig. 9) was operated through

a multilevel laminectomy because the surgeon expected

a more complex tethering mechanism, however, the only

pathological findings observed were a gradual tapering of the

CM and a tight filum. Both were readily appreciated through

a larger than usual exposure (Fig. 9C). One filum only was
Fig. 3 e A: Histological image of a filum with collagen fibers an

magnification). B: Histological image of a filum with positive ela

staining, 403 the original magnification). C: Histological image

staining, 403 the original magnification). (For interpretation of

referred to the web version of this article.)
observed in a central position in between the nerves of the

cauda equina, and consequently did not appear to be tight. All

other fila were readily recognized (often through a semi-

transparent, intact dura mater) as a tight string in a dorsal

midline position. Moreover, six fila were thick, and six fila

were fatty, including three fila that were both thick and fatty.

Seven filum fragments were sent for histological exami-

nation. Four of them were thick, including three fatty fila

(Fig. 3A). Collagen fibers were observed in all fila, but elastin

fibers as evidenced by vonGieson elastin staining in only three

(Fig. 3B). Of note, the elastin negative fila were found in three

children with OTFS and one child with TFS (Fig. 3C).

3.6. Surgical complications

We observed one superficial wound infection (case 20) treated

with an 8-day course of antibiotics, and two cerebrospinal

fluid leakages, including one child (case 14) in whom the

wound was closed intracutaneously, and another child (case

19) in whom a secondary untethering (the only one in this

series) was performed. No child suffered permanent sequelae.

3.7. One-year-postoperative outcome

All children presented with some neurologic symptoms and/

or signs, which improved in 20 and stabilized in 5 (Tables 6A
d lipomatous tissue (von Gieson staining, 43 the original

stin staining (purple curly elastin fibers, von Gieson

of a filum with negative elastin staining (von Gieson

the references to colour in this figure legend, the reader is
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Table 6A e outcome one year postoperatively in 14
children without a congenital syndrome.

Preoperative symptoms Better Worse Unchanged

Neurologic n ¼ 14 13 0 1

Urologic n ¼ 10 10 0 0

Orthopedic n ¼ 5 3 0 2

Total n ¼ 29 26 0 3

Table 6B e outcome one year postoperatively in 11
children with a congenital syndrome.

Preoperative symptoms Better Worse Unchanged

Neurologic n ¼ 11 7 0 4

Urologic n ¼ 7 3 1 3

Orthopedic n ¼ 3 0 1 2

Total n ¼ 21 10 2 9

Table 6C e improvement one year postoperatively (all 25
children).

Improvement one year
postoperatively

Subjective Objective

Neurologic 19/24 15/22

Urologic 12/16 �6/12a

Orthopedic e 3/8

a Three children did not have postoperative urodynamic testing.
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and 6B). Pain in the legs and/or in the back was a prominent

symptom in 16 children, which improved in 14 children,

including 11 with complete resolution within one year post-

operatively (mean 5.6 months). Seventeen children presented

with urologic symptoms and/or signs, which improved in 13,

stabilized in three, and deteriorated in one (Tables 6A and 6B).

Twenty-one children had preoperative urodynamic testing,

including 14 with and 7 without urologic complaints. Two

children with urologic complaints did not have preoperative

urodynamic testing because of patient or parent refusal. The

remaining two children did not have preoperative urody-

namic testing because they were absolutely free of any

urologic complaints, symptoms or signs, as documented by

normal voiding diaries, free uroflow and bladder scan. Uro-

dynamic test results were abnormal in 12, including one child

without preoperative urologic complaints, and normal in 9.

Nine out of 12 children with abnormal preoperative urody-

namic test results also had postoperative urodynamic testing,

which demonstrated improvement in 6, stabilization in 1, and

deterioration in 2. The remaining three children did not have

postoperative urodynamic testing because of patient or parent

refusal. Finally, 8 children presented with scoliosis, which

improved in 3, stabilized in 4, and progressed in one (Tables 6A

and 6B). Dermatologic findings (12 children) for obvious

reasons did not change postoperatively.

Improvement in both neurologic and urologic category

may be subjective (i.e. reported by the patient, his or her

parents, but not necessarily substantiated by clinical and/or

diagnostic test results), objective, or both (Table 6C). With

regard to neurologic improvement (n ¼ 20), 5 children had

subjective improvement only, one had objective improvement

only, and 14 had both subjective and objective improvement.

With regard to urologic improvement (n ¼ 13), 6 children had

subjective improvement only, one had objective improvement

only, and 6 had both subjective and objective improvement.

All children presented with neurologic symptoms and/or

signs, and were affected in at least one other category

(urologic, orthopedic, and dermatologic) (Table 5, Fig. 2). One

of 4 children with neurologic, urologic and orthopedic prob-

lems improved in all 3 categories, one child improved in 2

categories, and the remaining 2 children had unchanged

categories except for deterioration in one. Moreover, eleven of

13 children with neurologic and urologic problems improved

in both categories, one of 4 children with neurologic and

orthopedic problems improved in both categories, and 3 of 4

children with merely neurologic problems (and associated

cutaneous stigmata) improved.

Finally, 2 sets of subgroups were analyzed. First, children

with TFS (n ¼ 16) as opposed to those with OTFS (n ¼ 9). Eight

childrenwithOTFS improved inall affectedcategories, andone

improved in the neurologic category and remained unchanged
in the orthopedic category (Table 7). As such, improvement in

OTFS children in this study is at least as good as in those with

clearly abnormal MR findings (Table 7). Second, children with

a congenital syndrome (n ¼ 11) as opposed to those without

a congenital syndrome (n ¼ 14). Improvement in the former

group ranged from 43% to 64%, as opposed to 60e100% in the

latter group (Tables 6A and 6B) in different categories.
4. Discussion

We have analyzed the clinical characteristics and surgical

outcome in a consecutive cohort of 25 children who under-

went surgical untethering for (O)TFS.

4.1. Widely variable clinical presentation

The complex, widely variable clinical presentation of 25 chil-

dren with (O)TFS in this study is summarized in Tables 1, 3

and 5, as well as in Fig. 1. Interestingly, all children had

symptoms and signs in the neurologic category and at least

one other category (urologic, orthopedic, dermatologic),

whereas in the study of Fabiano et al. 5 out of 22 children had

symptoms and signs in one single category.8 As such, 14

children in our studywere referred for neurological evaluation

by colleagues from different specialisms, including general

practitioners (n ¼ 4), pediatricians (n ¼ 4), orthopedic surgeons

(n ¼ 3), and urologists (n ¼ 3). Moreover, 11 children had

a congenital syndrome, including Currarino syndrome (n ¼ 3),

caudal regression syndrome (n ¼ 2), and Floating-Harbor

syndrome (n ¼ 1). Several authors reported an association of

TFS with caudal agenesis and anorectal atresia syn-

dromes,26e31 and Wiltshire et al. reported a 7-year-old child

with Floating-Harbor syndrome and a lipomatous filum.32 To

the best of our knowledge, we are the first to report children

with a chromosomal anomaly (n ¼ 2), a Dandy-Walker mal-

formation (n ¼ 1), and a situs inversus (n ¼ 1) in association

with an (O)TFS. These findings are in agreement with Bui et al.

who stated “it is now well recognized that TCS is often seen

with other congenital syndromes”.11
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Table 7 e preoperative MR findings and one year postoperative clinical outcome combined.

Low-lying CM
þ abnormal filum

(n ¼ 5)

Low-lying CM
þ normal filum

(n ¼ 9)

Normal CM
þ abnormal filum

(n ¼ 2)

Normal CM
þ normal filum

(n ¼ 9)

Neurologic

(n ¼ 25)

3 improved (60%) 7 improved (77.8%) 1 improved (50%) 9 improved (100%)

2 unchanged (40%) 2 unchanged (22.2%) 1 unchanged (50%)

Urologic

(n ¼ 17)

3 improved (60%) 5 improved (71.4%) e 5 improved (100%)

2 unchanged (40%) 1 unchanged (14.3%)

1 worse (14.3%)

Scoliosis

(n ¼ 8)

1 unchanged (50%) 2 improved (50%) e 1 improved (50%)

1 worse (50%) 2 unchanged (50%) 1 unchanged (50%)

Fig. 4 e A: (case 1): Sagittal T2 MR image of a child with occult TFS: conus medullaris at the level of the T12-L1 intervertebral

disc, normal filum, no other anomalies. B: (case 1): Axial T2 MR image slightly above the tip of the conus (midcorporeal T12).

C: (case 1): Axial T2 MR image slightly below the tip of the conus (midcorporeal L1).
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Fig. 5 e A: (Case 24): Sagittal T1 MR image demonstrating a thick fatty filum and a low-lying conus. B: (case 24): Microscopic

intraoperative image confirming a thick fatty filum isolated on a cottonoid patty.
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4.2. Widely variable radiologic presentation

The widely variable radiologic presentation of 25 children

with (O)TFS in this study is illustrated in Figs. 2 and 4e10.

Some children had a strictly normalMR scan (Fig. 4AeC), some

a clearly abnormal MR scan (Fig. 5AeB), and some a possibly

abnormal MR scan (Fig. 6AeB) with regard to the level of the

CM and the aspect of the filum. Other children affected by

a congenital syndrome had characteristic MR features, for

example caudal regression syndrome (Fig. 7), Currarino

syndrome (Fig. 8AeB), and Dandy-Walker malformation
Fig. 6 eA: (Case 14): Sagittal T1MR image of a child with severe s

image, the exact level of the tip of the conusmedullaris is inconc

the cauda equina nerve roots.
(Fig. 9AeD). Another child had a dermal sinus tract that was

observed to end extradurally during surgery (Fig. 10AeD).

Despite this widely variable radiologic presentation, the only

intradural tethering mechanism observed in all children was

a tight filum.

Whereas the neuroradiologist reported strictly normal MR

findings with regard to the level of the CM and the aspect of

the filum in 9 children, we disagreed in 3 (case 3, 14 and 22) as

in our opinion MR findings, although inconclusive, were

suggestive for a TFS. More specifically, these included one and

often more of the following: a tapered aspect, a dorsal
coliosis and left L2-hemivertebra. B (case 14): Sagittal T2 MR

lusive even on axial images (not shown) due to clustering of

http://dx.doi.org/10.1016/j.ejpn.2011.07.002
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Fig. 7 e (Case 15): Sagittal T2 MR image of a child with

caudal regression syndrome. Note the deformed, low-lying

conus and sacral dysgenesis.
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position, and a straight rather than a curved aspect of the

distal spinal cord and CM, although these are certainly not

validated criteria. Indeed, the normal distribution of the level

of the CM varies substantially in between several studies,

ranging from as high as T11 to as low as L4.21,33e38 Conse-

quently, within this normal distribution, the CM could actu-

ally be in an abnormally low position although not diagnosed

as such when applying strict MR criteria, resulting in false

negatives we should be well aware of.9 Moreover, radiologists

may not check for an eventual lumbalization of S1 or sacral-

ization of L5, that may change the exact vertebral count and

consequently the exact CM level, again resulting in false

negatives (or false positives). Finally, even experienced
Fig. 8 e A (Case 21): Sagittal T1 MR image of a child with Curra

fatty filum, sacral dysgenesis and presacral meningocele. B (cas
neuroradiologists are unable to diagnose a true OTFSwhich by

definition is a clinical diagnosis. Nevertheless, we did observe

other abnormalities such as hydromyelia (case 9, 13 and 14),

an L5 laminar defect (case 13), an L2-hemivertebra (case 14),

and a dermal sinus (case 22) in 4 of 9 children with OTFS.

4.3. Rationale for a multidisciplinary approach

Fourteen children were referred to the combined child

neurology/neurosurgery outpatient clinic by colleagues from

different specialisms, often members of the spina team, e.g.

an orthopedic surgeon confronted with a child with progres-

sive scoliosis, or a urologist confronted with a child with

neurogenic bladder dysfunction. Subsequently, such children

are sent to the outpatient clinic of different members of the

spina team as deemed necessary, and without exception to

a urologist to make sure not to miss any urological dysfunc-

tion in children without urological complaints, and to gather

valuable baseline information. More complex cases and syn-

dromal cases are invited to monthly spina outpatient clinics

and subsequently discussed in a multidisciplinary setting.

Interestingly, after suchmultidisciplinary diagnosticwork-up,

many of these children turn out to have a more complex

clinical presentation than suggested at initial referral. As

such, the following symptoms and signs were explicitly noted

for the first time duringmultidisciplinary work-up: pain in the

back or in the legs (n ¼ 11), sensory deficits (n ¼ 9), abnormal

reflexes (n ¼ 8), foot deformities such as pes cavus (n ¼ 8),

lower extremity weakness (n ¼ 7), and urologic dysfunction

(n ¼ 6). Therefore, we strongly advocate a multidisciplinary

diagnostic work-up for every child with suspect (O)TFS.

4.4. Histological findings

Tworecentstudies reportedhistologicaldatawithregard to the

fila frompatientswithOTFS, showing excessive fibrous and fat

tissue as compared to normal fila.24,39 In our study, 7 fila were

examined, showing fat tissue in 4, collagenfibers (althoughnot
rino syndrome. Note the low-lying conus medullaris, thick

e 21): Sagittal T2 MR image. Note the discrete hydromyelia.
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excessively) in all, and elastin fibers in only 3. Elastin negative

fila were observed in three children with OTFS, and one child

with TFS. It is hoped that future, larger studies will contribute

to a better understanding of the role of elastin (or rather the

absenceof elastin) in a subgroupof tight fila (possiblymainly in

the OTFS group) being essentially non-elastic fila.5

4.5. One-year-postoperative outcome and preoperative
predictors of a good outcome

Fabiano et al. (2009) analyzed a group of 22 childrenwithOTFS,

of whom 73% experienced subjective and/or objective
Fig. 9 e A (Case 25): Sagittal T1 MR image of a child with Dandy

Note the conus medullaris at L3 and a posteriorly positioned fil

sectioning the filum. Note the gradual tapering of a stretched c

image after sectioning the filum. Note relaxation of the conus m
improvement following untethering.8 They tried to define

preoperative predictors for improvement after surgical unte-

thering inOTFS.According to theseauthors, clinical symptoms

and signs are of paramount importance to correctly diagnose

OTFS, as imaging studies are nondiagnostic, and many symp-

toms of spinal cord traction (e.g. pain and paresthesias) are

subjective. Moreover, those patients affected in at least 2

categories (neurologic, orthopedic, urologic, dermatologic)

were more likely to improve following surgical untethering

(88%) than those affected inonly one category (20%) ( p¼ 0.009).

Weanalyzedagroupof25childrenwithTFS (n¼16)andOTFS

(n ¼ 9) who presented with at least 2 affected categories
- Walker malformation. B (case 25): Sagittal T2 MR image.

um. C (case 25): Macroscopic intraoperative image before

onus medullaris. D (case 25): Macroscopic intraoperative

edullaris.
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(including the neurologic category). Following untethering

through an essentially interlaminarmicrosurgical approach, we

noted improvement or at least stabilization in the neurologic

category inallchildren (n¼25), intheurologiccategory in16of17

affected children, and in the orthopedic category (more specifi-

cally scoliosis) in 7 of 8 affected children. Thus, subjective

improvement ranged from 75 to 79%, and objective improve-

ment from 38 to 68% in different categories (Table 6C). Interest-

ingly, childrenwithOTFS demonstrated the same improvement

as those with TFS (Table 7), whereas children with a congenital

syndrome demonstrated less improvement overall (Tables 6A

and 6B). Nevertheless, in our opinion syndromal children

deserve the same careful clinical and radiological work-up and

an eventual untethering procedure, as they do show some

improvement or at least stabilization postoperatively.

Importantly, our study population including children with

TFS andOTFS (with orwithout a congenital syndrome) ismore

heterogenous than the one studied by Fabiano et al.8 and

other authors7,17 including children with OTFS. In this regard,

our study may better reflect the case mix in everyday clinical

practice. As expected, we were not able to find a uniform

clinical presentation, nor to formulate unequivocal radiolog-

ical criteria pointing towards an easy (early) diagnosis, espe-

cially in the more compelling occult and/or syndromal cases.

Nevertheless, we agree with Fabiano et al.8 that whenever

a child is affected in at least 2 categories, this seems to be

a very relevant and practical parameter predicting post-

operative improvement in both TFS (this study) and OTFS (this

study and the Fabiano study8).
Fig. 10 e A (Case 22): Lumbosacral dimple in a 7-year-old girl w

intraoperative image. Both dermal sinus tract (ending extradur

a dorsally positioned tight filum are exposed. C (case 22): Derma

on a cottonoid patty.
In view of our encouraging results and low overall

complication rate, we conclude that an interlaminar micro-

surgical approach is safe and effective, and advocate that

surgical exploration is warranted in children with strong

clinical suspicion (affected in at least 2 categories) with or

without abnormal MR findings, as they will likely benefit from

surgery. Finally, our encouraging results in childrenwith OTFS

support the conclusion of Wehby et al. (2004)7 that although

radiographic evidence of a lowpositioned CM traditionally has

been considered a necessity to warrant surgery, lack of such

findings does not rule out the syndrome.

4.6. Retethering

Thus far, one child in our study needed a secondary unte-

thering operation. The girl (case 19) presented with a gait

disorder andwas offered sectioning of the filum at the age of 2

years. After initial improvement, she was reoperated four-

and-a-half years later because of pain and subjective weak-

ness in the legs, including progressive toe-walking and pes

cavus, sensory loss in the sacral dermatomes, and urinary

incontinence, suggesting symptomatic retethering. Interest-

ingly, we observed intradural adhesions and dorsal fixation of

the CM during reoperation, and within one year post-

operatively pain completely resolved, sensory-motor func-

tion improved, and daytime urinary incontinence was

controlled withmedication. Steinbok et al.6 reported a similar

case, in which a girl initially improved after sectioning the

filum, and presented 8 years later with urinary incontinence.
ith a dermal sinus tract. B (case 22): Macroscopic

ally) and the more caudal translucent dural sac with

l sinus tract (detail). D (case 22): Tight filum (detail) isolated
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Likewise, adhesions between the dorsal dura and proximal

cut end of the filum were observed, and urologic complaints

completely resolved postoperatively. There are merely case

reports of retethering after sectioning the filum,6,40e42 as

opposed to other etiologies of a tethered cord, most notori-

ously lipomyelomeningocele.43 Souweidane and Drake42

reported two girls with progressive neurologic deterioration

caused by retethering of a fibrolipomatous filum years after

the initial operation. Schoenmakers et al.41 reported a case

with retethering after surgery for a lipoma of the filum.

Samuels et al.40 reported symptomatic retethering in 4

patients with non-complex etiology (without giving any

further details) at a median of 30.5 (range 20.75e41.75)

months postoperatively. It is too early to draw any conclu-

sionswith regard to the incidence of symptomatic retethering

in our study group.

4.7. Future perspectives

Clearly, many issues will have to be clarified, including

a possible role for new imaging techniques (e.g. dynamic

imaging and metabolic imaging of the distal spinal cord),

sophisticated urologic/urodynamic studies, video-registered

pre- and postoperative gait analysis, as well as a possible

genetic predisposition, histological characteristics of the

resected filum especially in OTFS cases, etc. We strongly

recommend to carefully document every surgical case, and to

send a specimen of the resected filum for standardized

histological examination, including von Gieson elastin stain-

ing. Ultimately, an international multi-center prospective

trial including a large, central database as suggested by

Steinbok et al. (2007)17 should be undertaken to further

elucidate this puzzling and possibly underdiagnosed

syndrome.
5. Conclusions

We analyzed a cohort of 25 children operated for suspect (O)

TFS. We observed encouraging results in children with TFS as

well as OTFS, in children with a relatively mild clinical

presentation (2 affected categories) as well as a more complex

clinical presentation (3e4 affected categories), and finally in

children with a congenital syndrome. We suggest the

following pragmatic approach for children with suspect (O)

TFS: (1) detailed MR imaging of the entire spine, allowing

optimal determination of the level of the CM, as well as

detection of other associated anomalies of the spinal cord and

column, (2) careful multidisciplinary diagnostic work-up, as

many children turn out to have a more complex clinical

presentation than indicated at referral, (3) an interlaminar

microsurgical approach, combining adequate exposure with

minimal tissue trauma, and (4) surgical exploration in chil-

dren with strong clinical suspicion (affected in at least 2

categories) with or without abnormal MR findings, as they will

likely benefit from surgery. Moreover, we suggest a high level

of suspicion in syndromal children, because they may be

underdiagnosed with the condition. Based on our experience,

and in anticipation of upcoming multi-center prospective

trials, we will continue our current practice.
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