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Abstract

Tethered cord syndrome can be due to various reasons. It is seen in patients with spina bifida
occulta.  The  inelastic  tight  filum can  cause  neurological  lesions  like  urinary  and  bowel
incontinence, claudication, and persistent back pain varying with posture etc. Other lesions
like ependymoma of the conus, epidermoid cysts, neureneteric cysts, lipoma of the filum,
meningomyelocele, lipomeningomyelocele and even teratoma of the sacrococcygeal region
can  cause  tethered  cord  syndrome.  Timely  identification  and  prompt  correction  give
excellent results.
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Introduction

A stretch induced functional disorder of the spinal cord with its caudal portion anchored by
an inelastic structure is called tethered cord syndrome (TCS) [1]. The spinal cord is a soft
structure with interlacing fibers of neurons glia and vasculature, supported by the pia matter
prevents separation between these structures. Also,  the dendate ligaments and dura mater in
the cervical and thoracic  cord level resist cephalad or caudad and traction exerted to the
spinal  cord [2,3].  When the spine grows rapidly with an inelastic  filum no protection  is
offered by the dura and dendate ligaments,  but  the visco elasticity  of the filum terminal
prevents dysfunction of the spinal cord elements  [4].  So the visco elasticity of the filum
prevent the stretching of the cord during normal movements [5,6]. If the cord is stretched
beyond certain limits lasting derangements in the spinal cord may ensue. Cord tethering can
result  in  metabolic  derangement  and  further  histological  changes,  if  stretched  further.
Various degrees of reduced state of cytochrome a, a3 implies impaired oxidative metabolism
in these patients. A decrease in blood flow and glucose metabolic impairment is correlated
with cytochrome reduction. Early untethering, when mild symptoms are present offers best
treatment for TCS. Yamada et al have demonstrated improvement in neurological status and
metabolism  of  the  cells  of   the cord  after  untethering  surgery.  Irreversible   neurological
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damage is  possible  in chronically  tethered cord when sudden stretch occurs.  The current
understanding is that TCS is caused by steady excessive tension in the lumbosacral  cord
accentuated by repeated stretching of the spinal cord by flexion or extension movements [7].

In the early stage of life, the bony spine grows faster than the spinal cord causing the spinal
cord to effectively “ascend.” The process is very rapid during 8-25 weeks of gestation. At
birth the conus is located opposite to L2 [8]. It reaches the adult level at age two months
post-natally [4,9]. There is evidence that the conus does not ascend further during childhood
[10] and the conus terminates near the L1-2 disc space in the majority of normal individuals.
Conus termination normally vary from the mid T12 to mid L3 level.  Although 94-97.8%
terminate above the L2-3 disc [11,12]. So it is wiser to consider termination of conus at L2-3
as normal at any age. A conus terminating at or below L3-4 is abnormal (except in premature
infants  and  a  full-term new  borns).  A  fatty  filum can  be  incidental  finding  and  is  not
diagnostic  of  tethered  cord  [13]  because  it  is  present  in  5.8% of  normal  individuals  on
postmortem examination [14]. Thickness of filum terminal is controversial. Some considers
filum thickness more than 2 mm [15] as abnormal and some others consider filum diameter
greater than 1 mm [16] as abnormal. In CT the fat appears as dark and as bright signal in T1
weighted MR sequences. Spina bifida occulta is seen more in patients with cord tethering
[17]. Different studies show different association of spina bifida occulta and tethered cord
syndrome.  Patients  with  occult  spinal  dysraphism  may  have  associated  lesions  such  as
congenital dermal sinus, lipomyelomeningocele, fibrous traction bands, and abnormal filum
terminale, but it is not imperative to evaluate these patients for tethered cord syndrome unless
they have neurological deficit  [18]. So, classic neurological  deficit  suggestive of tethered
cord syndrome needs modern imaging irrespective of the presence of spina bifida occulta in
plain x-ray films.

Cord tethering associated with spinal bifida occulta

Low Cord Termination

Spinal cord exhibits antero-posterior and craniocaudal movement when the patient changes
positions,  unlike  tethered  spinal  cord,  which  exhibits  reduced  or  no  movement  [19]. 
Dynamic MRI can be used to assess this craniocaudal movement.

Thick Filum

Thickened and shortened filum may cause cord tethering. Fatty infiltration of the filum is a
clue to cord tethering, being present in 29% of patients with thickened filum [15]. The filum
takes the shortest course, tenting the dura posteriorly giving a triangular appearance to the
thecal sac. MRI will show the posterior placement of the conus and the filum [20]. The filum
appears as a small round filling defect extending through multiple sections in the MRI.  The
thick filum has brighter signal than CSF on T1 or proton density weighted MRI scans. Distal
cord syrinx  and caudal  regression syndromes  may be associated  with cord tethering.  An
associated dermoid, lipoma, or rarely a sacral teratoma also may be present.

Dermal Sinus Tract

Dermal sinus tract seen in MRI as a subcutaneous line of decreased signal (relative to fat) on
T1  weighted  images.  It  may  be  associated  with  sacral  and  intraspinal  lipomas  [21].

Diastematomyelia

A congenital split in the spinal cord is termed diastematomyelia. There may be a fibrous,
bony,  or cartilagenous septum separating the two hemicords  which are united above and
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below  the  septum.  This  would  cause  tethering  and  traction  of  the  cord.  Two  types  of
diastematomyelia  are  identified,  one  with  single  arachnoid  and  dural  coverage  of  both
hemicords  and second one with separate dural and arachnoid covering of the hemicords,
which unites above and below the septum. Each hemicord has dorsal and ventral nerve roots
on its corresponding side. This may be associated with lipomyelomeningocele. It is called
diplomyelia  when there is complete  duplication of the spinal cord,  each having a central
canal, two dorsal and two ventral horns and four segmental nerve roots at each level [15].

Lipomas

Lipomas associated with myelodysplasia are composed of fatty and fibrous elements. These
lipomas are usually extradural,  but occasionally can extend through a dorsal myeloschisis
into the central canal and become intradural [22].

Dermoids

Skin and skin appendages may get entrapped in the spinal canal during lumbar puncture with
unstyletted needles [23] or during embryonic development forming epidermoids or dermoid
inclusion cysts.

Cord Tethering With Spina Bifida Cystica

Spina  bifida  cystica  includes  lesions  like  meningoceles,  myeloceles,  meningomyeloceles,
lipomyelomeningoceles,  and hemi myeloceles.  All  these lesions are known to cause cord
tethering, but not in the purview of this article.

Signs & symptoms

Complaints  of constant  aching in  the back and legs  or  in  one leg,  localized  deep in  the
muscles.  Pain increased by flexing and extending the back, movements that lengthen the
spinal canal, i.e. any movement that decreases the lumbar lordosis can cause stretch in the
cord by the inelastic filum.

Examples:
Sitting cross legged in a Buddha position
Bending over the dish or sink
Holding baby at waist level
Lying supine
Slouching as in a chair

The back and leg pain will be expressed as a feeling of tearing, cramping, or pulling. The
pain  may be  described to  extend  to  the  thoracic  back muscles  and rarely  to  the  nuchal
musculature. This is due to reflex contraction of the back muscles. Also, patients complain of
numbness of the lower limbs while walking, bony pain in the legs and feet,  difficulty in
urination (80%), rectal incontinence (30%), difficulty in standing still.  Maximum walking
distance that  has decreased over months to years.  Walking that  can cause numbness  and
urinary  urgency.  There  wont  be  radicular  pain  down  the  legs  and  no  aggravation  of
symptoms  by  coughing/sneezing,  unlike  patients  with  disc  prolapse.  In  tethered  cord
syndrome (TCS) there may not be paravertebral muscle spasm and local tenderness over the
lumbar spine. They may have foot or leg deformities.
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Imaging studies

MRI shows cord elongation and filum thickening or posterior  displacement  of the filum,
which signifies that filum travels along the concave side of the lumbar lordosis to minimize
the spinal cord tension. Filum and conus touching the posterior arachnoid membrane is an 
important finding. The thickness of the filum is an inaccurate method of diagnosis. Diagnosis
of  TCS must  rely  primarily  on the  symptomatology and the  specific  imaging  feature  of
posterior  displacement  of  the  conus  and  filum  that  attach  to  the  posterior  arachnoid
membrane.  A fibro-adipose filum, elongated spinal cord, lipoma attached to the filum tip
thickened filum, capacious sacral sac [24] (in more than 50% of TCS patients). Tethered cord
syndrome  can  occur  in  intradural  epidermoid  tumors,  ependymoma  of  the  conus,
diastamatomylia,  inelastic  filum, myelomeningocele,  lipomyelocele  etc.  Associated  syrinx
may be found in the spinal cord in these patients.

Differential diagnosis of tethered cord syndrome

 

Indication for surgeries in adults with TCS

1. Pain aggravated by repeated flexion and extension of lumbar spine
2. Physical exercise that accentuate spinal curvature
3. Progressive motor and sensory change [25] with skipped myotomal, dermatomal deficit
4. Increasing lack of bowel or bladder control
5. Increasing lordosis or scoliosis or foot and toe deformities

Surgery

While positioning the patient keep adequate lumbar lordosis to avoid stretching of the cord.
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Do not allow lumbar kyphosis while positioning to avoid post-operative neurological deficit.
After laminectomy at L2/L3 intra-operative stretch test is an important step to confirm lack
of filum elasticity before the filum is sectioned. Intra-operatively the filum is seen tight from
the surrounding cauda equina fibers. Hold the filum with two pairs of forceps and pulling
them in opposite directions. A fibrous or fibro-adipose filum barely stretches (less than 10%)
in TCS patients whereas a normal filum stretches at least 80% of its original length. The
filum is usually rotated as much as 90 degree and the anterior spinal vein is visible laterally.
The filum is resected 1 cm apart at two points. (Electrical stimulation of nerve root and filum
is advocated to identify the filum physiologically).

All the patients who underwent surgery for TCS were relieved of leg pain on awakening
from anesthesia. These patients report increased ambulation and improved bowel and bladder
function.
 

 

Figure 1: Young female with lipoma of the filum terminale
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Figure 2: Young female with lipoma of the filum terminale - MRI-axial section

 

Figure 3: Lipoma of the filum terminale with a neavus at the LS area

 

 

Figure 4: Isolated filum terminale - Intra operative picture
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Figure 5: Neurenteric cyst with tethering of the cord

 

 
Figure 6: Intra operative picture - removal of the neurenteric cyst
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Figure7: Ependymoma of the conus causing tethering of the cord in an elderly person
causing tethering - MRI
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Figure 8: Removed ependymoma

 

 
Figure 9: Intradural epidermoid in a toddler

 

 
Figure 10: Infected epidermoid after durotomy
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Figure 11: Type 2 diastamatomyelia in a child with tethering

 

 
Figure 12: Increased lumbar lordosis in a young child with TCS

 

 
Figure 13: MRI showing hemivertebra, tight filum with syrinx above
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Figure 14: Resection of the hemi vertebra with de tethering of the cord

 

Figure 15: X-ray showing sacral agenesis
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Figure 16: Myelomeningocele in a middle aged lady with TCS, urinary retention - a delayed

presentation
 

 
Figure 17: Intra operative picture showing isolation of the sac

 

  
Figure 18: After dithering and repair of the sac and dura. Post operatively patient improved

and the post void residual urine became 25 ml from 700 ml at 1 year
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Figure 19: Lipomeningomyelocele in a young person with urinary retention

  

 
Figure 20: MRI showing lipomeningomyelocele, TCS and syrinx above
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Figure 21: Intra operative picture showing removal of fat , dithering and repair

Conclusion

The filum diameter is 1.1 or 1.2 mm. The minimal filum diameter claimed to be diagnostic
for tethered cord syndrome ranges from 1-2 mm. The main cause of TCS is traction effect of
the inelastic filum. The diagnosis of tethered cord syndrome should be considered for any
patient presenting with back or leg pain, scoliosis, neurogenic foot deformity, trophic foot
ulceration or sphincter disturbance. This is especially so when the patient has spina bifida
occulta or cutaneous skin markers like hairy patch, lipoma, hemangioma, skin dimple etc.
Early evaluation and urgent intervention of these patients before neurological deterioration is
recommended. Prophylactic untethering in asymptomatic patients are also advised, but the
pros  and cons of  the  surgery should  be weighed against  it.  Significant  neurological  and
symptomatic improvement is documented with timely intervention.
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