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Absent sural responses in tethered cord
syndrome
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Context: Tethered cord syndrome is a progressive condition usually diagnosed early in life, and leads to a
diversity of manifestations including neurologic, urologic, and orthopedic dysfunction.
Findings: We report two cases of tethered cord syndrome associated with a unilaterally absent sural sensory
response on nerve conduction studies while other causes of this finding being excluded.
Conclusion/clinical relevance:We believe that this finding is caused by a selective injury of sensory fibers at the
level or distal to the dorsal root ganglia.
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Tethered cord syndrome (TCS) is a progressive spinal
cord disorder caused by stretch-induced dysfunction of
the conus medullaris. Clinical signs and symptoms of
TCS may be cutaneous, neurologic, musculoskeletal,
and/or genitourinary.1 Toddlers and adolescents tend
to present with gait or running difficulties due to pro-
gressive motor dysfunction, sensory deficits, progression
of scoliosis, or development of orthopedic foot deform-
ities.2 TCS may be associated with myelomeningocele,
syringomyelia, diastematomyelia, dermoid sinus and
intra or extradural lipoma which may exacerbate the
clinical findings.3 Spine MRI demonstrates elongation
and caudal descent of the conus medullaris (below L2
vertebral level) and a fatty filum terminale (usually
>3 mm in diameter).4 While electrophysiological evalu-
ation for patients with TCS was just limited to intrao-
perative monitoring, few studies performed a detailed
electrophysiological assessment in non-operated
patients.5,6 We report two pediatric cases with asymme-
trically absent sural nerve response prior to their diagno-
sis of TCS.

Case presentation
Case 1: a 7-years-old girl presented with mild gait
impairment and right foot deformity. Physical examin-
ation revealed a medical research council (MRC)
strength of 4/5 in the right foot dorsiflexion and
plantar flexion, absence of knee and Achilles deep-

tendon-reflexes (DTRs) bilaterally, preserved pinprick
and vibratory sense with no upper motor neuron signs.
Nerve conduction studies (NCS) showed an absent
right sural nerve response but normal left sural, bilateral
fibular motor, tibial motor responses as well as tibial F-
wave responses. Lumbar-spineMRI showed cord tether-
ing at L5-S1. Concentric needle electromyography
examination of the tibialis anterior, gastrocnemius and
vastus lateralis muscles was normal on the right side.
Case 2: a 13-years-old girl presented with gait impair-

ment. Physical examination showed muscle atrophy over
the left calf, weakness in left foot plantar flexion and
dorsiflexion with MRC 4/5, but normal lower extremity
DTRs, and normal sensory examination. NCS showed
absent left sural nerve response and left fibular motor
response but normal right sural, right fibular motor
and bilateral tibial motor responses including F-waves
and H-reflexes. Lumbar-spine MRI cord tethering at
L3 level. Concentric needle electromyography showed
a chronic neurogenic pattern of recruitment and re-
innervation in the left tibialis anterior without any
denervation potentials, but was normal in the left
vastus lateralis and left gastrocnemius muscles.

Discussion
TCS is characterized by a constellation of neurologic
symptoms, occurring as a result of inappropriate tissue
adherence between the spinal cord and the spinal
canal. In ideal conditions, the cord moves freely with
spine flexion and extension. The spinal cord is attached
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to the canal in TCS which puts the cord under tension
with flexion/extension spine movements. This induces
a recurrent pathologic spinal cord stretch resulting in
progressive damage in its structure leading to a variety
of neurological manifestations.7

Clinical and radiological evaluation remains the gold
diagnostic standard in assessing TCS. Neurophysiologic
testing including NCS, needle electromyography and
evoked potentials (motor and somatosensory) may
provide more insight into the extent of neuronal
damage in addition to the diagnostic and prognostic
value of the intra-operative motor evoked potential
and somatosensory evoked potential monitoring
during surgical detethering.8 Pre-operatively, NCS may
show relatively (often asymmetric) abnormal responses
in the motor components of peripheral nerves, pro-
longation in F-waves and H-reflex in the setting of
intact sensory nerve responses. Needle electromyogra-
phy may show evidence of denervation and reinner-
vation indicating a chronic neuronal injury. These
findings suggest that the level of injury is localized to
the anterior horn cells or cord roots.6

To our knowledge, the electrophysiological finding of
unilaterally absent sural responses as in our cases has
not been previously reported in the literature. The exclu-
sion of sensory polyneuropathy, sciatic neuropathy, and
in setting of no previous history of local trauma to the
lower extremity (traumatic isolated sural neuropathy)
leads us to believe that a selective nerve fiber injury in
the structures of the dorsal root ganglia (DRG) or dis-
tally lying structures containing sensory fibers had led
to this finding. This can be induced by a repetitive
chronic increase in traction of the caudal spinal cord
inducing metabolic and electrical dysfunction in the
lumbosacral gray matter, with greater stretch in lower
segments and little effect on cephalic segments above
the lowest pair of dentate ligaments. Various segments
of the human lumbosacral cord may elongate slightly
at different rates with post-ganglionic stretch effect of
the spinal nerves above the threshold of its tolerance.
Such differential elongations may be influenced by the
duration of the traction effect, presence of arachnoid
adhesion and fibrosis, and spinal curvature.9

Given the variability of DRG location based on cada-
veric studies, the stretch vulnerable points could also

vary. Studies have shown that DRGs at the lumbar
levels can be either extraspinal or intraspinal.10 Levin
KH identified 6 subjects with intraspinal canal lesions
and reduced superficial peroneal nerve conduction
study responses relating the latter finding with an
intraspinal localization of DRG.11 In patients where
the stretch vulnerable points are proximal to the DRG
we expect normal sural responses. We believe that our
patients have those points at or distal to the DRG.

Disclaimer statements
Contributors None.

Funding None.

Conflicts of interest Authors have no conflict of interests
to declare.

References
1 Sanchez T, John RM. Early identification of tethered cord syn-
drome: a clinical challenge. [In eng]. J Pediatr Health Care May-
Jun 2014;28(3):e23–e33.

2 Lew SM, Kothbauer KF. Tethered cord syndrome: an updated
review. [In eng]. Pediatr Neurosurg 2007;43(3):236–48.

3 Aufschnaiter K, Fellner F, Wurm G. Surgery in adult onset teth-
ered cord syndrome (ATCS): review of literature on occasion of
an exceptional case. [In eng]. Neurosurg Rev Oct 2008;31(4):
371–83. discussion 84.

4 Tubbs RS, Pugh J, Wellons JCIII. Tethered spinal cord: fatty filum
terminale, meningocele manqué, and dermal sinus tracts. In: Winn
HR, (ed.) Youmans Neurological Surgery, Vol. 2. Philadelphia:
Elsevier Sauders; 2011. p. 2227–32.

5 Leung V, Pugh J, Norton JA. Utility of Neurophysiology in the
diagnosis of tethered cord syndrome. [In eng]. J Neurosurg
Pediatr Apr 2015;15(4):434–7.

6 Oz O, Ulas UH, Duz B, Yucel M, Odabasi Z. Electrophysiological
findings in patients with adult tethered cord syndrome. [In eng].
Turk Neurosurg Jan 2010;20(1):16–20.

7 Pouratian N, Elias WJ, Jane, Jr. JA, Phillips, 2nd LH, Jane, Sr. JA.
Electrophysiologically guided untethering of secondary tethered
spinal cord syndrome. [In eng]. Neurosurg Focus Jul 2010;29(1):
E3.

8 Yamada S, Iacono RP, Andrade T, Mandybur G, Yamada BS.
Pathophysiology of tethered cord syndrome. [In eng]. Neurosurg
Clin N Am Apr 1995;6(2):311–23.

9 Yamada S, et al. Pathophysiology of tethered cord syndrome and
similar complex disorders. [In eng]. Neurosurg Focus 2007;23(2):
E6.

10 Shen J, Wang HY, Chen JY, Liang BL. Morphologic analysis of
normal human lumbar dorsal root Ganglion by 3d Mr Imaging.
[In eng]. AJNR Am J Neuroradiol Nov-Dec 2006;27(10):
2098–103.

11 Levin KH. L5 radiculopathy with reduced superficial peroneal
sensory responses: intraspinal and extraspinal causes. Muscle
Nerve 1998;21(1):3–7.

Malek et al. Absent sural responses in tethered cord syndrome

The Journal of Spinal Cord Medicine 2021 VOL. 44 NO. 6 1025


	Case presentation
	Discussion
	Disclaimer statements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


