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Introduction

Tethered cord syndrome (TCS) is a stretch-induced
functional disorder, which is defined as tethering of caudal
spinal cord to dura mater with inelastic tissue that limits its
movement.1 This abnormal attachment is associated with

progressive stretching and increased tension on the spinal
cord during vertebral column movement and childhood
growth spurts, resulting in a variety of neurological and
other symptoms.

If the spinal cord is tethered at its caudal end with
inelastic tissue to dura mater, and the spinal cord is unable
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Abstract Introduction Tethered cord syndrome (TCS) is a stretch-induced functional disorder
associated with tethering of caudal spinal cord to dura mater with inelastic tissue,
limiting its movement. It not only manifests in childhood but also noted in adults. Here,
we studied the role of detethering on delayed presentation of TCS.
Material and Methods All patients of symptomatic TCS from January 2011 to
December 2019 were included. Preoperative evaluation was done through X-ray;
ultrasonography kidney, ureter, urinary bladder; magnetic resonance imaging spine
and brain; and urodynamic studies. Detethering was done and associated pathology
was excised. Preoperative and postoperative comparison was done through Necker
functional score using chi-squared system.
Results Age range was 8 to 30 years with mean age of 13.8 years. Most common
presentation was urological manifestations in �61.1% of cases followed by pain in
41.6%, sensory deficits in 38.8%, asymmetric weakness in 30.5%, orthopaedic and
trophic ulcers in 22.2% each, and bowel abnormalities in 13.8% of cases. Mean duration
of symptoms was 5.52 years. Improvement in urological manifestations was in 71.4%
patients, pain in 80%, sensory dysfunctions in 71.4%, bowel dysfunctions in 80%, motor
weakness in 90.9%, and trophic ulcer in 100% patients. On comparison, chi-squared
value was 25.9993 and p-value was 0.000032, which was significant (<0.05).
Conclusion Detethering in early ages is already proven with good results. In our
study, detethering showed statistically significant improvement even in delayed
presentation. So, authors recommend to surgically interfere by detethering, even if
tethering is detected late with significant deficits.
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to undergo the natural regress in childhood, the spinal cord is
stretched beyond its physiological tolerance. This causes
various metabolic abnormalities in the spinal cord,
resulting in various neurological symptoms of this
disorder. Pathophysiologically, neuronal dysfunction in TCS
results from inability of the spinal cord neurons to utilize
oxygen, that is, the impaired oxidative metabolism,2 due to
lack of oxygen supply (ischemic effect) and ion channel
dysfunction directly related to neuronal membrane
stretching. Clinically, it manifests by progressive sensory
motor, urological, and musculoskeletal deformities.3–6

There is proven role of surgical detethering in early age
presentation because of the probability of irreversibility of
the symptoms.7–11 Improvement after detethering in
delayed presentation of TCS is still on debate and limited
literature is available on it. Therefore, we studied the role of
detethering on delayed presentation of TCS.

Materials and Methods

Aprospective studyon all patients admitted in Neurosurgery
Department of Gandhi Hospital, Secunderabad, with a
diagnosis of TCS from 2011 to 2019 was done.

Inclusion Criteria
All symptomatic cases of TCS presenting at or after secondary
growth spurt (8–10 years).

Exclusion Criteria
Symptomatic cases of TCS presenting before the secondary
growth spurt (<8 years).

Preoperative assessment was done by clinical features,
plain X-ray; ultrasound kidney; ureter, urinary bladder
(KUB); magnetic resonance imaging (MRI) brain and spine;
and urodynamic studies. Necker functional scoring (NFS)
system (►Table 1) was used to grade the patients based on
their deficits. Orthopaedic and urological evaluation was
done by the respective departments.

All patients were subjected to detethering of the cord in
standard manner by excising the thickened filum terminale
(►Fig. 3), and associated factors that cause tethering
like lipomeningocele, adhesive bands. Intraoperative
neuromonitoring was done in selected cases.

Follow-up assessment of patients was done by clinical
examination, MRI of the whole spine, and ultrasound KUB at
3, 6, and 12 months and annually.

Results

Out of total 36 patients, 22 patients were male and 14 were
female. Mean age of patients was 13.8 years, in which
minimum age was 8 years and maximum age was 30
years. Primary cases were 23 (63.8%) and rest 13 (36.2%)
cases were secondary, which underwent spinal surgery
previously or tethering due to other secondary causes.
Various presentations are shown in ►Table 2. Urological
manifestations were found as most common presentation
in 22(61.1%) patients. Mean duration of symptoms was 5.52
years. Various cutaneous manifestations (►Fig. 1) were
associated with 13(56.5%) primary cases, which are
enlisted in ►Table 3. Most common radiological finding
was thickened filum terminale in 28 (77.7%) cases,
followed by low lying conus (below L2) in 15 (41.6%) cases
(►Table 3, ►Fig. 2).

After detethering, significant improvement was noted in
all these manifestations (►Table 3). Pain improved in 85%,
sensory dysfunctions improved in 70%, and bowel
dysfunctions improved in 80% patients. All patients of
motor weakness and trophic ulcer showed improvement.
Least improvement was noted in orthopaedic
manifestations. Postsurgical complications were found in
total four patients.

The overall functional outcome of detethering was
satisfactory. Preoperatively, only 25% of patients scored
above 15 in NFS system, while postoperatively, 86.1% of
patients were at this score. Comparison of preoperative
and postoperative NFS was done by statistical analysis
using chi-squared system. Through this analysis, chi-
square value was 25.9993 and p-value was 0.000032,
which was <0.05, showing high significance.

Discussion

TCS is a stretch-induced mechanical damage to neural tissue
leading to functional disorder. Normally, during regression of
spinal cord, growth rate of vertebral column and neural

Table 1 Necker functional scoring system

Score Motor Sensory Bladder Bowel

1 Wheelchair
Major deficita

Skin ulceration
Amputation

Day and night incontinence
Incontinencea

Incontinence

2 Major orthosis
Two crutches

Pain Night incontinence
Retentiona

Painful constipation
Digital maneuversa

3 Distal orthosis Painless deficit Intermittent catheterization Constipation

4 Fatigue on walking Normal Dysuria, stress incontinence Normal

5 Normal Normal

aFor children less than 3 years.
Maximum score is 18; those who scores above 15 can lead a normal life.
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tissue is different, which leads to ascent of cord up to L1 to L2
level in vertebral column.

True TCS is caused mechanically by an inelastic thickened
filum terminale,12 which is considered as primary TCS, while
TCS caused by spinal cord tumors, lipomas, dermoids, or scar
tissue of previous spinal surgeries is considered as secondary.

During development, differential growth of spinal cord
and vertebral column occurs. If tethering of cord is present, it
restricts movement of spinal cord in thecal sac,1,13 which
leads to progressive stretching and increased tension on the

spinal cord during vertebral column movement and
childhood growth spurts, resulting in a variety of
neurological and other symptoms1,3

TCS commonly manifests in childhood, with limited
number of studies describing in adults.5,6 Children with
TCS become symptomatic for the first time during the first
growth spurt up to 5 years and at secondary growth spurt or
pubertal growth spurt after the age of 8 years.

In our study, all cases of TCSwere includedwho presented
late orwere neglected at initial presentation of disease.Mean
age of the studywas 13.8 years andmaximum age of 30 years
was found in one patient. Maximumpatients 13(36.1%) were
found in age group between 8 and 10 years followed by 12
(33.3%) in 11 to 15 years age group. Total 25 patients out of 36
were found in pubertal growth spurt age, while 11 patients
were found in between 16 and 30 years age.

Garg et al reported a studyonmanagement of adult TCS, in
which total 24 patients were included having age group of
�16 years.14

Patients with TCS may present with neurological,
orthopaedic, and urological manifestations as well as pain,
along with some associated cutaneous manifestations,
which are common in primary cases. TCS is a gradually
progressive condition, which becomes symptomatic during
growth spurts. There are various precipitating or aggravating
factors. Presentation of TCS in children and adults may also
vary, wheremain presenting symptom in adults is painwhile
in children neurourological symptoms are common.

In our study, maximum 22 cases (61.1%) presented with
urological complains like bladder incontinence, nocturnal
enuresis, retention, and urinary tract infections. Irrespective
of gender, urological presentation was more common on
comparison of other presentations. Second most common
presentation was pain, mainly at lower back region in 15
patients (41.6%).

In Garg et al study, common presentation was pain in
66.7% cases followed by urological manifestations in 50%,
motor dysfunction in 37.5%, sensory dysfunction in 25%, and
bowel dysfunction in 25% cases. In this study, age group was
>16 years. Bowman et al reported that 26% patients
presented with urological manifestations, while 17% cases
presented with pain. Age restriction was not done in this

Table 2 Various presentations and postoperative improvement of 36 patients

Features No of patients Percentage Postoperative improvement

Presentations

Low backache 15 41.6 12 (80%)

Sensory deficits 14 38.8 10 (71.4%)

Weakness of lower limbs 11 30.5 10 (90.9%)

Urological deficits 22 61.1 16 (72.7%)

Trophic ulcers 8 22.2 8 (100%)

Bowel abnormalities 5 13.8 4 (80%)

Orthopaedic deficits 8 22.2 3 (51.1%)

Table 3 Various parameters of 36 patients

Features No of patients Percentage

Demographic profile

Mean age 13.8 years

Male 22 61

Female 14 39

Primary 23 63.8

Secondary 13 36.2

Cutaneous
manifestations

(primary cases–23)

Dermal sinus 5

Dimpling of skin 3

Tuft of hairs 4

Subcutaneous dermoid 1

Radiological findings

Thickened filum
terminale

28 77.7

Low lying conus 15 41.6

Adhesive bands 4 11.1

Split cord 4 11.1

Hemivertebra 1 2.7

Syrinx 2 5.5

Dermal sinus tract 2 5.5

Dermoid 3 8.33

Terminal lipoma 2 5.5
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study and maximum cases were found in between 1 and
9 years. Scoliosis was found in 40% cases and motor
dysfunction was found in 41% cases.15

It is commonly believed that children, who have a
congenital tethered cord, get benefit from surgical
detethering because it prevents neurological
deterioration.16–18 The same rationale is extended to adult
TCS also. It is believed that patients with primary tethered
cord will sooner or later experience worsening of
neurological deficits if they do not undergo spinal cord
detethering.19,20 If this condition is treated promptly after
the appearance of deficits, it shows better postoperative
outcome.17,18

Klekamp studied 85 adult TCS patients and concluded that
surgery in adult patients with a TCS reserved for those with
symptoms and a conservative approach was warranted in
adult patients without neurological deficits.21

In our series, we detethered filum at the lowest possible
level as close to the thecal attachment as possible and this
will avoid any injury to roots and neural tissue and
preferential beyond L5 to S1 level. This approach is very
much beneficial where intraoperative neuromonitoring is
not available. Before detethering, filum terminalewas always
inspected and all roots adherent to it were dissected free and
then detethering was achieved. Associated anomalies were
dealt by excision of various causative elements like lipoma,
dermoid, epidermoid, dermal sinus, adhesive band, or bony
or membranous septum. Intraoperative neuromonitoring
was used in only few cases, with the help of other center,
and we found it useful in identifying neural elements
precisely. However, intraoperative electromyography may
be useful in these cases. Pang and Wilberger and Haro et al
have argued that intraoperative spinal cord monitoring is
indispensable to safe operation because functional neural
elements are often found embedded within lipomatous
tissue.22,23

The urinary system was the most frequently affected due
to traction on the cauda conus. Detethering improves the
oxidative metabolism in cauda conus, thereby increasing the
reflex arc of the bladder and showing better results in
bladder function compared with other deficits. In our
study, we observed significant improvement in urinary
symptoms in 72.7% of the patients. Clinically, all of these
patients were able to feel the fullness of bladder and control
of voiding of urine. On ultrasonography, all of these patients
showed decreased postoperative postvoidal residual volume
as compared with their preoperative status. Postoperative
residual volume less than 50mL was noted as 100%
improvement in urological functions. In 27.3% of the
patients, no improvement was noted in urological
functions clinically and radiologically on early
postoperative examination. So, urodynamic studies were
done in these cases and their urodynamic parameters were
found to be improved on 6 months of follow-up. These 27.3%
of patients suffered fromneurogenic bladder since childhood
and because of chronicity of the symptoms, the expectant
outcome could not be achieved.

Guerra et al24 found 7% decrease in bladder overactivity in
50% of their patients and increase of 43% in bladder capacity.
Khoury et al10 showed 72% improvement in urinary
incontinence and 59% reduction in bladder overactivity.
Palmer et al11 reported improvement in bladder capacity in
only six (30%)of their patients. Kumar et al25 founddecrease in
bladder compliance in one-third of their patients and
improvement in Post Void Residual (PVR) in one-third of
their patients. Palmer et al11 also found decrease in
compliance in some of their patients. Fone et al26 found no
change in compliance. Elmesallamy27 reported the 73%
improvement in urodynamic studies after detethering. The
utility of urodynamic studies in assessing thebladder function
on preoperative and postoperative periods is invaluable and
accuracy of these studies is more when compared with renal
ultrasound and serial cystometrography.

In present study, more than 85% patients had
improvement in their pain. Yamada et al reported
improvement in pain and motor functions in all patients in
their series, but theyonly included thosewith a tethered cord
caused by a fibrous or lipomatous filum terminale.6 Pang and
Wilberger reported that a majority of patients were free of
pain following surgery.22 Iskandar et al found improvement
in pain status in over 80% of their patients.28

In our study, asymmetric weakness was improved in all
patients as assessed by manual muscle testing. The bulk of
the muscle was also improved as they grew up, and returned
to full activity. Gait was improved significantly.
Schoenmakers et al9 showed stable lower extremity
strength in 82% and improvement in only 7% of their patients.

In our study, more than 70% patients had improvement in
sensory dysfunction. The improvement was better in
children when compared with adults. Once the sensations
were improved in lower extremity, trophic ulcers healed in
all patients. Neuro-orthopaedic syndrome showed least
response following detethering (only in 37.5% patients).
Usually, we recommend detethering prior to orthopaedic
corrective procedures, especially in scoliosis and limb length
discrepancy. A corrective orthopaedic procedure without
prior release of tethered cord will not prevent further
orthopaedic deformity.

On the basis of NFS, preoperative and postoperative
comparison was done by statistical analysis using chi-
squared system. Through this analysis, chi-squared value
was 25.9993 and p-value was 0.000032, which was <0.05,
showing high significance. This highly significant statistical
analysis suggests detethering even in delayed presentation
or neglected cases of TCS.

On comparisonwith other similar studies (►Table 4), rate
of symptomatic improvement was better in our study.
Reason behind this good outcome may be early
detethering after presentation, before development of
irreversible changes. Selection of cases, good surgical skills,
adequate postoperative physiotherapy, and regular and long
follow-up may be other reasons. Despite of all these, a study
with a greater number of cases of TCS is needed to strengthen
our results.
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Conclusion

TCS is a disease of childhood, but sometimes it can be seen in
adults also. Detethering in early ages is already proven with
good results. In our study, detethering showed statistically

significant improvement even in delayed presentation. So,
authors recommend to surgically interfere by detethering,
even if tethering is detected late with significant deficits.

Table 4 Comparison of postoperative improvement in various studies

Various
manifestations

Present
study

Garg k
et al 201414

Quiñones-Hinojosa
et al 200429

Lee
et al 20065

Iskander
et al 199828

Garcés-Ambrossi
et al 200930

Back pain 80% better 83% better 63% better 78% better 81% better 81% better

Sensory symptoms 71% better – 50% better 45% better – 79% better

Motor weakness 91% better 78% better 50% better 64% better 48% better 69% better

Bladder dysfunctions 73% better 50% better 60% better 50% better 61% better 47% better

Fig. 1 Trophic ulcer—sensory symptom of tethered cord syndrome.

Fig. 2 Radiological (magnetic resonance imaging) image of tethering
of cord to dermal elements at lumbosacral level.

Fig. 3 Intraoperative image of thickened filum terminale.
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